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Surgery for obstructed defecation syndrome-is there an
ideal technique
Stefan Riss, Anton Stift
optimal functional results. It is mandatory to assess not
only defecation disorders but also evaluate overall pelvic
floor symptoms, such as fecal incontinence and urinary
disorders for choosing an appropriate and tailored
strategy. Radiological investigation is essential but may
not explain complaints of every patient.
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Core tip: Surgical treatment of obstructive defecation
syndrome remains a challenging topic. Several
approaches have been described, with controversial
functional outcomes. Each technique has its risks and
benefits, thus careful patient selection is crucial to
achieve optimal functional results. It is mandatory to
assess not only defecation disorders but also evaluate
overall pelvic floor symptoms, such as fecal incontinence
and urinary disorders for choosing an appropriate and
tailored strategy. Radiological investigation is essential
but may not explain complaints of every patient.
Riss S, Stift A. Surgery for obstructed defecation syndrome-is
there an ideal technique. World J Gastroenterol 2015; 21(1): 1-5
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i1/1.htm DOI: http://dx.doi.org/10.3748/wjg.v21.i1.1

Abstract
Obstructive defecation syndrome (ODS) is a common
disorder with a considerable impact on the quality of
life of affected patients. Surgery for ODS remains a
challenging topic. There exists a great variety of operative
techniques to treat patients with ODS. According to the
surgeon’s preference the approach can be transanal,
transvaginal, transperineal or transabdominal. All
techniques have its advantages and disadvantages.
Notably, high evidence based studies are significantly
lacking in literature, thus making accurate assessments
difficult. Careful patient’s selection is crucial to achieve

WJG|www.wjgnet.com

INTRODUCTION
Constipation is a common disorder in the general popu
lation with an estimated prevalence ranging from 1.9% to
27.2% in North America[1]. The wide range is mainly due
to different definitions of constipation making accurate
collection of epidemiological data difficult. Constipation
is often multifactorial, but can broadly be divided into
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3 categories: slow-transit constipation, normal-transit
constipation and defecatory disorders[2].
Defecatory disorders can be a result of functional
or anatomical pelvic floor alterations. Functional causes,
such as anismus or paradoxical pelvic-floor contraction,
are best treated by conservative management, with
surgery having a minor role only. In contrast, rectoceles
and internal rectal prolapse are generally considered to
be an underlying anatomical cause leading to obstructive
defecation syndrome (ODS). In general, ODS if often a
multifactorial condition, thus a detailed assessment and
examination is mandatory for further treatment planning.
Conservative management needs to be offered to all
patients initially, and only a few patients will finally be
considered for surgery.

failure of conservative treatment.
Choosing the right treatment
There exists a great variety of operative techniques to
treat patients with ODS. According to the surgeon’s
preference the approach can be transanal, transvaginal,
transperineal or transabdominal.
All techniques have its advantages and disadvantages;
thus, we believe that satisfying functional outcomes can
only be achieved by offering a tailored approach to each
individual patient. Consequently, it is essential for pelvic
floor surgeons to focus on more than one operative
technique to optimize treatment for defecatory disorders.
A number of studies have been published about the
surgical management of symptomatic rectoceles in the
last decade. However, high evidence based studies are
still lacking, and most data were analyzed retrospectively
with a low number of included patients. Additionally,
there are few well-designed randomized controlled trials
available comparing different surgical techniques. Thus,
the interpretation of data should be performed with
caution, as selection bias cannot be ruled out. Selection
of patients is an essential aspect and poorly described in
literature. It is often not stated, whether patients have a
symptomatic singular rectocele, or show other associated
pathologies such as intussusception and enterocele. This
fact needs to be taken into account when choosing the
appropriate approach. The use of objective validated
measurements is also significantly lacking in the vast
majority of studies, but certainly helpful to define and
evaluate the role of each technique. Perineal techniques
are certainly less common than other procedures, thus
are not discussed in detail here. It can be combined with
a sphincteroplasty in selected patients with both ODS
and fecal incontinence due to sphincter defects[10].

ASSESSING ODS
Symptoms of ODS include straining, feeling of incomplete
evacuation, repetitive toilets visit, hard and lumpy
stools and the need for digital support to expel stool[3].
Additionally, internal rectal prolapse can be associated with
fecal incontinence in 50 percent of affected patients. This
fact is of clinical relevance and might influence the decision
making process for choosing the right approach for surgical
management. Notably, it is of great importance to define
the main reason for ODS, as poor patients selection leads
to dissatisfying functional outcome following surgery[4,5].
Dynamic defecography is the routine radiological
diagnostic tool used to objectively assess pelvic floor
anatomy[3]. Rectocele and intussusception are frequent
radiological findings in patients with ODS, but can
also be found in asymptomatic women[6]. This was also
observed by Palit et al [7] who performed evacuation
proctography on 46 healthy volunteers. The authors
found a rectocele in 93% of female subjects with a mean
depth of 2.5 cm; however recto-anal intussusceptions
were not detected.
Interestingly, it has been shown by Ting et al[8] that
no particular defecographic finding correlated with a
higher or lower amount of remaining contrast volume,
and the feeling of incomplete evacuation did not depend
on the amount of retained volume. The rectocele depth
measured by defecography seemed to have no impact
on the functional outcome following rectocele repair
either [9]. Furthermore, a recent study challenged the
common assumption of the etiology of ODS, stating that
the correlation of symptoms of obstructive defecation
and anatomy were inconsistent. Apart from the need
of anal or vaginal digitation, there were no functional
differences between patients with and without rectocele.
Consequently, the authors concluded that recocele is not
the cause but the result of ODS.
Altogether, interpretation of radiological findings
needs to be made with caution and the decision to
proceed to surgery should be weighted carefully after

WJG|www.wjgnet.com

Transvaginal approach
Posterior colporraphy often with plication of the levator
muscle represents the treatment modality most favored
by gynecologists. Although the transvaginal approach
is a safe procedure with a low complication rate, func
tional results are highly conflicting[11-15]. Moreover, the
indication for surgery is often based on the feeling of
a vaginal bulge, without assessing all aspects of pelvic
floor symptoms. In addition, gynecologists tend not to
perform defecography for further detailed evaluation.
One of the largest series on posterior colporraphy was
published by Kahn et al[12] including 231 female patients.
After mean follow up of 42.5 mo, the authors reported
a reasonable improvement of prolapse symptoms due
to rectocele. However, constipation, incomplete bowel
emptying, incontinence of feces and sexual dysfunction
deteriorated after the operation.
One randomized controlled trial with only 15 patients in
each group compared the functional outcome between the
transanal and transvaginal approach[13]. Both techniques



January 7, 2015|Volume 21|Issue 1|

Riss S et al . Surgery for obstructed defecation syndrome

led to an improvement of symptoms. Notably, the need
for digital assistance for rectal emptying and the rate of
recurrent rectoceles were higher in the transanal group
following surgery.
We consider the transvaginal approach suitable for
patients with an isolated rectocele without significant
internal prolapse. It is associated with an acceptable
morbidity rate and improves complaints in selected
patients. In addition, it can be combined with further
gynecological prolapse procedures if deemed necessary[10].

rectopexy is one standard procedure achieving good
long term results with an improvement of defecation
symptoms[30,31]. Especially patients with a symptomatic
sigmoidocele tend to benefit from this operation.
Recently, laparoscopic ventral mesh rectopexy (VMR)
has gained much attraction among colorectal surgeon[32].
This technique has initially been described by D’Hoore
et al [33] for treating external rectum prolapse, but its
indication has been extended for internal prolapse causing
ODS. Here, the rectum is purely mobilized ventrally
without division of the lateral ligaments and subsequent
rectal denervation. Several centers reported promising
functional outcomes with a significant reduction of ODS
and a low morbidity rate[32,34,35]. Moreover, in contrast to
transanal procedures, lap. VMR is unlikely to impair fecal
continence.
Nevertheless, long-term data are still lacking and late
mesh related complications may increase with longer
follow-up periods. In addition, laparoscopic VMR seems
to have a considerable learning curve if it is not taught in
a mentored environment[36].

Transanal approach
The transanal access to treat ODS is routinely conducted
by colorectal surgeons, with varying success rates[11,13,16-18].
Arnold et al[16] reported poor postoperative results as
54% of patients still complaint about constipation. The
authors pointed out that the disappointing results were
probably due to a relatively unselective approach. Roman
et al[19] revealed that functional outcome decreased with
increased length of follow up, reaching a recurrence
rate of 50% at 5.5 years. In addition, new onset of anal
incontinence occurred in nearly one third of female
patients. In contrast, Murthy et al[5] found excellent results
after transanal rectocele repair by operating on patients
only with defined criteria: sensation of vaginal mass
requiring digital support for defecation, contrast retention
on defecography and the presence of a large rectocele.
The stapled transanal rectal resection (STARR) gained
some popularity when it was first introduced for treating
ODS caused by both rectocele and intern rectal mucosa
prolapse. By using either two firings of the PPH-01
® circular stapler or the CONTOUR® TRANSSTAR, a
full thickness rectal resection can be conducted[20,21]. A
high number of studies reported promising results with
significant improvement of ODS reflected by objective
scorings systems [20,22-24]. On the contrary, there have
also been reports about serious complications including
rectal-vaginal fistula and rectal perforation[25]. Moreover,
fecal urgency, possibly related to change in rectal ampulla
volume and sensitivity, frequently occurs postoperatively,
but may decline with time[26]. Fecal incontinence following
STARR procedure has been reported as well[26,27].
Altogether, STARR is certainly an alternative technique
for treating ODS, when performed by experienced
colorectal surgeons. Care must be taken in patients with
already existing weakness of anal sphincter muscle.
Furthermore, patients also need to be aware and informed
about the possibility of new fecal urgency or even denovo onset of fecal incontinence.

CONCLUSION
Surgery for ODS remains a challenging topic. Careful
patient’s selection is crucial to achieve optimal functional
results. Not every operation fits to every patient and
vice versa. It is mandatory to assess not only defecation
disorders but also evaluate overall pelvic floor symptoms,
such as fecal incontinence and urinary disorders for
choosing the appropriate strategy. Radiological inves
tigation is essential but may not explain complaints of
every patient.
The transabdominal laparoscopic VMR showed
good functional results for treating ODS in patients
with complex rectocele and might also be the preferred
technique in patients with preexisting weak sphincter
muscle. However, long term results are still lacking.
The transvaginal approach can be offered to patients
with an isolated rectocele and the need for additional
gynecological operations. Notably, the functional outcome
is conflicting and postoperative dyspareunia can occur.
Transanal correction of rectocele is commonly
performed, with improved symptoms as demonstrated by
several studies. Notably, postoperative fecal incontinence
has been reported, especially after the STARR procedure.
Most important, conservative management should be
offered to every patient before planning surgical treatment.
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FIELD OF VISION

Fecal transplant policy and legislation
Dinesh Vyas, Apoorva Aekka, Arpita Vyas
has found it difficult to standardize and regulate the
administration of inherently variable, metabolically
active, and ubiquitously available fecal material.
The current cumbersome policy, which classifies
human feces as a drug, has prevented physicians
from providing FMT and deserving patients from
accessing FMT in a timely fashion, and subsequent
modifications seem only to be temporary. The argument
for reclassifying fecal material as human tissue is well
supported. Essentially, this would allow for a regulatory
framework that is sufficiently flexible to expand access
to care and facilitate research, but also appropriately
restrictive and centralized to ensure patient safety.
Such an approach can facilitate the advancement
of FMT to a more refined, controlled, and aesthetic
process, perhaps in the form of a customized and wellcharacterized stool substitute therapy.
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Core tip: This article highlights the status of legislation
with stool therapy and discusses the potential flaws in
the system going forward with ways to fixing it. In this
article, we are taking discussion further from a recently
published article in Nature .

Abstract
Fecal microbiota transplantation (FMT) has garnered
significant attention in recent years in the face of a
reemerging Clostridium difficile (C. difficile ) epidemic.
Positive results from the first randomized control
trial evaluating FMT have encouraged the medical
community to explore the process further and expand
its application beyond C. difficile infections and even
the gastrointestinal domain. However promising and
numerous the prospects of FMT appear, the method
remains limited in scope today due to several important
barriers, most notably a poorly defined federal
regulatory policy. The Food and Drug Administration
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COMMENTARY ON HOT TOPICS
Recent evidence in support of fecal microbiota
transplantation
Fecal microbiota transplantation (FMT) is rapidly
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most commonly used antibiotics for CDI[6]. However,
with recurrence rates reported between 15% and 35%
among patients with one previous episode of CDI and
as high as 33% to 65% among patients with more than
two previous episodes, there is need for more potent
treatment approaches [15] . Few federally authorized
alternatives to the conventional broad-spectrum anti
biotic therapy exist today. In 2011, the Food and Drug
Administration (FDA) approved the use of the narrowspectrum antibiotic fidoxamicin or Dificid, which
was the first drug sanctioned for treating CDI in 25
years [2]. Considerable research is now being focused
upon identifying novel targets in the development of
prophylactic and therapeutic vaccines. Advancements in
passive immunotherapy are also underway, for instance
in the formulation of antibodies specific for TcdA and
TcdB [4,16,17]. Probiotics are proving to be a potential
treatment avenue as well - Lactobacillus rhamnos GG and
Saccharomyces boulardii have been identified as useful in
altering the gut microflora to prevent CDI in healthy
individuals[4,18].

emerging as a viable treatment option for certain
recurrent bacterial infections, particularly those caused
by Clostridium difficile (C. difficile). The first randomized
control trial evaluating FMT, published in 2013, was
terminated prematurely as the procedure proved to be
considerably more effective in treating persistent C.
difficile infections than antibiotics alone. 94% of patients
who underwent FMT were cured - 81% just after
one infusion. This is much higher than the 31% who
recovered after receiving vancomycin alone or the 23%
of those who recovered after receiving vancomycin with
bowel lavage. Further, those who were successfully cured
with FMT demonstrated increased microflora diversity[1].
Such encouraging results have generated substantial
interest in enhancing the method.
C. difficile epidemic of today
The results of this randomized control trial are crucial as
the study comes at a time when C. difficile infection (CDI)
has become the leading cause for antibiotic-associated
nosocomial diarrhea and colitis across the industrialized
world[2,3]. C. difficile is a gram positive anaerobic and sporeforming bacterial species that thrives in the gut when
normal gut flora has been eliminated or significantly
altered through the use of broad-spectrum antibiotics.
Thus, CDI is usually contracted upon ingestion of
environmental spores that germinate following treatment
with antibiotics[4,5].
The main virulence factors of C. difficile are Toxin A
(TcdA) and Toxin B (TcdB). These are glucosyltransferases
that target and inactivate Rho proteins in enterocytes
to produce detrimental effects such as cell cycle arrest,
cytoskeletal deterioration, increased fluid and electrolyte
secretion, and decreased permeability of intestinal
mucosa [6-8]. Ultimately, this damage to the intestinal
epithelium generates an inflammatory response that
perpetuates tissue injury[6,8,9]. Patients present with a
variety of clinical findings ranging from an asymptomatic
carrier state to the development of mild to moderate nonbloody diarrhea that can progress to pseudomembranous
colitis and toxic megacolon [6]. Typically, individuals
experience abdominal pain, malaise, nausea, vomiting,
dehydration, and fever. Characteristic laboratory tests
reveal leukocytosis[6,10].
Management of CDI has become more difficult over
the past two decades given the considerable epidemiological
changes the disease has undergone. The appearance of
new hypervirulent strains; greater worldwide spread; the
rise in community-acquired rates as opposed to hospitalacquired rates; and higher prevalence among historically
immune groups such as children under the age of two,
peripartum women, and young adults without previous
antibiotic exposure, are all facets of the current experience
of CDI[2,11-14]. The rising severity and frequency of the
disease, and the corresponding economic impacts, compel
the medical community to take swift action in developing
an effective treatment.
Vancomycin and metronidazole are currently the
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Fecal microbiota transplantation: A promising method
Fecal microbiota transplantation has come to the
forefront as one of the most promising treatments for
CDI, especially in light of the encouraging results from
the randomized control trial conducted recently. FMT
is the process by which commensal bacteria, derived
from stool samples of healthy individuals, are introduced
in patients with gut bacterial infections through
colonoscopy, nasoduodenal tubes, or enemas. These
new microbes improve health by colonizing the gut and
outcompeting pathogenic bacteria for a limited nutrient
supply[19,20]. Successfully treated patients demonstrate a
more diverse microflora population. The innate immune
response and secondary bile salts generated by certain
transplanted bacterial species might also play a role in
suppressing pathogenic bacterial growth[20,21]. Essentially,
FMT appears to be a multidimensional therapy that
creates an intestinal environment unconducive for the
growth of pathogenic C. difficile strains. It is a unique
approach that seeks to utilize microbes, rather than
antimicrobials, to address bacterial infections[22]. Thus,
there is immense potential for the use of FMT in treating
certain infections that are refractory to conventional
antibiotics.
With the recent transition in viewing gut microflora
as a virtual organ, FMT is increasingly being understood
as much more than a fecal infusion. It is now widely
considered a body organ transplant, and therefore,
a process that must be subject to rigorous screening
standards similar to other organ transplant procedures[23,24].
As of now, stool samples are screened mainly for human
immunodeficiency virus, hepatitis A virus, hepatitis B
virus, hepatitis C virus, syphilis, and cultured for enteric
pathogens. Medical histories of donors are also collected
for information regarding history of high risk sexual
behaviors, known exposure to infectious diseases, presence
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of autoimmune diseases, history of inflammatory bowel
disease, and travel to areas where diarrheal diseases are
prevalent[24,25].

any clinical purpose, the FDA requires physicians to
file an investigational new drug (IND) application prior
to implementing the procedure. This complicated and
lengthy approval process has discouraged physicians
from exploring FMT and has prevented patients from
taking advantage of it. In response to these issues, the
FDA eventually relaxed the IND requirement for the
use of FMT in treating CDI specifically, however, it
mandates IND applications for use with other clinical
conditions[29]. There are three types of IND applications
that investigators can file. The first is an emergency IND,
which can be used in the case of acutely ill patients, if
patients do not meet the criteria for a study protocol,
or if a protocol does not exist. There is an expanded
access IND, which should be submitted for experimental
therapies that appear hopeful for serious cases. Finally,
an investigator IND should be filed if data for patients
enrolled in the protocol will be used in subsequent
studies or if FMT will be used to address a condition
other than CDI[30]. Although there is much resistance to
the IND requirement, there is considerable support for
it as well. Those in favor stress that because the lasting
effects of FMT are still unknown, IND applications
will allow for a certain level of control over the process,
ensuring patient safety. Further, the data collected
through IND applications can aid in the assessment of
risks and benefits associated with FMT.
The FDA’s arbitrary “enforcement discretion” guideline
with regard to the IND requirement suggests that the
current policy is only temporary - there is no guarantee that
this discretion will remain in place indefinitely[30,31]. Hence,
efforts must be made to create an enduring regulatory
framework that is flexible enough to ensure patient access
to care and facilitate broader research opportunities, but
also appropriately restrictive to ensure patient safety.

Limitations of FMT
Although FMT has substantial therapeutic potential,
it is limited in several aspects. Firstly, though there is
ample evidence of the effectiveness of FMT from case
series and case reports, the lack of sufficient randomized
control trial data still hinders it from becoming a federally
approved or broadly accepted procedure. In fact, even
the positive results from the single randomized control
trial should be taken cautiously given the small and
unrepresentative sample size, the lack of blinding in
data collection, and the fact that there was crossing
over among subjects. Nonetheless, as one of the first
studies of its kind, it should serve as a starting point for
similar research initiatives. Other important limitations
of the process include the lack of standardization or
consensus regarding the optimal protocol, the risk of
transmitting infectious diseases, and the unaesthetic nature
of transplanting bacteria[22].
Additional barriers in the delivery of FMT exist as well.
For instance, the current screening process is inefficient
and slow. It can take several days to weeks to receive
donor profiles before physicians are able to implement
FMT. The further time delay between screening and stool
collection runs the risk of missing donors who might have
acquired a pathogen between screening and collection
but are asymptomatic. Laboratory costs associated with
screening can be an additional disincentive for frequent
use[26]. Another problematic point is that fecal material
is not conducive to being handled by pharmaceuticals
precisely because it is complex, variable, and abundant,
and the consequential difficulty in collaboration with
pharmaceutical companies might impede the technological
development of FMT in the future[27].

Formulating an effective regulatory framework
Classifying human feces as a body tissue or placing
it within a category of its own might support the
development of this type of optimal policy. Such a
classification would not only ease limits to promote
research and expand access to care, but it would also
mandate the thorough screening of samples to which
all human tissues are subject. This would reduce longterm risks associated with FMT, including the spread of
infectious diseases or increased susceptibility to particular
chronic conditions. Considering feces as a human tissue
would have multiple benefits for both patients and
physician-investigators[29].
This regulatory approach might involve the eventual
establishment of stool banks that monitor the collection,
processing, storage, and dissemination of stool samples and
national registries that track donors, patients, and adverse
effects of FMT. Registries could also collect information
regarding family relationships, health status, and diet[31].
Another suggestion is to develop fecal transplant
material manufacturing facilities that are subject to good

A cumbersome regulatory policy
The greatest hurdle in the advancement of FMT,
however, is the poorly defined policy regulating the use
of human feces for medical purposes. In 2012, the FDA’s
initial classification of human feces as a drug met with
dissatisfaction from patients and physician-investigators
alike. Highly variable and widely available, human feces
is quite unlike drugs, which are meticulously formulated
through reproducible methods under controlled
conditions. Moreover, fecal samples are composed of
various strains of live microbiota that are metabolically
active and dynamic[28]. For these reasons, human feces
cannot be subject to the same stringent restrictions
applied to drugs[29]. A secondary matter that has spawned
discontent is that drug classification would place fecal
material under the jurisdiction of hospital pharmacies,
requiring feces to be stored within the pharmacies
themselves[30].
As FMT has not been approved by any agency for
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manufacturing practice guidelines (GMP). Introducing
GMP guidelines would ensure that manufacturing
processes are consistent, controlled, specific, recorded,
and ultimately enforceable by administrative agencies[28].
Essentially, these centralized supervisory mechanisms can
help to achieve the standardization required to protect
patients, provide sufficient but controlled access to care,
and reduce costs[29].
In addition to determining the logistics of fecal
processing, maintenance, and delivery systems, the FDA
also faces the challenge of dealing with commercialization
of stool products. Currently, several private research
companies are conducting phase one and two trials
testing the efficacy of well-characterized fecal samples[30].
Thus, the FDA remains in the complicated process of
determining the most suitable way to regulate FMT and
recommends that until a comprehensive set of guidelines
has been established, physicians and investigators who plan
to utilize the procedure should submit an IND application
even though it is not required in cases of CDI[30].

reviewed as rigorously by journals.
Yet, the immense emphasis placed upon guidelines
pressures physicians to conduct unwarranted tests to avoid
malpractice issues, and this is not only uneconomical, but
it subjects patients to increased rates of false-positives[32].
Guidelines cannot be assumed to guarantee quality in
healthcare unless patient safety, standard of care, and
efficiency of procedure are all considered. Hence, in
developing a standardized approach to FMT, researchers
and regulators should remain conservative and selective in
the number of guidelines they produce and present to the
scientific community.
Broad scope for application
A successful, streamlined regulatory policy can advance
the field of FMT far beyond its current applications as
gut microflora has been determined to be involved with
a variety of physiological processes, including energy
metabolism, immune function, carcinogenesis, and
neurologic development. These findings suggest that
manipulating gut microflora may aid in the treatment
of numerous conditions other than recurrent CDI,
such as metabolic syndrome and obesity, anorexia
nervosa, autoimmune diseases, and food allergies. The
potential applications are numerous, extending to nongastrointestinal conditions as well[27,28,33].
Substantial connections have also been identified
between gastrointestinal health, gut microbiota, and
certain neurodegenerative and neurodevelopmental
disorders and those involving mood and thought[34]. The
discussion surrounding autism is particularly interesting.
A variety of observations linking autism to the gut
microflora, such as disease onset often correlating with
antimicrobial administration; increased levels of particular
Clostridium species found in stool samples of autistic
individuals; and the alleviation of autistic symptoms
following oral vancomycin, have all supported the
expansion of the traditional model of the brain-gut axis
to a brain-gut-microbiota axis. Such data further allude to
the vast therapeutic potential of FMT[34-36].
FMT appears to be especially helpful in alleviating
symptoms of inflammatory bowel disease. Various
bacteria have been shown to differentially activate helper
T cells, such as pro-inflammatory Th-17 cells or antiinflammatory regulatory T cells. Some have been found
to secrete metabolites that reduce the production of the
pro-inflammatory cytokines IL-2 and interferon-gamma
and increase levels of anti-inflammatory cytokines such
as IL-10 [27,37]. High levels of intestine specific IL-10
are thought to mediate the communication between
the systemic immune response and the gut epithelium,
resulting in a decrease of pro-inflammatory cytokine
release[38]. Essentially, FMT might be useful for patients
suffering from IBD if donor flora can produce a net antiinflammatory environment[20].

Lessons to learn
C. difficile infection is an international issue, and hence
there is much to learn from the approaches other
countries have taken toward FMT regulation. Health
Canada, the Canadian federal health department, regulates
stool in a category of its own, as a “new biologic drug”,
under the biologic and genetics therapies directorate.
New biologic drug trials require a clinical trial application
(CTA), which includes a risk benefit analysis. The CTA
also involves on-site evaluation to assess and verify that
production techniques and facilities correspond to what
is presented in the application and that consistency is
maintained in terms of potency, purity, and safety of
products. Upon CTA approval, Health Canada provides
a no objection letter that permits investigators to proceed
with the trial[26].
Health Canada is also committed to developing an
efficient, standardized FMT protocol that minimizes
associated risks and costs. Sample screening and
administration are two of the main processes in need
of standardization. Some suggestions to achieve this
include stability testing to determine whether freezing
samples preserves efficacy and using prescreened
samples from select donors to facilitate more rapid, costeffective administration. Details should be determined
in collaboration with the United States FDA and other
federal-level health and medical centers[26].
Although standards are necessary with regard to any
procedure, it is important to refrain from establishing
excessive and disparate suggestions, which can have
harmful consequences for patients. Guidelines are
thought to be evidence-based, reliable, and precise and therefore unbiased - but they are inherently biased
in unique ways. Most guidelines are consensus reports,
and as such, are influenced by authors’ convictions
and their connections to external parties, including
pharmaceuticals. Further, guideline articles are not
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Future directions
Ultimately, progress in the field of FMT can shed light
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upon which microbial populations are optimal for treating
different infections, allowing researchers to culture and
transplant preformed, well-characterized, and customized
mixtures of microbes. These synthetic communities can
be more strictly regulated as they would be less variable
and less widely accessible than stool samples that are
naturally available[29]. This technique could subsequently
address some of the main limitations of FMT, including
inability to standardize, pathogen transmission, and
patient acceptance. In fact, synthetic stool substitutes
have already been shown to be effective against CDI and
more so than conventional probiotic treatments because
they have demonstrated long-term colonization of the
gut[39]. Administration of such controlled mixtures could,
therefore, become the preferred treatment.
However, the trials that have been conducted thus
far have been limited in number and in scope, which is
why synthetic stool infusion remains a solution of the
distant future as of now. One potential complication with
this process is that mixtures may not produce the same
results among all patients given individual differences
in gut flora. Considerations and adjustments must be
made in terms of host genotype, diet, environment, and
immune system response - determining the relationship
between microbiota and these various aspects should
be a topic of future study[20]. Additionally, the precise
associations between microbiota and various conditions
are not yet completely understood in all cases and the
long-term risks of altering microflora have not been
determined either[28]. These areas must also be explored
before synthetic stool substitution can be developed and
implemented on a broader scale.
Advancements in transplant method are also un
derway. For instance, we may progress toward oral FMT
administration through the use of lyophilized, encapsulated,
and enteric-coated capsules. Perhaps there will come a time
when oral FMT will be routinely given along with antibiotics
in efforts to preserve the gut microflora[40].
Again, the extent to which FMT and its potential
applications are developed is dependent upon how
efficiently the medical use of human feces is regulated.
The current regulatory guidelines, which treat human
feces as a drug, create a disincentive for research, restrict
access to care, and fail to evaluate the long-term risks
associated with the process. Classifying stool as a body
tissue would begin to address these various issues.
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decades, many sphincter-preserving procedures for
the treatment of anal fistula have been introduced
with the common goal of minimising the injury to
the anal sphincters and preserving optimal function.
Among them, the ligation of intersphincteric fistula tract
procedure appears to be safe and effective and may be
routinely considered for complex anal fistula. Another
technique, the anal fistula plug, derived from porcine
small intestinal submucosa, is safe but modestly effective
in long-term follow-up, with success rates varying from
24%-88%. The failure rate may be due to its extrusion
from the fistula tract. To obviate that, a new designed
plug (GORE BioA®) was introduced, but long term data
regarding its efficacy are scant. Fibrin glue showed
poor and variable healing rate (14%-74%). FiLaC
and video-assisted anal fistula treatment procedures,
respectively using laser and electrode energy, are
expensive and yet to be thoroughly assessed in clinical
practise. Recently, a therapy using autologous adiposederived stem cells has been described. Their properties
of regenerating tissues and suppressing inflammatory
response must be better investigated on anal fistulae,
and studies remain in progress. The aim of this present
article is to review the pertinent literature, describing
the advantages and limitations of new sphincterpreserving techniques.

Abstract

Key words: Anal fistula management; Ligation of
intersphincteric fistula tract; Plug; Fibrin glue; Fistula
laser closure; Video-assisted anal fistula treatment;
Adipose-derived stem cells

Ideal surgical treatment for anal fistula should aim
to eradicate sepsis and promote healing of the tract,
whilst preserving the sphincters and the mechanism
of continence. For the simple and most distal fistulae,
conventional surgical options such as laying open of the
fistula tract seem to be relatively safe and therefore,
well accepted in clinical practise. However, for the more
complex fistulae where a significant proportion of the
anal sphincter is involved, great concern remains about
damaging the sphincter and subsequent poor functional
outcome, which is quite inevitable following conventional
surgical treatment. For this reason, over the last two
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Core tip: We present a review with a critical appraisal
on the modern procedures for anal fistula which aims
to the common goal of minimising the injury to the
anal sphincters whilst preserving optimal function. We
found the following ones as the most representative:
Ligation of intersphincteric fistula tract, anal fistula plug
derived from porcine small intestinal submucosa and
the new designed GORE BioA® plug, fibrin glue, fistula
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modified seton technique has been applied to treatment
of trans-sphincteric and supra-sphincteric anal fistulas[22].
Recurrence rate was 0 in trans-sphincteric fistula and
4.9% in supra-sphincteric fistula. The technique provided
favourable results in the treatment of complex anal fistula
while preserving the sphincter function and conservation
of faecal continence (0 incontinence rate).
Recently, a number of new sphincter-preserving
techniques have been developed and proposed, all
with the common goal of minimising the injury to the
anal sphincters and optimise the functional outcome.
However, the number of different procedures suggested,
associated with a lack of follow-up data and the often
variable and conflicting clinical outcomes has generated
confusion and scepticism, resulting in a limited translation
of these procedure into clinical practise.
The aim of this article is to provide an overview of
the new sphincter-preserving techniques proposed for
the treatment of fistula-in-ano, in particular assessing the
efficacy and safety of these new procedures.

laser closure, video-assisted anal fistula treatment
and adipose-derived stem cells. We examined the
advantages and drawbacks for each procedure through
the outcomes reported in literature.
Limura E, Giordano P. Modern management of anal fistula.
World J Gastroenterol 2015; 21(1): 12-20 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i1/12.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i1.12

INTRODUCTION
The ideal surgical treatment for anal fistula should
eradicate sepsis and promote healing of the tract,
whilst preserving the sphincters and the mechanism
of continence. For the simple and most distal fistulae,
conventional surgical treatment such as lay-open of
the fistula tract as a complete transection of the tissue
between the fistula tract and anoderm is very effective
with a success rate of up to 100%[1]. Although reported
incontinence rates following fistula surgery is very
variable and is influenced by many factors, incontinence
rate after laying open of intersphincteric and distal
fistulae seems to be under 10%[2].
However, the risk of potential damage to the anal
sphincters and subsequent poor functional outcome
remains in a large proportion of patients with high
fistulae when the tract crosses more than 30%-50% of the
external sphincter, and with recurrent or complex fistulae
with multiple extensions or separate tracts. Women with
anterior fistula or previous obstetric injury as well as
patients with pre-existing incontinence or specific risks
such as previous local irradiation or co-existing Crohn’
s disease[3,4] are also at significant risk of incontinence
and poor outcome. In these circumstances, an endorectal
advancement flap (ERAF) which avoids the division of
the sphincter complex is considered a safer alternative.
However, the reported success rate is widely variable,
ranging from 24% to 100%. Further, functional outcome
assessments, in terms of post-operative incontinence
rates, have been described as high as 35%[5-10] .
The oldest surgical approach, first detailed by Hip
pocrates, is the use of a seton, which enables preservation
of the sphincter mechanism[11]. The seton placement
has been advocated either loose, to control infection, or
cutting through the sphincter muscle gradually or as a
bridge between two separate partial fistulotomies[12,13]. The
short-term healing rate of loose seton ranges between
44% and 83%[14-18]. Cutting setons have been used in the
attempt to slowly divide the sphincters while allowing
scarring to occur and limit disruption of the muscular
ring, with recurrence rates from 22% to 39% [19,20].
Regarding the comparison between seton and other
fistulectomy, Quah et al[21] in a large multicenter Indian
study (n = 503), showed longer healing with chemical
setons but lower recurrence rate (4% vs 11%). Recently, a
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LITERATURE SEARCH
A search of the English-language literature was per
formed using PubMed, Cochrane, EMBASE and Ovid
database to identify manuscripts reporting on the
management of peri-anal fistula. The key-words used for
this search included anal fistula treatments, fibrin glue,
anal fistula plug, Ligation of the intersphincteric fistula
tract (LIFT), expanded adipose-derived stem-cells (ASCs),
video-assisted anal fistula treatment (VAAFT) and Radialemitting laser probe (FiLaCTM). Following articles of
the available literature, 69 were selected as the most
informative and recent publications. A further, more
thorough review of these manuscripts was undertaken.
Available options of treatment
LIFT: Since it was first described by Rojanasakul et al[23]
in 2006, LIFT gained popularity due to its high success
rate and preservation of continence. This technique
involves disconnection of the internal opening from the
fistula tract at the level of the intersphincteric plane and
removal of the residual infected glands, without dividing
any part of the anal sphincter complex. Following
the identification of the internal opening by injecting
hydrogen peroxide from the external opening or gently
probing the fistula tract, a 3-4 cm curvilinear incision
along the anal margin is performed at the site of the
fistula and the intersphincteric plane is entered. The
fistula tract is exposed and ligated with two absorbable
sutures. The tract is then divided distal to the point of
ligation, with removal of the remnant of the fistula tract
and any infected gland. Currette of the fistula tract and
drainage of the external opening by an additional incision
or an insertion of a catheter can also be performed. Reapproximation of the intersphincteric incision wound is
achieved with interrupted absorbable sutures.
A recent metanalysis [24] over 24 original articles,
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Table 1 Published articles on ligation of the intersphincteric fistula tract
Ref.

No. Patients

Follow-up (wk)

Healing rate

Complications

Type of study

Rojanasakul et al[23]
Shanwani et al[26]
Ellis et al[27]
Bleier et al[28]

18
45
31
39

4
7
6
10

94%
82%
94%
57%

Prospective observational
Prospective observational
Retrospective
Retrospective

Ooi et al[29]
Tan et al[30]
Steiner et al[31]
Aboulian et al[32]
Mushaya et al[33]

25
93
18
25
25

6
4
6
24
4

96%
92%
83%
68%
68%

Abcarian et al[34]
Lo et al[35]
van Onkelen et al[36]
Chen et al[37]
Lehmann et al[38]

50
25
42
10
17

15
2
12
6
4

74%
98%
51%
100%
47%

Liu et al[39]

38

26

61%

NR
NR
NR
1 Anal fissure;
1 Persistent pain
NR
NR
1 hemorrhoidal thrombosis
2 Vaginal fungal infection
1 Secondary bleeding;
2 Superficial perineal wound dehiscence
NR
NR
NR
NR
1 perianal haematoma;
1 wound infection
NR

showed at a pooled mean 10-mo of follow-up, 76.5%
mean success rate, 0 incontinence and and 5.5% postoperative complication rate. In Table 1, there are listed
14 articles[24,25] reporting on their experiences with LIFT
procedure.
Of all the studies, only the Mushaya et al[33] one has
a prospective randomized design, in which a group of
25 patients underwent LIFT and 14 advancement flap.
Although, at 19 mo of follow-up, the recurrence rate
was 7% (n = 1) in the ERAF group and 8% (n =2) in
the LIFT group, the only patient with post-operative
minor incontinence belonged to the advancement flap
group. Furthermore, the operating time was shorter for
LIFT procedures, as patients’ return time to normal
activities. As it emerges from the literature, 92.6% of all
the patients treated, had a transphincteric fistula. The
overall success rate ranges from 51% to 100% over a
mean period of 2-24 wk. They report no postoperative
impairment of continence or worsening of it, although
it is not evaluated with a unique and different scoring
system. Only 8 patients had minor postoperative
complications (Table 1). Two studies[31,34] report a positive
association between recurrence and the number of
previous operations. This may be due to the presence
of scar tissue that makes the identification of the
intersphincteric tract more challenging. Indeed, in this
procedure, an accurate dissection along the intersphicteric
plane while maintaining the integrity of the internal
sphincter is of vital importance for successful outcome. It
is to be stressed the importance of an adequate drainage
and elimination of any septic tissue via insertion of an
indwelling seton for 6-12 wk prior to LIFT procedure.
This allows a better outcome.
According to the literature, LIFT procedure has
the advantages of preservation of the anal sphincters,
minimal tissue injury, short healing time with no
additional costs. In case of failure, the procedure can
be readily repeated. However, to date, there is only one
prospective-randomized trial and most of the evidence
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Prospective observational
Retrospective review
Retrospective
Retrospective review
Prospective randomized
Retrospective
Retrospective
Prospective
Retrospective
Prospective
Retrospective

relies on small case-series with variable follow up and no
objective assessment of incontinence.
In 2005, Ellis[27] introduced a variation of the LIFT
technique in which a bioprosthetic graft was placed in
the intersphincteric plane to reinforce the closure of the
fistula tract (Bio-LIFT procedure). The bioprosthetic
graft (Surgis Biodesign, Cook Surgical Inc, Bloomington,
Indiana) was trimmed to the appropriate width and
placed into the intersphincteric grove with at least 1
to 2 cm of overlap on all the sides of the transected
fistula tract. The bioprosthesis was secured with 3/0
polyglicolic acid sutures to the levator ani muscle and the
external sphincter to prevent migration. The fistula tract
through the external sphincter was left open to facilitate
drainage from the wound. Ellis treated 31 patients, all
with transphincteric fistula. The overall healing rate
was 94% after a minimum follow-up of 12 mo with no
postoperative complications.
The only other description of the Bio-LIFT technique
was for the management of rectovaginal fistulae[40] made
by the same author. The bioprosthetic graft was deemed
by the author to act as a physical barrier to separate the
transected ends of the fistula.
However, we believe that a wider dissection into the
intershincteric plane, the additional cost of the material
and the higher learning-curve of this procedure, to
date, is difficult to justify without any further supportive
evidence.
Anal fistula plug
The anal fistula plug is a composed of lyophilized
porcine-derived small intestinal submucosa [Surgis® anal
fistula plug (AFP), Cook Biotech Incorporated, West
Lafayette, Indiana, United States]. It is a strong pliable
tissue denuded of cells, that provides a scaffold for host
fibroblasts to promote tissue healing and repair damaged
tissue. This material was initially intended for bridging
large tissue defects in the abdominal and chest walls.
Interestingly, a group of surgeons[41] rolled it into a cone
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Table 2 Published studies on anal fistula plug
Ref.

Type of study

No. Patients

Success rate

Follow-up (mo)

15

87%

7

Champagne et al[44]
O’Connor et al[45]
Van Koperen et al[46]
Ellis[47]
Lawes et al[48]

Prospective
Non-randomized
Controlled trial
Prospective
Prospective
Prospective
Retrospective
Retrospective

83%
80%
42%
88%
66%

12
10
7
6
7.4

Ky et al[49]
Schwandner et al[50]

Prospective
Prospective

46
20 (Crohn’s)
17
18 (5 rectovaginal)
17 plug
3 pug+flap
44 plug+flap
19 (7 Crohn’s)

54.6%
61% overall
45.5% cryptoglandular
85.7% Crohn’s
71%
43%
44%
14%
20% (plug group)
87.5% (EAF)

6.5
9

Johnson et al[41]

Garg[51]
Christoforidis et al[52]
Thekkinkattil et al[53]
Safar et al[54]
Ortiz et al[55]

Prospective
Retrospective
Prospective
Retrospective
Prospective
Randomized trial

El-Gazzaz et al[56]
Chan et al[57]
Cintron et al[58]

Retrospective
Prospective
Prospective

21
47
43
35
31 cryptoglandular:
-15 plug
-16 endorectal-advancement
flap (EAF)
33
44
73

and inserted it into anal fistula in the attempt to achieve
closure. Surgisis is a biocompatible material and has been
documented to have an inherent resistance to infections
in contaminated abdominal wounds in 2 series[42,43].
The technique of plug deployment is as follows: the
tract is gently debrided with a curette and irrigated with
hydrogen peroxide. The tapered end of the fistula plug
is then tied to a probe and dragged through from the
internal opening to the external. It is then pulled out to
fit to the tract and anchored to the mucosa/submucosa
and the internal sphincter at the primary opening with
a “figure of 8” stitch to be eventually incorporated with
the mucosa of anorectum and closure of the internal
opening.
Johnson et al [41] prospectively compared 2 cohort
group of patients undergoing plug procedure or fibrin
glue closure. They reported an 87% of healing rate on
the plug group, against 40% on the fibrin glue group.
These initial results attracted significant interest in
this technique, but such success rates have not been
reproduced since (Table 2). Early implant extrusion has
been reported as one of the most consistent reasons
for failure[59]. It is also of crucial importance for such
a procedure using biomaterials, that adequate removal
of any chronic granulation or septic tissue lining the
fistula tract is carried out, to initiate the healing process
and allow migration of fibroblasts and endothelial cells.
Another prospective randomized comparative trial
was directed by Ortiz et al[55]. In this trial, 15 patients
underwent plug insertion while 16 underwent an
endorectal advancement flap (EAF) procedure. After
12 mo of follow-up, a large number of recurrences in
the plug group (12 of 15 against 2 of 16 in EAF group)
led to the premature closure of the trial. The literature
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25%
50%
42.5%

10
6.5
11
4
12

7.4
10.5
15

reports a success rate ranging from 24% to 88% with a
mean follow-up of 8 mo. A possible explanation for this
discrepancy could be differences in patient selection and
variation of the technique with respect to placement of
the plug, bowel preparation, suture material, or coverage
of the primary opening. For this reason, in an attempt
to standardize the indications for use of bioprosthetic
AFP and techniques for its placement, a consensus
conference was held in 2007. According to that, the use
of AFP should be recommended in transphincteric anal
fistulae without any acute inflammation or infection. It
was also suggested that a frequent issue affecting the
AFP procedure, is a failure in technique of the plug
placement[60].
Because of the fixation problem with the use of
AFP, a new absorbable plug that could be better fixated,
thanks to its design, has been introduced. The GORE
BioA® fistula plug (W.L. GORE and Associated Flagstaff,
Arizona, United States) is composed of a bio-absorbable
monofilamentos compound with polyglycolic acid:
trimethylene carbonate. Histological assessment confirms
that the material is completely absorbed by 7 mo with no
chronic inflammatory response evidence[61]. It is a 6 arms
plug, of a length of 9 cm attached to a circular disc. The
disc is meant to be sutured at the internal opening and, if
necessary, some of the arms can be cut to fit to the fistula
tract. After its disc is fixed to the internal opening by 2-3
absorbable stitches, a mucosa/submucosa flap, proximal
to the internal opening, is raised to cover the suture.
To date, there are only 4 published studies assessing
the GORE plug (Table 3). One of them retrospectively
compared a series of patients treated with the Surgis
AFP with those treated with GORE BioA® plug[61]. It
reports that the patients treated with BioA® plug have
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Table 3 Published studies on GORE BioA fistula plug
Ref.

Study design

No. patients

Aetiology and classification

Healing-rate

Follow-up (mo)

Complications

Buchberg et al[61]

Retrospective
Case-series

10

54%

2

NR

Prospective
Case-series

19

6 cryptoglandular
3 iatrogenic
1 HIV
10 high- transphincteric
9 low transphicteric

16%

12

Prospective
Case-series
Retrospective
Case-series

11

11 Hightransphincteric
28 High-transphincteric
12 Suprasphincteric
4 Crohn’s

73%

5

1 Acute sepsis
1 Urge incontinence
1 Plug extrusion
NR

57.5%

12

de la Portilla et al[62]

Ratto et al[63]
Ommer et al[64]

40

higher initial clinical success rate and this seems to be
due to less frequent implant extrusion rather than any
biological advantage. The overall success rate, according
to these studies, ranges from 16% to 73%, decreasing
with the length of follow-up, which ranges from 2 to
12 mo. The highest number of patients among these
studies, belongs to Ommer et al[64], where a group of 40
patients underwent GORE plug insertion, with a success
rate of 57.5%. They reported higher healing rates in
patients with transphicteric rather than suprasphincteric
fistulae. No negative impact on anal continence was
observed. The other studies are small case-series and all
of them reporting heterogeneity of fistula aetiology and
variability in terms of management of the primary tract
and postoperative protocols. The cost, at €500, for the
GORE plug is relatively high. Bigger cases series and
comparative studies with other procedure are desirable, to
further elucidate the cost-effectiveness of this technique.

complication of this procedure, formation of abscesses
and new secondary tracts have been reported with a
incidence of up to 3%[69,72]. As Lindsey et al[72] showed
in a randomized comparative trial, patients treated with
fibrin glue didn’t suffer any form of incontinence whilst
the group treated with conventional surgical techniques
did, but at post-operative MRI scan review, showed noneradicated septic collections that potentially leads to
secondary tracts.
Poor outcomes with fibrin glue may be explained
with the failure of the formed glue clot to seal the
tract properly, due to its liquid consistency[48]. Also, as
Buchanan et al[66] reported, there may be formation of
abscesses that lead to longer-term recurrences. Particularly,
this event occurs when synthetic glue (cyanoacrylate glue,
Glubran® 2, GEM S.R.L., Viareggio, Italy) is used. This
glue occludes the fistula and degenerates into multiple
abscesses around the glue remnants. It still has a role in
reinforcing suture closure of the internal opening in other
procedures such as VAAFT.

Fibrin glue
Initial studies on fibrin glue injection for the management
of complex anal fistulae were promising. The first of
these was published in 1991 by Hjortrup et al[65] and
was the result of a pioneering series of treatments for
perianal fistulae with fibrin glue. The mode of action is
thought to be by stimulating the growth of fibroblasts
and pluripotent endothelial cells into the fistula tract
to seal it off. These cells then lay collagen and an
extracellular matrix during the process of wound healing.
Early results were encouraging, but further data showed
a very wide range of success from as low as 14%[66] to as
high as 74%[67]. As many subsequent studies confirmed,
long-term follow-up evaluation is very important when
using fibrin glue because later follow-ups revealed the
healing rates decrease markedly [68-70]. In their review,
Swinscoe et al [68] noticed that, when fibrin glue was
applied to complex fistulae in particular, it achieves a
lower success rate (mean 70%) than simple fistulae (mean
32%). Furthermore, shorter fistulae (< 4 cm) tend to
recur more frequently than longer ones (> 4 cm), with
rates of 54% as compared with 11% respectively. A
possible explanation is that shorter fistulae do not hold
the glue as well as longer-tract fistulae do[71]. Despite
the absence of impairment of normal continence as a
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1 Plug extrusion
1 abscess
1 Dehiscence

Fistula laser closure
The use of laser in the treatment of anal fistula was
initially described in 2011 in a pilot study by Wilhelm[73].
This novel sphincter-saving technique uses an emitting
laser probe [Fistula laser closure (FiLaC™), Biolitec,
Germany], which destroys the fistula epithelium and
simultaneously obliterates the remaining fistula tract.
Since the main reason for surgical failure is a persistent
fistula tract or remnants of fistula epithelium which
were not excised, it was postulated that the benefit of
this newly designed radial-emitting laser probe was to
eliminate fistula epithelium or any granulation tissue in
a circular manner and then, to obliterate the fistula tract
by a shrinkage effect. Simple diathermy cannot elicit
the shrinkage effect on tissues and it’s more difficult to
regulate its potential thermal damage on the sphincter
muscles.
The procedure also includes the closure of the internal
opening by means of an anorectal flap. When some scar
tissue prevents that, either mucosa or anodermal flap
is used for closure of the internal opening. In this pilot
study, 11 patients with cryptoglandular fistulae, underwent
FiLaC™ procedure with an overall success of 81% at 7, 4
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mo of follow-up.
A modified laser procedure was adopted by Giamundo
el al[74]. It consists of sealing the fistula tract by laser with
no need for endorectal flap. The closure of the internal
opening is allowed by a laser shrinkage effect.
The procedure in carried out similarly in both
techniques, except from the performance of an advan
cement flap prior to the laser application. It is as follows:
Identification and localization of the internal opening
by the injection of hydrogen peroxide or methylene blue
from the external opening. Debriding of the fistula tract
with a curette. Insertion of a plastic hollow 14F catheter
using a guide-wire. Insertion of 400 micron radialemitting disposable laser fibre into the catheter with its
tip emerging at the internal orifice. The fibre delivers
laser energy homogenously at 360° and by applying
continuous energy, the tract is closed while withdrawing
it at a speed of 1 mm/s. Depending on the width of
the tract, a 980 nm or 1470 nm diode laser, delivering
different wavelengths, could be deployed. The first
delivers 13 watts power, whereas the second 10 W.
Giamundo et al[74] performed FiLaC™ procedure on
35 patients with cryptoglandular and Crohn’s diseaserelated fistulae. The overall success rate was 71% at 20
mo of follow-up. They didn’t report any impairment
of continence, but postoperative pain and anismus in 8
patients treated with the 980 nm diode laser. This may
be due to the application of higher energy volumes. For
this reason, the authors consider that the use of a 1479
nm diode laser for FiLaC™ is preferable to the 980 nm.
They also suggest the use of a draining seton prior to the
procedure, to help to create a more homogenous calibre
of the tract and contribute to the closure on secondary
tracts. Oztürk et al[75] reported a success rate of 82% at
12 mo of follow-up, on 50 patients treated for intersphincteric and ranssphinteric fistulas.
From these studies, it emerges that this procedure has
some advantages. It doesn’t affect continence, administers
controlled hyperthermic effect to the tissues, has a short
learning-curve and reduces postoperative hospital stay
as compared to endorectal advancement flap or LIFT.
However, it has also some drawbacks. It is a ‘‘blind’’
procedure, as it’s not possible a direct visualization of the
fistula tract or any secondary tracts and this may lead to
recurrence. It requires expensive equipment, particularly
if compared to other sphincter-saving techniques.
Randomized trials comparing FiLaC™ with the most
common sphincter-preserving procedure are therefore
required.

3.3 mm × 4.7 mm and its operative length is 18 cm.
The fistuloscope has 2 taps, one of which is connected
to a 5000 mL bag of glycine-mannitol 1% solution,
depending on the position of the fistula. This technique
was developed by Meinero and Mori[76] in 2006 and his
study is the only available to date. VAAFT consists of a
diagnostic phase, followed by an operative phase. In the
diagnostic phase, the fistuloscope is inserted through
the external opening and advanced by the irrigation of
the glycine-mannitol which expands the fistula tract.
The fistuloscope, usually, exits through the internal
opening. Once the internal opening is located, 2/3
stitches are placed to isolate without closing it. During
the next operative phase, the aim is to destroy the fistula
tract from the inside, curette it and close the internal
opening. For this purpose, the electrode replaces the
obturator from the external opening, under direct vision.
The fistula wall is cauterized and all wasted material
is eliminated into the rectum through the internal
opening. Ultimately, the internal opening is sutured by
a semicircular or linear stapler (roticulator). When the
tissue around the internal opening is too thick to be
stapled, a cutaneous or mucosal flap is fashioned. In
order to reinforce the suture or staple line, 0.5 mL of
synthetic cyanoacrylate glue can be applied.
In their study, 136 patients with non-Crohn’diseaserelated anal fistulae, within 2-3 mo of follow-up, achieved
an overall success rate of 73.5%. No postoperative
incontinence or its worsening was reported. We believe
that the rational of this technique regarding the precise
identification of the fistula tract is robust, and there are
minimal postoperative wounds. However, it shouldn’t be
denied that in some cases, an excessive dilatation of the
fistula to insert the fistuloscope, the risk of missing other
secondary tracts or the internal opening itself and also,
the risk of thermal damage by the electrode (which is
higher than that of the laser) cannot justify the high cost
of the kit, plus the stapler, a healing rate comparable to
other procedure and, least of all, a long operative time.
Therefore, improvements of the technique and further
studies are required.
Adipose-derived stem cells
The potential role of mesenchymal adult stem cells in
differentiating into various types of cells may have a role
in the treatment of anal fistula. In a pilot trial, GarciaOlmo et al [77,78] chose adipose ASCs. Application of
autologus ASCs (Cx401) represents a novel approach
for enhancing regeneration of damaged tissues in an
environment particularly unfavourable for wound healing.
ASCs can be obtained from subcutaneous fat[79,80] by
liposuction and this process yields 100 times more stem
cells than bone marrow-aspirates[81]. Following curettage
of the fistula tract and suture closure of the internal
opening, ASCs solution was injected into the tract and
into the walls of the fistula. The tract was subsequently
sealed with fibrin glue.
It was deemed that ASCs biological properties of
suppressing inflammation and promoting differentiation

Video-assisted anal fistula treatment
Video-assisted anal fistula treatment is performed with
a kit which includes a fistuloscope manufactured by
karl Storz GmbH ( Tuttlingen, Germany), an obturator,
an unipolar electrode, an endobrush and 0.5 mL of
synthetic cyanoacrylate glue (Glubran® 2, GEM S.R.L.,
Viareggio, Italy). The fistuloscope has an 80 angled
eyepiece and is equipped with an optical channel and
also a working and irrigating channel. Its diameter is
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can accelerate wound healing. Two previous trials were
conducted by the same authors: a concept phase Ⅰ clinical
trial in Crohn’s disease[77] fistulae and a phase Ⅱ clinical
trial[78,82] in fistulae of cryptoglandular origin and associated
with Crohn’s disease. In those trial, they found that the
ASCs use is safe and effective. With the phase Ⅲ trial[83],
they aimed to further investigate the effectiveness and
safety of ASCs in the treatment of cryptoglandular
complex anal fistulae. In this latter multicentre, ran
domized, single-blinded clinical trial, 200 adult patients
from 19 centres were randomly assigned to receive
either 20 million adipose-derived stem cells (group A,
64 patients), another 20 million stem cells plus a glue
containing human fibrinogen and thrombin and bovine
aprotin (group B, 60 patients) or fibrin glue (group C, 59
patients), all after closure of the internal opening. After
1 year of follow-up, they achieved a healing rate of 57%,
52% and 37% in group A, B and C respectively. No
statistically significant differences were found when the 3
groups were compared. The use of ASCs was proved to
be safe without any incontinence risk or procedure-related
adverse events; however, its healing rate was not superior
to fibrin glue alone and lower than other sphincterpreserving procedures.
To date, it is difficult to make a firm judgment of
this technique because available data is limited. Many
questions still remain unanswered, including whether the
stem-cell suspension can be placed over the fistula tract
and how much financially viable this technique is.
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Currently, we confirm that the variety of procedures that
can be used to treat fistulae, which testifies to the variable
complexity of anal fistula and its unpredictable and nonreproducible results.
To improve the healing rates, patient selection is
imperative, and control of sepsis, identification of secon
dary extensions and tracts of the fistula from the anal
canal before any attempt of repair, is strongly suggested.
The advancement flap still remains the gold standard, but
LIFT may potentially play a fundamental role in the future.
Furthermore, the use of biological material could be an
alternative. Unfortunately, to date, it’s technically difficult
from the available literature, to determine any comparison
between strategies, as patient demographics and disease
vary considerably. Results are often not reported relatively
to the specific aetiology or classification, and there is not
any universally accepted method of evaluation of fistula
healing during the follow-up period.
For all these reasons, the optimal procedure is the one
tailored to the individual fistula.
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Distinction between Crohn’s disease of the colonrectum and ulcerative colitis or inflammatory bowel
disease (IBD) type unclassified can be of pivotal
importance for a tailored clinical management, as each
entity often involves specific therapeutic strategies and
prognosis. Nonetheless, no gold standard is available
and the uncertainty of diagnosis may frequently lead
to misclassification or repeated examinations. Hence,
we have performed a literature search to address the
problem of differential diagnosis in IBD colitis, revised
current and emerging diagnostic tools and refined disease
classification strategies. Nowadays, the differential
diagnosis is an untangled issue, and the proper diagnosis
cannot be reached in up to 10% of patients presenting
with IBD colitis. This topic is receiving emerging
attention, as medical therapies, surgical approaches
and leading prognostic outcomes require more and
more disease-specific strategies in IBD patients. The
optimization of standard diagnostic approaches based on
clinical features, biomarkers, radiology, endoscopy and
histopathology appears to provide only marginal benefits.
Conversely, emerging diagnostic techniques in the field
of gastrointestinal endoscopy, molecular pathology,
genetics, epigenetics, metabolomics and proteomics
have already shown promising results. Novel advanced
endoscopic imaging techniques and biomarkers can shed
new light for the differential diagnosis of IBD, better
reflecting diverse disease behaviors based on specific
pathogenic pathways.
Key words: Crohn’s disease; Ulcerative colitis; Inflammatory
bowel disease unclassified; Advanced endoscopic
imaging; Biomarkers; Histopathology
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.
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region, showing a sharp gradient between Western
industrialized and developing countries, as well as when
comparing urban vs rural areas [1,2]. Studies exploring
temporal trends have shown that the incidence of
IBD continues to increase in many areas of the world,
reporting higher growth rates in those regions that have
become more industrialized[1-4,22]. Accordingly, IBDs are
advisedly considered as emerging global diseases[23].
In prevalence studies, UC estimates ranged greatly
from 4.9 to 505 per 100000 in Europe, 4.9 to 168.3 per
100000 in Asia and the Middle East, and 37.5 to 248.6 per
100000 in North America. CD estimates ranged from 0.6
to 322 per 100000 in Europe, 0.88 to 67.9 per 100000 in
Asia and the Middle East, and 16.7 to 318.5 per 100000
in North America[1-4,22,23]. The differential diagnosis is
relatively easy when CD involves different gastrointestinal
tract areas or shows extraluminal complications such as
strictures, abscesses or fistula. However, one-third of CD
patients have a pure colonic location (“L 2”) and at least
two-thirds a non-stricturing, non-penetrating behaviour
at the time of diagnosis, thereby sharing many behaviors
with UC[15,24-30]. Disease localization appears to be quite
stable a trait of CD over time, showing spreading of the
disease into the small bowel in only a few cases[24,25]. By
contrast, in up to one-third of cases disease behaviour is
expected to change during the next 20 years, consistent
with the development of strictures and/or penetrating
lesions[24-26,31-33]. Within ulcerative and Crohn’s colitis with
long-term follow up, disease reclassification is close to
5%-14% and mainly driven by an increased proportion
of CD in adults[16-21].
IBD restricted to the colon that cannot be allocated
to the CD or UC category is best termed “inflammatory
bowel disease unclassified”, while the term “indeterminate
colitis” is now confined to operative specimens, as
originally described by Price in 1978[5,34-36]. This condition
has been associated with worse prognosis than UC
because of the higher frequency of relapses [37], the
increased risk of colon cancer[38] and less favorable out
comes after ileal pouch-anal anastomosis, especially
among those who were positive or not sorted by
serological status[39-42]. To date, very few data are available
on the prevalence of IBDU. In adults, studies from
European countries show that the prevalence varies
between 3 and 7 per 100000 inhabitants[43]. Diagnosis of
IBDU accounts for 5%-15% of new cases of IBD[12-15,43]
with remarkable differences between pediatric and adult
cohorts (5%-30% and 5%-12%, respectively)[11,12,44-46].
A recent meta-analysis of 32 studies investigating both
pediatric (n = 14) and adult (n = 18) patients showed
that 13% of children and 6% of adults with IBD are
classified as IBDU; this difference was statistically
relevant (P < 0.0001), thereby confirming that IBDU is
significantly associated with earlier onset of IBD[44]. It is
not clear whether the high frequency of IBDU observed
in children represents an IBD phenotype associated with
childhood disease onset or reflects the difficulties in
establishing a defined diagnosis[26,44,45]. Actually, for most
patients, IBDU represents a provisional diagnosis, as it

Core tip: Distinction between Crohn’s disease and
ulcerative colitis or inflammatory bowel disease (IBD)
type unclassified can be of pivotal importance for a
tailored clinical management, as each entity often
involves specific therapeutic strategies and prognosis.
Nonetheless, the differential diagnosis is an untangled
issue, and the proper diagnosis cannot be reached in
up to 10% of patients presenting with colitis. Hence,
we address the problem of differential diagnosis in IBD
colitis, thereby revising current and emerging diagnostic
tools to refine disease classification.
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INTRODUCTION
Inflammatory bowel diseases (IBDs) are chronic in
flammatory disorders of the gastrointestinal system
affecting more than 1 million people in the United States
and several million worldwide[1-4]. Large-bowel involvement
is common, and this may ensue from either ulcerative
colitis (UC) or IBD type unclassified (IBDU), as well
as from the subset of non-complicated Crohn’s disease
(CD) with an isolated colonic localization[5,6]. Conversely,
the disease spread in other gastrointestinal segments
definitively leads to the diagnosis of CD. Differential
diagnosis in patients presenting with IBD colitis is
nowadays of pivotal importance for a tailored clinical
management, as each entity involves specific therapeutic
and coping strategies[7-10]. Nevertheless, non-classical
forms of either UC or Crohn’s colitis still represent a
remarkable clinical matter, as no single diagnostic gold
standard is available yet[6-11]. Therefore, 5% to 15% of
cases do not meet strict criteria for either UC or CD[12-15]
and in up to 14% of patients classified as UC and CD the
diagnosis changes over time[16-21].
In the last years, basic science data have outlined
a more panoramic knowledge of these disorders,
suggesting novel ways to achieve the diagnosis. Recent
innovations in the field of bio-medical technology
have led to new serologic biomarkers and endoscopic
techniques focused on polishing our traditional approach
to identify and characterize patients with IBD.
This review aims to update the problem of the
differential diagnosis in patients with IBD colitis, pro
viding an overview of current and emerging diagnostic
tools that might improve clinical practice within the near
future.

SIZE OF THE PROBLEM
The prevalence of IBD varies according to geographic
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has been estimated that 80% of them will be reclassified
to either CD or UC within 8 years[11,12,42,46]. However,
in a subset of cases, IBDU remains the most accurate
diagnosis as a true separate clinical entity[36,41,43-45,47].
Consistent with the above-mentioned epidemiological
data, we can roughly estimate that the differential
diagnosis within IBD colitis involves over 1.5 million
IBD subjects in Europe (1.4 million UC plus 200000
CD-L2-B1), and almost one million in North America
(830000 UC plus 140000 CD-L2-B1). In approximately
10% of them, the assessment of a distinct diagnosis is
an open issue variably leading to either the diagnosis of
IBDU or further reclassification of the disease, as well as
to unspecific and incorrect therapeutic management.
Accordingly, the next section focuses on the potential
clinical relevance of the differential diagnosis, in an
attempt to show “why” patients presenting with a nondistinct entity of IBD colitis may represent an untangled
matter capable of remarkable impact on both the
physician’s approach and the patient’s coping strategy.

separate phase 3, randomized, double-blind, placebocontrolled studies of the new monoclonal antibody
vedolizumab, targeting the α4β7 integrin, have shown
a substantially diverse efficacy in patients with UC vs
CD[65].
In recent years, growing efforts have been made to
characterize and dissect the pathogenic mechanisms
within the inflammatory cascade of either diseases
in order to identify new targets for disease-specific
therapies[51,66-71]. Besides the possible effect of a better
disease control, the use of such disease-specific and
targeted therapies should reduce the rate of side effects
related to the use of unspecific immunomodulating
treatments (i.e., malignancies, infections and lifethreatening allergic reactions), therewith supporting costsaving policies[57,72-77]. Therefore, the importance of the
distinction between CD and UC will remarkably grow,
as new therapies with disease-specific targets will be
available in clinical practice.
Finally, yet importantly, a firm diagnostic definition is
usually mandatory to fit the inclusion criteria of clinical
therapeutic trials, which often represent a possible
alternative to surgery in patients with refractory IBD
colitis.

CLINICAL RELEVANCE: WHEN THE
DIFFERENTIAL DIAGNOSIS AFFECTS
CLINICAL MANAGEMENT

Surgery treatments
The differential diagnosis between UC and CD is
particularly relevant for surgical therapies, especially in the
case of procto-colectomy. Restorative procto-colectomy
with ileal-pouch-anal-anastomosis (IPAA) is the proce
dure of choice in fulminant or chronic, treatmentrefractory UC and UC-associated colonic neoplasia[7,78].
The vast majority of UC patients undergoing IPAA do
well[79-81] and patients with a long history of severe disease
recurrences may even report an ameliorated healthrelated quality of life[82-88]. Previous conflicting studies
have reported comparable[79,89] rather than worse[90-93]
long-term outcome in IBDU and indeterminate colitis.
On the contrary, up to 90% of CD patients with IPAA
develop complications including perianal abscess/fistula,
pouchitis or anal stricture and approximately 50% require
pouch revision or diversion [79-81,88,94-97]. Accordingly,
patients with UC and IBDU can benefit from the option
of a restorative procto-colectomy with IPAA, thereby
mitigating the impact of such a radical approach on
coping strategy and health-related quality of life. By
contrast, a restorative surgery is not recommended in all
CD patients and total procto-colectomy frequently results
in a permanent ileostomy. Nevertheless, the postsurgical
reclassification of UC into CD is not rare, occurring
in 3.5%-12% of prospective and retrospective series
of procto-colectomized patients, even in referral IBD
centres[19,79,81,90, 98-101].
Secondly, the differential diagnosis is crucial for
the treatment of non-fistulizing perianal diseases such
as hemorrhoids, skin tags, anal fissures and ulcers.
Data focused on the long-term outcomes of different
treatment strategies in non-fistulizing perianal disorders

During the last fifteen years, the development of biological
therapies and a widespread use of immunomodulators
have radically changed treatment strategy in IBD.
Consistently, prognostic indexes focusing on the assess
ment of mucosal inflammation have become an important
treatment goal predicting long-term outcomes in terms of
disease progression, complications and steroid sparing[48-54].
In this context, the issue of differential diagnosis has
received renewed attention, because both medical and
surgical treatments imply more and more disease-specific
strategies[7-10,34,54].
Medical therapies
Since the causes of IBD are complex and only partially
understood, the current medical approaches for the
treatment are based on drugs exerting a direct (e.g.,
corticosteroids and immunomodulators) or indirect (e.g.,
antibiotics) effect on the inflammatory cascade of either
disease[55-57]. Accordingly, most drugs are approved for
both UC and CD. However, medical treatments such as
certolizumab pegol and natalizumab have been approved
for CD only (FDA exclusively), while golimumab and
calcineurin inhibitors (cyclosporine and tacrolimus)
for UC only. Furthermore, disease-specific advantages
and response rates have been shown using several
medical treatments. For example, aminosalicylates are
recommended as a first-line option for treating and
maintaining remission in UC but, besides their possible
chemopreventive properties, play a much more marginal
role in the management of CD [7,8,58,59]. In contrast,
methotrexate has shown a higher rate of response in CD
than in UC[60-64]. As a matter of fact, the results of two
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Figure 1 Differential diagnosis in inflammatory bowel disease colitis.

are still lacking in IBD, and particularly in UC and IBDU
patients. A study published in 1993 designed to define
the outcome of surgery for symptomatic hemorrhoids
and anal fissures in patients with known CD reported a
substantial incidence of complications (2/17 and 3/22,
respectively)[102]. Another study by Jeffery et al[103] showed
that both surgical and conservative approaches for
hemorrhoids are associated with low complication rates
in UC, whereas in patients with CD the complication
rate is high. Consistently, when non-fistulizing perianal
diseases occur in CD patients, a conservative approach is
recommended and efforts should be directed to achieve
healing by means of both medical and less invasive
surgical therapies[104-107].

DIFFERENTIAL DIAGNOSIS: CURRENT
APPROACH
IBD colitis may present with a variety of unspecific
features turning the differential diagnosis among UC, CD
and IBDU into one of the greatest diagnostic challenges
in gastroenterology. As stated above, no single gold
standard is available for the diagnosis and the distinction
of IBD. The diagnosis rests on a multidisciplinary
work-up, based on clinical evaluation integrated with a
combination of endoscopic, histological, radiological,
and/or biochemical investigations (Figure 1)[6-11].
Symptoms and signs
IBD colitis-associated symptoms depend on several
factors, including extent and severity of disease, as well
as localization of the colonic involvement. Furthermore,
superinfection with enteric pathogens and/or ongoing
therapies may also alter the clinical presentation.
The main symptom of UC is visible blood in the
stools, which is reported in more than 95% of active
disease[112]. Rectal urgency, tenesmus and, occasionally,
severe constipation represent the classical complaints of
rectal involvement, while chronic diarrhea with nocturnal
defecation and crampy abdominal pain are typical of leftsided or extensive UC[112].
Patients affected by Crohn’s colitis often present a
UC-like clinical phenotype. Blood or muco-purulent
exudates with the stool can be seen in up to 40% to 50%
of patients with Crohn’s colitis, but less frequently than in
UC subjects[113]. By contrast, chronic diarrhea is the most
common presenting symptom in classical ileo-colonic
CD, followed by abdominal pain and weight loss[34,114].

Mucosal healing
Mucosal healing is nowadays a pivotal treatment goal
beyond mere symptom control. Endoscopic remission
is recognized as a primary end-point in clinical trials and
an important prognostic factor[6,48-54]. For UC patients,
mucosal healing represents a leading clinical outcome
to assess response to therapy and to drive all decisionmaking processes before dose escalation, drug switching
and withdrawal; on the contrary, the clinical relevance
of mucosal healing in CD should be weighed against
signs of transmural inflammation and extraluminal
complications[48,51,54,108]. In addition, there are substantial
differences between CD and UC in the effect of different
drugs on mucosal healing[54,109-111]. Based on all above
considerations, the differential diagnosis in IBD colitis
has acquired growing interest, thereby endorsing the
emerging attention for all diagnostic steps capable of
reducing the number of unclassified diseases.
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of uveitis and episcleritis in UC and Crohn’s colitis; these
ocular disorders affect 3%-6% of subjects with IBD, mainly
women (2:1), usually during the course of an intestinal
relapse[120,122,125,127].
Other disorders positively correlated with the diagnosis
of IBD such as metabolic osteopathy (22%-67%)[128-131],
aphthous stomatitis (4%-30%)[28,132], asthma (7%-8%)[117],
venous thromboembolism (1%-7%)[133-136], neurological
d i s o r d e r s ( 3 % ) [137], p y o d e r m a g a n g r e n o s u m
(1%-2%)[28,121,122,124], psoriasis (1%-2%)[117,138] and pulmonary
disorders (< 0.5%-1%)[139] show variable or no diseasespecific prevalence and cannot provide any reliable aid in the
attempt to refine the differential diagnosis of IBD colitis.

Consistent with the above clinical features, a nested,
case-controlled study by Melmed et al[21] showed that
UC patients with either non-bloody diarrhea or weight
loss as onset symptoms have an increased likelihood of
subsequent change in diagnosis to CD (100%) compared
to those with none of these risk factors (16%, P < 0.001),
and might thus warrant further diagnostic work-up.
Systemic symptoms such as fever, tachycardia and
weight loss are usually restricted to severe and extensive
disease in UC, but occur more frequently in CD, par
ticularly in the case of severe relapse or transmural
complication[34,112].
IBD colitis with persistent perianal and rectal com
plaints should raise the suspect of a perianal disease,
which could occur in up to 10% of new onset and
much more frequently during the clinical course of
CD[34,105,106,115]. However, non-fistulizing, non-stricturing
perianal disorders such as hemorrhoids, skin tags or anal
fissures are also common in UC and IBDU, because of
severe and prolonged diarrhea or as sporadic, unrelated
disorders[112]. Bonheur et al[116] have recently characterized
the anal skin tags of 169 consecutive IBD patients (62%
CD) looking for distinctive morphological features of
UC and CD. They found that 75% of anal skin tags “type
1”, previously called “elephant ears” and referred to as
IBD, had CD (P = 0.005). Interestingly, this anal finding
was also associated with the colonic involvement of CD
(P = 0.067). By contrast, anal skin tags “type 2” showed
no preference for any IBD type. This finding typically
results from healed anal fissures, ulcers or hemorrhoids,
and equally occurs in IBD and in non-IBD subjects[116].

Familial history
Several studies have firmly established that a family
history positive for IBD is the strongest risk factor for the
onset of these disorders, showing that disease pattern of
relatives with a previous diagnosis of IBD may provide
valuable information to predict both phenotype and
course of new cases[140-145]. The lifetime risk of developing
IBD has been estimated to be 5% for first-degree relatives
of a CD subject and 1.6% for first-degree relatives with
a UC proband, suggesting that genetic/environmental
influences are stronger in CD than in UC[144].
The clinical pattern within familial cases of IBD
presents high rates of concordance for both disease
diagnosis (75%-83%) and localization (64%-33%),
particularly in families with CD[144-146]. Consistently, a
longitudinal study based on UC patients after IPAA
has shown that a family history positive for CD has a
significant influence on the development of CD after
surgery, thereby recommending a deeper initial diagnostic
work-up[101]. Thus, a familial history positive for UC, and
particularly for CD, might serve as a clue for the final
diagnosis in patients presenting with IBD colitis and no
specific features.

Extra-intestinal manifestations
Patients with IBD may present a number of extraintestinal manifestations (EIMs) involving most organ
systems[117-121]. The probability of having EIMs increases
with the duration of the intestinal disease and is generally
higher in CD (24%-40%), especially Crohn’s colitis (47%),
than in UC (26%-31%)[121,122]. Notably, many EIMs show
disease-specific prevalence rates, thereby providing some
aid in the differential diagnosis[30].
The most common EIM is represented by enteropathic
arthritis. These peripheral and axial arthropathies have
a lifetime prevalence of 11% in UC and 20% in CD,
showing a peculiar tropism for the colonic location[28,120-122].
Peripheral arthropathies typically arise during intestinal
relapses, sometimes accompanied by other EIMs such as
erythema nodosum, which is similarly characterized by
a higher prevalence in CD (8%-15% vs 3%-10% in UC),
especially if the colon is involved[28,122-125].
Conversely, primary sclerosing cholangitis (PSC)
occurs more frequently in UC (2%-4%) than in CD
(1%-2%)[28,120,122,124]. This rare precancerous condition
is more common in men than in women (2:1) and is
unusual in non-IBD subjects (30% of cases). Most PSC
patients have an associated IBD, particularly UC (77%).
Notably, those with CD have colitis in 94% of cases[126].
Previous studies have also shown a slight predominance

WJG|www.wjgnet.com

Biomarkers
The main roles of biomarkers in IBD include support in
making the diagnosis, prediction of further development
of CD and UC in IBDU patients, determination of
disease activity, risk stratification and prediction of
response to therapy[52,147,148].
C-reactive protein (CRP) is a serum marker of acute
phase (half-life about 19 h) produced by the liver in
response to a variety of inflammatory conditions[148].
During active IBD, levels can range from 5-200 mg/L
depending on disease severity, extent, and several variables
affecting an individual’s capacity to produce CRP such
as nutritional status, body mass index, liver function and
gene polymorphisms[148,149]. CRP is used to distinguish
organic from functional disorders, active from quiescent
IBD, and response to therapy, but is poorly capable of
differentiating CD from UC[110,150,151]. In fact, elevations
in CRP are much more common (approximately 80% vs
50%) and sensitive in active CD than in UC, probably
because of the deeper bowel inflammation and higher
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serum IL-6 levels[147,152-154]. Despite this relatively low
sensitivity in UC, previous studies have shown that CRP
level corresponds with both disease extent and severity,
thereby showing that most UC patient with increased
CRP have a moderate to severe flare exceeding the left
flexure[154-156]. Rodgers et al[156] have prospectively evaluated
the correlation between CRP and clinical/endoscopic
activity in patients with IBD. CRP was elevated in 14%,
42%, 64%, and 83% of UC and in 54%, 70%, 75%, and
100% of CD subjects with quiescent, mild, moderate,
and severe disease, respectively. A linear correlation of
log(CRP) with clinical score was found for all UC extents
except for proctitis, thereby confirming that CRP can
broadly correlate with clinical activity and disease extent
in UC[156].
Fecal biomarkers consist of proteins, leukocyte
products, and leukocytes leaking from a permeable
mucosa, thereby reflecting mucosal acute cellular
infiltration[148]. 111Indium-labeled leukocytes, calprotectin,
lactoferrin, PMN-elastase, neopterin and S100A12
proteins have been implemented in IBD to exclude
functional disorders, assess the presence, the extent and
the degree of gut mucosal inflammation, monitor the
response to therapy and drive the timing of endoscopic
controls[147,148,157-160]. Previous studies have shown that
both calprotectin and lactoferrin perform better than
CRP in predicting active disease at endoscopy, showing
70% to 100% sensitivity and 44% to 100% specificity
depending on the cut-off value[147,157,158]. Fecal biomarker
sensitivity is higher in colonic disease compared to ileal
involvement[161,162] and is more influenced by endoscopic
severity than by disease extent[163]. Recent data suggest
that fecal calprotectin correlates more closely with
endoscopic and symptom scores in UC than in CD, even
excluding patients with pure ileal CD[157,158]. However,
none of the available fecal biomarkers can be considered
useful to refine the differential diagnosis in subjects with
IBD colitis.
Various immunologic biomarkers have been used
individually and as panels in attempts to improve the
diagnosis of IBD, to identify homogeneous phenotypes,
and to distinguish CD from UC[39,147]. Current serologic
tests mainly include antibodies recognizing selfantigens or cross-reacting with several bacterial and
fungal antigens. The existence of these antibodies in
IBD patients often precedes the disease onset[164,165] and
highlights the abnormal immune response to commensal
enteric microorganisms, possibly reflecting diverse genetic
predispositions and pathogenic mechanisms[40,166-170].
Perinuclear anti-neutrophil cytoplasmic antibodies
(pANCA) and anti-Saccharomyces cerevisiae antibodies
(ASCA) were the first available and utilized in the
setting of IBD. It is noteworthy that the performance
of conventional ASCA IgG/IgA and the more recently
studied gASCA IgG/IgA (antibodies against covalently
immobilized mannan) tests[171] are comparable for CD
diagnosis [39,170,172]. Therefore, in this review the term
“ASCA” will refer to the conventional test, as well
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as to gASCA. Increased titers of ASCA identify CD
patients with high specificity (85%-100%) and moderate
sensitivity (approximately 39%-76%), characterizing
definite disease phenotypes, such as those with ileal
involvement (L1, L3), young age at onset, stricturing or
penetrating behaviour and multiple bowel surgery[39,173-175].
In contrast, pANCA are more common in patients with
UC (20%-85%) than in CD (2%-28%), but not nearly as
sporadic in Crohn’s pancolitis[39,173,176] as in other forms of
colitis, such as eosinophilic and collagenous colitis[177,178].
According to a meta-analysis of 60 studies based on 7860
IBD subjects and 3748 controls published in 2006, the
ASCA+/pANCA- tests distinguished adults affected by
CD from those diagnosed as UC with 55% sensitivity and
93% specificity, while the combination pANCA+/ASCAperformed particularly well only in pediatric UC patients
(70% sensitivity and 93% specificity)[179]. However, when
the evaluation has been restricted to patients with colonic
disease, ASCA sensitivity for CD and pANCA specificity
for UC decrease, resulting in a pANCA/ASCA test that
discriminates less well between CD and UC[173,175,179,180].
This figure, together with a suboptimal sensitivity,
hampers the contribution of such serological markers in
clinical practice[39,41,181].
Addition of other serological markers to ASCA
and pANCA, such as antibody to Escherichia coli outer
membrane porin (anti-OmpC), bacterial flagellin (antiCBir1) and Pseudomonas fluorescens (anti-I2), has been
shown to provide only a marginal benefit [182-184]. As
a matter of fact, the above-mentioned nested, casecontrol study by Melmed et al[21] clearly demonstrated
that weight loss and non-bloody diarrhea at diagnosis
but not ASCA, pANCA, anti-OmpC, anti-CBir1 and
anti-I2 were predictive of a change in diagnosis from
UC to CD. Accordingly, new serologic tests have been
recently evaluated in the attempt to better assess the
differential diagnosis in IBD [39,176]. Novel antiglycan
antibodies such as anti-chitobioside carbohydrate
antibodies, anti-laminaribioside carbohydrate antibodies,
anti-mannobioside carbohydrate antibodies, anti-chitin
IgA (Anti-C) and anti-laminarin IgA (Anti-L) have
been found positive in at least one third of CD patients
negative for ASCA, but their overall sensitivity in CD
was low (respectively, 9%-27%, 20%-26%, 12%-27%,
10%-25% and 17%-26%), especially among those with
colonic disease[170,171,176,185-187]. Similarly, anti-synthetic
mannoside antibodies (AΣMA) showed lower sensitivity
in CD compared to ASCA (38% vs 55%). Nonetheless,
AΣMA were seen in 24% of CD patients who were
negative for ASCA and were closely associated with
colonic involvement (OR = 1.61, 95%CI: 1.03-2.51,
P = 0.03)[175]. In a recent study by Schoepfer et al[188],
serum reactivity towards two new anti-flagellins, antiA4-Fla2 and anti-Fla-X, was found in 59% and 57% of
CD patients as compared to only 6% of UC patients,
thereby suggesting a possible role in distinguishing CD
from UC.
The need for such serologic tests would be maximal
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in patients with IBDU and indeterminate colitis. One
European, multicenter, follow-up study found that nearly
half (48.5%) of the patients with IBD type unclassified
had negative ASCA and pANCA assays and that most of
them continued to have clinical characteristics precluding
a final diagnosis of CD or UC over a mean disease
duration of 10.7 years[41]. Positive results from ASCA
or pANCA were predictive of the later development
of CD and UC in 44% of patients after a mean followup period of 6 years. Among 26 IBDU patients with
ASCA+/pANCA- result at baseline, 31% were later
diagnosed as CD and 8% as UC, while ASCA-/pANCA+
corresponded to the diagnosis of CD and UC in 20%
and 35% of cases out of 20 positive patients at baseline.
Comparable results were also found in other studies[173,189].
Addition of tests for I2 and anti-OmpC beyond ASCA
and pANCA does not appreciably increase the ability to
categorize the type of IBD within unclassified colitis,
with only a marginal increase in the predictive capacity
and a substantial decrease in the specificity[190]. In an
historical cohort of 20 patients with a well-established
diagnosis of IBD type unclassified, AΣMA were found
to predict development of CD with higher sensitivity
(45% vs 27%) and specificity (100% vs 71%) than ASCA,
thereby confirming their peculiar linkage with CD “L2”
location[175].
Among IBDU and UC patients undergoing proctocolectomy with restorative IPAA, ASCA, anti-L, antiOmpC and anti-CBir1 positivity before surgery was
associated with an increased risk of CD of the pouch
and post-operative fistula[39,40,101]. Conversely, high rates of
chronic pouchitis have been often reported in IBDU and
UC with positive serologic profile (ASCA, high pANCA
titer, anti-OmpC/anti-I2), but in this case, serological
positivity could reflect a more aggressive phenotype in
lieu of a different diagnosis[39,190-192]. To the best of our
knowledge, solid pieces of evidence on novel antiglycan
antibodies and new anti-flagellin performance in IBDU/
IC subjects are still lacking.
In summary, serological tests provide additional
clues in differentiating CD from UC; although there is
substantial heterogeneity of antibody reactivity in both
diseases, this often represents a double-edged sword. A
positive predictive value ≥ 85% has been suggested to
be clinically relevant to differentiate between CD and
UC[193]. However, the above-mentioned data show that
this criterion is not always achieved using the available
serologic markers and that the negative predictive value is
lower. The use of large serologic panels including ASCA,
pANCA and the above-mentioned novel serologic tests
(e.g., AΣMA, anti-A4-Fla2 or anti-Fla-X) might enhance
testing accuracy, especially among patients with UClike phenotype, for whom the diagnostic question is
most relevant and either sensitivity or specificity based
on ASCA/pANCA test is lower. At the end of the day,
beyond histopathological evaluation based on large
surgical colorectal specimens, the serological studies are
probably the most useful tool to determine the diagnosis
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of UC or CD from those with IBDU and indeterminate
colitis, as well as to predict surgical outcome after IPAA.
Cross-sectional imaging
Cross-sectional imaging can detect and stage inflammatory,
obstructive and fistulizing CD and is fundamental at first
diagnosis to stage disease and to monitor follow-up[194].
Several complementary tools such as ultrasonography,
computed tomography, magnetic resonance imaging and
barium contrast radiology are helpful to detect smallbowel inflammation and lesions indicating the diagnosis
of CD[195]. Furthermore, cross-sectional imaging generally
precedes endoscopic examination in the small bowel[196].
The decision on which radiological technique should be
performed depends on several factors such as patient
features, nature and location of the small-bowel lesion, as
well as local availability and expertise of the examiners[194].
Apart from detection of pathognomonic lesion of the
small bowel, cross-sectional imaging techniques have
the potential to assess the thickness of the colonic wall
and its different layers to allow differentiation of CD
from UC. Trans-abdominal ultrasonography is able to
image inflamed and non-inflamed colonic wall with high
accuracy using a total wall thickness threshold > 3 mm[197].
In addition, emerging evidence suggests that magnetic
resonance colonography has a high accuracy for diagnosis
of disease activity, location, and severity in IBD, as well
as for penetrating and stricturing lesions, characteristic
of CD[198,199]. However, no published studies based on
trans-abdominal ultrasonography or magnetic resonance
imaging have shown different wall layers capable of
making the diagnosis between CD and UC. Very recently,
a prospective endoscopic-ultrasonography study was able
to distinguish between active UC and active CD using
a forward-viewing radial echoendoscope in the sigmoid
colon, hereby assessing the amount of thickening of each
single wall layer in combination with absence/presence
of paracolonic lymph nodes[200]. Even if this study could
not differentiate IBD in remission from healthy controls,
endoscopic-ultrasonography appears as a promising and
safe technique, ready for a wider distribution in IBD
clinical practice.
Ileo-colonoscopy
It has been known for a long time that ileo-colonoscopy is
the exam of choice to achieve the diagnosis in patients with
suspected IBD[6,11,34,45,112,201,202]. Typical forms of CD and
UC have several endoscopic disease-specific features, which
orient towards the proper diagnosis with high confidence
in at least three quarters of cases[6,11,34,45,112]. Inspection of
the terminal ileum is sufficient to confirm the diagnosis
of CD in most cases. In addition, Crohn’s colitis shows
a discontinuous pattern of inflammation, anal lesions
and cobblestoning. Uninvolved areas frequently separate
diseased segments and transition is usually abrupt (“skip
lesions”). Deep linear ulcers, “absolute” rectal sparing and
strictures are also typical, but not specific for CD[6,11,34,45].
By contrast, classical UC has a diffuse and continuous
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Epithelioid well-formed, isolated, non-caseating
granuloma unrelated to crypt injury (i.e., basally oriented
in the mucosa and distant from crypts) is the most reliable
discriminant for distinguishing CD from UC[11,219-222]. Out
of the above-mentioned detailed statements, granuloma
specificity decrease and other granulomatous conditions
such as tuberculosis[223,224], Yersinia[225,226] acute bacterial
enterocolitis[227-231], complicated diverticular disease[232-235],
diversion colitis[235,236], sarcoidosis[223] and even UC[235,237-239]
should be ruled out before confirming the diagnosis. We
know from previous studies that colorectal granuloma
is present in approximately 30% of adults and in 40%
of children affected by CD[240,241] with a great variability
in the literature ranging from 7% to 100% for surgical
specimens [232,240]. However, in ileo-colonic biopsies,
granuloma detection is quite unusual, being reported
in only 13%-30% of CD[240,242]. Therefore, even when a
diagnosis of IBD is made confidently, histopathological
classification as UC or CD can be an ordeal because of
the absence of specific microscopic features (i.e., noncryptolytic granulomas), as well as for the presence of
some exceptions occurring in UC such as discontinuous
changes (i.e., cecal patch, skip lesion in appendiceal UC,
uneven distribution in children and longstanding and
treated UC, refractory and fulminant colitis), focal ileal
inflammation (with or without macroscopic evidence
of backwash ileitis) and relative rectal sparing (e.g., in
children or treated UC) [11,36,219-221,230,239,243]. Additional
histopathological features of CD useful for the differential
diagnosis lie in the submucosal or in the transmural layer
(e.g., transmural lymphoid aggregates, granulomas in the
subserosa, and submucosal nerve fiber hyperplasia with
ganglionitis)[11,34,220]. However, all these lesions mainly
reside in the deeper layers of the bowel wall and are
not reachable by endoscopic biopsies. Nevertheless,
even when large colectomy specimens are available,
indeterminate colitis still represents the most reliable
diagnosis in between 5% and 20% of cases[36]. Therefore,
one may envision that beyond conventional H&Estained slides and additional immunohistochemistry, new
molecular techniques should be used in order to refine
histopathology accuracy[244]. In a recent study, Yantiss
et al [245] assessed the expression of two monoclonal
antibodies directed against an unknown colonic epithelial
protein (Das-1) and human tropomyosin isoform-5
(CG-3) in colonic biopsy specimens from patients with
colitis (25 UC, 15 CD, 15 lymphocytic, 15 collagenous,
15 ischemic) and in 10 normal controls. The results
showed that suppression of Das-1 staining occurs more
frequently in UC (96%) compared with CD (20%),
lymphocytic (20%), collagenous (13%), and ischemic
colitis (0%) cases, as well as controls (10%, P < 0.001
for all comparisons). In addition, CG-3 positivity in
crypt epithelium was significantly more common in UC
(52%) compared with all other groups (P ≤ 0.02 for all
comparisons)[245]. These data suggest that DAS-1/CG-3
molecular staining might be useful in distinguishing UC
from CD and from other colitidies. This innovation

inflammation extending proximally from the rectum
sometimes up to the ileo-cecal valve; UC endoscopic
findings include granularity (sandpaper appearance to
the mucosa), friability (bleeding of the mucosa to light
touch), erosions and small superficial ulcers overlapped
on a background of diffuse inflammation[6,45,112]. Based
on these features, the accuracy of ileo-colonoscopy was
found to be very high in expert hands (89%), the rate
of unclassified disease low (7%) and the misdiagnosis
very rare (4%) and mainly related to severe inflammatory
activity (9%)[203]. Pera et al[203] noticed that the most useful
endoscopic features for the differential diagnosis in
IBD colitis are discontinuous involvement, anal lesions,
and cobblestoning of mucosa in CD, and erosions or
microulcers and granularity for UC.
However, other studies have described various
degrees of heterogeneous endoscopic findings associated
with both CD and UC, pointing out remarkable rates of
atypical features compared to the established literature[6].
For instance, a mild and localized involvement of
terminal ileum, known as “backwash ileitis” has been seen
in up to 20% of extensive UC[204,205]. Similarly, slight signs
of discontinuous peri-appendiceal inflammation (“cecal
patch”) were reported in up to 75% of distal UC[206-209].
In the peculiar setting of primary sclerosing cholangitis,
UC has been depicted without the classical distal gradient
of inflammation or even with a more severe involvement
of the right colon [210]. In addition, “relative” rectal
sparing and ‘‘patchy colitis’’ have been reported in up to
20%-40% of untreated UC children[211-214], as well as in
up to 10%-30% of adults receiving topical or systemic
treatment [215-217]. Finally, tissue repairing can induce
fibrotic changes within the mucosal and submucosal
layers, which increase wall stiffness and mould benign
luminal narrowing detectable in approximately 10%
of longstanding UC[218]. Consistent with these atypical
findings, 10%-20% of ileo-colonoscopy reveals an
unspecific IBD pattern of colitis, thereby depicting
an incomplete frame to correctly address both further
histopathological analysis and clinical work-up.
Histopathology of terminal ileum and colorectal
specimens
Histology based on at least two specimens separately
collected from at least five sites along the colon, in
cluding the rectum, and the terminal ileum during ileocolonoscopy and stored in separate jars is recognized
as the gold standard to confirm both diagnosis and
disease subclassification[6,11,34,112,219]. Colorectal mucosal
histological abnormalities concerning architectural,
epithelial and inflammatory changes characterized by
discontinuity or variable degree in different ileo-colonic
segments, focal or patchy cryptitis and lamina propria
chronic inflammation with relative mucin preservation
are in favor of CD. By contrast, Paneth cell metaplasia
in distal colon, severe mucin depletion, heavy and
widespread cell infiltration, distorted and atrophic crypts
or surface erosions are more suggestive of UC[220,221].
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represents a possible step towards the extension of
IBD histopathology into the molecular realm adding to,
although not replacing, current gold standards.

Many recent trials have directed attention to focally
enhanced gastritis (FEG), a perifoveolar/periglandular
mononuclear (typically CD3+ lymphocytes and
CD68R+ histiocytes) and neutrophilic infiltrate around
gastric crypts of the antrum and angulus in Helicobacter
pylori-negative subjects, which corresponds to no or
mild signs of mucosal inflammation at standard whitelight endoscopy [255,270,281]. These histological features
are common in both adults and child patients with
CD and in those with limited colonic location (43%
-76%) [219,255,258,265,270,275,282]. Further data have shown
that FEG may affect also IBDU (18%-33%) and UC
(8%-24%) subjects [45,258,265,273-275,282], whereby indicating
that FEG may serve as a marker of IBD compared to
the general population (2%-19%)[265,273-275] rather than
reliably distinguishing between patients with CD and
UC[274,275].
Two retrospective studies based on CD and UC
subjects and negative controls have recently suggested
that duodenal focal cryptitis and lymphocytic esophagitis
are also common in children with IBD, and particularly
in CD[265,272]. Data assessing the prevalence of duodenal
focal cryptitis and lymphocytic esophagitis in adults
are still lacking. Indeed, most of the macroscopic
and microscopic findings obser ved in the upper
gastrointestinal tract of asymptomatic IBD subjects are
nonspecific and not helpful in discriminating CD from
UC[246]. We believe that at present it is more convenient
to consider every significant upper gastrointestinal
involvement relating to IBD as a clue to the underlying
diagnosis of CD, rather than as an atypical manifestation
of UC and IBDU.
In conclusion, the value of upper endoscopy and
related findings is still a topic of debate. Currently, EGD
is recognized as part of the initial evaluation of children
with suspected IBD and a valuable additional tool among
adults presenting with either suspected CD or upper
gastrointestinal symptoms[6,34,45,112,246,266]. Nevertheless,
endoscopic and histopathological assessment of the
upper gastrointestinal tract seems to have a limited
impact for the differential diagnosis in asymptomatic
adults with IBD colitis[6].

Upper endoscopy
Esophagogastroduodenoscopy (EGD) is aimed at inte
grating the diagnostic work-up of IBD patients with
suspected CD, upper gastrointestinal symptoms, anemia
and signs of malabsorption[6,34,45,112,246]. The involvement
of the upper gastrointestinal tract has been traditionally
considered as a hallmark for CD[6,11,45,219,246-248]. Accordingly,
classical lesions suggesting CD involvement such as
stenosis, fistula, ulcers, erosions and aphthous lesions
have been reported with pertinent microscopic features
(e.g., focal chronic inflammation, focal crypt irregularity,
irregular villous architecture, and epithelioid granulomas)
in 1%-16% of symptomatic adult CD [247-252] and in
22%-53% of children[26,214,241,253,254]. Similarly, the chance
to detect non-caseating, epithelioid granulomas in
esophagus, stomach and proximal duodenum is quite
low in adult series (0, 2%-20%)[255-258], while substantial
in children (11%-43%)[26,45,259-267]. In 2%-21% of children
with new onset CD, the diagnosis relies on the detection
of granulomas at EGD[259-264], while no study addresses
this issue in adults, in whom this percentage is expected
to be much lower. Notably, even if granuloma is touted
to represent the most reliable hallmark of upper CD, it
is not diagnostic per se, since many other gastrointestinal
disorders such as Helicobacter pylori infection, tuberculosis,
gastric adenocarcinoma and sarcoidosis can lead to
granulomatous lesions[219,231,257,268,269]. Random biopsies
upon apparently normal mucosa should be collected
from each site (e.g., duodenum, antrum, corpus, fundus,
esophagus) using separate jars with the foresight to
sample esophageal mucosa at least 2 cm above the Z-line
to exclude inflammatory changes caused by gastroesophageal reflux disease. Recent studies have shown that
absence of specific symptoms does not preclude proximal
lesions in CD populations, especially in young patients and
in ileo-colonic diseases[26,34,253,258-260,262]. Conversely, “L2”
locations are less likely to have an upper involvement or a
stricturing disease[241].
In contrast with common beliefs, several studies have
shown that in UC and also IBDU, upper gastrointestinal
lesions are common and EGD findings more frequent
than in healthy controls[265,270-278]. Studies based mostly
on asymptomatic subjects and pediatric cohorts report
a considerable prevalence of mild macroscopic gastroduodenal lesions[214,247,254,271,277] and microscopic features
pertinent with IBD (i.e., crypt distortion, focal cryptitides,
crypt abscess, patchy distribution of inflammatory
changes)[45,246,248,255,259,260,262,265,267,270,277,279,280] in Helicobacter
pylori-negative subjects with either UC (4%-50%
and 38%-70%, respectively) or CD (20%-75% and
60%-90%, respectively). However, there is no consensus
concerning the definitions of what qualifies as significant
involvement of IBD in the upper gastrointestinal tract
and evidence of clinical correlates is lacking[246-248].
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Small-bowel endoscopy
IBD patients who present symptoms and endoscopic
features consistent with colitis may show small-bowel and
upper GI lesions as proof of an underlying CD[196,283].
Therefore, cross-sectional imaging and small-bowel
endoscopy are as useful to confirm the diagnosis in
suspected CD as to exclude it in patients diagnosed
with UC and IBDU. Consistent with an international
consensus, cross-sectional imaging should generally
precede enteroscopic examination [194,196]. Conversely,
agreement on whether small-bowel capsule endoscopy
(SBCE), rather than device-assisted enteroscopy, should
be performed has not been completely achieved and
the best choice is subject to the nature and location of
the lesion, as well as to the availability of the technique
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and to local expertise[194-196,200]. A consensus group met
in 2008 and concluded that in patients with suspected
small-bowel CD with no obstructive symptoms, capsule
endoscopy is an effective and smart strategy[196] given the
high rate of complete small-bowel evaluations and the
high negative predictive value[195,283-289]. The use of SBCE
has been better defined in established CD patients with
inconclusive results after conventional endoscopy and
radiology[195,196,289-292].
However, SBCE has several practical limitations among
subjects with either suspected or definite diagnosis of
IBD. Firstly, trials focused on SBCE are mostly based on
a non-validated, arbitrary score setting the finding of at
least three ulcers as diagnostic of CD[6,293]. Secondly, smallbowel CD, NSAID-induced enteropathy, mycophenolate
mofetil-induced enteropathy, tuberculosis, Behçet’s disease,
vasculitis, ischemia and lesions of unknown clinical
significance, which are reported in up to 20% of healthy
subjects, may share a nonspecific appearance at capsule
endoscopy, thereby requiring further enteroscopy for biopsy
sampling[195,196,289,294-299]. Thirdly, emerging evidence suggests
that a negative SBCE does not exclude a future diagnosis
of CD[196,300,301]. In addition, a recent study based on SBCE
and CD patients variably affected by abdominal pain
and/or diarrhea (45%), increased number of soft stools
(39%), anemia (7%), or asymptomatic (9%) has shown that
jejunal involvement is less common in Crohn’s colitis (12%)
compared to ileo-colonic diseases (38%)[283]. This evidence
seems to lead to reconsideration of the impact of SBCE
assessment in the subset of CD patients with isolated
colitis, thereby shrinking the value of deep enteroscopy for
those IBD patients with an unclear diagnosis.
In UC and IBDU, evidence assessing the diagnostic
value of small-bowel endoscopy is still limited and mostly
based on SBCE. Recent trials have revealed that minute
superficial lesions (“reddish lesions and erosions”) are
common among UC subjects (20%-57%). However, the
findings revealed by capsule endoscopy were consistent
with the diagnosis of CD only in a small group of UC
(0%-16%)[302-305]. By contrast, the amount of small-bowel
CD appeared substantial in IBDU (16%-43%), with the
highest rates in pediatric subjects, symptomatic CD or
refractory IBD colitis[300,303,306,307].
Taken together, these initial data reveal that smallbowel endoscopic assessment has a limited impact in
IBD subjects with colonic involvement. Both SBCE and
device-assisted enteroscopy are useful in patients with
known or suspected CD but can also aid in the diagnosis
of IBDU or UC in the case of crucial choices [6,195].
Currently, there is no clear evidence to recommend the
use of deep enteroscopy as a standard diagnostic tool for
the differential diagnosis in IBD colitis.

patients with IBD [195,308-310] . Emerging endoscopic
imaging techniques such as high-definition [311-313] ,
magnification[314-316] and dye-less chromoendoscopy[317,318]
enable a detailed visualization of mucosal surface
architecture and vascular pattern. Despite their potential
in refining the differential diagnosis in subjects with
suspected or established IBD, there is no evidence of
clear advantages beyond standard white-light endoscopy
or dye-based chromoendoscopy with either indigo
carmine or methylene blue[318]. Conversely, the newly
developed confocal laser endomicroscopy (CLE)[319-327]
and endocytoscopy[328,329] allow for the characterization
in “real time” of microscopic structures at a cellular and
subcellular level, where disease specific features of both
UC and CD are so far revealed only by histopathological
analysis ex vivo.
Looking for confocal-aided signs of epithelial cell
shedding in the terminal ileum, Liu et al[323] have shown
that “gap density” is of value in distinguishing patients
with IBD and healthy controls (61 vs 18 gaps/1000
cells, P < 0.001) but cannot easily differentiate patients
with CD from those with UC (67 vs 61 gaps/1000 cells,
P > 0.05). Recently, a study based on 79 consecutive
IBD patients with a well-established diagnosis of CD
(n = 40) and UC (n = 39) has shown that CLE with
i.v. fluoresceine can clearly discriminate the presence
of several disease-specific microscopic changes, which
are conventionally used by standard histopathology to
differentiate UC from CD. Based on such findings, the
proposed CLE scoring system assessed with excellent
accuracy (94%) the differential diagnosis blind to both
clinical history and histopathological results, used as
golden standards[330].
Compared with the single photon excitation
performed by CLE, the newly introduced multiphoton
microscopy has a superior effective resolution in thick
tissue samples and an increased penetration depth without
requiring exogenous fluorophores[331]. This resolution
corresponds to images perfectly suited for 3D acquisition
capable of reproducing the architecture of mucosal and
superficial submucosal structures in detail. To the best of
our knowledge, multiphoton microscopy has so far been
tested in IBD tissue specimens only ex vivo[332].
Another novel advanced endoscopic technique,
named “molecular imaging”, combines confocal imaging
with exogenous fluorescently labeled probes to highlight
in vivo specific microscopic changes on the basis of their
molecular signature, thereby overcoming the limits of
traditional morphological analysis to characterize either
biochemical processes or molecular epitopes[333,334]. This
technique has already shown “promising and immediate
potential for translational science and prompt effects
into clinical practice” in several fields of gastrointestinal
endoscopy including IBD[333]. The possible applications
of such a technique to improve the differential diagnosis
in IBD colitis lies in identifying and developing proper
molecular biomarkers. In the above-mentioned study
by Yantiss et al [245], DAS-1/CG-3 molecular staining

EMERGING AND FUTURE PERSPECTIVES
Advanced endoscopic imaging
Recent innovations in gastrointestinal endoscopy have
changed our traditional approach to diagnosis in
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Genetics
Over the last ten years, with the advent of genome-wide
association studies (GWAS), a wealth of susceptibility
loci have been discovered shedding some light into
the knowledge of UC- and CD-specific genomic
profiles[343,344]. In this respect, the recent imputation-based
association analysis by Jostins and colleagues represents
a milestone in the development of GWAS in IBD[345].
They have performed a meta-analysis based on 15 GWAS
and ImmunoChip (Illumina, Inc, San Diego, CA) data
of CD and/or UC, followed by extensive validation of
significant findings, with a combined total of more than
75000 cases and controls. Seventy-one new associations
were identified, expanding the number of confirmed
IBD susceptibility loci to 163. These data have confirmed
the existence of an important overlap in genetic risk
factors between IBD and other immune-mediated
disorders (70%) and that most loci contribute to both
IBD phenotypes (67%)[345]. IBD genetics has highlighted
a common Th17/IL23 pathway for CD and UC[345-347],
in line with evidence concerning gene expression in
inflamed mucosa [348] , and revealed relatively fewer
disease-specific involved mechanisms, such as barrier
integrity for UC[349-352] and autophagy for CD[350-353]. This
degree of sharing of genetic risk suggests that nearly
all of the so far known susceptibility loci involved in
one disease may have some role in the other[345] and
tightens the implementation of genetic panels to address
discrimination of UC from CD[354].
To date, efforts made to find genetic diagnostic
markers in IBD have mostly focused on colonic tissue
samples retrieved by endoscopic biopsy[355,356]. In the
research by von Stein [357], seven candidate cDNAs
differentially expressed in the colonic inflamed tissues
of UC and CD patients were initially identified using
the molecular subtraction process termed “subtractive
suppression hybridization”. In quantitative polymerase
chain reaction experiments, the differential expressions
of identified genes were analyzed using a classification
algorithm and the possible clinical value of these markers
was overall evaluated in 301 patients in 3 stepwise studies.
Accordingly, the multigene analysis based on these
seven markers was able to discriminate between patients
suffering from UC, CD, or IBS with an area under the
receiver-operating characteristic curves ranging from
0.915 to 0.999 (P < 0.0001) using the clinical diagnosis
as gold standard. Furthermore, in a subset of 20 IBDU
patients, the genetic panel predicted correctly 9 out of
10 changes in clinical diagnosis made 4-12 mo later by
a blinded physician[356]. More recently, this genetic panel
was tested in 78 active patients with a complicated course
diagnosed as most probably UC in 38, CD in 18 and
IBDU in 22[358]. The tests led to the proper diagnosis
in a substantial number of cases initially named as UC
(11/13) or CD (3/4) and suggested the correct diagnosis
in most IBDU patients (9/10) clinically reclassified as UC
or CD one year later[358]. Further confirmations in larger

was found to be useful in distinguishing UC from CD
and from other colitidies in histopathological colonic
specimens ex vivo. Consistently, endoscopic molecular
imaging has the potential to achieve comparable results
in vivo combining the topical application of fluoresceinlabeled DAS-1/CG-3 antibodies with CLE. Nonetheless,
there is no published trial based on endoscopic molecular
imaging techniques to address the matter of differential
diagnosis in IBD.
Finally, several studies have recently shown the makings
of another new advanced endoscopic technique based
on the principle of contact light microscopy and known
as endocytoscopy, for in vivo gastrointestinal microscopic
imaging at a magnification up to 1390-fold[328,329,335-337]. In a
pilot study, endocytoscopy was found to characterize and
discriminate different inflammatory cells in the colonic
mucosa of IBD patients with high accuracy, but its potential
in the clinical setting is not yet established[329].
Optical coherence tomography (OCT or VLE:
volumetric laser endomicroscopy) is a probe-based
imaging technique, which allows for a resolution of
7-10 µm with an imaging depth of 2-3 mm[338-340]. The
ability of OCT to scan multiple gastrointestinal wall
layers can find utility in diagnosing the transmural
inflammation of CD. In a prospective, blinded study
based on 40 patients with CD and 30 with UC, Shen et
al[341] described disrupted layered structure of the colonic
wall, as a hallmark of transmural inflammation, with
90% sensitivity and 83% specificity for the diagnosis
of CD. This study suggests that OCT may represent a
valuable tool to distinguish CD from UC, especially when
the differential hallmarks lie into the deepest mucosal
layers and endoscopic biopsies are insufficient to assess
transmural inflammation.
Optical spectroscopy is another intriguing advanced
endoscopic imaging technique that includes fluorescence,
reflectance and light-scattering spectroscopy and op
tical coherence tomography. Spectroscopy depends
on the wavelength of the light source and on tissue
characteristics[339]. Different light spectra backscattered
between cells are specific for various diseases such as
ischemia, inflammation, and malignancy. Accordingly,
Raman spectroscopy has been recently proposed for
distinguishing CD from UC in vitro in ex vivo tissue
samples from IBD patients[342].
Taken together, current advanced endoscopic imaging
techniques could offer an in vivo additional method to
conventional histopathologic diagnosis. Nevertheless,
further efforts are still required both in the clinical setting
and in technological advancements before expanding
their clinical application in differentiating UC from CD
patients. There is great promise that molecular imaging
will aid as a complementary tool to identify diseasespecific features accurate for UC or CD at a molecular
level; until then, the endoscopic diagnosis of IBD will
have to rest exclusively on the morphological assessment
of inflammatory changes.
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and more heterogeneous populations are required before
implementing this approach in clinical practice; yet, the
era of genetic differential diagnosis in IBD colitis has
begun[359].

confirm the ability of circulating and colonic miRNAs in
distinguishing IBD subtypes and their specificity in less
selected populations.
Metabolomics and proteomics
The first full genome sequences were established in the
mid-1990s. Shortly thereafter, genome-scale metabolic
network reconstructions appeared to provide a repository
of all human metabolites[368]. Metabolomics performs
an analytical description of complex biological samples
and aims to characterize and quantify all the small
molecules involved, thereby revealing the unique chemical
fingerprints that specific cellular processes leave behind[369].
Because the global cellular function depends upon the
protein network environment as a whole, multivariate
analysis of metabolic profiling of biofluids dovetails
beautifully with IBD to screen for new molecular players
involved in disease pathogenesis, measure and characterize
disease activity and differentiate between disease biophenotypes. Several recent studies have highlighted how
metabolic profiling of biofluids from IBD patients may
represent a powerful approach to collect a huge amount
of information on amino acids and related metabolites,
on Krebs cycle intermediates, and on molecules involved
in fatty acid and purine metabolism[370,371].
Similarly, proteomic and subproteomic (i.e., cellular
compartments, organelles and biological fluids) array
profiles have shown promise with regard to identifying
active disease, providing insight into disease pathogenesis
and differentiating between CD and UC[147,370]. Metabolic
and proteomic profiles of serum and plasma have
provided a distinctive characterization between IBD
and healthy controls, as well as between UC and CD
patients irrespective of the analytical technique used[370-372].
Encouraging data have been also described by protein
profile analysis on peripheral blood mononuclear
cells[373] and colonic tissue specimens[373-377]. By contrast,
metabolomic patterns from urinary and fecal samples
have often led to more conflicting results in differentiating
UC from CD, likely due to the possible influence of
environmental variation in urinary metabolomics,
disturbances from gut microbiota, and other confounding
factors such as ongoing anti-TNFα therapy or bowel
resections[371].
Undeniably, current technology supporting meta
bolomics and proteomics analysis is sophisticated,
complex and expensive[378]. Nonetheless, considering the
potential breakthroughs in understanding inflammation
processes, identifying new molecular targets for therapy,
mapping individual gut microbiota and helping in
differential diagnosis, metabolomic and proteomic
techniques appear like an expanding constellation into
the IBD universe.

Epigenetics
Genetics accounts for only a portion of overall disease
variance, indicating that gene-environment interactions
affecting gene expression with no changes in the DNA
sequence, namely epigenetics, play a central role in the
pathogenesis of IBD and other diseases[351,360]. Among
epigenetic modifications, DNA methylation is probably
the most widely studied; this process occurs when a
methyl group is covalently added to cytosines that are part
of cytosine-guanine dinucleotides (CpG)[351]. Methylation
of “CpG islands” in promoter gene areas may lead to
transcriptionally repressive activity and is associated with
gene silencing[351]. DNA methylation in colonic epithelial
cells normally occurs with aging but is accelerated in
IBD, where it is touted to favor genetic instability and
development of colorectal cancer[361]. DNA methylation
change is a quantitative trait and therefore an attractive
biomarker that can be found in a range of body fluids.
A panel of relevant hypomethylated or hypermethylated
CpGs measured in fecal and blood samples might
someday be capable of distinguishing between UC and
CD, enabling disease stratification, predicting treatment
response, identifying patients with cancer or those who
are prone to cancer development[351].
Several genome-wide expression studies are so far
attracting more attention to RNA interference, providing
new interesting tools to assess and characterize IBD
diagnosis and phenotype[351]. MicroRNAs (miRNAs) are
short (typically 22 nucleotides in length), endogenous,
non-coding single-stranded RNAs that have been highly
conserved throughout evolution and act in concert
as master drivers of post-transcription by regulating
expression of their target messenger RNAs[351]. Analysing
hundreds of miRNAs present in colonic biopsy
specimens, distinct profiles were identified in IBD vs
controls, as well as between quiescent or active UC vs CD,
and in UC patients with active or inactive disease, thereby
confirming the putative role of miRNAs as contributors
to IBD pathogenesis [351,362-364]. Likewise, distinctive
miRNA profiles have been described in the peripheral
blood of UC, CD and nonIBD subjects, suggesting their
use as minimally invasive circulating biomarkers[365-367].
However, when interpreting results from epigenetic
studies, a potential pitfall lingers in determining causality,
that is, whether a particular epigenetic profile is the
cause or consequence of disease. The above-mentioned
epigenetic studies in IBD patients were mostly
performed with whole tissues, such as blood or colon
biopsy samples, where epigenetic features of each cell
can be masked by those of heterogeneous cell groups,
making the results difficult to compare and interpret[351].
Accordingly, the development of miRNA profilebased diagnostic tools for IBD needs further studies to
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Current classification of large-bowel involvement in IBD
relies on clinical grounds and acknowledges three distinct
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phenotypes, UC, CD and IBDU[5]. Such a distinction is
of paramount value for optimized clinical management,
since surgery, modern therapies and emerging prognostic
indices nearly always work on disease-specific strategies.
Established clinical diagnostic methods usually prove
successful in pointing at proper and defined diagnoses.
However, the substantial group of IBD patients with
ambiguous colonic diseases still represents an unresolved
problem bearing the names of “misdiagnosis”, “disease
reclassification over time” and “IBD unclassified (pro
tempore)”. This implies less successful treatment strategies
and can lead to repeated diagnostic tests, thereby pro
ducing a considerable overexploitation of resources, time
and patients’ compliance.
The use of serologic panels including ASCA and
pANCA with the addition of more recent antibodies
featuring complementary profiles could partially enhance
testing accuracy in IBD colitis, refine the classification
of patients diagnosed as IBDU and predict surgical
outcomes after IPAA.
Relatively recent innovations in gastrointestinal endo
scopy have made the small bowel more accessible and
have clearly improved the quality in endoscopic imaging.
However, benefits in terms of differential diagnosis seem
to be marginal and both specificity and clinical correlates
are poor.
In the attempt to make a forecast, hereby distinguishing
between emerging and future perspectives to improve the
differential diagnosis in IBD, molecular pathology, optical
spectroscopy and confocal laser endomicroscopy appear
as the most promising tools ready for distribution in the
next years (Figure 1). On the other hand, the encouraging
results coming from genetics, epigenetics, metabolomics
and proteomics are simultaneously shedding light on IBD
biologic systems and generating non-invasive tests, which
may both aid the diagnosis and contribute to further
reclassifying IBD into new and more homogeneous
subgroups[167]. The success of this strategy relies on the
development of multiple, complimentary biomarkers
relating to a molecular classification of IBD colitis, which
can better reflect diverse disease behaviors from the
pathogenic standpoint.
To date, the differential diagnosis in IBD colitis
still relies on a multidisciplinary approach based on
clinical evaluation, standard biomarkers, lower and
upper endoscopy, histopathology and radiology[6,11,45,112].
Additional investigations such as deep enteroscopy,
novel serologic tests and advanced endoscopic imaging
techniques can help in specific situations but should not
routinely be advocated. Clinical trials are now warranted
to confirm the potential role of experimental laboratory
tools assessing the genetic and/or metabolomic
fingerprints of IBD in daily clinical practice.
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Pain in chronic pancreatitis (CP) shows similarities
with other visceral pain syndromes (i.e. , inflammatory
bowel disease and esophagitis), which should thus
be managed in a similar fashion. Typical causes of
CP pain include increased intrapancreatic pressure,
pancreatic inflammation and pancreatic/extrapancreatic
complications. Unfortunately, CP pain continues to be
a major clinical challenge. It is recognized that ongoing
pain may induce altered central pain processing,
e.g. , central sensitization or pro-nociceptive pain
modulation. When this is present conventional pain
treatment targeting the nociceptive focus, e.g. , opioid
analgesia or surgical/endoscopic intervention, often
fails even if technically successful. If central nervous
system pain processing is altered, specific treatment
targeting these changes should be instituted (e.g. ,
gabapentinoids, ketamine or tricyclic antidepressants).
Suitable tools are now available to make altered central
processing visible, including quantitative sensory testing,
electroencephalograpy and (functional) magnetic
resonance imaging. These techniques are potentially
clinically useful diagnostic tools to analyze central pain
processing and thus define optimum management
approaches for pain in CP and other visceral pain
syndromes. The present review proposes a systematic
mechanism-orientated approach to pain management in
CP based on a holistic view of the mechanisms involved.
Future research should address the circumstances under
which central nervous system pain processing changes
in CP, and how this is influenced by ongoing nociceptive
input and therapies. Thus we hope to predict which
patients are at risk for developing chronic pain or not
responding to therapy, leading to improved treatment of
chronic pain in CP and other visceral pain disorders.
Key words: Chronic pancreatitis; Pain; Pain treatment;
Central sensitization; Quantitative sensory testing;
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at the nociceptive source, the pancreas. General recom
mendations include correction of pancreatic insufficiency
and management of local complications, flanked by
dietary modifications and cessation of alcohol use and
smoking[1]. Currently a conservative step-up approach
is advocated for pain treatment in CP, consisting of
symptomatic pain relief and dealing with the pancreas as
nociceptive source. For symptomatic pain relief, patients
are treated with analgesics based on the “pain relief
ladder” provided by the World Health Organization[5].
When such analgesic therapy is not successful, patients
usually are referred for endoscopic interventions to
attempt to reduce nociceptive input from the diseased
pancreas. Eventually, patients may be referred for
invasive surgical intervention if pain still persists despite
prolonged analgesic (usually opioid) use and multiple
endoscopic interventions (up to 75% of all patients).
Usually endoscopic interventions are performed
for pancreatic duct strictures (stenting) and pancreatic
duct stones (extracorporal shockwave therapy). Multiple
surgical procedures have been described in the literature,
all with different indications and success rates[6]. Drainage
procedures like the pancreaticojejunostomy are performed
for an enlarged pancreatic duct. When an enlarged
pancreatic duct with an inflammatory mass in the pancreatic
head is present, usually a Frey or Beger procedure is
performed. Indications for (partial) pancreatic resections,
i.e., pancreaticoduodenectomy, distal pancreatectomy and
total pancreatectomy, are inflammatory masses in the
head or tail of the pancreas, or failure of other therapies.
Alternative approaches for dealing with the pancreas as a
nociceptive source include deafferentation techniques such
as nerve blocks and denervation procedures like bilateral
thoracoscopic sphlanchnicectomy, which have shown to be
beneficial for pain reduction in CP patients[7]. The success
rate in terms of pain reduction after endoscopy or surgery
is highly variable[6]. The optimal timing of interventions
and which patients should be treated endoscopically or
surgically continues to be intensively debated[6]. Despite
these many management options, a significant number of
chronic pancreatitis patients continue to experience pain
even after conventional successful treatments, resulting in
recurrent hospitalization, opioid dependence and severely
impaired quality of life[8,9].
It is increasingly accepted that in many patients with
refractory chronic pain, the pain may be the result of
abnormal central pain processing which should be taken
into account and targeted when pain management is
planned[10]. This is in line with the key new insight of the
last two to three decades of pain research, demonstrating
that the central nervous system is not hard-wired, but
rather highly plastic in the face of ongoing nociceptive
input, exhibited as extensive alterations in central pain
processing[10]. These changes typically involve increased
pain sensitivity and facilitatory changes in modulation of
painful inputs[11-13]. Further support for this view comes
from recent successful studies with non-classical analgesic

Electroencephalograpy; Magnetic resonance imaging
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Pain in chronic pancreatitis (CP) shows
many similarities with other visceral pain syndromes.
CP pain frequently leads to peripheral and central
sensitization. When the latter is present, treating the
nociceptive focus, with i.e. , analgesic therapy, surgical
or endoscopic procedures for local complications may
fail even after technically successful procedures. In
this case, treatment must be aimed at the central
nervous system (CNS). Suitable tools to visualize altered
central processing include quantitative sensory testing,
electroencephalograpy and magnetic resonance imaging.
Future research should be aimed at the circumstances
under which CNS processing changes and how this is
influenced by pain and therapies.
Bouwense SAW, de Vries M, Schreuder LTW, Olesen SS, Frøkjær
JB, Drewes AM, van Goor H, Wilder-Smith OHG. Systematic
mechanism-orientated approach to chronic pancreatitis pain.
World J Gastroenterol 2015; 21(1): 47-59 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i1/47.htm DOI:
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INTRODUCTION
Chronic pancreatitis (CP) involves progressive inflammatory
changes of the pancreas resulting in morphological
alterations and loss of pancreatic endocrine and exocrine
function[1]. Quality of life is impaired and life expectancy
is reduced[2,3]. The two main clinical manifestations of
CP are pancreatic insufficiency and (chronic) abdominal
pain. Pancreatic insufficiency is marked by exocrine
dysfunction resulting in impaired food digestion and
absorption, and endocrine dysfunction which results
in diabetes mellitus[1]. Pain in CP is considered to be
of visceral origin. When compared to other (chronic)
visceral pain syndromes there are many similarities with
the pain presentation of CP patients. The pain of CP is
typically present as chronic epigastric pain, often radiating
to the back, severe, dull, worse after eating and exhibiting
episodic flares. This confor ms to typical clinical
characteristics of visceral pain which are: (1) the pain
is not always simply or directly linked to morphological
changes of the diseased organ; (2) pain is diffuse and
poorly localized; (3) the pain may be referred to other
locations; and (4) the pain is accompanied by motor
and autonomic reflexes (vomiting, nausea and muscle
tension)[4]. These parallels suggest that CP pain provides
a useful model for the diagnosis and treatment of visceral
pain syndromes with an identifiable nociceptive source in
general.
Pain management in CP is at present mostly aimed
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medication, i.e., S-ketamine and pregabalin, which targets
mainly the central nervous system, and which has been
shown to be effective in both visceral and somatic
chronic pain syndromes[11,14,15].
To optimize (pain) treatment in CP, it is thus evident
that we need to move away from approaches exclusively
based on dealing with peripheral nociceptive input from
the pancreas towards more holistic strategies taking
into account alterations in central pain processing due
to ongoing nociceptive inputs. The aim of this review
is to highlight the recent progress in understanding
the central mechanisms underlying chronic pain in CP
and its impact on pain management. We present the
evidence presently available that such central changes
take place and operate in the human clinical context.
Next, we focus on the diagnostics that are currently
available to measure/visualize changes in central pain
processing and how these are related to chronic pain in
CP and other chronic abdominal visceral pain syndromes.
Finally, based on these diagnostics we propose a new
systematic mechanism-orientated approach to diagnosing
and treating pain in CP as an example of an abdominal
visceral pain syndrome.

orientated approach to chronic pain four key questions
need to be answered[18].
What is the source of nociception? The majority of
chronic pain disorders start off with a nociceptive source.
Knowledge of the source enables us to aim our therapy
at it and provides us with information regarding the
type and intensity of nociception (e.g., visceral vs somatic
pain).
Is nociceptive transmission altered? A common
reason for altered nociceptive transmission by peripheral
nerves to the central nervous system is peripheral nerve
sensitization and damage. Nerve damage is a strong
predictor for pain that is difficult to control or treat
and can become a source of nociceptive input in itself.
Nerve damage is associated with extensive and aggressive
alteration in central nervous system function [19]. In
addition, cytokines, hormones and other acute phase
proteins may be released due to pathological processes
and may facilitate sensitization of the central nervous
system, e.g., via humoral pathways[9,20].
Is central pain processing altered? The first alteration
in central nervous system processing to be taken into
account is central sensitization, defined as an increased
responsiveness of central pain transmitting neurons[9].
The presence and persistence of central sensitization
affects both disease prognosis and effectiveness of
therapy in chronic pain conditions. More extensive spread
of central sensitization (generalized hyperalgesia) is
associated with more pain. When central sensitization is
present, therapy targeting only the source of nociception
(the disease site) will be relatively ineffective. Thus drug
treatment modulating the sensitization of the central
nervous system need to be instituted. Examples of agents
achieving this are gabapentinoids and antidepressants.
Secondly, the state of descending central pain modulation
must also be taken into account. If there is a pronociceptive (facilitatory) shift in central pain modulation,
this has a negative effect on prognosis and requires
specific treatment strategies[21].

A SYSTEMATIC MECHANISMORIENTATED APPROACH TO CHRONIC
PAIN
Even after tissue healing, pain may persist as chronic
pain with a major impact on quality of life. To date,
the majority of publications on chronic pain adopt
an empirical approach to the treatment of such pain,
primarily based on dealing with the putative peripheral
nociceptive source of the pain. At present, a holistic
systematic mechanism-orientated approach to the
prevention and treatment of chronic pain is lacking.
Key: Altered pain processing
A key insight has been that nervous system processing
of pain is not hard-wired: sensory processing in the
central nervous system typically changes as a result of
noxious sensory inputs[16]. Acute nociception initially
results in increased pain sensitivity (hyperalgesia)
affecting the peripheral and central nervous system.
When ongoing nociception (due to ongoing damage to
tissues and nerves) is present, it initially sensitizes the
peripheral nervous system. Subsequently, such ongoing
nociceptive barrage will excite the spinal cord, brainstem
and brain leading to central sensitization. In the end the
whole nervous system may become sensitized, leading
to exaggerated pain with minor stimuli (hyperalgesia)
or even pain without nociceptive input (allodynia)[16-18].
Counteracting modulatory responses to nociceptive
input like descending inhibition may fail as well, or even
become facilitatory, resulting in more pain[9].

Is altered central processing (still) dependent on
peripheral nociceptive drive? If altered central processing
becomes independent of peripheral nociceptive drive this
further worsens the prognosis for controlling pain, and
therapies aimed at controlling the nociceptive input from
the source of disease are highly prone to failure. In this
context, specific treatment dealing with altered central
pain processing is mandatory e.g., gabapentinoids and
antidepressants[18].
Implications
In summary, increasing evidence shows that (ongoing)
nociceptive input results in altered central pain processing
and should be taken into account in the management
of chronic pain. However knowledge is lacking on
how chronic painful inputs leads to altered central

Four key questions
To achieve a holistic and systematic mechanism-
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pain processing, and how this is influenced by disease
progression and therapeutic interventions. Hence, the
key to better treatment of chronic pain is measuring or
visualizing the changes in the central nervous system or neuroplasticity - that accompany the development
and existence of chronic pain conditions. Together
with measurements before and after treatment, the
introduction of such systematic mechanism-orientated
diagnostics will provide the basis for optimization of
treatment indications and schedules.

noxious inhibitory controls or DNIC). In the case of
CPM a test stimulation is applied (e.g., pain threshold,
pain score), afterwards a conditioning stimulus is applied
(e.g., cold pressor task via ice water bucket immersion)
and then again the test stimulation is applied. The
difference between the two test stimuli signals the size of
inhibitory or facilitatory descending modulation. When
central sensitization is present descending modulatory
mechanisms often fail, due to a decreased activity in the
inhibitory pathway of the spinal cord and an increase
in facilitatory pathway activity, resulting in a further
increase in pain (Figure 1)[27,28]. QST is increasingly used
to compare pain sensitivity before and after interventions
for patients and healthy controls in acute and chronic
pain disorders.

A SYSTEMATIC MECHANISMORIENTATED APPROACH TO
DIAGNOSING ALTERED PAIN
PROCESSING IN CHRONIC PAIN

EEG
EEG is the recording of electrical brain activity,
generated by synchronous activity of thousands of
millions of neurons in the cortex. Neural networks are
usually randomly active at any given time in a resting
state, and can be synchronized in response to an external
stimulus. Therefore, EEG can be used in chronic pain
conditions to study the brains’ default state reflected by
the resting state EEG (static element) and brain activity
due to external stimuli reflected by event related or
evoked brain potentials (dynamic element). As early as
1953, the EEG was already being studied in patients with
pain due to peptic ulcers and functional gastric disorders
by Kirschbaum et al[29]. Their study is an early example
of the recognition of the brain-gut axis as a possible
substrate for visceral pain syndromes. Although the use
of EEG can be demanding and complex, this technique
is a potentially useful non-invasive method for clinical
practice. EEG has a poor spatial resolution, but superior
millisecond-range temporal resolution compared to other
neurodiagnostic instruments such as positron emission
tomography or fMRI, enabling direct measurements of
neuronal processing[30].

Quantitative sensory testing (QST), electroencephalograpy
(EEG) and (functional) magnetic resonance imaging
[(f)MRI] have increasingly been used in chronic pain
disorders to describe changes in structure and function
of the central nervous system. In the next paragraphs we
will give a short introduction to QST, EEG and (f)MRI
and their use in chronic pain conditions.
QST
The basis for QST was laid by Ulf Lindblom in the
1950s[22]. He was one of the first to describe the use of
physiologic stimulation of the peripheral afferent unit in
animals to test sensory processing. Later on he applied
his experience in patients with sensory abnormalities i.e.,
chronic pain, which was the start of the use of QST in
humans[23].
QST gives clinicians and researchers the opportunity
to study abnormalities in the sensory system and
characterize mechanisms underlying pathologic pain
disorders. Compared to bedside clinical tests, QST is
reliable and quantifies both the test stimulus (i.e., heat
or pressure) and the patient’s response (i.e., pain)[24,25].
Somatosensory evoked responses to electrical, mechanical,
thermal or chemical test modalities are involved in
QST[26]. The stimulus is applied in a systematic fashion
to an anatomical site (skin, muscle, joint or viscera like
the esophagus or sigmoid). Stimulus intensity is gradually
increased until the subject reaches a predefined sensory
threshold (e.g., sensation or pain). By using multiple
stimuli with differing intensities it is possible to construct
a stimulus-response relationship (or curve) characterizing
the subjects’ state of pain processing. This stimulusresponse relationship is particularly useful as it also
involves suprathreshold stimulation, particularly relevant
to clinical pain. Measurements at the affected site or sites
more distant are used to differentiate between signs of
peripheral and (spinal or supraspinal) central sensitization.
Descending pain modulation (“pain inhibits pain”,
a response to a noxious stimulus is inhibited by another
noxious stimulus) is measured using the conditioned pain
modulation paradigm (CPM, formerly known as diffuse
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Resting state EEG: The resting state EEG is commonly
analyzed by transforming data from the time domain
into the frequency domain. Spontaneous brain activity in
the frequency domain is divided into different frequency
bands (delta = 1-3.5 Hz, theta = 3.5-7.5 Hz, alpha =
7.5-13 Hz, and beta = 13-32 Hz). The awake human
brain activity recorded during rest is typically dominated
by oscillations in the alpha frequency band. This
dominant alpha activity is most prominent over parietal
and occipital cortices, and is largest when the eyes are
closed[31]. Recent developments in cognitive neuroscience
suggests that alpha activity reflects selective cortical
inhibition, rather than neural idling[32].
Alterations in the brains’ default state as reflected by
resting state EEG, particularly in the alpha band, have
been observed in multiple studies in various chronic pain
conditions. Typically these changes consist of a shift
of peak alpha or theta frequency to lower frequencies
and/or a reduction in alpha or theta power[33-35]. It seems
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Figure 1 Summarizes the views presented above regarding the mechanisms underlying pain. This figure illustrates the concept of spread of altered central
pain processing (progression marked via letters) following ongoing nociceptive input due to tissue and nerve damage (progression marked by numbers). This figure is
based on the original figure of ref[18]. CPM: Conditioned pain modulation.

unlikely that alpha activity is directly related to the pain
experience, as a correlation between pain intensity and
alpha power is absent[35].

In order to obtain evoked potentials that are specific
to nociceptive input, such input should be the result
of physiological processing of nociceptive stimuli, i.e.,
involving selective activation of nociceptive Aδ/C-fibers
in the periphery and recording resultant EPs generated
in the cortex[39]. Brain mapping studies have established
a positive relationship between the intensity of pain
reported to nociceptive selective laser stimuli and EP
amplitude[40]. In the context of evoked EEG studies, it
must be noted that the experimental visceral electrical
stimulation of large and small peripheral afferents that
is generally applied to different gut segments is painful
but not nociception specific[41]. Whether EPs resulting
from stimuli entirely selective for nociceptive peripheral
afferents represent the experience of pain or a more
generalized response of heightened attention or arousal
to afferent stimuli is current topic of debate [40,42,43].
Mouraux and Iannetti demonstrated that laser-evoked
EEG responses reflect neural activities equally involved
in processing nociceptive and non-nociceptive sensory
inputs[43]. Thus, a stimulus entirely selective for nociceptive
peripheral afferents does not imply that the elicited
brain activity is nociception specific. However, even if
EPs reflect neuronal activities that are unspecific for the

Evoked brain potentials: Event-related potentials or
evoked potentials (EPs) are voltage polarity changes
in the EEG time-locked to the onset of an external
stimulus. They reflect the summed activity of postsynaptic
potentials produced when a large number of similarly
oriented neurons fire in synchrony while processing
information[36]. EPs are traditionally extracted from the
EEG by averaging similar repetitive stimuli within a
stimulus block. Human EPs can be divided into two parts.
The early components peaking roughly within the first
100 milliseconds after stimulus presentation are termed
“sensory” or “exogenous” as they depend largely on the
physical parameters of the stimulus. In contrast, later
components of EPs reflect the manner in which the
subject evaluates the stimulus and are termed “cognitive”
or “endogenous” EPs as they examine information
processing [37] . Alterations in evoked potentials are
traditionally studied in the amplitudes and latencies of the
(positive and negative) potential peaks, and can also be
studied in the time frequency domain[38].
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nociceptive system, their generation still relies on the
consequences of nociceptive activation and resultant
changes in CNS state at both peripheral and central
levels[43].

The tool should sensitively assess changes in sensitization
of pain processing as well as alterations in state of cortical/
descending modulation. In the context of sensitized signal
processing by the central nervous system, this will help
differentiate e.g., between a situation of ongoing nociceptive
input directly sensitizing central processing and pronociceptive alterations of descending nociceptive control by
brainstem and brain (Figure 1).
Application of such a holistic approach to chronic
pain is the basis for systematic mechanism-orientated
pain management enabling: (1) diagnosis and prognosis
of chronic pain; (2) rationale for treatment choice and
responder identification; and (3) monitoring of chronic
pain and its treatment[18].

(f)MRI: (f)MRI has been increasingly used to describe
brain activity and structural changes in chronic pain
disorders. (f)MRI uses different techniques to measure
functional brain activity. Changes in oxygenated and
deoxygenated hemoglobin can be measured by the
blood oxygenation level dependent technique[44]. By this
technique the change in oxygenation (reflecting neuronal
activity) in different areas of the brain can be estimated.
Recently diffusion tensor imaging (DTI) has been used to
measure changes in gray and white matter microstructure,
and connectivity between brain areas[45]. Other functional
techniques are signal enhancement by extravascular
water protons and arterial spin labeling which allows the
measurement of whole brain cerebral blood flow[46,47].
Taken together, the (f)MRI techniques allow assess
ment of the neural activation induced by stimuli like
pain, and the structural neuroplastic changes induced by
a long-lasting pain input. Compared to QST and EEG
the advantage of (f)MRI is that it can take into account
anatomy and can quantify the area of neuronal activity.
The downside of the technique is that it is difficult
to assess whether neural activity has a facilitatory or
inhibitory effect on the pain processing. The main use
for fMRI lies in anatomical resting state and activation
studies[48]. Increasing evidence from studies using these
tools has provided us with more information on central
pain processing and how it can be influenced by disease
progression and treatments.

EVIDENCE FOR A SYSTEMATIC
MECHANISM-ORIENTATED APPROACH
TO CHRONIC PAIN
In the next paragraphs we will focus on QST, EEG and
(f)MRI research documenting the reality of altered pain
processing in chronic visceral pain disorders such as
chronic pancreatitis and thus providing further evidence
for the feasibility of achieving a systematic mechanismorientated approach in clinical practice.
What is the source of nociception?
In the literature the following pathophysiological
mechanisms have most commonly been suggested
as causes of pain in CP: (1) increased intrapancreatic
pressure within the parenchyma and/or pancreatic duct
causing tissue ischemia (due to pancreatic duct strictures
and stones); (2) inflammation of the pancreas; and
(3) pancreatic and extrapancreatic complications (i.e.,
pseudocysts, bile duct/duodenal strictures and peptic
ulcers) [49-53]. The exact pathophysiology of chronic
pancreatitis is still unknown and which mechanisms
starts first are still subject to debate i.e., are duct strictures
caused by tissue ischemia or inflammation or both?

Clinical diagnostics of pain processing
For implementation in the clinical context, a suitable
tool to diagnose altered pain processing in chronic pain
should fulfill the following criteria[18].
The tool should be validated and suitable for a
clinical setting with a minimal burden for the patient.
Measurements should be easy to reproduce and stimuli
should be standardized so data can be compared between
patients and populations. A tool that is easy to use can
be used in an outpatient setting and has a low burden,
increases patient compliance and makes the method more
practical for clinical use.
The tool should reveal altered pain processing for
both superficial and deep tissue stimulation. Differences
in deep and superficial tissue stimulation may help
discriminate between somatic and visceral origin of
pain and the extent of central sensitization (e.g., somatosomatic, viscero-visceral and viscera-somatic spread of
hyperalgesia).
The tool should contain static (pain sensitivity) and
dynamic (pain modulation) elements. Static measurements
provide insights into basal pain sensitivity (e.g., central
sensitization) and dynamic measurements test how the
body actively modulates nociceptive input.
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Is nociceptive transmission altered?
In the past years, increasing evidence has been published
regarding altered nociception transmission (e.g., nerve
damage, peripheral sensitization) in chronic pain patients
like CP[12,16,27,54]. In CP transmission of nociceptive input
from the pancreas to the spinal cord can be altered and
influenced by lesions in intrapancreatic and peripheral
nerves, as described in histological studies[55,56]. These
changes are comparable with other neuropathic pain
disorders[9,57]. Not only an increase of excitability of
nerves innervating the pancreas, but also structural
changes of nerves in the pancreas may be a part of
the problem. Hence, hypertrophy, increased neural
density and neuritis of intrapancreatic nerves have been
reported to be associated with pain in CP patients[58,59].
Ongoing nociceptive input due to the inflammation
of the pancreas and its local complications may lead
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to nociceptors becoming more sensitive to further
stimulation. This peripheral sensitization may be caused
by upregulation of nerve growth factors, brain-derived
neurotrophic factors and proinflammatory cytokines,
and lead to increased pain intensity [60,61]. Pancreatic
neuroplasticity (remodelling) and peripheral sensitization
(increased excitability) will increase the nociceptive drive
to the central nervous system resulting in an increased
reaction of pain transmitting neurons (increase of
pain)[59]. Finally, this process may result in spontaneous
nociceptive activity without the presence of nociceptive
inputs and to an aggressive increase of pain signals to the
spinal cord[16,62].

treatment on pain processing. In a study of S-ketamine,
a noncompetitive NMDA receptor antagonist whose
activity is related to central sensitization, infusions in CP
patients were associated with a short-lasting increase in
pain pressure thresholds, without a reduction in clinical
pain. However, this study was not powered on clinical
endpoints and had a short infusion time[11]. Another study
showed that pregabalin reduced clinical pain in CP and
was associated with a moderate anti-hyperalgesic effect.
Interestingly patients treated with placebo also showed
a reduction in clinical pain, but this effect came without
changes in pain thresholds measured by QST[12,15].
The role of disease progression in CP and how it is
influenced by interventions has not been well studied.
Just one exploratory study in CP patients showed
a relation between a more severe disease stage and
lower pain thresholds (more hyperalgesia) compared
to a moderate disease stage and healthy controls [27].
Interestingly, a study in CP patients after pain-relieving
pancreatic surgery showed that patients with a poor pain
outcome after surgery showed more central sensitization
and more pronociceptive descending pain modulation
compared to patients with a good pain outcome and
healthy controls[73].

Is central pain processing altered?
QST-CP: Increasing evidence has been published on
segmental and generalized hyperalgesia and referred pain
as a sign of spinal and supraspinal central sensitization
in CP. Accordingly, decreased pain thresholds (i.e.,
hyperalgesia) for somatic stimulation in dermatomes near
and distant to the pancreas in chronic pancreatitis patients
are evident[7,11,13,27,54]. In agreement with this, other studies
report increased areas of referred pain to electrical
stimulation of viscera of upper gastrointestinal organs
and decreased pain thresholds to visceral stimulation
of the rectosigmoid [28,63]. These results suggest that
peripheral visceral and somatic nerves converge at spinal
levels in the central nervous system to elicit (somatic)
referred pain as a sign of spinal central sensitization[64,65].
Failure of descending inhibitory pain modulation has
also been observed in CP patients[11,25,27,28,54]. Probably
this is due to a decreased activity in descending inhibitory
pathways to the spinal cord as well as an increase in
facilitatory activity projecting to the posterior spinal horn.

To summarize: CP and other abdominal visceral pain
syndromes show similarities in pain mechanisms and
physiology. In the area of tissue damage and its surrounding
tissue there is typically hypersensitivity to all kinds of
different stimuli as signs of segmental hyperalgesia. When
pain is ongoing, tissues more distant of the area of injury
also become sensitized as (generalized hyperalgesia) as a
sign of spreading central sensitisation. Failure of counterregulatory mechanisms such as DNIC, measured via
e.g., CPM, also leads to hyperalgesia and pain increases.
Treatments aimed at central pain mechanisms may reduce
pain and hyperalgesia in such patients. Evidence regarding
the role of disease progression and treatments aimed
at reducing pain and central sensitization is still scarce.
However, it is evident that QST can play a useful role in
quantifying pain processing and its impact on clinical pain
before and after pain treatment[74,75].

QST-visceral pain conditions: Similar to CP, sensitization
of the central nervous system is seen in other in
flammatory visceral pain conditions e.g., esophagitis and
inflammatory bowel disorders, where it can be local in
the viscera, spreading in the surrounding area or more
distant in the case of referred pain. Drewes et al[66] showed
segmental sensitization to thermal stimulation of the distal
esophagus in esophagitis patients, together with a larger
referred somatic pain area to mechanical stimulation, both
reflecting central sensitization. Comparable results were
found in ulcerative colitis and Crohn’s disease patients,
who showed decreased pain thresholds to balloon dilation
of the colon or rectal stimulationagain suggesting visceral
hypersensitivity as a sign of central sensitization[67-69].
Evidence for descending counter-regulatory mechanisms
has been described for patients with peptic ulcer and
Crohn’s disease, both of whom showed hypoalgesia to
visceral stimulation as a sign of effective tonic descending
inhibition[70-72].

Resting state electroencephalography - CP: Olesen
et al[76] reported an increase in amplitude strength in the
theta and alpha band in patients with CP compared to
healthy controls, reflecting slowed EEG rhythmicity in
patients with CP compared to controls. Another study
demonstrated a significant shift toward lower frequencies
in patients with CP compared with healthy controls[33].
This was observed as a decrease in peak alpha frequency
over all scalp electrodes. Interestingly, these changes
correlated with duration of pain, further supporting
alterations in resting state EEG as a potential biomarker
in chronic pain conditions.
The mechanisms underlying these observations
are still poorly understood. One hypothesis is that of
thalamocortical dysrythmia (TCD), where damage or

Clinical application of QST: In addition to characterization
of the pain mechanisms underlying visceral pain
disorders, QST has been used to study the effects of pain

WJG|www.wjgnet.com

53

January 7, 2015|Volume 21|Issue 1|

Bouwense SAW et al . Chronic pancreatitis pain

lesions to afferent neural pathways results in deafferentation
and a decrease in excitatory input to the thalamic relay
cells. This results in disfacilitation and cell membrane
hyperpolarization due to activation of T-type calcium
channels. In this hyper-excitatory state thalamic relay
neurons fire low threshold spike bursts and the normal
thalamo-cortical rhythmicity is disturbed[30]. Application of
drugs that interfere with T-type calcium channel function
may prevent low frequency bursting, reverse TCD, and
alleviate pain in conditions with underlying TCD. Thus
resting state EEG may be of value not only as a potential
biomarker for chronic pain progression via shifts in
oscillatory activity, but also in treatment decisions and
evaluation via identification of TCD. Another hypothesis
is based on recent experiments indicating that the phase
of alpha activity modulates perception and that alpha
oscillations are produced by periodic pulses of inhibition.
It was suggested that posterior alpha oscillations provide a
mechanism for prioritizing and ordering unattended visual
input according to “relevance” or saliency[32]. However, it is
unclear whether the proposed role of alpha activity can be
generalized to other modalities, such as the somatosensory
and nociceptive system.

mechanisms of pregabalin and may in the future be used
to predict treatment effects[77].
To summarize: Studies in chronic visceral pain have
investigated both the resting state as well as the evoked
EEG. The use of multiple analysis techniques and
different stimulation methods makes these results difficult
to compare. Alpha activity in the resting state EEG has
been shown to be affected in multiple chronic pain states
including CP, suggesting a change in the default state
of the brain as a result of chronic pain. Pain-evoked
EEG studies in CP patients demonstrate alterations in
dynamic pain processing reflected by prolonged latencies
of visceral EPs and higher theta activity with prolonged
persistence of the signal at a lower frequency during
experimental visceral pain. Taken together, these EEG
findings further support the concept that chronic visceral
pain conditions such as chronic pancreatitis are associated
with significant and ubiquitous alterations in resting state
and evoked CNS processing, both nociceptive and nonnociceptive.
(f)MRI
The cortical and subcortical structures that are involved in
visceral pain are the thalamus from which signals further
ascend to different parts of the brain i.e., the limbic system
(insula, cingulate cortex and prefrontal cortex), the primary
(discriminating pain) and secondary (recognizing and
remembering pain) somatosensory cortex[30]. In particular
the insula has an important function in pain perception
from the gut[78]. The functional relationship between
these areas was described with DTI for healthy controls
who underwent rectal distension[79]. Important areas for
pain experience, influenced by cognitive, affective and
emotional components, are processed in the limbic system.
Other structures involved are: the amygdala, periaquaductal
gray matter, reticular formation and hypothalamus. These
structures are mostly related to pro- and antinociceptive
control such as descending pain control[80].

Evoked brain potentials EEG - CP: Dimcevski et al[63]
recorded EPs after stimuli given with a constant current
electric stimulator at the three different sites of the upper
gastrointestinal tract. Patients with CP had a significantly
decreased latency for the N1 and P1, while N2 latency
was borderline significant compared to healthy subjects.
No differences were found in the amplitudes of the N1,
P1, and N2 potentials. In another study using evoked
visceral pain of the upper gastrointestinal tract, patients
showed higher activity than controls in the theta band,
with prolonged persistence of the signal and at lower
frequency (4.4 Hz in patients compared to 5.5 Hz in
controls)[10]. In a second study, patients with CP showed
hyperalgesia to electrical stimulation and prolonged
latencies of early visceral EPs components in the frontal
region of the cortex compared to healthy controls.
Additionally, scalp distributions of EP amplitudes were
more scattered and more posteriorly located in the
patient group[28]. As the changes in cortical processing
were correlated to the pain this further validates the
findings. To date, no comparable data are available for
other types of abdominal focus-related chronic pain.

CP: A MRI study with DTI in CP patients showed
increased diffusivity in grey matter regions of the insula
and cingulate cortex suggesting microstructural changes
of pain associated brain areas. These observations
appeared to be directly correlated to the pain experienced
by patients. Another MRI volumetry CP study supported
these findings and showed cortical thinning in similar
brain areas (the limbic system)[81]. Brain areas that are
associated with descending pain modulation e.g., the
cingulate cortex, hypothalamus and periaqueductal grey
matter showed cortical thinning in some studies with CP
patients. These results might explain impaired descending
inhibition in chronic pancreatitis [28,81]. Overall, in CP
patients different brain areas that are involved in visceral
pain processing showed a decrease in cortical thickness.
Whether these changes are due to chronic pain and how
these changes influence pain processing is unknown at
the moment.

Clinical application of EEG: Studies using EEG
to identify patients who may benefit from treatment
strategies targeting central pain mechanisms are limited.
Graversen et al[77] studied the resting state EEG after a
three week regimen of pregabalin or matching placebo in
patients with CP. Patients in the pregabalin group showed
a significant increase in theta activity after pregabalin
treatment, while no changes were observed for the other
frequency bands, nor were any changes found in the
placebo group. The authors concluded that quantitative
pharmaco-EEG can be used to monitor central analgesic
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Visceral pain conditions: Studies in other abdominal
visceral pain syndromes are scarce. However, similar
results to studies in CP were found in patients with
inflammatory bowel disease when they were compared to
healthy controls[82].

primary hyperalgesia, usually thermal) and nerve damage
(classically thermal hypoalgesia and hypoaesthesia in the
territory of the nerve in question)[84-87]. Theoretically,
evoked potential EEG studies could be used to quantify
alterations in nociceptive transmission. However, most
EP studies only involve large fibre non-nociceptive
somatosensory processing; there are only a few such
studies involving nociception-relevant small fibres (e.g.,
laser EPs).

Clinical application of (f)MRI: At present there are
no studies using (f)MRI to observe therapeutic effects or
disease progression in CP.

Role of QST in describing altered central pain
processing
QST measured close and distant to the site of pain
allows differentiation between segmental (spinal
central sensitization) or generalized (supraspinal central
sensitization) hyperalgesia. Stimulation of different tissues
(e.g., electrical skin stimulation, mechanical stimulation
of muscle by pressure algometry) can further help
understand the source of pain and spread of associated
altered pain processing. Dynamic QST measurements
such as the CPM paradigm are helpful in diagnosing
shifts in descending nociceptive modulation.

To summarize: Similarly to EEG studies, (f)MRI
studies have shown for CP patients and other visceral
pain syndromes that changes in brain activity are
present particularly in areas that are related to pain
processing such as the limbic system, hypothalamus and
periaqueductal regions. However the role of pain in these
changes and how this influences pain perception is poorly
understood at the moment.
Is altered central processing (still) dependent on
peripheral nociceptive drive?
Central sensitization manifest as spreading hyperalgesia
can ultimately become independent of peripheral
nociceptive input and no longer respond to treatments
targeting the source of nociception and/or achieving
peripheral deafferentation i.e., nerve blocks and opioids.
Changes in central pain processing independent of
peripheral nociceptive input were supported by a study
involving CP patients who had a splanchnic denervation
to reduce pain, but where ca. 75% continued to
experience painful and exhibit widespread hyperalgesia
(4 years) after a technically successful procedure,
suggesting real central autonomy[54,83]. Further literature
on the reversibility of central sensitisation is scarce. One
study described two different groups of patients with
osteoarthritis after hip replacement surgery, one that
showed reversibility of hyperalgesia and a descending
inhibitory modulation deficit and another group that had
ongoing pain without changes in hyperalgesia and no
changes in central inhibition suggesting the presence of
central autonomy[18].

Is altered central processing (still) dependent on
peripheral nociceptive drive?
In this case, central sensitization is present but no
longer dependent on ongoing nociceptive input. Thus
(trial) treatments aiming to deafferent the nociceptive
source (e.g., nerve block or nerve transection) will not be
accompanied by changes in central pain processing (e.g.,
spreading hyperalgesia) as measured by QST. As flanking
- mainly experimental - procedures, EEG and (f)MRI
have made it possible to directly demonstrate cortical
reorganization, altered connectivity and modulation in
chronic pain conditions.
Clinical use
Diagnostics: At our institution, QST has proven useful
to diagnose and monitor changes in pain processing
accompanying chronic pain. Our research and clinical
experience suggest that implementation of a systematic
mechanism-orientated approach to pain based on a simple
diagnostic QST is both feasible and desirable in clinical
pain practice. To this end we have instituted a simple
QST screening paradigm, which all difficult chronic
pain patients undergo [the Nijmegen-Aalborg screening
QST (NASQ)][18]. The NASQ paradigm includes four
measurement points measured bilaterally (close and
distant to the site of pain, thus providing topographical
information), two stimulation modalities (electric and
pressure stimulation) and a CPM paradigm (cold pressor
task). Details are provided in Table 1[18].
The NASQ paradigm is well accepted by patients,
easy to perform and learn, and can be completed within
30 min. Thermal QST testing can be added to test
specifically for peripheral nerve damage[18,88].
Regarding clinical use of EEG and (f)MRI in
chronic pain, the literature remains scarce. Furthermore

IMPLEMENTING A SYSTEMATIC
MECHANISM-ORIENTATED APPROACH
TO CHRONIC PAIN IN CLINICAL
PRACTICE
Source of nociception
QST performed at the site of the nociceptive focus can
help identify the source of nociception and provide
insight into the nature and aggressiveness of the
nociceptive input involved (e.g., visceral pain). EEG and
(f)MRI diagnostics have no role in this context.
Altered nociceptive transmission
QST performed close to the site of nociception can
be used to help diagnose peripheral sensitization (local,
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Table 1 Nijmegen-Aalborg screening quantitative sensory testing paradigm

[18]

NASQ paradigm
Standard QST
Sites (bilateral)
Thresholds
Conditioned pain modulation
Sites

Trapezius muscle, thenar eminence, rectus femoris, abductor hallucis, site of pain
Pressure pain, electric detection, electric pain detection, electric pain tolerance
1 Ice-water bucket (non-dominant hand)
2 Thresholds on rectus femoris
Pressure pain, electric pain tolerance

Thresholds (before ice-water/180 s after)

Quantitative sensory testing (QST) measurements to detect central sensitization and pro- or anti-nociceptive shifts in descending pain modulation. NASQ:
Nijmegen-Aalborg screening QST.

Table 2 Schematic for systematic mechanism-orientated approach to chronic pancreatitis pain
Questions
Nociceptive source?
Nociceptive transmission?
Central pain processing?
Autonomy of central pain
processing?

Issue

QST

Therapy

Site/agressiveness
Nerve damage
Central sensitisation
Pronociceptive modulation
Autonomy

Local hyperalgesia
Territorial thermal hyperalgesia
Spreading hyperalgesia
Sensitisation to CPM paradigm
No changes in thresholds after
therapy

Treat or deafferent
Treat (cave CS!)
Antihyperalgesia (ketamine, gabapentinoids)
Activate DI (TCA, NRI)
Traget altered central processing

Autonomy means that alterations in central pain processing have become independent of peripheral nociceptive drive. CPM: Conditioned pain modulation;
DI: Descending inhibition; TCA: Tricyclic antidepressant; NRI: Noradrenaline reuptake inhibitor; QST: Quantitative sensory testing. This figure is based on
the original figure of ref [18].

both investigations are onerous, time consuming and
expensive. Therefore we do not at present recommend
their use in daily clinical practice for chronic pain patients,
reserving these techniques for research.

to chronic visceral pain are common and necessitate
a targeted and mechanism-orientated diagnostic and
therapeutic approach. This management approach needs
to be holistic, including not only traditional treatments
addressing the pancreas as a nociceptive source, but also
specifically searching for - and therapeutically targeting alterations in CNS processing of pain.
As shown in this review, QST, EEG and (f)MRI can
be useful diagnostic instruments to analyze central pain
processing and help us in finding optimal mechanismorientated treatments for pain in CP and other chronic
visceral pain syndromes. Future research should define
the presence and pattern of altered pain processing
for specific chronic pain disorders and compare this
with a healthy population using diagnostic tools such as
QST, EEG and fMRI. Apart from characterization of
hyperalgesia and descending pain modulation further
questions need to be addressed. How does hyperalgesia
develop over time? How is this influenced by disease
progression and our treatments? What is the impact of
gender and psychological state? Can we predict patients
who are prone to chronic pain and altered central pain
processing? The only way to increase our knowledge
in this respect is to measure the effect of pain and
nociception on central pain processing in large-scale
clinical studies using QST, EEG or fMRI before and
after interventions and during disease progression[77]. This
will help us evaluate therapies and guide us to the proper
treatment for a specific patient at a specific disease stages.
Such personalized medicine is the key to improved
pain treatment and may pave the way to new and more

Therapeutics: The new approach to pain in CP presented
here allows for holistic and systematic management of CP
pain. Such a systematic mechanism-orientated approach
not only facilitates the diagnosis and prognosis of chronic
pain, it also provides the possibility of monitoring signs of
chronic pain progression. As such, it forms the basis for
more rational choice of treatment options to maximize
treatment response, together with subsequent ongoing
monitoring of effectiveness of chronic pain treatment.
Table 2 provides a summary of our systematic
mechanism-orientated approach to chronic pain, such as
pancreatitis pain, as implemented at our institution. The
scheme is based on the literature discussed in this review
and our own clinical experience and practice.

CONCLUSION
Intense abdominal pain is the dominant feature of CP.
In this review we propose a new systematic mechanismorientated approach to the chronic pain of CP. Multiple
studies support that pain in CP is similar to other
visceral pain syndromes such as inflammatory bowel
disease. Increasing evidence has shown that changes
in central pain processing are present and comparable
in CP and other abdominal visceral pain syndromes.
The data suggest that changes in pain processing due
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REVIEW

Autoimmune hepatitis, one disease with many faces:
Etiopathogenetic, clinico-laboratory and histological
characteristics
Nikolaos K Gatselis, Kalliopi Zachou, George K Koukoulis, George N Dalekos
hypergammaglobulinemia, autoantibodies detection
and interface hepatitis. Due to the absence of specific
diagnostic markers and the large heterogeneity of
its clinical, laboratory and histological features, AIH
diagnosis may be potentially difficult. Therefore, in this
in-depth review we summarize the substantial progress
on etiopathogenesis, clinical, serological and histological
phenotypes of AIH. AIH has a global distribution
affecting any age, both sexes and all ethnic groups.
Clinical manifestations vary from asymptomatic to severe
or rarely fulminant hepatitis. Hypergammaglobulinemia
with selective elevation of IgG is found in most cases.
Autoimmune attack is perpetuated, possibly via
molecular mimicry, and favored by the impaired control
of T-regulatory cells. Histology (interface hepatitis,
emperipolesis and hepatic rosette formation) and
autoantibodies detection although not pathognomonic,
are still the hallmark for a timely diagnosis. AIH remains
a major diagnostic challenge. AIH should be considered
in every case in the absence of viral, metabolic,
genetic and toxic etiology of chronic or acute hepatitis.
Laboratory personnel, hepato-pathologists and clinicians
need to become more familiar with disease expressions
and the interpretation of liver histology and autoimmune
serology to derive maximum benefit for the patient.
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Core tip: Autoimmune hepatitis (AIH) is a chronic
liver disease of unknown etiology. In this in-depth
review we summarize the substantial progress on
etiopathogenesis, clinical, serological and histological
phenotypes of AIH. AIH has a global distribution
affecting any age, both sexes and all ethnic groups.
Clinical manifestations vary from asymptomatic to

Abstract
Autoimmune hepatitis (AIH) is an unresolving progressive
liver disease of unknown etiology characterized by
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severe hepatitis. Polyclononal hypergammaglobulinemia
is characteristic in most cases, while histology and
autoantibodies detection are still the hallmark for timely
diagnosis. Laboratory personnel, hepato-pathologists
and clinicians need to become more familiar with
disease expressions and the interpretation of liver
histology and autoimmune serology to derive maximum
benefit for the patient.

Table 1 Differential diagnosis of autoimmune hepatitis
Other autoimmune liver diseases
Primary biliary cirrhosis
Primary sclerosing cholangitis (including small duct sclerosing
cholangitis)
Variants syndromes
Chronic viral hepatitis
Chronic hepatitis B with or without hepatitis delta
Chronic hepatitis C
Chronic hepatitis non A to E
Cholangiopathy due to human immunodeficiency virus infection
Alcoholic liver disease
Drug-induced hepatitis
Granulomatous hepatitis
Hemochromatosis
Non-alcoholic steatohepatitis
α1-antitrypsin deficiency
Wilson's disease
Systemic lupus erythematosus
Celiac disease

Gatselis NK, Zachou K, Koukoulis GK, Dalekos GN. Autoimmune
hepatitis, one disease with many faces: Etiopathogenetic, clinicolaboratory and histological characteristics. World J Gastroenterol
2015; 21(1): 60-83 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i1/60.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i1.60

INTRODUCTION
(p-ANCA) are also found [1-3,5-10]. In AIH-2, specific
autoantibodies, namely anti-liver/kidney microsomal
antibody type 1 (anti-LKM1) or rarely anti-LKM type 3
(anti-LKM3)[1-3,5-15] and/or antibodies against liver cytosol
type 1 antigen (anti-LC1), are detected[1-3,8,13,16]. Apart
from differences in autoantibodies detection between
AIH-1 and AIH-2, there are also other differences
that are helpful to clinicians [1]. Actually, AIH-2 more
frequently presents in children and young adults, has an
acute or severe course and advanced histological lesions
at presentation, whereas treatment failure, relapse after
stopping treatment and need for long-term treatment is
common compared to AIH-1[1,17].
The prevalence of AIH ranges from 160 to 170 cases
per 1000000 inhabitants in Europe[18-22]. This prevalence
appears to be similar to that of PBC. Interestingly, higher
frequencies have been published in regions with quite
close and stable populations. For instance, prevalence
rates of 42.9 cases per 100000 and 24.5 cases per 100000
inhabitants have been reported in Alaska[23] and New
Zealand[24], respectively, indicating that AIH might be
underestimated or unrecognized in other populations.
The disease has a universal distribution, can affect any
age, either females or males, irrespective of the ethnicity
of the affected individual. However, its prevalence
and manifestations seem to vary according to race and
ethnicity. Actually, Alaskan natives have a high frequency
of acute icteric disease at the disease onset[23], blacks carry
a more progressive disease than non-blacks[25], and patients
of Hispanic ancestry usually have an advanced disease at
onset with a high prevalence of cirrhosis. On the other
hand, individuals of Asian background demonstrate very
poor survival outcomes[26]. Although most of the above
mentioned studies are retrospective and have been done
in tertiary centers, these observations have led to the
assumption that immunogenetic factors may influence the
development, clinical course and response to therapy of
AIH in ethnically different patients.

Autoimmune hepatitis (AIH) is a relatively rare progressive
chronic liver disease that mainly affects women and is
usually characterized by increased immunoglobulin G
(IgG) levels, circulating autoantibodies, association with
human leukocyte antigens (HLA) DR3 or DR4, interface
hepatitis on liver histology, and a favorable response to
immunosuppressive treatment[1-3].
To date, the etiology of AIH is still unknown and all the
causes of chronic liver disease must be excluded in advance
before diagnosing AIH (Table 1). Serological tests of high
specificity for AIH diagnosis as for the diagnosis of viral
hepatitis A to E or a single autoantibody with the diagnostic
accuracy that antimitochondrial autoantibodies (AMA)
demonstrate for primary biliary cirrhosis (PBC) are missing.
In addition, the manifestations of AIH are characterized by
a large heterogeneity regarding its clinical, laboratory and
histological features (Table 2). It is therefore clear that AIH
diagnosis may be difficult, indicating that the disease should
be taken into consideration in any case of acute or chronic
hepatitis, particularly when hypergammaglobulinemia
is present and the patient has antecedents of other
autoimmune diseases (Tables 1 and 2)[3,4].
In 1992, a panel of experts, namely the International
AIH Group (IAIHG), reported the descriptive criteria[5]
for the diagnosis and classification of AIH either as
“definite” or “probable” and they also proposed a
cumulative score which was subsequently revised in late
1998[6] and remarkably simplified in 2008[7] (Table 3). It
should be noted however, that these diagnostic scores
were established in order to conform the diagnostic
criteria between the different centers and to give the
opportunity to compare the different experiences, mainly
for research purposes[5-7].
The disease is subclassified into two major types:
AIH type 1 (AIH-1) and AIH type 2 (AIH-2) (Table
4). In AIH-1, antinuclear antibodies (ANA) and/or
smooth muscle autoantibodies (SMA) are detected and
usually perinuclear anti-neutrophil cytoplasmic antibodies
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Table 2 Clinical features of autoimmune hepatitis
Characteristic
Age at presentation
Types of disease onset

Physical findings
Clinical features in
special conditions

Specific characteristics

Complications

Any age of both sexes and all ethnic groups; bimodal distribution usually with peaks around puberty and between 4th and 6th
decades although a considerable number of patients are even older (above 65 years of age)
Broad range from asymptomatic (‘‘en passant’’ diagnosis) to acute/severe or even fulminant hepatitis
Most common clinical phenotype of the disease (two thirds of patients) is characterized by an insidious onset with unspecific
symptoms, such as fatigue, right upper quadrant pain, lethargy, malaise, anorexia, nausea, pruritus, fluctuating jaundice and
polyarthralgia without arthritis, sometimes dating back years
Acute onset of AIH does exist and contains two different clinical entities (the acute exacerbation of chronic AIH and the true
acute AIH without histological findings of chronic liver disease)
One third of patients at diagnosis have already developed cirrhosis irrespective of the presence of symptoms or not, suggesting
a delay in diagnosis due to unfamiliar clinicians, histopathologists and/or laboratories
Depends on the clinical status of the disease, ranging from completely normal to signs and symptoms of chronic liver disease
and/or portal hypertension
Presentation of AIH during pregnancy or more frequently after delivery
Development of AIH after liver transplantation for other liver diseases (de novo AIH or post-transplant plasma cell hepatitis)
Development of AIH after drugs, supplements or herbals (drug-induced AIH, nitrofurantoin and minocycline implicated in
90% of cases)
Frequent presence in the patient or first-degree relatives of other autoimmune or immune-mediated diseases like Hashimoto
thyroiditis, Grave’s disease, vitiligo, alopecia, rheumatoid arthritis, diabetes mellitus type-1, inflammatory bowel disease,
psoriasis, systemic lupus erythematosus, Sjögren’s syndrome and celiac disease
An unusual form of AIH has been reported in 10%-18% of patients with APECED, also known as APS-1
HCC development in AIH is less common than other liver diseases but it does exist and is associated with cirrhosis, suggesting
surveillance in all cirrhotic patients with AIH
Drug-related complications are also significant in 10%-25% of patients; these complications are most commonly related to longterm corticosteroid use or azathioprine toxicity and/or intolerance

AIH: Autoimmune hepatitis; HCC: Hepatocellular carcinoma; APECED: Autoimmune polyendocrinopathy candidiasis ectodermal dystrophy; APS-1:
Autoimmune polyglandular syndrome type 1.

Table 3 Simplified criteria for the diagnosis of autoimmune
hepatitis

Table 4 Subdivision of autoimmune hepatitis according to
the autoantibodies detected

Feature/parameter

Types of AIH

ANA or SMA +
ANA or SMA+
or LKM +
or SLA/LP +
IgG or γ-globulins level
Liver histology (evidence of
hepatitis is a necessary condition)
Absence of viral hepatitis

Discriminator

Score

≥ 1:40

+11
+21
+21
+21
+1
+2
+1
+2
0
0
+2

≥ 1:80
≥ 1:40
Any titer
> upper limit of normal
> 1.1 × upper limit
Compatible with AIH
Typical of AIH
Atypical
No
Yes

ANA, SMA, p-ANCA (p-ANNA), anti-ASGP-R, antiSLA/LP (specific antibody; molecular target: SepSecS)
AIH-2
Anti-LKM1 (molecular target: CYP2D6), anti-LKM3
(molecular target: UGT1), anti-LC1 (liver specific
antibody, molecular target: FTCD), anti-ASGP-R
AIH as
ANA, anti-LC (molecular target: unknown), anti-LKM
component of (molecular target: CYP2A6, CYP1A1, CYP2B6), anti-LM
APECED
(liver specific antibody; molecular target: CYP1A2)
AIH-1: Autoimmune hepatitis type 1; AIH-2: Autoimmune hepatitis type
2; APECED: Autoimmune polyendocrinopathy candidiasis ectodermal
dystrophy; ANA: Antinuclear antibodies; SMA: Smooth muscle antibodies;
p-ANCA: Perinuclear antineutrophil cytoplasmic antibodies; p-ANNA:
Peripheral antineutrophil nuclear antibodies; Anti-ASGP-R: Antibodies
against asialoglycoprotein receptor; Anti-SLA/LP: Antibodies against
soluble liver antigen/liver pancreas; SEpSEcS: Synthase-converting
O-phosphoseryl-tRNA to selenocysteinyl-tRNA; anti-LKM1: Anti-liver
kidney microsomal antibodies type 1; CYP2D6: Cytochrome P450 2D6;
Anti-LKM3: Anti-liver kidney microsomal antibodies type 3; UGT1: UDPglucuronosyltransferases; Anti-LC1: Anti-liver cytosol antibodies type 1;
FTCD: Formiminotransferase cyclodeaminase; CYP2A6: Cytochrome P450
2A6; CYP1A1: Cytochrome P450 1A1; CYP2B6: Cytochrome P450 2B6; AntiLM: Antibodies against liver membrane; CYP1A2: Cytochrome P450 1A2.

1

Addition of points achieved for all autoantibodies (maximum, 2 points).
Definite autoimmune hepatitis: ≥ 7; Probable autoimmune hepatitis: ≥ 6.
Typical liver histology for autoimmune hepatitis = each of the following
features had to be present, namely interface hepatitis, lymphocytic/
lymphoplasmocytic infiltrates in portal tracts and extending into the
lobule, emperipolesis (active penetration by one cell into and through a
larger cell) and hepatic rosette formation. Compatible liver histology for
autoimmune hepatitis = chronic hepatitis with lymphocytic infiltration
without all the features considered typical. Atypical = showing signs of
another diagnosis, like steatohepatitis. ANA: Antinuclear antibodies; SMA:
Smooth muscle autoantibodies; LKM: Liver/kidney microsomal; SLA/LP:
Soluble liver antigen or liver pancreas; AIH: Autoimmune hepatitis.

assumption suggests the development of AIH in gene
tically predisposed individuals, after their exposure to
triggering factors like microbes, viruses and xenobiotics.
Afterwards, the autoimmune attack against the liver is
continued, potentially through “molecular mimicry”
mechanisms, and is promoted by the diminished control
of regulatory T-cells[27].

ETIOLOGICAL AND PATHOGENETIC
ASPECTS
The cause(s) of AIH is (are) still unknown, although
over the years remarkable progress in the understanding
of disease pathogenesis has been made. The prevalent
WJG|www.wjgnet.com

Characteristic autoantibodies

AIH-1

62

January 7, 2015|Volume 21|Issue 1|

Gatselis NK et al . Current aspects of AIH

Genetics of AIH
The “susceptibility” genes of AIH, acting alone or
possibly in concert, interact with environmental factors
whose identity is mostly unknown. The strongest
association is with genes located within the HLA region
on the short arm of chromosome 6, particularly those
encoding the HLA class Ⅱ DRB1 alleles [28]. These
molecules, naturally exposed on the surface of antigenpresenting cells, are essential in the presentation of the
peptide antigens to CD4 T cells.
DRB1*0301 and DRB1*0401 confer susceptibility
to AIH-1 in European and North American patients[28,29]
and their possession increases the score of the revised
diagnostic criteria issued by the IAIHG[6]. DRB1*0405
and DRB1*0404 confer susceptibility to AIH in
Japanese, Argentinean and Mexican patients[30], whereas
DRB1*1301 confers susceptibility in Argentineans[31,32].
In this context, a recent genome-wide association study
in the Netherlands confirmed the association of HLADRB1*0301 and HLA-DRB1*0401 alleles with AIH-1
and identified variants of SH2B3 and CARD10 as
likely risk factors for the disease[33]. On the other hand,
DRB1*0701 and DRB1*0301 confer susceptibility to
AIH-2[34]. There are also some other studies concerning
susceptibility to AIH, indicating an association with
polymorphisms in genes located outside of the major
histocompatibility complex (MHC), like the cytotoxic T
lymphocyte antigen-4[35], the gene promoter of tumor
necrosis factor-alpha (TNF-α)[36] and Fas[37].

reacted with ICP4 in lysates of HSV-infected cells[44]. In
another study, Kerkar et al[42] showed a cross-reactivity
between 193-212 CYP2D6 epitope and homologues
of two unrelated viruses (HCV 2977-2996 and CMV
121-140). In addition, Bogdanos et al[38] reported that
molecular similarities among CYP2D6, HCV and HSV
may lead to LKM-1 development through a cross-reactive
response in susceptible individuals[38].
A prerequisite for anti-LKM-1 production and the
activation of pathogenetic mechanisms is the expression
of CYP2D6 on the surface of liver cells. Although
this localization is controversial, recent data indicates
that CYP2D6 is exposed on the plasma membrane
of hepatocytes, suggesting that either autoantibodydependent cytotoxicity or direct lysis of liver cells due to
a direct antibody-antigen binding could be operative in
perpetuating the autoimmune attack against liver cells[45-47].
However, apart from molecular mimicry, epitope
spreading or exposure to previously hidden autoantigens
revealed because of hepatocellular injury have been
suggested as alternative pathogenetic mechanisms in the
development of AIH[17]. Indeed, hepatocellular damage
can begin after the presentation of an autoantigen by
professional antigen presenting cells via MHC and costimulatory molecules. Thereafter, several cytokines can
drive the differentiation of uncommitted CD4 T-helper
cells (Th0) to Th1-cells secreting interferon-γ (IFN-γ),
pathogenic Th17-cells that secrete the proinflammatory
cytokine interleukin-17 (IL-17), or Th2-cells which
secrete IL-13, IL-4 and IL-10, indicating that multiple
effector cells are involved in AIH pathogenesis probably
because of defective immunoregulatory mechanisms (see
below).

Molecular mimicry and other mechanisms of liver injury
in AIH
Molecular mimicry stems from the premise that selfantigens may share sequence homologies with proteins
of external agents such as viruses and for this reason,
after a first exposure and sensitization to foreign antigens,
the immune system would react against self-proteins,
perpetuating the chronic damage[11,38].
Anti-LKM1 antibodies are the best example of
molecular mimicry in AIH. The major target autoantigen
of anti-LKM1 antibodies in AIH-2 has been identified
as the cytochrome P450 2D6 (CYP2D6)[11,39-41]. CYP2D6
shares sequence homologies with hepatitis C virus (HCV),
cytomegalovirus (CMV) and herpes simplex virus type 1
(HSV-1), which could act as the initiating factors of the
disease in genetically susceptible subjects[39,42]. Indeed,
after testing 26 LKM-positive serum samples, Manns
et al[43] have shown that most of these sera recognized
a short minimal epitope of eight amino acids with the
sequence DPAQPPRD. A search of electronic databases
revealed a matching of the minimal epitope with
immediate early protein IE 175 of HSV-1 (known also
as infected cell protein 4; ICP4). Sequence identity was
present for the PAQPPR sequence. This hypothesis was
further supported by a case of identical twins where one
sister had AIH-2 but the other was healthy. Of note, only
the sister with AIH-2 was HSV positive and her serum
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Involvement of regulatory T-cells
The mechanisms underlying the breaking of immune
tolerance in AIH have not yet been completely clarified.
The malfunction of regulatory T-cells, particularly of
CD4+CD25+FOXP3+ T-cells, could be an explanation[48].
In contrast with healthy subjects, CD4+CD25+ regulatory
T-cells are decreased in number and functionally impaired
at diagnosis, whereas an increase is recorded during
effective treatment[49,50]. However, Peiseler et al[51] found
contrasting results and described normally functioning
regulatory T-cells in patients with AIH. In addition, recent
data have shown that intrahepatic regulatory T-cells are
rather enriched than numerically deficient in untreated
AIH-1 and more importantly, immunosuppression
caused a disproportional loss of these cells, suggesting
an association with treatment and remission and not as a
causal effect[52,53].
Recently, the interaction between the IL-4 receptor,
namely the CD124 molecule and circulating autoantibodies
against it, has been described in AIH[54]. These auto
antibodies inhibit STAT6 phosphorylation, resulting
finally in a neutralizing effect on the cytokine and
subsequently in uncontrolled inflammatory reactions.
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Animal models of AIH
Most of the previous reported murine models of AIH
were developed after a rather complex disease induction
protocol and the presentation of hepatitis was often only
transient, not reflecting fundamental features of AIH
such as the generation of specific autoantibodies and/or
T-cells and liver fibrosis[55-58]. However, recent animal
models have provided brand new information on disease
pathogenesis[59,60]. In addition, the identification of the
autoantigens of anti-LKM1 and anti-LC1 antibodies
in AIH-2, namely CYP2D6 and formiminotransferase
cyclodeaminase (FTCD), has led to the development of
the respective animal models[60,61].
The mice had a peak in serum aminotransferases
4-7 mo after immunization, developed periportal, portal
and lobular inflammatory infiltrates with liver-infiltrating
CD4+, CD8+ and B lymphocytes, including cytotoxicspecific T-cells, and produced anti-LKM1 and anti-LC1
antibodies. The genetic background is an important aspect
in this animal model as mouse strains with different
genes within and outside the MHC showed different
susceptibilities for the disease[62]. Peripheral tolerance and
expansion of regulatory T-cells, but neither sex hormones
nor central tolerance, seem to underlie male resistance
to experimental AIH-2[63]. In this context, the adoptive
transfer of ex vivo expanded regulatory T-cells led to
reinstitution of peripheral tolerance to FTCD, the inciting
autoantigen, and remission of liver injury was achieved[64].
In a CYP2D6 model, the strategy was to use an
adenovirus vector expressing the human CYP2D6 as a
triggering molecule to break tolerance as the viral infection
provides an appropriate substrate for autoimmunity
by inducing strong inflammatory responses within the
liver. Subsequently, aggressive lymphocytes reach the
liver, molecular mimicry develops and a chronic liver
disease becomes apparent as a consequence of antigendriven, promiscuous T-cells infiltrating the liver[60,65].
Only adenovirus expressing CYP2D6 was able to induce
chronic hepatitis with liver histology compatible of AIH,
high titers of anti-LKM1 antibodies hepatic infiltrates
with CD4+ lymphocytes, and extensive liver fibrosis[60,66].
Although the exact role of TNF-α in AIH pathogenesis
has not been elucidated yet, very recently it was shown
that TNF-α is essential in the induction of AIH through
up-regulation of hepatic CCL20 expression, which allows
migration of dysregulated splenic T-cells[67]. Therefore, antiTNF-α treatment in AIH could have a pathophysiological
basis, also taking into consideration that in AIH, TNF-α
is produced in large amounts in the liver by macrophages,
CD8+ T-cells and possibly Th17 cells[17].
Another animal model of AIH has been developed,
inducing the loss of regulatory mechanisms such as
naturally arising regulatory T-cells and programmed
cell death 1 (PD-1)-mediated signaling. Mice that are
not able to produce natural regulatory T-cells after
neonatal thymectomy and genetically devoid of the PD1-mediated signaling produce ANA and develop fatal
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hepatitis with florid CD4+ and CD8+ T-cell infiltration
of the liver and massive lobular necrosis[68,69].
It should be stated, however, that we do not have
enough data from animal models concerning the
development of AIH-1, the most frequent phenotype
of the disease (approximately 75%-80% of patients
with AIH)[1,17]. Therefore, we believe that more evidence
should be generated to pinpoint the immunopathogenesis
of AIH, including studies on autoantibodies, autoaggressive T-cells and effects of cytokines, in order to
understand better how the chronic inflammation of the
liver is induced and maintained in AIH.

CLINICAL PHENOTYPES OF THE DISEASE
Clinical features of AIH
For many years, AIH was classically related to a typical
clinical phenotype of a young female patient with
endocrine abnormalities and severe hepatitis. However,
it is now well-established that AIH has a global dis
tribution, can also affect males (almost 25%-30% of
the patients) and can present at any age and in all ethnic
groups[22,26,70-77]. The disease is usually characterized by a
bimodal age pattern at onset with one peak in children
and teens and a second in middle age (fourth to sixth
decades and especially in women after menopause),
although a considerably increasing number of patients
are even older than 65-70 years[74-79].
AIH is characterized by fluctuation of disease activity
and therefore its clinical spectrum ranges from no
obvious signs or symptoms of liver disease to a severe,
acute or even fulminant hepatitis (Table 2)[1,80]. Indeed,
acute AIH presents in approximately 25% of cases with
identical signs and symptoms as patients suffering from
acute viral or toxic hepatitis[70,81]. However, the clinical
phenotype of acute AIH at presentation may actually be
due to either an exacerbation of already established AIH
that has been undiagnosed or misdiagnosed or to a true
acute AIH without histological lesions of chronicity in
liver biopsy[70,80-82]. Of note, in some of these patients,
serum IgG is normal and ANA at first screening may
be negative and thus the clinician may not consider
AIH, although a more appropriate autoimmune liver
serology test could be contributory. Progression to acute
liver failure is not frequent but in these exceptional
cases, the prompt and timely diagnosis of AIH is of
outmost importance as delay in diagnosis and starting of
immunosuppressive treatment result in poor prognosis,
while administration of therapy might avoid the need for
liver transplantation[70,80-83].
Commonly, the clinical presentation is not peculiar
and is characterized by several unspecific findings of
various intensity (Table 2) [1,22,26,70-72,76]. Amenorrhea
is also frequent but epidermal rashes and low-grade
fever are rare conditions. The initial clinical evaluation
is either completely normal or when frank cirrhosis
has developed, typical signs and symptoms of chronic
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liver disease, like hepatomegaly, splenomegaly, palmar
erythema and spider nevi, are present. In advanced
disease, the development of ascites, esophageal varices
and portal gastropathy, along with cytopenias due to
hypersplenism and/or hepatic encephalopathy, are
common. Approximately 12%-35% of patients are
asymptomatic at diagnosis and in such cases AIH is
usually documented during a random investigation for
elevated transaminases which has been done for different
reasons (e.g., annual check-up for insurance, investigation
for other pathological entities, etc.)[22,71,75-77,84,85]. However,
30% of patients have already developed advanced disease
at diagnosis, which is associated with lower overall
survival and may indicate a delay in diagnosis[22,71,76,84-86].
In fact, this is a challenge for a timely and prompt
diagnosis of AIH as the initiation of symptoms usually
present after a subclinical course of the disease lasting
back for months or years, while subclinical disease of
various duration can also be observed after the first
clinical expression of the disease.
Studies conducted more than 40 years ago[87-89] have
shown that the disease is catastrophic without treatment
as the 5 and 10 year survival rates were as low as 50%
and 10% respectively, whereas a significant survival
benefit has been recorded in patients treated with
corticosteroids. Indeed, after immunosuppression, the
10 year overall survival rate of AIH patients has now
significantly improved (80%-95%)[84,90]. For these reasons,
the objective is still to spread knowledge regarding the
diagnosis of AIH and adopt a more liberal attitude
towards testing for autoantibodies in patients with
elevated serum liver enzymes as effective treatment for
the disease is available[91].

pattern of the liver with predominant staining of the
perivenous liver cells in the absence of kidney staining
was observed (liver microsomal antibodies: anti-LM)[100].
The major target autoantigen of anti-LM antibodies has
been documented as the CYP1A2[100]. Of interest, antiLM antibodies directed against the same autoantigen
(CYP1A2) have also been reported in a specific and
unusual form of AIH which develops in individuals
with a rare autosomal recessive disease, the autoimmune
polyendocrinopathy-candidiasis ectodermal dystrophy
syndrome (APECED)[8,101].
Among drugs still widely used, nitrofurantoin,
which is widely prescribed for urinary tract infections,
and minocycline, a treatment for acne, are well defined
examples of drug-induced AIH[98,102]. Of interest, these
two agents are implicated in 90% of cases of druginduced AIH worldwide[98,103]. Furthermore, recently it
has been shown that patients with drug-induced AIH had
similar clinical and histological characteristics compared
to patients with “pure” AIH, although the latter had
higher histological activity and there was a need for longterm immunosuppressive therapy[103]. Nevertheless, druginduced AIH is an intriguing and complex disorder which
could present clinically in different phenotypes across
the spectrum of disease. Indeed, at least three clinical
scenarios have been proposed that refer to drug-induced
autoimmune liver disease, namely AIH with drug-induced
liver injury, real drug induced-AIH and immune mediated
drug-induced liver injury[98]. Histologically, distinguishing
drug-induced liver injury from AIH remains a challenge,
although a recent study has suggested that sufficient
differences exist so that pathologists can use the pattern
of injury to suggest the correct diagnosis[104].
Other drugs and herbal agents, like oxyphenisatin,
ornidazole, methyldopa, diclofenac, IFN-α or IFN-γ,
atorvastatin, liraglutide, anti-retroviral agents for human
immunodeficiency virus and TNF-α blocking agents,
have also been suggested in the induction of AIH
development[98,105-111].
AIH has also been recorded after viral infections
from hepatitis A virus, Epstein-Barr virus (EBV), human
herpes virus 6 and measles [11,32,112]. In this context,
the development of AIH-1 has been reported in 2/7
susceptible adults that had been previously infected by the
EBV[112]. In addition, recently Cabibi[113] and Zellos et al[114]
reported two more cases of AIH after EBV infection
(1 with AIH-1 and for the first time 1 with AIH-2).
The development of AIH-2 has been reported in some
patients with HCV after treatment with IFN-α[115-118]
but also rarely after acute HCV infection even after viral
clearance[119]. From the clinical perspective, these findings
suggest that AIH should be taken seriously into account
as an alternative “emerging” diagnosis in patients diseased
in the past from a viral infection if they still suffer from
unexplained and prolonged hepatitis. In such conditions,
liver biopsy seems mandatory in an attempt to achieve a
correct and timely diagnosis of a potentially catastrophic
liver disease such as AIH[1,6,7].

Special characteristics of AIH
The diagnosis of AIH can be done for the first time in
pregnancy or more frequently soon after delivery (Table
2). Although AIH concurrent with pregnancy is a rare
event, relapse of the disease may occur in patients who
are in remission during pregnancy[92-97]. Therefore, this
possibility should be strongly taken into account if
elevation of transaminases, especially in association with
hypergammaglobulinemia with selective IgG increase,
is observed during pregnancy or more frequently in
the postpartum period. Of note, the introduction of
immunosuppression has likely enabled the occurrence of
pregnancy in young females with AIH.
In susceptible individuals, the disease can present after
the use of many drugs (Table 2). Reactive metabolites
may act as neoantigens, triggering the immune cells to
an unwanted reaction, although the precise underlying
mechanisms have been elucidated only for some drugs
able to induce AIH but not currently in use, such as
tienilic acid and dihydralazine [8,98]. Indeed, anti-LKM
type 2 antibodies (anti-LKM2) have been found in
hepatitis cases induced by tienilic acid (major target
autoantigen of anti-LKM2: CYP2C9) [99], whereas in
dihydralazine-induced hepatitis, a typical LKM staining
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In some circumstances, AIH may develop after
orthotopic liver transplantation which was performed
for other reasons. This situation has been called de novo
AIH after liver transplantation[120,121], although alternative
definitions like “post-transplant immune hepatitis”, “graft
dysfunction mimicking AIH” or “post-transplant plasma cell
hepatitis” could be more rational [122]. Nevertheless, a
rapid diagnosis of de novo AIH after liver transplantation
may avoid rejection and subsequently a second liver
transplantation, while improving long-term survival[121].
AIH is associated with various autoimmune diseases,
either in the index patient or the first-degree relatives,
commonly Hashimoto thyroiditis, Grave’s disease,
vitiligo, alopecia, rheumatoid arthritis, diabetes mellitus
type-1, inflammatory bowel disease, psoriasis, systemic
lupus erythematosus (SLE), Sjögren’s syndrome and
celiac disease (Table 2)[22,71,85,123-127]. In this context, an
unusual form of AIH has been reported in approximately
10%-18% of patients with APECED, also known as
autoimmune polyendocrinopathy syndrome-type 1 (APS-1;
Table 2)[8,101,128]. This syndrome is characterized by chronic
mucocutaneous candidiasis, ectodermal dystrophy and
autoimmune destruction of several endocrine organs,
leading mainly to hypoparathyroidism, adrenocortical
failure and gonadal failure in females[127-131]. Mutations
in the autoimmune regulator gene (AIRE) have been
documented as the etiological basis of the syndrome[129,130].
As noted above, AIH as a component of APECED is
characterized by the presence of anti-LM antibodies
which are typically absent in those APECED patients
who do not suffer from AIH (Table 3)[101]. Of interest, in
AIH patients without APECED, mutations of the AIRE
gene are not found, indicating that they are genetically
distinct from patients with AIH as a component of
APECED[132].
Rarely, AIH can concur with other frequent nonautoimmune liver disorders like chronic viral hepatitis
B, C or D, non-alcoholic fatty liver disease and alcoholic
liver disease[133-137]. Taken together, the above associations
of AIH with other non-liver autoimmune diseases as well
as non-autoimmune liver diseases may further explain the
delay in diagnosis as the first physician dealing with the
patient (e.g., rheumatologist, endocrinologist, etc.) may not
be so familiar with the vast heterogeneity of the clinical
manifestations of the disease.

etiologies, such as chronic viral hepatitis, alcohol or
hemochromatosis[76,138,139]. On the contrary, recently a
study from New Zealand reported an increased risk
of either liver or extrahepatic malignancy in patients
with AIH[140], while reports from the United Kingdom,
Denmark, United States and Japan found male gender and
cirrhosis in AIH as the most important triggering factors
for the development of HCC, which finally occurs with a
frequency of 1.1% per year[76,139,141-144]. Thus, although the
incidence of HCC is less common than in other chronic
liver diseases, the risk remains sufficient to implicate
at least 6 monthly surveillance in all AIH patients with
cirrhosis.
Biochemical findings
The typical serum biochemical profile shows a pre
dominantly hepatitic pattern. Of note, the levels of
bilirubin and transaminases vary from just above the
normal to more than 50 times these concentrations,
while the cholestatic enzymes are within normal limits
or moderately increased [1,5-7]. However, it should be
noted that biochemical activity does not correlate with
the severity of AIH in liver biopsy. In addition, it has
been shown recently that along with transaminases
elevation, γ-glutamyl-transpeptidase (γ-GT) levels but
not alkaline phosphatase (ALP) can also be high in AIH
and moreover, it could be helpful in an independent
manner for the prediction of treatment response[71,85].
In keeping with the fluctuating nature of the disease,
the aminotransferases and γ -GT may spontaneously
normalize, despite continuing activity at the histological
level. This is another important topic that can result in
delay and/or underestimation of AIH diagnosis as the
second hit may become apparent after several months
or years and could present even without any symptoms,
explaining at least partially the presence of established
cirrhosis in almost one third of patients at the time of
diagnosis.
In the majority of patients, a polyclonal hyper
gammaglobulinemia with selective increase of IgG is
observed[4-7,9,10,73,79,145]. It should be emphasized that in
every day practice, IgG determination is usually not
performed in the laboratory assessment of an index
patient with unexplained acute or chronic elevation of
aminotransferases, leading to further underestimation
of the disease accompanied by significant delay in
prompt diagnosis. Elevation of serum IgA suggests
steatohepatitis (alcoholic or non-alcoholic) or druginduced liver injury rather than AIH, whereas an increase
in IgM levels is more characteristic of autoimmune
cholestatic liver diseases. However, it should be kept in
mind that the frequency of cases with increased IgG
serum levels tends to decrease in children, elderly patients
and those with an acute onset of the disease as almost
a third of these patients may have normal IgG levels at
first assessment[10,79,85]. For these reasons, AIH should
never be excluded in an index patient only because IgG
levels were found within normal limits. Additionally, the

Complications
As a chronic liver disease, AIH has similar complications.
Indeed, at first evaluation, cirrhosis developed in almost
33% of affected subjects [71,84,85]. Unfortunately, this
finding has been shown to negatively affect the 5 and 10
year survival[84]. Therefore, a timely and correct diagnosis
seems mandatory in an attempt to stop the progression of
chronic hepatitis to cirrhosis, decompensated disease and
the development of portal hypertension and ultimately
hepatocellular carcinoma (HCC). The prevalence of
HCC in AIH-induced cirrhosis is lower compared to
that recorded in patients with cirrhosis due to other
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that the Chazouillères et al [154] criteria had higher
sensitivity (92%) and specificity (97%) for identifying
patients with AIH-PBC ‘‘overlap syndrome’’ compared
to the revised[6] and the simplified scores[7]. Nevertheless,
again these criteria do not have international consensus.
From the laboratory perspective, the concurrent
detection of AMA and anti-dsDNA is associated with
the presence of AIH-PBC “overlap syndrome” [155].
Additionally, either HLA-DR7 or IgG or IgM plasma cells
in liver biopsies have been considered as surrogate markers
for AIH-PBC “variants”[156-158]. However, neither IgG nor
IgM staining pattern of plasmacytic infiltrates was specific
for AIH-PBC “overlap cases”, although an IgG/IgM ratio
of less than 1 was present only in PBC, with all “overlap
patients” having a respective ratio above 1[157,158].
Taking into account the several autoimmune or
immune-mediated diseases that have been associated with
IgG4[159], a potential involvement of this IgG subclass in
autoimmune liver diseases and in particular in AIH was
investigated as well[160-164]. Indeed, it was found that IgG4related AIH is present in almost a third of AIH patients
and furthermore, this AIH variant is characterized,
apart from the high IgG4 levels, by intense periportal
infiltrate and a more favorable response to corticosteroid
administration compared to IgG4-negative AIH
patients[163,164]. As this IgG subclass express poor binding,
activity to complement its involvement in cell-mediated
lysis is obscure and therefore its pathogenetic connection
to the liver damage in AIH patients seems unlikely.
IgG4 is probably the final result and not the cause of
a response to abnormal immunological environments
that underlie the pathogenesis of the liver damage seen
in AIH[163,164]. Nevertheless, it is obvious that we need
more data in order to confirm, extend and define more
precisely these findings along with their potential clinical
significance in AIH cases.
In summary, we think that the IAIHG is right to
emphasize that, due to the low frequency of “overlap
syndromes or variants of AIH”, patients should be
categorized as AIH, PBC and PSC based on the pre
dominant disorder and those with “overlapping features”
should not be considered as having new distinct
diseases[151]. In addition, the IAIHG scores should not be
used in patients with “overlapping features”. However,
specific management may be required in PBC or PSC
patients who have also features of AIH[165].

responsible clinician should know that low transaminases,
bilirubin or IgG values do not by definition correspond
to mild or inactive disease nor exclude AIH[1,4,6,7].
A marker that could have clinical significance as it
might potentially contribute to AIH diagnosis, particularly
in patients who present without the conventional
antibodies, is complement component C 4 which is
characteristically low in these patients[1,5,6].
Variant forms of AIH
Within the clinical spectrum of AIH there are some
patients who manifest clinical characteristics of either
PBC or primary sclerosing cholangitis (PSC) [146] .
Although we have long known about the existence of
these conditions, there is no well-defined consensus
concerning the classification of these disorders and
therefore so far several terms have been used, such
as “overlap syndrome”, “the hepatic form of PBC”,
“autoimmune cholangitis”, “autoimmune sclerosing
cholangitis” or “combined hepatitic/cholestatic
syndrome”, to report patients with characteristics of both
AIH and PBC or PSC[147-149]. In this context, it should
be noted that in children with AIH, a specific entity has
been described in almost half of patients characterized
by lesions of both AIH and sclerosing cholangitis.
Thus, the term “autoimmune sclerosing cholangitis”
was introduced by Gregorio et al[147], also suggesting the
need of an investigation of the biliary tree at least with
magnetic resonance cholangiopancreatography (MRCP)
in all children with a diagnosis of AIH[12,147]. So far, this
variant seems to be unique for children with AIH as a
prospective study in adults with AIH was negative and
therefore, in the absence of cholestatic presentation,
MRCP screening does not seem justified in adult-onset
AIH[150].
However, as criteria for the definition of ‘‘overlaps’’
do not exist, their diagnosis is problematic, while because
of lack of standardization and instability of the study
populations, the characteristics of “overlap syndromes”
vary among trials. Recently, it has been reported that in
documented clinical cases of variant forms of AIH, the
available scoring systems carry low sensitivity for the
diagnosis of AIH[151]. These findings are in accordance
with the results of previous reports[133,135]. Their findings
of low utility of the simplified scoring for the diagnosis
of AIH in variant forms of AIH are in contrast with the
conclusion of another study[152]. Indeed, after the use of
the latest score in 368 patients with PBC, only 6% could
be classified as having AIH-PBC “overlaps’’[152], compared
to 12% found by using the revised score[6], indicating by
this how the prevalence of “overlap or variant conditions”
is dependent on the definitions of these syndromes.
As the etiopathogenesis of AIH, PBC and PSC is
still unknown, definition of criteria for these “variant
forms” of AIH seems difficult and arbitrary and for
these reasons, the IAIHG do not support the concept
of “overlap or variant syndromes” as new and distinct
disorders[151]. However, recently it has been reported[153]
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CLASSIFICATION OF AIH
AIH-1
AIH-1 accounts for about 80% of all cases with AIH.
The detection of ANA and/or SMA is almost exclusively
requisite for an AIH-1 diagnosis. In most instances, the
staining pattern of ANA by indirect immunofluorescence
(IIF) on tissue sections or isolated immobilized cells like
HEp2 cells show a homogenous diffuse pattern, but
speckled patterns are not rare[1-3,5-8,13]. ANA are directed
against single or double stranded DNA, tRNA, SSA-Ro,
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snRNPs, laminins A and C, cyclin A or histones[2,3,8,13]. So
far however, a liver-specific nuclear antigen has not been
identified in AIH-1, whereas different staining patterns
of ANA appear to carry limited clinical implications
and diagnostic relevance in routine clinical practice and
therefore, the use of HEp2 cells in the diagnostic workup of AIH is not recommended[1,13].
SMA are detected by IIF on rodent liver, kidney and
stomach sections; they are directed against cytoskeleton
structures like filamentous actin (F-actin, the predominant
autoantigen of SMA in AIH-1[166]), troponin, tubulin,
vimentin and tropomyosin[1-3,5-8,13]. However, reliance only
on anti-actin antibodies for AIH-1 diagnosis could lead
to approximately a 20% decline of diagnosed patients as
F-actin is a likely but not exclusive target autoantigen of
SMA[13,167].
Titers of at least > 1:20 in adults and > 1:10 in
children should be considered positive[6,7,12,13]. However,
titration of antibody positive sera in AIH can be helpful
as a very high titer of homogenously reactive ANA or
anti F-actin is far more meaningful than a low albeit
positive titer of ANA and/or SMA that may usually
be detected in patients with hepatitis B or C[1-3,8,168]. In
the majority of AIH-1 patients, disappearance of ANA
and/or SMA is observed during immunosuppression[169].
However, autoantibody status is not related to the
outcome of patients after withdrawal of corticosteroids.
In addition, neither autoantibody titers at diagnosis nor
autoantibody behavior in the course of the disease are
prognostic markers for AIH-1[1-3,8,169]. Moreover, pretransplant ANA and SMA levels in AIH patients do not
seem to affect recurrence or outcome following liver
transplantation[170]. These findings indicate that detection
of ANA and SMA is more of diagnostic than prognostic
value[1-3,8,13,169].
Of interest, 15%-30% of patients with AIH-1 have
autoantibodies directed against soluble liver antigen or
liver pancreas (anti-SLA/LP)[171,172]. This autoantibody is
the most specific antibody ever identified in AIH-1[172-177],
is associated with a more severe disease course and
has a global distribution [178]. A recent meta-analysis
showed that the diagnostic accuracy of anti-SLA/LP
in AIH was very high[179]. Therefore, from the clinical
point of view, anti-SLA/LP can be used as a significant
surrogate marker for the diagnosis of AIH-1, while it
may also lead to a considerable decline of cases with
cryptogenic hepatitis or autoantibody-negative AIH[180].
Anti-SLA/LP antibodies target a synthase (S) converting
O-phosphoseryl-tRNA (Sep) to selenocysteinyl-tRNA
(Sec), giving a label of SepSecS [181,182]. Subsequently,
molecular based assays like ELISAs, immunoblot and
radioligand assays have been developed for the detection
of these antibodies[173-177].
The reason for anti-SLA/LP association with
severe disease, protracted treatment and relapse after
cessation of therapy in AIH patients is not known
but we were the first to report that antibodies against
ribonucleoprotein/Sjögren’s syndrome A antigen
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(anti-Ro/SSA) and particularly to Ro52 antigen (antiRo52) are detected in 98% of patients with AIH-1 who
have concurrent detection of anti-SLA/LP [183]. This
concomitant detection of both autoantibodies was not
because of cross-reactivity and was reported later in 77%
of European and 96% of North American anti-SLA/LP
positive patients[184,185]. Of note, anti-Ro52 antibodies
either alone or in combination with anti-SLA/LP were
associated with a worst outcome of patients, as attested
by an increased frequency of progression to cirrhosis and
liver-related deaths[185]. Accordingly, it was suggested that
the associations previously described for anti-SLA/LP
antibodies may be due to their concurrence with antiRo52 antibodies.
However, contrary to the generally accepted assumption
that anti-SLA/LP either alone or in combination with
anti-Ro52 antibodies are indicators of worse prognosis
and treatment outcome, a very recent study from Greece
demonstrated that anti-SLA/LP positivity was not
associated with the clinical, laboratory or histological
characteristics of AIH patients[186]. In addition, in that
study, treatment response, corticosteroid withdrawal,
relapse after stopping treatment and outcome were not
associated with the presence of anti-SLA/LP, anti-Ro52
or double reactivity to both autoantibodies[186]. Moreover,
Ro52 epitope mapping for the first time revealed new
epitopes unique for AIH (other than those reported in
Sjogren’s syndrome) and independent from anti-SLA/LP
positivity[186]. Of course these novel findings need further
investigation and external validation.
AIH-2
Less than 10%-15% of AIH cases in Europe and North
America have the AIH-2 subtype[71,78,85,187,188]. Anti-LKM1
autoantibodies show a diffuse cytoplasmic staining
of liver lobules (Figure 1A) and exclusively of the P3
portion of the proximal renal tubules (Figure 1B)[1-3,8,13,33].
Therefore, anti-LKM1 can be easily distinguished from
AMA, which stain the proximal and distal renal tubules
(Figure 2)[1-3,8,13,33]. Anti-LKM1 autoantibodies mainly
target several epitopes of drug metabolizing enzymes
of phase 1, namely CYP2D6 (molecular weight of 50
kDa) [33,42,43,189-191]. Of note, 0-10% of HCV patients
independently of the genotype of HCV develop
anti-LKM1 autoantibodies [1-3,8,13,33,168,192-195] which are
directed against the same autoantigen recognized by
anti-LKM1 in AIH-2, indicating underlying cross
reactivity mechanisms [1-3,33,42,189-191,196,197], although the
autoantibody response to immunodominant epitopes
differs[33,42,43,115,188-193,197-199]. In Italian patients with chronic
hepatitis C, a genetic predisposition like HLA DR7
positivity has been suggested as a triggering factor for
the development of anti-LKM1[200]. From the clinical
perspective, investigation for anti-LKM is recommended by
the IAIHG in HCV patients under IFN-α-based therapies
and, in cases of positive results, careful monitoring should
be performed because occasionally IFN-α may unmask or
induce AIH[1,6,7,13,115-118,133].
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Figure 1 Typical diffuse staining of the cytoplasm of the entire liver lobule on rat liver sections in a case of autoimmune hepatitis type 2 positive for
antibodies against liver-kidney microsomes type 1 (A); Antibodies against liver-kidney microsomes type 1 react to the proximal tubules of the rat kidney
and the absence of reactivity against the distal tubules of the rat kidney (see also Figure 2) and parietal cells of the rat stomach distinguishes anti-LKM1
autoantibodies from antimitochondrial antibodies (B). Original magnification × 40.

a metabolic enzyme involved in metabolism of folate
(molecular weight of 58-62 kDa)[207]. Multiple regions of
FTCD trigger the LC1 autoimmune response and LC1
reactivity is predominantly directed to the FT region of
FTCD[208]. Additional techniques like the Ouchterlony
double diffusion, ELISA, immunoblot or counterimmunoelectrophoresis are usually required for anti-LC1
detection as its common concurrence with anti-LKM1
makes anti-LC1 detection by IIF difficult[1-3,8,16,204-206]. Titers
of > 1:20 in adults and > 1:5 in children are considered
positive for both anti-LKM and anti-LC1[1-3,6,7,12,13].
Detection of autoantibodies in AIH as a component of
APECED (APS-1)
Hepatitis in APECED is associated with autoantibodies
directed against the CYP450 complex. Indeed, CYP1A1,
CYP1A2, CYP2A6 and CYP2B6 have been identified
as autoantigens in APECED patients (Table 4)[101,209-211].
CYP1A1, CYP2A6 and CYP2B6 are expressed in liver
and kidney, giving rise to LKM staining, while CYP1A2 is
expressed only in kidney, leading to a LM staining[100].
The highest prevalence of anti-CYP2A6 antibodies was
found in a Finnish group of APECED patients (15.6%),
whereas anti-CYP1A2 were detected in only 6.3%[101]. Of
interest, anti-CYP2A6 detection in this group of patients
was not associated with the presence of hepatitis, whereas
anti-CYP1A2 were found only in APECED patients with
hepatitis[101]. Therefore, anti-CYP1A2 could be used as a
specific marker for AIH as part of APECED, albeit with
its low sensitivity[101,209]. Anti-CYP2A6 might be used as a
surrogate marker for APECED if it is detected in a patient
with AIH. In addition, using IIF, anti-LKM/LM antibodies
were found in about 50% of patients with AIH as a
component of APECED and in only 11% of APECED
patients without hepatitis[101].
ANA are detected in almost a quarter of APECED
patients, irrespective of the presence or absence of
hepatitis. For this reason, ANA are not useful laboratory
indicators for AIH diagnosis in APECED[101]. So far,
anti-SLA/LP, anti-LKM1 or anti-LC1 autoantibodies

Figure 2 Contrary to antibodies against liver-kidney microsomes type 1
which react to the proximal tubules, antimitochondrial antibodies react
to the proximal and also the distal tubules of the rat kidney (original
magnification × 40). In these cases there is also reactivity to the parietal cells
of the rat stomach.

Anti-LKM3 autoantibodies, either alone or in
conjunction with anti-LKM1, are also detected in appro
ximately 5%-10% of patients with AIH-2 [15,199]. In
addition to signals obtained from liver and kidney tissues,
anti-LKM3 may present with fluorescence signals from
the pancreas, adrenal gland, thyroid and stomach. AntiLKM3 autoantibodies were first reported in 13%-15% of
patients with chronic hepatitis D[201] and only occasionally
in HCV patients, supporting further the concept of HCVinduced autoimmunity[193,202,203]. The main autoantigen of
anti-LKM3 has been identified as the family 1 of UDPglucuronosyl-transferases (UGT1, molecular weight of
55 kDa) both in AIH-2 and in chronic hepatitis D[199].
In approximately a third of patients with AIH-2,
anti-LC1 autoantibodies are detected[1-3,8,13,16,204], in half
of whom anti-LKM1 reactivity is also present[205,206].
This autoantibody is organ-specific but not speciesspecific and is characterized by a cytoplasmic staining
of the periportal hepatocytes. It is of interest that
no staining is found around the central veins[16,204]. In
10% of AIH patients this autoantibody is detected as
the only one autoantibody[16,188]. It recognizes FTCD,
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Furthermore, sections of commercial origin are of
variable quality as they are usually treated with fixatives
to lengthen shelf-life, which may result in enhanced
background staining and potentially to several difficulties
in the interpretation of IIF patterns[9,13]. Therefore, some
centers, especially in the US, for antibody testing use
assays based on recombinant or purified antigens like
ELISAs or immunoblot, particularly for ANA, SMA
(F-actin), anti-LKM1, anti-LC1, AMA and anti-SLA/
LP detection[9]. However, from the diagnostic point of
view, this approach is very questionable for the index
patient with unexplained elevation of transaminases and
potential underestimation is not unusual[1,13].
Regarding the levels of autoantibody titers, it should
be noted that they may vary and therefore it is clear that
low titers do not exclude AIH diagnosis, nor do high
titers establish the diagnosis [1-3,8,9,13,213]. Furthermore,
repeated tests may be necessary to allow autoantibody
detection and a correct diagnosis. A significant level
of positivity would start at 1/40 dilution. However,
for patients up to 18 years, any level of autoantibody
reactivity is not frequent and therefore seropositivity at
1/20 dilution for ANA and SMA and even 1/10 for antiLKM and anti-LC1 may be clinically important[5,12,13,145].
Thus, the laboratory should give any level of positivity
from 1/10 and then the interpretation of the results
should be done within the clinical context and patient’
s age. Unfortunately, several laboratories ignore the
recommended cut-off points and by using their own
(1/80 or even 1/160) expand the proportion of
“negatives”, thus contributing further to the potential
underestimation of the disease.
As autoantibody detection is very important for AIH
diagnosis, both laboratory personnel and clinicians need
to become more familiar with AIH manifestations and
interpretation of liver autoimmune serology in order
to derive maximum benefit for the affected patient. In
this context, the end-user, the clinician, must order tests
advisedly with good clinical data and interpret these
in the light of the clinical information to make wise
evidence-based decisions in an attempt to minimize the
problem of underestimation of AIH diagnosis.

Table 5 Differential diagnosis of liver diseases according to
autoantibodies against molecularly defined autoantigens of
cytochrome P450
Anti-CYP2D6 Anti-CYP1A2 Anti-CYP2A6
Pos

Neg

Neg

Neg

Neg

Pos

Neg

Pos

Neg

Pos
Neg

Neg
Pos

Pos
Pos

Chronic liver disease
AIH-2 (94%-100%);
Hepatitis C (0%-10%)
Hepatitis C; APECED
with or without hepatitis
AIH in APECED
dihydralazine-induced
hepatitis
Hepatitis C (0%-7%)
AIH in APECED

Pos: Positive; Neg: Negative; APECED; Autoimmune polyendocrinopathycandidiasis ectodermal dystrophy syndrome.

have not been reported in patients with AIH as part of
APECED. In addition, CYP1A2 and CYP2A6 have not
been identified as hepatic autoantigens in AIH patients
or in patients with other autoimmune diseases[101]. These
findings suggest that AIH-1 or AIH-2 and AIH in
APECED are characterized by different molecular targets
of autoimmunity which do not overlap. In this context,
AIH and hepatitis as an APECED component may be
distinguished on the basis of a different autoantibody
profile (Tables 4 and 5).
It is not known whether in APECED patients a
close monitoring of anti-LM may lead to early, or even
prophylactic, treatment of AIH as a new part of the
disease. Evidence that autoantibodies may be detected
before the clinical manifestation of a new disease
component in APECED comes from adrenal and ovarian
insufficiencies, where the respective autoantibodies are
detected 2-3 years before the clinical presentation of the
autoimmune components[212]. The aromatic-L-amino acid
decarboxylase (AADC) is another hepatic autoantigen
in APECED which is expressed in the liver cytosol and
was originally described as a β-cell autoantigen[211]. Of
note, the prevalence of anti-AADC autoantibodies is
significantly increased in APECED patients with vitiligo
(88%) and hepatitis (92%)[128].
Difficulties and unmet needs in autoantibody testing
In 2004, the serology subcommittee of the IAIHG
published detailed guidelines on how to test for
autoantibodies relevant to AIH, including the preparation
of substrates, application of serum samples, optimal
dilution, fluorochrome-labeled revealing agents, selection
of controls and diagnostically relevant staining patterns[13].
Ideally, the preferred first-line screening for ANA, SMA,
LMK1, LKM3, LC1 and AMA should be the IIF on
fresh frozen sections (4-8 wk stored at -20 ℃) of a multiorgan substrate (liver, kidney and stomach), especially
from rats[1-3,8,13]. The use of HEp2 cells only for ANA,
SMA and AMA detection should be avoided because of
an increased frequency of false-positive results.
However, the development of locally validated
sections for IIF is not feasible under real life conditions.
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Non-conventional autoantibodies in AIH
The detection of several autoantibodies with limited or
obscure clinical importance has been published in patients
with AIH[1-3]. These include antibodies to single and doublestranded DNA[1-3,214], phospholipids[215,216], histones[217],
cyclic citrullinated peptide[218,219], asialoglycoprotein receptor
(anti-ASGP-R)[1-3,9,180,220], chromatin[221], centromere[1-3,180],
Ro52[183-185], alpha-actinin (α-actinin)[214,222-224], Saccharomyces
cerevisiae[225], celiac disease-related autoantibodies[125,180,226-228],
AMA[180,229-234], lactoferrin[235] and p53 protein[236].
From this repertoire of autoantibodies, we shall
discuss three briefly, namely AMA, antibodies to α-actinin
and anti-ASGP-R antibodies, as they appear to have some
significance in patients with AIH[1-3]. Although AMA
remain the serological hallmark for PBC diagnosis[1-3,231],
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they can also be detected in otherwise typical cases of
AIH [180,229-234]. Indeed, frequencies between 3.6% to
as high as 34% have been found for AMA presence
in AIH cases[229,231-233,237]. The latter highest frequency
was reported in Japanese patients[229]. At present, most
researchers agree that the presence of AMA in AIH does
not identify a subgroup of patients requiring different
therapeutic options or that leads quickly into PBC
development[232]. In addition, a long-term Canadian trial
has shown that corticosteroid administration in patients
with classical AIH who were AMA-positive over a followup of up to 27 years had neither clinical nor histological
indices of PBC during that period[233]. In contrast, a small
case-study recently reported three AMA-positive AIH
patients in whom specific PBC manifestations overlapped
in time, indicating the potential need of longer followup in an attempt to unmask late PBC development in
these patients[234]. Taking together the above mentioned
data, we believe that in order to define whether or not
the presence of AMA in AIH is an incidental finding
due to collateral bile duct injury or conceals subclinical
autoimmune cholestatic liver disease and therefore can
predict the future development of cholestatic pathology
and the clinical onset of PBC needs to be determined in
future multicenter prospective studies.
α-actinin is a ubiquitous cytoskeletal protein which
belongs to the superfamily of F-actin crosslinking
proteins, together with spectrin, dystrophin and their
homologues and isoforms [223]. This fundamental cell
molecule has recently gained attention as a dominant
autoantigen in autoimmune diseases, like SLE and AIH-1.
Indeed, it has been shown in murine models as well as
in humans that anti-dsDNA antibodies may contribute
to the pathogenesis of SLE-related glomerulonephritis
by cross-reacting with α -actinin [238,239]. Furthermore,
anti-α-actinin antibodies in combination with anti-Factin antibodies have been detected in the sera of AIH
patients, identifying a subset of patients with a clinically
and histologically severe form of the disease[214,222]. This
double reactivity against F-actin and α-actinin was not
due to cross-reactivity and it was highly specific only for
AIH-1 patients[214,222]. In addition, we showed recently that
the baseline detection of anti-α-actinin antibodies could
predict treatment response in a large cohort of AIH-1
patients and for these reasons, these autoantibodies
can be used as reliable markers for monitoring treat
ment outcome of patients [224]. Of interest, anti-Factin antibodies target an epitope located at positions
350-375 of the C terminus of human F-actin which
actually corresponds to the α-actinin binding domain[223].
All these findings make the hypothesis of α -actinin
involvement into AIH pathogenesis very attractive and
indicate the need for considerable attention and further
investigations[223].
The ASGP-R is a liver-specific glycoprotein of the
cell membrane. The internalization of asialoglycoproteins
by binding a terminal galactose residue to coated pits
is the predominant function of this receptor. Of
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interest, ASGP-R is expressed mainly on the surface
of hepatocytes at the periportal areas where interface
hepatitis is found as a marker of severe inflammatory
activity in AIH patients [240] . Therefore, a possible
implication of anti-ASGP-R autoantibodies in AIH
pathogenesis has been suggested [1,17] . The general
presumption is that the target of potentially tissuedamaging auto-reactions in AIH must be liver-specific
and available to the immune system in vivo. So far,
ASGP-R is the only autoantigen that fulfills these
criteria[1,17,240]. Additional support to this revealed from
the common detection of anti-ASGPR autoantibodies in
AIH patients (detection in 88% of patients), which was
associated with the inflammatory activity of the disease
and also by the fact that anti-ASGP-R titers decreased
significantly during remission, while they reappear in
disease exacerbations [241] . Therefore, anti-ASGP-R
autoantibodies may be diagnostically helpful when
AIH is suspected but the conventional autoantibodies
are not detected[180,227,242]. However, they are frequently
detected in PBC[180,243], alcoholic cirrhosis[244] and chronic
hepatitis B or C[245], resulting in low disease specificity
although the specificity of the respective assay for their
determination has recently been improved because of the
characterization of the major epitopes of ASGP-R[220].
Nevertheless, routine determination of these antibodies
is not generally recommended since standardized and
easily accessible assays are still awaited.

LIVER HISTOLOGY IN AIH
In all patients with suspected AIH, a liver biopsy should
be performed, including those with acute/severe or even
fulminant hepatitis[1,6,7,9,10,80]. In fact, liver histology is a
prerequisite for the diagnosis of AIH, as has been suggested
by both diagnostic criteria of the IAIHG[6,7,133,135]. It should
be stated however, that although certain histological
changes are characteristic, no findings are specific for
AIH diagnosis[1,5-7]. Therefore, a different view of the
importance of liver histology in the diagnosis of AIH
has recently been reported[246]. In this report, the authors
concluded that most patients with multiple features of
AIH based on biochemical analyses and autoantibody
testing did not need a biopsy as patients with atypical
(5%) or compatible (95%) liver histology for AIH had
similar biochemical features of the disease[246]. We agree
with aspects of the investigators, that it is possible to
initiate immunosuppression in patients with the typical
serological and biochemical profile of AIH[246]. However,
we also believe that histological confirmation of the
diagnosis of AIH prior to therapy will facilitate treatment
decisions and that liver biopsy should be performed
whenever possible. This is supported by all international
liver authorities, including IAIHG[6,7,9,10,12]. Nevertheless,
we need further multicenter studies in order to validate
these findings because liver biopsy is not performed
only for diagnosis but also for the definition of grade
and stage of the disease and therefore the prognosis of
AIH[22,71,76,79,84,247].
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with panlobular necrosis, while in the second, a typical
AIH with massive hepatic necrosis accompanied in some
circumstances with centrilobular involvement is found.
Additional characteristics in cases of acute liver failure
due to AIH include portal lymphoid follicles, a plasma
cell-enriched infiltrate and central perivenulitis[80,83,253,254].

A typical feature of AIH is the presence of interface
hepatitis, also called piecemeal necrosis, which denotes
inflammation of hepatocytes at the junction of the portal
tract and hepatic parenchyma (Figure 3A). In general,
the inflammation spares the biliary system, consists of
lymphocytes and “clustered” plasma cells (Figure 3B) and
usually extends into the lobules (progression to lobular
hepatitis). However, a small subset of patients may show
small duct injury but lack PBC features and respond
similarly to corticosteroid therapy as patients with
classical AIH do[248].
The degree of plasmacytosis can be helpful in
discriminating AIH from viral hepatitis cases. Indeed,
there are rare cases of HBV infection with comparable
portal plasmacytosis, while intense plasmacytosis can also
be seen in hepatitis A. In addition, plasmacytosis of the
portal tract might have a prognostic implication as its
presence while on immunosuppression is associated with
relapse after drug withdrawal. However, about 33% of
AIH patients have few or no plasma cells in the portal
tract and, for this reason, the absence of plasma cell
infiltration cannot exclude AIH diagnosis by itself[10,249].
According to the simplified criteria for AIH diagnosis,
emperipolesis and hepatocellular rosette formation are
also “typical” histological characteristics of AIH[7,250]
(Figure 3C). Of note, the origin of “emperipolesis” is
derived from two Greek words (en meaning inside and
peripolos meaning patrol) describing by this way the
active penetration by one cell into and through a larger
cell. Eosinophils can be found in AIH (Figure 4A),
making the differential diagnosis between AIH and druginduced AIH more problematic. Parenchymal collapse,
also known as multiacinar necrosis, in the appropriate
clinical and serological setting could also be useful in
supporting AIH diagnosis (Figure 4B) [1,7,10,249]. Apart
from the the mildest or earliest cases of AIH, fibrosis
is present in almost all patients. In untreated disease,
the fibrosis may be extensive with typical cirrhotic
findings. It should be noted that the necroinflammatory
activity and severity of AIH at the histological level
are not in accordance with the biochemical activity of
the disease[1,6,7,9,10]. Therefore, it is clear that liver biopsy
provides invaluable information on outcome because
almost one-third of patients have cirrhosis or bridging
necrosis at presentation, carrying a poorer prognosis than
those without[22,71,76,79,84,247].
Liver histology in patients with acute to fulminant
AIH is different compared to that found in AIH patients
with an insidious onset[251,252]. In addition, recently the
US NIH Acute Liver Failure Study Group suggested a
set of criteria for autoimmune acute liver failure[80]. As in
the revised and simplified criteria for AIH diagnosis[6,7],
liver biopsy is also mandatory for the diagnostic criteria
of autoimmune acute liver failure. In particular, the
following features sug gestive of an autoimmune
pathogenesis were found. There are two distinctive
patterns of massive hepatic necrosis. The first consists of
a severe form of the so-called centrilobular form of AIH
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CONCLUSION
AIH is a chronic liver disease of unknown etiology that
preferentially affects females and is characterized by interface
hepatitis on liver histology, hypergammaglobulinemia,
circulating autoantibodies and a favorable response to
immunosuppression. Not rarely, AIH is underestimated
or unrecognized because of the variability of its
genetic, clinical, laboratory, histological and serological
characteristics. It should be clear that AIH can develop at
any age in both sexes and in all ethnic groups worldwide.
For these reasons, AIH should be considered seriously in
every patient with unexplained acute or chronic hepatitis
and/or cirrhosis.
The dominant pathogenetic hypothesis postulates
that the disease develops in genetically susceptible
individuals who are exposed to several triggers. Then the
attack against the liver is perpetuated, possibly through
mechanisms of “molecular mimicry”, and is favored by
the decreased function of regulatory T-cells.
The clinical presentation of the disease ranges from
completely asymptomatic (almost a third of patients) to
severe acute hepatitis; approximately a third of patients
already have established cirrhosis at diagnosis. AIH
may first develop in pregnancy or more frequently after
delivery as a subsequent event of viral infections or
after the use of some drugs, including biological agents
as well as de novo after orthotopic liver transplantation
done for other reasons. A specific but also common
clinical characteristic is its association with many other
autoimmune diseases in the index patient or in firstdegree relatives.
Liver biochemistry is not characteristic, with bilirubin
and transaminases ranging from just above the upper
normal to more than 50 times these levels, usually
with normal or mildly increased cholestatic enzymes;
the biochemical findings do not correlate with AIH
severity at the histological level. Biochemistry may even
spontaneously normalize despite continuing activity on
histology; this is a very important topic as it may result
in a delayed diagnosis. In the vast majority of patients,
a polyclonal hypergammaglobulinemia with particular
increase of serum IgG is observed; however, it should
be kept in mind that 15%-25% of patients, especially in
children, the elderly and in acute cases, have IgG within
normal limits and therefore, AIH diagnosis should never
be excluded only because of a normal IgG testing.
The detection of several autoantibodies is still the
hallmark of disease diagnosis in the absence of viral,
metabolic, genetic and toxic etiology of chronic or acute
liver disease. Detailed guidelines on how to test for
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A

B

C

Figure 3 Liver histology in autoimmune hepatitis. A: Interface hepatitis with genuine apoptotic bodies (arrows) in a case with autoimmune hepatitis-type 1
(hematoxylin and eosin staining). See also the typical rim of condensed chromatin at the nuclear membrane and ordinary acidophilic bodies, at various stages of
development; B: Intense portal plasmacytosis in autoimmune hepatitis (arrows in the right panel; hematoxylin and eosin staining). The plasma cells are in clusters,
better seen after immunostaining with CD138 (arrows in dark brown staining of the left panel). The intensity of plasmacytosis can be useful in discriminating
autoimmune hepatitis from viral hepatitis whereas there is also possible prognostic information as portal plasma cell infiltrates while on immunosuppression are
associated with relapse upon drug cessation; C: Various examples of rosette formation (hematoxylin and eosin staining; periportal, periseptal in a previous collapse
and with reticulin staining seen in the upper right panel; see arrows).

autoantibodies relevant to AIH has been published by the
IAIHG. Both laboratory personnel and clinicians should
become more familiar with the disease manifestations
and the interpretation of liver autoimmune serology in
order to obtain maximum benefit for the patient.
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Although no histological findings are specific for
AIH diagnosis, liver biopsy should be performed in
all suspected cases, not only for diagnosis but also
for the evaluation of disease severity. Typical findings
include interface hepatitis consisting of lymphocytes
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Figure 4 Liver histology in autoimmune hepatitis (continued). A: In some
cases of autoimmune hepatitis, “numerous” eosinophils or eosinophils as a minor
component of the inflammatory infiltrate can be seen (arrows; hematoxylin and
eosin staining). This is an interesting and useful observation, since this finding
is evaluated falsely out of the histopathological context of autoimmune hepatitis,
and therefore, could make the differential diagnosis from drug-induced hepatitis
more problematic; B: Interface hepatitis with hydropic change of involved
hepatocytes (arrows; hematoxylin and eosin staining). Note the presence of
adjacent parenchymal collapse, alternatively multiacinar necrosis, which has
been considered as one of the most distinguishing morphological features of
autoimmune hepatitis since its presence in the appropriate clinicopathological
context is supportive of the diagnosis.
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9

10

and abundant plasma cells, although one-third of AIH
patients have few or no plasma cell infiltrates, indicating
that the absence of plasma cell infiltration in the portal
tracts does not preclude diagnosis. Other typical findings
are the presence of emperipolesis and hepatic rosette
formation. The histological findings in patients with
autoimmune acute liver failure differs because the
lesions predominate in the centrilobular zone, including
distinctive patterns of massive liver necrosis, presence of
lymphoid follicles, a plasma cell-enriched inflammatory
infiltrate and central zonal necrosis/perivenulitis.
As the prevalence of “overlap syndromes or variants
of AIH” is low and the current knowledge regarding
etiopathogenesis of autoimmune liver diseases is limited,
criteria for “overlap conditions” appear to be difficult to
define. Therefore, patients with “overlapping features”
should be categorized as AIH, PBC or PSC according
to the predominant disease and not as suffering from a
distinct disease entity.
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Colorectal cancer (CRC) is one of the most common
malignancies with high prevalence and low 5-year
survival. CRC is a heterogeneous disease with a
complex, genetic and biochemical background. It
is now generally accepted that a few important
intracellular signaling pathways, including Wnt/β-catenin
signaling, Ras signaling, and p53 signaling are
frequently dysregulated in CRC. Patients with mutant
p53 gene are often resistant to current therapies,
conferring poor prognosis. Tumor suppressor p53
protein is a transcription factor inducing cell cycle
arrest, senescence, and apoptosis under cellular stress.
Emerging evidence from laboratories and clinical
trials shows that some small molecule inhibitors exert
anti-cancer effect via reactivation and restoration of
p53 function. In this review, we summarize the p53
function and characterize its mutations in CRC. The
involvement of p53 mutations in pathogenesis of CRC
and their clinical impacts will be highlighted. Moreover,
we also describe the current achievements of using p53
modulators to reactivate this pathway in CRC, which
may have great potential as novel anti-cancer therapy.
Key words: Colorectal cancer; p53; Tumor suppressor;
MET
Small molecule inhibitor; Gene therapy; PRIMA-1
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Dysregulation of p53 tumor suppressor gene
is one of the most frequent events contributing to the
transformation of colorectal cancer (CRC), as well as
the aggressive and metastatic features of CRC. Mutant
MET
p53 reactivator, PRIMA-1 has been tested in Phase
Ⅰ/Ⅱ clinical trials and shows encouraging benefits.
In this review, we systemically and comprehensively
summarize the current understanding of p53 mutations
in the pathogenesis of CRC and current progress in
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to regulate the ubiquitination of p53 which leads to
its degradation[6]. This forms a negative feedback loop
that maintains low levels of p53 in normal cells [7].
Depending on specific context, p53 can induce cell cycle
arrest, or apoptosis, or senescence, in the presence of
cellular stress, such as DNA damage, hypoxia, oncogene
activation, etc. (Figure 1B).
Activation of p53 can trigger both the mitochondrial
(intrinsic) and the death-receptor-induced (extrinsic)
apoptotic pathways[8]. p53 induces the expression of proapoptotic Bcl-2 (B-cell lymphoma-2) family proteins,
mainly Bax, Noxa and PUMA, but downregulates the
pro-survival Bcl-2, leading to permeabilization of outer
mitochondrial membrane. Then cytochrome c releases
from the mitochondria binds to Apaf-1, and induces the
activation of the initiator caspase-9, eventually resulting in
the activation of executioner caspase-3, -6 and -7[9]. On the
other hand, activated p53 also upregulates the expression
of some DRs (death receptors), such as Fas (CD95/
APO-1), DR5 (TRAIL-R2), and PIDD (p53-induced
protein with death domain). Together with caspase-8, they
form the death-inducing signaling complex, subsequently
activating caspase-3 and inducing apoptosis (Figure 1B).
The progression of cell cycle is tightly controlled by
cyclins and cyclin-dependent kinases (CDK). p21(WAF1)
is one member of CDK inhibitor family, which hinder
cell cycle transition from G1 to S phase. p21(WAF1)
is a well-characterized p53-downstream gene and its
promoter contains consensus p53-binding sequences.
It has been shown that p21(WAF1) is one of the major
mediator of p53-induced growth arrest. In response to
DNA damage, p53 induces not only cell cycle G1 phase
arrest, but also G2/M checkpoint arrest. Repression of
CDC2, the CDK necessary for initiation of mitosis, by
p53 plays an important role in G2/M arrest. Some other
p53 target genes, for example, GADD45, p21(WAF1),
retinoblastoma protein (Rb), and 14-3-3σ, also cRRIMA1MET contribute to G2/M arrest. p21(WAF1) and Rb are
involved in both G1 to S phase arrest and G2/M arrest
induced by p53 (Figure 1B).
Cellular senescence is a specific form of cell cycle arrest,
which is prolonged and irreversible[10]. Morphologically,
senescence cells significantly increase in size and have
prominent nucleoli, as well as abundant cytoplasmic
vacuoles[11]. Cellular senescence is an important mechanism
for preventing the development of potentially cancerous
cells in response to stress-induced DNA damage [12].
Various stress stimuli including DNA-damage response,
dysfunctional telomeres, oncogenes, oxidative stress, usually
trigger one of the two pivotal routines, either the p53p21(WAF1) or the p16 (CDKN2A)-Rb pathways to induce
senescence[11,13]. In addition to p21(WAF1)[14], genes have
been reported as important in p53-induced senescence
include tumor suppressor promyelocytic leukemia
(PML)[15,16], plasminogen activator inhibitor-1[17], and deleted
in esophageal cancer 1 (DEC1)[18] (Figure 1B).

reactivation of p53 as a novel therapeutic strategy.
We hope this review will promote more investigations
of reactivation of p53 as a viable treatment option of
patients with CRC.
Li XL, Zhou J, Chen ZR, Chng WJ. p53 mutations in colorectal
cancer- molecular pathogenesis and pharmacological reactivation.
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INTRODUCTION
Colorectal cancer (CRC) is the third most common
cancer in men and the second most common cancer in
women worldwide (www.wcrf.org). Although diagnosis
and therapy have advanced significantly in the last ten
years, its prevalence is rising, and the 5-year survival rate
is still poor. In 2012, it accounts for nearly 14.1 million
cases and 694000 deaths around the world (www.wcrf.
org; www.who.int). CRC becomes a serious problem for
healthcare in Asian countries too, such as China, Japan,
South Korea and Singapore, with a 2-4 fold increase in
the incidence during last decades[1]. So more efficacious
approaches are urgently needed for CRC patients.
p53 was first discovered and classified as a cellular
SV40 large T antigen-binding protein[2,3]. This finding
marks the beginning of a brand-new period in cancer
research that is expected to have a major impact in the
clinic. p53 is a stress-inducible transcription factor, which
regulates a large number of diverse downstream genes to
exert regulative function in multiple signaling processes.
p53 mutation occurs in approximately 40%-50% of
sporadic CRC[4]. The status of p53 mutation is closely
related to the progression and outcome of sporadic
CRC. In recent years, some small molecule compounds
have been intensively investigated for reactivation and
restoration of p53 via different mechanisms. These
promising compounds are being tested in clinical trials
and may be approved for the treatment of CRC patients
in near future.

P53 FUNCTION: INDUCING CELL CYCLE
ARREST AND APOPTOSIS
The human TP53 gene is located on chromosome 17p,
and consists of 11 exons and 10 introns[5]. Wild type p53
protein consists of 393 amino acid residues, and several
functional domains. In the order from N-terminus to
C-terminus, they are: transactivation domain (TAD),
proline-rich domain, tetramerization domain and basic
domain (Figure 1A). Once activated, p53 upregulates
its negative regulator, MDM2 (murine/human double
minute 2). MDM2 functions as an E3 ubiquitin-ligase,
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Figure 1 Structure and function of p53 tumor suppressor. A: Schematic of p53 protein structure. The function domains and corresponding amino acid regions are
indicated. N-terminus transcription-activation domain (TAD): Residues 1-63; AD1: Residues 1-42 for G1 arrest and apoptotic activity; AD2: Residues 43-63 important
for senescence-activity; PD: Residues 64-92 important for apoptotic activity; DBD: Residues 102-292 responsible for binding the p53 co-repressors; NLSD: Residues
316-324, 370-376, 380-386; OD: Residues 325-356; NESD: Residues 340-353; B: In normal cells, p53 activates a plethora of target genes involved in diverse
biological processes in response to cellular stress. Ub: Ubiquitin; PD: Poly-proline domain; DBD: DNA binding core domain; OD: Homo-oligomerization domain;
NESD: Nuclear export signaling domain; NLSD: Nuclear localization signaling domain.

through SUMO attachment of target proteins[26]. Overexpression of SUMO-1 causes the accumulation of
sumoylated p53 proteins in colon cancer cells, which
leads to more frequent metastasis[27].

REGULATORS OF P53 ACTIVITY AND
THEIR IMPLICATIONS IN CRC
Activating transcription factor 3
Activating transcription factor 3 (ATF3) is one of the
p53 target genes and involved in the complicated process
of cellular stress response[19,20]. In addition, ATF3 also
acts as a co-transcripition factor for p53 achieving ma
ximal induction of DR5 expression upon DNA damage
in CRC [21]. DR5 is a trans-membrane TNF (tumor
necrosis factor) receptor containing a death domain,
which binds to the ligand TRAIL (tumor necrosis factorrelated apoptosis-inducing ligand), and triggers cell death
by activating the extrinsic apoptotic pathway[22]. Ectopic
expression of ATF3 suppresses colon tumor growth
and metastasisin mouse xenografts[23]. Post-translational
modification of ATF3 by SUMO (small ubiquitinrelated modifier) plays a negative role in the regulation
of p53 activity[24]. ATF3 was also found to be bound
to mutant p53, inactiving its oncogenic potential [25].
Of note, SUMO-1, a member of the SUMO protein
family, involves a variety of biologically distinct functions
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MicroRNAs
MicroRNA (miRs) are small non-coding RNA molecules
consisting of 19-25 nucleotides, with functions in
transcriptional and post-transcriptional regulation of
gene expression[28]. miRs are believed to be important
factors for cell proliferation, apoptosis, senescence and
metabolism, which all play crucial role in the carcinogenic
process[29]. For example, the high expression of miR125b which directly targets the 3’UTR of TP53, re
pressed the endogenous level of p53 proteins, thereby
promoting tumor growth and invasion. So, miR-125 acts
as oncogene and is associated with the poor prognosis
in CRC patients[30]. miR-125b had also been shown to
repress both cell cycle-arrest and apoptotic regulators in
the p53 network, implicating its role in oncogenesis[31,32]
(Figure 2). Conversely, the miR-34 family (miR-34a/
b/c) are transcriptional targets of p53[33], and directly
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Figure 2 Schematic representation of miRNAs regulating p53 pathway and subsequent tumorigenesis.

tumorous pathological process[41]. p53 mutation in CRC
occurs in 34% of the proximal colon tumors, and in
45% of the distal colorectal tumors[8,42]. Majority of these
mutations occur in exon 5 to 8 (DNA binding doman),
and mainly in some hotspot codons, such as 175, 245,
248, 273 and 282, comprising of G to A, C to T transition
and leading to the substitution of a single amino acid
in p53 protein[41,42] (Table 1). Such substitutions most
commonly cluster in the DNA binding domain, causing
the disruption of specific DNA binding and sequential
transactivation[7,42].
Different types of p53 mutations play a pivotal role
in determining the biologic behavior of CRC, such as
invasive depth, metastatic site and even the prognosis
of patients. p53 mutations are associated with lymphatic
invasion in proximal colon cancer, and show significant
correlation with both lymphatic and vascular invasion
in distal CRC[42] (Table 2). CRC patients with mutant
p53 appear more chemo-resistance and have poorer
prognosis than those with wild-type p53[43]. In a TP53
colorectal cancer international collaborative study, it
was observed that patients with mutant p53 in exon 5
had worse outcome for proximal colon cancer[42] and
inactivating mutation of p53 occurred more frequent in
advanced stage tumors and were negatively associated
with survival[44] (Table 2).

Table 1 Common, high frequency of p53 missense alterations
in colorectal cancer
Exon
5
7
7
7
7
8
8
8

Codon

Codon change

Nucleotide
change

Amino acid
change

175
245
245
248
248
273
273
282

CGC→CAC
GGC→AGC
GGC→GAC
CGG→TGG
CGG→CAG
CGT→TGT
CGT→CAT
CGG→TGG

G→A
G→A
G→A
C→T
G→A
C→T
G→A
C→T

Arg→His
Gly→Ser
Gly→Asp
Arg→Trp
Arg→Gln
Arg→Cys
Arg→His
Arg→Trp

Data selected from UMD TP53 mutation database (http://p53.fr).

suppresses a range of Wnt and epithelial-mesenchymal
transition (EMT) genes[34-37]. Thus, part of p53 tumor
suppressor function is due to its inhibition of Wnt
pathway and EMT transition through miR-34 and loss of
this inhibition could trigger the proliferation and tissueinvasion of CRC cells[34,35] (Figure 2).

P53 MUTATION IN CRC
Development of CRC is a multi-factorial and multi-stage
process involving the activation of oncogenes and inactiva
tion of tumor suppressor genes. Confirmed by numerous
studies, p53 is a key tumor suppressor gene and is one
of the most important elements of our body’s anticancer
defense[38]. It is generally known that the progression
of CRC follows mutations of the APC, K-Ras, and p53
genes[39]. p53 is the most commonly mutated gene in
human cancers[40]. It is thought that p53 mutations play a
critical role in the adenoma-carcinoma transition during
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PHARMACOLOGICAL REACTIVATION OF
P53 AS CANCER THERAPY
Results from a large number of studies have unequivocally
evidence demonstrated that mutant p53 not only plays
a pivotal role in the transformation of CRC, but also
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Table 2 Summary of major conclusions on the importance of p53 in colorectal cancer development
Ref.

Major conclusions

Taketani et al[21]
Wei et al[25]
Nishida et al[30]
Kim et al[34,35]
López et al[41]
Russo et al[42]
Iacopetta et al[44]

p53 partners with ATF3 in maximal induction of DR5 upon
DNA damage
ATF3 binds mutant p53 and inhibits its oncogenic function
High expression of miRNA-125b predicts poor survival in CRC. miRNA-125 decreases p53 expression
Loss of p53 de-represses Wnt pathway and EMT transition through miRNA-34
p53 mutations occur in 54% of sporadic CRC
p53 mutations correlate with the site, biologic behaviour and outcome of CRC
p53 mutations that lose transactivational ability are more common in advanced CRC and associated with poor survival

EMT: Epithelial-mesenchymal transition; CRC: Colorectal cancer.

MI-43
nutlin-3
RITA
PRIMA-1
MET
PRIMA-1

Apoptosis
MDM2

Wild
type p53
Cell cycle arrest

Mutant
p53
p73
NSC1763
72

Maslinic acid
epicatechin gallate
a-lipoic acid
quinacrine
Senescence

Figure 3 Small molecule compounds pharmacologically reactivating of p53 function. MI43 and Nutlin-3 bound to MDM2 blocking MDM2-p53 interaction. RITA
bound to p53 interfering MDM2-p53 interaction. α-Lipoic acid increased p53 protein stability and its apoptotic effect. Quinacrine induced the autophagy-associated cell
death in a p53-dependent manner. NSC17632 activated p53-like activatity dependent on p73. PRIMA-1/PRIMA-1MET restored mutant p53 to exert apoptotic effect. Maslinic
acid and Epicatechin gallate as plant extraction modulated the expression of p53 and its target genes in p53-dependent apoptotic and cell cycle arrest pathway.

contributes to the aggressiveness and invasiveness of
CRC. It is not surprising that manipulation of the p53
pathway has attracted interest soon after the discovery of
p53 gene. Although reintroduction of wild type p53 by
gene therapy appears a straightforward and logical choice,
this approached is impeded by the technical challenge of
efficient gene delivery and safety issues inherent in the
use of viral vectors[45]. In recent years, we witness an array
of small molecule inhibitors modulating the p53 pathway
being developed (Figure 3). Some of these compounds
have been tested as potential therapeutic agents in CRC.

without DNA damage should be a great advantage,
compared to many traditional chemotherapeutic agents[47].
MIs (MDM2 Inhibitors): In recent years, a number of
MIs that disrupt the MDM2-p53 interaction have been
discovered. The spiro oxindole MI-43 is one of these
specific MDM2 antagonists that cause p53 accumulation
and lead to the induction of target genes, e.g., p21, Puma,
and Noxa[50]. In colon cancer cells, cell cycle arrest and
apoptosis were induced by MI-43 in a p53-dependent
manner [51] . MI-219 is an improved MDM2-p53
inhibitor with improved pharmacokinetic profile and
higher binding affinity to MDM2. MI-219 showed
potent efficacy as a single agent in inducing apoptosis
in HCT-116 colon cancer cell line. Furthermore, the
combination of MI-219 with chemotherapeutic drug,
Oxaliplatin, achieved high synergism in p53-mediated
apoptotic response[52].

Modulation of wild-type p53 activity via inhibiting
MDM2-p53 interaction
MDM2 protein, the E3 ubiquitin protein ligase, binds
to the amino-terminal of p53, and ubiquitylates p53,
leading to its proteasomal degradiaiton; this inhibits its
suppressive function in cancer cells[46]. Pharmacological
inhibitors of MDM2 have already been extensively
researched for their anti-cancer activities through
stabilization of p53 protein [47-49]. Activation of p53
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Nutlins: Nutlins are cis-imidazoline analogs, which
occupy the binding pocket of MDM2, thus disrupting
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RITA: RITA was identified from National Cancer
Institute library compound Challenge set for its ability
to inhibit the proliferation of HCT-116 (p53 wild type)
much more than its p53 null counterpart [64]. RITA
has been shown to suppress colon cancer growth in a
mouse xenofgraft model. Mechanically, this compound
directly binds to p53 rather than MDM2, and induces
a conformational change in p53, which interfered with
the p53-MDM2 interaction, and p53 ubiquitination,
resulting in p53 accumulation and cellular apoptosis[64,65].
The study carried out by Di Marzo et al[66] implicated
that RITA also reactivated mutant p53 function in
malignant mesothelioma. Whether RITA is also effective
in CRC cells harboring mutant p53 would merit further
investigation.

MDM2-p53 interaction. Nutlins were first discovered
using biochemical screening strategy by Vassilev and
colleagues in Roche in 2004[53]. Among them, Nutlin-3
(R1772) has been widely tested in a variety of cancers
in vitro, in mouse xenografts bearing human tumors, as
well as clinical trials in human subjects[54]. Nutlin-3 was
observed to act as MDM2 antagonist, stabilize p53 and
activate p53 target genes in CRC cells expressing wildtype p53. MDMX, another member of MDM protein
family, shares a similar amino acid sequence and structural
organization with MDM2. Although both MDM2 and
MDMX negatively regulate p53, the relative abundance
of MDM2 and MDMX level influences cancer cells
response to Nutlin-3. Cancer cells overexpressing
MDM2 are sensitive to Nutlin-3, in contrast, cancer cells
overexpressing MDMX are resistant to Nutlin-3 due to
its inability to block p53-MDMX interaction[55]. Nutlin3a, but not the aftermentioned RIAT (reactivation of p53
and induction of tumor cell apoptosis), has been shown
to specifically downregulate α 5 integrin in p53 wild
type colon cancer[56]. These findings are useful in patient
selection in a clinical trial aiming to evaluate Nutlin-3
against CRC. Nutlin may offer clinical benefits for CRC
bearing high expression MDM2 or α5 integrin.
Cancer cells often acquire secondary resistance after
a prolonged exposure of single agent, so it is clinically
desirable to treatment the cancer patients with combination
therapy. Nutlin has been tested in combination with
other drugs in CRC. Tumor necrosis factor (TNF)related apoptosis-inducing ligand (TRAIL) is one
of the DNA damage-inducible p53 target gene [57].
Notably, TRAIL induces cell death mainly through the
induction of extrinsic apoptosis pathway, while Nutlin
works predominately through inducing the intrinsic
apoptosis pathway. Combination of Nutlin-3 and TRAIL
synergistically enhances cell death in human p53 wild
type sarcoma HOS cells and colon cancer HCT116 cells
owing to the simultaneous engagement of intrinsic and
extrinsic apoptosis pathways[58]. Furthermore, Nutlin-3
treatment increases DR5 expression on both mRNA
and protein levels[58,59]. Controlled, concomitant release
of Nutlin-3 and Doxil, the liposomal preparation
of doxorubicin, by novel drug engineering, leads to
synergistic anti-proliferative effect and induction of cell
death in CRC cells carrying both wild-type and mutant
p53 [60] . Combination treatment with Nutlin-3 and
Inauhzin, a SIRT1 (Sirtuin 1) inhibitor in colon and lung
cancer cell lines, is able to enhances their apoptotic effect
in a p53-dependent manner[61]. It is also noteworthy that
Nutlin-3 can mediate the phosphorylation of p53 at key
DNA-damage-specific serine residues (Ser15, 20 and 37)
and initiate the DNA damage signaling pathway which
resulted in cell cycle arrest in p53-independent manner[62].
Currently, Nutlin-3 has already been evaluated in phase I
clinical trial to treat patients suffering from hematologic
neoplasms[63]. Taken together, Nutlin-3 may be a helpful
addition to our ar mamentarium combating CRC,
particularly used in conjunction with other drugs.
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Activation of p53-like activity via other p53 family
members, p67 and p73
In addition to p53, the p53 family includes two other
members, p63 and p73[67]. They encode proteins with
significant sequence homology and functional similarity
with p53. A derivative of the cytotoxic plant alkaloid
ellipticine, NSC176327 induced potent killing in CRC
cells regardless of p53 status. Further experiments
revealed that NSC176327 treatment increased the
expression of p73, p21 and DR5, while knockdown of
p73 in p53 null cells rendered these cells resistant to this
drug treatment[68]. The notion that p73 is also a drug
target in CRC is reinforced by other studies. Ray et al[69]
reported that MDM2 inhibitors, like Nutlin-3 , could
also disrupt the MDM2-p73 binding, and induce the
expression of apoptotic proteins such as Noxa, PUMA
and cell cycle arrest protein p21 in CRC cells lacking of
functional p53[70]. Securinine, a widely used alkaloid, was
identified to promote p73-dependent apoptosis in p53deficent CRC cells[71]. In conclusion, these results shed
new light on the induction of p73 as a therapeutic option
in CRC patients with either mutant p53 or p53 null.
Reactivation of mutant p53
It has been long recognized that mutant p53 protein not
only abrogates the tumor suppressor function, but also
gain novel oncogenic function, which promotes a more
aggressive, metastatic cancer phenotype. However, it is
until recently that promising compounds that specifically
targeting this type of mutant oncogenic p53 proteins
have been developed. Aiming to screen compounds
that specifically targeting mutant p53, Bykov et al [72]
discovered one compound 2,2-bis(hydroxymethyl)-1azabicyclo[2,2,2]octan -3-one, which inhibited the growth
of Saos-2-His-273 cells, a Tet-off mutant p53 cell line.
This compound was named PRIMA-1 (p53-reactivation
and induction of massive apoptosis-1, APR-017)[72]. Late,
its methylated form, RRIMA-1 MET (APR-246) which
is more efficient, was developed by the same group[73].
PRIMA-1 restores the sequence-specific DNA binding
region via forming adducts with thiols in mutant p53 and
activating several p53 target genes, promoting apoptosis
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in human cancer cells with mutant p53[74]. The initial
consideration was that these two compounds had potent
effects on p53-mutant cells, compared to cells with wildtype p53. However, emerging evidence demonstrated
that unfolded mutant p53 and unfolded wild-type
p53 could also be refolded by PRIMA-1 and PRIMA1MET[74,75]. So PRIMA-1 and PRIMA-1MET may induce
apoptosis in cancer cells carrying either wild-type p53 or
mutant p53. Among the class of small molecules that can
selectively induce apoptosis in cancer cells with mutant
p53, PRIMA-1MET is the first drug which has already
advanced to a phase Ⅰ/Ⅱ clinical trial for hematologic
malignancies and prostate cancer[76,77]. However, there is
little investigation about the ability of PRIMA-1MET to
induce apoptosis and inhibit tumor growth in different
CRC cell lines with different p53 status, thus, more
studies are necessary to intensively explore RRIMA-1MET
as a novel therapeutic strategy in CRC.

(NF-κB), which played an important role in regulating
RPS6KA4 gene expression[84].

FUTURE PERSPECTIVES
There is no doubt that reactivation and restoration of
p53 function have great potential as a novel therapeutic
strategy in CRC. However, the majority of molecules
that lead to cell cycle arrest and apoptosis in CRC cells,
has only been tested in cell lines and animal models,
and has yet to enter in clinical trials. In addition, it is
clear that mutant p53 promotes various oncogenic
events. Nevertheless, the critical mechanisms are still
not completely understood. The issue that different
mutations might affect p53 function differently makes
small molecule inhibitors targeting mutant p53 more
complicated to assess in a clinical trial. This theme
needs to be explored further. Importantly, resistance to
treatments and poor prognosis for CRC patients with new
p53 mutations will require the continuing development
of new agent targeting these novel mutations. Riding on
the last 30 years of intensive research in p53 area, this
is now the time to harvest the fruits from this body of
work and translate our knowledge of p53 into clinical
practice for CRC patients.

Natural agents extracted from plants
Recently, the anticancer function of agents extracted
from nature plants is attracting some attention. The
mechanisms implicated have been uncovered constantly.
Maslinic acid: Maslinic acid (MA) is a natural triterpene
from Olea europaea, and possesses potent anticancer
property aganist CRC cells. Exposure to MA induced
the expression of JNK (c-Jun NH2-terminal kinase),
p53, and increased the mitochondrial apoptotic signaling
molecules, resulting in cell cycle arrest and apoptosis[78,79].
In p53-deficient CRC cells, apoptosis could also be
induced by MA without requiring the mitochondrial
pathway[80].
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REVIEW

Radiation therapy has been shown to be adaptable for
various stages of hepatocellular carcinoma
Yasuteru Kondo, Osamu Kimura, Tooru Shimosegawa
for HCC has a potential role across all stages of HCC.
However, RT is generally not considered an option in HCC
consensus documents or national guidelines, primarily
because of insufficient supporting evidence. However, the
method of RT has much improved because of advances
in technology. Moreover, combined treatment of RT plus
other treatments (TACE, sorafenib and chemotherapy
etc. ) has become one of the alternative therapies for
HCC. Therefore, we should understand the various kinds
of RT available for HCC. In this review, we focus on
various kinds of external beam radiation therapy.
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Core tip: Radiation therapy (RT) for hepatocellular
carcinoma (HCC) has a potential role across all stages of
HCC. However, RT is generally not considered an option
in HCC consensus documents or national guidelines,
primarily because of insufficient supporting evidence.
However, the method of RT has much improved because
of advances in technology. Therefore, we should
understand the various kinds of RT available for HCC. In
this review, we focus on various kinds of external beam
radiation therapy.

Abstract
In addition to surgical procedures, radiofrequency ablation
is commonly used for the treatment of hepatocellular
carcinomas (HCCs) of limited size and number.
Transcatheter arterial chemoembolization (TACE), using
iodized poppy seed oil, Lipiodol and anticancer drugs, has
been actively performed for the treatment of unresectable
HCC, particularly in Asian countries. Recently, Sorafenib
become available for advanced HCCs when the liver is
still sufficiently functional. Sorafenib is an oral multikinase
inhibitor with antiproliferative and antiangiogenic effects.
However, the effect of sorafenib seems to be inadequate
to control the progression of HCC. Radiation therapy (RT)
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INTRODUCTION
Hepatocellular carcinoma (HCC) is the third highest
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Table 1 Transcatheter arterial chemoembolization and radiation therapy vs transcatheter arterial chemoembolization
Ref.

Year

Country

Patient number
TACE + RT vs TACE

Child-Pugh
(CP-A:CP-B)

Tumor thrombus
All patients had
inferior vena cava
tumor thrombus
Stenosis: occlusion

Koo et al[22]

2010

South Korea

42 vs 29

26:16 vs 17:12

Zhang et al[24]

2009

China

16 vs 29

13:3

Shim et al[25]

2005

South Korea

38 vs 35

33:5 vs 32:3

Zeng et al[20]

2004

China

54 vs 149

19:10

14:2 vs 21:9
yes: no
12:26 vs 10:25
Non

Tumor size

Response rate Over all survival

10 ± 4.0 vs 12 ± 42.9% vs 13.8% 1 yr OS 47.7% vs
3.8 cm
17.2%
< 10 cm : ≥ 10
N/A
1 yr OS 32.5% vs
cm
6.9%
13:3 vs 21:8
10.2 vs 9.5cm 65.8% vs N/A 2 yr OS 36.8% vs
14.3%
76% vs 31% 1 yr OS 71.5% vs
59.6%

TACE: Transcatheter arterial chemoembolization; RT: Radiation therapy; OS: Overall survival.

cause of cancer-related death worldwide[1]. Risk factors
for the incidence of HCC include hepatitis B, hepatitis
C, alcoholic hepatitis, non- alcoholic fatty liver disease
(NAFLD), and liver cirrhosis from any cause. Among
these causes, chronic infection of hepatitis B or hepatitis
C virus (hbv/hcv) can strongly affect the incidence
of HCC[2]. Therefore, the age of HCC patients might be
affected by the cause of HCC. The average age of HCC
patients in Japan is higher than that in other Asian-pacific
regions due to the incidence of HCV-related HCC[3]. In
Asia and Africa, approximately 80% of cases of HCC are
due to infection with HBV[4]. There are relatively many
HCV-related HCC patients in South America (particularly
Brazil)[5].
HCC tends to remain within the liver, although multifocality and vascular invasion are common[6]. A balance
between the remaining liver function and tumor factors
influences the selection of various kinds HCC treatment[7].
Surgical resection of HCC, an option for a limited number
of HCCs, results in 5-year survival rates of 60%-70%[8].
Liver transplantation (LT) can cure both the HCC and
underlying liver disease. A meta-analysis suggested that
LT provides increased survival and lower recurrence rates
than surgical resection for HCC patients[9]. In addition
to surgical procedures, radiofrequency ablation (RFA) is
commonly used for the treatment of HCCs of limited size
and number[8]. Transcatheter arterial chemoembolization
(TACE), using iodized poppy seed oil, Lipiodol and
anticancer drugs, has been actively performed for the
treatment of unresectable HCC, particularly in Asian
countries[10]. However, HCCs remain viable in and around
the tumor-capsule, which is supplied by both arterial and
portal blood, and these cells are often responsible for late
recurrence after TACE treatment[11]. Recently, Sorafenib
become available for advanced HCCs with sufficient
remaining liver function[12]. Sorafenib is an oral multikinase
inhibitor with antiproliferative and antiangiogenic effects.
It has been shown to inhibit the activity of serine/
threonine kinase c-Raf (Raf-1) and B-Raf; the mitogenactivated protein kinases MEK and ERK; vascular
endothelial growth factor receptors (VEGFR)-1, 2, and 3;
platelet-derived growth factor receptors (PDGFR)-α and
β; cytokine receptor c-KIT; the receptor tyrosine kinases
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Flt-3 and RET; and the Janus kinase/signal transducer
and activator of transcription pathway. The intracellular
signaling pathway Raf/MEK/ERK and the extracellular
receptors VEGFR and PDGFR should be inhibited by
sorafenib[13]. However, the effect of sorafenib seems to be
inadequate to control the progression of HCC. In addition
to sorafenib, hepatic arterial infusion chemotherapy
(HAIC) has been used for advanced HCC[14].
Radiation therapy (RT) for HCC has a potential role
across all stages of HCC. However, RT is generally not
considered an option in HCC consensus documents
or national guidelines, primarily because of insufficient
supporting evidence[15,16]. However, methods of RT have
greatly improved because of advances in technology.
Moreover, combined treatment of RT plus other treatments
(TACE, sorafenib and chemotherapy etc.) has become one
of the alternative therapies for HCC. Therefore, we should
understand the various kinds of RT available for treating
HCC. In this review, we focused on various kinds of
external beam radiation therapy.

Combined Treatment
Many groups reported that RT combined with locoregional
therapy such as TACE could be effective for the control
of HCC (Table 1). Several general approaches with such
combinations are used[17-21]. One of them, RT specifically
targeting the tumor thrombus, can be used before
TACE[17,22]. In 1989, Takagi et al[23] reported a 29% response
rate in 7 patients irradiated for HCC with portal venous
thrombosis. A group of 42 patients treated only for tumor
thrombosis were compared with control patients treated
with TACE without RT. RT combined with TACE had
higher response rates (43% vs 14%) and overall survival
(medial, 11.7 mo vs 4.7 mo)[22]. In another comparative study,
significantly improved survival was reported in 16 patients
treated with RT combined with TACE compared with
29 patients treated with TACE alone (33% vs 7% 1-year
survival)[24]. Since RT could be effective for the treatment of
tumor thrombus, RT combined with TACE should be used
for the treatment of HCC with tumor thrombus.
As another approach, RT could be used as a consolidative
treatment after TACE. A systematic review of 17 trials
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effective for HCC[34]. It provides a better curative effect by
irradiating the tumor more precisely and reducing damage
of the normal part of the liver. Therefore, recently,
stereotactic body radiotherapy (SBRT) has become widely
used because of its stronger curative effect. SBRT was
used to treat intracranial targets from the 1950s[35,36].
In recent years, progress in the fields of image-guided
radiotherapy and computer science has enabled its use for
extracranial targets[36]. SBRT for HCC was made possible
by establishing a method for tracing the regions of the
body that fluctuate with the respiratory movement[37].
SBRT is suitable for non-resectable small HCCs as a
noninvasive treatment. Although RFA treatment is very
effective, it can sometimes be problematic because the
puncture route taken could result in damage to nearby
organs. In addition, if blood vessels exist near the HCC,
the blood flow can reduce the thermal effects of RFA[38].
Therefore, medical devices used for laparoscopy or
artificial hydrothorax can be used to perform RFA.
However, technical skill is required to treat HCC properly.
SBRT is now considered as alternative to RFA. Recent
studies indicate that the results of RFA are equal to those
of surgery[39,40]. There are few articles that compared the
surgery with SBRT directly. On the other hand, SBRT
is not described in the Barcelona Clinic Liver Cancer
system [41] nor in the algorithm created by the Japan
Society of Hepatology[15]. However, in recent years many
good results have been reported for SBRT. The curative
effects and side effects of SBRT should be the focus of
discussions about its suitability as an alternative to RFA.
The articles concerning SBRT reviewed here had different
protocols. There are many reports about the effectiveness
and safety of SBRT (Table 2). Generally, SBRT is
considered for lesions smaller than 5 cm in diameter. The
treatment dose range was 6-15 Gy per day and the total
dose was 18-50 Gy in 1 to 10 fractions[36,42-51]. The daily
irradiation dose is very high, so appropriate planning at
the irradiation center is required.
SBRT is effective for HCC, with especially a 1 year
local control rate of more than 90%[36,43,48,50]. However,
the complete response rate was 20%-60%[43,44,47], lower
than that of RFA. SBRT cannot completely replace
RFA. However, it is reported that the complete response
rate is higher for smaller HCCs. Kwon et al[47] described
that the progression-free survival rate changes at 32 cc
of tumor volume.
Although it has been described that SBRT did not
produce major side effects. The side effects of SBRT
include acute toxicities and late toxicities. Acute toxicities
are elevations in liver enzymes, thrombocytopenia,
leukopenia and nausea. Many of these are grade 1 to
grade 3[43,44,52]. Late toxicities occur in the first six months
and are rare. Late toxicities include decompensation and
duodenal ulcer. A few patients have died of liver failure
by SBRT[47,48]. If the patient’s original liver function can
be classified as Child-PugB, caution is required. SBRT
is a concentrated irradiation treatment, but it may be
lethal when employed at unsuitable hepatic lesions in
patients with poor liver function. Concerning the liver

found that patients treated with RT combined with TACE
had improved survival compared to patients treated with
TACE alone. Moreover, serious adverse events were not
increased, with the exception of an elevation of the total
bilirubin level. Another group reported the use of local
radiotherapy as a complement to incomplete transcatheter
arterial chemoembolization in locally advanced hepatocellular
carcinoma[25]. In 73 patients treated with incomplete TACE,
TACE was repeatedly performed in 35 patients, and the
remaining 38 patients were also treated with local RT.
The 2-year survival rate was significantly higher in the
RT combined with TACE group than in the TACE
alone group (36.8% vs 14.3%, P = 0.001)[25]. Another
group reported the efficacy of 3-dimensinal conformal
RT for patients with unresectable HCC after incomplete
TACE. The overall survival rate was 72.0% at 1 year and
45.6% at 2 years[26]. In addition to a comparison between
RT combined with TACE and TACE only alone, the
feasibility of RT combined with TACE in comparison
with sorafenib for advanced HCC has been investigated.
The overall survival of the RT combined with TACE
group was longer compared to the sorafenib treatment in
locally advanced HCC patients without distant metastasis[27].
Moreover, another group reported a comparison between
surgical resection and conformal RT combined with TACE
for resectable HCC with portal vein tumor thrombus. In
this report, conformal RT combined with TACE yielded
better survival than surgical resection for HCC with portal
vein thrombosis[28].
In addition to RT combined with TACE, a combination
therapy of RT and sorafenib has been considered,
recently[29-31]. Yu et al[31] reported that sorafenib enhanced
the radiosensitivity of human HCC cell lines in a scheduledependent manner. Sorafenib induced DNA damage and
suppressed the DNA repair capacity, decreased radiationactivated NF-kappaB and increased the radiation-induced
apoptosis. Moreover, RT combined with sorafenib was
carried out in 31 patients[29]. The median overall survival
was 7.8 mo (95%ci: 3.0-12.6)[29]. The combined treatment
of sorafenib and RT was feasible and induced substantial
tumor responses in the target lesions.
The efficacy of RT combined with HAIC was reported
by several groups[32,33]. A group investigated the efficacy
of HAIC using 5-FU and systemic interferon (IFN)alpha for advanced HCC with venous tumor thrombosis
(VTT) in the hepatic vein trunk (Vv2) or inferior vena
cava (Vv3)[32]. HAIC-5-FU/IFN, despite being ineffective,
could be useful in combination with radiotherapy for
VTT to improve the prognosis. Another group evaluated
the efficacy of intra-arterial 5-FU and subcutaneous
interferon combined with image-guided RT in advanced
HCC with PVTT. The overall median survival was
significantly longer in the combination group (12.0 mo,
95%CI: 9.3-17.6 mo) than in the non-combination group
(9.1 mo, 95%CI: 5.5-11.1 mo) (P = 0.041)[33].

STEREOTACTIC BODY RADIOTHERAPY
With the progress of radiation therapy, it was found to be
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Table 2 Stereotactic body radiation therapy in hepatocellular carcionoma
Ref.

Patient
number

Tumor

Back ground

Median tumor Median Fraction Follow up Local control
volume
dose (Gy)
(mo)

Overall
survival

Adverse effect
Acute toxicity
grade ≥ 3
Late toxicity
grade ≥ 3

Andolino et al[42]

60

HCC

Choi et al[44]

20

HCC

Goodman et al[45]

26

Huang et al[46]

36

meta
CCC
HCC
HCC

LC (CP-A: 36,
3.2 cm
CP-B: 24)
LC (CP-A:
2-6.5 (3.8 cm)
15, CP-B: 5),
PVTT: 4
meta: 19, CCC:
0.8-146.6
5, HCC: 4
(32.6 cc)
LC (CP-A: 28,
CP-B: 7, CP-C:
1)

44

3

27

50

5-10

3-55
-23

22.5-46.6
-34.8

1

2-55
-17

25-48

4-5

14

3

8.4-49.1

1.1-12.3
(4.4 cm)

-37

Kwon et al[47]

42

HCC

LC (CP-A: 38,
CP-B: 4, CP-C:
0)

15.4-81.8
(15.4 cc)

30-39

-28.7

Louis et al[36]

25

HCC

LC (CP-A: 22,
CP-B: 3)

1.8-10.0
(4.5 cm)

45

3

1-24

2 yr local
control 90%

1 yr OS 70%
2 yr sOS
43.1%
1 yr OS 64.3%
2 yr OS 50.4%
1 yr in-field 2 yr OS 72.6%
failure free
rate 87.6%
2 yr in-field
failure free
rate 75.1%
1 yr in-field 1 yr OS 72%
progressionfree survival
rate 72.0%
3 yr in-field 3 yr OS 67.5%
progressionfree survival
rate 68.0%
1 yr local
1 yr OS 79%
control rate
95%

-12.7

Méndez Romero et al[48]

25

meta

meta: 17,
HCC: 8

HCC

0.5-7.2

25-37.5

3-5

(3.2 cm)

0.5-31

1 yr local
control rate
94%

-12.9

2 yr local
control rate
82%
1 yr local
control rate
90% <
1 yr in-field
local control
rate 65%

Takeda et al[50]

16

HCC

LC (CP-A: 14,
CP-B: 2)

3.4-72
(13.6 cm3)

35-50

5-7 (6)

8.1-33.1
-20.4

Tse et al[51]

41

HCC

HCC (CP-A:
31), CCC (10)

9-1913

24-54

6

10.8-39.2
(17.6)

(173 mL)

-36

CCC

2 yr OS 67%

0%
N/A
0%
N/A
0%
N/A
2.8%
(1: gastric
ulcer)
N/A

0%

1%
(1:liver
failure)

4%
(1: hepatic/
epgastric
pain)
2 yr OS 52% 10% (1: gastro
duodenal
ulcer,
1: hepatic
toxicity)
1 yr OS 82%
16%
(1: pateient
died in a
hepatic tixicity
and bleeding
from varices.
2 yr OS 54%
3: hepatic
toxicity.)

All patients
were alive
1 yr OS 51%

0%
0%
0%
43%
(13: hepatic
toxicity,
1: hemato
toxicity, 1:
lethargy, 3 :
nausea)
6% (1: GI
bleeding,
1: bowel
obstruction)

HCC: Hepatocellular carcinoma; LC: Local control; CP: Child-Pugh.
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radiation therapy but it can expect to have a strong effect
for deep lesions. Heavy ion beam therapy was effective
for HCC in the porta hepatis[59]. This report showed
that the 5-year overall survival, local control rate, and
toxicities were not significantly different between the
porta hepatis and control groups.
Carbon ion beams have the advantage of a higher
cytotoxic effect than proton beams. Proton beams can
be irradiated from any direction, and they can also be
applied for cases in which other treatments are not
suitable. Proton beam therapy yielded good results when
the dose of radioactivity and the cautery range for the
lesion in contact with the gastrointestinal tract and a
porta hepatis region were properly regulated[60-62].
Particle beam therapy is an effective treatment that
can overcome some of the normal radiation therapy.
It is a major disadvantage that treatment facilities are
limited. Further clinical applications are expected in the
future since such facilities have been increasing.

Bragg peak
Carbon ions
Relative dose

Photon beam

Proton beam

0

20 40

60 80 100 120 140 160

Depth in water (mm)

Figure 1 particle beam therapy.

function, it is reported that the CP value generally rises
after the treatment. Takeda et al[50] reported that patients
with sufficient liver function don’t experience any major
problems and show improved liver function at one year
after SBRT.
SBRT has few side effects and good disease control
potency. In order to enhance the therapeutic effect,
SBRT after TACE has been performed[35,36,44,46,48,50]. The
combination of RT and TACE has been shown to be
more effective only when compared to RT alone [38].
SBRT is a very effective therapy and has the possibility of
expanded use with further technological improvements.

EXTRAHEPATIC METASTASES
Intrahepatic lesions of HCC are controlled by treatment
surgery, RFA, TACE and RT. Sometimes, lesions in the
liver can be controlled, but extrahepatic lesions develop.
In HCCs, intrahepatic lesions more strongly affect the
prognosis compared with extrahepatic lesions. In a
report by Uchino et al[63], extrahepatic metastases were
related directly to death in 23 patients (7.6%) of 342
patients. Seventeen patients died from respiratory failure
due to pulmonic metastasis, five patients from brain
hemorrhages due to cerebral metastasis, and one patient
from hemorrhages due to fractures from bone metastasis.
Bone metastasis has little influence as a direct cause of
death. However, bone fractures due to bone metastasis
reduce the performance status, and treatment is important
to prevent a decrease in quality of life. Habermehl et al[64]
reported that the response rate to palliative radiotherapy
for bone metastasis from CCC (11 patients, 19 lesions)
and HCC (30 patients, 48 lesions) was 77%. It did not
contribute to the overall survival for advanced cancer,
but such radiation therapy contributed to the amelioration
of pain (63 lesion, 94%), neurologic complications
(9 lesions, 13%) and unstable lesions with a risk of
pathologic fracture (6 lesions, 9%).In addition, Jiang et
al[65] carried out palliative irradiation for lung metastases
with symptoms (stuffy chest,hematosputum and cough).
In 92.3% of the patients, significant symptoms were
completely or partially relieved. Other groups reported
the effect of RT on lymph node metastasis[66] and adrenal
gland metastasis[67]. The curative effect of RT for distant
metastasis of HCC is sufficiently meaningful. In the
future, the primary tumor will be controlled, and RT
should provide useful treatment oligometastases[68] and
local recurrences.

PARTICLE BEAM THERAPY
Clinically, proton beam and heavy iron therapies are
described as particle beam therapies[53]. Heavy ion therapy
uses a carbon ion beam. The particle beam therapy is
produced by irradiating carbon nuclei or high energy
protons using a cyclotron accelerator or synchrotron
accelerator[54]. It requires a relatively large facility because
the accelerator itself is quite huge. Therefore, facilities
for particle beam therapy are limited in number and its
use is limited clinical trials. In general, X-rays are reduced
gradually in the human body. On the other hand, an
accelerated particle beam emits maximum energy just
before it is stopped. It makes a peak of steep energy
called the Bragg-Peak[55] (Figure 1). Therefore, particle
beam therapy creates maximum energy at the depth of a
lesion.
Using particle beams for clinical applications was first
proposed by Wilson in 1946[56]. In the early 1950, proton
and helium ion beams were studied at Lawrence Berkeley
National Laboratory (LBNL) in the United State[57]. LBNL
paved the way for heavy ion therapy in the 1970’s. In
1994, the first Phase Ⅰ and Ⅱ heavy ion treatment took
place at Heavy Ion Medical Accelerator in Chiba, Japan.
Twenty-four HCC patients in Phase Ⅰ and Ⅱ were
treated with total doses ranging from 49.5 GyE to 79.5
GyE given in 15 fixed fractions and 5 wk[58]. No sever
side effects appeared and the overall tumor response rate
was 71%. The local control and overall survival rate was
92% and 92%, 81% and 50%, and 81% and 25% at 1,
3, and 5 years. The heavy ion beam is similar to normal
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Intestinal dysbiosis is now known to be a complication
in a myriad of diseases. Fecal microbiota transplantation
(FMT), as a microbiota-target therapy, is arguably
very effective for curing Clostridium difficile infection
and has good outcomes in other intestinal diseases.
New insights have raised an interest in FMT for the
management of extra-intestinal disorders associated
with gut microbiota. This review shows that it is
an exciting time in the burgeoning science of FMT
application in previously unexpected areas, including
metabolic diseases, neuropsychiatric disorders,
autoimmune diseases, allergic disorders, and tumors.
A randomized controlled trial was conducted on
FMT in metabolic syndrome by infusing microbiota
from lean donors or from self-collected feces, with
the resultant findings showing that the lean donor
feces group displayed increased insulin sensitivity,
along with increased levels of butyrate-producing
intestinal microbiota. Case reports of FMT have also
shown favorable outcomes in Parkinson’s disease,
multiple sclerosis, myoclonus dystonia, chronic fatigue
syndrome, and idiopathic thrombocytopenic purpura.
FMT is a promising approach in the manipulation of the
intestinal microbiota and has potential applications in
a variety of extra-intestinal conditions associated with
intestinal dysbiosis.
Key words: Fecal microbiota transplantation; Intestinal
microbiota; Dysbiosis; Extra-intestinal disorders; Therapy
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Fecal microbiota transplantation (FMT)
achieved a successful cure rate in recurrent Clostridium
difficile infection. Although there is a deficiency of
randomized controlled trials, the present review reveals
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an effective therapeutic strategy for CDI[20-23]. In 2012,
Borody et al[24] reported that more than 1200 cases have
been treated in several centers. A total of 583 CDI
patients treated with FMT produced a cumulative cure
rate of more than 90% in 36 publications[25]. In addition,
standardized frozen donor fecal bacterial preparations
used in the treatment of recurrent CDI showed equal
cure rates to fresh fecal samples[26]. 2013 guidelines for
CDI have recommended that FMT should be considered
if there is a third recurrence after a pulsed vancomycin
regimen[27].
Although there are still many areas of uncertainty
concerning this emerging technology, including trans
mission of infectious organisms, long-term sequelae, and
even cost-effective evaluation, the United States Food
and Drugs Administration have recently paid critical
attention to FMT protocol in clinical applications. Borody
et al[24] regarded the flora in feces as a special organ, and
therefore considered the technique of FMT as a particular
type of organ transplantation, regardless of the issue of
immunological rejection. FMT has hence emerged as
an important therapeutic modality in the manipulation
of altered intestinal microbiota, with the indications of
FMT possibly being expanded to even extra-intestinal
conditions.

that FMT could be a promising rescue therapy in extraintestinal disorders associated with gut microbiota,
including metabolic diseases, neuropsychiatric disorders,
autoimmune diseases, allergic disorders, and tumors.
Xu MQ, Cao HL, Wang WQ, Wang S, Cao XC, Yan F, Wang
BM. Fecal microbiota transplantation broadening its application
beyond intestinal disorders. World J Gastroenterol 2015;
21(1): 102-111 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i1/102.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i1.102

INTRODUCTION
The human intestinal tract is home to up to 1014 microbes,
outnumbering human cells within our bodies by
tenfold[1,2]. The number and diversity of bacteria differ
according to the different anatomical areas, ranging from
the proximal to the distal gastrointestinal tract, with the
colon harboring most of the intestinal microbiota[3]. Such
an environment developed by host-bacteria associations is
termed as being mutualistic. Four predominant bacterial
phyla are identified in the human intestine: Bacteroidetes,
Firmicutes, Actinobacteria, and Proteobacteria[4].
Rather than simply occupying space in our bodies,
the intestinal microbiota is essential to nutrient me
tabolism, opportunistic pathogens defense[5], immune
system development, and intestinal-barrier function
regulation[3,6,7]. The specific balance of intestinal microbial
diversity differs by individual according to variations
(such as sanitation, social behaviors, and genetics)[8,9]. The
beneficial balance of the intestinal microbial ecosystem
can be disrupted by a series of factors, which includes
antimicrobial drugs, vaccination, and dietary shifts[3].
Previous studies have suggested that intestinal microbiota
alterations have been implicated in many gastrointestinal
diseases and even systemic illnesses, such as metabolic
diseases[10,11], neuropsychiatric conditions[12], autoimmune
diseases[13], allergic disorders[14], and tumors[15].
Fecal microbiota transplantation (FMT) is a technique
in which intestinal microbiota are transferred from a
healthy donor to the patient, with the goal being to
introduce or restore a stable microbial community in
the gut. The first use of feces in such a manner was
described, according to the Handbook of Emergency
Medicine, approximately 1700 years ago by a Chinese
medical scientist named Ge Hong [16] . It was first
published in the English language by Eiseman et al[17]
in 1958, when he reported a prompt response in
patients with antibiotic-associated diarrhea treated with
fecal enemas. Nevertheless, this practice was not well
recognized until 1978, when investigators recognized
Clostridium difficile infection (CDI) was the etiology of
antibiotic-associated pseudomembranous colitis[18,19]. In
the past few decades, the use of FMT for managing the
increasing burdens of CDI has demonstrated it to be

WJG|www.wjgnet.com

RATIONALE FOR FMT
The exact mechanisms by which intestinal dysbiosis
becomes involved in disease development are not
completely elucidated. Alteration of metabolic activities
induced by perturbed intestinal bacterial species leads to
weakened defense of the gastrointestinal mucosa, which
in turn leads to increasing intestinal permeability and toxic
substances being absorbed into the systemic circulation.
Prior work has observed disruption of the intestinal
microbiota being evident at the phylum level, with marked
depletion in levels of probiotics and a relative increase
in the numbers of pathogens leading to complications
in intestinal conditions[27]. The alteration of microbial
communities in both inflammatory bowel disease (IBD)
and CDI patients was characterized by a reduction in
two phyla of bacteria, Firmicutes and Bacteroidetes, which
are prominent in healthy controls [28,29]. Moreover, an
increase in Proteobacteria such as Enterobacteriaceae is also
found in individuals with IBD[30]. Bacteroides fragilis, the
prominent human gut commensal, can prevent and
cure inflammatory disease via the effect of its symbiosis
factor (polysaccharide A, an immunomodulatory bacterial
molecule) on the activation of the Toll-like receptor 2
pathway, inducing regulatory T cells and interleukin-10
production[31]. Dextran sodium sulfate-induced colitis in a
mouse model demonstrated that spore-forming Firmicutes
in clostridial clusters IV and XIVa reduced intestinal
inflammation through regulatory T cells induction[32].
These studies highlight the role of microbiota-target
therapy for reinstalling the depleted bacterial species
associated with the disease. Probiotics somehow alter
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the metabolism of the indigenous gut flora, although
the effect is largely restricted to limited bacterial species,
and have a transient inhabitation effect on the intestine.
Nevertheless, the satisfactory outcome of treatment with
FMT suggests that feces contain a superior combination
of intestinal bacterial strains and is more favorable for
repairing disrupted native microbiota by introducing
a complete, stable community of intestinal microorganisms. Feces also harbors additional substances
(proteins, bile acids, and vitamins) which might contribute
to the recovery of gut function[20].
This scenario has in fact been documented in a recent
study of FMT in recurrent CDI trying to elucidate the
mechanism of action of fecal infusion[33]. The authors
assessed the characteristics of fecal microbiota before,
after, and during follow-up of FMT and found the
intestinal microbiota changed persistently over time,
from a less-diverse disease state (pre-FMT) to a more
diverse ecosystem virtually resembling that of fecal
donors (post-FMT). Such dynamic monitoring of
the intestinal microbiota helps us to identify the key
groups representing the ecosystem, as well as further
illustrating that normalization of the bowel function
was accompanied by the engraftment of intestinal
micro-organisms from a healthy donor. Currently, there
is significant interest in the area of FMT in IBD[34],
especially with the evidence of an impressive curable
effect in some ulcerative colitis (UC) patients[35,36]. A study
was conducted to determine microbiota composition
after FMT in 5 patients with UC by monitoring their
fecal bacterial communities at multiple time points[37]. The
results showed that one patient had a positive response
to FMT, which was characterized by the augmentation
of donor-derived microbiota, including Faecalibacterium
prausnitzii, Rosebura faecis, and Bacteroides ovatus. According
to Borody et al[38] Crohn’s disease (CD) is less responsive
to FMT when compared with UC. Nonetheless, recent
case reports have shown the promising future of FMT
as a rescue therapy for CD[39-41]. Data on the application
of FMT in irritable bowel syndrome (IBS) is limited
to a case series of 55 patients which showed that 36%
of patients were regarded as curable while 16% had
symptoms reduced[42,43]. To better understand the role
of the intestinal microbiota in the etiology and effective
treatment of IBD and IBS, future controlled trials are
necessary.
For this reason, the core mechanism for the efficacy
of FMT is likely to be the establishment of intestinal
bacterial strains and antimicrobial components (adhesin,
immunomodulatory molecules, bacteriocin, etc.) produced
by these associated strains. Adhesin molecules can
compete for sites with pathogens, leading to them
being prevented from colonizing in the intestine and
rehabilitating the intestinal microbiota[5].

a relatively hot therapeutic strategy, bringing with it
both promise and controversy. According to published
articles, transient adverse responses after FMT have been
reported, including mild fever, abdominal pain, diarrhea,
exhaust, flatulence, and fatigue[36]. However, these adverse
effects are self-limiting. De Leon et al[22] reported a UC
patient quiescent for more than 20 years who developed
a flare of UC after FMT. This case gives us cautionary
information concerning FMT being used to treat CDI
with UC. Moreover, a recent paper reported a UC patient
who had a cytomegalovirus infection after performing
home FMT without donor screening[44]. As extracts of
feces are mediators between the donor and recipient,
FMT has the potential for transmitting occult infections
even when strict donor screening is performed.

FMT FOR EXTRA-INTESTINAL
DISORDERS
It seems to be serendipitous that the CDI epidemic
facilitated the application of FMT to many other diseases
(Table 1). The pathogenesis of gut microbiota in extraintestinal diseases was inspired by massive studies in
germ-free (GF) animals. Complete construction of
the hypothalamic-pituitary-adrenal axis requires the
participation of gut microbiota[45]. GF mice exhibit a
dysregulation of the axis, thereby resulting in altered
brain-derived hormones (e.g., norepinephrine and
tryptophan) and increased caloric intake[45]. Aside from
the crucial role of intestinal microbiota in central nervous
system activity, another concept is emerging which was
termed as “bidirectional brain-gut-microbiota axis”[46-48].
The destruction of the axis leads to altered behaviors
and various neurologic conditions[49,50]. Identically, ample
human studies have provided evidence for the critical
role of the gut microbiota in extra-intestinal disorders.
Metabolic diseases
There is compelling evidence that the intestinal
microbiota is closely linked to a series of metabolic
conditions. Obesity, diabetes mellitus, and metabolic
syndrome are epidemic in modern society. There have
been extensive investigations concerning microbiota
reaction acting as a pivotal role in the pathogenesis of
these endocrine diseases in animal models[51,52]. Changes
in gut microbiota composition have also been reported in
obese humans[53-55], with a shift in the ratio of Firmicutes
and Bacteroidetes[56]. Meanwhile, increased levels of bacteria
and their metabolic products were found in the plasma
of obese individuals, with one likely mechanism thought
to be increased intestinal permeability [57,58]. Recent
studies have shown that short chain fatty acid (including
butyrate) producing Clostridiales strains (Roseburia and
Faecalibacterium prausnitzii) were found to be decreased in
patients with type 2 diabetes mellitus, but non-butyrate
producing Clostridiales and pathogens such as Clostridium
clostridioforme were increased[59,60]. Vrieze et al[61] conducted

SAFETY OF FMT
When FMT entered the medical community, it became
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Table 1 Summary of extra-intestinal disorders associated with gut microbiota
Extra-intestinal disorders
Metabolic diseases
Metabolic syndrome
Obesity

Type 2 diabetes mellitus
Cardiovascular diseases

Non-alcoholic fatty liver
Neuropsychiatric disorders
Parkinson’s disease
Multiple sclerosis
Myoclonus dystonia
Autism
Chronic fatigue syndrome
Autoimmune disorders
ITP
Arthritis
SS and SLE
Hashimoto’s thyroiditis

Allergic disorders
Atopy

Asthma
Extra-intestinal tumors
Mammary tumors
Hepatocellular carcinoma
Lymphoma

Ref.

Publication year

Study type

Vrieze et al[61]
Turnbaugh et al[54]
Armougom et al[56]
Schwiertz et al[55]
Greenblum et al[53]
Parks et al[52]
Qin et al[59]
Wang et al[62]
Tang et al[65]
Koeth et al[66]
Rabot et al[73]
Le Roy et al[68]

2012
2009
2009
2010
2012
2013
2012
2011
2013
2013
2010
2013

RCT1
Observational study
Observational study
Observational study
Observational study
Experimental study
Observational study
Experimental study
Experimental study
Experimental study
Experimental study
Experimental study1

Ananthaswamy[74]
Borody et al[76]
Borody et al[78]
Finegold et al[79]
Song et al[82]
Borody et al[84]
Frémont et al[83]

2011
2011
2011
2002
2004
2012
2013

Case report1
Case report1
Case report1
Observational study
Observational study
Cohort study1
Observational study

Borody et al[85]
Scher et al[88]
Abdollahi-Roodsaz et al[86]
Szymula et al[91]
Corapçioğlu et al[93]
Strieder et al[92]
Sasso et al[96]
Effraimidis et al[95]

2011
2013
2014
2014
2002
2003
2004
2011

Case report1
Observational study
Experimental study
Experimental study
Observational study
Observational study
Observational study
Observational study

Dotterud et al[107]
Herbst et al[101]
Schabussova et al[105]
Jang et al[104]
Stensballe et al[102]
Gold et al[15]
Rao et al[111]
Rao et al[112]
Fox et al[114]
Yamamoto et al[115]

2010
2011
2012
2012
2013
2004
2006
2006
2010
2013

RCT
Experimental study
Experimental study
Experimental study
Observational study
Observational study
Experimental study
Experimental study
Experimental study
Experimental study

1

Fecal microbiota transplantation used in these studies. RCT: Randomized controlled trial; ITP: Idiopathic thrombocytopenic purpura; SS: Sjögren's
syndrome; SLE: Systemic lupus erythematosus.

a double blind, randomized controlled trial of FMT in
18 male patients with metabolic syndrome. Half of them
received fecal microbiota infusion from lean male donors
(allogenic group), while the other half received autofecal transplants (control group). The results showed that
both insulin sensitivity and levels of butyrate-producing
intestinal microbiota (Roseburia intestinalis and Eubacterium
hallii) were markedly increased after a six-week infusion
of microbiota from lean donors, while no significant
changes were found in the control group[61]. In the group
following allogenic gut microbiota transfer, the median
rate of glucose disappearance increased from 26.2 to
45.3 μmol/kg per minute, while the median endogenous
glucose production increased from 51.5% to 61.6%.
Hence, it can be speculated that FMT could be developed
as a potential therapeutic strategy for increasing insulin
sensitivity in humans.
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Leaky gut or loss of intestinal integrity may facilitate
the development of cardiometabolic disorders due to
alterations in composition and diversity of gut microbiota.
A close association of microbial translocation with
the risk of cardiovascular disease (CVD) have recently
been established [62,63], with probiotic bacteria having
raised plasma unconjugated bile acid concentrations
through modulation of the enterohepatic circulation[64].
It also concomitantly reduced the lipid uptake from the
intestine and the plasma cholesterol level, an indirect risk
marker of CVD, by means of regulation of a series of
signaling molecules, such as Farnesoid X receptor-α and
G-protein-coupled receptors[64]. One study illustrated
the negative impact of trimethylamine-N-oxide, an
atherogenic compound produced by intestinal flora from
choline and betaine[65,66], on the morbidity and mortality
of cardiovascular events[67]. A variety of data have clearly
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as a consequence of restoring her fine motor function,
improving her ability to perform tasks that require
dexterity, such as holding cups and fastening buttons[78].
Autism is another condition in which intestinal
microbiota is implicated. The onset of autism is often
accompanied by intestinal dysfunction[79-81]. The first
description of an association between autism and
gastrointestinal syndrome began in 1971, with a report
that 6 out of 15 autism patients had changed fecal
character and defecation frequency[81]. Finegold et al[79]
performed an intestinal flora study in regressive autism.
It is compelling to observe that there were higher counts
of Clostridium and Ruminococcus spp. in the stools of
autistic children when compared to those in the control
group. Nine clostridial species were found in autistic
children, while only three were found in healthy children.
The authors further observed histologic changes in the
gastric and duodenal specimens. Moreover, significant
higher numbers of non-spore- forming anaerobes and
microaerophilic bacteria were found in autistic children.
Based on the hypothesis that autism involves intestinal
microbiota, Song et al[82] characterized Clostridia from the
feces of autistic and control children. The data indicate
that counts of Clostridium bolteae and clusters Ⅰ and XI
in autistic group are largely greater than those in control
children. There was evidence of autistic symptom
remission in two children after FMT[49]. Parallel results
were also presented in five children who received daily
cultured Bacteroidetes and Clostridia for several weeks.
Alterations in the intestinal flora have also been
observed in patients with chronic fatigue syndrome
(CFS)[83]. The proportion of gram-negative Escherichia
coli was reduced in CFS patients versus that in healthy
controls (49% vs 92.3%). More recent research examined
a larger cohort of 60 CFS patients with gastrointestinal
symptoms who had underwent FMT [84]. The results
showed that 42/60 (70%) patients responded to
treatment and 7/12 (58%) retained complete resolution
of symptoms during a 15-20 year follow-up period.
These results, suggest that FMT may play a role in the
treatment of CFS.

demonstrated that the intestinal microbiota act as an
independent risk factor for CVD, as well as representing
a promising therapeutic target for this disease.
An increasing body of published evidence has recently
been generated that demonstrates that demonstrates
the gut microbiota act as an epigenetic factor driving
the progression of non-alcoholic fatty liver disease
(NAFLD)[68-70], a metabolic syndrome that manifests in
the liver[71]. Intestinal dysbiosis promotes hepatic injury
and inflammation through either a breakdown of the
intestinal barrier or translocation of microbial products[72].
Abundant studies using GF mice models have illustrated
that these special organisms are resistant to steatosis
and diet-induced obesity[73]. Le Roy et al[68] performed an
animal study to clarify the role of gut microbiota in the
development of NAFLD. They divided the conventional
mice into two groups (responder and non-responder)
according to their response to a high-fat diet (HFD), and
found that GF mice receiving FMT from different donors
(responder and non-responder) developed comparable
results on the HFD. The GF group that received
microbiota from the responder group developed steatosis
and harbored a larger number of Barnesiella and Roseburia,
whereas Allobaculum was higher in the other group[68].
Further evidence has proved that intestinal permeability
increased and endotoxemia developed in NAFLD
patients. This indicates that microbiota-targeting therapy
might be useful in treating NAFLD and obesity.
Neuropsychiatric disorders
A high incidence rate of constipation is found in
Parkinson’s disease (PD) patients. Constipation can
precede the onset of motor symptoms by more than
10 years [50], indicating the disease may start in the
intestine. A man suffered from PD and characterized
with the motor symptoms of marked pill-rolling
hand tremors, micrographia, cogwheel rigidity, and
chronic constipation[74]. He received antibiotic therapy
(vancomycin, colchicine, and metronidazole) for his
constipation and reported an improvement in gastro
intestinal symptoms. After consistent therapy for 10 mo,
his neurologic symptoms disappeared. This case cured by
antibiotics suggests that the gut microbiota are involved
in the pathogenesis of PD[74]. The results of symptomatic
improvement in PD patients by FMT indicate a new way
of thinking for clinicians[75].
Both animal and clinical studies have shown that the
pathogenesis of multiple sclerosis (MS) is associated with
the intestinal microbiota[76,77]. Three patients with MS
who underwent FMT for constipation achieved normal
defecation and virtually complete normalization of
neurological symptoms, thereby improving their quality
of life[76]. Borody et al[78] reported a case of a young female
patient with myoclonic dystonia and chronic diarrhea.
The symptoms had co-developed since she was 6 years
old and progressed in severity to a plateau. FMT resulted
in a rapid improvement in diarrhea symptoms, a 90%
improvement in her myoclonus dystonia symptoms, and,
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Autoimmune diseases
The incidence of autoimmune diseases has dramatically
increased, but the causes of these conditions remain
poorly understood. Idiopathic thrombocytopenic purpura
(ITP) is caused by the production of autoantibodies
against platelet surface antigens. In a patient with ITP
who was treated with FMT for UC, prolonged reversal of
ITP was reported and the normalization of platelet levels
was achieved[85].
The onset of rheumatoid arthritis (RA) is multifactorial
and requires both genetic and environmental influential
factors, with the commensal intestinal microbiota playing
a major role[13,86,87]. Alterations in the intestinal microbiome
can have an extended effect on RA through mucosal
immune activation. Previous reports have implicated
Prevotella copri in the pathogenesis of RA[88]. A recent study
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models in preventing asthma development[104,105], it has
had little success in humans [106,107]. The use of FMT
seems promising in restoring immune homeostasis by
transferring a complex community of bacteria which is
more stable and harbors a greater ability to colonize[97].

used the interleukin-1 receptor antagonist deficient (IL1Ra-/-) mouse model, which can spontaneously develop
T cell-driven IL-17-dependent autoimmune arthritis[86]. It
was shown that IL-1Ra-/- mice had increased Th17 and
a reduced proportion of Th1 in small intestinal lamina
propria compared with wild-type mice. GF IL-1Ra-/- mice
had lower levels of both Th1 and Th17. Interestingly,
IL-1Ra -/- mice previously treated by antibiotics was
recolonized by segmented filamentous bacteria, a
prominent Th17 inducer, leading to full-fledged arthritis.
Moreover, elimination of intestinal Gram-negative
commensals suppressed the progression of arthritis[86].
Understanding the role of the intestinal microbiota in the
onset of RA may provide significant attention to FMT
with regards to management of the disease; the potential
is therefore worthy of consideration.
In both Sjögren’s syndrome (SS) and systemic lupus
erythematosus (SLE), Sjögren’s syndrome antigen A/
Ro60 is one of the main autoantigens. Ro60 reactive
autoantibodies are associated with manifestation severity
in SS[89] and with photosensitivity in SLE[90]. Escherichia coli
expresses von Willebrand factor type A domain protein,
which can activate Ro60-reactive T cells[91]. Therefore,
immune responses to the gut microbiota may play a
pivotal role in the initiation of autoimmunity in SLE and
SS. This sheds a light on a novel therapeutic strategy for
the diseases.
Hashimoto’s thyroiditis (HT) is a thyroid autoimmune
disorder, and a series of studies have been implemented
to explore the link between gut micro-organisms and
HT[92-95]. Although no data on gut microbiota composition
are available in HT, increased intestinal permeability
was detected in patients with HT[96]. The onset of HT is
associated with Yersinia enterocolitica, though conflicting data
has also been presented[92,95]. Further work is required to
test the hypothesis that the gut microbiota is an epigenetic
factor for triggering HT, and thereby determine whether
FMT is favorable for managing the illness.

POTENTIAL THERAPEUTIC ROLE IN
EXTRA-INTESTINAL TUMORS
A strong association has now been illustrated between
the intestinal microbiota (e.g., Streptococcus bovis, Enterococcus
spp, enterotoxigenic Bacteroides fragilis, pathogenic
Escherichia coli, and Fusobacterium nucleatum) and colorectal
cancer[108-110]. Recently, incremental data has suggested
that the gut flora (namely Streptococcus bovis and Helicobacter
hepaticus) might be involved in extra-intestinal tumors.
Gold et al[15] reviewed 8 extraintestinal malignancies [3
pancreatic adenocarcinomas, 1 lung cancer, 1 ovarian
cancer, 1 endometrial cancer, 2 non-solid-organ ma
lignancies (1 chronic myelogenous leukemia with blast
crisis and 1 chronic lymphocytic leukemia with endstage liver disease)] in 45 cases with Streptococcus bovis
bacteremia in a retrospective study, which suggested
that extraintestinal malignancy might be warranted in
patients with Streptococcus bovis. In addition, prior work has
shown the gut microbiota is also involved in mammary
tumors [111,112]. The authors infected recombinationactivating gene 2-deficient multiple intestinal neoplasia
(ApcMin/+) mice with Helicobacter hepaticus and found the
gut flora modulated the carcinogenesis of both mammary
carcinoma and intestinal adenocarcinoma in females by
triggering inflammatory responses. On a similar note,
Rao et al[113] emphasized the question as to whether the
gut bacteria should be examined in terms of prevention
and treatment for mammary cancer.
In addition, Fox et al [114] used a mouse model to
examine the hypothesis that specific intestinal bacteria
were associated with hepatocarcinogenesis. The progress
of hepatocellular carcinoma induced by aflatoxin and
hepatitis C transgene was promoted by Helicobacter hepaticus
colonization in the intestine through activation of the
nuclear factor-κB pathway, which was associated with
immunity in the intestine and liver. Surprisingly, neither
hepatitis nor bacterial translocation to the liver was
essential during this course. These results lead us to think
of intestinal bacteria as an attractive therapeutic target.
More recently, Yamamoto et al[115] investigated the
relationship between the gut microbiota and lymphoma.
Using an Atm -/- mouse model (mice with ataxiatelangiectasia, which can eventually developed into
lymphoma), the authors compared the incidence of
lymphoma in isogenic mice reared in 2 distinct housing
conditions, and found that the gut microbiota acted as
a potential contributor to lymphoma onset. Meanwhile,
Lactobacillus johnsonii was identified to be abundant in
more cancer-resistant mice and was further tested for
its ability to confer reduced systemic inflammation and

Allergic disorders
The prevalence of allergic diseases has been increasing
in modern society over the past 50 years. To date, there
are two hypotheses for the allergy pandemic [97]: the
hygiene hypothesis[98] and the microbiota hypothesis[99].
The latter hypothesis suggests that the disruption of
intestinal microbiota drives the emergence of allergy.
A wealth of studies regarding the relationship between
allergic diseases and microbiota has been conducted in
both humans and mice. In the model of allergic airway
inflammation induced by ovalbumin/alum, GF mice
develop more severe allergic disease than conventional
mice [100,101] . Moreover, accumulating evidence has
suggested early-life antibiotic exposure is involved in
the development of atopy, such as allergic asthma and
food allergies, with an altered composition of intestinal
microbiota possibly being involved [102,103] . Though
probiotic strategies have shown some promise in animal
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genotoxicity when re-established by oral transfer. Given
that gut microbiota impact lymphoma incidence and
latency, FMT holds promise for reducing lymphoma risk
in susceptible individuals.

13
14

CONCLUSION

15

FMT is proven to be a well-established procedure and
the most effective therapy for recurrent CDI to date.
Case studies suggest that FMT also has potential clinical
applications in treating a wide spectrum of other
conditions associated with intestinal dysbiosis. However,
additional high quality data are urgently needed to further
establish the efficacy of FMT. It is expected that the
standardization of FMT will be established in the coming
years and its indications expanded. For this reason,
besides conventional approaches, FMT is promising as
an alternative therapy for many extra-intestinal disorders
associated with gut microbiota.
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REVIEW

Stem cells in gastric cancer
Yue Zhao, Fei Feng, Yong-Ning Zhou
specific stem cells or de-differentiated transit amplifying
progenitor cells. Several populations of multipotent
gastric stem cells (GSCs) that reside in the stomach
have been determined to regulate physiological tissue
renewal and injury repair. These populations include the
Villin+ and Lgr5+ GSCs in the antrum, the Troy+ chief
cells in the corpus, and the Sox2+ GSCs that are found
in both the antrum and the corpus. The disruption of
tumor suppressors in Villin+ or Lgr5+ GSCs leads to GC
in mouse models. In addition to residing GSCs, bone
marrow-derived cells can initiate GC in a mouse model of
chronic Helicobacter infection. Furthermore, expression of
the cell surface markers CD133 or CD44 defines gastric
CSCs in mouse models and in human primary GC tissues
and cell lines. Targeted elimination of CSCs effectively
reduces tumor size and grade in mouse models. In
summary, the recent identification of normal GSCs and
gastric CSCs has greatly improved our understanding of
the molecular and cellular etiology of GC and will aid in
the development of effective therapies to treat patients.
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Core tip: Cancer stem cells (CSCs) play important roles
in cancer initiation, dissemination and recurrence. The
recent identification of normal gastric stem cells and
gastric CSCs has greatly improved our understanding
of the molecular and cellular etiology of gastric cancer
and will help with the design of effective treatments.
In this article, we review the literature on the recent
progress in the identification and characterization of
normal gastric stem cells and gastric CSCs and discuss
the implications for the treatment of gastric cancer.

Abstract
Gastric cancer (GC) is one of the leading causes of cancerrelated mortality worldwide. Cancer stem cells (CSCs),
which were first identified in acute myeloid leukemia
and subsequently in a large array of solid tumors,
play important roles in cancer initiation, dissemination
and recurrence. CSCs are often transformed tissue-
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for tumor propagation, which is the generation of tumors
that are full phenocopies of the primary tumors after
they are serially transplanted into immunocompromised
recipient mice. The tumor-propagating capacity can also be
evaluated by in vitro clonogenic assays, such as the spheroid
colony-forming or co-culture assays. These surrogate
assays allow for the measurement of self-renewal and
differentiation of cells of interest at the single-cell level
and therefore serve as good complementary strategies to
the mouse xenograft approach[24].
CSCs are responsible for cancer metastasis because
of their tumor-propagating capacity. In human pancreatic
cancer, only the CXCR4-expressing fraction of CD133+
CSCs is able to metastasize. The depletion of these cells
from the CSC pool abrogates the metastatic phenotype,
but does not affect tumorigenic potential[22]. In colorectal
cancer, metastatic capacity is restricted to the CD26+
subpopulation of CSCs, and the presence of this
subpopulation predicts subsequent liver metastasis in
patients with primary colon cancer[25].
CSCs are more resistant to chemo- and radiotherapies,
and therefore likely contribute to cancer recurrence. It is
believed that, similar to normal tissue-specific stem cells, a
quiescent subpopulation of CSCs exists[26,27]. These CSCs
are more resistant to chemo- and radiotherapies because
of their quiescent nature. In addition, CSCs express high
levels of cellular efflux pumps and anti-apoptotic proteins,
low levels of reactive oxygen species, and are more efficient
in the repair of DNA damage[28-31]. Consequently, CSCs are
often enriched after chemotherapy or radiotherapy[22,25,29,32,33]
and cause cancer recurrence[26].

INTRODUCTION
Gastric cancer (GC) is the fourth most common cancer
and the second most deadly cancer worldwide, with one
million newly diagnosed patients and 600000 deaths each
year[1-3]. Approximately 70% of all GC cases occur in
East Asia, Central and Eastern Europe, South Africa, and
Central and South America[3,4]. GCs are grouped into two
major histological types: the well-differentiated intestinaltype (IGC) and the undifferentiated diffuse-type (DGC)[5].
The IGC type occurs more frequently (60%-80%) in
the distal part of the stomach (antrum) and in aged
patients, while the DGC type is more common in
younger patients[6]. The mechanism that underlies GC
initiation and progression is not well understood, but
both genetic and environmental factors contribute to GC
development. Epidemiologic studies have demonstrated
that an excessive intake of salt, a low intake of vegetables
and fruits, and smoking are risk factors for GC. Notably,
infection with the gram-negative bacterium Helicobacter
pylori (H. pylori), a type I carcinogen according to the
WHO classification, is strongly associated with both
GC subtypes[7,8]. The detailed molecular mechanisms on
how H. pylori infection leads to GC are under intense
investigation and have been reviewed elsewhere[2,9]. In this
article, we focus on recent progress in the identification
of normal and cancer stem cells (CSCs) in the stomach
and discuss the implications for the treatment of GC.

CANCER STEM CELL HYPOTHESIS
Human primary tumors often contain phenotypically
heterogeneous cells. Two hypotheses, the clonal
evolution hypothesis and the CSC hypothesis, have been
proposed to explain the observed cellular heterogeneity,
initiation, progression and metastasis of tumors [10,11]
(Figure 1). In the clonal evolution hypothesis, cellular
heterogeneity is generated by genetic instability, such as
changes in chromosomal number or mutations in the
tumor cell genome. Cells with genetic compositions
that confer growth advantages are selected and clonally
expanded[10] (Figure 1A). In contrast, the CSC hypothesis
proposes that only a small fraction of cancer cells,
namely CSCs, resides at the top of the cellular hierarchy
and govern tumor heterogeneity; these cells divide to
generate identical CSCs (self-renewal) and differentiate
into phenotypically heterogeneous, but typically less
proliferative, tumor cells (Figure 1B). The presence of
CSCs was first demonstrated in human acute myeloid
leukemia as a CD34+CD38- population. Interestingly,
normal hematopoietic stem cells also express identical
cell surface markers, which led to the hypothesis that
CSCs are transformed tissue-specific stem cells or dedifferentiated transit amplifying progenitor cells[11,12].
The existence of CSCs was soon demonstrated in solid
tumors from several organs, including brain, breast,
colon, prostate, liver, pancreatic, skin, and in areas of the
head and neck[13-23].
Experimentally, CSCs are characterized by their capacity
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MULTIPOTENT STEM CELLS IN THE
STOMACH
The stomach can be divided into three distinct anatomic
regions: the cardiac region; the corpus; and the pyloric
antrum. The basic structural elements of the gastric
epithelium are gastric units, each of which is composed of
a planar surface epithelium, tubular invaginations of the
surface epithelium called pits, and tubular extensions of
the pits called glands. The glands can be further divided
into the isthmus, neck and base[34] (Figure 2A). The pits
occupy the apical portion of the invaginations and contain
mucus-producing pit cells. The isthmus connects the
pit and the associated gland and contains cells that are
morphologically undifferentiated, secretory, granule-free
and highly proliferative. The neck is below the isthmus
and contains mucus-producing neck cells. The base region
is located at the very bottom of the gland and contains
slowly dividing, digestive enzyme-producing chief cells[35-39]
(Figure 2A). Gastric units of the corpus and antrum are
similarly organized, except that the units of the corpus
consist of more acid-producing parietal cells and gastric
hormone-producing enteroendocrine cells.
In a series of classical electron microscopic auto
radiographic experiments, Karam and Leblond suggested
that the morphologically immature, granule-free isthmus
cells are actively dividing multipotent gastric stem cells
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Figure 1 Hypotheses that explain the cellular heterogeneity, initiation and progression of cancer. A: In the clonal evolution hypothesis, cellular heterogeneity
is generated by genetic instability, such as changes in chromosomal number or mutations in the genome of the tumor cells. Those cells with genetic compositions
that confer growth advantages will be selected and preferentially expanded; B: In the cancer stem cell (CSC) hypothesis, CSCs reside at the top of the cellular
hierarchy and govern tumor heterogeneity. CSCs divide to generate identical CSCs (self-renewal) and differentiate into phenotypically heterogeneous, but usually less
proliferative, tumor cells. It is believed that CSCs are often transformed tissue-specific stem cells or de-differentiated transit amplifying progenitor cells.

(GSCs) in the mouse and human stomach[35-40]. However,
the potential of these putative stem cells to differentiate
into fully committed pit, neck and zymogenic cells was
not rigorously demonstrated. The existence of GSCs
that replenish all of the populations of the gastric units
was not convincingly demonstrated until lineage-tracing
experiments were performed. These experiments used
either X-chromosome inactivation as a clonality marker
or transgenic mice that carry a β-galactosidase (lacZ)
reporter[41-43].
The molecular markers that define multipotent GSCs
were only discovered very recently. The first biomarker
that labels GSCs is Villin, an epithelial cell-specific,
calcium-regulated actin-binding protein that modulates
the reorganization of microvillar actin filaments[44]. Qiao
et al[45] discovered that transgenic mice that express a
Villin promoter-driven LacZ or GFP reporter labeled
a rare population of cells in the antrum that are longlived and capable of multi-lineage replenishment (Figure
2A). Compared with the highly proliferative, putative
GSCs in the isthmus [35], the Villin promoter-marked
gastric stem cells (V-GSCs) likely represent a different
cell population because they are quiescent and located in
the lower third of the antral glands[45]. Recently, Clevers
and colleagues identified another population of GSCs
that expresses the G protein-coupled receptor Lgr5 (also
known as Gpr49)[46]. The Lgr5+ GSCs (L-GSCs) are
found at the base of the corpus and antral glands in the
neonatal stomach, but become restricted to the antral
glands in adults (Figure 2A). Similar to the V-GSCs,
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L-GSCs also give rise to all cells that comprise the gastric
units, but are highly proliferative. Intriguingly, purified
L-GSCs can form long-lived gastric organoids that highly
resemble gastric units in cell culture, which demonstrate
a remarkable proliferative and differentiation potential[46].
The co-existence of active and quiescent stem cells has
been demonstrated in several tissue types[27]. It has been
hypothesized that the active stem cells are responsible
for physiological tissue renewal, while the quiescent
stem cells serve as a reserve population primarily for
injury repair [27]. Whether the V-GSCs and L-GSCs
exhibit distinct capacities with respect to tissue renewal
and injury repair of the antral epithelium has not been
investigated.
Because both V-GSCs and L-GSCs are primarily
found in the antrum, but not in the corpus, the main
body of the stomach[45,46], it is intriguing as to the identity
of the corpus stem cells. Recently, Clevers and colleagues
demonstrated that a subpopulation of fully committed
zymogenic chief cells, which reside at the base of the
gastric glands of the corpus, are multipotent and can
generate all cell lineages of the stomach epithelium[47]
(Figure 2A). This population of chief cells expresses
Troy, a member of the tumor necrosis factor receptor
superfamily[48]. Troy+ cells divide slowly and become
more active after cytotoxic drug-induced tissue injury[47].
In addition to the Troy+ cells, Sox2+ cells also
represent GSCs in the corpus as well as the antrum.
During embryonic development, Sox2 is highly expressed
in the foregut region and plays essential roles in the
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Figure 2 Stem cells that reside in gastric units. A: An illustration of a gastric unit and the presence of several populations of gastric stem cells (GSCs), all of
which can replenish the entire cellular population of the gastric units. In the antrum, Villin+ and Lgr5+ GSCs represent the quiescent and actively dividing stem cells,
respectively. Villin+ GSCs are located in the lower third, while Lgr5+ GSCs are often found at the base of the gastric unit. In the corpus, populations of Troy+ chief cells
that reside in the base are multipotent GSCs. Sox2+ GSCs are present in both the antrum and the corpus; B: The transformation of GSCs that reside in the stomach
can lead to gastric cancer. The inactivation of Klf4 in Villin+ GSCs or of Apc in Lgr5+ GSCs can lead to gastric cancer in the antrum in mouse models. It is remains
unclear whether the transformation of Troy+ or Sox2+ GSCs can cause gastric cancer in the corpus. GSCs: Gastric stem pcells.

patterning of the stomach[49]. Genetic tracing experiments
have demonstrated that these Sox2+ cells are capable of
generating all cell types that comprise the gastric units.
Selective ablation of Sox2+ cells leads to the disruption
of the physiological renewal of the gastric epithelium[50].

in the gut and plays critical roles in the reprogramming
of terminally differentiated somatic cells into induced
pluripotent stem cells [55] . Klf4 down-regulation is
associated with human GC initiation and progression,
which alludes to its role as a tumor suppressor[56]. The
deletion of Klf4 in mouse stomach using a Foxa3Cre transgene, which expresses Cre recombinase in all
cells of the glandular stomach, leads to widespread
hypertrophy and premalignant metaplasia in the antrum
and corpus within 6 mo[57]. Interestingly, Klf4 deletion
specifically in the V-GSCs with a Villin-Cre transgene
leads to pronounced hypertrophy between 35 to 50
wk and spontaneous gastric adenomas by 80 wk [58].
Furthermore, these lesions were only observed in the
antrum of the stomach where most V-GSCs reside. In
this model, tumor initiation is greatly accelerated by
the administration of the chemical mutagen N-nitrosoN-methylurea (NMU). It is noteworthy that in this
mouse model, the gastric adenomas do not progress
into adenocarcinomas even in the presence of NMU,
which suggests that additional genetic mutations are
required for cancer progression. Nonetheless, these data
demonstrated that the transformation of the V-GSCs
can initiate GC and that Klf4 plays a critical role in the
suppression of tumorous growth of normal GSCs[58]
(Figure 2B).
The mechanism by which Klf4 suppresses the
conversion of normal stem cells to CSCs could provide
important insight into the molecular etiology of GC.

CANCER STEM CELLS IN GASTRIC
CANCER
Evidence that supports the existence of CSCs in GC
has emerged in recent years. Because CSCs are often
transformed from tissue-specific stem cells[51-53], whether
GC originates from cancerous GSCs is an intriguing
question (Figure 2B). Two general approaches were used
to identify the putative gastric CSCs. One approach
involved genetic manipulation and tracing of specific cell
populations in mouse models of GC. Another approach
involved the identification of cells with tumor-propagating
capacities within human primary gastric tumors or tumorderived cell lines using mouse xenograft models.
Villin promoter-marked cancer stem cells and the Klf4
tumor suppressor
Because V-GSCs are enriched within the lesser curvature
of the antrum[45], the frequent anatomical site of human
GC[54], it has been hypothesized that the transformation
of V-GSCs could lead to GC. Klf4 is a Kruppel-like,
zinc finger transcription factor that is highly expressed
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therefore, they represent the multipotent stem cell
population[51]. The activation of canonical Wnt signaling
in CD133+ cells in the crypt by the forced expression
of a stable form of β-catenin led to intestinal cancer[51].
Recently, CD133+ cells were identified in the stem cell
zone of normal human gastric glands[73]. However, it is
still unclear whether these gastric CD133+ cells perform
stem cell functions[73]. CD133+ cells can be found in
over half of human gastric tumors and in both diffuse
and intestinal subtypes; additionally, CD133 expression is
associated with a poor prognosis[74-76].

Klf4 can suppress cell proliferation by activating the
expression of cyclin-dependent kinase-inhibitors such
as p21 and p27[57,59,60]. Klf4 can suppress the expression
of Klf5, a pro-proliferation transcription factor from
the Kruppel-like family in esophageal tissues[61]. Klf4
deletion also leads to increased expression of the proproliferative factor FoxM1 in gastric tissue[58]. Together,
these mechanisms can contribute to the transformation
of V-GSCs upon Klf4 deletion.
Lgr5+ cancer stem cells and Wnt-driven transformation
Similarly, whether the rapidly dividing L-GSCs can
transfor m into CSCs was examined. Inactivating
mutations in Apc are frequently found in human colorectal
cancer and IGC[62-64]. Mice with germline Apc mutations
develop multiple adenomas in the small intestine [65].
Apc deletion in Lgr5+ crypt stem cells using an Lgr5
promoter-driven CreER recombinase leads to rapid stem
cell transformation and the appearance of macroscopic
adenomas in the intestine within 3 to 5 wk[52]. In the same
mouse model, Barker et al[46] specifically disrupted Apc in
L-GSCs. Upon the administration of tamoxifen, L-GSCs
were rapidly transformed, and microscopic adenomas
were detected in the antrum within 2-3 wk. However,
it is unclear whether these adenomas would eventually
progress into adenocarcinomas as it was necessary to
sacrifice the animals used in the study due to the tumor
load in the intestine[46]. These studies demonstrated that
the Lgr5+ stem cells in the stomach and intestine could
be tumor-initiating cells (Figure 2B).

CD44: CD44 was first described as a lymphocyte homing
receptor and is expressed in many cell types[77]. It is the
major cell surface receptor for hyaluronate[78], the most
abundant component of the extracellular matrix [79].
CD44 is encoded by a single gene with 20 exons and
can generate a variety of structurally distinct molecules
because of alternative splicing of the primary transcripts,
N- and O-linked glycosylation, and glycosaminoglycan
modification [80-82] . The most commonly expressed
isoform, CD44s, has seven extracellular domains, one
transmembrane domain and one cytoplasmic domain[83].
Alternatively spliced exons can be incorporated into the
extracellular domains to generate variant isoforms[82].
CD44 became a valid cancer marker when one variant
isoform, CD44v, which is only expressed by a fraction of
embryonic epithelial cells[84], was found to be associated
with the metastatic potential of tumor cells[85]. CD44 was
subsequently demonstrated to be specifically expressed
by tumor-propagating cells that were isolated from
human cancer cell lines and solid tumors[13,21,86]. It has
been suggested that CD44 has key functions in CSCs,
including the following: the mediation of adhesion and
homing to the stem cell niche; the indirect enhancement
of the expression of anti-apoptotic proteins and surface
efflux pumps; the regulation of the cellular redox status;
and the response to the activation of the canonical Wnt
pathway[87-89].
CD44+ cells were found in 65 out of 100 human
primary gastric adenocarcinomas, but were absent in
normal human gastric tissues[90]. In addition, CD44+
tumors are more common in the intestinal subtype and are
associated with a worse outcome[90]. Consistently, a CD44+
subpopulation was identified in multiple established human
GC cell lines. Compared with CD44- cells, purified CD44+
cells are superior in the generation of spheroid colonies in
culture, are more resistant to radiation and DNA damageinducing drugs, and are more tumorigenic when they
are injected into the stomachs of immunocompromised
mice; they can also give rise to CD44- cells, and therefore
represent putative gastric CSCs[91]. In cases of sporadic
and hereditary DGC, a CD44v6 variant was expressed
at levels that inversely correlated with the expression of
E-cadherin[92]. Another variant isoform, CD44v8-10, has
been demonstrated to be a CSC marker in primary GC
tumors. Purified CD44v8-10+ cells possess a tumorpropagating capacity when they are serially transplanted

Bone marrow-derived gastric stem cells
Because inflammatory signals, which are often caused by
infection with the bacterium H. pylori and may predispose
individuals to GC, can recruit bone marrow-derived cells
(BMDCs), Wang and colleagues hypothesized that GC
originates from BMDCs[66]. Using a mouse model, these
authors demonstrated that chronic infection with H. felis
resulted in intense bone marrow-derived inflammation
and repopulation of the stomach with BMDCs, which
subsequently progressed through metaplasia and
dysplasia to intra-epithelial cancer. In contrast, BMDCs
are not recruited to the stomach under circumstances
of acute injury or acute inflammation. Thus, this study
demonstrated that gastric CSCs can also have a bonemarrow origin[66].
Other gastric cancer stem cell markers
CD133: CD133 (also known as prominin-1) belongs to
the prominin family of pentaspan membrane proteins
and resides within plasma membrane protrusions, such
as epithelial microvilli[67]. A glycosylated form of CD133,
the AC133 antigen, was first identified as a marker that is
strictly expressed by CD34+ hematopoietic stem cells[68,69]
and later by normal and cancer stem cells of several solid
organs[14,15,17,18,70-72]. In the mouse intestine, CD133+ cells
located at the base of the crypts co-express Lgr5 and are
capable of generating all cells of the intestinal epithelium;
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into immunocompromised mice. Importantly, the knockdown of total CD44 by shRNA dramatically reduced
the tumor-propagating capacity of these cells, and only
the re-introduction of the CD44v8-10 variant, but not
the CD44s isoform, rescued the tumor-propagating
capacity[93]. Recently, the CD44 variant v9 was reported to
be a predictive marker for cancer recurrence in patients
with GC who received curative endoscopic submucosal
dissection[94]. In a mouse model of gastric neoplasia, where
the canonical Wnt and prostaglandin E2 pathways were coactivated in the gastric epithelium, disruption of the CD44
gene significantly reduced tumor size and grade. This
result suggests that CD44 is not simply a marker of gastric
CSCs, but it is also actively involved in tumor growth and
progression[89].

with GC has greatly advanced our understanding of
the disease etiology. Several studies have generated a
comprehensive list of mutations in IGC and DGC
through cancer genome/exome sequencing [63,99,100] .
Here, we only focus on CDH1 mutations, which are
strongly associated with DGC and likely contribute to
the acquisition of stem cell-like features through the
mediation of epithelial-mesenchymal transition (EMT).
CDH1 encodes the epithelial cell-expressed, calciumdependent, cell adhesion membrane protein E-cadherin.
E-cadherin regulates the architecture of the epithelium
via the mediation of cell-cell adhesion and the regulation
of biological processes, such as signal transduction and
cytoskeletal remodeling. E-cadherin consists of five
extracellular cadherin repeats, a single transmembrane
domain and a well-conserved cytoplasmic domain. The
extracellular domain is responsible for the adhesive
recognition and interaction with extracellular domains
from adjacent cells; the cytoplasmic domain contains
the docking site for β-catenin and a variety of other
effectors, such as tyrosine kinase receptors, phosphatases
and cytoskeleton regulators[101,102].
Loss-of-function mutations of CDH1 have been
frequently found in sporadic DGC but not in IGC[103,104].
Immunohistochemistry for E-cadherin in DGC samples
further confirmed that E-cadherin levels are usually
low or undetectable, which suggests that the loss of
E-cadherin leads to DGC. Germline mutations in CDH1
were found in three Maori kindred with hereditary diffuse
gastric cancer (HDGC), which provides genetic evidence
that a deficiency in CDH1 increases the susceptibility
to DGC[105]. Germline inactivating mutations in CDH1
were subsequently verified in patients with HDGC from
other ethnic groups and were determined to account
for 30% of all HDGC cases[106-108]. The penetrance of
CDH1 germline mutations is 67%-83%[109]. In patients
with HDGC, the germline mutation only affects one
CDH1 allele. The second CDH1 allele is inactivated
by mechanisms that include methylation-mediated
transcriptional silencing, somatic mutations or loss of
heterozygosity [109-114]. The extracellular fragment of
E-cadherin, which results from the cleavage of the
functional membrane-bound form, is soluble and serves
as an important prognostic marker for GC[115].
How E-cadherin deficiency causes DGC is not
fully understood. Based on the known properties of
E-cadherin, several mutually non-exclusive mechanisms
have been proposed. One mechanism is that the loss of
E-cadherin enhances canonical Wnt signaling. Because
a fraction of β-catenin is normally anchored to the
membrane via the cytoplasmic tail of E-cadherin, the
down-regulation of E-cadherin may release this fraction
into the cytoplasm, which likely enhances the nuclear
transcriptional activity of β-catenin/TCF. This model is
supported by the observation that the levels of E-cadherin
inversely correlate with the transcriptional activity of
[116]
β-catenin during mouse embryonic development .
However, the model is challenged by the observations
that the loss of E-cadherin is insufficient to modulate

H. PYLORI AND GASTRIC STEM CELLS
H. pylori is classified by WHO as a type I carcinogen,
and its infection is strongly associated with the incidence
of both IGC and DGC[7,8]. Whether gastric CSCs are
the primary targets of H. pylori infection has been
investigated. In addition to the recruitment of BMDCs
to the stomach to initiate GC[66], infection with H. pylori
also transforms GSCs. H. pylori infection of gastric
epithelial cells disrupts the epithelial apical junctional
complex and induces the transition to a mesenchymal
phenotype [95], which is often associated with tumor
invasion, metastasis and drug resistance [96]. Bessède
et al [97] demonstrated that only the CD44+ cells of
cultured human gastric epithelial cells can be induced to
assume a mesenchymal phenotype by H. pylori infection.
Compared with CD44- and uninfected CD44+ cells, the
infected CD44+ cells are able to form spheroid colonies
more readily in culture and are more tumorigenic in a
mouse xenograft model, which suggests that H. pylori
preferentially transforms GSCs. There is also evidence
to suggest that H. pylori bacteria can evolve to establish
symbiosis with gastric stem or progenitor cells. Giannakis
et al[98] isolated H. pylori strains before and after a single
human host progressed from chronic atrophic gastritis
(ChAG) to gastric adenocarcinoma over a 4-year interval.
The cancer-associated strain was less fit in a mouse
model of human ChAG, but readily established itself
within a mouse gastric epithelial progenitor-derived cell
line (mGEP). Transcriptional profiling that compared
control and infected mGEP cells revealed that infection
of the cancer-associated H. pylori strain regulates cell
signaling, metabolism and tumor suppressor genes in a
very different way from the ChAG-associated strain. This
observation suggests that adaptation of H. pylori to GSCs
is critical for the progression of ChAG to GC.

CDH1, EPITHELIAL-MESENCHYMAL
TRANSITION AND STEM CELL-LIKE
FEATURES
The identification of genetic mutations in patients
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Wnt signaling in cultured cell lines [117], and tumors
are initiated in a β-catenin-independent manner in a
mouse pancreatic cancer model[118]. Most importantly,
APC mutations, which lead to enhanced Wnt signaling,
are associated with IGC and colorectal cancer, but
are rarely found in DGC[63]. This fact suggests that a
deficiency in E-cadherin initiates DGC in a manner
independent of the canonical Wnt pathway. Another
proposed mechanism is that a deficiency of E-cadherin
leads to the loss of contact inhibition and unchecked
proliferation of epithelial cells. This hypothesis is
supported by the findings that E-cadherin inhibits
EGF signaling by direct binding to the kinase receptor
EGFR[119-122], which lies upstream of the proliferationpromoting Ras-Erk pathway. Consistent with this idea,
mouse xenografts derived from poorly differentiated
human GC samples were often amplified at the EGFR
locus and were responsive to the EGFR monoclonal
antibody Cetuximab[123]. Another potential mechanism
is that the loss of E-cadherin induces the acquisition
of mesenchymal features by epithelial cells, which are
more stem cell-like[124,125], more invasive and resistant to
genotoxic insult[96]. The functional loss of E-cadherin
is a hallmark of EMT. It has been demonstrated that
pre-cancerous mammary epithelial cells acquire stem
cell-like features after they transition into mesenchymal
cells, at which time they express stem cell markers and
are capable of forming spheroid colonies in culture[124].
However, it is currently unclear whether the EMT that
results from a CDH1 deficiency contributes to DGC
initiation and progression.

metastatic potential[130]. The elimination of CD44+ cells
in cultured GC cells and in transgenic mice reduced
tumor-propagating capacity, tumor size and tumor
grade[89,93]. Furthermore, cytotoxic antibodies against
CD133 effectively inhibited the proliferation of cultured
hepatocellular carcinoma cells and GC cells. Intriguingly,
these antibodies significantly reduced the tumor mass of
hepatocellular carcinoma in a mouse xenograft model[131].
Paclitaxel-loaded nanoparticles conjugated to CD133
antibodies effectively eliminated liver CSCs in cultured
liver cancer cells and induced tumor regression in mouse
xenografts[132]. Although the efficacy of these approaches
requires further validation, a combinatorial approach
of specific elimination of CSCs together with standard
chemotherapy and surgical methods to remove the tumor
mass will likely have a profound impact on the future
treatment of patients with GC.

CONCLUSION
In summary, several populations of GSCs have been
identified that regulate physiological tissue renewal and
injury repair of the gastric epithelium. In the antrum,
both the quiescent Villin-expressing GSCs and the
actively proliferating Lgr5+ GSCs can differentiate into
all types of fully committed gastric somatic cells[45,46]
(Figure 2A). The transformation of either stem cell
population leads to GC in mouse models[46,58] (Figure
2B). In the corpus, Troy+ chief cells and Sox2+ cells
can replenish the entire cellular population of the gastric
units (Figure 2A). However, whether GC originates
from these cells remains unclear[47,50] (Figure 2B). Bone
marrow-derived cells (BMDCs) can also cause GC in
a mouse model of chronic Helicobacter infection[66]. In
addition, cells that express CD133 or CD44, markers
that define CSCs of solid tumors in many tissues, are
frequently identified in human GC[74-76,89,90]. The targeted
elimination of the CD133+ or CD44+ cells in mouse
models of GC or in human GC-derived cell lines often
reduces tumor formation[89,93].
The recent progress in the identification of normal
and CSCs in the stomach has provided critical insights
into the molecular and cellular etiology of GC. However,
many unanswered questions remain. First, all of the GSC
populations (Villin+, Lgr5+ Troy+ and Sox2+ cells)
have been identified in mouse models. Whether similar
GSCs are present in the human stomach and whether
the transformation of these cells leads to GC need to
be experimentally verified. Second, it remains unclear
whether Troy+ cells, Sox2+ cells or a yet unidentified cell
population comprise the CSCs in the corpus. The current
data have only demonstrated that V-GSCs and L-GSCs
in the antrum can convert to CSCs in mouse models.
Third, it remains unclear whether tumors that originate
from distinct GSC populations are identical. Does
the transformation of a certain population of GSCs
preferentially give rise to IGC or DGC? Do different
tumor suppressors, such as Klf4 in V-GSCs and Apc in
L-GSCs, prevent GC via the suppression of common

IMPLICATIONS FOR THE TREATMENT OF
GASTRIC CANCER
Because CSCs can propagate tumors that are a phenocopy
of the primary lesion, the residual CSCs that survive
standard chemotherapy and surgery are sufficient for
cancer recurrence. This situation is exacerbated by the
increased resistance of CSCs to cytotoxic drugs and
irradiation. Due to their tumor-propagating capacity,
CSCs are also considered the source of metastasis.
Therefore, the development of strategies that specifically
eliminate CSCs could be more effective, but less toxic
than standard therapeutic strategies. For example, CSCs
may be induced to differentiate by reagents such as
retinoic acid (RA) and its derivatives. RA can induce
the differentiation of the CD133+ CSCs isolated from
human glioblastoma cell lines and reduce their in vitro
spheroid colony-forming capacity and tumorigenicity
in a mouse xenograft model [126-128]. It has also been
reported that RA induced the differentiation of
CD44+ breast CSCs and reduced their in vitro sphereforming capacity [129]. Because CD133 and CD44 are
expressed by CSCs of many cancers, strategies for the
elimination of CD133+ and/or CD44+ cells have been
tested in cell culture and animal models. The knockdown of CD133 in human melanoma cells led to a
decreased in vitro spheroid colony-forming capacity and

WJG|www.wjgnet.com

118

January 7, 2015|Volume 21|Issue 1|

Zhao Y et al . Stem cells in gastric cancer

or distinct molecular pathways? In addition, whether
H. pylori infection plays a role in the transformation of
human GSCs remains to be determined. If so, what is the
molecular pathway that is affected by H. pylori? Answers
to these questions will greatly improve our understanding
of the molecular and cellular etiology of GC and will
help with the development of more effective therapeutic
strategies.
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“management”, “meta-analysis” and “randomized
controlled trial”. No language limits were used in the
literature search. The latest electronic search date was
th
the 7 of January 2014. Inclusion and exclusion criteria:
all relevant studies on the assessment of therapeutic
methods for hydatid cysts of the liver were considered
for analysis. Information from editorials, letters to
publishers, low quality review articles and studies done
on animals were excluded from analysis. Additionally,
well-structured abstracts from relevant articles were
selected and accepted for analysis. Standardized forms
were designed for data extraction; two investigators
entered the data on patient demographics, methodology,
recurrence of HC, mean cyst size and number of
cysts per group. Four hundred and fourteen articles
were identified using the previously described search
strategy. After applying the inclusion and exclusion
criteria detailed above, 57 articles were selected for
final analysis: one meta-analysis, 9 randomized clinical
trials, 5 non-randomized comparative prospective
studies, 7 non-comparative prospective studies, and
34 retrospective studies (12 comparative and 22 noncomparative). Our results indicate that antihelminthic
treatment alone is not the ideal treatment for liver
hydatid cysts. More studies in the literature support
the effectiveness of radical treatment compared with
conservative treatment. Conservative surgery with
omentoplasty is effective in preventing postoperative
complications. A laparoscopic approach is safe in some
situations. Percutaneous drainage with albendazole
therapy is a safe and effective alternative treatment
for hydatid cysts of the liver. Radical surgery with preand post-operative administration of albendazole is the
best treatment option for liver hydatid cysts due to low
recurrence and complication rates.

Abstract

Key words: Hydatid; Liver Cyst; Echinococcosis; PAIR;
Cystectomy

A review was carried out in Medline, LILACS and
the Cochrane Library. Our database search strategy
included the following terms: “hydatid cyst”, “liver”,
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comorbidities, multiple cysts that are difficult to access,
partially inactive or calcified liver cysts, or patient refusal
of surgery[2-4].
The use of benzimidazole compound derivatives,
albendazole (ALB) and mebendazole (MBZ), has been
studied in 7 RCTs (Figure 1 and Table 1).
From 1984 to 1986, the World Health Organization
(WHO) carried out two multicenter trials in Europe to
compare ALB and MBZ. Both drugs had similar efficacy,
but MBZ required higher doses and a different treatment
duration[5]. In the RCT conducted by Franchi et al[6] (Table
1) that compared the effectiveness of ALB and MBZ,
treatment with ALB was objectively superior.
From a review of the RCTs, we can conclude that
ALB is superior to placebo (Gil-Grande et al [7] and
Keshmiri et al[8]) (Table 1). Compared with a shorter
treatment course, three months of oral treatment appears
to have better outcomes in terms of cyst degeneration
(based on imaging) and cure rates. However, in 5 of the 7
clinical trials published, the cure rate for HC treated with
ALB alone was below 60%. Only trials that included 3
mo of ALB treatment and surgery had cure rates > 90%.
Based on the results of published RCTs, benzimidazole
derivatives alone cannot fully eliminate cysts.

Core tip: Hepatic hydatid disease still exists worldwide.
Because of human migration, surgeons in developed
countries are encountering patients with hepatic
hydatid disease more frequently but may be unfamiliar
with the treatment options for this condition. This
review article is particularly important because there
are no current updates of evidence-based practices
for the treatment of hydatid cysts of the liver. Thus, a
careful search of the published literature pertaining to
this disorder was carried out.
Gomez i Gavara C, López-Andújar R, Belda Ibáñez T, Ramia
Ángel JM, Moya Herraiz A, Orbis Castellanos F, Pareja Ibars E,
San Juan Rodríguez F. Review of the treatment of liver hydatid
cysts. World J Gastroenterol 2015; 21(1): 124-131 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v21/i1/124.
htm DOI: http://dx.doi.org/10.3748/wjg.v21.i1.124

INTRODUCTION
Hydatid cyst (HC), or hydatidosis, is a global parasitic
zoonosis[1] that is endemic to countries in the Mediterranean,
Turkey, Australia, North Africa, Australia, New Zealand,
South America, the Philippines, Northern China and the
Indian subcontinent. Like other cestoda, Echinococcus
has intermediate and definitive hosts. Canidae, especially
dogs, are the definitive hosts; ruminants may also host
the organism. Sheep and goats are intermediate hosts,
although E. granulosus can also be hosted by a wide range
of vertebrates. The diagnosis of non-complicated HC of
the liver is based on clinical suspicion. Ultrasonography and
computed tomography are the most important diagnostic
tools and are helpful for identifying any associated
complications and for planning treatment[2].
Although there is abundant literature on hydatidosis,
few randomized controlled trials (RCT) have been
conducted. The literature consists mainly of retrospective
studies, albeit with larger sample sizes than the
prospective studies. The problem with these reports
is that although many have been published about liver
hydatid cyst treatment, most present conflicting results.
Treatment of HC of the liver can include medical
therapy, percutaneous drainage, or surgical intervention
(via a conventional or laparoscopic approach).
The aim of this review was to provide evidencebased answers to questions about the effectiveness of
chemotherapy, percutaneous drainage and surgery in the
treatment of HC of the liver.

RADICAL OR CONSERVATIVE SURGICAL
TREATMENT?
Radical surgery for liver HC refers to pericystectomy and
liver resection, whereas conservative surgery involves
the removal of the cyst content and sterilization of the
residual cavity, together with partial cyst resection.
There are several non-comparative retrospective
studies concluding that radical surgery is both safe and
effective[9-12].
A comparative retrospective study by Aydin et al[13] of
242 patients described significantly higher morbidity and
recurrence rates in patients who underwent conservative
surgery (11% vs 3%; 24% vs 3%).
In another comparative retrospective study by
Tagliacozzo et al [14] that included 454 patients, two
hundred and fourteen underwent conservative surgery
(external drainage, marsupialization or omentoplasty),
while the remaining 240 were treated with radical surgery.
Morbidity and recurrence rates were significantly higher
in the group that underwent conservative surgery.
Only one randomized study[15], involving 32 patients,
compared radical surgery and conservative surgery. The
authors concluded that conservative surgery leads to
a significantly higher early recurrence rate (P = 0.045)
compared to radical surgery, as well as a higher rate of
complications in the residual cyst cavity (P = 0.011).
Surgery can be curative if the parasite is removed
completely. Frequently, surgical procedures are inconsistent
and comprise liver resection or the opening of the parasitic
cysts and subsequent removal of the parasite. Conservative

IS MEDICAL TREATMENT SUFFICIENT
FOR LIVER HC?
Contraindications to surgery include complex or
widespread injury, advanced patient age, pregnancy,
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Records identified through
database search
(n = 414)

Additional records identified
through other sources
(n = 2)

Screening

Records after duplicates were removed
(n = 1)

Records excluded
(n = 357)

Records screened
(n = 414)

Eligibility

Full-text articles assessed
for eligibility
(n = 63)

Included

Studies included in
qualitative synthesis
(n = 9)

Full-text articles excluded for the
reasons described below
(n = 6)
PMID: 19598298 PMID: 19633897
PMID: 23056818 PMID: 12802647
PMID: 22503916
PMID: 22131653
Information from editorials, letters to
publishers, low quality review articles
and animal studies were excluded
from analysis

Studies included in
quantitative synthesis
(meta-analysis)
(n = 1)

Figure 1 PRISMA 2009 flow diagram.

procedures are safe and less complex than radical surgery,
even though the risk of associated morbidity may be higher
due to the presence of the residual cavity.

hospital stay than introflexion or a combination of the
two procedures.
A Greek team, led by Vagianos et al[19], published
a study evaluating the result of adding omentoplasty
to conservative surgery (cystectomy and drainage).
Objectively, their results did not show any improvement
when omentoplasty was combined with external drainage.
However, the drawback of this study was that the
omentoplasty was an added procedure and, as such, did
not compare the effectiveness of drains vs omentoplasty.
According to the RCT by Dziri et al[16] and retrospective
studies by Utkan et al [20] and Reza Mousavi et al [21],
omentoplasty alone leads to fewer complications than
external drainage (Table 1).
Finally, the use of fibrin glue has been assessed in
non-randomized studies both for radical (Cois et al[22]) and
conservative surgery (Hofstetter et al[23]), and has been
shown not to play a significant role.
In conclusion, omentoplasty is effective in preventing
complications from conservative surgery in the treatment
of liver HC.

HOW CAN COMPLICATIONS BE
PREVENTED WITH CONSERVATIVE
SURGERY?
A variety of techniques[16] have been described (omen
toplasty, introflexion, capitonage, external drainage or
synthetic fibrin) to prevent postoperative complications
caused by the presence of the residual cavity following
conservative surgery .
A comparative retrospective study of 304 patients
by Balik et al[17] concluded that external drainage had a
significantly higher rate of complications (e.g., infection
of the residual cavity and biliary fistulization) than
omentoplasty or capitonage.
Another comparative study by Mentes et al[18] found
that omentoplasty had fewer complications and a shorter
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Table 1 Randomized controlled trials included in the analysis
RCT

Year

Khuroo et al[34]

Dziri et al[54]

1993 ALB flow diagram
s PD vs ALB+ PD
1993 ALB 1-3 mo vs PLB
+S
1997
ALB + PD vs S
alone
1999
OP vs no OP

Franchi et al[6]

1999

Keshmiri et al[8]

2001

Bildik et al[9]

2007

Gil-Grande et al[7]
Khuroo et al[35]

Yüksel et al[15]
Shams-Ul-Bari et al[29]

Treatment

[10-12,18]

Endpoint

Size

Number of
cysts per group

Echo P

33

10, 12, 11

Viability

55

18, 18, 19

Echo P

50

25, 25

Deep abscess

115

58, 57

ALB vs MBZ

Echo P

448

178, 440

ALB vs PLB

Echo P

29

49, 191

84

-

32

15, 17

72

36, 36

ALB 1-3 mo vs no
Viability
ALB + S
2008
Radical S vs
Early recurrence;
conservative
cavity complications
2011 ALB + S vs S alone
Viability

P < 0.05

Mean cyst size
(cm)

Jadad
Score

9.2 ± 4.4; 10.8 ± 3;
Yes
ALB + PD > ALB alone
8.8 ± 4.5
10.4 ± 4; 8.91 ± 4;
Yes
ALB 3 mo > ALB 1 mo > no ALB
10.5 ± 5
8 ± 3; 9.1 ± 3
Yes
ALB + PD > S alone
50; 502
Yes
OP > no OP
Yes
ALB > MBZ
74.01 ± 130.79;
Yes
ALB > PLB
198.13 ± 403.711
Yes
ALB 3 mo > no ALB
7.8; 8.1
Yes
Radical > Conservative
Yes
ALB + S > S alone

2
5
3
2
2
4
1
3
3

1

Mean volume of cysts in cm3; 2Median size of the cavity in cm2. Degenerative imaging changes assessed through echography. Viability: Viability of hydatid
disease; Echo P: Echo pattern; S: Surgery; ALB: Albendazole; PD: Percutaneous drainage; PLB: Placebo.

Table 2 Literature studies involving laparoscopy approach in liver hydatid cyst
Ref.

Year

Study design

Size

Surgical modality

Emel´ianov et al[56]

2000

37

Partial cystectomy

Khuory et al[57]

2000

108

Marsupialization3

Bickel et al[58]

2001

Polat[59]

2012

Prospective
Non-comparative
Prospective
Non-comparative
Prospective
Non-comparative
Retrospective
Comparative
Retrospective
Comparative

Zaharie et al[60]

2013

31

Puncture + parasite
neutralization + evacuation
Open n = 12
Cystectomy
Lap4 n = 7
Open n = 271
Partial cystectomy
Lap4 n = 62

Conversion

1

Complication
2
rate

Recurrence
rate

3%

10%

-

11%

3%

3.6%

4-54

3%

16%

0%

9-97

13%
14%
14%
0%

0%
0%
0%
0%

24

0%
4.85%

Follow-up
(mo)

6-40
6-32

1

The main reasons for conversion to open surgery were bleeding and difficult location of the cyst; 2Wound infection, cyst rupture, anaphylactic reaction,
hemorrhage, atelectasis, pneumonia and hernia. One patient died 1 mo postoperatively of candida sepsis in the Bickel et al[58] study and 1.16 % (2 patients)
for open surgical procedure in the Zaharie et al[60] study. No postoperative mortality was observed in the others studies; 3Conversion the closed cavity of the
cyst into an open pouch by incising it and suturing the edges of its wall to the edges of the wound; 4Laparoscopy approach.

and concluded that the laparoscopic approach was safe
for selected patients. However, in his study of 43 patients,
Katkhouda advised against using this approach for HC (n =
6) due to the high incidence of postoperative complications
observed. The most important literature studies involving
laparoscopy of liver HC are shown in Table 2. All the
studies reported have observed that a laparoscopic
approach is safe for the treatment of HC, with objectively
low conversion rates and no mortality cases.
In conclusion, a laparoscopic surgical approach for
liver HC is safe.

LAPAROSCOPIC APPROACH FOR HC, IS
IT SAFE?
The use of a laparoscopic approach for managing liver
HC was first documented in 1992[24]. The advantages
of a laparoscopic approach compared to open surgery
are a shorter hospital stay, a lower incidence of wound
infection and less postoperative pain. The disadvantages
are difficulties in accessing cysts in certain locations, an
increased risk of cyst content spillage, and difficulty in
aspirating cysts with viscous contents[16].
No randomized study has evaluated a laparoscopic
approach to the treatment of liver HC, and most
published studies are non-comparative.
Katkhouda et al[25] and Descottes et al[26] published
results on patients with benign solid lesions or liver cysts
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Aktan et al[27], which compared preoperative administration
of ALB for three weeks vs no ALB treatment, found a
significantly higher number of non-viable liver cysts in
patients treated with ALB.
Türkçapar et al [28] published a non-comparative
prospective study in which ALB was administered
one month before surgery and then again 2 mo after
surgery to 25 patients. In two cases, drug treatment had
to be suspended due to abnormal liver enzymes. In the
remaining 23 patients, no recurrences were observed,
with an average follow-up period of 29 mo.
In a RCT of 72 patients by Shams-Ul-Bari et al[29],
patients were randomized to two groups: group A
received ALB for 12 mo before and after surgery,
whereas group B went straight to surgery. The recurrence
rate in the surgery-alone group was 16%, whereas in the
group treated with ALB, no recurrences were detected (P
< 0.01) at an average follow-up of 5 years.
Another randomized study by the same group (Arif
et al[30]) divided 64 patients into 4 groups: surgery alone,
treatment with ALB and then surgery, ALB followed by
surgery and postoperative ALB, or surgery followed by
ALB. Lower recurrence rates were observed in patients
treated with ALB (4.16% vs 18.75%).
Combined treatment with ALB + surgery leads to a
lower risk of recurrence than surgery alone.

with ALB/MBZ is more effective than surgery and is
associated with lower rates of morbidity and mortality,
decreased recurrence risk and a shorter hospital stay.
However, these results were obtained considering surgical
interventions, conservative or radical approaches in the
same group.
A comparative retrospective study by Gupta et al[37]
compared 128 patients. The rate of biliary fistulae and
residual cavity abscesses was significantly higher in the
group treated with conservative surgery (P = 0.032 and P
= 0.001, respectively).
PAIR may be a promising treatment for liver HC,
but there is not sufficient evidence to support its use as
a standard procedure for patients with uncomplicated
cysts[38]. There is a need for well-designed clinical trials to
confirm these results.

COMPLICATED HYDATID CYSTS
Age (> 40 years), cyst size (> 10 cm), the number of
cysts (> 3), complicated HC and conservative surgery
have been identified as high-risk factors in HC patients
in 2 retrospective studies, as these factors significantly
increase morbidity and mortality rates[39-41].

HC RUPTURED INTO THE BILIARY TRACT
Intrabiliary rupture is the most common complication
of hepatic HC; however, it is unusual, occurring in only
3%-17% of cases[42].
A retrospective study of 63 patients with HC who
received preoperative CT scans concluded that the
presence of certain radiological signs (pericystic ducts
and exophytic components) is a contraindication to nonsurgical management because of the danger of biliary
obstruction.
There are very few studies evaluating the treatment
of intrabiliary rupture. A retrospective study [43] of
80 patients revealed that morbidity rates following
choledochoduodenostomy or T-tube drainage of the
common bile duct were 40% and 18%, respectively. A
multicenter study[44] reported a morbidity rate of 49%,
11% and 62% for suture, transfistulary drainage and
direct fistulization, respectively.
Endoscopic retrograde cholangiopancreatography
(ERCP) defines the cystobiliary relationship to guide
management decisions during the pre- and postoperative
periods. Preoperative endoscopic sphincterotomy may
decrease the incidence of postoperative external fistula
from 11.1% to 7.6%[45]. During the postoperative period,
ERCP may provide an opportunity to manage postoperative
external biliary fistulae[46].
All studies[47-53] available in the literature agreed with
the strategy of conducting common bile duct exploration
with intraoperative cholangiography and choledoscopy;
when the biliary tract is cleared of all cystic content,
T tube drainage is sufficient treatment. ERCP may be
useful in decreasing and managing the incidence of

PERCUTANEOUS DRAINAGE, IS IT
USEFUL?
Two non-comparative prospective studies[31,32] of 34 and
87 patients treated with percutaneous drainage concluded
that it is a safe and effective treatment that can be used in
patients with contraindications to surgery and for types
[33]
Ⅰ-Ⅲ disease, according to Gharbi et al . A randomized
study involving 33 patients supported the effectiveness of
treatment with oral ALB alone, percutaneous drainage/
ALB/puncture, aspiration, injection, re-aspiration (PAIR),
or combining PAIR. Oral ALB showed the best results
in terms of cyst size reduction (P < 0.05) when ALB and
PAIR were combined[34].
The results of these studies suggest that percutaneous
drainage combined with ALB is a safe and effective
treatment for liver HC.

SURGERY OR PAIR?
A randomized study of 50 patients published by
Khuroo et al[35] that compared treatment with ALB and
percutaneous drainage vs surgery alone (cystectomy
and cavity drainage) concluded that percutaneous
treatment with ALB is a safe and effective treatment
for uncomplicated HC and is associated with a shorter
hospital stay.
In a meta-analysis of 21 studies, Smego et al [36]
compared 769 patients who received ALB/MBZ
treatment and PAIR to 952 patients treated with surgery
alone. They concluded that PAIR in conjunction
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postoperative external fistulae.

conservative surgery and not with radical surgery. Only
one retrospective study, by Gupta et al[37], compared 128
patients with liver HC who were treated with PAIR/
PAIR-drainage (n = 52), radical / excisional surgery
(n = 61) and conservative surgery (n = 33). In ten patients,
the PAIR procedure was stopped due to aspiration of
either bile or pultaceous material after the initial puncture.
These patients subsequently underwent surgery. Presently,
there is no evidence to support PAIR as a standard
treatment and further well-designed studies are necessary
prior to recommending it.
Finally, there is little available evidence concerning the
treatment of complicated HC of the liver and disseminated
echinococcal cysts, though it is unquestioned. By defining
the cystobiliary relationship, ERCP helps to guide
management decisions during the pre- and postoperative
periods.
This review offers evidence-based answers to questions
about the effective treatment of liver HC. The limitations
of this review are due to the different surgical modalities
used in the published articles and to the fact that some
studies are not comparable.

DISCUSSION
This review offers evidence-based answers to questions
about the effective treatment of liver HC. The limitations
of this review are due to the different surgical modalities
used in the published articles and to the fact that some
studies are not comparable.
MBZ was the first drug used to treat hydatid disease.
Later, ALB was introduced because of its superior
absorption properties.
In an RCT conducted by Gil-Grande et al[7], all patients
underwent surgery: 18 patients received no ALB treatment,
18 received ALB (10 mg/kg daily) for 1 mo, and 19 received
the drug for approximately 3 mo. Eight cysts (50%) in the
control group, 13 (72%) in the group who received ALB 1
for month, and 16 (94%) for the group who received ALB
for 3 mo were non-viable (P = 0.015). Similar results were
obtained in a study performed by Keshmiri et al[8], in which
29 patients with 240 cysts were randomized to receive ALB (3
mo) or placebo. The best results were obtained when ALB
treatment accompanied surgery.
Multiple retrospective studies[10-14] have been published
comparing radical vs conservative surgery. In spite of its
small sample size, the only randomized trial, conducted
by Yüksel et al[15], found that conservative surgery was
associated with significantly higher recurrence and
morbidity rates. These results are consistent with previous
retrospective studies.
Some situations require conservative surgery, e.g., for
cysts located close to major biliovascular channels. In an
RCT conducted by Dziri et al[54], 115 consecutive patients
were randomly assigned to treatment with omentoplasty
(OP; n = 58) or not (NO; n = 57). Fewer deep abdominal
complications occurred in the OP (10%) than in the
NO (23%) group, as well as fewer deep abdominal
abscesses (0% vs 11%, P < 0.03). Omentoplasty is the
most effective option for preventing postoperative
complications following conservative surgery.
There is no RCT comparing open vs laparoscopic
treatment for hydatid disease of the liver. Nevertheless, a
paired study by Zaharie et al[60], with comparable groups
and a sample size of 62, showed that a laparoscopic
approach is safe for the treatment of HC in almost all
segments of the liver.
Percutaneous drainage combined with ALB therapy
is better than monotherapy, and additionally, it is safe
and effective for the treatment of liver HC; however,
complications are possible. Khuroo et al[34] reported that
complications associated with drainage included cyst
infections in 2 patients, fever in 3, rupture of the cyst into
biliary structures in 1, and skin rash in 2, although these
complications were managed successfully without any
mortality.
PAIR treatment seems to be promising, but in the
published literature it has been compared principally with
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CONCLUSION
Antihelminthic treatment is superior to placebo but is not
the ideal treatment for HC of the liver when used alone.
The level of evidence for this recommendation is 2a,
and the recommendation is grade B[55]. The majority of
published studies conclude that radical surgery is a better
option than conservative treatment, with a level of evidence
of 2b and recommendation grade B[55]. Omentoplasty
associated with conservative surgical treatment is effective
in preventing postoperative complications, with a level
of evidence of 2b and recommendation grade B [55].
Further studies are necessary to evaluate recurrence
rates following laparoscopic surgery for liver HC, with a
level of evidence of 4 and recommendation grade C[55].
Combined treatment with ALB + surgery leads to a lower
risk of recurrence compared with surgery alone, with a
level of evidence of 2 and recommendation grade C[55].
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MINIREVIEWS

Extent of surgery in cancer of the colon: Is more better?
Wouter Willaert, Wim Ceelen
is rare in CC and usually a manifestation of systemic
disease. Secondly, although CME may increase nodal
counts and therefore staging accuracy, this is unlikely to
affect survival since the observed relationship between
nodal counts and outcome in CC is most probably
not causal but confounded by a range of clinical
variables. Thirdly, several lines of evidence suggest
that metastasis to locoregional nodes occurs early and
is a stochastic rather than a stepwise phenomenon in
CC, in essence reflecting the tumor-host-metastasis
relationship. Unsurprisingly, therefore, comparative
studies in CC as well as in other digestive cancers have
failed to demonstrate any survival benefit associated
with extensive, additional or extra-mesenteric
lymphadenectomy. Finally, routine implementation
of CME may cause patient harm by longer operating
times, major vascular damage and autonomic nerve
injury. Therefore, data from randomized trials reporting
relevant endpoints are required before CME can be
recommended as a standard approach in CC surgery.
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Core tip: The extent of surgery in cancer of the colon is
a matter of debate. Proponents of complete mesocolic
excision (CME) argue that more extensive en bloc removal
of the lymph node harboring mesentery may improve
recurrence free survival. Here, we critically review the
relevant clinical data and colorectal cancer biology and
conclude that at present, routine implementation of
a more extensive resection such as CME is unjustified
outside the setting of controlled clinical trials.

Abstract
Since the introduction of total mesorectal excision as
the standard approach in mid and low rectal cancer,
the incidence of local recurrence has sharply declined.
Similar attention to surgical technique in colon cancer
(CC) has resulted in the concept of complete mesocolic
excision (CME), which consists of complete removal of
the intact mesentery and high ligation of the vascular
supply at its origin. Although renewed attention to
meticulous surgical technique certainly has its merits,
routine implementation of CME is currently unfounded.
Firstly, in contrast to rectal cancer, local recurrence
originating from an incompletely removed mesentery
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and spatially precedes distant spread and invaded nodes
are regarded as temporary “barriers” or “incubators”
that eventually will seed cancer cells further down the
lymphatic chain and/or into the systemic circulation[9].
Assuming this scenario is real, efforts at removing a
maximal number of (possibly) invaded nodes may prevent
further tumor spread and result in a survival benefit.
The parallel spread model proposed by Fisher considers
distant metastasis to occur very early in the natural history
of the disease[10]. In this model, lymph node metastasis is
seen as a marker of the biological behavior and malignant
potential of the disease and efforts to remove affected
nodes will not impact survival. Several lines of evidence
support the concept of parallel progression in CC.
Firstly, circulating tumor cells in the peripheral blood of
colorectal cancer patients have been found in every stage
of the disease, independently of methods and marker(s)
used[11]. In a recent meta-analysis, molecular detection of
tumor cells in regional nodes was found to predict disease
recurrence and worse survival in node negative colorectal
cancer[12]. Secondly, the estimated growth rates of primary
CC and liver metastases are comparable[13]. Given the
average time frame between resection of the primary and
the appearance of metastatic disease in CC, the growth
rate of metastases would need to be much higher if the
linear progression model was correct. Thirdly, genetic
analysis at the chromosomal, genomic and DNA level
demonstrates a striking disparity between primary CC
cells, disseminated tumor cells and cells populating
established metastases, suggesting early dissemination
of genetically less-advanced clones[14]. Finally, the linear,
stepwise progression model of lymphatic spread is
incompatible with the observation that: (1) the number of
invaded nodes is of greater prognostic significance then
their exact location in the mesentery; and (2) the location
of the first draining node when using sentinel mapping
techniques is unpredictable and often at a considerable
distance from the primary[15-17]. In addition, several studies
have shown that the presence of invaded nodes at the
root of the mesentery is associated with a significantly
higher risk of systemic spread and surgical removal of
these nodes is therefore unlikely to affect the patient’s
survival[18].
Taken together, these data suggest that lymphatic
spread in CC is a stochastic rather than a stepwise
phenomenon and may occur early during tumor
progression. Nodal positivity reflects the tumor-host
relationship and thus the biological behavior of the
disease. Therefore, surgical efforts at maximal nodal
clearance are unlikely to affect the risk of systemic
spread.

INTRODUCTION
Colon cancer (CC) is the third most common cancer in
both men and women in the United States[1]. Surgery is
the mainstay of treatment of non-metastatic CC. Since
the nineteenth century, little has changed regarding the
general surgical approaches used in CC. In contrast, the
surgical treatment of rectal cancer has seen considerable
changes over the past three decades. Since the general
adoption of total mesorectal excision (TME) in mid
and low rectal cancer, the formidable problem of locally
recurrent disease has been drastically reduced [2]. In
addition, TME entails using embryological planes, which
allows avoiding tumor spill, blood loss and autonomic
nerve damage.
Recently, the concept of complete excision of the
mesenteric envelope was adapted for colon cancer as
complete mesocolic excision (CME)[3,4]. Two principles
underlie CME. Firstly, the entire embryological mesocolon
is separated from the parietal and retroperitoneal planes
and removed in its entirety, avoiding breaching the
surface of the mesentery. Secondly, the feeding artery
and draining vein(s) are ligated as close as possible to the
main vascular trunk. As an example, when performing a
right hemicolectomy, the ileocolic vein is ligated flush to
the superior mesenteric vein rather than at a conveniently
located more proximal location.
Proponents expect that standard adoption of CME
will result in a lower local recurrence rate and improved
survival in CC [5,6]. Data from Erlangen suggest that
routine application of CME results in an excellent
oncological outcome with 5 year cancer specific survival
rates of 91.4% in stage Ⅱ and 70.2% in stage Ⅲ CC[3].
However, these benefits remain untested in comparative
prospective trials and some have argued that, not
unlike TME, CME really is a new nomenclature for a
sound surgical approach for CC that many have been
implemented for a long time in their practice[7]. More
importantly, in view of recent insights in colorectal
cancer biology, the hypothesis that removing more lymph
node containing mesentery is causally related to improved
survival seems questionable[8].
Here, we critically review several aspects of colon
cancer biology and treatment that impact on the
potential of CME as a tool to improve the outcome for
colon cancer patients. In essence, CME combines two
imperatives: mobilization of the intact mesentery along
anatomical/embryological planes and high (proximal)
vessel ligation in order to maximize nodal counts. Since
most colorectal surgeons will agree that the former aspect
constitutes nothing more than “good surgical practice”,
we shall focus on the latter.

NODAL COUNTS IN THE RESECTED
SPECIMEN AND SURVIVAL IN COLON
CANCER: CORRELATION VS CAUSALITY

BIOLOGY OF NODAL SPREAD IN COLON
CANCER
Historically, two models have been proposed to explain
nodal spread of epithelial cancer. In the first stepwise
model championed by Halsted, nodal metastasis temporally
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Over the past decade, numerous clinical studies have
reported a positive correlation between survival and the
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Table 1 Variables confounding the association between nodal count and survival in colorectal cancer
Confounding variables
Patient characteristics
Tumor characteristics

Surgical factors

Institutional factors
Factors related to
pathology examination

Effect on LNC
↑Age, ↓socioeconomic status, non-Caucasian race
gender, body mass index
↑Tumor diameter, T stage, overall cancer stage, lymphocytic infiltration, MSI-H phenotype
↑Tumor grade
Mucinous differentiation, lymphovascular and perineural invasion
Open vs minimally invasive resection
Colorectal vs general surgeons, advanced fellowship training
Surgeon volume
High-volume centers, teaching hospitals, significant CC surgical practice, academic pathology laboratories
Preoperative radiochemotherapy for rectal cancer
Xylene/alcohol fat clearance, embedding of the entire mesentery vs traditional dissection, ex vivo intra-arterial
methylene blue injection, tattooing of neoplasms during colonoscopy, pathologists interested in CRC, use of a
standardized protocol to evaluate CC specimens

↓
?
↑
↓
?
None
↑
?
↑
↓
↑

LNC: Lymph node count; CC: Colon cancer; CRC: Colorectal cancer; MSI: Microsatellite instability.

lymph node count (LNC), i.e., the number of lymph
nodes examined by the pathologist[19-24]. In addition, the
lymph node ratio, defined as the ratio of the number of
invaded nodes over the number of examined nodes, is
increasingly recognized as an independent prognosticator
in stage Ⅲ disease[25].
It is therefore tempting to imply that a causal rela
tionship exists between the removal of mesenteric
nodes and survival. In stage Ⅱ patients, increased
survival may in theory be the result of more extensive
removal of lymph nodes harboring isolated tumor cells
or micrometastases, which could impact survival by
causing either locoregional or systemic recurrence. The
presence of metastatic deposits in regional lymph nodes
was recently shown to be an adverse prognostic factor in
node-negative CRC[12]. Similarly, in stage Ⅲ, removal of
grossly invaded nodes could prevent either locoregional
recurrence or further systemic tumor spread. In reality,
however, the relationship between LNC and survival is
confounded by a range of clinicopathological variables
(Table 1) and a real therapeutic effect of removing
mesenteric nodes seems to play a minimal, if any, role[26].
Several authors have compared limited with extensive
surgery for CC (Table 2). In a French multicenter
prospective trial, Rouffet et al[27] randomly allocated 260
CC patients to either a left segmental colectomy or a left
hemicolectomy. Only the length of tumor-free margins
of colon removed was significantly greater after left
hemicolectomy. Survival in both groups was, however,
similar. In a retrospective single center study, Tagliacozzo
et al [28] compared extended mesenteric excision (up
to the origin of the mesenteric trunk combined with
retropancreatic lymphadenectomy) with standard right
hemicolectomy. Although radical resection resulted in a
significantly higher LNC, no difference in the number
of positive nodes or survival was found. Similarly, a
prospective single center trial by Tentes et al[29] compared
periaortic lymph node resection for left-sided CC with
conventional surgery in 124 patients. Again, despite
a significantly higher LNC after radical resection, no
significant difference in number of involved nodes or
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survival was noted, although improved survival in stage
Ⅲ patients was found after radical resection (P = 0.04).
A two-center study reported by West et al[30] observed
a greater LNC after CME compared to conventional
hemicolectomy. This observation was not associated with
a difference in the rate of involved nodes. Survival data
were not reported in this study. A running prospective,
non-randomized, single-center study will assess both
procedures in terms of overall survival and disease-free
survival (NCT01724775). Hashiguchi et al[31] recently
reported retrospective data on 914 T2-T4 CC patients
in whom lymph nodes were anatomically mapped
and classified as horizontal nodes (epicolic/paracolic
nodes), mesocolic nodes and nodes at the origin of the
main arterial trunk. They found that resection of main
trunk nodes did not improve either staging accuracy
or survival compared to resection of pericolic and
mesocolic nodes alone. Similarly, Ikeda et al[32] found no
difference in survival of separate cohorts of stage Ⅱ and
stage Ⅲ rectosigmoid cancer, whether or not the main
trunk (“apical”) nodes were prophylactically resected.
In addition, a recent meta-analysis demonstrated that
performing a high arterial ligation in CC (which may be
assumed to result in removal of apical nodes) does not
improve overall survival (OR 0.45-2.22) [33]. Together,
these data fail to demonstrate that extensive surgery or
extramesenteric lymphadenectomy improves survival
in CC, which argues against a surgical therapeutic effect
as an explanation of the observed relationship between
LNCs and survival.

LOCAL RECURRENCE IN COLON CANCER
Historically, local recurrence has been a frequent and
dreaded manifestation of disease recurrence after
rectal cancer surgery. This propensity to recur locally
is explained by the anatomical confinement of the
(meso)rectum by the bony pelvis, bladder and genital
organs and by the fact that the mesorectum may harbor
tumor deposits several centimeters distally from the lower
margin of the rectal cancer itself[34]. In colon cancer,
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2011

2010

2007

1997

1994

Hashiguchi et al[31]

West et al[30]

Tentes et al[29]

Tagliacozzo et al[28]

Rouffet et al[27]

Country

135

Prospective multicenter
study

Retrospective single
center study

Prospective and
retrospective
multicenter study
Prospective single center
study

Retrospective
multicenter study
Retrospective single
center study

Design

Ⅰ: 10.5% Ⅱ: 42.7%
Ⅲ: 40.3% Ⅳ: 6.5%

Ⅰ-Ⅳ

Ⅰ-Ⅳ

Ⅰ-Ⅳ

Stage

Left colon

Ⅰ-Ⅳ

Right Colon Ⅰ: 24.3% Ⅱ: 35.4%
Ⅲ: 40.3%

Left colon

Colon

Colon

Colon

Location

260

144

124

89

914

254

n

Left hemicolectomy vs left
hemicolectomy + periaortic
lymphadenectomy
Right hemicolectomy vs right
hemicolectomy + retropancreatic
lymphadenectomy
Left segmental colectomy vs left
hemicolectomy

Hemicolectomy vs CME

Left hemicolectomy with variable
extent of lymph node dissection

D3 resection vs CME

Surgical technique

Not investigated

More nodes after
radical resection

More nodes after
radical resection

More nodes after
CMEa

More nodes after
CMEa
More nodes after
vertical dissection

Node count
Not investigated

Survival

Not
investigated

No difference

No difference except longer
survival after radical resection
for stage Ⅲ
No difference
No difference

No difference

Shorter if no vertical node
dissection. No influence of
main node removal or extent of
horizontal node dissection
No difference
Not investigated

No difference

No difference

Node postivity
rate

Thus far, the large majority of available studies that evaluated CME are retrospective case series. A small number of studies has compared CME with “standard” colon surgery.
West et al[30] reported that CC resection specimens from Erlangen, Germany, where CME and central venous ligation are routinely performed, are more often in the correct
anatomical (mesocolic) plane (92% vs 40%, P < 0.0001) and have a higher LNC (median 30 vs 18, P < 0.0001) compared to standard specimens from Leeds, United Kingdom.
A similar inter-institutional comparison was performed by the same author between 6 Danish hospitals that performed “traditional” surgery and Hillerod hospital, where
surgeons implemented a surgical educational training program in CME[38]. As expected, the resection specimens from the latter center were characterized by, among others,
a larger mesenteric surface (144.6 cm2 vs 87.1 cm2, P < 0.0001) and increased LNC (median 28 vs 18, P < 0.0001). Bertelsen et al[39] recently reported how the introduction of
standard CME in their center (since 2008) has affected surgical and pathological outcome. They did not find any changes in the R0 resection rate or the rate of mesocolic

COMPLETE MESOCOLIC EXCISION: CURRENT CLINICAL EVIDENCE

local (anastomotic, nodal or mesenteric) recurrence is far less common. Little is known about the exact incidence of nodal or mesenteric recurrence in CC after resection with
curative intent. In a recent population based analysis of 2282 CC patients from the Netherlands, the local recurrence rate was 6.6%[35]. Locoregional recurrence was defined
as tumor regrowth in or near the primary site, irrespective of the presence of distant metastases. In multivariate analysis, advanced T stage (3 or 4), node positive disease, left
sided cancer and the absence of adjuvant therapy were independent predictors of locoregional recurrence. Strikingly similar findings were reported by Yun et al[36], who noted
a 6.1% local recurrence rate in 994 CC patients who underwent curative resection. The local recurrence was situated at the regional lymph nodes in only approximately 10% of
patients. The most powerful predictor of local recurrence was TNM stage pN2. Although the available data are very limited, locoregional recurrence seems to be a rare event
in colon cancer and is usually associated with advanced (T4 or N2) disease[37]. Taken together, the risk of isolated CC recurrence caused by less than complete removal of the
mesentery seems to be very low.

France

Italy

Greece

United Kingdom/
Germany

Japan

Japan/Germany

CME: Complete mesocolic excision.

2012

Year

West et al[42]

Ref.

Table 2 Clinical studies comparing limited with extensive surgery for colon cancer
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and/or extra-mesenteric lymphadenectomy. As has
been apparent since the time of Halsted, the future of
surgical oncology lies in more precise, imaging based,
less invasive and less morbid surgery, performed as
an integral component of a multimodal approach and
based on the most recent insights in cancer biology. In
colon cancer, several comparative clinical studies have
confirmed that “high tie” ligation, extensive vs segmental
resection, or extensive lymphadenectomy do not improve
outcome. Although CME may increase nodal counts
and therefore improve staging accuracy, any survival
benefit is very unlikely since the relationship that is often
observed between nodal counts and survival in CC is
almost certainly not causal but confounded by a range
of clinical, pathological and provider related factors.
Finally, routine implementation of CME carries the risk
of patient harm due to longer operating times, vascular
damage and autonomous nerve damage. Therefore, in
the absence of data from prospective randomized trials
with relevant clinical endpoints (i.e., disease free survival
rather than nodal counts), CME should be considered
investigational. The time is right to organize such a trial
as a matter of priority.

plane resection, while a small (but statistically significant)
increase was noted in LNC (from mean 24.5 to 26.2, P =
0.009) after the introduction of CME. None of the above
studies has reported recurrence or survival data. In a
recent retrospective study from Norway, CC survival data
were compared between one hospital that used the CME
approach and two other centers that used the ‘‘standard’’
approach (termed D2 resection by the authors)[40]. They
observed a better 3 year overall survival (88.1% vs 79.0%,
P = 0.003) and disease-free survival (82.1% vs 74.3%, P
= 0.026) in the CME patient group, while cancer-specific
survival was 95.2% in the CME group vs 90.5% in the
standard group (P = 0.067). Age, operative technique
and T category were significant in Cox multivariate
regression of overall and disease-free survival. Galizia et
al[41] compared CC recurrence and survival data before
and after adoption of CME (since 2008) in the same
Italian center. Interestingly, local recurrence developed
in none of the CME but in 21% of the standard group,
while distant metastasis occurred with similar frequency
(13.3% and 13.7%, respectively). There were, however,
significantly more early stage cancers in the CME
group. Although the data from the above two studies
are thought provoking, it is clear that any conclusions
regarding the survival benefit, if any, from CME should
be drawn with caution due to the multiple possible causes
of bias.
Although CME seems to be a safe procedure in expert
hands, it should be noted that high ligation of vascular
trunks may considerably increase the risk of bleeding.
Specifically, the technical demands of (laparoscopic) right
hemicolectomy, a procedure commonly considered to be
of moderate difficulty and often entrusted to surgeons in
training, rise sharply with CME and an increased risk of
troublesome bleeding caused by damage to the superior
mesenteric vein during laparoscopic right hemicolectomy
should be anticipated. Similarly, flush ligation of the
inferior mesenteric artery when performing a left colon
resection may cause severe damage to the sympathetic
autonomic nerve supply to the pelvic organs.
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Core tip: Helicobacter pylori is a bacterium that is
commonly found in the stomach and is capable of
causing a number of digestive problems, including
ulcers and stomach cancer. Over the past few years,
the efficacy of conventional therapy has decreased.
However, new therapies are not commonly accepted
as first-line treatments in some countries because of a
lack of national validation studies. This review aimed
to report studies demonstrating the effectiveness of
different non-conventional therapies and comparing
them with conventional triple therapy.
dos Santos AA, Carvalho AA. Pharmacological therapy used in
the elimination of Helicobacter pylori infection: A review. World
J Gastroenterol 2015; 21(1): 139-154 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i1/139.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i1.139

Abstract
The optimal therapy for Helicobacter pylori (H. pylori )
infection should combine a high cure rate and a short
treatment duration with a favorable side-effect profile
and should maintain a low cost. Several strategies have
been proposed to increase the H. pylori eradication
rate, including the extension of the treatment duration
to 14 d, the use of a four-drug regimen (quadruple,
sequential, and concomitant treatments), and the use
of novel antibiotics, such as levofloxacin. However,
triple therapy remains the most widely accepted firstline treatment regimen in Brazil and the United States

WJG|www.wjgnet.com

INTRODUCTION
Helicobacter pylori (H. pylori) is a gram-negative bacterium
found on the luminal surface of the gastric epithelium.
The bacterium induces chronic inflammation of the
underlying mucosa and typically infects the stomach in
the first few years of life. It was isolated for the first time
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by J. Barry Robin Warren and Marshall[1]. The majority
of patients (up to 85%) with H. pylori infection do
not develop any clinically significant complications[2,3].
However, since its discovery in 1983, infection with this
microorganism has been associated with the pathogeneses
of various gastrointestinal diseases, such as duodenal
and gastric ulcers, gastritis, gastric cancer and mucosaassociated lymphoid tissue, a lymphoma of the stomach.
The World Health Organization classified H. pylori as a
group I carcinogen with an attributable risk of gastric
cancer of 50%-60%[1-4]. Therefore, it is recommended
that all patients with peptic ulcers be tested for H. pylori
infection[3].
The first-line choice of treatment for H. pylori
infection in the United States and Europe consists of
a conventional triple therapy, in which a proton pump
inhibitor (PPI), clarithromycin and amoxicillin are
administered for 7-14 d[5-7]. Conventional triple therapy
is also recommended as a first-line therapy by AsianPacific and Brazilian consensus groups[8,9]. However, over
the past few years, the efficacy of conventional triple
therapy has decreased, with eradication rates of less than
80%[10,11]. Decreased eradication rates are due primarily
to increased bacterial resistance to clarithromycin,
indicating the need for new first-line treatments.
However, new therapies are not commonly accepted as
first-line treatments in some countries because of a lack
of national validation studies and a lack of studies of
clarithromycin resistance. This review aimed to report
studies demonstrating the effectiveness of different
therapies and comparing them with conventional triple
therapy.

addition, the following clinical data were extracted for
each trial: country of origin, type of publication (article,
abstract), type of therapy, use of different drugs, duration
of comparative eradication treatment, and effectiveness.
Review articles, theses, dissertations, letters to the editor
and commentaries were excluded. Fifty-five articles were
included in this review.
Quantitative data of the articles used in this review
are described in Table 1.

TRIPLE THERAPY
Over the last two decades, the recommended first-line
treatment for the eradication of H. pylori has been the
standard triple therapy, comprising a PPI, amoxicillin and
clarithromycin or metronidazole[11,12]. In African patients,
the success rate of the triple therapy is 80%-90%[13].
However, the effectiveness of this traditional system,
which was initially 90%, has progressively decreased in
many parts of the world and is currently 57%-73%[11].
We were able to confirm that the eradication rate of H.
pylori infection after standard triple therapy is decreasing
worldwide[14].
The 3rd Brazilian Consensus on H. pylori recommend
conventional triple therapy as the primary treatment
option. This regimen consists of the administration of
one PPI at the standard dose, 1 g amoxicillin and 0.5 g
clarithromycin twice daily for 7 d. The recommendations
by consensus groups of a 7-d treatment are supported
by increased patient adherence and reduced financial
costs. In addition, similar rates of efficacy, safety and
patient compliance are observed with both one week and
two weeks of triple-therapy treatments[9,15,16]. However,
there have been proposals suggesting variations in this
triple therapy, including the use of metronidazole[17],
moxifloxacin [18], azithromycin [19] or levofloxacin [20-26]
instead of clarithromycin when patient resistance to
clarithromycin occurs.
A prospective study was performed at the Hospital
of Lidice, Venezuela from October 2010 to October
2011 of two groups of patients presenting with dyspeptic
symptoms who underwent upper gastrointestinal
endoscopy and whose biopsies were positive for infection
with H. pylori[11]. The group evaluated the efficacy of triple
therapy with PPI, levofloxacin and amoxicillin in the
eradication of H. pylori compared with the conventional
triple therapy. They observed that the eradication rate of
the triple therapy with levofloxacin was superior to the
same therapy with clarithromycin[11]. Another prospectively
randomized, parallel-group, comparative, multicenter
study carried out at two centers in the Kingdom of Saudi
Arabia (Al Noor Hospital in Makkah and Al Ameed
Polyclinic in Al Kharj) and the National Liver Institute
in Egypt evaluated the eradication rate, tolerability, and
patient compliance of levofloxacin, clarithromycin and
esomeprazole-combined triple therapy for H. pylori
eradication[25]. The patients in group 1 received 500 mg
clarithromycin twice daily, 1000 mg amoxicillin twice daily,

RESEARCH
Search strategy and study selection
This review was developed according to the PRISMA
(preferred reporting items for systematic reviews and
meta-analyses) statement guidelines. We searched the
medical literature using Medline (2008 to Aug 2014),
Science Direct (2008 to Aug 2014), and Scielo (2008 to
Aug 2014). We identified eligible studies using different
combinations of the search terms “Helicobacter pylori”, “H.
pylori”, “eradication” and “treatment”. We only analyzed
papers written in English, Portuguese and Spanish. Two
investigators (AAS and AAC) evaluated the abstracts of
the papers, which were identified as appropriate by the
initial search, independently and in a blinded manner.
Papers written in foreign languages were translated when
necessary. In addition, we contacted authors to obtain
unpublished data from their studies when necessary.
Data extraction
Two investigators assessed the articles independently
using pre-designed data extraction forms. Disagreements
between investigators were resolved by discussions with
another investigator. Data regarding eradication were
evaluated based on an intention-to-treat analysis. In
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Group A: levofloxacin, 500 mg
b.i.d., amoxicillin/clavulanate,
875 mg/125 mg b.i.d., and
rabeprazole, 20 mg b.i.d. for 7 d
Group B: clarithromycin, 500 mg
b.i.d., amoxicillin, 1000 mg b.i.d.,
and rabeprazole, 20 mg b.i.d. for
seven days

Group A: triple therapy with
Prospective study performed
clarithromycin for 10 d Group B: from October 2010 to October
triple therapy with levofloxacin 2011 at the Hospital of Lídice,
for 10 d
Venezuela Samples: 81
patients, 42 in Group A, and
39 in Group B

Triple Therapy

Esomeprazol regimen:
esomeprazole 20 mg,
clarithromycin 400 mg, and
amoxicillin 750 mg for the
first 7 d, with all drugs given
twice daily Lansoprazole
regimen: lansoprazole 30 mg,
clarithromycin 400 mg, and
amoxicillin 750 mg for the first
7 d, with all drugs given twice
daily

Triple Therapy

Side effects
(% or number of patients)

Group A: Nausea and Diarrhea
(20.33%) Group B: Nausea and
Diarrhea (8.4%)

Randomized, controlled
No adverse effects were reported
trial carried out at the
Gastroenterology Unit of
The Lagos State University
Teaching Hospital, Ikeja,
Nigeria, from June 2012 to
August 2013
Multicenter, randomized,
Esomeprazol regimen: Diarrhea
open-label, non-inferiority trial (36.7%), Bitter taste (16.12%), Nausea
performed at 20 hospitals with
(1%), Vomiting (3.2%), Eruption
Osaka Gut Forum from May
(3.2%), Fatigue (1%), Appetite loss
2012 to February 2013 in Japan (3.2%), Thirst (2.1%), Belching (1%),
Samples: 268 patients equally Bad breath (1%), Sore throat (1%), Joint
divided between regimens
paint (1%), Chest discomfort (2.1%),
Floating (1%), Abdominal wind (1%),
and Constipation (1%). Lansoprazole
regimen: Diarrhea (41.31%), Bitter
taste (16.12%), Nausea (1%), Eruption
(3.2%), Headache (2%), Appetite loss
(1%), Stomatitis (1%), Cheilitis (2.1%),
Leg edema (1%), Abdominal wind
(1%), Constipation (1%), and Pruritus
ani (1%)
Single-center, prospective
Group A: Abdominal pain (2),
study performed between
Flatus/abdominal fullness (1), Loose
December 2007 and December stool/diarrhea (3), Nausea/hiccough
2009 in Taiwan
(4), Vomiting (2), Change in appetite
(2), and Insomnia (1). Group B:
Abdominal pain (2), Flatus/abdominal
fullness (3), Loose stool/diarrhea (1),
Nausea/hiccough (4), and Change in
appetite (4)

Experimental design

Triple Therapy

Rabeprazole 20 mg, amoxicillin
1 g and clarithromycin 500 mg
twice daily for 7 or 10 d

Drug protocols

Triple Therapy

Therapy

Table 1 Quantitative data summary

Group A: 66.66%
Group B: 94.87%
1
determination of H.
pylori was performed
using hematoxylin and
eosin (HE) and Giemsa
(when HE negative)

Group A: 78.1% (ITT),
80.9% (PP) Group B:
57.5% (ITT), 61.8% (PP)

Group A: 69.4% (ITT),
76.9% (PP) Group B:
73.9% (ITT), 79.8% (PP)

7 d: 88.9% (UBT) 10 d:
86.2% (UBT)

Eradication rate
The 10-d treatment showed no
significant advantage over the
7-d treatment

Statistical significance
Onyekwere
et al[16]

Ref.

Group A: Lost to follow-up
Triple therapy with
(n = 3) (lost contact, n = 1,
levofloxacin provided
withdrew, n = 2), Protocol improved H. pylori eradication
violation n = 2) (received
efficacy when compared with
amoxicillin/clavulanate from the standard triple therapy in
ENT doctor before followeastern Taiwan
up, n = 1, follow-up < 3 wk, n
= 1 Group B: Lost to followup (n = 4), (withdrew, n =
4), Protocol violation (n = 1)
(follow-up < 3 wk, n = 1)
Not described
Treatment with levofloxacin
was more effective than
conventional triple therapy

Dib et al[11]

Chen et al[26]

Compliance of all patients
Esomeprazole showed non- Nishida et al[27]
except for 3 patients (50%,
inferiority and safety in a 7-d
79%, 86%) was 100% in the
triple therapy treatment for
PP population and was
the eradication of H. pylori
excellent based on all patients’ compared with lansoprazole
medication diaries

Compliance was 100%

Compliance
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Group 1: levofloxacin 500 mg
o.d., amoxicillin 1 g b.i.d and
proton pump inhibitor b.i.d. for
10 d Group 2: levofloxacin 500
mg b.i.d., amoxicillin 1 g b.i.d.
and proton pump inhibitor b.i.d.
for 10 d

Rabeprazole group: Soft stool (3),
96.2% (ITT and PP) for
Diarrhea (1), and Flatus (1). Lafutidine
both groups
group: Soft stool (2), Diarrhea (1), and
Abdominal bloating (1)

Headache, Nausea, Vomiting,
7 d: 76.7% (ITT) and
Diarrhea, Loss of appetite, Taste
92% (PP). 14 d: 73.3%
disturbance, Abdominal pain and
(ITT) and 93.6% (PP)
Rash. 17 (34%) were affected in the 7-d
group, and 25 (53.2%) were affected in
the 14-d group

All patients completed
treatments according to the
protocols, and the rate of
compliance was 100%

Compliance was found to be
inadequate (intake of < 90%
of total tablets) in 1 patient
(1.02%). Compliance was
good in 97 (98.98%) of the
participants

No significant difference
between 7- and 14-d triple
therapy regimens

The treatments with both
the H2-receptor antagonist
lafutidine and the PPI
rabeprazole together with
clarithromycin and
metronidazole were similarly
safe and effective in the
eradication of H. pylori after
the failure of clarithromycinbased regimens
7-d group: Epigastric discomfort (3), 7 d: 76% (ITT) and 84% All patients were included in Moxifloxacin-based treatment
Nausea/vomiting (2), Diarrhea (3),
(PP) 10 d: 84% (ITT)
the ITT analysis. 12 patients is an effective and safe option
Constipation (1), Headache (1), and
and 90% (PP)
(8%) did not complete the
compared to standard triple
Skin rash (1). 10-d group: Pruritus (2),
study for one of the following regimens due to the increased
Metallic taste (2), Epigastric discomfort
reasons: loss to follow-up
prevalence of clarithromycin
(4), Nausea/vomiting (3), Diarrhea (5),
(n = 1), refusal to go under
resistance observed in the
and Headache (2)
a second endoscopy (n = 3),
standard regimens
adverse effects leading to the
discontinuation of treatment
(n = 5), taking disapproved
medication (n = 2) and
taking less than 80% of the
prescribed medicines (n = 1).
Those patients were excluded
from the PP analysis
Single-center, randomized,
Not described
Group 1: 60% Group 2: All patients completed the
The efficacy of the triple
open-label trial carried out in
72.7%
study
therapy containing
Ankara, Turkey Samples: 110
levofloxacin was not within
patients equally divided into
the acceptable limits for firsttwo groups
line H. pylori eradication

Triple Therapy

Triple Therapy

Triple Therapy

Esomeprazole, amoxicillin and
Prospective, randomized,
clarithromycin for either 7 dor 14 comparative trial of 7-d and
d
14-d triple therapy regimens
conducted at the Aga Khan
University Hospital, Nairobi
Samples: 120 patients, 60 in
the 7-d group, and 60 in the
14-d group
Rabeprazole group: rabeprazole
Prospective, randomized,
10 mg b.i.d., amoxicillin 750
comparative trial of 7-d
mg b.i.d., and metronidazole
second-line amoxicillin- and
250 mg b.i.d (7 d) Lafutidine
metronidazole-containing
group: lafutidine 10 mg t.i.d., triple therapy study performed
amoxicillin 750 mg b.i.d., and
at the University of Toyama,
metronidazole 250 mg b.i.d. (7 d) Toyama, Japan. Samples: 52
patients, 26 in the rabeprazole
group, and 26 in the lafutidine
group
Lansoprazole 30 mg, amoxicillin
Prospective, randomized,
1000 mg and moxifloxacin 400 comparative trial of 10-d vs 7-d
mg for 7 d or 10 d
moxifloxacin-based therapy
conducted at Clinical Hospital
Sveti Duh, Zagreb, Croatia.
Samples: 150 patients divided
equally into both groups

Triple Therapy

Seven et al[24]

Bago et al[18]

Kudo et al[17]

Sokwala et al[15]
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Rabeprazole 20 mg b.i.d.,
Prospective, randomized,
clarithromycin 500 mg b.i.d., and controlled study performed at
amoxicillin 1 g b.i.d. for 7 d, for 2 endoscopic centers in Greece
10 d or for 14 d
Samples: 307 patients equally
divided between the groups

Randomized, controlled
clinical trial performed at
Taleghani Research Center of
Gastroenterology and Liver
Disease in Iran Samples: 312
patients, 162 in Group 1, and
150 in Group 2

Triple Therapy

Triple Therapy

Triple Therapy

Prospective, randomized,
parallel-group, comparative,
multicenter study carried out
at 2 centers in the Kingdom
of Saudi Arabia (Al Noor
Hospital in Makkah and
Al Ameed Polyclinic in Al
Kharj) and the National Liver
Institute in Egypt between
November 2006 and May 2009
Samples: 450 patients equally
distributed into groups
Prospective, randomized,
controlled study conducted
in Iran. Samples: 214 patients,
100 in Group 1, and 114 in
Group 2

Group 1: clarithromycin 500 mg
twice daily, amoxicillin 1000 mg
twice daily, and esomeprazol
20 mg twice daily for 7 d Group
2: levofloxacin 500 mg once
daily, amoxicillin 1000 mg twice
daily, and esomeprazol 20 mg
twice daily for 7 d Group 3:
levofloxacin 500 mg once daily,
clarithromycin 500 mg twice
daily, and esomeprazol 20 mg
twice daily for 7 d
Group 1: 20 mg omeprazol,
1 g amoxicillin, and 500 mg
clarithromycin twice daily for 2
wk Group 2 (with vitamin C): 20
mg omeprazol, 1 g amoxicillin,
250 mg clarithromycin and 250
mg vitamin C twice daily for 2
wk
Group 1: amoxicillin 500 mg
b.i.d., metronidazole 500 mg
b.i.d., bismuth 240 mg b.i.d. and
omeprazole 20 mg b.i.d. Group
2 (with vitamin C): amoxicillin
500 mg b.i.d., metronidazole 500
mg b.i.d., bismuth 240 mg b.i.d.,
omeprazole 20 mg b.i.d. and
vitamin C 500 mg/d

Triple Therapy

Not described

Nausea, Loose stool, and Headache
for both groups

Not described

7 d: 74.5% 10 d:
90.2% 14 d: 76%
1
Campylobacter-like
organism (CLO) test
and histology

Group 1: 48.8% (ITT),
56.4% (PP) Group 2:
78% (ITT), 83% (PP)

Group 1: 89% Group 2
(with vitamin C): 86.8%

Adding vitamin C might
reduce the needed dosage
of clarithromycin for the
eradication of H. pylori

The combined levofloxacin,
clarithromycin and
esomeprazol-based regimen
as a first-line triple therapy
for H. pylori eradication can
allow for a more significant
eradication rate with similar
safety compared with the
classic triple therapy

Twenty-two patients from
Adding vitamin C to the H.
group 1 did not terminate the pylori treatment regimen of
course of treatment due to
amoxicillin, metronidazole
non-compliance and minor and bismuth can significantly
side effects. Nine patients
increase the H. pylori
from group 2 were excluded
eradication rate
from the per-protocol analysis
due to the discontinuation
of treatment for minor side
effects. In total, 141 patients
completed the treatment
course
Not described
Both 10- and 14-d rabeprazolebased triple regimens reached
eradication rates of above
the threshold of 80% on an
intention-to-treat basis

Not described

Group 1: Nausea (38), Taste
Group 1: 78.6% (ITT),
Of these 450 patients, 14
disturbance (16), Diarrhea (30),
81.3% (PP) Group 2:
were excluded from the per
Headache (16), and Abdominal pain 84.7% (ITT), 86.7% (PP) protocol analysis; 3 due to
(32) Group 2: Nausea (34), Taste
Group 3: 90.6% (ITT), poor compliance, 2 who had
disturbance (14), Diarrhea (28),
93.7% (PP)
taken their breath test less
Headache (16), and Abdominal pain
than 42 d after the completion
(28) Group 3: Nausea (33), Taste
of treatment, and 9 who had
disturbance (18), Diarrhea (22),
not attended visit 3
Headache (17), and Abdominal pain
(26)

Karatapanis
et al[40]

Zojaji et al[33]

Kaboli et al[32]

Assem et al[25]

dos Santos AA et al . H. pylori : Pharmacological therapy

143

January 7, 2015|Volume 21|Issue 1|

WJG|www.wjgnet.com

144

Sequential
Therapy

Sequential
Therapy

Triple Therapy

Triple Therapy

Levofloxacin group: levofloxacin
Prospective, randomized,
Levofloxacin group: Taste distortion Levofloxacin groups:
Levofloxacin group: all
500 mg, esomeprazole 40 mg and open-label trial performed
(3), Diarrhea (1), Dizziness (1),
78.9% (ITT), 83.5% (PP) patients completed the 7-d
clarithromycin 500 mg once daily at the Keelung Chang- Gung
Headache (2), and Abdominal pain
Amoxicillin groups: course of eradication therapy,
Amoxicillin group: amoxicillin Memorial Hospital in Taiwan. (1). Amoxicillin group: Diarrhea (1), 74.8% (ITT), 86% (PP)
but one became pregnant
1 g, esomeprazole 40 mg, and
Samples: 189 patients, 90 in
Headache (1), Abdominal pain (2),
during the study period, one
clarithromycin 500 mg twice
the levofloxacin group, and 99 Skin rash (4), and Taste distortion (4)
expired due to hepatocellular
daily
in the amoxicillin group
carcinoma, and three were
lost to follow-up. Amoxicillin
group: six failed to take all
of the 7-d eradication drugs
(four with skin allergies and
two with intolerances to all
drugs). The remaining seven
patients were lost to followup
MTL regimen: moxiﬂoxacin
Single-center, prospective,
Darkening of stool (38.9%), Nausea
82.1% (ITT and PP)
Drug compliance was 98.6%
400 mg once daily, tetracycline
open-label study performed
(33.8%), Metallic taste (29.2%),
500 mg four times a day,
at the Gastroenterology
Headache (18.4%), Vomiting (15.3%),
lansoprazole 30 mg twice daily
Department of the Ankara
Itching (12.3%), Abdominal pain
and bismuth subcitrate at double
Education and Research
(9.2%), Diarrhea (6.1%), Skin rash
dose of 300 mg twice daily for 14 Hospital in Turkey in 2012.
(6.1%), and Constipation (4.6%)
d
Sample: 74 patients
Lansoprazole 30 mg b.i.d. and
Prospective, open-label
Nausea and Metallic Taste (8.4%)
67.5% (ITT), 71% (PP)
Thirty-eight patients
amoxicillin 1000 mg b.i.d. for
study conducted at the
completed the study
the first five days followed by
Gastroenterology Outpatient
lansoprazole 30 mg b.i.d. and
Clinic in Turkey Sample: 40
levofloxacin 500 mg b.i.d. for the
patients
remaining five days
Group A: pantoprazole 40 mg
Prospective, randomized,
Group A: Diarrhea (2), Nausea (2),
Group A: 82.1% (ITT),
None of the patients
b.i.d. and amoxicillin 1 g b.i.d.
controlled study performed and Abdominal discomfort (4) Group 83.6% (PP) Group B:
discontinued the therapy
for 5 d followed by pantoprazole
at Haydarpas, a Numune
B: Diarrhea (3), Nausea (2), and
78.57% (ITT), 81.48%
because of adverse effects
40 mg b.i.d., tetracycline 500 mg
Education and Research
Abdominal discomfort (2)
(PP)
q.i.d., and metronidazole 500 mg Hospital, Gastroenterology
t.i.d. for the remaining 9 d Group Outpatient Clinic, Istanbul,
B: pantoprazole 40 mg b.i.d.
Turkey between January 2009
and amoxicillin 1 g b.i.d. for 5 d, and April 2009. Sample: 112
followed by pantoprazole 40 mg patients equally divided onto
b.i.d., tetracycline 500 mg q.i.d.,
the groups
metronidazole 500 mg t.i.d.,
and amoxicillin 1 g b.i.d. for the
remaining 9 d
Extended duration of
amoxicillin treatment during
the entire tetracyclinecontaining sequential therapy
period did not improve the H.
pylori eradication rate

Levofloxacin-based sequential
therapy had less efficacy

The addition of bismuth to the
MTL regimen as a 2-wk course
achieved a 82.1% eradication
rate with relatively mild side
effects

The efficacy and tolerability
of once-daily levofloxacincontaining triple therapy were
equal to those of the standard
twice-daily triple therapy

Cetinkaya
et al[39]

Güzelbulut
et al[21]

Ergül et al[2]

Chen et al[22]
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Quadruple
Therapy

Quadruple
Therapy

Sequential
Therapy

Sequential
Therapy

Pantoprazole 40 mg b.i.d. (30
minutes before meals for 14 d),
colloidal bismuth subcitrate,
300 mg (equivalent to Bi2O3 120
mg) (two tablets at 1 hour before
breakfast and dinner for 14 d),
amoxicillin, 1 g b.i.d. (from day
1 to day 7), tetracycline 500 mg
q.i.d. (an hour after meals and
at bedtime from day 8 to day 14
with ample amounts of water),
and metronidazole, 500 mg t.i.d.
(after meals from day 8 to day
14)
A standard dosage of proton
pump inhibitor (PPI) and
amoxicillin 1 g for the first 5
d (both twice daily) followed
by a standard dosage of PPI,
levofloxacin 500 mg and
tetracycline 500 mg for the
remaining 5 d (all given twice
daily) plus a standard dosage of
PPI once daily every day for an
additional 4 wk
Group A (quadruple therapy
with doxycycline): esomeprazole
20 mg b.i.d., bismuth potassium
citrate 220 mg b.i.d., amoxicillin
1 g b.i.d. and doxycycline
100 mg b.i.d. for ten days
Group B (quadruple therapy):
esomeprazole 20 mg b.i.d.,
bismuth potassium citrate 220
mg b.i.d., metronidazole 400 mg
b.i.d. and tetracycline 750 mg q.
6 h for ten days
Group A: quadruple
therapy with metronidazole,
metronidazole 500 mg b.i.d,
amoxicillin 1 g b.i.d, omeprazole
20 mg b.i.d, and bismuth 240 mg
b.i.d Group B: quadruple therapy
with azithromycin, azithromycin
500 mg once daily for 1 wk and
amoxicillin 1 g b.i.d, omeprazole
20 mg b.i.d, and bismuth 240 mg
b.i.d for 2 wk
67.23% (ITT), 68.38%
(PP)

Double-blind, randomized
clinical trial conducted at
Rasoule-Akram Hospital, Iran,
in 2006 Sample: 60 patients
equally divided between the
groups

Not described

Group A: 68% (UBT)
Group B: 69% (UBT)

An open-label, controlled
Group A: Nausea (2), Diarrhea (1),
Group A: 67.4% (ITT),
study conducted from April
Headache (2), Abdominal pain (2),
72.5% (PP) Group B:
2010 to March 2011 in China and Anorexia (2). Group B: Nausea (5), 59.5% (ITT), 64.1% (PP)
Sample: 85 patients, 43 in
Diarrhea (2), Headache (2), Abdominal
Group A, and 42 in Group B pain (5), Anorexia (4), Constipation (1),
and Dizziness (1)

Prospective study
Twenty-nine patients (24.37%) showed
performed at a primary
side effects. Two (1.68%) experienced
gastroenterological center
severe side effects (vomiting, diarrhea,
located in South Italy[Servizio and abdominal pain) and withdrew
di Gastroenterologia
from the study. The additional 27
Territoriale, ASL BAT, Andria patients (22.69%) experienced some
(BT)]
side effects but completed the study

Group A: five patients
discontinued treatment
because of the side effects
of the treatment. Group B:
one patient discontinued
treatment because of the side
effects of the treatment

Compliance was 100%

No significant difference was
observed between the two
quadruple-therapy regimens
that were tested

Quadruple therapy containing
doxycycline is as effective as
routine quadruple therapy for
H. pylori eradication

One-hundred and one
A 10-d sequential triple
patients (84.87%) were fully therapy containing amoxicillin,
compliant
levofloxacin and tetracycline
seems to be effective and safe
in curing resistant H. pylori
infection

Prospective, randomized,
Diarrhea (1), Vaginal discharge (1), 80.98% (ITT), 92% (PP) Compliance was satisfactory The 14-d modified sequential
controlled study carried out Facial swelling (1), Nausea/vomiting
(11 patients, four women and treatment, including bismuth,
at four medical centers in
(1), Numbness of face and hands (1),
seven men, were unavailable
achieved significantly high
different geographic regions of
Fever and Epigastric pain (1)
for follow-up)
eradication rates in patients
Turkey. Sample: 142 patients
with H. pylori infection, with
equally divided into the
five compliant patients and
groups
minor side effects

Agah et al[52]

Wang et al[49]

Tursi et al[42]

Uygun et al[41]
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Sequential
Therapy with
Triple Therapy

Sequential
Therapy with
Triple Therapy

Quadruple
Therapy

Group A: quadruple therapy (2
wk), azithromycin 500 mg twice
daily for 6 d and omeprazole 20
mg, amoxicillin 1 g, and bismuth
240 mg, all given twice daily
for 2 wk Group B: quadruple
therapy (3 g azithromycin for 1
wk), azithromycin 500 mg twice
daily for 3 d and omeprazole 20
mg, amoxicillin 1 g, and bismuth
240 mg, all given twice daily
for 1 wk Group C: quadruple
therapy (1.5 g azithromycin for 1
wk): azithromycin 250 mg twice
daily for 3 d and omeprazole 20
mg, amoxicillin 1 g, and bismuth
240 mg, all given twice daily for
1 wk
Sequential therapy group (14 d):
esomeprazole 40 mg b.i.d. and
amoxicillin 1 g b.i.d. for the first
week followed by esomeprazole
40 mg b.i.d., levofloxacin 500
mg q.d. and metronidazole
500 mg t.i.d. for the second
week. Triple therapy group
(2 wk): esomeprazole 40 mg
b.i.d., amoxicillin 1 g b.i.d. and
clarithromycin 500 mg b.i.d
Standard triple therapy:
rabeprazole 20 mg, amoxicillin
1.0 g and clarithromycin 500
mg twice daily for 7 d, 10 d
or 14 d Sequential treatment:
amoxicillin 1.0 g and rabeprazole
20 mg twice daily for the first
5 d followed by rabeprazole 20
mg, clarithromycin 500 mg and
tinidazole 500 mg twice daily for
the remaining 5 d (10 d total)

The frequencies of drug side effects
were as follows: Group A: 19.23%
Group B: 7.6% Group C: 0%

Group A: 92% (UBT)
Group B: 88.46% (UBT)
Group C: 80% (UBT)

146

Prospective, open-label study Triple therapy (7 d): Taste alteration
Triple therapy (7 d):
performed from March 2008
(1), Loose stools (3), Abdominal
70.4% (UBT) Triple
to August 2011 at the Korea
distention (2), Nausea/vomiting (2), therapy (10 d): 74.7%
University Anam Hospital
and Epigastric discomfort (3). Triple (UBT) Triple therapy
Sample: 460 patients equally
therapy (10 d): Taste alteration (1),
(14 d): 80% (UBT)
divided among the groups Loose stools (3), Abdominal distention Sequential therapy (14
(3), Nausea/vomiting (4), Epigastric
d): 75.6% (UBT)
discomfort (2), and Itching (1). Triple
therapy (14 d): Taste alteration (1),
Loose stools (2), Abdominal distention
(3), Nausea/vomiting (3), Epigastric
discomfort (3), and Itching (3).
Sequential therapy: Taste alteration (1),
Loose stools (3), Abdominal distention
(3), Nausea/vomiting (4), Epigastric
discomfort (3), and Itching (1)

Prospective, randomized,
Twenty-two (14.6%) patients reported
Sequential therapy
parallel-arm trial conducted side effects, such as nausea (7), metallic group: 90.2% (ITT)
at an outpatient center of an
taste (6), diarrhea (5), abdominal
Triple therapy group:
academic medical center in
pain (4), vomiting (2) and rash (1).
50.7% (ITT)
Turkey Sample: 150 patients
One patient in the sequential group
equally divided among the
stopped treatment because of severe
groups
nausea, vomiting and abdominal pain
during the second week of treatment

Prospective, open-label,
randomized study performed
in Iran Sample: 84 patients, 31
in Group A, 28 in Group B and
25 in Group C

The compliance was greater
than 95% for all groups

Seventy-two patients in the
sequential therapy group
and 67 patients in the triple
therapy group completed
their regimens and were
included in the per-protocol
population

Not described

No significant differences
between the 10-d sequential
eradication therapy for H.
pylori and any duration of the
standard triple treatments
were observed in the Korean
patients

Both regimens were similarly
well tolerated, and the side
effects were comparable

Choi et al[43]

Polat et al[38]

One-week quadruple regimens Rogha et al[53]
of 3 g azithromycin may be
more favorable for H. pylori
eradication
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Sequential
Therapy with
Concomitant
Therapy and
Triple Therapy

Sequential
Therapy with
Quadruple
Therapy

Sequential
Therapy with
Quadruple
Therapy

Quadruple therapy:
esomeprazole 40 mg, amoxicillin
1 g, levofloxacin 500 mg and
tinidazole 500 mg, all given
twice daily for 5 consecutive
days. Sequential therapy:
esomeprazole 40 mg twice daily
and amoxicillin 1 g twice daily
for 5 d followed by esomeprazole
40 mg, levofloxacin 500 mg and
tinidazole 500 mg, all given twice
daily for 5 additional days
Sequential therapy:
esomeprazole 20 mg twice
daily and amoxicillin 1 g twice
daily for the first 5 d followed
by esomeprazole 20 mg twice
daily, clarithromycin 500 mg
twice daily and metronidazole
400 mg four times daily for
the subsequent 5 d Quadruple
therapy: esomeprazole 20 mg
twice daily, bismuth subcitrate
120 mg four times daily,
tetracycline 500 mg four times
daily and metronidazole 400 mg
four times daily for a total of 10
d
Sequential therapy: pantoprazole
40 mg twice daily and
amoxicillin 1 g twice daily for
5 d followed by pantoprazole
40 mg, clarithromycin 500 mg
and metronidazole 500 mg,
all given twice daily for an
additional 5 d Concomitant
treatment: pantoprazole
40 mg, clarithromycin 500
mg, amoxicillin 1 g and
metronidazole 500 mg, all
given twice daily for 7 d Triple
therapy: pantoprazole 40 mg,
clarithromycin 500 mg, and
amoxicillin 1 g, all given twice
daily for 7 d
Sequential therapy:
All groups displayed similar
Concomitant therapy
89.2% (ITT), 90% (PP)
compliance rates: triple
is superior to standard
Concomitant therapy:
therapy: 99.0% sequential
triple therapy for H. pylori
94.1% (ITT), 94.1% (PP) therapy: 98.0%, concomitant eradication and is less complex
Triple therapy: 81.6%
therapy: 100%
than sequential therapy
(ITT), 82.2% (PP)
because the drugs are not
changed halfway through the
treatment course

Sequential therapy: Nausea (1),
Sequential therapy: Sequential therapy: 92.7% and Both sequential therapy and
Vomiting (2), Increased stool
89.4% (ITT), 95.2 (PP)
quadruple therapy: 91.6%
modified bismuth containing
frequency (1), Abdominal pain (1),
Quadruple therapy:
quadruple therapy were
Skin rash (4), Taste disturbance
92.7% (ITT), 98.9% (PP)
highly effective as first-line
(3), Dizziness (1), and Headache
therapies in eradicating H.
(1). Quadruple therapy: Nausea
pylori in Hong Kong Chinese
(6), Vomiting (4), Increased stool
patients with a low frequency
frequency (3), Abdominal pain (3),
of adverse events
Skin rash (4), Taste disturbance (2),
Dizziness (3), Headache (2), Insomnia
(1), and Fatigue (1)

Hsu et al[54]

Liu et al[55]

Quadruple therapy: Diarrhea (9),
Quadruple therapy:
Discontinuation of therapy:
Five days of levofloxacinFederico et al[30]
Epigastric pain (6), Nausea (6),
92.2% (ITT), 95% (PP) quadruple therapy; 4 patients
containing quadruple
Vomiting (5), Glossitis (7), Bad
Sequential therapy:
(4.4%) Sequential therapy; 2
concomitant therapy was
taste/taste alteration (25), Headache 93.3% (ITT), 95.5% (PP)
patients (2.2%)
effective, safe, and less costly
(4), Itching (5), and Skin rash (5).
in eradicating H pylori
Sequential therapy: Diarrhea (7),
infection compared with 10
Epigastric pain (7), Nausea (5),
d of levofloxacin-containing
Vomiting (3), Glossitis (6), Bad taste/
sequential therapy
taste alteration (24), Headache (3),
Itching (2), and Skin rash (2)

Open-label, randomized trial Sequential therapy: Constipation (1),
conducted at the Kaohsiung
Taste perversion (2), Headache (1),
Veterans General Hospital in
Anorexia (1), Nausea (5), Vomiting
Taiwan Sample: 306 patients
(5), Fatigue (1), and Others (1).
equally divided among groups Concomitant therapy: Abdominal pain
(1), Diarrhea (1), Taste perversion (4),
Headache (5), Anorexia (1), Nausea (7),
Vomiting (7), and Others (3). Triple
therapy: Constipation (1), Diarrhea
(3), Taste perversion (1), Nausea (3),
Vomiting (4), Skin rash (1), and Others
(1)

Prospective, open-label,
randomized, crossover study
performed at the Department
of Medicine, Queen Mary
Hospital, Hong Kong, China.
Sample: 357 patients. 179 in
the sequential therapy group,
and 178 in the quadruple
therapy group

Prospective, randomized,
controlled study performed
between January and
December 2011 in Italy.
Sample: 468 patients. Each
group consisted of 90 patients
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Quadruple therapy:
esomeprazole 20 mg,
clarithromycin 0.5 g, amoxicillin
1.0 g, and bismuth potassium
citrate 220 mg for 7 d Triple
therapy: esomeprazole 20
mg, clarithromycin 0.5 g and
amoxicillin 1.0 g for 7 d
Triple therapy: proton pump
Prospective, open-label study
inhibitor, amoxicillin 1,000 mg
performed in Korea from
b.i.d., and clarithromycin 500
2001 to 2007 Sample: 4688
mg b.i.d. Quadruple therapy:
patients; 4198 in the triple
proton pump inhibitor 12/h,
therapy group, and 490 in the
metronidazole 500 mg t.i.d.,
quadruple therapy group
tetracycline 500 mg q.i.d., and
bismuth 300 mg q.i.d

Quadruple
Therapy with
Triple Therapy
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Quadruple
Therapy with
Triple Therapy

Quadruple
Therapy with
Triple Therapy

Not described

UBT analyses: Triple
therapy: 2001: 81.3%,
2002: 83.7% 2003: 80.1%
2004: 80.7% 2005: 82.0%
2006: 75.9% 2007: 77.5%
Quadruple therapy:
2001: 77.3%, 2002:
86.2%, 2003: 95.6%,
2004: 95.9%, 2005:
89.6%, 2006: 83.2%,
2007: 86.4%

Group A: Dyspepsia (13), Diarrhea
Group A: 87% (UBT)
(8), Nausea (14), Abdominal pain
Group B: 90.8% (UBT)
(9), Stool abnormality (14), Dizziness Group C: 56% (UBT)
(4), Headache (6), Cough (2), Bad
taste (3), and Metallic taste (15).
Group B: Dyspepsia (10), Diarrhea
(6), Nausea (10), Abdominal pain (6),
Stool abnormality (8), Dizziness (2),
Headache (3), Cough (1), Bad taste
(35), and Metallic taste (2). Group
C: Dyspepsia (12), Diarrhea (14),
Nausea (11), Abdominal pain (11),
Stool abnormality (7), Dizziness (2),
Headache (8), Cough (2), Bad taste (37),
and Metallic taste (5)
Group A: Dyspepsia (13), Diarrhea
Group A: 87% (UBT)
(8), Nausea (14), Abdominal pain
Group B: 88.8% (UBT)
(9), Stool abnormality (14), Dizziness Group C: 56% (UBT)
(4), Headache (6), Cough (2), Bad
taste (3), and Metallic taste (15).
Group B: Dyspepsia (10), Diarrhea
(6), Nausea (10), Abdominal pain (8),
Stool abnormality (2), Dizziness (3),
Headache (1), Cough (1), Bad taste
(35), and Metallic taste (2). Group
C: Dyspepsia (12), Diarrhea (14),
Nausea (11), Abdominal pain (11),
Stool abnormality (7), Dizziness (2),
Headache (8), Cough (2), Bad taste (37),
Metallic taste (5)
Prospective, open-label,
Not described
Quadruple therapy:
randomized study Sample:
82.09% (ITT), 88.71%
136 patients divided equally
(PP) Triple therapy:
between the groups
66.67% (ITT), 73.02%
(PP)

Group A: quadruple
A prospective doubletherapy; omeprazole 20
blind, randomized clinical
mg, metronidazole 500 mg,
trial conducted at Taleghani
amoxicillin 1 g and bismuth
Hospital in Tehran, Iran, from
subcitrate 240 mg, all given
March 2007 to September 2011.
twice daily for 14 d Group
Sample: 110 patients equally
B: triple therapy with
divided among each group
penbactam; omeprazole 20 mg,
clarithromycin 500 mg and
penbactam 750 mg, all given
twice daily for 14 d Group C:
triple therapy: omeprazole 20
mg, clarithromycin 500 mg and
amoxicillin 1 g, all given twice
daily for 14 d
Group A: quadruple
A prospective, doubletherapy; omeprazole 20
blind, randomized clinical
mg, metronidazole 500 mg,
trial carried out at Taleghani
amoxicillin 1 g and bismuth
Hospital in Tehran from
subcitrate 240 mg for 14 d
March 2006 to September 2008
Group B: triple therapy with
Sample: 330 patients, 110 in
penbactam; omeprazole 20 mg,
each group
clarithromycin 500 mg and
penbactam 750 mg Group C:
triple therapy: omeprazole 20
mg, clarithromycin 500 mg and
amoxicillin 1 g, all given twice
daily

Quadruple
Therapy with
Triple Therapy

Not described

Not described

Not described

Not described

The eradication rate of the
first-line therapy (triple
therapy) has decreased over
the last 7 yr, while that of
the second-line therapy
(quadruple therapy) has
remained the same

Compared to the standard
triple therapy regimen, the
bismuth-containing quadruple
therapy regimen has a higher
eradication rate and is more
cost effective than the triple
therapy

Two-week quadruple therapy
showed a lower eradication
rate compared to the common
triple treatment schedules
when used as the first-line
eradication treatment for H.
pylori infection in the Iranian
population

Two-week quadruple therapy
showed a lower eradication
rate compared to common
triple treatment schedules
when used as the first-line
eradication treatment for H.
pylori infection in Iranian
population

Chung et al[8]

Xu et al[48]

Seyedmajidi
et al[47]

Seyedmajidi
et al[46]
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Triple therapy: rabeprazole 20
mg o.d., levofloxacin 500 mg
o.d., and amoxicillin 1 g b.i.d.
(4 tablets/d) for 7 d. Quadruple
therapy: rabeprazole 20 mg,
clarithromycin 500 mg, tinidazole
500 mg and bovine lactoferrin
200 mg, all given twice daily (10
tablets/d) for 7 d
Triple therapy: pantoprazole
40 mg b.i.d., amoxicillin, 1.0 g
b.i.d. and clarithromycin 500 mg
b.i.d. for 7 d. Quadruple therapy:
pantoprazole 40 mg b.i.d.,
colloidal bismuth subcitrate, 220
mg b.i.d., metronidazole 400 mg
t.i.d., and tetracycline 750 mg
b.i.d. for 10 d
Triple therapy: PPI b.i.d.,
clarithromycin 500 mg b.i.d.,
and amoxicillin 1 g b.i.d. for
1 wk Quadruple therapy:
esomeprazole 20 mg b.i.d.,
tripotassium dicitrate bismuthate
300 mg q.i.d. (three tabs at 30
minutes before meals and one
tab at 2 hours after dinner),
metronidazole 500 mg t.i.d., and
tetracycline 500 mg q.i.d. for 2 wk

Single-center, randomized,
open, parallel, controlled study
performed at the Emergency
Department, Renji Hospital,
Shanghai Jiaotong University
from 2008 to 2009 in China
Sample: 170 patients; 85 in the
triple therapy group, and 85 in
the quadruple therapy group
Prospective, open-label,
randomized study performed
at the Seoul National
University Bundang Hospital
(SNUBH) in Korea from April
2003 to April 2009. Sample:
227 patients equally divided
between the groups

Prospective, open-label,
randomized, multicenter
Italian study involving five
hospitals (one northern, two
central, two southern) Sample:
144 patients; 72 in the triple
therapy group, and 72 in the
quadruple therapy group
All patients completed the
study

The quadruple therapy was
more effective than the triple
therapy

Triple therapy: Nausea/vomiting
Triple therapy: 64.3%
Group A: 2 patients
Two-week bismuth-containing
(4), Epigastric soreness or pain (6),
(ITT), 77.2% (PP)
discontinued the treatment
quadruple therapy was
Bloating or dyspepsia (5), Weakness or Quadruple therapy: due to adverse events Group more effective than the 1-wk
dizziness (1), Regurgitation symptoms 82.6% (ITT), 93.6% (PP) B: 9 patients discontinued
treatment in Korean patients
(2), and Anorexia (1) Quadruple
the treatment due to adverse
therapy: Diarrhea (4), Neuromyopathy
events
(2), Nausea/vomiting (22), Epigastric
soreness or pain (12), Bloating or
dyspepsia (5), Weakness or dizziness
(5), Regurgitation symptoms (1), and
Anorexia (1)

Triple therapy (60%): Bitter taste,
Triple therapy: 63.5%
nausea, poor appetite, vomiting, drug
(ITT), 65.1% (PP)
eruption Quadruple therapy (42.3%):
Quadruple therapy:
Bitter taste, nausea, poor appetite, 89.4% (ITT), 91.6% (PP)
diarrhea, vomiting, drug eruption

Triple therapy: eight (11.3%) patients Triple therapy: 68.1% The reported compliance to The H. pylori eradication rates
presented with side effects, including
(ITT), 68.2% (PP)
the therapy was excellent in
following both quadruple
diarrhea (2), abdominal pain (2),
Quadruple therapy:
all groups, but one patient
therapy with lactoferrin and
glossitis (2), pruritus (1), and vomiting 72.2% (ITT), 76.5% (PP) in the triple therapy group
low-dose, triple therapy with
(1). Quadruple therapy: seven (10.3%)
stopped the treatment after 6
levofloxacin were low
patients presented with side effects,
d
including diarrhea (3), abdominal pain
(2), and taste disturbance (2)

Lee et al[51]

Zheng et al[23]

Zullo et al[14]

and 20 mg esomeprazole twice daily for 7 d (CAE); the patients in group 2 received 500 mg levofloxacin once daily, 1000 mg amoxicillin twice daily, and 20 mg esomeprazole
twice daily for 7 d; and the patients in group 3 received 500 mg levofloxacin once daily, 500 mg clarithromycin twice daily, and 20 mg esomeprazole twice daily for 7 d (LCE). No
further treatment was given, and instructions regarding treatment adherence were provided to each patient. The eradication of H. pylori was successful in 136/150 (90.6%) of the
patients in group 3, in 127/150 (84.7%) of the patients in group 2 and in 118/150 (78.6%) of the patients in group 1.
In a multicenter, randomized, open-label, non-inferiority trial performed at 20 hospitals with the Osaka Gut Forum from May 2012 to February 2013 in Japan, Nishida et
al[27] revealed that esomeprazole shows greater non-inferiority and safety compared with lansoprazole using a 7-d triple therapy for the eradication of H. pylori. In this study,
268 patients (≥ 20 years of age) with H. pylori infection from 20 hospitals in Japan were randomly allocated to receive esomeprazole therapy (20 mg esomeprazole, 400 mg
clarithromycin, and 750 mg amoxicillin for the first 7 d, with all drugs administered twice daily) or lansoprazole therapy (30 mg lansoprazole, 400 mg amoxicillin, and 750
mg amoxicillin for the first 7 d, with all drugs administered twice daily). Intention-to-treat (ITT) analysis showed eradication rates of 69.4% (95%CI: 61.2%-76.6%) for the
esomeprazole therapy and 73.9% (95%CI: 65.9%-80.6%) for the lansoprazole therapy. The per-protocol (PP) eradication rate was 76.9% (95%CI: 68.6%-83.5%) for the
esomeprazole therapy and 79.8% (95%CI: 71.9%-86.0%) for the lansoprazole therapy. Comparisons of the two therapies showed non-inferiority (ITT, P = 0.4982; PP, P = 0.6423)
in both the ITT and PP analyses[27].
Although triple therapy remains the most widely used and recommended treatment regimen throughout the world, its effectiveness depend primarily on the rate of

Method used for the detection of H. pylori.

1

Quadruple
Therapy with
Triple Therapy

Quadruple
Therapy with
Triple Therapy

Quadruple
Therapy with
Triple Therapy
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clarithromycin resistance, and it is not recommended
in areas where these rates are higher than 20% in the
population[9,27-31]. To evaluate the use of a lower dose
of clarithromycin, Kaboli et al[32] performed a clinical
assay using vitamin C as an adjuvant treatment. This
group demonstrated that vitamin C may allow for the
reduction of the necessary dosage of clarithromycin
in the eradication of H. pylori. Similarly, Zojaji et al[33]
demonstrated that the addition of vitamin C to the H.
pylori treatment regimen of amoxicillin, metronidazole
and bismuth could significantly increase the H. pylori
eradication rate.
The prevalence of clarithromycin resistance in H.
pylori has been evaluated in Recife, which is a city in
northeastern Brazil[34]. From January 2006 to December
2007, 114 gastric biopsy samples positive for H.
pylori at the time of culture were directly assayed by
polymerase chain reaction (PCR) to detect the most
frequent point mutations involved in clarithromycin
resistance. Based on the results of the PCR, which
detected three specimens with the H. pylori-resistant
genotype, primary clarithromycin resistance was found
in 15 (16.5%) patients. This prevalence has also been
reported in southeastern Brazil, 16% in São Paulo, and
17.3 % in Belo Horizonte[34]. In Colombia, Trespalacios
et al[35] demonstrated resistance to triple therapy with
metronidazole, clarithromycin and amoxicillin by the
E-test method. Genomic DNA was extracted, and the
vacA and cagA allelic variants were identified by PCR.
Metronidazole resistance was observed in 81.01% of the
patients (95%CI: 70.3%-88.6%), amoxicillin resistance in
38% (95%CI: 0%-8.6%), and clarithromycin resistance
in 17.72% (95%CI: 10.37-28.29) [33]. Clarithromycin
resistance was demonstrated in 47.5% of patients with
dyspepsia at the Endoscopy Unit of the Department
of Gastroenterology, Duzce University, Medical Faculty
Hospital, Konuralp/Duzce, Turkey[35]. These findings
demonstrate the need for new therapies in populations in
which there is resistance to clarithromycin.

sequential therapies with that of the standard triple therapy
in curing H. pylori infection. In Taiwan, a multicenter, openlabel, randomized study performed at gastroenterology
clinics at six studies demonstrated that the use of 30 mg
lansoprazole and 1 g amoxicillin for the first 5 d followed
by 30 mg lansoprazole, 500 mg clarithromycin, and 500
mg metronidazole for an additional 5 d and the use of 14
d of 30 mg lansoprazole and 1 g amoxicillin for the first 7
d followed by 30 mg lansoprazole, 500 mg clarithromycin,
and 500 mg metronidazole for an additional 7 d have the
same efficacies compared with that of 14 d of standard
triple therapy (30 mg lansoprazole, 1 g amoxicillin, and 500
mg clarithromycin)[37].
However, at an outpatient center of an academic
medical center in Turkey, patients were treated with 40
mg esomeprazole and 1 g amoxicillin for the first week
followed by 40 mg esomeprazole, 500 mg levofloxacin
and 500 mg metronidazole for the second week, and
the results were compared with those obtained from
patients treated with standard triple therapy (40 mg
esomeprazole, 1 g amoxicillin and 500 mg clarithromycin)
for 2 wk. This study revealed that the H. pylori eradication
rate per protocol was 90% in the sequential treatment
group versus 57% in the standard treatment group; this
difference was statistically significant (P < 0.000) [38].
Another study performed in Turkey compared the
effects of 14 d of an amoxicillin treatment (40 mg
pantoprazole and 1 g amoxicillin for 5 d followed
by 40 mg pantoprazole, 500 mg tetracycline, 500 mg
metronidazole, and 1 g amoxicillin for the remaining 9
d) and 5 d of an alternative amoxicillin treatment (40 mg
pantoprazole and 1 g amoxicillin for 5 d followed by 40
mg pantoprazole and 500 mg tetracycline) administered
during tetracycline-containing sequential H. pylori therapy
on the eradication rate. This group showed that an
extended duration of amoxicillin administration during
the entire tetracycline-containing sequential therapy
period did not improve the H. pylori eradication rate,
which may indicate that sequential therapy using 5 d of
amoxicillin is an acceptable first-line therapy option for
the eradication of H. pylori in the Turkish population[39].
Also in Turkey, the efficacy of a modified sequential
therapy with bismuth subcitrate as a first-line therapy was
demonstrated. The patients received 40 mg pantoprazole
for 14 d, 4: 300 mg colloidal bismuth subcitrate tablets
per d (two tablets before breakfast and dinner for 14
d), 1 g amoxicillin (for the first 7 d), 500 mg tetracycline
(for the second 7 d) and 500 mg metronidazole (for
the second 7 d) [41]. When compliance was observed,
the results were satisfactory, and the side effects were
minimal; all of the side effects could be reversed and
resolved after the cessation of the related treatment[41].
When the treatment times were compared, similar
results were observed [37,42,43]. As described above, in
Taiwan, there was no difference between standard triple
therapy and a 10-d sequential treatment using 30 mg
lansoprazole and 1 g amoxicillin for the first 5 or 7 d
followed by 30 mg lansoprazole, 500 mg clarithromycin,

SEQUENTIAL THERAPY
Sequential therapy was introduced in Italy in 2000. This
regimen is a simple 10-d dual therapy that includes a PPI
plus 1 g amoxicillin, which are both administered twice
daily for the first 5 d, after which patients undergo triple
therapy, which includes a PPI, 500 mg clarithromycin, and
tinidazole (all drugs are administered twice daily) for the
remaining 5 d. In general, this regimen represents a novel
therapeutic approach based on different combinations of
available antibiotics[14,15,17].
As demonstrated by some studies, one advantage of
the sequential treatment is that its efficacy appears to be
less affected by clarithromycin resistance compared with
that of the triple therapy[36]; for this reason, this type of
therapy has the potential to become the standard ﬁrstline treatment for H. pylori infection[37-42].
Various trials have compared the efficacies of
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and 500 mg metronidazole for an additional 5 or 7 d[37].
Furthermore, when we compared the efficacies of 14-d
(40 mg pantoprazole and 1 g amoxicillin for 5 d followed
by 40 mg pantoprazole, 500 mg tetracycline, 500 mg
metronidazole, and 1 g amoxicillin for the remaining 9 d)
and 5-d (40 mg pantoprazole and 1 g amoxicillin for 5 d
followed by 40 mg pantoprazole, 500 mg tetracycline, and
500 mg metronidazole for the remaining 9 d) amoxicillin
treatments we observed no difference, which indicates
that sequential therapy using 5 d of amoxicillin treatment
is an acceptable first-line option for the eradication of
H. pylori in Turkish patients[42]. In Korean patients, a
different comparison was made. The 10-d sequential
treatment (1.0 g amoxicillin and 20 mg rabeprazole twice
daily for the first 5 d followed by 20 mg rabeprazole, 500
mg clarithromycin and 500 mg tinidazole twice daily for
the remaining 5 d) was compared with (1) standard triple
therapy (20 mg rabeprazole, 1.0 g amoxicillin and 500
mg clarithromycin twice daily) for 7 d; (2) standard triple
therapy for 10 d; and (3) standard triple therapy for 14 d.
No significant differences between the 10-d sequential
eradication therapy for H. pylori and any duration of
the standard triple treatment tested (7-, 10- and 14-d
regimens) were observed in these patients[43].
Collectively, these results suggest that the sequential
treatment may be used as the standard first-line treat
ment for infection with H. pylori in Taiwanese [34,35],
Turkish [36,38-42] and Greek [37] patients. Moreover, the
14-d sequential therapy combined with bismuth has
been shown to achieve high eradication rates in Turkish
patients infected with H. pylori[38].

esomeprazole, 0.5 g clarithromycin, 1.0 g amoxicillin, and
220 mg bismuth potassium citrate for 7 d) achieved a
very high eradication rate compared with those observed
using classical triple therapies [45]. In addition, in the
Chinese population, the efficacy of a quadruple therapy
containing doxycycline (20 mg esomeprazole, 220 mg
bismuth potassium citrate, 1 g amoxicillin and 100 mg
doxycycline, all b.i.d. for ten d) or tetracycline (20 mg
esomeprazole b.i.d., 220 mg bismuth potassium citrate
b.i.d., 400 mg metronidazole b.i.d. and 750 mg tetracycline
q.i.d. every 6 h for ten d) was demonstrated[46].
The main adverse effects of the 4-drug regimen
observed in the clinical trials were black stool, nausea,
headache and dizziness. However, the safety of these
drugs during pregnancy is still unknown[47].
Our comparison of the efficacies of the different
quadruple-therapy protocols with the treatment period,
produced contrasting results. A Korean study involved
227 patients with persistent H. pylori infection that had
been previously treated with first-line PPI-clarithromycinamoxicillin triple therapy, who were randomized to 1-week
(112 patients) and 2-week (115 patients) quadruple
therapies with 300 mg tripotassium dicitrate bismuthate
q.i.d., 500 mg metronidazole t.i.d., 500 mg tetracycline
q.i.d. and 20 mg esomeprazole b.i.d. This study de
monstrated that the two-week bismuth-containing
quadruple therapy was more effective than the 1-week
treatment and should be considered as a second-line
treatment[48-51]. However, Agah et al[52] (2009) compared
the efficacies of two quadruple-therapy regimens for H.
pylori eradication in patients with dyspepsia; one included
azithromycin, and the other included metronidazole. The
first group of patients received 500 mg metronidazole
b.i.d, 1 g amoxicillin b.i.d, 20 mg omeprazole b.i.d, and
240 mg bismuth b.i.d, and the second group received 500
mg azithromycin once daily for 1 wk and 1 g amoxicillin
b.i.d, 20 mg omeprazole b.i.d, and 240 mg bismuth
b.i.d for 2 wk. No significant differences were observed
between the two quadruple-therapy regimens that were
evaluated[49]. However, Rogha et al[53] (2009) demonstrated
that one-week quadruple regimens involving 3 d of
azithromycin treatment (500 mg azithromycin twice
daily for 3 d and 20 mg omeprazole, 1 g amoxicillin, and
240 mg bismuth all twice daily for 1 wk) might be more
favorable for H. pylori eradication compared with a twoweek quadruple-therapy regimen (500 mg azithromycin
twice daily for 6 d and 20 mg omeprazole, 1 g amoxicillin,
240 mg bismuth all twice daily for 2 wk)[50].
Furthermore, a novel non-bismuth quadruple therapy,
the concomitant therapy, has been proven successful in
the presence of clarithromycin resistance. It is a 4-drug
regimen containing a PPI, clarithromycin, amoxicillin and
metronidazole, which are all administered for the entire
duration of therapy. It is less complex than sequential
therapy and has excellent potential for replacing standard
triple therapy as the first-line treatment for H. pylori
infection, particularly in regions with high levels of
clarithromycin resistance[54]. In a prospective, randomized,

QUADRUPLE THERAPY
A significant number of patients remain infected
despite several consecutive standard treatment regimens.
Increased resistance to clarithromycin and metronidazole
has been reported as the main cause of the decreased
success rates of H. pylori eradication therapies, and several
studies have reported intention-to-treat eradication rates
of less than 80%[41,42]. Because of the non-satisfactory
results observed with PPI-based triple regimens, the
uses of second-line therapies have increased, including
the use of bismuth-containing quadruple therapy (PPI,
bismuth citrate, tetracycline, and metronidazole). This
therapy comprises a PPI, tetracycline or amoxicillin
and doxycycline, metronidazole and a bismuth salt[9].
Although many studies have reported the efficacy of
quadruple therapy, those performed on the Iranian
population have demonstrated a lower eradication rate
compared with those achieved using the common tripletreatment regimens[43,44]. These studies compared a 14-d
quadruple therapy comprising 20 mg omeprazole, 500
mg metronidazole, 1 g amoxicillin, and 240 mg bismuth
subcitrate (twice daily) with a 14-d triple regimen.
In contrast to these findings, an additional study
performed on the Iranian population demonstrated
that a bismuth-containing quadruple regimen (20 mg
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controlled study performed by Hsu et al[54] conducted
at the Kaohsiung Veterans General Hospital in Taiwan,
concomitant therapy was shown to be superior to triple
therapy for H. pylori eradication and less complex than
sequential therapy. Similarly, Liu et al[55] showed that both
sequential therapy and modified bismuth-containing
quadruple therapy were highly effective in Hong Kong
Chinese patients.

10
11

12

CONCLUSION
Studies of new drug therapies for the eradication of H.
pylori have shown improved efficacies compared with
that of standard triple therapy, which is mainly limited
by clarithromycin resistance. Therefore, further research
on clarithromycin resistance in patients worldwide is
essential to ensure for the development of adequate
treatments because treatments using this antibiotic have
been proven to be effective in some regions of the
world. Further validation studies of different treatment
method in addition to resistance studies are essential for
providing clinicians with a greater range of options for
the eradication of H. pylori.
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Abstract
AIM: To investigate the vasoactive intestinal peptides
(VIP) expression in irritable bowel syndrome (IBS) and
trinitrobenzene sulfonic acid (TNBS) induced colitis.
METHODS: The VIP gene expression and protein
plasma levels were measured in adult participants
(45.8% male) who met Rome Ⅲ criteria for IBS for
longer than 6 mo and in a rat model of colitis as induced
by TNBS. Plasma and colons were collected from naïve
and inflamed rats. Markers assessing inflammation
(i.e. , weight changes and myeloperoxidase levels)
were assessed on days 2, 7, 14 and 28 and compared
to controls. Visceral hypersensitivity of the rats was
assessed with colo-rectal distension and mechanical
threshold testing on hind paws. IBS patients (n = 12)
were age, gender, race, and BMI-matched with healthy
controls (n = 12). Peripheral whole blood and plasma
from fasting participants was collected and VIP plasma
levels were assayed using a VIP peptide-enzyme
immunoassay. Human gene expression of VIP was
analyzed using a custom PCR array.
RESULTS: TNBS induced colitis in the rats was
confirmed with weight loss (13.7 ± 3.2 g) and increased
myeloperoxidase activity. Visceral hypersensitivity to
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examination[2]. The diagnosis rests on the occurrence of
a constellation of symptoms in the absence of other GI
pathology.
Current literature suggests that the etiology of IBS
is multifactorial. Bacterial, viral or parasitic infection[3],
and inflammation may play a role in the etiology of IBS[4]
along with altered gastrointestinal motility and visceral
perception[5]. Post-infectious IBS occurs in up to 36%
of patients, with symptoms that continue chronically
for 8-10 years after an initial bacterial infection[3]. Those
who suffer from IBS experience a variety of symptoms;
changes in bowel movements are seen as one of the
primary debilitating gastrointestinal symptoms. However,
the most distressing associated symptom is abdominal
pain[6]. Although acute symptoms usually resolve within
several weeks after initial onset, bloating, diarrhea, and
abdominal symptoms do not. When transient colonic
inflammation occurs, the gut may continue to remain
sensitized even after the inflammation has resolved[7].
In addition to GI symptoms, those with IBS report
extra-intestinal symptoms (i.e., migraine, backaches,
muscle pain). Moreover, IBS patients report visceral
hypersensitivity to rectal distention and cutaneous
hypersensitivity to heat stimuli when compared to
controls without IBS[8-12]. It is evident that those who
suffer from IBS experience a complex collection of
symptoms.
IBS-like symptoms are often the initial presenting
symptoms of patients with inflammatory bowel disease
(IBD)[13,14]. In addition, patients with IBD in remission
report IBS-like symptoms more frequently than healthy
controls [15] . These findings further sug gest that
inflammation contributes to gastrointestinal symptoms
experienced by those with IBS. Inflammatory markers
as a potential correlate of abdominal pain have been the
focus of numerous studies[16]. Many studies employing
experimental animal models to characterize inflammatory
cell infiltration used trinitrobenzene sulfonic acid (TNBS)
to induce colitis. TNBS-induced inflammation activates
the immune response thought to be involved in ulcerative
colitis[7,17,18]. Visceral hypersensitivity has been shown to
be increased in TNBS-treated rats when compared to
saline treated rats[17]. Current research supports the use of
TNBS induced colitis in rats as a model that demonstrates
persistent visceral and somatic hypersensitivity similar to
those who suffer from functional gastrointestinal pain.
TNBS rectally infused in rats has been found to result
in intense colitis involving all muscle layers of the colon.
This intense colitis has been reported to mimic a postinfectious IBS. Zhou et al[7] (2008) found TNBS-induced
colitis resulted in chronic colonic hypersensitivity. This
hypersensitivity has been found to persist in rats even with
complete resolution of histological findings of colitis,
similar to individuals who suffer from post-infectious
IBS. It is thought that visceral hypersensitivity, which is
common in those who suffer from IBS, plays an integral
role in symptom development[19].
Presently there is no universally accepted pharma
cological treatment or dietary supplement to treat the

colo-rectal distension was increased in TNBS treated
rats up to 21 d and resolved by day 28. Somatic
hypersensitivity was also increased up to 14 d post TNBS
induction of colitis. The expression of an inflammatory
marker myeloperoxidase was significantly elevated in
the intracellular granules of neutrophils in rat models
following TNBS treatment compared to naïve rats. This
confirmed the induction of inflammation in rats following
TNBS treatment. VIP plasma concentration was
significantly increased in rats following TNBS treatment
as compared to naïve animals (P < 0.05). Likewise, the
VIP gene expression from peripheral whole blood was
significantly upregulated by 2.91-fold in IBS patients
when compared to controls (P < 0.00001; 95%CI).
VIP plasma protein was not significantly different when
compared with controls (P = 0.193).
CONCLUSION: Alterations in VIP expression may play
a role in IBS. Therefore, a better understanding of the
physiology of VIP could lead to new therapeutics.
Key words: Irritable bowel syndrome; Vasoactive
intestinal peptide; Trinitrobenzene sulfonic acid; Gene
expression; PCR arrays
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The present study reports evidence of altered
vasoactive intestinal peptide (VIP) in both humans with
irritable bowel syndrome (IBS) and a rat model with
induced colitis by trinitrobenzene sulfonic acid. Together
these observations provide additional evidence of the
role of VIP, and the potential therapeutic application
in patients with IBS. The results provide a basis for
future studies to elucidate the understanding of the
expression, physiology, and pharmacological properties
of VIP.
Del Valle-Pinero AY, Sherwin LB, Anderson EM, Caudle RM,
Henderson WA. Altered vasoactive intestinal peptides expression
in irritable bowel syndrome patients and rats with trinitrobenzene
sulfonic acid-induced colitis. World J Gastroenterol 2015;
21(1): 155-163 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i1/155.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i1.155

INTRODUCTION
Irritable bowel syndrome (IBS) is a chronic gastrointestinal
(GI) disorder of unknown etiology that is characterized by
abdominal pain and altered bowel movements. IBS affects
approximately 10%-20% of adults in the United States[1].
Despite the relatively high prevalence of this disorder,
the exact pathophysiology remains unknown. Identifying
the mechanism(s) responsible for IBS is a challenge,
because diagnostic criteria have changed over time and the
diagnosis is primarily based on the history and physical
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full spectrum of gastrointestinal symptoms associated
with IBS. Treatments are primarily focused on symptom
management and often do not provide relief to the level
of the patients’ expectations[20].
Vasoactive intestinal peptide (VIP) has recently been
recognized as a promising therapeutic target given its
role in facilitating overall gut motility and digestion.
VIP, which is a member of the glucagon-secretin
superfamily[21], has a broad distribution in the body, such
as the heart, lung, and digestive tract[22]. VIP has many
physiological effects including exocrine and endocrine
secretions, neuro-protection, cell differentiation, and
the regulation of immune response[23]. VIP has been
targeted as a possible drug candidate for several chronic
inflammatory diseases such as rheumatoid arthritis
and asthma because of its potent anti-inflammatory
effect[24-27]. VIP is also a potent gut muscle relaxant[28] and
dysregulation in its content has been reported in several
gastrointestinal disorders[29-31].
Current research suggests that motility, inflammation,
and visceral hypersensitivity play an integral role in IBS.
The limited pharmacologic therapies for the treatment
of IBS led us to explore the role that VIP plays in IBS.
The purpose of this study was to evaluate changes in the
expression of VIP in both participants with IBS and in
an animal model of colitis mimicking post-inflammatory
visceral hypersensitivity.

secured in place by taping the tube to the base of the tail,
and rats were placed in a plastic restraining device. The
tube was then attached to a pressure transducer (Harvard
Apparatus, Holliston, MA, United States) connected to
a LAB-TRAX Data Acquisition System with Transducer
Amplifier (World Precision Instruments, Sarasota, FL,
United States). Following recovery from anesthesia,
the animals were allowed 10 min to acclimatize before
behavioral testing began. Rats received phasic colon
distension (0-80 mmHg) until the first contraction of
the testicles, tail, or abdominal musculature occurred.
These responses are considered indicative of the first
nociceptive response as previously described[32,33]. The
colonic distensions were repeated 3 times and the mean
pressures at the nociceptive threshold were recorded
for each rat. Data were then analyzed using Data-Trax
2 software (World Precision Instruments, Sarasota, FL,
United States).
Mechanical threshold testing on hind paws: Mechanical
hypersensitivity was measured using an electronic von Frey
device (Dynamic Plantar Aesthesiometer, Ugo Basile, Italy).
The experimenter was blinded to group assignment. Rats
were placed on a wire mesh floor in a plastic enclosure.
Rats were left to acclimate for 20 min. Then a fine filament
was extended up through the mesh floor and exerted an
increasing amount of pressure (max. 50 g) onto the rat’s
hind paws. The mechanical threshold was defined as the
force (in grams) required to induce the rat to withdraw its
hind-paw. The stimulus was repeated 3 times following a
5-min rest interval, and the mean was calculated for each
hind-paw. Data were reported as percentage of control
(naïve) threshold response.

MATERIALS AND METHODS
Animal studies
Design and setting: All animal protocols were approved
by the University of Florida Institutional Animal Care
and Use Committee (#200801196). Male Sprague Dawley
rats (300-350 g, n = 154) were maintained on a 12-h
light/dark cycle and fed standard rodent chow and water
ad libitum. Animals were weighed before treatments
began and every day after. All reagents were purchased
from Sigma-Aldrich (St. Louis, MO, United States) unless
otherwise indicated.

Myeloperoxidase activity assay: Myeloperoxidase
(MPO) activity was assessed as described previously[34,35].
The descending colon was removed from naïve rats and
vehicle (ethanol)-treated rats at 2 d, and TNBS-treated
rats at 2, 7, 14 and 28 d. Colons were cut open along the
mesenteric border and frozen in liquid nitrogen. Tissue
segments weighing 100-200 mg were homogenized in
potassium phosphate buffer (50 mg/mL, 50 mmol/L
potassium phosphate, pH = 6.0) and centrifuged at
20000 g for 20 min. The supernatant was removed and
HTAB buffer (Hexadecyltrimethylammonium Bromide:
5 g/L in 50 mmol/L potassium phosphate buffer) was
added. The pellet was homogenized and centrifuged at
10000 g. The samples were sonicated, frozen in liquid
nitrogen, thawed, and centrifuged at 10000 g for 10 min.
This step was repeated twice. The level of MPO activity
was determined from the total supernatant by adding
200 µL of O-dianisidine buffer (16.7 mg O-dianisidine
dihydrochloride in 5 mmol/L phosphate buffer
containing 0.005% H2O2). The change in absorbance at
450 nm was determined every 30 s over a 3-min period
after adding the O-dianisidine buffer by a Synergy HT
microplate reader (BioTek Instruments, Winooski, VT,
United States). Values are expressed as units of MPO

Trinitrobenzene sulfonic acid induced colitis: Colitis
was induced in rats anesthetized with 3% isoflurane in
oxygen. Rats received an enema of 1 mL of TNBS (15
mg/mL) in 50% ethanol using a polyethylene catheter
(18 gauge; Fisher Scientific, Pittsburgh, PA, United
States) that was inserted rectally 7 cm proximal to the
anus. Animals were tested for hypersensitivity and then
sacrificed at 2, 7, 14, 21 or 28 d after TNBS-treatment
by CO2 inhalation/decapitation. Naïve rats were also
included in these studies.
Colo-rectal distension: Naïve and TNBS-treated rats
underwent colo-rectal distension at 7, 14, 21 and 28 d.
While anesthetized with 3% isoflurane in oxygen, a 4
cm balloon attached to a plastic tube (14 gauge; Fisher
Scientific, Pittsburgh, PA, United States) was inserted
rectally 2-3 cm proximal to the anus. The balloon was
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outpatient visits from January 2009 to June 2010. All
participants gave written consent, and the study was
approved by the Institutional Review Board and the
Office of Human Subjects Research at the NIH.

Table 1 Clinical sample demographics
Variable

Gender n (%)
Male
Female
Race (n)
Caucasian
Age
Range (yr)
BMI
Range (kg/m²)

Overall
(n = 24)

IBS patients
(n = 12)

Healthy
controls
(n = 12)

P value

11 (45.8)
13 (54.2)

5 (41.7)
7 (58.3)

6 (50)
6 (50)

-

24
28.00 ± 7.54
(22.00-45.00)
25.43 ± 5.92
(18.82-43.22)

12
12
26.67 ± 7.29 29.33 ± 7.87
(14.00-44.00) (23.00-45.00)
25.23 ± 4.18 25.64 ± 7.46
(20.19-35.07) (18.82-43.22)

Sample: A cohort of 24 participants (45.8% male)
included IBS participants (n = 12) and matched healthy
controls (n = 12). Participants were matched for race
(100% Caucasian), age (mean 28.00 ± 7.54 years, range
22 - 45 years), and body mass index (BMI, mean 25.43
± 5.92 kg/m 2), range 18.82 - 43.22 kg/m 2) (Table
1). Participants with a history of organic GI disease
(e.g., inflammatory bowel disease, celiac disease) or
currently taking medications daily for GI symptoms (e.g.,
antispasmodics, laxatives) were excluded to control for
potential confounding factors.

0.40
0.87

activity per gram of tissue sample where 1 unit of MPO
is defined as that which degrades 1 µmol of hydrogen
peroxide per minute.

RNA extraction: Peripheral whole blood (2.5 mL)
was collected in PAXgene® RNA tubes from fasting
participants via venipuncture. RNA was extracted using
the PAXgene Blood miRNA Kit (Qiagen, Franklin Lakes,
NJ, United States). RNA quality was verified with the
Experion™ RNA Analysis Kit (Bio-Rad, Hercules, CA,
United States).

Immunohistochemistry: Descending colons were
removed from naïve and TNBS-treated rats at 14 d.
This time point was chosen because we previously
found it to be the time at which hyperalgesia was most
prominent[17]. Tissues were fixed in 4% Formalin for 24
h and preserved in 30% sucrose at 4 ℃. Tissues were
sectioned at 20 µm on a cryostat, serially mounted on a
glass slide, and air-dried for 1 h. Slides were treated with
Target Retrieval Solution, pH 6 (Dako, Carpinteria, CA,
United States) for 24 h at 60 ℃. All preparations were
washed 3 times (10 min each) in Phosphate Buffered
Saline (PBS, 10 mmol/L sodium phosphate, pH = 7.4,
0.9% NaCl). Slides were then incubated with anti-VIP
and anti-Neurofilament (Santa Cruz Biotechnology, Santa
Cruz, CA, United States) in 0.3% tween-20 in PBS for
24 h at 4 ℃. The sections were washed 3 times in PBS
(10 min each) followed by 1 h incubation in secondary
antibodies. The secondary antibodies were Alexa Fluor
488 and Alexa Fluor 594 (Molecular Probes, Boston,
MA, United States) in 0.3% tween-20 in PBS. Negative
controls were performed by incubating samples with only
secondary antibodies and omitting primary antibodies.
After incubation with secondary antibodies, slides
were washed 3 times (10 min each) and coverslipped
with VECTASHIELD Mounting Medium with DAPI
(Vector Laboratories, Burlingame, CA, United States).
The sections were visualized with filters for red, green,
and blue excitation. Images were photographed on a
Leica DM LB2 Fluorescence microscope (Leica, Wetzlar,
Germany).

Gene expression: RNA (500 ng) was reverse transcribed
using the RT 2 First Strand Kit (SA Biosciences by
Qiagen, Frederick, MD, United States). A modified
version of the RT 2 Profiler™ PCR Array Human
Inflammatory Response and Autoimmunity (PAHS-077A,
SA Biosciences by Qiagen, Frederick, MD, United States)
was used to analyze the expression of 96 wet-bench
validated primer assays, including 84 key genes involved
in inflammatory immune responses, 4 added custom
genes (i.e., VIP), 5 housekeeping genes, and controls to
check for genomic DNA contamination, RNA quality,
and general PCR performance (Del Valle-Pinero et
al[36]). Quantitative real-time PCR was performed using
an Applied Biosystems 7900HT (Life Technologies
Corporation, Grand Island, NY, United States) and
QIAGEN’s RT² SYBR® Green qPCR Mastermix with
ROX as passive reference dye.
Protein levels: Vasoactive intestinal peptide enzyme
immunoassay protocol
Plasma from naïve rats, TNBS-treated rats, healthy
participants and IBS participants were assayed for VIP
protein levels using Peptide Enzyme Immunoassay
Protocol (Bachem Group, San Carlos, CA). Briefly, 50
µL of samples, 25 µL of VIP antiserum, and 25 µL of
biotinylated-tracer were mixed into each well of a 96-well
plate pre-coated with anti-rabbit secondary antibody
and incubated at room temperature for 2 h. The plate
was then washed 5 times with buffer, and 100 µL/well
of streptavidin-conjugated horseradish peroxidase was
added. The plate was incubated for 1 h. The plate was
then washed 5 times with buffer and 100 µL/well of
TMB solution was added. The change in absorbance

Clinical study
Design and setting: This pilot study was composed
of adult participants who met Rome Ⅲ criteria
for IBS for longer than 6 mo and matched healthy
controls. Participants were recruited under a natural
history protocol (09-NR-0064, Clinicaltrials.gov #
NCT00824941) conducted at the National Institutes
of Health (NIH) Hatfield Clinical Research Center.
Biological samples were collected during a span of 2
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Figure 1 Colitis induction following trinitrobenzene sulfonic acid administration. A: Weight loss after trinitrobenzene sulfonic acid (TNBS) enema. Graph shows
the weight change in grams after TNBS treatment (n = 20 for control, n = 20 for Day 0, n = 20 for Day 2, n = 20 for Day 7, n = 12 for Day 14, n = 5 for Day 21); B:
Visceral hypersensitivity after TNBS treatment. Graph representing colo-rectal distension (CRD) scores in mmHg before and after TNBS (n = 10 for 7 d, n = 15 for 14
d, n = 5 for 21 d, n = 8 for 28 d); C: somatic hypersensitivity after TNBS treatment. Graph representing the mechanical threshold testing on the hind paws, Von Frey.
Data were shown as a percentage of control (naïve) threshold response (n = 21 for 7 d, n = 24 for 14 d, n = 12 for 21 d, n = 27 for 28 d); D: presence of inflammation
following TNBS-induced colitis. Graph shows the average myeloperoxidase (MPO) activity (vehicle = ethanol, for all conditions, n = 3, each with 8 replicates). aP < 0.05,
b
P < 0.01 vs controls; ANOVA with Bonferroni’s and Dunnett’s posttests.

at 650 nm was determined every minute over 30 min
using a Bio-Tek® Synergy HT Microplate reader. The
reaction was terminated by adding 100 µL 2 mol/L HCL
per well and readings were taken again at 450 nm. VIP
concentration (ng/mL) was calculated by comparing
samples’ absorbance to a standard curve generated using
the standard peptide provided with the kit.

to the fold-change. Negative fold-change values less than
1 indicate a down-regulation; (i.e., the fold-regulation
is the negative inverse of the fold-change). The results
were reported as fold-regulation as it represents foldchange values in a meaningful biologic way [Arikawa,
SAB Tech Article]. The clinical data (Table 1) were
analyzed with t-tests (unpaired) using GraphPad Prism
5 (GraphPad Software Inc., La Jolla, CA, United States)
and independent sample t-tests using SPSS 15 (SPSS Inc.,
Chicago, IL, United States). Statistical P-values < 0.05
were considered significant.

Statistical analysis
Data were analyzed using ANOVAs. Post-hoc tests were
either Dunnett’s or Bonferroni’s tests. P-values < 0.05
were considered to be significant and n values represent
individual animals. GraphPad Prism 5 (GraphPad
Software Inc., La Jolla, CA, United States) was used
for all analyses. Quantitative PCR raw data were
uploaded to SA Biosciences Web Analysis (http://www.
sabiosciences.com) for statistical analysis. As previously
recommended in the literature, cut off for threshold
cycle (Ct) was set at 35 cycles and boundary to 2-fold[37].
Fold-change (2-∆∆Ct) was defined as the normalized gene
expression (2 -∆Ct) in the test group (IBS participants)
divided by the normalized gene expression (2-∆Ct) in the
control group. A positive fold-change value greater than
1 indicates an up-regulation; the fold-regulation is equal

WJG|www.wjgnet.com

RESULTS
Trinitrobenzene sulfonic acid treatment induces colitis
Inflammation in the TNBS-induced model of colitis has
several indicators one of which is transient weight loss
after treatment. Compared to controls, animals treated with
TNBS lost weight (13.7 ± 3.2 g) during the first 2-7 d after
the enema (Figure 1A). Treated animals stopped losing
weight after day 14 and showed weights indistinguishable
from controls by day 21 (Figure 1A). When compared to
controls, visceral hypersensitivity to colo-rectal distension
was increased in TNBS-treated rats at 7, 14, and 21 d
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Figure 2 Vasoactive intestinal peptide co-localizes with the neuronal marker; Neurofilament. Vasoactive intestinal peptide (VIP) co-localizes with the neuronal
marker; Neurofilament (NF). Top panel shows VIP positive cells (A), NF positive cells (B) and co-labeled cells in yellow with DAPI nuclear stain in blue (C) for control
animals. Lower panel shows VIP positive cells (D), NF positive cells (E) and co-labeled cells in yellow with DAPI nuclear stain in blue (F) 14 d following TNBS treatment.
TNBS: Trinitrobenzene sulfonic acid.

VIP (ng/mL)

1.5

Vasoactive intestinal peptide expression in a TNBSinduced colitis rat model
Using immunohistochemistry, we confirmed that VIP colocalizes with the neuronal marker, Neurofilament (NF),
in both the naïve and the inflamed colons (Figure 2). The
plasma concentration of VIP was then assessed using
a peptide enzyme immunoassay (Bachem Group, San
Carlos, CA) in naïve and TNBS-treated rats. VIP plasma
concentration was significantly increased following TNBS
enema when compared to naïve animals (P < 0.05, Figure 3).

a

1.0
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0.0

Naive

TNBS 2 h

TNBS 14 d

Vasoactive intestinal peptide expression in IBS patients
VIP gene expression was significantly upregulated (fold
regulation = 2.91) in IBS patients (Group 1; n = 12)
when compared to healthy controls (Control Group; n
= 12) (95%CI: 0.00001-9.7) (Figure 4). Moreover, the
expression level of VIP protein in the plasma of the
participants with IBS (0.254 ng/mL) was not significantly
different when compared with those of the control
group (0.193 ng/mL, P = 0.173) (Figure 5).

Figure 3 Vasoactive intestinal peptide in plasma after trinitrobenzene
sulfonic acid treatment. Plasma concentration of vasoactive intestinal peptide
(VIP) was assessed in naïve animals and after trinitrobenzene sulfonic acid
(TNBS) treatment at the 2-h and 14-d time-points using a peptide enzyme
immunoassay. n = 4 for all conditions, aP < 0.05 vs controls; ANOVA with
Dunnett’s posttests.

following TNBS administration and was resolved by
day 28 (Figure 1B). Somatic hypersensitivity was also
increased 14 d after TNBS treatment (Figure 1C). Another
marker of inflammation is an increase in the activity of
MPO which is an enzyme located within granules found
in the intracellular region of neutrophils that is used
as an indicator of neutrophil infiltration. The levels of
MPO activity were significantly elevated 2 d after vehicle
(ethanol-saline, 1:1) administration and 2, 7, 14 and 28 d
after TNBS treatment when compared to control (naïve)
rats (Figure 1D). These results, which are comparable to
Zheng et al[35] results and our previous findings[7,17], indicate
that colitis was effectively induced by TNBS.
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DISCUSSION
Our finding of an upregulation of circulating VIP gene
expression is significant and supports that of others who
have shown an increased mRNA expression of VIP from
rectosigmoid mucosa biopsies in patients with diarrheapredominant IBS compared to healthy controls [38].
These finding are important as VIP may have both
neuroeffective and neuroprotective roles[39], and therefore
have a role not only in the development but also the
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Figure 5 Vasoactive intestinal peptide in human plasma. Vasoactive
intestinal peptide (VIP) protein levels were not significantly different in IBS
patients (n = 12, 0.193 ng/mL) when compared to controls (n = 11, 0.254 ng/
mL), P = 0.173. IBS: Irritable bowel syndrome.

1.57

Log10 (healthy controls 2^ -DeltaCt)

Figure 4 Gene expression in irritable bowel syndrome participants vs
healthy controls. Compares the expression of 88 genes and PCR controls for
IBS participants (n = 12) vs healthy participants (n = 12). VIP fold regulation = 2.91.
Boundary = 2. IBS: Irritable bowel syndrome; VIP: Vasoactive intestinal peptides.

In conclusion, our patient and animal data show
that changes in vasoactive intestinal peptide gene and
protein expression may play an important role in chronic
symptoms associated with gastrointestinal disorders. These
data provide a starting point to better understand the
expression, physiology, and pharmacological properties
of VIP, which in turn may lead to the development of
therapies that selectively modulate gastrointestinal function.

continuation of chronic gastrointestinal symptoms in IBS.
The similar VIP plasma protein levels in our IBS
cohort compared to the healthy controls differ from
our animal findings. These results could be explained
by the inherently acute state of the TNBS-induced
colitis when compared to IBS patients’ chronic con
dition. It is plausible that IBS patients have fewer
ongoing inflammatory processes or a defect in the VIP
pathway, which prevents them from recovering from
an inflammatory event. However, additional studies are
needed with acute stimulation and repeated longitudinal
measures of VIP over time to better elucidate the
functional mechanisms of VIP in patients with IBS and
the rat TNBS-model. Zhou et al[7] reported that 16 wk
after TNBS treatment, when initial inflammation had
resolved, 24% of treated rats still exhibit visceral and
somatic hypersensitivity. It would be relevant to study
whether this subset of animals also retains changes in
VIP expression.
The TNBS-induced colitis model is not without
limitations. One example is the absence of spontaneous
relapse, which is a hallmark of most gastrointestinal
disorders. Moreover, the reproducibility of this model is
highly dependent on the TNBS dose used[40,41] .
The use of human whole blood as a correlate for
colonic mucosa inflammation is an additional limitation
of this study. It is important that future studies assess not
only circulating VIP, but also colonic mucosa expression
simultaneously. Controlled intervention studies to test the
effects of VIP in experimental human studies will offer
greater insight into the mechanisms and bidirectional
effects of VIP. There are numerous factors, potentially
interacting with each which we did not investigate
including but not limited to gut hormones. Future studies
require larger more representative samples in order to
elucidate the underlying mechanisms in IBS and enhance
the potential for developing novel treatments to aid
patients living with IBS.
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Background

Vasoactive Intestinal Peptide is currently being looked at as a possible drug
or therapeutic target for a number of gastro intestinal disorders. The molecule
is released in response to inflammation in the gastrointestinal (GI) tract and
suppresses the immune system causing a reduction in the inflammation. Altered
levels of vasoactive intestinal peptides could be a factor in the development
of the GI disorder. One way to test inflammatory responses in the GI tract
of animal models is to artificially induce inflammation using the chemical
trinitrobenzene sulfonic acid (TNBS). TNBS induced inflammation and the
subsequent recovery could have an impact on the levels of vasoactive intestinal
peptide in the GI tract.

Research frontiers

Vasoactive intestinal peptide (VIP) has potent anti-inflammatory effects and
facilitates gut motility and digestion. Current research suggests gastrointestinal
symptoms in irritable bowel syndrome (IBS) are related to inflammatory, motility,
and visceral hypersensitivity processes. Comprehensive treatment of the variety
of IBS symptoms is both lacking and pressing.

Innovations and breakthroughs

Previous measures of VIP have been obtained through mucosal biopsies of the
rectosigmoid. In the present study, the authors measured circulating VIP gene
expression and support the mucosal findings of upregulation.

Applications

The study results suggest that VIP is a potential therapeutic target for the
management of symptoms in individuals who suffer from irritable bowel
syndrome.

Terminology

Vasoactive intestinal peptide is a peptide hormone that is produced in the gut,
pancreas and the brain. In particular to the gut, it both inhibits and stimulates
secretions resulting in increased motility. IBS is a symptom-based diagnosed
disorder characterized by abdominal pain or discomfort, and altered bowel
habits. TNBS is an agent that induces focal inflammation and alterations in
the colon when given by enema to rats with features similar to those found in
chronic inflammatory diseases in humans.

Peer review

This is a uniquely designed study to determine the changes in expression of
VIP in an animal model of TNBS induced colitis and IBS patients. The results
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METHODS: Cell line establishment was conducted by
both direct in vitro culturing and in vivo xenografting
followed by in vitro culturing procedure. A comprehensive
characterization was subsequently performed. This
included quality control, consisting of the confirmation
of human and colorectal cancer (CRC) origin by DNA
fingerprint and epithelial cell adhesion molecule (EpCAM)
staining, as well as mycoplasma and human virus testing.
Phenotypic analysis was done by light microscopy and
multicolor flow cytometry. Histopathological examination
(β-catenin and cytokeratin staining) was conducted in
direct comparison to parental tumor tissues. Extensive
molecular-pathological profiling included mutation
analysis for CRC-associated driver mutations, assessment
of chromosomal and microsatellite instability, and the
grade of CpG island methylation. Additionally, an arraybased comparative genomic hybridization analysis was
performed. Drug responsiveness was assessed for a panel
of classical and novel substances in clinical use for the
treatment of solid cancers. Finally, tumorigenicity of the cell
lines was tested by xenografting into immunocompromised
nude mice.
RESULTS: Herein we describe the establishment of
three ultra-low passage cell lines from two individual
patients suffering from sporadic CRC. One cell line
was derived directly from an early stage case (HROC18),
whereas two cell lines could be established both direct
from patient material and after xenografting from a
late stage tumor (HROC32). All cell lines were free
of contaminating mycoplasma and viruses. Molecularpathological analysis allowed all cell lines to be classified
+
as chromosomal instable (CIN ). They were aneuploid,
with CpG island promoter methylation and microsatellite
instability being absent. The following mutational profile
was observed both in the cell lines and the parental
mut
mut
wt
tumor tissue: HROC18: APC , p53 , K-ras ; HROC32:

Abstract
AIM: To generate novel tumor models for preclinical
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wt

mut

mut

in the transforming growth factor PIK3CA and TP53
pathways[6-9]. As a consequence of these fundamental
findings, further mutational analyses have shown that,
in an individual cancer, only a limited number of
pathways are dysregulated by “driver” mutations from a
circumscribed number of about 80 candidate cancer genes
(i.e., cancer genome landscapes)[10-12]. As tumors are highly
heterogeneous and normal mutation rates are insufficient
to account for the required number of mutations, Loeb
et al[13] proposed a mutator phenotype of cancer cells that
allows them to increase their rate of new mutations.
This chromosomal instability phenotype (CIN+) is
observed in 65%-70% of sporadic CRC and indicates an
accelerated rate of gains or losses of whole or large portions
of chromosomes, resulting in a karyotypic variability[14].
The consequence of CIN+ is an imbalance in the number
of chromosomes (aneuploidy), subchromal genomic
amplifications, and a high frequency of heterozygosity loss[15].
Transfer of these insights into clinical practice led
to the development of therapies targeting epidermal
growth factor (EGF)-receptor (EGFR) blockade (with
the pre-requisite of KRAS mutational analysis)[16,17], and
it is highly probable that further “individual” molecular
testing of patients’ tumor tissue will become standard
to guide and improve anticancer therapy regimens in the
near future.
In this study, we describe the establishment and
functional characterization of novel CIN+ cell lines with
their corresponding xenograft model. A broad analysis
of tumor biology, genetic alterations, and assessment
of chemosensitivity towards an extended range of
chemotherapeutic drugs is shown. Considering these
aspects, the described cell lines provide an excellent tool for
further development of individual therapy regimens.

APC , p53 , K-ras . All cell lines were characterized as
+
epithelial (EpCAM ) cells, showing distinct morphology
and migration speed, but comparable growth kinetics.
The cell lines showed different patterns of response
towards clinically approved and novel drugs, with
HROC18 being more resistant than HROC32 cells. Finally,
in vivo tumorigenicity was demonstrated.
CONCLUSION: We successfully established and
characterized novel ultra-low passage patient-derived
CRC models as useful instruments for analyzing biological
+
characteristics associated with the CIN phenotype.
Key words: Patient-derived tumor model; Colorectal cancer;
Individualized medicine; Molecular characterization; Drug
response; Translational research
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We ultra-low passage and well-characterized
tumor models are considered the basis for modern
preclinical research, but are still rare for colorectal
carcinoma (CRC). Herein describe two novel ultra-low
passage patient-derived CRC cell lines, HROC18 and
HROC32, which were established both direct from patient
material and after xenografting. We characterized these
models according to phenotype, molecular, morphological,
and growth characteristics, as well as by drug response
profiles. These cell lines expand our comprehensive
collection of tumor models, which in summary provide
a useful instrument for basic and translational research.
The models are available on request.
Maletzki C, Gock M, Randow M, Klar E, Huehns M, Prall
F, Linnebacher M. Establishment and characterization of cell
lines from chromosomal instable colorectal cancer. World J
Gastroenterol 2015; 21(1): 164-176 Available from: URL: http://
www.wjgnet.com/1007-9327/full/v21/i1/164.htm DOI: http://
dx.doi.org/10.3748/wjg.v21.i1.164

MATERIALS AND METHODS
Tumor preparation and cell line establishment
Primary CRC resection specimens of HROC18 and
HROC32 were received fresh from surgery, with informed
written patient consent. Both patients underwent surgery
upon initial diagnosis; hence, neither of them received
any kind of prior therapy (i.e., surgery, chemotherapy,
or radiotherapy). All procedures were approved by the
Ethics Committee of the University of Rostock (reference
number Ⅱ HV 43/2004) in accordance with generally
accepted guidelines for the use of human material.
Tumor samples were cut into small pieces. Parts of the
tumor were immediately frozen in freezing medium
[fetal calf serum (FCS) containing 10% DMSO; Sigma
Aldrich, Munich, Germany] at -80 ℃ for subsequent
xenografting. Other pieces were frozen in liquid nitrogen
for molecular analysis. The cell line establishment protocol
was adapted from that of Maletzki et al[18]. Tumor cells
were released from surrounding tissue by scraping and
passage through a nylon mesh (100 μ m). Single cell
suspensions were seeded on collagen-coated 6-well plates
in Quantum tumor medium [supplemented with 10%

INTRODUCTION
The landmark paper by Vogelstein et al[1] ushered in a new
era of understanding genetic alterations during colorectal
tumor development and led to a new model of colorectal
tumorigenesis. Since then, great leaps have been made
in categorizing the main molecular classes of colorectal
carcinoma (CRC) by pathogenetic mechanisms, namely
those having chromosomal and microsatellite instability,
as well as by CpG island methylator phenotype (CIMP)[2,3].
These mechanisms allow the definition of five molecular
subtypes of CRC [4]. Initially, Fearon and Vogelstein
proposed that inactivation of the adenomatous polyposis
coli (APC) tumor suppressor gene occurs as a first step
with the activation of KRAS mutations[5]. The subsequent
malignant transformation is driven by additional mutations
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Table 1 Clinical and pathological characteristics of patients as well as cell line establishment protocol
Tumor-ID

Age/
gender

Tumor
location

TNM-stage UICC
stage

HROC18

65/F

Caecum

G2T2N0 M0

Ⅰ

HROC32

83/F

Ascending G2T4N2 M1
colon

Ⅳ

Tumor type

Molecular
type

β-catenin
translocation

Corresponding
xenograft

Direct cell line
establishment

Primary adenocarcinoma
Primary adenocarcinoma

spStd

+

-

+

-

Yes

spStd

+

+

+

+

Yes

Cell line Paired
B-LCL
from
xenograft

F: Female; spStd: Sporadic standard; B-LCL: B lymphoid cell line; +: Positive; -: Negative.

FCS, 200 mmol/L L-glutamine, antibiotics (penicillin G
10.000 IU/L; streptomycin 130 mg/L), and antimycotics
(amphotericin B 6 mg/L)], and incubated at 37 ℃ in
a humidified atmosphere of 5% CO2. All cell culture
reagents were obtained from PAA (Cölbe, Germany),
antibiotics and antifungal agents were from the pharmacy
of the University of Rostock hospital. The medium was
changed every 3-4 d. Initial passage into a 25 cm2 culture
flask was performed when tumor cell growth was observed.
If stromal cell growth was noted in the initial cultures,
differential trypsinization was used to obtain a pure tumor
cell population. Continually growing cell cultures were
further passaged; frozen samples were prepared from low
passages regularly.

Hamburg, Germany).
Mutational and methylation profile of tumor-associated
target genes and determining the level of chromosomal
instability
Molecular classification was done according to Ostwald et
al[3] on an ABI 3500 genetic analyzer (Applied Biosystems,
Darmstadt, Germany). Data analysis was carried out by
taking advantage of SeqScape® Software v2.7 (Applied
Biosystems). These data, as well as staging information
compiled from the clinical charts, are summarized in
Table 1. Mutations in tumor-associated APC, p53,
KRAS, and BRAFV600E genes were analyzed as described.
DNA-methylation in CIMP-sensitive promoters was
traced by MethyLight with a modified marker panel
originally published by Ogino et al [21]. The degree of
chromosomal instability was assessed using SNP Array
6.0 from Affymetrix (Cleveland, OH) according to the
manufacturer’s instructions.

In vivo tumorigenicity
In vivo tumorigenicity of HROC18 and HROC32 cells
was tested following subcutaneous (sc) injection of 5
× 106 cells (with or without Matrigel®, BD Biosciences,
Heidelberg, Germany) into the right and left hind flank
of six-week-old female NMRI Foxn1nu mice. Mice were
bred in the University of Rostock’s animal facilities and
maintained in specified pathogen-free conditions. Their
care and housing were in accordance with guidelines as
put forth by the German Ethical Committee. Tumor
growth was monitored for at least 10 wk. Outgrowing
tumors were removed for histological examination.
In a parallel experiment, in vivo xenografting of a
HROC32 patients’ tumor was performed. Subcutaneous
tumor implantation was performed as described [19].
Established xenografts (≥ 1500 mm³) were removed
and subjected to in vitro culture protocols as described
above. In the case of HROC18, the quantity of tumor
material was insufficient for in vivo xenografting; hence,
cell line establishment was only done on patient tumor
material.

DNA typing
Genomic DNA was isolated from cell lines at different
passages, matched tumor and normal tissue, and corresponding
B cells using the Wizard® Genomic DNA Purification Kit
provided by Promega (Mannheim, Germany). Highly
polymorphic short tandem repeat (STR) DNA marker
(CSF1PO, TPOX, THO1, vWA, D16S539, D13S317, and
D7S820) and the gender marker amelogenin were amplified
in standard polymerase chain reaction (PCR) reactions and
analyzed on an ABI Prism 3100 system. PCR primers were
based on the original publication[22].
Generation of peripheral B cultures from patients
Peripheral blood lymphocytes were purified by Ficoll
density-gradient centrifugation. B-lymphoid cell lines
(B-LCLs) were generated by Epstein-Barr virus-trans
formation as described previously[23]. Outgrowing B-LCL
cultures were harvested, expanded, characterized, and
frozen.

Histology and immunohistochemistry of original tumors
and xenografts
Histopathological examination of HE-stained primary
tumors and the corresponding xenografts was performed
according to standard protocols for clinicopathological
CRC staging[20], with additional staging information being
compiled from patients’ clinical charts. Supplementary
immunostainings from paraffin-embedded primary tumors
were done for β -catenin (Cell Signaling Technology,
Boston, United States) and MNF116 (cytokeratin; Dako,
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In vitro growth kinetics, ploidy, and cell cycle analysis
Doubling time of HROC18 and HROC32 cells was
determined from serial passages. Therefore, 5 × 10 5
viable cells were seeded into 25 cm 2 flasks and the
number of viable cells (defined by trypan blue exclusion)
determined daily for seven days. Cultures were fed every
3 or 4 d. Ploidy and cell cycle analysis was performed
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by flow cytometry (FACSCalibur, BD Biosciences)
using fixed cells (70% ethanol) after RNase A digestion
(100 μg/mL; Sigma Aldrich) and propidium iodide (10
μ g/mL; Sigma Aldrich) addition. Events (n = 10000)
were measured for each sample, and cell cycle analysis was
carried out by applying Modfit software (Verity Software
House, Topsham, ME, United States). Matched B-LCLs
were used as diploid controls.

gene-based PCR amplification method from whole cell
lysates. For determining potential polyomavirus infection
(JC/BK and SV40), gDNA was isolated using the Wizard
genomic DNA purification kit (Promega). All procedures
were performed as described by Maletzki et al[18].
Wound healing assay
Tumor cells were seeded in duplicates (6 × 105 cells/
well, 6-well plates) and grown to 100% confluency.
Monolayers were scratched with a 10 μ L pipette tip to
induce a wound. Wounded edges were imaged using a Zeiss
inverted microscope. Images were taken daily for a period
of 9 d under a × 10 objective lens. Migration property
was calculated by measuring scratch diameter under a
microscope within each well.

Flow cytometric phenotyping of primary cell lines
Cell surface marker expression on CRC lines was traced
by flow cytometry with and without interferon-gamma
(IFN-γ ) pre-treatment using a panel of FITC-, PE, or
APC-conjugated Abs: CD11b, CD15, CD20, CD24, CD25,
CD28, CD34, CD43, CD44, CD45, CD45ra, CD45ro,
CD45rb, CD50, CD54, CD55, CD56, CD58, CD62L,
CD66acde, CD69, CD71, CD80, CD86, CD102, CD154,
CD178, CD326, MHC I (Immunotools, Friesoythe,
Germany), MHC Ⅱ (Miltenyi Biotec, Bergisch-Gladbach,
Germany), and HLA-A2 (cell culture supernatant clone
BB7.2). For HLA-A2, a secondary FITC-conjugated antimouse Ab was applied (Dako). Samples were analyzed
using CellQuest software (BD Biosciences).

In vitro chemosensitivity analysis
Cells were seeded into 96-well microtiter plates at 5 ×
103 or 1 × 104 cells/well. When cells reached 30%-40%
confluency, cultures were exposed to increasing drug
concentrations of 5-fluorouracil (5-FU), cisplatin, irino
tecan, gemcitabine, taxol, trastuzumab, rapamycin,
erlotinib (courtesy of the University of Rostock’s hospital
pharmacy), or nilotinib (kindly provided by Novartis AG).
Substances were selected based on the following criteria: (1)
clinical approval for first-, second-, or third-line therapy of
CRC patients (5-FU, irinotecan)[24]; (2) experimental and/
or (pre-) clinical evidence of efficacy against CRC tumors
(gemcitabine, taxol, cisplatin, and trastuzumab)[18,25]; and
(3) promising novel targeted drugs, especially in case of
metastatic disease (rapamycin, erlotinib, and nilotinib)[26,27].
After three days of exposure, media were removed and
replaced by fresh medium supplemented with therapeutics.
Following another three days, medium was removed, plates
carefully washed, and they were then stained with crystal
violet (0.2%, 10 min). Finally, drug effects from triplicate
wells were determined at the level of 50% inhibition (IC50)
in comparison to control, measured at 570 nm (reference
wavelength: 620 nm).

HLA typing
A two-digits encompassing resolution typing on patientderived cell lines of HLA loci (HLA-A, -B and, ‑C, and
HLA-DR and -DQ) was performed by Transfusion
Medicine at the University of Rostock.
Cytokine secretion pattern
Spontaneous cytokine release by tumor cells was analyzed
from duplicates (3 × 104 cells/well) in 24-well plates. Cellfree supernatants were harvested at different time-points
and cytokine production (IL8, and IL10, Immunotools)
was quantified by enzyme-linked immunosorbent assay
according to the manufacturer’s instructions. Plates were
coated with capture antibodies and incubated overnight
(4 ℃). Following five washing steps (1 × PBS) and
blocking (2% BSA, 1 h, room temperature), standards
and samples were transferred in duplicate wells and
incubated (1 h, room temperature). Plates were washed
again, incubated with biotinylated antibody (1:200, 1 h),
and subjected to streptavidin-HRP conjugates (1:500; 30
min). Reaction visualization was done by adding TMB
(3,5,3’,5’-tetramethylbenzidine) solution (100 μL/well) and
incubation in the dark until color change. Reactions were
stopped (100 μL of 2 mol/L H2SO4 solution) and plates
immediately measured at a wavelength of 450 nm on a
plate reader (Tecan Infinite® M200, Crailsheim, Germany).
Measurement of carcinoembryonic antigen (CEA) and
carbohydrate antigen 19-9 was kindly accomplished by the
Institute of Clinical Chemistry and Laboratory Medicine
(University of Rostock Medical Center).

Statistical analysis
Statistical analysis was done upon treatment with chemo
therapeutics and targeted inhibitors. IC50 values were
calculated using Sigma Plot 12.5 software (Systat Software
Inc., San Jose, CA) applying the four parameter logistic
function standard curve analysis for dose response. Values
are given as absolute numbers.

RESULTS
Clinicopathologic characteristics of the primaries and
cell line establishment
Parental tumors for HROC18 and HROC32 were primary
colorectal carcinomas of the right colon. Histologically,
both tumors were moderately well-differentiated tubular
adenocarcinomas; one presenting at an early stage with
infiltration into the muscular bowel wall, but without

Mycoplasma and human viral infection
Mycoplasma contamination was tested by the 16S-rRNA-
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HE

β-catenin

MNF116 (cytokeratin)

HROC18

HROC32

Figure 1 Representative histology of original patients’ tumors HROC18 and HROC32. HE histology, β-catenin, and cytokeratin (MNF116) staining as described
in material and methods. Original magnification × 40.

regional or distant metastasis (parental to HROC18), and
the other at late stage with penetration of the peritoneum,
regional lymph node metastases, and synchronous distant
metastases to the liver and brain. Molecularly, both tumors
were classified as sporadic standard (spStd) type and with
nuclear beta-catenin translocation (Figure 1 and Table 1).
For cell line establishment, in vitro and in vivo approaches
were combined as previously described [18]. With this
method, two individual patient-derived cell lines could
be established (HROC18 and HROC32). Furthermore,
a xenopatient-derived cell line from HROC32 was also
obtained. In the case of HROC18, the obtained tumor
material was insufficient for xenografting in addition to
primary cell line establishment. All three lines exhibited
stable outgrowth as defined by passaging > 50 times.
Hence, three cell lines obtained from two individual tumor
patients were available for subsequent analysis. For clarity,
patient-derived cell lines were marked with the suffix P and
the xenograft-derived cell line with suffix X.

did not change during long-term cell culture (up to 60
passages). As determined by semi-quantitative PCR, cell
lines were found to be free of mycoplasma (Figure 3A) or
other potential contaminants like human polyoma viruses
(SV40 and JC/BK, data not shown).
Growth kinetics, ploidy analysis, and phenotype
Next, doubling times were determined over a culture
period of seven days. Experiments revealed no significant
differences between individual cell lines. Doubling times were
32 ± 10.6 h for HROC32P, 33.8 ± 5.4 h for HROC32X, and
35 ± 7.2 h for HROC18 cells. Cells did not grow faster after
serial passages (data not shown).
Their epithelial origin was confirmed by high epithelial
cell adhesion molecule expression (EpCAM; each >
98%; Table 2). More detailed phenotypic characterization
revealed comparable expression levels for the transferrin
receptor CD71, but heterogeneous expression of adhesion
and co-stimulation markers (CD54, CD58, and CD102).
All cell lines expressed MHC class I and were additionally
found to be HLA-A2 positive (Table 2). MHC class Ⅱ
expression was absent on all lines, but could be induced
by IFN-γ pre-treatment (up to 80%; Table 3).

Morphology and viral contamination
As determined by phase contrast microscopy, cells adhered
tightly to the cell culture flask. Morphologically, all cell lines
showed an epithelial-like phenotype without contaminating
fibroblasts. HROC18 cells proliferated as polygonal cell
clusters in shape with more regular dimensions (Figure 2,
upper panel). Patient-derived HROC32 and their matched
xenopatient-derived cells proliferated as tightly-packed
multi-cellular islands (Figure 2, middle and low panels) that
did not grow to complete confluence. Of note, no apparent
morphological differences were observed between these
two lines, indicative for the same dominant clone growing
out of the initial tumor culture. In all cases, morphology
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Secretion profile
Secretion of the CRC tumor markers CA19-9 and CEA,
as well as chemotactic and pro-angiogenic factor IL8,
was determined from supernatants collected at different
times of culture (Figure 3B). HROC18 and HROC32
secreted detectable levels of both tumor markers, with
HROC18 showing high CA19-9, but low CEA secretion.
On the other hand, the secretory picture of HROC32
was reversed, with high CEA and quite low CA19-9
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P5

P30

P60

HROC18

HROC32P

HROC32X

Figure 2 Light microscopy of tumor cell lines after direct establishment (P5), and following short- (P30) and long-term in vitro culture (P60). Cell lines were
established directly from patients’ tumor material and following xenografting in murine recipients as described in material and methods. Original magnification × 100.

Molecular signature, DNA fingerprint, and identification
of novel tumor suppressor genes
First, DNA fingerprint was performed to verify genetic
identity with the patients. A panel of highly polymorphic
STR DNA markers covering four validated STR loci on
different chromosomal locations was included into this
analysis. Using this approach, identity with the patient
was confirmed for all three cell lines even at late passage,
hence cross-contamination with other (tumor) cells could
be ruled out. Additionally, mutational profiling was done
for a series of frequently affected tumor suppressor/
proto-oncogenes (i.e., TP53, APC, KRAS, and BRAF).
Examinations were done on all three cell lines and
compared to the parental tumor. Notably, no differences
were found in any of the matched samples (Table 4).
HROC18 and HROC32 showed characteristic molecular
features associated with the spStd type. HROC18 displayed
TP53 and APC gene mutations. HROC32 cells presented
with wild type APC, but mutations in the TP53 and KRAS
genes. In line with the characteristic molecular signature,
no methylation in CIMP-sensitive promoters, as traced
by MethyLight, was found. Similarly, no BRAF or PTEN
mutations were detected.
More detailed analysis of potentially novel tumor
suppressor genes identified individual differences between
both tumor models. In detail, expression patterns of
MBNL1, IMMP2L, FHIT, WWOX, and MACROD2 were

Table 2 Flow cytometric phenotyping of colorectal carcinoma
cell lines and major histocompatibility complex expression with
and without interferon-γ pre-treatment
Antigen
CD58
CD71
CD50
CD54
CD102
CD326
CD24
CD44
CD66acde
CD15
CD55
HLA-A2
MHC class Ⅰ
- IFN-γ
+ IFN-γ
MHC class Ⅱ
- IFN-γ
+ IFN-γ

HROC18P

HROC32P

3.6%
38.5%
15.1%
8.9%
22.4%
88.1%
9.5%
52.3%
3.3%
75.1%
1.0%
98.6%

16.4%
39.4%
20.3%
27.0%
11.8%
83.0%
0.6%
41.4%
13.3%
46.7%
6.8%
96.5%

99.0%
99.0%

99.0%
99.0%

0.0%
77.0%

2.5%
80.0%

Data are given from one representative experiment. CD: Cluster of
differentiation; IFN: Interferon; HLA: Human leukocyte antigen; MHC:
Major histocompatibility complex.

levels. IL8 was predominantly detected in HROC18derived supernatants. IL10 was not detectable at all.
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A
P6

HROC18P HROC32P HROC32X
P60
P6
P60
P6
P60

B

Control
+

+

-

HROC18
120

600

100

4000
3500
3000

400
300
200

80

IL8 (pg/mL)

500
CEA [ng/mL]

CA19-9 (U/mL)

HROC32
700

60
40

2500
2000
1500
1000

100

20

0

0

3d

5d

500
3d

0

5d

3d

5d

Figure 3 Mycoplasma polymerase chain reaction, ploidy status, and secretion profile of tumor cells. A: Displayed are the results for 16S-rRNA-gene-based
polymerase chain reaction for mycoplasma. All three lines were found free of contaminating mycoplasma. Samples amplified in the absence of tumor DNA served as a
negative control, whereas a highly contaminated cell line was applied as a positive control, run in duplicates; B: Cytokine secretion pattern as determined by enzymelinked immunosorbent assays. Cytokine concentrations were determined by comparison with a standard curve generated from serial dilutions of individual standards.
Quantitative analysis of carcinoembryonic antigen (CEA), carbohydrate antigen 19-9 (CA19-9), and interleukin (IL) 8 secretion after three and five days of culture,
respectively. Results show the mean ± SD of three independent experiments.

Table 3 Human leukocyte antigen: Typing of colorectal carcinoma cell lines

HROC18
HROC32P

HLA class Ⅰ
1
B
1 allele
2 allele
08
39
08
51

1

DNA

A
1 allele
01
01

2 allele
02
02

Cw
1 allele
07
07

1

2 allele
14

HLA class Ⅰ
1
1
DRB1
DQB1
1 allele
2 allele
1 allele
2 allele
03
13
02
03
03
11
02
03

1

The number of the alleles. Information on both alleles is provided; in case of homozygosity the “second” allele is marked by “-“. HLA: Human leukocyte antigen.

Table 4 Comparative molecular characterization of patients’ tumor and corresponding colorectal carcinoma cell lines
TP53
Tumor-ID
HROC18
HROC32

APC

KRAS

Exon 5

Exon 6

Exon 7

Exon 8

Cd1

Cd2

Cd12

Cd13

wt
wt
wt
wt
wt

wt
wt
wt
wt
wt

wt
wt
wt
wt
wt

mut
mut
mut
mut
mut

mut
mut
wt
wt
wt

wt
wt
wt
wt
wt

wt
wt
mut
mut
mut

wt
wt
wt
wt
wt

Patient tumor
Cell line
Patient tumor
P-Cell line
X-Cell line

V600

B-raf

wt
wt
wt
wt
wt

wt: Wild type; mut: Mutated; Cd: Codon.

examined by endpoint PCR. Alterations were detected as
heterozygous point mutations, as demonstrated for FHIT
(HROC18) and WWOX. IMMP2L and MACROD2 were
homozygously deleted in both tumor models. MBNL1

WJG|www.wjgnet.com

showed no alteration with normal expression values.
Finally, we performed a very high resolution genomic
analysis employing SNP Array 6.0. In this analysis,
instability on the chromosomal level was confirmed. Both
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A

Gender: female
Gain:
Loss:

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

X

Y

B

Gender: unknown
Gain:
Loss:

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

X

Y

Figure 4 Single nucleotide polymorphism array 6.0 for assessment of chromosomal instability in cell lines. Analysis was performed according to
manufacturer’s instructions. A: HROC18 cells; B: HROC32P cells.
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d0

d2

d5

d9

HROC18

HROC32P

Figure 5 Wound healing assays were performed with HROC18 and HROC32P cells, respectively. Representative images of migrating tumor cells around the
wound area at d0, d2, d5, and d9 after wounding are shown. d: Day.

Table 5 IC50 values of antitumor drugs evaluated for colorectal carcinoma cell lines
Cell line

IC50

HROC18
HROC32P
HROC32X

5-FU
(μg/mL)
0.48 ± 0.28
0.15 ± 0.07
1.97 ± 1.95

Cisplatin
(μg/mL)
1.58 ± 0.29
0.65 ± 0.40
1.30 ± 0.46

Irinotecan
(μmol/L)
7.88 ± 2.26
0.15 ± 0.07
3.83 ± 1.40

Gemcitabine
(μmol/L)
3.35 ± 1.18
3.90 ± 2.16
5.90 ± 1.06

1

2

Paclitaxel

Trastuzumab

Resistant
Resistant
Resistant

Resistant
Resistant
Resistant

Erlotinib
(μmol/L)
12.21 ± 5.4
1.40 ± 1.01
0.87 ± 0.15

Nilotinib
(μmol/L)
7.55 ± 1.77
5.47 ± 3.13
5.5 ± 3.1

Rapamycin
(μmol/L)
0.08 ± 0.04
0.14 ± 0.14
0.13 ± 0.06

1

Range 0.9 nmol/L: 60 mmol/L; 2Range: 310 ng/mL: 20 μg/mL. Values are given as mean, resulting from at least three independent experiments each
performed in triplicates. 5-FU: 5-Fluorouracil.

14

HROC32

12
Tumor diameter (mm)

migrated within five days throughout the initial wound
(migration speed: 34.8 μm/d). By contrast, HROC32P
cells exhibited lower levels of migration (Figure 5),
finally taking 9 d to close the wound (migration speed:
24.8 μm/d).

HROC18

10
8

In vitro drug response
Drug response testing on individual cell lines has become
increasingly important due to the large heterogeneity of
individual tumors in terms of therapy response. Hence,
a series of clinically approved and potentially novel
substances was included into in vitro analysis (Table 5).
Responsiveness was examined following two 72-hour
cycles, closely resembling the clinical regimen.
Generally, HROC18 and HROC32 (P + X) cells
responded to clinically approved CRC drugs (i.e., 5-FU,
cisplatin, and irinotecan). HROC18 cells showed the
highest sensitivity towards 5-FU (IC50 value: 0.48 ± 0.28
μmol/L). HROC32X tended to be more resistant against
these drugs than its parental line (HROC32P), especially
following irinotecan treatment (IC50 values: 3.83 ± 1.40
μmol/L vs 0.15 ± 0.07 μmol/L). Of note, all lines were
susceptible towards targeted therapies. Among these
therapeutics, the mammalian target of rapamycin (mTOR)
inhibitor rapamycin (IC50 value of each cell line: < 0.20
μmol/L) was most potent. Nilotinib, an inhibitor of

6
4
2
0

0

20

40

60

80

Time after tumor cell injection (d)

Figure 6 In vivo tumorigenicity. Female NMRI Foxn1nu mice were challenged
subcutaneously with 5 × 106 tumor cells. Monitoring of tumor growth was
performed for a total of 80 d. Both cell lines exhibited low tumorigenic potential
in vivo, as can be depicted from the tumor growth curve. Values are given as
mean tumor diameter ± SD.

cell lines presented with complex aberrations (Figure 4).
Migration of tumor lines
A scratch wound healing assay was performed, with cell
migration upon wounding being assessed over a period
of 9 d. As can be taken from Figure 5, HROC18 cells
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the DDR, KIT, and PDGFR receptor kinases, showed
IC50 values between 5.4 and 7.5 μmol/L, and erlotinib,
a selective EGFR inhibitor, inhibited proliferation with
IC50 values in the range of 0.87-12.2 μmol/L. By contrast,
taxol did not show significant growth inhibition at all,
which is in line with the recent literature in CIN tumors[28].
Likewise, trastuzumab had no impact on cellular growth.

and obtain more individual tumor models for functional
comparative studies, tumor fragments were additionally
engrafted in immunodeficient mice without prior in
vitro exposure[35,37]. With this approach, up to 60%-80%
success can be achieved (own unpublished data). Cell
lines established following xenografting often show
even better in vitro growth behavior than their parental
counterpart cell line. They even adequately recapitulate
molecular hallmarks of parental tumors and exhibit
good in vivo tumorigenic potential, which is crucial for
therapeutic interventions. However, there are also some
limitations that must be kept in mind: (1) xenopatientderived cell lines undergo a kind of in vivo preselection
and may thus not represent the full tumor heterogeneity; (2)
due to selective pressure, growth behavior, and consequently
drug response, may differ; and (3) in vivo xenografting is very
time-consuming, lasting up to 6 mo with follow-up cell
line establishment potentially adding another year.
In this study, HROC32 cells gave rise to in vitro
growth after xenografting, and consequently three cell
lines were available from two individual tumor cases. The
genetic identity with the patient was verified for these
lines by means of STR fingerprinting.
All three lines showed characteristic molecular features
associated with the spStd type (i.e., complex chromosomal
aberrations, TP53 gene mutations, and absence of GpG
island promoter methylation). In line with our previous
study on microsatellite instable tumor cell lines, molecular
profiles matched between cell lines (both X and P) and
the parental counterpart[18]. KRAS, a well-established
predictive biomarker for EGFR-targeted therapies[38],
was mutated only in the late stage CRC case (HROC32).
Moreover, this tumor harbored a mutation in codon 12
that is associated with worse outcome and early relapse
after chemotherapy compared to codon 13 or other
KRAS gene mutations[39].
Confirming their origin, cell lines were deliberated as
epithelial tumor cells (> 80% EpCAM+) with heterogeneous
expression of adhesion molecules (CD15, CD54, CD58,
and CD102) and tumor antigens (CD66acde). Transferrin
receptor CD71 was highly expressed on tumor cells,
indicative for a high proliferative index. Due to their
natural immunosuppressive behavior, co-stimulatory
molecules (CD80 and CD86) were not detectable at all,
while MHC class I-expression was preserved. HROC18
and HROC32 cells were additionally found to be HLA-A2
positive. This provides a ready basis for subsequent
immunological studies aiming at the identification of
immunogenic epitopes from novel candidate antigens.
Given the fact that about half of Caucasians and Asians are
HLA-A2 positive, this finding is of particular relevance.
Common characteristics for adaptation to cell culture
conditions include changes in morphology towards a
rather undifferentiated phenotype and an accelerated
rate of growth[18,40]. However, both parameters remained
unchanged in HROC18 and HROC32 (X + P) lines,
at least over 60 passages. Directional cell migration, as
determined by a classical wound healing assay[41], was

In vivo tumorigenicity
To evaluate in vivo growth behavior, mice were sub
cutaneously implanted with 5 × 10 6 patient-derived
HROC18 and HROC32 tumor cells, respectively. Growth
kinetics were different between these two cells, with
HROC32P growing more rapidly than HROC18 (Figure 6).
Thirty-five days after injection, HROC32 tumors became
apparent and continued to grow until the experimental
endpoint (day 77, tumor diameter: 10.2 ± 1.9 mm). By
contrast, HROC18 tumors presented with low tumorigenic
potential and tumor sizes suspended at 6.2 ± 0.3 mm in
diameter (day 77). The addition of Matrigel to the tumor cell
suspension did not improve tumor growth (data not shown).
Next, experiments were performed in NOD-SCID
mice. Due to a lack of NK cells, these mice graft human
cells better than Foxn1 nu mice. Once again, low or
absent tumor growth was observed for HROC18 cells,
confirming their low tumorigenic potential in vivo (data
not shown).

DISCUSSION
Identifying subsets of patients who will benefit from
a particular (targeted) therapy requires improved
integration of pre-clinical models and cutting-edge clinical
examination. In this case, individual tumor models have
become increasingly important research tools[29-32]. Such
models helped to identify the large morphologic and
molecular heterogeneity that exists among individual
tumor cases; yet these findings have contributed to a
better understanding of CRC biology and guided the
way for individualized pre-clinical drug testing. Hence,
this study was conducted to establish novel CRC cell
lines obtained from patients with primary spStd type
tumors. Tumors were resected at early and late stages,
thereby representing two different models that expand
our collection on individual tumor models. This collection
includes primary material (frozen and paraffin-embedded
tumors, normal tissue, and lymphocytes) together with
xenografts, patient-derived and xenopatient-derived cell
lines, as well as matched B-LCLs[18,33,34].
Cell lines generated in this study were directly obtained
from patient tumor material, thereby perfectly reflecting
the original molecular signature of the tumor. For
culturing primary tumor cells, a simple, yet rapid, method
described by Maletzki et al[18] was applied. This method
was found to be reliable and highly reproducible, yielding
an approximately 10% success rate of primary tumor cell
line establishment, which is comparable to that reported
by others[35,36]. In order to improve cell line establishment
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quite individual, with HROC18 cells migrating faster
than HROC32 cells. Since these findings may give a
hint towards in vivo growth behavior and has potential
consequences for the efficacy of antineoplastic drugs
in vivo, the tumorigenic potential was studied. However,
tumorigenicity was always found to be low. Together,
these findings are indicative for outgrowth of one
dominant cell clone already in the initial in vivo and in
vitro culture.
In many CRC patients, therapy resistance and subsequent
relapse occurs early after initial objective response[42].
In terms of targeted therapies, it was found that single
cells resistant to any targeted agent are already present at
the start of therapy[43]. In most cases, these cells clonally
expand once the therapy is applied, causing tumor
recurrence. Recently, a mathematical model describing
the evolutionary dynamics of lesions in response to
treatment was developed that attempts to predict the
efficacy of drugs and certain combinations[43]. Hence,
a large individual variability is actually found even in
molecular closely-matched tumor samples[25,44]. Therefore,
maintenance of the original tumors’ molecular signature
is in demand for determining (initial) drug sensitivity
experimentally and for predicting response. Since this
condition is completely fulfilled in our freshly established
cancer cell lines, a large panel of chemotherapeutics and
targeted drugs was tested. In principle, cell lines were
susceptible towards commonly used chemotherapeutics
(i.e., 5-FU, cisplatin, and irinotecan)[24], while the targeted
therapeutics[45] evaluated did not show significant growth
inhibition, they were indicative for intrinsic resistance (of
the in vitro outgrown cell clone). Of note, HROC18 cells
were generally more resistant than HROC32 cells (both
X and P), underscoring the necessity of personalized
therapy. A rather unexpected, yet very interesting, finding
was the responsiveness towards rapamycin. Rapamycin,
produced by Streptomyces hygroscopicus, was the first mTOR
inhibitor discovered that has been defined as a “longevity
enhancer and cancer preventative agent” in TP53 gene
deficiency [46] . Though evidence from the literature
indicates the resistance of CRCs to the antitumorigenic
effects of rapamycin, we still observed significant growth
inhibition in our cell lines. The underlying resistance
mechanism is supposed to be mediated by feedback
activation of PI3K/Akt and Ras-MAPK signaling and,
accordingly, cell survival[46]. Recently, the addition of
sorafenib has been found to abrogate rapamycin resistance
in cells carrying oncogenic KRAS and PIK3CA[47]. Hence,
this combination may deliver another option for selected
patients and underscores the role of mTOR inhibitors as
combinatorial agents in cancer therapy despite their so far
limited clinical success[48].
In principle, an ideal preclinical tumor model is of
low passage, shows close similarity to its parental tumor
(≥ 95%), harbors specific genomic alterations of interest
(for targeted approaches), and fulfils more practical issues
like good in vitro and in vivo growth characteristics. Our
collection of individual tumor models meets these criteria;
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hence these models provide a virtually unlimited source
of tumor material for predicting treatment and response.
This will help to improve the ability for personalizing
tumor therapy.
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Patient-derived tumor models constitute a virtually unlimited source of tumor
material, both for further analyzing their biological characteristics and for
predicting drug response. This will help to improve the ability for personalizing
tumor therapy in the near future.

Terminology

Chromosomal instability: A typical feature of most solid cancers involving
structural and numerical alterations of the normal chromosome numbers. Ultralow passage tumor cell lines: Culture of primary (patient-derived) tumor cells
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METHODS: C57BL6 mice were fed 4 types of diets
with or without indomethacin. One group was fed
standard laboratory chow. The other groups were fed
a fat diet consisting of 8% w/w fat, beef tallow (rich
in SFA), fish oil, (rich in omega-3 PUFA), or safflower
oil (rich in omega-6 PUFA). Indomethacin (3 mg/kg)
was injected intraperitoneally from day 8 to day 10.
On day 11, intestines and adhesions to submucosal
microvessels were examined.
RESULTS: In the indomethacin-treated groups, mucosal
damage was exacerbated by diets containing beef
tallow and fish oil, and was accompanied by leukocyte
infiltration (P < 0.05). The mucosal damage induced
by indomethacin was significantly lower in mice fed the
safflower oil diet than in mice fed the beef tallow or fish
oil diet (P < 0.05). Indomethacin increased monocyte
and platelet migration to the intestinal mucosa,
whereas safflower oil significantly decreased monocyte
and platelet recruitment (P < 0.05).
CONCLUSION: A diet rich in SFA and omega-3 PUFA
exacerbated NSAID-induced small intestinal damage via
increased leukocyte infiltration. Importantly, a diet rich
in omega-6-PUFA did not aggravate inflammation as
monocyte migration was blocked.
Key words: Non-steroidal anti-inflammatory drugs;
Small intestine; Ulcer; Dietary fat; Adhesion molecules
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Abstract

Core tip: Non-steroidal anti-inflammatory drugs
(NSAIDs) frequently induce mucosal damage in the

AIM: To investigate the effect of a fat rich diet on
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and treatment of these lesions are not currently clinically
available, except for prostaglandin analogs[11].
Dietary fat consumption modulates immune function
in the intestine by regulating various processes such as
leukocyte recruitment to the intestinal mucosa[12], cytokine
expression by intraepithelial lymphocytes[13] or residual
macrophages[14], and expression of anti-inflammatory
agents such as adiponectin[15]. In addition, dietary fat
consumption exacerbates intestinal diseases including
inflammatory bowel disease[16]. Luminal antigens and
food affect the small intestine to a greater extent than
the colon when the small intestine is directly exposed.
We previously reported that dietary fat intake enhanced
leukocyte recruitment to the intestinal mucosa, leading to
the enhancement of intestinal inflammation[12]. Fat intake
aggravates lifestyle-related diseases such as atherosclerosis
by enhancement of leukocyte recruitment, especially
monocytes/macrophages [17-19]. On the basis of these
findings, we hypothesized that excessive dietary fat intake
exacerbates NSAIDs-induced small intestinal lesions by
enhancing leukocyte recruitment to the intestinal mucosa.
However, no studies have reported the relationship
between dietary fat intake and NSAIDs-induced small
intestinal lesions.
In this study, we used a murine model to determine
whether (1) dietary fat intake affects the severity of
NSAIDs-induced small intestinal lesions as assessed
by the area of small intestinal lesions; (2) whether
recruitment of monocytes/macrophages to the intestinal
mucosa is involved in NSAIDs-induced small intestinal
lesions; and (3) whether dietary fat intake affects the
recruitment of monocytes/macrophages to the inflamed
intestinal mucosa.

gastrointestinal tract. The recently developed techniques
of capsule enteroscopy and double balloon enteroscopy
have shown that NSAIDs cause ulcers in the small
intestine (68%) more frequently than previously
thought. Although proton pump inhibitors are key
drugs for NSAIDs-induced gastropathy, proton pump
inhibitors have no effect on NSAIDs-induced intestinal
lesions and no drugs are currently available for the
prevention and treatment of NSAIDs-induced intestinal
lesions. In the present study, we showed the beneficial
effect of an omega-6 PUFA-rich diet in NSAID-induced
mucosal damage in the murine small intestine. This is a
completely novel finding and is important not only in the
clinical field, but also in preventive medicine.
Ueda T, Hokari R, Higashiyama M, Yasutake Y, Maruta K,
Kurihara C, Tomita K, Komoto S, Okada Y, Watanabe C, Usui
S, Nagao S, Miura S. Beneficial effect of an omega-6 PUFA-rich
diet in non-steroidal anti-inflammatory drug-induced mucosal
damage in the murine small intestine. World J Gastroenterol
2015; 21(1): 177-186 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i1/177.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i1.177

INTRODUCTION
Non-steroidal anti-inflammatory drugs (NSAIDs) are the
most frequently used drugs worldwide to control pain
or inflammation and are known to cause gastrointestinal
tract damage as an adverse effect. The recently developed
techniques of capsule enteroscopy and double balloon
enteroscopy have shown that NSAIDs cause ulcers
in the small intestine more frequently than previously
thought[1]. According to a recent study, gross damage was
observed in 68% of volunteers who were administered
75 mg of diclofenac for 2 wk[2]. Several factors have
been postulated as the pathogenic element of NSAIDsinduced small intestinal lesions. NSAIDs inhibit the
activity of cyclooxygenase, a key enzyme, and the
resulting prostaglandin deficiency is thought to cause
small intestinal damage as well as the development of
gastric ulcers[3]. Antibiotic treatments affect NSAIDsinduced small intestinal lesions[4], and probiotic treatments
modulate these lesions[5,6]. These reports have suggested
that the luminal flora is involved. Involvement of the Tolllike receptor family in the development of lesions suggests
that the intestinal immune system plays a significant role
in the pathophysiology[4]. Indeed, the amelioration of
NSAIDs-induced small intestinal lesions via the depletion
of leukocytes suggests that leukocytes contribute to the
development of intestinal lesions[7]. Platelets are involved
in intestinal inflammation by modulating leukocyte
migration to small intestinal microvessels [8,9]. Indeed
anti-platelet drugs ameliorate murine NSAIDs-induced
small intestinal lesions[10]. Although there are numerous
reports on this topic, suitable drugs for the prevention
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MATERIALS AND METHODS
Animals and induction of small intestinal damage
Eight-week-old, male C57B6/J mice weighing 20.6 ± 0.16
g were maintained on CE-2 as standard laboratory chow
(Clea, Tokyo, Japan). The care and use of the laboratory
animals were in accordance with the guidelines of the
animal facility at the National Defense Medical College
(NDMC). The experimental protocol was approved by
the Animal Research Committee of NDMC (No. 09016).
Indomethacin (IND) (Wako Pure Chemical Industries,
Ltd., Osaka, Japan) was dissolved in DMSO (20 mg/
mL) and stored at -20 ℃ until used in the experiments.
To induce small intestinal injury, 3 mg/kg IND was
administered i.p. for 3 d (n = 8 in each group). Evans
blue (Wako Pure Chemical Industries, Ltd. Tokyo, Japan)
was injected intravenously (i.v.) 30 min before sacrifice,
after which the small intestine was removed.
The small intestine was then opened along the antimesenteric attachment and examined for injury. Bluestained depressive areas were diagnosed as small intestinal
lesions induced by IND. The small intestine was placed
on a grid sheet, and the area of the intestinal lesions was
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Table 1 Composition and fatty acid profile of the diet
Ingredient

Table 2 Approximate fatty acid profile (percent of total fat)

Fat diet

Nutrients

CE-2®

Casein
d,l-methionine
Sucrose
Corn starch
Alphacel, Nonnutritive bulk
Choline bitartate

19.3%
0.3%
48.5%
14.5%
4.8%
0.2%

Water
Crude protein
Crude fat
Crude fiber
Crude ash
Nitrogen-free
extract

8.9%
25.4%
4.4%
4.1%
6.9%
50.3%

Mineral mix
Vitamin mix
Fat1

3.4%
1.0%
8.0%

Beef tallow
Myristic (14:0)
Palmitic acid (16:0)
Stearic acid (18:0)
Oleic acid (18:1)
Palmitoleic acid (16:1)
Linoleic acid (18:2)
Linolenic acid (18:3)
Eicosapentaenoic acid (20:5)
Docosahexaenoic acid (22:6)
Others
Omega-3/omega-6 ratio

3
26
14
47
3
3
1

3
1:3

Fish oil

Safflower oil

25.1
4.4
12.9
14.9
2.4
1.2
15.6
8.8
1.5
10.6:1

7.1
2.5
13.3
76.0
0.3

0.8
1:255

1

Fat used was beef tallow, fish oil, or safflower oil.
Dietary fat administration was commenced 1 wk prior to IND administration.
Each fat-containing diet consisted of a fat-free AIN76 (Clea Japan, Tokyo)
diet and 3 different types of 8% w/w fatty acids. Fatty acid profiles in the
fat rich diet were Beef tallow, Fish oil and Safflower oil. CE-2 was given as a
reference diet (R).

calculated after photographs were taken.
Dietary fat protocol
Dietary fat administration was commenced 1 wk prior
to the administration of IND. Each fat-containing diet
consisted of a fat-free AIN76 (Clea Japan, Tokyo) diet
and 3 different types of 8% w/w fatty acids. We chose
serum bovine tallow (BT) (Clea Japan, Tokyo) as an SFA,
fish oil (FO) (Sigma, MO, United States) as a source of
omega-3 PUFA, and safflower seed oil (SO) (Sigma,
MO, United States) as a source of omega-6 PUFA.
CE-2 was given as a reference diet (R). The feeds were
stored at 4 ℃ to prevent fatty acid oxidation[20]. The lipid
composition of each diet and approximate fatty acid
profile are shown in Tables 1 and 2.

included deep ulcers from the qRT-PCR analysis as the
evaluation of these pieces would be completely different.
To eliminate selection bias, the same numbered pieces
were also excluded from the control group. Total mRNA
was extracted using the RNeasy Mini isolation kit (Qiagen,
CA, United States). TaqMan RT-PCR was performed in
triplicate for each sample using the ABI PRISM 7700
Sequence Detector (Applied Biosystems, CA, United
States). The primer and probes used in this study
[MAdCAM-1 (Mm00522088), ICAM-1 (Mm00516023),
and VCAM-1 (Mm00449197)] were purchased from
Applied Biosystems.

Histological evaluation
We examined the small intestinal damage histologically.
The ileum was fixed in 10% buffered formalin. Tissues
were embedded in paraffin and stained with HE.
Histological damage was examined in a blinded fashion
according to the villous height and the histopathological
scale previously described[21,22]. Briefly, the tissue damage
was graded from 0 to 5 according to the following
criteria: grade 0, normal villi structure; grade 1, deve
lopment of a small subepithelial space at the villous apex;
grade 2, enlarged subepithelial space, but no change in
villous length and width; grade 3, few shortened villi and
the presence of cells in the lumen; grade 4, most villi
are shortened and widened with crypt hyperplasia and
cells in the lumen; and grade 5, blunting of all villi with
elongated crypts and a high number of cells in the lumen.
The number of infiltrating cells was calculated as the
number of cells per millimeter of muscularis mucosa and
graded as follows: grade 1, less than 30 cells/mm; grade
2, 30-59 cells/mm; grade 3, 60-89 cells/mm; and grade 4,
over 90 cells/mm.

Isolation of monocytes and labeling with CFDSE for
migration study
Monocytes were isolated from the bone marrow of
C57B6/J mice by magnetic cell sorting (MACS, Miltenyi
Biotec, CA, United States) with a bead-conjugated antirabbit CD11b polyclonal antibody (Miltenyi Biotec) as
described previously[8]. Monocytes were stained with
carboxyfluorescein diacetate succinimidyl ester (CFDSE,
Molecular Probes, Eugene, OR, United States) solution[8].
Isolation of platelets and labeling with CFDSE for
migration study
Platelets were isolated from the blood of donor mice by
centrifugation, as described previously[8]. Platelets were
stained with carboxyfluorescein diacetate succinimidyl
ester (CFDSE, Molecular Probes, Eugene, OR, United
States) solution[8].
Intravital observation of monocytes or platelets in
intestinal microvessels
For the migration studies a murine ileal segment 1-3 cm
in length was selected for observation. The movement
and interaction of monocytes in submucosal venules
were observed from the serosal side using an intravital
microscope through a silicon-intensified target image
tube system using a previously described method, and

Messenger RNA expression of adhesion molecules by
qRT-PCR
The intestinal mucosa was removed after the mice were
sacrificed. We separated the small intestine into 24
pieces and numbered them. We excluded the pieces that
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Table 3 Effect of dietary fat treatment on the histological
1
score induced by indomethacin

Table 5 Effect of dietary fat treatment on infiltrating cell
1
score

Lipid

Lipid

Diet
R

Without IND (grade) 0.20 ± 0.08
With IND (grade)
3.24 ± 0.31

BT

FO

0.30 ± 0.11
3.71 ± 0.42a,b

Without IND (mm2)
With IND (mm2)

0.20 ± 0.07 0.20 ± 0.08
3.65 ± 0.31a,b 2.64 ± 0.51

Values are represented as mean ± SEM, n = 8-12; aP < 0.05 vs IND, bP <
0.05 vs IND + SO. Grade 0, normal villi structure; grade 1, development
of a small subepithelial space at the villous apex; grade 2, enlarged
subepithelial space, but no change in villous length and width; grade 3,
few shortened villi and presence of cells in the lumen; grade 4, most villi
are shortened and widened with crypt hyperplasia and cells in the lumen;
and grade 5, blunting of all villi with elongated crypts and a high number
of cells in the lumen. IND: Indomethacin; R: Reference diet (CE-2); BT:
Beef tallow; FO: Fish oil; SO: Safflower oil.

R

BT

FO

SO
0.70 ± 0.14
19.1 ± 1.70

1

Values are represented as mean ± SEM, n = 8-12; aP < 0.05 vs IND, bP < 0.05
vs IND + SO. IND: Indomethacin; R: Reference diet (CE-2); BT: Beef tallow;
FO: Fish oil; SO: Safflower oil.

recorded on a digital hard disk recorder[8]. The movement
and interaction of platelets were observed using the same
method[8]. Cells were counted offline from digital video
disk images for analysis, as described previously[8].
Statistical analysis
All results are expressed as the mean ± SEM. Differences
between groups were examined for statistical significance
using 2-way factorial ANOVA followed by a post hoc test
in the IND-administered animal study and a KruskalWallis test in the microscopic study. Statistical significance
was defined as P < 0.05.

RESULTS
Impact of IND and fat-rich diet on small intestine
IND caused the development of hemorrhagic lesions
in the small intestine, mostly in the jejunum and ileum.
The area of ulceration in the small intestine was 21.8 ±
2.3 mm2 in the control diet group (Table 3). The results
of the histological examination are shown in Figure 1.
IND caused a significant increase in the number of cells
infiltrating the intestinal mucosa (Table 4).
Next, we investigated whether the administration of
dietary fat influenced the severity of intestinal lesions and
whether inflammatory cell infiltration was involved in
this mechanism. We evaluated the effects of various fatcontaining diets (such as those including BT as an SFA,
FO as a source of omega-3 PUFA, and SO as a source
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SO
1
1.9 ± 0.14

of omega-6 PUFA) on the degree of inflammation in
NSAID-induced intestinal lesions. Table 3 shows the area
of ulceration in the small intestine. Treatment of mice
with SFA (BT) or omega-3 PUFA (FO) aggravated the
small intestinal lesions. However, treatment with omega-6
PUFA (SO) did not increase the area of small intestinal
lesions, histological scores or the number of infiltrating
cells when compared with mice fed the control diet.
The area of small intestinal lesions was significantly
lower in the omega-6 PUFA (SO) diet group than in
the SFA (BT) or omega-3 PUFA (FO) diet group (P <
0.05). Figure 1A shows the histological scores, which
were significantly lower in the omega-6 PUFA (SO) diet
group than in the SFA (BT) or omega-3 PUFA (FO)
diet group (P < 0.05). Furthermore, we calculated the
number of infiltrating cells in the sections stained with
HE, as leukocyte infiltration is involved in pathogenesis
of NSAIDs-induced small intestinal lesions [10]. The
increase in the number of cells infiltrating the intestinal
mucosa following the administration of IND was
further increased by SFA or omega-3 PUFA, but not
by omega-6 PUFA, which corresponded to a reduced
area of intestinal ulceration (Table 5). Significantly fewer
infiltrating cells were observed in the omega-6 PUFA
(SO) group than in the SFA (BT) or omega-3 PUFA (FO)
group (P < 0.05). Collectively, the omega-6-PUFA diet
resulted in significantly less intestinal damage than the
SFA or omega-3 PUFA diet, with decreased infiltration
of inflammatory cells. From these observations, it is
suggested that treatment with a diet rich in fat affects
the severity of small intestinal lesions by modulating
leukocyte infiltration.

Diet
0.80 ± 0.11 0.9 ± 0.13
0.7 ± 0.11
21.8 ± 2.3 32.1 ± 3.2a,b 41.6 ± 3.1a,b

FO

1
1
2.9 ± 0.23a,b 2.7 ± 0.24a,b

1

Table 4 Effect of dietary fat treatment on the area of small
1
intestinal lesions induced by indomethacin

Without IND (mm2)
With IND (mm2)

1
2.0 ± 0.22

BT

Values are represented as mean ± SEM; n = 8-12; aP < 0.05 vs IND; bP < 0.05
vs IND + SO. The number of infiltrating cells was calculated as the number
of cells per millimeter of muscularis mucosa and graded as follows: grade 1,
less than 30 cells/mm; grade 2, 30-59 cells/mm; grade 3, 60-89 cells/mm;
and grade 4, over 90 cells/mm. FO: Fish oil; SO: Seed oil; BT: Beef tallow;
IND: Indomethacin; R: Reference diet (CE-2).

1

Lipid

Diet
R

SO

Impact of IND and fat-rich diet on monocyte migration
to intestinal microvessels observed by intravital
microscopy
In order to clarify whether a diet rich in fat affects
leukocyte recruitment from the blood stream to the
intestinal mucosa directly, we studied the migration of
leukocytes to NSAID-induced inflamed intestinal mucosa
using intravital microscopy in vivo. We focused on the
recruitment of monocytes for the following reasons;
(1) macrophages in intestinal mucosa play significant
roles through the TLR4 receptor in NSAIDs-induced
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A

B

C

D

E

F

G

H

Figure 1 Histological evaluation of impact of indomethacin and fat-rich diets. Representative microscopic images of the small intestine are shown. Control diet
(R) without indomethacin (IND) (A), with IND (B), SFA-rich diet (BT) without IND (C), with IND (D), omega-3 PUFA-rich diet (FO) without IND (E), with IND (F), and
omega-6 PUFA-rich diet without IND (G), with IND (H).

small intestinal lesions[4]; (2) we observed infiltration
of P-selectin glycoprotein ligand-1 (PSGL-1) positive
cells, which were mainly expressed on macrophages/
monocytes, in NSAIDs-induced inflamed intestinal
mucosa in our preliminary study (data not shown); and
(3) anti-PSGL-1 antibody ameliorated NSAIDs-induced
small intestinal lesions[10]. We isolated monocytes from
donor mice and injected them into the jugular vein of
recipient mice. Figure 2A shows the time-course of
monocyte adherence to intestinal microvessels. NSAID
treatment increased the adherence of monocytes to
intestinal microvessels (P < 0.05, Figure 2B). Significantly
fewer adherent cells were induced by NSAID in the
omega-6 PUFA (SO) diet group compared with the
SFA (BT) or omega-3 PUFA (FO) group (P < 0.05,
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Figure 2C). Figure 3 shows the time-course of monocyte
adherence to postcapillary venules in Peyer’s patches.
NSAID administration increased the adherence of
monocytes to postcapillary venules (P < 0.05). Treatment
with the diet rich in omega-6 PUFA (SO) decreased the
enhanced leukocyte adherence induced by NSAID, and
the number of adherent leukocytes was significantly less
than that in the BT and FO group (P < 0.05, Figure 3C).
Messenger RNA expression of adhesion molecules
determined by qRT-PCR
We investigated the mRNA expression of ICAM-1,
VCAM-1, and MAdCAM-1, which are involved in the
pathophysiology of many intestinal diseases, using
qRT-PCR. The level of ICAM-1 and VCAM-1 mRNA
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A
Omega-3 PUFA diet (FO) + IND
Omega-6 PUFA diet (SO) + IND
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a,c
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Control mice (R)
Control diet (R) + IND
SFA diet (BT) + IND
Number of adherent monocytes/area (mm )

2

Number of adherent monocytes/area (mm )

Control mice (R)
Control diet (R) + IND
SFA diet (BT) + IND

4
2
0
0
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Omega-3 PUFA diet (FO) + IND
Omega-6 PUFA diet (SO) + IND

35
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30
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25
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20
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B
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Figure 2 Effect of dietary fat treatment on the recruitment of monocytes
to submucosal venules. A: Change over time of monocyte adhesion in the
submucosal venules of the small intestine; B: Representative photographs of
in vivo monocyte adherence to small intestinal microvessels of IND and control
diet (R)-treated animals; C: Representative photographs of in vivo monocyte
adherence to small intestinal microvessels of IND and omega-6 PUFA diet
(SO)-treated animals (n = 8 in each group). Values are represented as mean
± SEM, n = 8; aP < 0.05 vs IND + control diet (R); cP < 0.05 vs IND + omega-6
PUFA diet (SO).

Figure 3 Effect of dietary fat treatment on the recruitment of monocytes
to postcapillary venules. A: Change over time of monocyte adhesion in the
postcapillary venules of the small intestine; B: Representative photographs of
in vivo monocyte adherence to small intestinal microvessels of IND + control
diet (R)-treated animals; C: Representative photographs of in vivo monocyte
adherence to small intestinal microvessels of IND + omega-6 PUFA diet (SO)treated animals (n = 8 in each group). Values are represented as mean ± SEM,
n = 8; aP < 0.05 vs control diet (R), cP < 0.05 vs IND + control diet (R), eP < 0.05
IND + omega-6 PUFA diet (SO).

did not increase after NSAID administration. NSAID
significantly increased the expression of MAdCAM-1
mRNA (P < 0.05), but the addition of dietary fat did
not increase the expression of MAdCAM-1 mRNA,
suggesting that changes in the expression of adhesion
molecules were not involved in the dietary fat-induced
modification of NSAID-induced small intestinal lesions

(data not shown).
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Impact of IND and fat-rich diet on platelet migration
to intestinal microvessels observed by intravital
microscopy
Recently, it was reported that platelet adherence to
the vascular endothelium plays a significant role in
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2

Number of adherent plateletes/area (mm )

18
a,c,e

16

induced small intestinal lesions were affected by dietary
fat and that an omega-6 PUFA-containing diet is
preferable for the prevention of NSAID-induced small
intestinal lesions than a diet rich in omega-3 PUFA or
SFA.
The intestinal lesions were significantly smaller in
the omega-6 PUFA group than in the SFA and omega-3
PUFA group, and omega-6 PUFA decreased NSAIDinduced leukocyte recruitment to the small intestine.
Therefore, we performed an additional study to determine
the mechanisms by which omega-6 PUFA induced the
decrease in the number of infiltrating leukocytes. We
observed that the omega-6 PUFA-rich diet decreased
monocyte migration to intestinal microvessels using
intravital microscopy. Recently, platelets were postulated
to be involved in the recruitment of leukocytes, and
the migration of platelets was postulated to be involved
in the pathophysiology of a murine chronic ileus
model[8,23,24]. We previously reported the involvement of
platelets in the pathophysiology of NSAIDs-induced
small intestinal damage due to the following observations:
(1) NSAID administration enhanced leukocyte migration
with an increase in leukocyte-platelet interactions; and
(2) cilostazol, an anti-platelet drug, ameliorated NSAIDsinduced small intestinal damage through the inhibition
of leukocyte recruitment by blocking leukocyte-platelet
interactions[10]. In the present study, adherence of platelets
to intestinal microvessels was increased following NSAID
administration and was further increased by the SFA or
omega-3 PUFA diet and decreased by the omega-6 PUFA
diet. These results suggested that dietary fat modulates
the severity of NSAID-induced small intestinal lesions
by monocyte recruitment to intestinal microvessels by
changing platelet migration. Because the side effects
of anti-platelet drugs are apparent despite their antiinflammatory role, omega-6 PUFA is advantageous in
terms of its safety.
The expression of adhesion molecules plays an
important role in leukocyte recruitment, and fatty acids,
especially omega-3 PUFA, are known to modulate
the expression of ICAM-1 and VCAM-1 on vascular
endothelium[25]. Recently, it was reported that treatment
with omega-3 PUFA decreased VCAM-1 expression
on IL-1 β -activated human intestinal microvascular
endothelial cells in vitro. In addition, omega-3 PUFA
treatment ameliorated the increased VCAM-1 expression
on the large intestinal endothelium of rats caused by
trinitrobenzene sulfonic acid (TNBS) treatment[25]. We
investigated the expression of ICAM-1 and VCAM-1
in the NSAID-treated small intestine; however, we
found that their expression did not increase after
NSAID administration. The expression of MAdCAM-1
increased in NSAID-induced intestinal lesions, but did
not change after administration of the fat-rich diet.
Thus, it is unlikely that a fat-rich diet affects NSAIDinduced lesions via the modulation of adhesion
molecules expression on the vascular endothelium. These
discrepancies between the results of our study and those

a,c,e

a,c,e
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Figure 4 Effect of dietary fat treatment on recruitment of platelets
to submucosal venules. Time-course change in platelet adhesion in the
submucosal venules of the small intestine. aP < 0.05 vs control diet (R), cP < 0.05
vs IND + control diet (R), eP < 0.05 vs IND + omega-6 PUFA diet (SO).

the adherence of leukocytes, especially monocytes, by
crosslinking between the endothelium and monocytes[8].
We reported that inhibition of the interaction between
platelets and monocytes following treatment with an
anti-platelet drug ameliorated NSAIDs-induced small
intestinal lesions [10]. We studied whether dietary fat
modulated platelet adherence to the endothelium, thereby
affecting small intestinal lesions. We isolated platelets
from donor mice and injected them into the jugular
vein of recipient mice. NSAID treatment increased
the adherence of platelets to intestinal microvessels (P
< 0.05) (Figure 4). Treatment with diets rich in SFA
and omega-3 PUFA further increased the adherence
of platelets to intestinal microvessels. Treatment with
the omega-6 PUFA-rich diet ameliorated the increased
platelet adherence induced by the NSAID, and the
number of adherent platelets was significantly lower in
this group than that in the SFA (BT) and omega-3 PUFA
(FO) group (P < 0.05). These results are consistent with
the effects observed for the area of NSAID-induced
small intestinal lesions and for the number of monocytes
adhering to intestinal microvessels.

DISCUSSION
In this study, we showed the following: (1) treatment with
a diet rich in SFA, omega-3 PUFA, or omega-6 PUFA
without NSAID did not cause small intestinal injury[2];
(2) treatment with a diet rich in SFA aggravated NSAIDinduced small intestinal lesions; (3) NSAID-induced small
intestinal lesions were significantly smaller in the omega-6
PUFA group than in the SFA and omega-3 PUFA group;
and (4) treatment with the omega-6 PUFA-rich diet
significantly decreased the enhanced leukocyte infiltration
to intestinal mucosa caused by NSAID administration.
From these observations, we conclude that NSAID-
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of a previous study are likely the result of different causes
of inflammation. In the previous study, IL-1β-induced
inflammation and TNBS-induced inflammation were
accompanied by increased expression of cyclooxygenase
and PGE2, which are considered exacerbating factors for
inflammation. The inhibitory effect of omega-3 PUFA
treatment on VCAM-1 expression was accompanied
by a decrease in PGE2 both in vitro and in vivo[26]. In
contrast, the NSAIDs-induced small intestinal injury
was characterized by a decrease rather than an increase
in PGE2. This contrasting involvement of PGE2 in
different pathophysiological mechanisms may account
for the difference in the effect of omega-3 PUFA
treatment on VCAM-1 expression between NSAIDsinduced inflammation and TNBS- and IL-1β-induced
inflammation.
The adverse effects of SFA on intestinal inflammation
have been reported by other groups[27,28]. In particular,
SFA activates the expression of pro-inflammatory cyto
kines in inflammatory cells such as macrophages through
the TLR4-Myd88 pathway[27]. Recently, it was reported
that consumption of diets high in fat causes changes in
the luminal flora[28]. Because the luminal flora is involved
in the development of NSAIDs-induced small intestinal
lesions[5,6], it is also possible that the addition of a fatcontaining diet to the NSAIDs treatment modifies the
intestinal injury by changing the luminal microflora.
We did not expect to find that omega-3 PUFA
aggravated NSAID-induced intestinal lesions as the antiinflammatory role of omega-3 PUFA has been reported
in many inflammatory diseases such as ischemic heart
disease and rheumatoid arthritis[17,29]. However, the effects
of omega-3 PUFA on intestinal inflammatory diseases
have been recognized as equivocal [30,31]. In a murine
model of inflammatory bowel disease, omega-3 PUFA
aggravated dextran sodium sulfate-induced colitis [15],
but ameliorated spontaneously developed ileitis [9] ,
which suggests that the role of omega-3 PUFA differs
according to the pathogenesis of inflammation. We
consider that the unexpected findings in this study were
a result of the dual role of PGE2 in inflammation. The
anti-inflammatory effects of omega-3 PUFA on cytokine
expression have been established in leukocytes activated
by pro-inflammatory cytokines[32]. In cytokine-induced
inflammation, PGE2 derived from COX-2 functions
as a pro-inflammatory factor and cyclooxygenase
inhibitors such as NSAIDs function as anti-inflammatory
agents. Fatty acids are involved in PGE2 synthesis,
and cyclooxygenase is involved in PGE2 production
from omega-6 PUFA[33]. The anti-inflammatory role of
omega-3 PUFA is based on the concept that omega-3
PUFA antagonizes omega-6 PUFA by downregulating
the arachidonic acid cascade, which results in a decrease
in PGE[34]. Thus, the effect of omega-3 PUFA resembles
that of NSAIDs with regard to PG metabolism. In
contrast, the opposite pattern was observed in this study,
especially with regard to PGE2 concentration. A low
concentration of PGE2 derived from constitutively
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expressed COX-1 functions to maintain homeostasis
in tissues such as vascular endothelium[35]. The patho
genesis of NSAIDs-induced intestinal injury can thus
be explained in part by a decrease in PGE2, which
results in disruption of homeostasis. In this vein, the
supplementation of PGE1 ameliorates NSAIDs-induced
intestinal injury [11]. Because insufficiency of PGE is
involved in the pathogenesis of NSAIDs-induced
intestinal injury, it is possible that omega-6 PUFA
treatment plays a protective role by supplementing PGE2
after metabolism by cyclooxygenase[36] and that omega-3
PUFA treatment has a deleterious effect resulting in
a further decrease in PG concentration. It is difficult
to measure the net effect of omega-3 PUFA on proinflammation and anti-inflammation in vivo. However,
our results suggest that PGE2 is involved in NSAIDinduced intestinal injury and the pro-inflammatory
role of omega-3 PUFA is more dominant than its antiinflammatory role.
Although this study has some limitations: (1) this was
an animal study; and (2) the mechanism of action was
not completely elucidated, the results provide important
information for medical practice. A clinical study to
determine whether omega-6 PUFA capsules are effective
in the prevention or treatment of NSAIDs-induced small
intestinal lesions should be performed.

COMMENTS
COMMENTS
Background

Although non-steroidal anti-inflammatory drugs (NSAIDs) are widely used
in daily practice, few drugs have showed satisfactory effects on NSAIDsinduced enteropathy. Dietary fat consumption modulates immune function in
the intestine by regulating various processes such as leukocyte recruitment to
the intestinal mucosa. The aim of this study was to demonstrate that dietary fat
intake affects the severity of NSAIDs-induced small intestinal lesions.

Research frontiers

Several studies have focused on the major role of leukocyte migration to
intestinal mucosa which results in mucosal damage. In this study, the authors
evaluated the effect of dietary fat on leukocyte migration using intravital
microscopy.

Innovations and breakthroughs

The present study indicates the beneficial role of an omega-6 PUFA-rich diet in
NSAID-induced mucosal damage in the murine small intestine.

Applications

The safety and effectiveness of dietary treatment confirm that an omega-6
PUFA-rich diet may be helpful in healing NSAIDs-induced enteropathy and in
preventing this condition.

Peer review

The main hypothesis of the paper for management of NSAIDs-induced
enteropathy is valuable. The experimental design is reasonable and the findings
are interesting.

REFERENCES
1

2

184

Maiden L, Thjodleifsson B, Theodors A, Gonzalez J, Bjarnason
I. A quantitative analysis of NSAID-induced small bowel
pathology by capsule enteroscopy. Gastroenterology 2005; 128:
1172-1178 [PMID: 15887101 DOI: 10.1053/j.gastro.2005.03.020]
Maiden L. Capsule endoscopic diagnosis of nonsteroidal
antiinflammatory drug-induced enteropathy. J Gastroenterol
2009; 44 Suppl 19: 64-71 [PMID: 19148796 DOI: 10.1007/

January 7, 2015|Volume 21|Issue 1|

Ueda T et al . Effect of fat on NSAID-induced mucosal damage

3
4

5

6

7

8

9

10

11

12

13

14

15

s00535-008-2248-8]
Robert A. Cytoprotection by prostaglandins. Gastroenterology
1979; 77: 761-767 [PMID: 38173]
Watanabe T, Higuchi K, Kobata A, Nishio H, Tanigawa
T, Shiba M, Tominaga K, Fujiwara Y, Oshitani N, Asahara
T, Nomoto K, Takeuchi K, Arakawa T. Non-steroidal antiinflammatory drug-induced small intestinal damage is Tolllike receptor 4 dependent. Gut 2008; 57: 181-187 [PMID:
17639086 DOI: 10.1136/gut.2007.125963]
Kamil R, Geier MS, Butler RN, Howarth GS. Lactobacillus
rhamnosus GG exacerbates intestinal ulceration in a model
of indomethacin-induced enteropathy. Dig Dis Sci 2007; 52:
1247-1252 [PMID: 17357841 DOI: 10.1007/s10620-006-9443-3]
Watanabe T, Nishio H, Tanigawa T, Yamagami H, Okazaki
H, Watanabe K, Tominaga K, Fujiwara Y, Oshitani N,
Asahara T, Nomoto K, Higuchi K, Takeuchi K, Arakawa
T. Probiotic Lactobacillus casei strain Shirota prevents
indomethacin-induced small intestinal injury: involvement
of lactic acid. Am J Physiol Gastrointest Liver Physiol 2009; 297:
G506-G513 [PMID: 19589943 DOI: 10.1152/ajpgi.90553.2008]
Miura S, Suematsu M, Tanaka S, Nagata H, Houzawa S,
Suzuki M, Kurose I, Serizawa H, Tsuchiya M. Microcirculatory
disturbance in indomethacin-induced intestinal ulcer. Am J
Physiol 1991; 261: G213-G219 [PMID: 1651657]
Higashiyama M, Hokari R, Matsunaga H, Takebayashi K,
Watanabe C, Komoto S, Okada Y, Kurihara C, Kawaguchi
A, Nagao S, Itoh K, Miura S. P-selectin-dependent monocyte
recruitment through platelet interaction in intestinal micro
vessels of LPS-treated mice. Microcirculation 2008; 15: 441-450
[PMID: 18574746 DOI: 10.1080/10739680701703551]
Matsunaga H, Hokari R, Kurihara C, Okada Y, Takebayashi
K, Okudaira K, Watanabe C, Komoto S, Nakamura M,
Tsuzuki Y, Kawaguchi A, Nagao S, Miura S. Omega-3
polyunsaturated fatty acids ameliorate the severity of ileitis
in the senescence accelerated mice (SAM)P1/Yit mice model.
Clin Exp Immunol 2009; 158: 325-333 [PMID: 19793338 DOI:
10.1111/j.1365-2249.2009.04020.x]
Higashiyama M, Hokari R, Kurihara C, Ueda T, Watanabe
C, Tomita K, Komoto S, Okada Y, Kawaguchi A, Nagao S,
Miura S. Indomethacin-induced small intestinal injury is
ameliorated by cilostazol, a specific PDE-3 inhibitor. Scand J
Gastroenterol 2012; 47: 993-1002 [PMID: 22934593 DOI: 10.310
9/00365521.2012.690043]
Watanabe T, Sugimori S, Kameda N, Machida H, Okazaki H,
Tanigawa T, Watanabe K, Tominaga K, Fujiwara Y, Oshitani
N, Higuchi K, Arakawa T. Small bowel injury by low-dose
enteric-coated aspirin and treatment with misoprostol: a
pilot study. Clin Gastroenterol Hepatol 2008; 6: 1279-1282
[PMID: 18995219 DOI: 10.1016/j.cgh.2008.06.021]
Fujiyama Y, Hokari R, Miura S, Watanabe C, Komoto S,
Oyama T, Kurihara C, Nagata H, Hibi T. Butter feeding
enhances TNF-alpha production from macrophages
and lymphocyte adherence in murine small intestinal
microvessels. J Gastroenterol Hepatol 2007; 22: 1838-1845
[PMID: 17914958 DOI: 10.1111/j.1440-1746.2007.04905.x]
Hara Y, Miura S, Komoto S, Inamura T, Koseki S, Watanabe
C, Hokari R, Tsuzuki Y, Ogino T, Nagata H, Hachimura S,
Kaminogawa S, Ishii H. Exposure to fatty acids modulates
interferon production by intraepithelial lymphocytes. Im
munol Lett 2003; 86: 139-148 [PMID: 12644315 DOI: 10.1016/
S0165-2478(03)00007-5]
Inamura T, Miura S, Tsuzuki Y, Hara Y, Hokari R, Ogawa
T, Teramoto K, Watanabe C, Kobayashi H, Nagata H, Ishii
H. Alteration of intestinal intraepithelial lymphocytes and
increased bacterial translocation in a murine model of
cirrhosis. Immunol Lett 2003; 90: 3-11 [PMID: 14611901 DOI:
10.1016/j.imlet.2003.05.002]
Matsunaga H, Hokari R, Kurihara C, Okada Y, Takebayashi
K, Okudaira K, Watanabe C, Komoto S, Nakamura M,
Tsuzuki Y, Kawaguchi A, Nagao S, Itoh K, Miura S. Omega-3

WJG|www.wjgnet.com

16

17
18

19
20

21

22

23

24

25
26

27

28

29

185

fatty acids exacerbate DSS-induced colitis through decreased
adiponectin in colonic subepithelial myofibroblasts. Inflamm
Bowel Dis 2008; 14: 1348-1357 [PMID: 18484673 DOI: 10.1002/
ibd.20491]
Shoda R, Matsueda K, Yamato S, Umeda N. Epidemiologic
analysis of Crohn disease in Japan: increased dietary intake
of n-6 polyunsaturated fatty acids and animal protein relates
to the increased incidence of Crohn disease in Japan. Am J
Clin Nutr 1996; 63: 741-745 [PMID: 8615358]
Shaper AG. Environmental factors in coronary heart disease:
diet. Eur Heart J 1987; 8 Suppl E: 31-38 [PMID: 3315675]
Wahle KW, Rotondo D. Fatty acids and endothelial cell
function: regulation of adhesion molecule and redox enzyme
expression. Curr Opin Clin Nutr Metab Care 1999; 2: 109-115
[PMID: 10453340]
Meir KS, Leitersdorf E. Atherosclerosis in the apolipoproteinE-deficient mouse: a decade of progress. Arterioscler Thromb
Vasc Biol 2004; 24: 1006-1014 [PMID: 15087308]
Umezawa M, Tatematsu K, Korenaga T, Fu X, Matushita T,
Okuyama H, Hosokawa M, Takeda T, Higuchi K. Dietary fat
modulation of apoA-II metabolism and prevention of senile
amyloidosis in the senescence- accelerated mouse. J Lipid Res
2003; 44: 762-769 [PMID: 12562830 DOI: 10.1194/jlr.M200405JLR200]
Chiu CJ, McArdle AH, Brown R, Scott HJ, Gurd FN. Intestinal
mucosal lesion in low-flow states. I. A morphological,
hemodynamic, and metabolic reappraisal. Arch Surg 1970;
101: 478-483 [PMID: 5457245 DOI: 10.1001/archsurg.1970.0134
0280030009]
Wu CC, Lu YZ, Wu LL, Yu LC. Role of myosin light chain
kinase in intestinal epithelial barrier defects in a rat model
of bowel obstruction. BMC Gastroenterol 2010; 10: 39 [PMID:
20403206 DOI: 10.1186/1471-230X-10-39]
Passacquale G, Vamadevan P, Pereira L, Hamid C, Corrigall
V, Ferro A. Monocyte-platelet interaction induces a proinflammatory phenotype in circulating monocytes. PLoS
One 2011; 6: e25595 [PMID: 22022418 DOI: 10.1371/journal.
pone.0025595]
Matsunaga H, Hokari R, Higashiyama M, Kurihara C,
Okada Y, Watanabe C, Komoto S, Nakamura M, Kawaguchi
A, Nagao S, Miura S. Cilostazol, a specific PDE-3 inhibitor,
ameliorates chronic ileitis via suppression of interaction
of platelets with monocytes. Am J Physiol Gastrointest Liver
Physiol 2009; 297: G1077-G1084 [PMID: 19815627 DOI:
10.1152/ajpgi.00240.2009]
De Caterina R, Libby P. Control of endothelial leukocyte
adhesion molecules by fatty acids. Lipids 1996; 31 Suppl:
S57-S63 [PMID: 8729095 DOI: 10.1007/BF02637052]
Ibrahim A, Mbodji K, Hassan A, Aziz M, Boukhettala N,
Coëffier M, Savoye G, Déchelotte P, Marion-Letellier R.
Anti-inflammatory and anti-angiogenic effect of long chain
n-3 polyunsaturated fatty acids in intestinal microvascular
endothelium. Clin Nutr 2011; 30: 678-687 [PMID: 21632157
DOI: 10.1016/j.clnu.2011.05.002]
Lee JY, Ye J, Gao Z, Youn HS, Lee WH, Zhao L, Sizemore N,
Hwang DH. Reciprocal modulation of Toll-like receptor-4
signaling pathways involving MyD88 and phosphatidylinositol
3-kinase/AKT by saturated and polyunsaturated fatty acids.
J Biol Chem 2003; 278: 37041-37051 [PMID: 12865424 DOI:
10.1074/jbc.M305213200]
de La Serre CB, Ellis CL, Lee J, Hartman AL, Rutledge JC,
Raybould HE. Propensity to high-fat diet-induced obesity
in rats is associated with changes in the gut microbiota and
gut inflammation. Am J Physiol Gastrointest Liver Physiol
2010; 299: G440-G448 [PMID: 20508158 DOI: 10.1152/
ajpgi.00098.2010]
Adam O, Beringer C, Kless T, Lemmen C, Adam A, Wiseman
M, Adam P, Klimmek R, Forth W. Anti-inflammatory effects
of a low arachidonic acid diet and fish oil in patients with
rheumatoid arthritis. Rheumatol Int 2003; 23: 27-36 [PMID:

January 7, 2015|Volume 21|Issue 1|

Ueda T et al . Effect of fat on NSAID-induced mucosal damage

30

31

32

12548439]
Feagan BG, Sandborn WJ, Mittmann U, Bar-Meir S, D’Haens
G, Bradette M, Cohen A, Dallaire C, Ponich TP, McDonald JW,
Hébuterne X, Paré P, Klvana P, Niv Y, Ardizzone S, Alexeeva
O, Rostom A, Kiudelis G, Spleiss J, Gilgen D, Vandervoort
MK, Wong CJ, Zou GY, Donner A, Rutgeerts P. Omega-3 free
fatty acids for the maintenance of remission in Crohn disease:
the EPIC Randomized Controlled Trials. JAMA 2008; 299:
1690-1697 [PMID: 18398081 DOI: 10.1001/jama.299.14.1690]
Belluzzi A, Boschi S, Brignola C, Munarini A, Cariani G,
Miglio F. Polyunsaturated fatty acids and inflammatory
bowel disease. Am J Clin Nutr 2000; 71: 339S-342S [PMID:
10617993]
Calder PC. N-3 polyunsaturated fatty acids and inflammation:
from molecular biology to the clinic. Lipids 2003; 38: 343-352

33
34
35
36

[PMID: 12848278 DOI: 10.1007/s11745-003-1068-y]
Kuehl FA, Egan RW. Prostaglandins, arachidonic acid, and
inflammation. Science 1980; 210: 978-984 [PMID: 6254151]
Harbige LS. Fatty acids, the immune response, and autoimmunity: a question of n-6 essentiality and the balance between
n-6 and n-3. Lipids 2003; 38: 323-341 [PMID: 12848277]
Süleyman H, Demircan B, Karagöz Y. Anti-inflammatory
and side effects of cyclooxygenase inhibitors. Pharmacol Rep
2007; 59: 247-258 [PMID: 17652824]
Kremmyda LS, Tvrzicka E, Stankova B, Zak A. Fatty acids
as biocompounds: their role in human metabolism, health
and disease: a review. part 2: fatty acid physiological roles
and applications in human health and disease. Biomed Pap
Med Fac Univ Palacky Olomouc Czech Repub 2011; 155: 195-218
[PMID: 22286806 DOI: 10.5507/bp.2011.052]
P- Reviewer: Danielsen EM, Jeung EB S- Editor: Qi Y
L- Editor: Webster JR E- Editor: Ma S

WJG|www.wjgnet.com

186

January 7, 2015|Volume 21|Issue 1|

World J Gastroenterol 2015 January 7; 21(1): 187-195
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v21.i1.187

© 2015 Baishideng Publishing Group Inc. All rights reserved.

ORIGINAL
??????????????
ARTICLE
Basic Study

Enterocyte dendritic cell-specific intercellular adhesion
molecule-3-grabbing non-integrin expression in
inflammatory bowel disease
Jing-Qing Zeng, Chun-Di Xu, Tong Zhou, Jing Wu, Kai Lin, Wei Liu, Xin-Qiong Wang
SIGN) expression in intestinal epithelial cells (IECs) in
inflammatory bowel disease (IBD).

Jing-Qing Zeng, Chun-Di Xu, Tong Zhou, Jing Wu, Kai Lin,
Wei Liu, Xin-Qiong Wang, Department of Pediatrics, Ruijin
Hospital, Shanghai Jiao Tong University School of Medicine,
Shanghai 200025, China
Jing-Qing Zeng, Department of Pediatrics, Shanghai Children’s
Medical Center, Shanghai Jiao Tong University School of Medicine,
Shanghai 200127, China
Author contributions: Xu CD and Zhou T designed the research;
Zeng JQ, Lin K, Liu W and Wang XQ performed the research
and analyzed the data; Zeng JQ and Wu J wrote the paper; all the
authors have read and approved the final version to be published.
Supported by Grants from the National Natural Science Foundation
of China No. 81000163, No. 81070567, and No. 81170363
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/
Correspondence to: Chun-Di Xu, MD, Professor, Department
of Pediatrics, Ruijin Hospital, Shanghai Jiao Tong University
School of Medicine, 197 Ruijin Erlu, Shanghai 200025,
China. chundixu55@163.com
Telephone: +86-21-64370045
Fax: +86-21-64333548
Received: May 23, 2014
Peer-review started: May 26, 2014
First decision: June 18, 2014
Revised: July 10, 2014
Accepted: July 24, 2014
Article in press: July 25, 2014
Published online: January 7, 2015

METHODS: The expression of DC-SIGN in IECs was
examined by immunohistochemistry of intestinal mucosal
biopsies from 32 patients with IBD and 10 controls.
Disease activity indices and histopathology scores were
used to assess the tissue lesions and pathologic damage.
Animal studies utilized BALB/c mice with dextran sodium
sulfate (DSS)-induced colitis treated with anti-P-selectin
lectin-EGF domain monoclonal antibody (PsL-EGFmAb).
Controls, untreated and treated mice were sacrificed
after 7 d, followed by isolation of colon tissue and
IECs. Colonic expression of DC-SIGN, CD80, CD86 and
MHC Ⅱ was examined by immunohistochemistry or
flow cytometry. The capacity of mouse enterocytes or
dendritic cells to activate T cells was determined by co+
culture with naïve CD4 T cells. Culture supernatant and
intracellular levels of interleukin (IL)-4 and interferon
(IFN)-γ were measured by enzyme-linked immunosorbent
assay and flow cytometry, respectively. The ability of
IECs to promote T cell proliferation was detected by flow
cytometry staining with carboxyfluorescein diacetate
succinimidyl ester.
RESULTS: Compared with controls, DC-SIGN expression
was significantly increased in IECs from patients with
Crohn’s disease (P < 0.01) or ulcerative colitis (P <
0.05). DC-SIGN expression was strongly correlated with
disease severity in IBD (r = 0.48; P < 0.05). Similarly,
in the DSS-induced colitis mouse model, IECs showed
upregulated expression of DC-SIGN, CD80, CD86 and
MHC, and DC-SIGN expression was positively correlated
with disease activity (r = 0.62: P < 0.01). IECs from
mouse colitis stimulated naïve T cells to generate IL-4 (P
< 0.05). Otherwise, dendritic cells promoted a T-helper1-skewing phenotype by stimulating IFN-γ secretion.
However, DC-SIGN expression and T cell differentiation
were suppressed following treatment of mice with DSS-

Abstract
AIM: To investigate dendritic cell-specific intercellular
adhesion molecule-3-grabbing non-integrin (DC-
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SIGN in the intestinal tissues of patients with IBD and
its significance in the disease activity. To further study
the mechanisms of how DC-SIGN functions in colitis,
we examined expression with PsL-EGFmAb treatment
in an experimental model of dextran sodium sulfate
(DSS)-induced colitis.

induced colitis with PsL-EGFmAb. The proliferation
+
cycles of CD4 T cells from mice with DSS-induced
colitis appeared as five cycles, which was more than in
the control and treated groups. These results suggest
that IECs can promote T cell proliferation.
CONCLUSION: IECs regulate tissue-associated immune
compartments under the control of DC-SIGN in IBD.

MATERIALS AND METHODS

Key words: Dendritic cell-specific intercellular adhesion
molecule-3-grabbing non-integrin; Dendritic cells; Immune
compartmentalization; Inflammatory bowel disease;
Intestinal epithelial cells

Patients
A total of 32 children with IBD were randomly recruited
from the Department of Pediatrics, Ruijin Hospital between
January 2006 and June 2010. All children were diagnosed
with IBD by endoscopy and histopathologic examination
according to the pediatric Crohn’s disease activity index
(PCDAI) and pediatric ulcerative colitis activity index
(PUCAI). The patients included 20 boys and 12 girls, with
a mean age of 8.68 ± 5.21 years. We recruited two major
disease groups: Crohn’s disease (n = 18) and ulcerative
colitis (n = 14). Ten age- and sex-matched children with
abdominal pain, diarrhea and no histologic enteritis were
enrolled as controls. Human intestinal mucosal tissues
from patients with Crohn’s disease, ulcerative colitis and the
control group were collected by endoscopic biopsy.
The study was approved by the Ethical Committee
of Shanghai Jiao Tong University School of Medicine,
China.

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Dendritic cell-specific intercellular adhesion
molecule-3-grabbing non-integrin (DC-SIGN) functions as
an adhesion and antigen-presenting molecule. We found
that DC-SIGN was expressed by intestinal epithelial cells,
which induced differentiation and proliferation of T cells
under the control of DC-SIGN.
Zeng JQ, Xu CD, Zhou T, Wu J, Lin K, Liu W, Wang XQ.
Enterocyte dendritic cell-specific intercellular adhesion molecule3-grabbing non-integrin expression in inflammatory bowel
disease. World J Gastroenterol 2015; 21(1): 187-195 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v21/i1/187.
htm DOI: http://dx.doi.org/10.3748/wjg.v21.i1.187

DSS-induced colitis mouse model
The DSS-induced colitis mouse model of IBD was
described by Okayasu et al[10]. Thirty female BALB/c
mice (aged 6-8 wk, 16-20 g) were purchased from the
Hayes Lake Experimental Animals Co. (Shanghai, China)
and randomly assigned into three groups (n = 10 each):
control, DSS-treated, and PsL-EGFmAb + DSS-treated.
The DSS-treated group was orally administered a 5% DSS
solution for 7 d. The PsL-EGFmAb + DSS-treated group
were given daily injections with 2 mg/kg PsL-EGFmAb
(ip) for 3 d during the 7 d of 5% DSS administration.
Control animals were orally administered a sterile saline
solution. Clinical Disease Activity Index for DSS-induced
colitis was measured by weight loss, stool consistency,
and bleeding[11]. All the mice were sacrificed at day 7, and
intestinal mucosa and spleens were quickly removed for
histologic and cellular function analyses.

INTRODUCTION
Inflammatory bowel disease (IBD), primarily comprised
of Crohn’s disease and ulcerative colitis, is an idiopathic
disease characterized by chronic, relapsing, nonspecific
inflammatory reactions of the bowel [1,2] . The exact
etiology of IBD is still unknown. Recent studies have
provided substantial insight into how functional mucosal
immunity is maintained and how the pathogenesis of IBD
is initiated. IBD is generally attributed to inappropriate
and continuing inflammatory stimulations[3-6].
Dendritic cells (DCs) play a key role in the initiation
of inflammation, which is associated with the migration
of DCs mediated by the adhesion molecule P-selectin.
Adhesion and migration of DCs is inhibited by anti-Pselectin lectin-EGF domain monoclonal antibodies (PsLEGFmAb), which target the carbohydrate recognition
domain of P-selectin[7,8]. Our previous work demonstrated
that PsL-EGFmAb had a blocking effect on DC-specific
intercellular adhesion molecule-3-grabbing non-integrin
(DC-SIGN) in a mouse model of nephritis and improved
disease progression and outcome [7]. DC-SIGN, also
designated as CD209, is a member of the C-type lectin
superfamily, and has a carbohydrate recognition domain
similar to P-selectin[9].
In this study, we investigated the expression of DC-
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Immunohistochemical staining
Paraffin sections of human and mouse intestinal mucosal
tissues were treated with endogenous peroxidase and
nonspecific protein blocking, and incubated with 1:100
primary antibody at 4 ℃ overnight and 1:400 secondary
antibody for 1 h at room temperature. Antibodies used
were as follows: mouse anti-human DC-SIGN mAb (R
and D Systems, Minneapolis, MN, United States) and
biotinylated anti-mouse IgG (Invitrogen of Thermo Fisher
Scientific Inc., Waltham, MA, United States) for human
tissues, and rat anti-mouse DC-SIGN mAb (eBioscience
Inc., San Diego, CA, United States) with biotinylated anti-
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Statistical analysis
SPSS version 16.0 (SPSS Inc., Chicago, IL, United States)
was used for the database analysis. Data are presented
as mean ± standard deviation and were measured by
nonparametric rank sum test and one-way analysis of
variance. Numerical data were measured using Fisher’s exact
test. The correlation between groups was analyzed using
Spearman coefficients. A value of P < 0.05 was considered
statistically significant.

rat (Invitrogen) for mouse tissues. Finally, the sections were
stained by diaminobenzidine for microscopic examination.
The primary antibody was replaced with phosphatebuffered saline as a negative control and known positive
sections were used as positive controls.
The positive cells showed distinct brown-orange
coloration within the cell membrane or cytoplasm of
epithelial cells. Immunohistochemistry scores were based on
the percentage of positive cells (< 10% = 0; 10%-30% = 1;
31%-50% = 2; 51%-75% = 3; and > 75% = 4) multiplied
by stain intensity (0 = negative, 1 = weak, 2 = moderate,
3 = strong) in five different high-power fields for each
section. A score of 4+ was called “DC-SIGN positive”[12].

RESULTS
Expression of DC-SIGN in human IECs
Expression of DC-SIGN was rarely detected in the
intestinal mucosa of healthy children, but was elevated
in the intestinal mucosa of children with IBD, especially
in the IECs and mesenchymal cells (Figure 1). DCSIGN expression was significantly higher in children
with Crohn’s disease (61%; P = 0.002) and ulcerative
colitis (50%; P = 0.019) compared with controls (10%).
However, there was no significant difference between
expression in Crohn’s disease and ulcerative colitis.

Disease severity assessment of colitis
Paraffin-embedded sections (5 µm) prepared from the
distal colons of experimental mice were stained with
hematoxylin/eosin and examined under a Zeiss Axioplan
2 imaging microscope equipped with an AxioCam MRc5
camera (Carl Zeiss AG, Oberkochen, Germany). Histologic
scoring was ranked according to the amount and depth of
inflammation, and the amount of crypt damage[13]. Isolated
mouse splenic cells (1 × 105 cells/mL) were incubated with
fluorescein isothiocyanate-labeled CD4 mAb and stained
with allophycocyanin-labeled interferon (IFN)-γ mAb and
phycoerythrin-labeled interleukin (IL)-4 mAb to evaluate
the systemic inflammatory response in mice[14].

Correlation of DC-SIGN expression with IBD disease
activity
To determine if increased expression of DC-SIGN was
correlated with IBD progression and severity, we used
PCDAI and PUCAI to evaluate disease activity in children
with IBD. The scores were significantly higher in the DCSIGN-positive group than in the DC-SIGN-negative
group (PCDAI: 25.91 ± 10.20 vs 13.93 ± 7.20, PUCAI:
32.14 ± 13.50 vs 15.71 ± 8.86; Ps < 0.01), and DC-SIGN
expression was strongly correlated with disease severity in
IBD (r = 0.48; P < 0.05) (Figure 2).

Flow cytometry
Mouse intestinal epithelial cells (IECs) were sorted by flow
cytometry using anti-mouse phycoerythrin-conjugated
CD326 (epithelial cell adhesion molecule) and incubated
with fluorescein isothiocyanate-labeled DC-SIGN, CD80,
CD86 or MHC mAb at a density of 5 × 105 cells/mL.
Phenotypic analysis was performed by flow cytometry
using a FACS Calibur and FACSAria Cell Sorter (Becton,
Dickenson and Co., Franklin Lakes, NJ, United States)
and data were analyzed with FCS Express version 3.

Characterization of DSS-induced colitis model
Hematoxylin and eosin staining revealed greater neutrophil
infiltration in the intestinal tissue from the DSS and DSS
+ PSL-EGFmAb groups compared with the control
group (Figure 3A). The disease activity index score was
significantly elevated in DSS-treated mice compared with
the controls (11.4 ± 0.70 vs 0.5 ± 0.53, P < 0.01), and
was signficantly decreased by PsL-EGFmAb treatment
(8.6 ± 3.60, P < 0.05) (Figure 3B). In addition, histologic
examination of intestinal biopsies showed significantly
higher scores in the DSS-treated group (6.6 ± 1.78, P < 0.01)
compared with the controls (0.7 ± 1.06) but suppressed
disease following treatment with PsL-EGFmAb (4.7 ± 1.06,
P < 0.05) (Figure 3C). IL-4 and IFN-γ expression levels
in mouse splenic CD4+ T cells were increased in the DSStreated group compared with the control and DSS + PsLEGFmAb groups (Figure 3D).

T lymphocyte differentiation and proliferation
Mouse splenic CD4+ T cells were isolated using mouse
naïve CD4+ T cell isolation Kit (R and D Systems), and
CD11c + DCs were purified using magnetic activated
cell sorting beads (Miltenyi Biotec, Bergisch Gladbach,
Germany). The IECs (5 × 105/mL) or CD11c+ DCs (2 ×
105/mL) were co-cultured with CD4+ T cells (1 × 106/mL)
in 96-well plates in the presence of IL-2, anti-CD3 and
anti-CD28 for 5 d. Cells were stimulated with phorbol
12-myristate 13-acetate (50 ng/mL), ionomycin (1 µg/mL)
and brefeldin A (10 µg/mL) for 6 h, and harvested for
intracellular IFN- γ or IL-4 staining with allophycocyaninconjugated IFN-γ mAb and phycoerythrin -labeled IL-4
mAb, followed by flow cytometry analysis. In addition,
IFN-γ or IL-4 levels in the co-culture supernatants were
measured by enzyme-linked immunosorbent assay[15]. The
ability of IECs to promote T cell proliferation was detected
by flow cytometry after staining with carboxyfluorescein
diacetate succinimidyl ester.
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Expression of DC-SIGN, CD86, CD80 and MHC Ⅱ in
mouse IECs
DC-SIGN expression was rarely detected in normal
intestinal tissues, but was clearly observed in the intestinal
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Figure 1 Immunohistochemistry of dendritic cell-specific intercellular adhesion molecule-3-grabbing non-integrin expression in intestinal epithelial cells.
Intestinal tissue samples from A: Control patient; B: Ulcerative colitis patient; C: Crohn’s disease patient (magnification × 200).
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Figure 2 Inflammatory bowel disease activity in patients with and without dendritic cell-specific intercellular adhesion molecule-3-grabbing non-integrin
expression. Disease activity was assessed in dendritic cell-specific intercellular adhesion molecule-3-grabbing non-integrin (DC-SIGN) + and DC-SIGN- patients
using the A: Pediatric Crohn’s disease activity index (PCDAI); and the B: Pediatric ulcerative colitis activity index (PUCAI).

cells and IECs, T cells were activated and T helper
(Th) cytokines (IFN-γ and IL-4) were detected by flow
cytometry and enzyme-linked immunosorbent assay. The
results show that compared with controls, IL-4 expression
levels peaked in the DSS-treated group (P < 0.05), and
increased in the PsL-EGFmAb + DSS-treated group
(Figure 5A and B). No significant changes in IFN- γ
were observed among the three groups. In addition,
the IL-4/IFN-γ ratio of the co-culture supernatant was
higher in the DSS-treated group, but downregulated with
PsL-EGFmAb treatment (P < 0.05). The proliferation
cycles of CD4+ T cells in the DSS-induced colitis group
appeared as five cycles, which was more than in the other

tissues of the DSS-treated and DSS + PsL-EGFmAb
groups (Figure 4A). Further analysis revealed that DCSIGN expression was significantly correlated with disease
activity scores (r s = 0.62; P < 0.01). Flow cytometric
analysis revealed that, as well as co-stimulatory molecules,
CD80, CD86 and MHC Ⅱ were markedly elevated in
IECs of DSS-treated mice and downregulated with PsLEGFmAb treatment (Figure 4B).
T cell differentiation and proliferation induced by mouse
IECs
IECs are not traditional antigen-presenting cells. However,
we report here that after co-culturing naïve CD4 + T
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monoclonal antibody-treated group; aP < 0.05, cP < 0.01 vs control.

groups (Figure 5C).

response generated in the gut and that distinct cytokine
profiles characterize each CD4+ T cell subset[18,19].
The formation of a physical barrier by IECs plays an
important role in innate immune defense[20-22]. Recently,
it has been found that IECs are not only a passive barrier
that limits the access of pathogens, but also participate
in mucosal immune regulation through the pattern reco
gnition receptors[23-25].
DCs are dysregulated in IBD, which leads to
overproduction of chemokines and proinflammatory cyto
kines that stimulate the activation and differentiation of
pathogenic Th cells[26-28]. DCs are antigen-presenting cells
that are responsible for the regulation of abnormal T
cell activation. Upon activation, a number of cell surface
molecules and maturation markers are expressed, such as
Toll-like receptors, Nod-like receptors, and C-type lectin
receptors. Among them, DC-SIGN is a member of the

T cell differentiation induced by DCs
Co-culturing of naïve T cells from normal BALB/c
mice and DCs from mouse spleens resulted in an
increased proportion of IFN-γ in the DSS-treated group
compared with the PsL-EGFmAb-treated and control
groups (Figure 6).

DISCUSSION
IBD is a chronic intestinal disorder of unknown etiology
and pathogenesis. However, it is generally believed that
uncontrolled intestinal immune response facilitates onset
and development of IBD[6,16,17]. Murine models of IBD
have demonstrated that the imbalance in Th1/Th2 cells
plays a pivotal role in determining the type of immune
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C-type lectin superfamily, functioning as an adhesion
receptor and a pattern recognition receptor[29-31]. It plays
a critical role in regulating the migration of DCs and
subsequent activation of T lymphocytes involved in
the immunoregulation of infectious and inflammatory
diseases[9,32].
Our study showed that IECs express DC-SIGN,
which is significantly correlated with intestinal disease
severity. In vitro, we further demonstrated that IECs
stimulate CD4+ T cells to secrete IL-4, suggesting that
they potently induce a Th2-predominant host immune
response in experimental colitis. In contrast, DCs from
animals with experimental colitis induced T cells towards
a Th1-skewing phenotype by IFN-γ secretion. Based
on the above results, we propose that the injured IECs
might trans-differentiate, leading them to acquire immune
properties. Trans-differentiation is a biologic process by
which one differentiated cell type coverts into another[33,34].
In disease states, IECs exert antigen-presenting function
by trans-differentiation and regulate mucosal immunity
together with DCs in the local microenvironment, to
determine the type of immune response. This phenomenon
may be associated with the regulation of gut immune
compartmentalization[35,36].
In summary, DC-SIGN modulates the trans-differen
tiation of IECs, interacts with DCs as well as the local
intestinal immune compartment, and might play a vital
role in facilitating damage to the gut mucosa in IBD.
Further study is needed to investigate the underlying
mechanisms for the immunomodulatory effects of IECs.
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AIM: To investigate the expression of forkhead box
protein M1 (FoxM1) in the process of epithelial
mesenchymal transition in hepatocellular carcinoma
(HCC) and its role in metastasis.
METHODS: FoxM1 and E-cadherin expression in
HCC tissue microarray specimens was evaluated by
immunohistochemical staining, and statistical methods
were applied to analyze the correlation between FoxM1
and epithelial-mesenchymal transition (EMT). KaplanMeier analysis of the correlation between the FoxM1
expression level and recurrence or overall survival of
HCC patients was performed. The expression of FoxM1,
E-cadherin and snail homologue 1 (SNAI1) in HCC cell
lines was evaluated by real-time reverse transcriptionpolymerase chain reaction and Western blot. Hepatocyte
growth factor (HGF) was used to induce EMT and
stimulate cell migration in HCC cells. The expression
of FoxM1 and SNAI1 was regulated by transfection
with plasmids pcDNA3.1 and siRNAs in vitro . The
occurrence of EMT was evaluated by Transwell assay,
morphologic analysis and detection of the expression
of EMT markers (E-cadherin and vimentin). Luciferase
and chromatin immunoprecipitation assays were used
to evaluate whether SNAI1 is a direct transcriptional
target of FoxM1.
RESULTS: FoxM1 expression was increased significantly
in HCC compared with para-carcinoma (10.7 ± 0.9
vs 8.2 ± 0.7, P < 0.05) and normal hepatic (10.7 ±
0.9 vs 2.7 ± 0.4, P < 0.05) tissues. Overexpression
of FoxM1 was correlated with HCC tumor size, tumor
number, macrovascular invasion and higher TNM
stage, but was negatively correlated with E-cadherin
expression in microarray specimens and in cell lines.
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and the deterioration of primary tumors[5]. Most reports
in the literature show that intrahepatic and extrahepatic
metastases occur in > 50% of patients after resection of
HCC with a high incidence of intrahepatic metastasis[6].
The common sites of extrahepatic metastasis include the
lung, bone, peritoneum, spleen, and lymph nodes. HCC
invasiveness is related to the ability of tumor cells to
invade the capsule and portal vein[7,8].
Epithelial cell layers lose polarity and cell-cell contacts
after epithelial-mesenchymal transition (EMT), a key
event in the tumor invasion process, resulting in dramatic
remodeling of the cytoskeleton [9] . E-cadherin is a
central component of cell-cell adhesion junctions in the
maintenance of cell polarity and environment[10,11], and
the loss of E-cadherin expression is a hallmark of EMT
and is associated with tumor invasiveness, metastasis,
and poor prognosis[12]. The activation of various ligands,
including fibroblast growth factor, transforming growth
factor-β (TGF-β), bone morphogenetic protein, Wnt,
epidermal growth factor (EGF), vascular endothelial
growth factor (VEGF), and hepatocyte growth factor
(HGF) and its receptor can upregulate the expression
of EMT-regulating transcription factors, including snail
homolog 1 (SNAI1), snail homolog 2 (SNAI2), zinc-finger
E-box binding homeobox 1 (ZEB1), zinc-finger E-box
binding homeobox 2 (ZEB2), and Twist[13]. Recent studies
have demonstrated that EMT features can be induced by
HGF in HCC, and E-cadherin transcription is repressed
by several EMT-inducing regulators, of which Snail-related
zinc finger transcription factors (Snail and Slug) are the
most prominent via interaction with specific E-boxes of
the proximal E-cadherin promoter[9,14-16]. To date, numerous
clinicopathologic studies have shown positive correlations
between the expression of the transcription factors SNAI1
and SNAI2, key inducible factors of EMT, and poor
clinical outcomes in breast, ovarian, colorectal, and lung
cancer, squamous cell carcinoma, melanoma, and HCC[13].
FoxM1, which consists of more than 50 amino acid
residues and is characterized by a conserved 100 amino
acid DNA binding domain, is a member of the FoxM
family; FoxM1 is also a transcription factor that plays
important roles in cell proliferation, organogenesis, aging
and cancer[17-19]. FoxM1 has been clearly suggested to be
an oncogenic protein complex, playing important roles in
angiogenesis, invasion, and metastasis[20,21]. Interestingly,
FoxM1 may regulate the EMT phenotype of pancreatic
cancer cells by activation of mesenchymal cell markers[22],
whereas the underlying mechanisms are unknown.
In the present study, we sought to determine the role
of FoxM1 in EMT and metastasis of HCC as well as
the regulatory role of FoxM1 in SNAIL expression and
function. We discovered that the novel FoxM1-SNAIL
signaling pathway critically regulates EMT, invasion, and
metastasis of HCC.

FoxM1 overexpression was correlated significantly
with HCC metastasis and EMT. In vitro , we found
that FoxM1 plays a key role in HGF-induced EMT, and
overexpression of FoxM1 could suppress E-cadherin
expression and induce EMT changes, which were
associated with increased HCC cell invasiveness.
Next, we confirmed that FOXM1 directly binds to and
activates the SNAI1 promoter, and we identified SNAI1
as a direct transcriptional target of FOXM1. Moreover,
inhibiting the expression of SNAI1 significantly inhibited
FoxM1-mediated EMT.
CONCLUSION: FoxM1 overexpression promotes EMT
and metastasis of HCC, and SNAI1 plays a critical role
in FoxM1-mediated EMT.
Key words: Forkhead box protein M1; Hepatocellular
carcinoma; Epithelial-mesenchymal transition; Snail
homolog 1; E-cadherin
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Epithelial-mesenchymal transition (EMT) has
emerged as a pivotal event affecting cancer invasion
and metastasis, and forkhead box protein M1 (FoxM1)
may regulate the EMT phenotype of pancreatic cancer
cells by activation of mesenchymal cell markers. The
present study demonstrated that FoxM1 plays a pivotal
role in EMT and metastasis of hepatocellular carcinoma
(HCC). Immunohistochemical analysis indicated that
FoxM1 overexpression correlated significantly with
HCC metastasis and EMT. In vitro , we found that
FoxM1 plays a key role in HGF-induced EMT, and
overexpression of FoxM1 could suppress E-cadherin
expression and induce EMT changes by increasing snail
homologue 1 expression.
Meng FD, Wei JC, Qu K, Wang ZX, Wu QF, Tai MH, Liu HC,
Zhang RY, Liu C. FoxM1 overexpression promotes epithelialmesenchymal transition and metastasis of hepatocellular
carcinoma. World J Gastroenterol 2015; 21(1): 196-213 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v21/i1/196.
htm DOI: http://dx.doi.org/10.3748/wjg.v21.i1.196

INTRODUCTION
Hepatocellular carcinoma (HCC) accounts for 90%
of cases of primary liver cancer and is the fifth most
common cancer worldwide. It ranks third in mortality
after gastric cancer and esophageal cancer, and half of
the deaths from HCC occur in China[1,2]. Due to the high
rate of recurrence or intrahepatic metastasis after curative
resection, the overall prognosis of HCC patients remains
poor despite obvious improvements in surgical techniques
and perioperative management[3,4]. Therefore, effective
therapy is imperative. The most common causes of death
among patients with HCC are recurrence, metastasis,
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MATERIALS AND METHODS
Patient samples
Tissue specimens for tissue microarray (TMA) were
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obtained from 172 patients who underwent hepatectomy
for HCC and 12 normal hepatic tissues were obtained
from patients with hepatic hemangioma from 2006 to
2010 at The First Affiliated Hospital of Xi’an Jiaotong
University, Shaanxi, China. Ethical approval was ob
tained from the research ethics committee of The
First Affiliated Hospital of Xi’an Jiaotong University,
and written informed consent was obtained from each
patient. The preoperative clinical diagnosis of HCC met
the diagnostic criteria of the American Association for
the Study of Liver Diseases.

CUU U-3′; FoxM1-2, 5′-CUC UUC UCC CUC AGA
UAU A-3′; SNAI1-1, 5′-AGC UCA CAU CGC AUA
CCG UA-3′; SNAI1-2, 5′-ACU CAG AUG UCA AGA
AGU AUU-3′; Control, 5′-GCA AGC UGA CCC UGA
AGU UCA U-3′.
Cell transfection
The plasmids and/or oligonucleotides were transfected
into cells using Lipofectamine 2000 (Invitrogen) or
Lipofectamine RNAiMAX (Invitrogen) and were incubated
for 48 h according to the manufacturer’s instructions.
Stable cell lines were selected using the appropriate
antibiotics for at least 48 h after transfection.

Construction of TMA
All tissue samples of the HCC TMA were embedded
in paraffin for array studies and were freshly sectioned
and stained with hematoxylin and eosin (HE). The
representative regions of the lesion were reviewed
carefully and defined by two pathologists. Based on the
clinicopathologic information, specimens were grouped
in tissue cylinders, and a diameter of 1 mm was taken
from the selected regions of the donor block and
then punched precisely into a recipient paraffin block
using a tissue array instrument (Beecher Instruments,
Silver Spring, MD). Consecutive 5 μm sections of the
microarray blocks were made using a microtome. Finally,
a TMA section with 172 HCC and 12 normal liver
samples was constructed.

Western blot
Cells samples were lysed in ice-cold RIPA lysis buffer
(1% NP-40, 0.1% SDS, 0.5% sodium deoxycholate, 150
mmol/L NaCl and 10 mmol/L Tris-HCl) containing a
protease inhibitor cocktail. The concentration of total
protein was calculated using the Bio-Rad Protein Assay
(Bio-Rad, Hercules, CA, United States). Equivalent
amounts of proteins (30 μg) were then separated by
10% SDS-PAGE and transferred to nitrocellulose mem
branes (Bio-Rad, Hercules, CA, United States). After
being blocked in Tris-buffered saline containing 5%
BSA, the membranes were incubated with primary
antibodies [rabbit polyclonal anti-FoxM1 (1:500, Santa
Cruz Biotechnology); rabbit polyclonal anti-SNAI1
(1:1000, Cell Signaling Technology); rabbit polyclonal
anti-E-cadherin (1:1000, Cell Signaling Technology);
rabbit polyclonal anti-vimentin (1:1000, Cell Signaling
Technology); mouse monoclonal anti-β-actin (1:2000,
Santa Cruz Biotechnology)] at 4 ℃ for 12 h and then
with a horseradish peroxidase conjugated anti-rabbit or
anti-mouse secondary antibody (Zhongshan, Beijing,
China) at a dilution of 1:8000 at room temperature
for 1 h. Signals were detected on X-ray film using an
electrochemiluminescence detection system (Pierce,
Rockford, IL, United States). Equal protein loading was
assessed by the expression of β-actin.

Immunostaining
Formalin-fixed and paraffin-embedded sections with
a thickness of 4 μ m were dewaxed in xylene and
graded alcohols, hydrated, and washed in PBS. After
pretreatment in a microwave oven [12 min in sodium
citrate buffer (pH 6)], the endogenous peroxidase was
inhibited with 0.3% H2O2 for 15 min, and the sections
were incubated with 10% normal goat serum for 15 min.
Primary antibodies were applied overnight in a moist
chamber at 4 ℃. A standard avidin-biotin peroxidase
technique (DAKO, Carpinteria, CA) was applied. Briefly,
biotinylated goat anti-rabbit immunoglobulin and avidinbiotin peroxidase complex were applied for 30 min
each, with 15-min washes in PBS. The reaction was
finally developed using the Dako Liquid DAB+ substrate
chromogen system (DAKO).

Quantitative reverse transcription-PCR
Total RNA was isolated using Trizol reagent according to
the manufacturer’s protocol (Invitrogen, Carlsbad, CA).
cDNA was synthesized using reverse transcriptase (BioRad). Real-time RT-PCR amplification was performed
using a Thermal Cycler Dice (Takara) in accordance
with the manufacturer’s instructions under the following
conditions: 95 ℃ for 6 min, 40 cycles of 95 ℃ for 15
s, and 60 ℃ for 1 min. Glyceraldehyde 3-phosphate
dehydrogenase was used to normalize the expression
levels in the subsequent quantitative analyses. To amplify
the target genes, the following primers were purchased
from TaKaRa: FoxM1, forward 5′-TGC AGC AGG
GAT GTG AAT CTT C-3′ and reverse 5′-GGA GCC
CAG TCC ATC AGA ACT-3′; SNAI1, forward 5′-TCT
AGG CCC TGG CTG CTA CAA-3′ and reverse 5′-ACA
TCT GAG TGG GTC TGG AGG TG-3′; E-cadherin,

Cell lines and culture conditions
The HCC cell lines HepG2, HUH-7, SK-Hep1 and
MHCC-97H used in this study were obtained from The
Chinese Academy of Sciences (Shanghai, China), and
were maintained in DMEM containing 10% fetal bovine
serum (Gibco, Grand Island, NY, United States) at 37 ℃
with 5% CO2.
Plasmids and siRNAs
The plasmid pcDNA3.1-FoxM1 and control vector
pcDNA3.1 were purchased from GenePharma China.
The siRNA sequences targeting FoxM1 and SNAI1 were
as follows: FoxM1-1, 5′-GGA CCA CUU UCC CUA
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were seeded in 6-well tissue culture dishes. After 24
h of incubation, the cells were analyzed using a light
microscope. The experiment was performed in triplicate.

Table 1 Clinicopathologic characteristics of the 172
hepatocellular carcinoma patients n (%)
Characteristic
Gender
Male
Female
Age (yr)
≤ 50
> 50
Underlying liver disease
HBV
Others
Liver function (Child-Pugh classification)
Grade A
Grade B
Grade C
Preoperative AFP level
≤ 200 ng/mL
> 200 ng/mL
Missing data
Tumor size
≤ 8 cm
> 8 cm
Undetermined
Tumor number
≤3
>3
Cirrhotic background
No
Yes
Macrovascular invasion
No
Yes
Tumor differentiation
G1/G2
G3
Undetermined
TNM stage
Stage Ⅰ + Ⅱ
Stage Ⅲ (ⅢA+ⅢB+ⅢC)

Patients

Luciferase and chromatin immunoprecipitation assays
The SNAI1 promoter was PCR amplified and cloned
into the pGL2-basic luciferase vector using the following
primers: 5′-TCT TAC CCC GGG CCT TTC CCC
TCG-3′ and 5′-CCG CTC GAG TGG CCA GAG CGA
CCT AG-3′. Dual luciferase assay (Promega, Madison,
Wisconsin) was performed 24 h after transfection.
Cells were crosslinked by the addition of formaldehyde
and sonicated to create DNA fragments between 500
and 1000 bp. Protein/DNA complexes were used for
immunoprecipitation with Foxm1 antibodies (C20, Santa
Cruz Biotechnology) or control rabbit serum. Reverse
crosslinked chromatin immunoprecipitation (ChIP) DNA
samples were subjected to real-time PCR using primers
specific to human SNAI1 (5′-TTC AAC GAA ACT CTA
ACC AGG TCC-3′ and 5′-TGA GGG AGA CAG ACG
AAG TAA ACA G-3′).

116 (67)
56 (33)
73 (42)
99 (58)
133 (77)
39 (23)
157 (91)
11 (6)
4 (3)
66 (38)
90 (52)
16 (10)
116 (67)
51 (30)
5 (3)

Statistical analysis
All graphical values are represented by mean ± SE from
three independent experiments with each measured
in triplicate. The differences between two groups were
analyzed using unpaired two-tailed Student’s t-test.
Categorical data were analyzed by Fisher’s exact test. The
cumulative recurrence and overall survival rates were
calculated by the Kaplan-Meier method and the log-rank
test. P-values less than 0.05 were considered statistically
significant and are indicated with asterisks as described in
the figure legends.

157 (91)
15 (9)
39 (23)
133 (77)
149 (87)
23 (13)
154 (90)
10 (6)
8 (4)
135 (78)
37 (22)

RESULTS

HBV: Hepatitis B virus; AFP: α-fetoprotein; TNM: Tumor-nodes-metastasis.

FoxM1 overexpression correlates significantly with HCC
metastasis
The clinicopathologic characteristics of the patients
are summarized in Table 1. The overall follow-up
durations ranged from 1 to 62 mo (median, 31 mo).
To determine the role of FoxM1 in HCC metastasis,
we evaluated FoxM1 expression in TMA specimens by
immunostaining. In 172 carcinoma tissue specimens from
Chinese HCC patients, their matched para-carcinoma
tissues and 12 normal hepatic tissues (from the patients
with hepatic hemangioma), the immunohistochemical
indexes of FoxM1 were 10.7 ± 0.9, 8.2 ± 0.7 and 2.7 ±
0.4, respectively (Figure 1A). FoxM1 expression increased
significantly in carcinoma compare with para-carcinoma
(P < 0.05) and normal hepatic tissues (P < 0.05).
Additionally, we used qRT-PCR to gauge the mRNA
expression of FoxM1 in carcinoma, para-carcinoma and
normal hepatic tissues, and the results were consistent
with the immunohistochemical data (Figure 1B).
Combined with clinical data analysis, abnormal FoxM1
expression was interrelated with tumor size (P = 0.002),
tumor number (P = 0.010), macrovascular invasion (P

forward 5′-TAA CCG ATC AGA ATG AC-3′ and reverse
5′-TTT GTC AGG GAG CTC AGG AT-3′; and GAPD,
forward 5′-GCA CCG TCA AGG CTG AGA AC-3′ and
reverse 5′-ATG GTG GTG AAG ACG CCA GT-3′.
Cell invasion
Cells were cultivated for 24 h and then transferred on
the top of Matrigel-coated chambers (24-well insert,
8- μ m pore size, BD Biosciences, San Jose, United
States) in serum-free DMEM. DMEM containing
20% fetal calf serum was added to the lower chamber
as a chemoattractant. After incubation for 48 h, noninvaded cells were removed from the upper well with
cotton swabs, while the invaded cells were fixed with 4%
paraformaldehyde, stained with 0.1% crystal violet, and
photographed (× 200) in five independent fields for each
well. Each test was repeated in triplicate.
Morphologic analysis
HepG2 and Huh7 cells (2 × 104 cells/well, respectively)
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Figure 1 Forkhead box protein M1 overexpression correlates significantly with hepatocellular carcinoma metastasis. A: Immunohistochemistry was used
to detect forkhead box protein M1 (FoxM1) expression in normal liver, para-carcinoma, and carcinoma (HCC) tissues ( aP < 0.05 vs carcinoma; cP < 0.05 vs paracarcinoma); B: Quantitative real-time polymerase chain reaction (qRT-PCR) analysis of FoxM1 mRNA expression in normal liver, para-carcinoma, and carcinoma (HCC)
tissues (aP < 0.05 vs carcinoma; cP < 0.05 vs para-carcinoma). Glyceraldehyde-3-phospate dehydrogenase (GAPDH) mRNA was used for normalization; C: Western
blot analysis of FoxM1 expression in human HCC cell lines (aP < 0.05 vs HepG2; cP < 0.05 vs SK-Hep1; eP < 0.05 vs MHCC-97H); D: qRT-PCR analysis of FoxM1
mRNA expression in human HCC cell lines (aP < 0.05 vs HepG2; cP < 0.05 vs SK-Hep1; eP < 0.05 vs MHCC-97H). GAPDH mRNA was used for normalization; E and F:
Kaplan-Meier analysis of the correlation between FoxM1 expression level and recurrence or overall survival of HCC patients.

= 0.002) and higher TNM stage (P = 0.008), whereas
no substantial differences were found regarding patient
age, gender, underlying liver disease, liver function,
preoperative AFP level, cirrhotic background and tumor
differentiation between high and low levels of FoxM1
(Table 2). In vitro, we compared FoxM1 expression in
various HCC cell lines with different metastatic potentials
by Western blot and qRT-PCR. A significant increase
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in FoxM1 at both the protein and mRNA levels was
observed in metastatic MHCC-97H and SK-Hep1
compared with nonmetastatic HepG2 and Huh-7 cell
lines (Figure 1C and D). To further confirm that FOXM1
was associated with metastasis, we used Kaplan-Meier
analysis to reveal that patients with high expression of
FoxM1 had a higher recurrence risk and shorter overall
survival than those with low expression of FoxM1 (Figure
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Table 2 Correlation between forkhead box protein M1 and E-cadherin expression and clinicopathological characteristics of
hepatocellular carcinoma patients n (%)
Variable

Patients

Gender
Male
Female
Age (yr)
≤ 50
> 50
Underlying liver disease
HBV
Others
Liver function (Child-Pugh classification)
Grade A
Grade B
Grade C
Preoperative AFP level
≤ 200 ng/mL
> 200 ng/mL
Tumor size
≤ 8 cm
> 8 cm
Tumor number
≤3
>3
Cirrhotic background
No
Yes
Macrovascular invasion
No
Yes
Tumor differentiation
G1/G2
G3
TNM stage
Stage Ⅰ + Ⅱ
Stage Ⅲ (ⅢA+ⅢB+ⅢC)

FOXM1 expression
Low

High

116 (67)
56 (33)

48 (41)
17 (30)

68 (59)
39 (70)

73 (42)
99 (58)

24 (33)
41 (41)

133 (69)
39 (31)

P -value

E-cadherin expression

P -value

Low

High

0.185

73 (63)
29 (52)

43 (37)
27 (48)

0.187

49 (67)
58 (59)

0.270

42 (58)
60 (61)

31 (42)
39 (39)

0.754

51 (38)
14 (36)

82 (62)
25 (64)

0.852

80 (60)
22 (56)

53 (40)
17 (44)

0.713

157 (91)
11 (6)
4 (3)

59 (38)
4 (36)
2 (50)

98 (62)
7 (64)
2 (50)

0.720

93 (59)
7 (64)
2 (50)

64 (41)
4 (36)
2 (50)

0.913

66 (42)
90 (58)

19 (29)
38 (42)

47 (71)
52 (58)

0.095

40 (61)
47 (52)

26 (39)
43 (48)

0.330

116 (69)
51 (31)

52 (45)
10 (20)

64 (55)
41 (80)

0.002a

71 (61)
29 (57)

45 (39)
22 (43)

0.611

157 (91)
15 (9)

64 (40)
1 (7)

93 (60)
14 (93)

0.010a

95 (61)
7 (47)

62 (39)
8 (53)

0.410

39 (23)
133 (77)

11 (28)
54 (41)

28 (72)
79 (59)

0.191

18 (46)
84 (63)

21 (54)
49 (37)

0.066

149 (87)
23 (13)

63 (42)
2 (9)

86 (58)
21 (91)

0.002a

82 (55)
20 (87)

67 (45)
3 (13)

0.003a

154 (94)
10 (6)

56 (34)
5 (80)

98 (66)
5 (20)

0.502

87 (56)
9 (90)

67 (44)
1 (10)

0.047a

135 (78)
37 (22)

58 (43)
7 (19)

77 (57)
30 (81)

0.008a

73 (53)
29 (78)

62 (47)
8 (22)

0.008a

a

P < 0.05. HBV: Hepatitis B virus; AFP: α-fetoprotein; TNM: Tumor-nodes-metastasis; FoxM1: Forkhead box protein M1.

1E and F). Using a multivariate Cox proportional hazard
model, we confirmed that the FoxM1 expression level
was an independent and significant factor for diseasefree survival in HCC patients after surgical resection
(Table 3). Collectively, FoxM1 overexpression correlates
significantly with HCC metastasis.

Additionally, we investigated the correlation of FoxM1
with E-cadherin in HCC by examination of E-cadherin
mRNA and protein levels in the above HCC cell lines
with different metastatic potentials by Western blot and
qRT-PCR. A significant decrease in E-cadherin at the
protein and mRNA levels was revealed in metastatic
MHCC-97H and SK-Hep1 compared with nonmetastatic
HepG2 and Huh-7 cell lines (Figure 2D and E). The
above evidence indicates that FoxM1 overexpression was
negatively correlated with E-cadherin expression in HCC,
and may be correlated with EMT.

FoxM1 overexpression negatively correlates with
E-cadherin expression in HCC
To further estimate the possible correlation of FoxM1
expression with metastasis and EMT, we evaluated the
protein expression of E-cadherin in another set of TMA
specimens. The E-cadherin expression was correlated
with FoxM1 in TMA specimens, and FoxM1 expression
was negatively correlated with E-cadherin expression in
HCC tissues (Figure 2A). Statistical analysis showed that
E-cadherin overexpression was negatively correlated with
microvascular invasion, malignant differentiation, and
TNM stage (Table 2). Kaplan-Meier analysis revealed that
patients with low expression of E-cadherin had a higher
recurrence rate and shorter overall survival than those
with high expression of E-cadherin (Figure 2B and C).

WJG|www.wjgnet.com

Foxm1 is required for EMT
In previous studies, it had been demonstrated that HGF
induces EMT and stimulates cell migration in HCC cells.
In HepG2 and HUH-7 cells, we observed that both the
protein and mRNA levels of FoxM1 and vimentin were
significantly increased by HGF, in contrast to those of
E-cadherin (Figure 3A and B). Meanwhile, we examined
cellular morphology after HGF stimulation to evaluate
whether HGF mediates the morphologic changes. HGF
clearly mediated both cell scattering and the elongation
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Table 3 Univariate and multivariate analyses of factors associated with survival of hepatocellular carcinoma patients
P -value

Variable
Univariate analysis
Gender (male vs female)
Age (≤ 50 yr vs > 50 yr)
Underlying disease (HBV vs others)
Liver function (A/B vs C)
Preoperative AFP level (≤ 200 ng/mL vs > 200 ng/mL)
Tumor size (≤ 8 cm vs > 8 cm)
Tumor number (≤ 3 vs > 3)
Cirrhotic background (no vs yes)
Macrovascular invasion (no vs yes)
Tumor differentiation (G1/G2 vs G3)
TNM stage (Ⅰ/Ⅱ vs Ⅲ)
FOXM1 expression (low vs high)

Multivariate analysis

RFS P -value

OS

RFS P -value

OS P -value

0.152
0.478
0.461
0.764
0.179
< 0.002a
0.002a
0.172
< 0.001a
0.131
< 0.001a
0.004a

0.331
0.663
0.859
0.493
0.228
0.012a
0.015a
0.373
< 0.001a
0.179
0.006a
0.007a

0.174
0.228
< 0.001a
0.013a
0.012a

0.391
0.348
0.003a
0.011a
0.008a

a

P < 0.05. HBV: Hepatitis B virus; AFP: α-fetoprotein; TNM: Tumor-nodes-metastasis; FoxM1: Forkhead box protein M1; OS: Overall survival; RFS: Relapsefree survival.

of the cell shape, and resulted in morphologic changes
from tightly packed colonies to scattered growth structure
in HepG2 and HUH-7 cell lines, which are consistent
with mesenchymal morphology (Figure 3C). These data
indicate that HGF mediates the morphologic changes
that are compatible with the induction of EMT in the
HCC cell lines. In addition, HGF stimulation resulted in
enhanced cell invasion (Figure 3D).
To confirm the effect of altered FoxM1 expression
on the epithelial or mesenchymal phenotype of HCCs,
we transfected the FoxM1 expression vector pcDNA3.1FoxM1 or the control vector pcDNA3.1 into HepG2
and HUH-7 cells, which typically express low levels of
FoxM1 and display an epithelial phenotype. We observed
that both the protein and mRNA levels of vimentin were
significantly increased by elevated expression of FoxM1
in HepG2 and HUH-7 cells, in contrast to those of
E-cadherin (Figure 4A and B), and caused both typical
morphology and invasion changes of EMT (Figure
4C and D). To further confirm the effect of FoxM1 in
HGF-induced EMT, we transfected two sequences of
FoxM1-siRNA (1 and 2) or control-siRNA (consists of
a scrambled sequence that will not lead to the specific
degradation of any cellular message) into HepG2 and
HUH-7 cells. Western blot and qRT-PCR showed
that the expression of FoxM1 was more suppressed
by FoxM1-siRNA-2 in the HepG2 and HUH-7 cells
(Figure 4E); thus, mixed siRNA was used in subsequent
experiments to avoid unexpected off-target effects.
FoxM1 knockdown led to a decrease in vimentin but an
increase in E-cadherin expression (Figure 4F and G),
and caused invasion changes in both cell lines (Figure
4H). The above results indicated that FoxM1 plays
a key role in HGF-induced EMT. Moreover, altered
FoxM1 expression may contribute to the epithelial or
mesenchymal phenotype of HCC cells.

the expression of E-cadherin and induce EMT, including
SNAI1, SNAI2, ZEB1, ZEB2, Twist1 and Twist2. We
observed that the expression of EMT-related molecules
was altered under the effect of FoxM1, and the expression
of SNAIL1 had a greater magnitude change compared
to other molecules (Figure 5A). Considering that FoxM1
induces the expression of SNAI1, we investigated whether
SNAI1 is a direct transcriptional target of FoxM1. We
identified a potential FoxM1-binding site within the - 1.0
kb promoter regions of human SNAI1 genes. Next, we
determined whether FoxM1 binds to the promoter region
of the SNAI1 gene by ChIP assay in HepG2 cells. After
HGF treatment, the specific binding of FoxM1 protein
to the SNAI1 promoter DNA was increased (Figure 5B).
Because we transfected pcDNA3.1-FoxM1 into HepG2
cells, the activity of the SNAI1 promoter region was
significantly increased in a luciferase reporter assay (Figure
5C). To further confirm the effect of SNAI1 in FoxM1mediated EMT, we used two sequences of SNAI1-siRNA
(1 and 2). Western blot and qRT-PCR showed that the
FoxM1-mediated upregulation of SNAI1 was suppressed
by both SNAI1-siRNA-1 and SNAI1-siRNA-2 in the
HepG2 and HUH-7 cells (Figure 5D); thus, mixed siRNA
was used in subsequent experiments to avoid unexpected
off-target effects. SNAI1-siRNA strongly reversed the
FoxM1- mediated downregulation of E-cadherin and
upregulation of vimentin in both HepG2 and Huh7 cells
(Figure 5E and F). Similarly, we found that the FoxM1mediated morphologic changes were prevented by
siRNA-mediated knockdown of SNAI1 in both HepG2
and HUH-7 cells, whereas control-siRNA did not show
an effect (Figure 5G). Finally, we confirmed that the
siRNA-mediated knockdown of SNAI1 inhibited FoxM1mediated cellular invasion (Figure 5H). Collectively, these
results indicate that SNAI1 is required to induce the
FoxM1-mediated EMT in HCC cells.

SNAI1 is required to induce the FoxM1-mediated EMT in
HCC cells
Several transcription factors have the potential to repress

DISCUSSION
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HCC invasiveness indicates poor prognosis as a key step
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Figure 2 Forkhead box protein M1 overexpression negatively correlates with E-cadherin expression in hepatocellular carcinoma. A: Forkhead box protein
M1 (FoxM1) expression was negatively correlated with E-cadherin expression in hepatocellular carcinoma (HCC) tissues. Representative immunohistochemical
images are shown (P < 0.05); B and C: Kaplan-Meier analysis of the correlation between E-cadherin expression and the recurrence or overall survival of HCC patients
(P < 0.05); D: Western blot analysis of E-cadherin expression in human HCC cell lines (aP < 0.05 vs HepG2; cP < 0.05 vs SK-Hep1; eP < 0.05 vs MHCC-97H); E:
Quantitative real-time polymerase chain reaction analysis of E-cadherin mRNA expression in human HCC cell lines (aP < 0.05 vs HepG2; cP < 0.05 vs SK-Hep1; eP <
0.05 vs MHCC-97H). Glyceraldehyde-3-phospate dehydrogenase mRNA was used for normalization.

leading to metastasis[23]. Recently, growing evidence has
shown that tumor progression, including local invasion,
spreading through the circulation and metastasis, is
mediated by EMT, which is a process first identified in
embryogenesis[24]. In the present study, we assessed the
expression levels of FoxM1 by immunostaining in a
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cohort of 172 Chinese HCC patients and demonstrated
that elevated expression of FoxM1 was associated
with several clinicopathological factors and predicted
a poor prognosis in HCC patients. Next, we found
that the abnormal increase in FoxM1 expression was
significantly correlated with low expression of E-cadherin,
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Figure 3 Hepatocyte growth factor up-regulates the expression of forkhead box protein M1, and induces epithelial-mesenchymal transition. A and B:
HepG2 and HUH-7 (low metastatic potential) cells were treated with phosphate-buffered saline (PBS) or hepatocyte growth factor (HGF) for 48 h. The protein and
mRNA levels of forkhead box protein M1 (FoxM1), E-cadherin and vimentin were measured by Western blot and quantitative real-time polymerase chain reaction.
A densitometric analysis was performed, and the protein/mRNA levels of FoxM1, E-cadherin and vimentin in negative control cells were set to 100% (aP < 0.05 vs
HepG2 control; cP < 0.05 vs HUH-7 control). Glyceraldehyde-3-phospate dehydrogenase mRNA was used for normalization; C: HepG2 and HUH-7 cells were treated
with PBS or HGF for 48 h, and the typical morphology changes was measured using a light microscope; D: HepG2 and HUH-7 cells were treated with PBS or HGF for
48 h, and the invasion changes was measured by Transwell assay (aP < 0.05 vs control).

representing EMT and higher metastatic abilities. In vitro,
we found that FoxM1 plays a pivotal role in HGF-induced
EMT and increased expression of FoxM1 can induce EMT
in epithelioid-phenotype HCC cells. Additionally, we have
confirmed that FOXM1 directly binds to and activates the
SNAI1 promoter, constituting a novel signaling pathway
that affects EMT, invasion, and metastasis of HCC cells,
and controlling the clinicopathologic behavior of HCC.
Metastasis is a complicated multi-step process [25]
that includes decreased adhesion and increased motility,
cell attachment, matrix dissolution and migration[26]. In
the process of tumor progression, cancer cells undergo
significant changes in cytoskeletal organization to adopt
an invasive phenotype, ultimately metastasizing to other
organs[27]. Emerging evidence has suggested a key role of
EMT in metastasis through its significant influence on the
migratory activity of tumor cells[28,29]. Morphology changes
in epithelial cells toward the acquisition of a spindle-like
shape, epithelial marker loss (such as E-cadherin), and
mesenchymal marker emergence (typically, N-cadherin
and vimentin) indicate typical EMT features[30]. In various
tumor cell lines, HGF has been shown to cause EMT
and stimulate cell invasion[31]. In addition, EMT could
also be induced by certain other factors, such as TGF-β,
basic fibroblast growth factor, EGF, VEGF, and Wnt
ligands[30]. In the present study, HGF was used to induce
a mesenchymal phenotype with EMT features. We
found that the expression level of E-cadherin decreased
significantly in the presence of HGF, whereas the
expression level of vimentin was increased. In addition,
HGF increased the expression level of FoxM1, and
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reduced expression of FoxM1 blunts HGF-induced EMT.
The latter result indicates that HGF-mediated FoxM1 upregulation is responsible for the epithelial-mesenchymal
transition.
Many solid tumors show elevated expression of
FoxM1, including but not limited to HCC, breast
carcinoma, non-small cell lung cancer, and colon
carcinoma, and FoxM1 has been demonstrated as one of
the most commonly up-regulated genes by microarray
analysis of human solid tumors[32]. Recently, research has
shown that the increased FoxM1 expression could induce
the occurrence of EMT in pancreatic, lung and breast
cancer cells[33,34]; however, a similar effect has not yet
been found in HCC. Our studies have shown that high
expression of FoxM1 was correlated with low expression
of E-cadherin and poor prognosis in HCC, preliminarily
indicating that the correlation between FoxM1 and poor
prognosis of liver cancer might be associated with EMT.
Furthermore, we have confirmed that FOXM1 directly
binds to and activates the SNAI1 promoter, and identified
SNAI1 as a direct transcriptional target of FOXM1. This
finding provides a mechanism by which FOXM1 induces
EMT and potentially contributes to the metastasis of
HCC. Other mechanisms have been suggested in previous
studies to explain how FOXM1 regulates EMT in cancer.
For example, FOXM1 can modulate the migration of
breast cancer cells through regulation of the expression of
extracellular matrix degradation factors such as urokinasetype plasminogen activator (uPA), uPA receptor, matrix
metalloproteinase-2, and matrix metalloproteinase-9[35].
Additionally, overexpression of FOXM1 can induce
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Figure 4 Forkhead box protein M1 is required for epithelial-mesenchymal transition. A and B: HepG2 and HUH-7 cells were transfected with 1 ug/mL of
pcDNA3.1 or pcDNA3.1-forkhead box protein M1 (FoxM1) for 48 h. The protein/mRNA levels of FoxM1, E-cadherin and vimentin were measured by Western blot
and quantitative real-time polymerase chain reaction (qRT-PCR). A densitometric analysis was performed, and the protein/mRNA levels of FoxM1, E-cadherin and
vimentin in pcDNA3.1 cells were set to 100% (aP < 0.05 vs HepG2 pcDNA3.1; cP < 0.05 vs HUH-7 pcDNA3.1). Glyceraldehyd-3-phospate dehydrogenase (GAPDH)
mRNA was used for normalization; C: HepG2 and HUH-7 cells were transfected with pcDNA3.1 or pcDNA3.1-FoxM1 for 48 h, and the typical morphology changes
were measured using a light microscope; D: HepG2 and HUH-7 cells were transfected with pcDNA3.1 or pcDNA3.1-FoxM1 for 48 h, and the invasion changes was
measured by Transwell assay (aP < 0.05 vs pcDNA3.1); E: The HepG2 and Huh7 cells were transfected with 100 nmol/L of each siRNA for 48 h. The protein/mRNA
levels of FoxM1 were measured by Western blot and qRT-PCR. A densitometric analysis was performed, and the protein/mRNA levels of FoxM1 in control-siRNA
cells were set to 100% (aP < 0.05 vs control-siRNA; cP < 0.05 vs FoxM1-siRNA-1). GAPDH mRNA was used for normalization. Mixed siRNA was used in subsequent
experiments; F and G: HepG2 and HUH-7 cells were transfected with FoxM1-siRNA or control-siRNA in the presence of HGF for 48 h, and the protein/mRNA levels
of FoxM1, E-cadherin and vimentin were measured by Western blot and qRT-PCR. A densitometric analysis was performed, and the protein/mRNA levels of FoxM1,
E-cadherin and vimentin in control-siRNA cells were set to 100% (aP < 0.05 vs HepG2 control-siRNA; cP < 0.05 vs HUH-7 control-siRNA). GAPDH mRNA was used
for normalization; H: HepG2 and HUH-7 cells were transfected with FoxM1-siRNA or control-siRNA in the presence of hepatocyte growth factor (HGF) for 48 h, and
the invasion changes was measured by Transwell assay (aP < 0.05 vs control-siRNA).

the EMT process indirectly by up-regulating ZEB1 and
ZEB2 and down-regulating microRNA-200b[22]. Evidence
has also shown enhancement of Snail expression during
radiation-induced pulmonary fibrosis by EMT induction
by FOXM1[36]. Whether FOXM1 directly or indirectly
affects the expression of other EMT key factors requires
further investigation.
The mechanisms underlying the SNAI1-induced
metastatic and aggressive phenotypes of cancer cells
in both basic and clinical research studies have recently
been intensively investigated. It has been suggested
that SNAI1 may act as a switch to promote the EMT
program in various cells because SNAI1 was sufficient
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to induce EMT and the expression of EMT-associated
genes. Consistent with the critical role of SNAI1 in
EMT, the present study confirmed that SNAI1 was
induced during FoxM1-mediated EMT. We found that
the expression of SNAI1 was significantly increased in
the presence of FoxM1, a finding that may be due to
the transcriptional activity of SNAI1 promoter region
being able to be induced by FoxM1 in co-transfection
experiments. Moreover, inhibiting the expression of
SNAI1 can significantly inhibit FoxM1-mediated EMT.
Overall, these results indicate that SNAI1 is required to
induce the FoxM1-mediated EMT in HCC cells.
In summary, the present study conclusively presents
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Figure 5 Snail homolog 1 is required to induce the forkhead box protein M1-mediated epithelial-mesenchymal transition in hepatocellular carcinoma cells.
A: Aberrant overexpression of forkhead box protein M1 (FoxM1) in HepG2 and HUH-7 cells increased mRNA levels of epithelial-mesenchymal transition (EMT) genes
as demonstrated by quantitative real-time polymerase chain reaction (qRT-PCR) (aP < 0.05 vs pcDNA3.1). Glyceraldehyd-3-phospate dehydrogenase (GAPDH)
mRNA was used for normalization; B: Foxm1 directly binds to the snail homolog 1 (SNAI1) promoter region after hepatocyte growth factor (HGF) treatment. HepG2
cells were incubated with HGF for 24 h and protein/DNA complexes were immunoprecipitated using antibodies specific for Foxm1. Foxm1 binding was normalized
to DNA samples immunoprecipitated with isotype control antibodies [aP < 0.05 FoxM1 IP-no hepatocyte growth factor (HGF) vs IgG IP-no HGF; cP < 0.05 FoxM1 IP
+ HGF vs IgG IP + HGF; eP < 0.05 FoxM1 IP + HGF vs FoxM1 IP-no HGF]; C: In HepG2 cells, transcriptional activity of the -720 bp SNAI1 promoter was increased
by pcDNA3.1-FoxM1 transfection, but not by HGF alone (aP < 0.05 vs pcDNA3.1-no HGF; cP < 0.05 vs pcDNA3.1 + HGF); D: The HepG2 and Huh7 cells were
transfected with 100 nmol/L of each siRNA for 48 h. The protein/mRNA levels of SNAI1 were measured by Western blot and qRT-PCR. A densitometric analysis was
performed, and the protein/mRNA levels of SNAI1 in control-siRNA cells were set to 100% (aP < 0.05 vs control-siRNA; cP < 0.05 vs SNAI1-siRNA-1). GAPDH mRNA
was used for normalization. Mixed siRNA was used in subsequent experiments; E and F: HepG2 and HUH-7 cells were transfected with SNAI1-siRNA or controlsiRNA in the presence of pcDNA3.1-FoxM1 for 48 h, and the protein/mRNA levels of FoxM1, SNAI1, E-cadherin and vimentin were measured by Western blot and
qRT-PCR. A densitometric analysis was performed, and the protein/mRNA levels of FoxM1, SNAI1, E-cadherin and vimentin in control-siRNA cells were set to 100%
(aP < 0.05 vs HepG2 control-siRNA; cP < 0.05 vs HUH-7 control-siRNA). GAPDH mRNA was used for normalization; G: HepG2 and HUH-7 cells were transfected with
SNAI1-siRNA or control-siRNA in the presence of pcDNA3.1-FoxM1 for 48 h, and the typical morphology changes was measured using a light microscope; H: HepG2
and HUH-7 cells were transfected with SNAI1-siRNA or control-siRNA in the presence of pcDNA3.1-FoxM1 for 48 h, and the invasion changes was measured by
Transwell assay (aP < 0.05 vs control-siRNA).

evidence of the following: the role of FOXM1 in
promoting EMT and metastasis of hepatocellular
carcinoma; the critical role of the upstream FoxM1
transcription factor in HGF-induced EMT; and the
critical role of SNAI1 in FoxM1-mediated EMT.
Collectively, a novel molecular mechanism of HCC
EMT could be proposed, based on which a potentially
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effective therapeutic approach could be developed for the
inhibition of migration, invasion, and metastasis of HCC.
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Hepatocellular carcinoma (HCC) is a rapidly growing tumor associated
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with a high propensity for vascular invasion and metastasis. The epithelialmesenchymal transition (EMT) has emerged as a pivotal event in the
development of the invasive and metastatic potentials, although the cause of
this process is largely unknown. Progression of this disease is associated with
a proliferation-associated transcription factor, forkhead box M1 (FoxM1), which
is a crucial molecule involved in cell proliferation, organogenesis, aging and
cancer.
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7

Research frontiers

FoxM1 overexpression is common in most malignant tumors of the digestive
system, and it has been clearly suggested to be an oncogenic protein complex,
playing important roles in angiogenesis, invasion, and metastasis. However, the
actual role of FoxM1 in the epithelial-mesenchymal transition of hepatocellular
carcinoma remains unclear. In the present study, the authors demonstrate that
the overexpression of FoxM1 could be a potential mechanism for mediating the
epithelial-mesenchymal transition, and snail homolog 1 (SNAI1) plays a critical
role in FoxM1-mediated epithelial-mesenchymal transition.

8

9

Innovations and breakthroughs

Recent reports have highlighted the importance of various transcription
factors, including FoxM1, in the development of the EMT. In this study, authors
demonstrated that elevated expression of FoxM1 was associated with several
clinicopathological factors and predicted a poor prognosis in HCC patients.
Moreover, they found that the abnormal increase of FoxM1 expression was
significantly correlated with low expression of E-cadherin, which represents the
epithelial- mesenchymal transition and higher metastatic abilities. In vitro, they
first found that FoxM1 plays a pivotal role in HGF-induced EMT. Additionally,
they have confirmed that FoxM1 directly binds to and activates the SNAI1
promoter, constituting a novel signaling pathway that affects the EMT, invasion,
and metastasis of hepatocellular carcinoma cells and suggesting that FoxM1 is
a potential therapy target.

10
11

12

Applications

By understanding how FoxM1 is functionally involved in the epithelialmesenchymal transition in hepatocellular carcinoma and by blocking its
expression, this study proposes a future strategy for therapeutic intervention in
the treatment of patients with hepatocellular carcinoma.

13

Terminology

Morphology changes of epithelial cells toward the acquisition of a spindle-like
shape, epithelial marker loss (such as E-cadherin), and mesenchymal marker
emergence (typically, N-cadherin and vimentin) indicate typical EMT features.
Such a mechanism is thought to be crucial in the invasion and metastasis of
cancer. Not surprisingly, the progression of EMT and metastasis is promoted by
FoxM1 overexpression in hepatocellular carcinoma, and SNAI1 plays a critical
role in FoxM1-mediated EMT.
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Peer review

15

The authors described the roles of FOXM1 in the EMT in hepatocellular
carcinoma. They discovered that the novel FoxM1-SNAIL signaling pathway
critically regulates hepatocellular carcinoma EMT, invasion, and metastasis.
This research is well organized and of relevant interest and scientific innovation.
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active intestinal hemorrhage: A model investigation
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were performed for each rate (0.5, 0.4, 0.3, 0.2, 0.1,
0.05 and 0.025 mL/min). The detection rates and the
contrast-to-noise ratios (CNRs) of the contrast agent
extravasation regions were compared between the two
scanning methods in the arterial phase (AP) and the
portal venous phase (PVP). Comparisons of the CNR
values between the PVP and the AP were made for
each energy level and carried out using a completely
2
random t test. A χ test was used to compare the detection rates obtained from the two scanning methods.
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RESULTS: The total detection rates for energy spectral
CT and mixed-energy CT in the AP were 88.57% (31/35)
and 65.71% (23/35), respectively, and the difference
2
was significant (χ = 5.185, P = 0.023); the total detection rates in the PVP were 100.00% (35/35) and 91.4%
(32/35), respectively, and the difference was not signifi2
cant (χ = 1.393, P = 0.238). In the AP, the CNR of the
contrast agent extravasation regions was 3.58 ± 2.09
on the mixed-energy CT images, but the CNRs were 8.78
± 7.21 and 8.83 ± 6.75 at 50 and 60 keV, respectively,
on the single-energy CT images, which were significantly different (3.58 ± 2.09 vs 8.78 ± 7.21, P = 0.031;
3.58 ± 2.09 vs 8.83 ± 6.75, P = 0.029). In the PVP, the
differences between the CNRs at 40, 50 and 60 keV different monochromatic energy levels and the polychromatic energy images were significant (19.35 ± 10.89 vs
11.68 ± 6.38, P = 0.010; 20.82 ± 11.26 vs 11.68 ± 6.38,
P = 0.001; 20.63 ± 10.07 vs 11.68 ± 6.38, P = 0.001).
The CNRs at the different energy levels in the AP and
the PVP were significantly different (t = -2.415, -2.380,
-2.575, -2.762, -2.945, -3.157, -3.996 and -3.189).

Abstract
AIM: To investigate the value of computed tomography (CT) spectral imaging in the evaluation of intestinal hemorrhage.

CONCLUSION: Monochromatic energy imaging spectral CT is superior to polychromatic energy images for
the detection of intestinal hemorrhage, and the detection was easier in the PVP compared with the AP.

METHODS: Seven blood flow rates were simulated in
vitro . Energy spectral CT and mixed-energy CT scans

Key words: Spectral imaging; Computed tomography;
Monochromatic energy imaging; Small bowel bleeding
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tissues were immersed in a container of plant oil (30 cm
× 15 cm × 10 cm X-ray permeable plastic container).
The contrast agent was loaded into the microsyringe (in
a proportion of 300 mgI/mL Omnipaque to physiological saline at 1:45, CT value 280-300 HU). Seven bleeding
rates were simulated: 0. 5, 0.4, 0.3, 0.2, 0.1, 0.05 and 0.025
mL/min.
A 24G indwelling needle connected to one end of the
microsyringe was used to penetrate the intestinal wall, and
the needle was fixed in place. The contrast agent was injected at the seven rates mentioned above.

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Recent technical advances,including monochromatic energy image spectral computed tomography
(CT) with its accurate material-decomposition images
and monochromatic spectral images at energy levels,
are only rarely included in intestinal hemorrhage studies. This paper aimed to verify the diagnostic value of
spectral CT in small bowel bleeding.
Liu WD, Wu XW, Hu JM, Wang B, Liu B. Monochromatic
energy computed tomography image for active intestinal
hemorrhage: A model investigation. World J Gastroenterol
2015; 21(1): 214-220 Available from: URL: http://www.wjgnet.com/1007-9327/full/v21/i1/214.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i1.214

CT scanning
Single-energy spectral CT (GE Discovery HD750 CT
scanner) and poly-chromatic energy CT (GE Light
Speed 64 VCT) were employed. For each bleeding rate,
the scans were repeated five times. Following each scan,
the liquid in the intestinal canal was replaced. The gemstone spectral imaging (GSI) platform was used for image reconstruction in the standard reconstruction mode.
The CT images obtained using the seven monochromatic energy images (40-100 keV with a 10 keV interval)
and the polychromatic energy images (120 kVp) were
analyzed. The delays used were 15 and 40 s.
The following scanning parameters in the conventional mode (polychromatic energy CT) were used: 120
kV, 300 mA, pitch 0.984, collimation 40 mm, gantry
rotation time 0.8 s, slice thickness 5 mm, and eight slices
scanned. The following scanning parameters in the GSI
mode (helical 0.5 s, 40 mm) were used: 80/140 kV, 0.5
ms instant switching, pitch 0.984, gantry rotation time 0.8
s, slice thickness 5 mm, and eight slices scanned.

INTRODUCTION
Gastrointestinal (GI) bleeding, especially lower GI bleeding, is a critical and sometimes life-threatening condition.
Rapid and accurate localization of the bleeding sites and
early etiological determination are the focus of clinical
investigations, but these factors also represent major
clinical challenges. Endoscopy enables the accurate localization and diagnosis in most cases of upper GI bleeding but not in lower GI bleeding[1]. Digital subtraction
angiography (DSA) has been shown to be effective in
the clinical diagnosis of GI bleeding. However, detection
and diagnosis often fail in cases of bleeding rates below
0.5 mL/min[2,3]. Radioisotope scanning can detect a rate
below 0.1 mL/min, but accurate localization is difficult[4]. Multidetector row computed tomography (MDCT)
technology has recently shown increasingly prominent
advantages in the diagnosis of small bowel bleeding[5].
Recent technical advances include energy spectral CT
with its advantages of enabling monochromatic energy
imaging, reduced tissue attenuation, high resolution, and
the detection of small changes in tissue density[6,7]. Compared with conventional MDCT, energy spectral CT is
particularly sensitive regarding the detection of active
bleeding in the GI tract. However, the diagnostic value
of energy spectral CT in small bowel bleeding has not
been previously established. Therefore, this paper aimed
to verify the diagnostic value of spectral CT in small
bowel bleeding.

Data acquisition
The contrast-to-noise ratios (CNRs) were determined
(i.e., the CNRs of the iodine-containing region and the
surrounding water-containing region in the intestinal canal). The layers that exhibited clear extravasation of the
contrast agent were selected on the polychromatic energy images and the seven monochromatic energy images.
Regions of interest with identical size and morphology
were selected. According to the equation, CNR = (|CT1
- 2|)/SD; thus, the CNRs for the extravasation regions
under the different bleeding rates were calculated. CT1 is
the CT value of the region of contrast agent extravasation, CT2 is the CT value of the liquid in the intestinal
canal of the same layer, and SD is the standard deviation
of the CT attenuation value of the water environment in
the intestinal canal of the same layer.
Image quality scoring: Based on the length of the
contrast agent column and the CT value, the image quality was classified into five levels: 5 points, clearly displayed contrast agent column (length ≥ 2 cm or CT value ≥ 150 HU); 4 points, visible contrast agent column
(length 1-2 cm or CT value 100-150 HU); 3 points, obscure contrast agent column (length ≤ 1 cm or CT value
≤ 100 HU); 2 points, no visible contrast agent column;
and 1 point, no contrast agent imaging. Two radiologists

MATERIALS AND METHODS
Bleeding model
Microsyringe: A WZ-50C6 microsyringe produced by
Zhejiang University Medical Instrument Co., Ltd. (Hefei
Province, China) was used, and the amount injected and
the injection rates were calibrated on a regular basis. A
2.5% solution of mannitol (CT value 30-40 HU) was
injected into the small bowels of pigs in vitro, and the
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Table 1 Comparison of detection rates for the region of contrast agent exudation between spectral computed tomography and multidetector row computed tomography in different phases
Grouping

Detection result
Detected

Not detected

23
31
32
35

12
4
3
0

64-slice CT in the AP
spectral CT in the AP
64-layer CT in the PVP
spectral CT in PVP

Total

Detection rate

χ2

P value

35
35
35
35

65.71%
88.57%
91.43%
100.00%

5.185

0.023

1.3931

0.238

1

Represent χ 2 correction. 64-layer computed tomography (CT) in arterial phase (AP) and portal venous phase (PVP), χ 2 = 6.873, P = 0.009; spectral CT in AP
and PVP, χ 2 corrected = 2.386, P = 0.122.

who were blinded to the experimental parameters independently evaluated the image quality. A discussion was
required to reach a consensus when their opinions were
inconsistent.

PVP. When the bleeding rate was high, both 64-slice and
spectral CT scanning facilitated the easy detection of the
regions of extravasation. The optimal monochromatic energy images obtained using spectral CT scanning exhibited
clearer extravasation regions.When the bleeding rate was
0.5 mL/min, the 60 keV images were superior compared
with the 100 keV images and the polychromatic energy
images (Figure 1). When the bleeding rate decreased to
0.05 and 0.025 mL/min, 64-slice CT scanning did not facilitate the detection of the extravasation region in the AP.
However, the extravasation region was clearly visualized in
the PVP. When spectral CT scanning at 50 keV was used,
the extravasation region was clearly visualized in both the
PVP and the AP (Figure 1E).
There were differences in the CNRs for the two scanning methods at each energy level in the PVP and the AP.
The CNRs of the extravasation region obtained with
spectral CT scanning at 50 and 60 keV in the AP were
8.78 ± 7.21 and 8.83 ± 6.75, respectively; compared with
the CNRs obtained with polychromatic energy CT scanning (3.58 ± 2.09), the difference was significant (P <
0.05). In the PVP, the CNRs for monochromatic energy
images at 40, 50 and 60 keV were 19.35 ± 10.89, 20.82 ±
11.26 and 20.63 ± 10.07, respectively. These values were
significantly different compared with polychromatic energy CT scanning (11.68 ± 6.38, P < 0.05). The CNRs
for a given energy level in the AP and PVP were significantly different (t = -2.415, -2.380, -2.575, -2.762, -2.945,
-3.157, -3.996 and -3.189) (P < 0.05) (Table 2).
There were differences in the image quality score at
each energy level in the PVP and the AP using the two
scanning methods.
The differences in the PVP between 40, 50 and 60
keV were not significant. However, the image quality at
each of these three energy levels was significantly different compared with the polychromatic energy images (P
< 0.05). The differences in the AP between 40, 50 and
60 keV were not significant, but the differences among
the other energy levels were all significant (P < 0.05). The
quality scores of the monochromatic energy images at
40, 50 and 60 keV were slightly higher compared with the
polychromatic energy images in both phases (Table 3).

Statistical analysis
SPSS 17.0 (SPSS, Inc., Chicago, United States) was used.
The quantitative data are expressed as the mean ± SD.
A randomized block analysis of the variance was performed on the CNRs of the images obtained under the
seven energy levels and their quality scores. Each pair of
energy levels was compared using the Bonferroni method. The CNRs and the image quality scores between the
portal venous phase (PVP) and the arterial phase (AP)
were compared for each energy level using a completely
random t test. The detection rates for the energy spectral
CT and the 64-slice CT were compared using the χ 2 test,
and P < 0.05 indicated significance.

RESULTS
There were differences in the detection rates for the regions of contrast agent extravasation using the two scanning methods in different phases.
AP
Of the 35 spectral CT scans, the extravasation region
was detected in 31 scans. Using 64-slice CT scanning, the
extravasation region was detected in 23 scans. The detection rates of the spectral and 64-slice CT scanning were
88.57% (31/35) and 65.71% (23/35), respectively, and the
difference was significant (χ 2 = 5.185, P = 0.023).
PVP
The detection rates of the spectral and 64-slice CT scanning were 100.00% (35/35) and 91.43% (32/35), respectively, and the difference was not significant (χ 2 = 1.393,
P = 0.238). The detection rates in the PVP and AP were
significantly different when 64-slice CT scanning was
used (χ 2 = 6.873, P = 0.009), whereas the difference was
not significant when spectral CT scanning was used (χ 2
corrected = 2.386, P = 0.122) (Table 1). When the bleeding rate decreased to 0.025 mL/min, the detection rate
in the AP with 64-slice CT scanning was zero, and it was
60% (3/5) in the PVP; the detection rate with spectral CT
scanning was 60% (3/5)in the AP and 100% (5/5) in the
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Figure 1 Computed tomography scan. A: Image of 64-slice computed tomography (CT) scan at 0.5 mL/min in the arterial phase (arrow) (AP); B, C: Monochromatic
energy images at 60 and 100 keV in the AP at 0.5 mL/min, which are clearer than the polychromatic energy images (arrow) (A); D: Monochromatic energy image at 60
keV in the portal venous phase (arrow) (PVP) at 0.5 mL/min, which is more clear than that in the AP (B); E, F: Images at 64-slice CT scan in the AP and (arrow) PVP
at 0.05 mL/min. No region of exudation could be observed in the AP, but it was observed vaguely in the PVP; G, H: Images at 50 keV monochromatic energy in the AP
and PVP (arrow) at 0.05 mL/min, which are much clearer than those obtained by 64-slice CT scan (E, F); I, J: Images at 64-slice CT scan in the AP and PVP at 0.025
mL/min,on which no exudation region could be detected; K, L: Monochromatic energy images at 50 keV in the AP and PVP (arrow) at 0.025 mL/min, on which the
exudation regions can be clearly seen.

tion of small hemorrhages in the GI tract because of the
sub-millimeter scanning ability and the powerful image
post-processing[8-11]. When the bleeding rate is greater
than 0.5 mL/min, the detection rate using MDCT can
reach 93%[12]. Monochromatic energy imaging combined
with the use of iodine-based contrast materials leads to
an increased ability of single-energy spectral CT to detect small hemorrhages in the GI tract compared with
conventional MDCT[13,14]. In this study, a GE HD750
CT scanner was used for gemstone spectral imaging to
confirm its diagnostic value in cases of active bleeding in
the GI tract. The results provide the basis for the clinical selection of a more simple and effective tool for the
localization of small intestine bleeding sites.
The comparison of the monochromatic and polychromatic energy images demonstrated that when the
bleeding rate was high, both spectral CT and MDCT
scanning facilitates the easy detection of the regions of
contrast agent extravasation. However, when the bleeding

Table 2 Comparison of contrast to noise ratios values of the
exudation regions at each energy level and blood flow rate
between portal venous phase and arterial phase
PVP
40 keV
50 keV
60 keV
70 keV
80 keV
90 keV
100 keV
Mixed-energy image
F
P value

19.35 ± 10.89
20.82 ± 11.26
20.63 ± 10.07
15.65 ± 8.17
10.46 ± 5.83
7.33 ± 3.92
5.83 ± 2.70
11.68 ± 6.38
18.298
0.000

AP
7.69 ± 6.68
8.78 ± 7.21
8.83 ± 6.75
5.93 ± 4.46
3.44 ± 2.41
2.31 ± 1.52
1.49 ± 1.01
3.58 ± 2.09
7.823
0.000

t

P value
1

-2.415
-2.380
-2.575
-2.762
-2.945
-3.157
-3.996
-3.189

0.036
0.035
0.024
0.017
0.012
0.008
0.004
0.015

1

Using Satterthwaite’s approximate t test. No significant difference between 40, 50, 60 and 70 keV in the portal venous phase (PVP), but the
difference was significant when compared with the polychromatic energy
imaging (P < 0.05). No significant difference between 40, 50 and 60 keV in
the arterial phase (AP), but the difference was significant when compared
with the polychromatic energy imaging (P < 0.05).

WJG|www.wjgnet.com

217

January 7, 2015|Volume 21|Issue 1|

Liu WD et al . GSI detecting active intestinal bleeding

ity and higher signal-to-noise ratios and CNRs. Singleenergy spectral CT integrates single-energy imaging and
iodine-based material decomposition, which provides a
new prospect for the development of CT technology[20-23].
Our experiments indicated that the extravasation regions
detected on monochromatic energy images varied with
the specific energy level in both the AP and the PVP. The
image qualities at 50 and 60 keV were substantially better
compared with the polychromatic energy images. The
average CNRs at 50 and 60 keV in the PVP were 1.78
and 1.76 times higher compared with the polychromatic
energy images and 2.45 and 2.47 times higher compared
with the AP, respectively. The extravasation regions were
visualized more clearly on the monochromatic energy
images at 50 and 60 keV compared with the other energy levels or on the polychromatic energy images. The
CNRs in the PVP were generally higher compared with
the AP. It is clear that 50-60 keV is the optimal energy
level. It was demonstrated experimentally that the monochromatic energy images also had a higher quality score
compared with the polychromatic energy images at 40,
50 and 60 keV. The optimal energy level provides an image that achieves a balance between tissue contrast and
noise level and enables clear visualization of the lesions.
Because MDCT is based on polychromatic energy imaging, the CT value of the material is likely to shift, thereby
affecting the image quality[24,25].
Limitations of the present research: (1) the ideal
filled state was simulated in the intestinal canal using the
established model. However, under clinical conditions,
the intestinal canals of some patients may be empty,
which affects the detection of active bleeding. Thus, our
experiments tended to overestimate the ability of CT to
evaluate active bleeding; and (2) the small sample size
also affected the precision of the results. Furthermore,
these findings must be confirmed in in vivo studies.
Monochromatic energy imaging in spectral CT was
superior compared with polychromatic energy imaging
for the detection of the region of contrast agent extravasation. The optimal energy level was 50-60 keV. For
patients with suspected small bowel bleeding, spectral
CT at the recommended energy level of 50-60 keV is the
first-line choice for diagnosis.

Table 3 Comparison of image quality scores at each energy
level and blood flow rate between portal venous phase and
arterial phase

40 keV
50 keV
60 keV
70 keV
80 keV
90 keV
100 keV
Mixed-energy imaging
F
P value

PVP

AP

t

P value

4.63 ± 0.58
4.46 ± 0.65
4.20 ± 0.77
3.54 ± 0.91
3.00 ± 0.83
2.46 ± 0.55
2.26 ± 0.54
3.60 ± 1.13
52.549
0.000

3.46 ± 1.43
3.06 ± 1.20
2.97 ± 1.26
2.23 ± 0.92
1.97 ± 0.87
1.49 ± 0.49
1.09 ± 0.11
2.46 ± 1.06
19.875
0.000

1.9991
2.724
2.195
2.692
2.263
3.494
5.6501
1.953

0.081
0.018
0.049
0.020
0.043
0.004
0.001
0.074

1

Using Satterthwaite's approximate t test. There was no significant difference between 40, 50 and 60 keV in the portal venous phase (PVP), but the
difference was significant when compared with the polychromatic energy
imaging (P < 0.05). There was no significant difference between 40, 50 and
60 keV in the arterial phase (AP), but the difference was significant among
other energy levels (P < 0.05).

rate decreased, the difficulty of detecting the extravasation regions increased accordingly. The use of monochromatic energy imaging facilitated the observation of
the regions of contrast agent extravasation, thereby significantly increasing the detection rates. When the bleeding rate decreased below a specific level, the extravasation
region may not have been detected in the AP, but it was
always successfully detected in the PVP. Dobritz et al[1]
also reported that when the bleeding rate was low, the
region of extravasation was not detected in some cases
in the AP. Because of the increased concentration of the
contrast agent in the PVP, the detection rate was substantially higher.
The detection rates in the PVP and the AP using
64-slice CT scanning were significantly different, and the
detection rate was higher in the PVP. However, no difference was detected with the use of spectral CT scanning, although this finding might be related to the limited
sample size. Yamaguchi et al[15] demonstrated that the
detection rate obtained with MDCT during active bleeding of the GI tract could reach 80%, and the sensitivity
and specificity of CT angiography were 89% and 85%,
respectively[15,16]. The detection rate with DSA averaged
47% (range: 27%-77%), as reported in the literature. The
sensitivity, specificity and accuracy of DSA in the detection of small bowel bleeding were 91.7%, 100% and 92%,
respectively[17-19]. The detection rates using spectral CT
scanning in this study were 88.57% (31/35) and 100%
(35/35) in the AP and the PVP, respectively. These values
were substantially higher compared with previous reports,
which suggest that spectral CT is superior for the detection of active bleeding in the small intestines. It may be
employed as the primary choice in clinical practice to producea higher detection rate.
The optimal monochromatic energy value for the
detection of the extravasation region on monochromatic
energy images: Compared with the MDCT images, the
monochromatic energy images had a higher image qual-
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Rapid and accurate localization of the bleeding sites and early etiological
determination are the focus of investigation, but also the major challenges. In
comparison with conventional multidetector row computed tomography (MDCT),
energy spectral CT is particularly sensitive to detect active bleeding in the gastrointestinal (GI). However, the diagnostic value of energy spectral CT in small
bowel bleeding has not been established. Therefore, this paper aimed to verify
the diagnostic value of spectral CT in small bowel bleeding.

Research frontiers

GI bleeding, especially lower GI, is a critical and sometimes life-threatening
condition. In the area of detecting hemorrhages in the GI, the hotspot is how to
find the bleeding sites rapidly and accurately.

Innovations and breakthroughs

MDCT has been proved to be effective in visualizing tiny hemorrhages in the
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GI, owing to the sub-millimeter scanning ability and the powerful image postprocessing. When the bleeding rate is over 0.5 mL/min, the detection rate by
MDCT can reach 93%. The mono-chromatic energy imaging combined with the
use of iodine-based materials gives single-energy spectral CT a greater ability
to detect tiny hemorrhages in the GI than conventional MDCT. In this study, a
GE HD750 CT scanner was used for gemstone spectral imaging to confirm its
diagnostic value for cases of active bleeding in the GI. Monochromatic energy
image spectral CT can detect the less than 0.05 mL/min of bleeding rate, but
the digital subtraction angiography could not find it.

10

11

Applications

12

Monochromatic energy imaging in spectral CT showed superiority over polychromatic energy imaging in detecting GI bleeding. It plays a important role in
visualizing tiny hemorrhages in the GI.

Terminology

13

MDCT technology has shown increasingly prominent advantages recently in the
diagnosis of small bowel bleeding, including energy spectral CT with its advantages of enabling monochromatic energy imaging, reduced tissue attenuation,
high resolution, and the detection of tiny changes in tissue density.

Peer review

14

This is a good descriptive study in which the authors investigated the value
of computed tomography spectral imaging in evaluating the intestinal hemorrhage of 7 different bleeding rates. The results are interesting and suggest that
monochromatic energy imaging in spectral CT is a good choice in detecting tiny
hemorrhages in the GI.
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Reactivity against microsatellite instability-induced
frameshift mutations in patients with inflammatory bowel
disease
Florian Kuehn, Ernst Klar, Anja Bliemeister, Michael Linnebacher
peptides (FSPs) in patients suffering from inflammatory
bowel disease (IBD) with and without thiopurine-based
immunosuppressive treatment.
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METHODS: Frequencies of peripheral blood T cell
responses of IBD patients (n = 75) against FSPs
derived from 14 microsatellite-containing candidate
genes were quantified by interferon-γ enzyme-linked
immunospot. T cells derived from 20 healthy individuals
served as controls.
RESULTS: Significant T cell reactivities against MSIinduced FSPs were observed in 59 of 75 IBD patients
(78.7%). This was significantly more as we could
observe in 20 healthy controls (P = 0.001). Overall,
the reactivity was significantly influenced by thiopurine
treatment (P = 0.032) and duration of disease (P
= 0.002) but not by duration or cumulative amount
of thiopurine therapy (P = 0.476). Unexpected, 15
of 24 (62.5%) IBD patients without prior thiopurine
treatment also showed increased FSP-specific immune
responses (P = 0.001).
CONCLUSION: These findings propose FSPs as
potential novel class of inflammation-associated
antigens and this in turn may have implications for
screening, diagnosis as well as clinical management
of patients suffering from IBD and other inflammatory
conditions.
Key words: Microsatellite-instability; Inflammatory
bowel diseas; Frameshift peptides; Immune response;
Thiopurine

Abstract
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AIM: To analyze the cellular immune response towards
microsatellite-instability (MSI)-induced frameshift-

Core tip: Oxidative stress resulting from chronic
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at low levels. Nowadays azathioprine is infrequently
used as immunosuppressant after organ transplantation
but regularly in chronic inflammatory bowel disease
(IBD)[8]. We hypothesized that if the findings of Offman
and colleagues are true; IBD patients with long-term
thiopurine-based immunosuppression are likely to raise
MSI+ somatic cells. In combination with results of the
Schwitalle and coworkers, FSP-specific T cells may thus be
expected in the peripheral blood of these patients.

inflammation is likely to relax the mismatch repair
(MMR) system and to cause DNA damage. On the
other hand thiopurine treatment positively selects for
cell variants with defective MMR system. inflammatory
bowel disease (IBD) patients are often exposed to
both factors, hypothetically resulting in an increased
number of frameshift mutations. This study shows an
increased immune response towards microsatelliteinstability-induced frameshift-peptides (FSPs) in patients
with IBD. It is the first report which provides functional
evidence of FSP expression under non- but possible
pre-neoplastic conditions. These findings have potential
implications for screening, diagnosis as well as clinical
management of IBD patients.

MATERIALS AND METHODS
Patients
Ninety-four patients with IBD were recruited from
the Departments of Surgery and of Gastroenterology,
University of Rostock. Peripheral blood mononuclear
cells were isolated from heparinized blood by density
gradient centrifugation. Mononuclear cells were
cryopreserved prior to analysis in freezing medium (fetal
calf serum + 10% DMSO) in cryotubes (10-20 × 106
cells/tube) at -80 ℃ for one to a maximum of twelve
months.
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Peptides
MSI-induced FSPs derived from 14 coding microsatellite
containing genes were selected according to the following
criteria: high coding microsatellite mutation frequency
in MSI+ colorectal cancer, functional relevance of the
corresponding wild-type protein, and in vitro immunogenicity
data[4-6,9-14] Predicted FSPs (see Supplemental Table 1 for
FSP sequences) were synthesized, dissolved to 5 mg/mL
in DMSO and further diluted to 500 μg/mL in PBS.

INTRODUCTION
Immunosuppression after organ transplantation is an
acknowledged risk factor for skin cancer, lymphoma and
acute myeloid leukemia (AML)[1,2]. In a ground-breaking
analysis, Offman and coworkers examined whether this
might be related to a particular immunosuppressive
treatment and they found an association with aza
thioprine, a thiopurine prodrug [3]. Cellular resistance
to thiopurine is associated with DNA mismatch repair
(MMR) deficiency and thiopurine treatment of human
cells in vitro selects for variants with defective MMR.
In addition, the authors demonstrated microsatellite
instability (MSI), diagnostic for defective MMR, in bone
marrow blasts of 7 out of 7 patients with transplantrelated AML/myelodysplastic syndrome[3]. Because MSI
occurs infrequently in de novo AML, they concluded
that selective proliferation of MMR-defective-and
thus azathioprine-resistant - myeloid cells contributes
significantly to the development of AML/myelodysplastic
syndrome in organ transplant recipients.
Very recently, Schwitalle et al[4] demonstrated that
peripheral and tumor infiltrating T cells of patients
with MSI+ but not with microsatellite stable colorectal
carcinoma specifically react towards carboxy-terminal
frameshift-peptides (FSP) originating from short insertion/
deletion mutations in coding microsatellites. These MSIinduced FSPs have been proposed as a promising novel
class of tumor antigens specific for MSI+ cancers[5-7].
Even more interesting, FSP-specific T cell reactions have
been observed in still healthy siblings of Lynch patients
but being carriers of germline MMR gene mutations[4].
This implies that FSP- specific T cells as measured by
enzyme-linked-immunospot (ELISpot) assay are a sensitive
surrogate marker for detection of MSI, even if present
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ELISpot
Frequencies of FSP-specific T cells were quantified
basically as described by determining the number of
specific interferon-γ secreting T cells against FSPs by
taking advantage of a commercially available ELISpot
assay (Mabtech, Nacka, Sweden) [4] Ninety-six-well
nitrocellulose plates (Multiscreen; Millipore, Bedford,
United States) were coated overnight with mouse antihuman interferon-monoclonal antibodies and blocked
with serum containing medium. Cryopreserved mo
nonuclear cells were thawed, washed and counted.
Analyses were performed when a minimum amount of
10 × 106 cells could be recovered. Mononuclear cells (1 ×
105/well) were plated in 200 μL IMDM with 10% human
AB serum. Peptides were added at a final concentration
of 10 μ g/mL. Interferon- γ ELISpot was conducted
with 6-fold determinations. Positive (50 μ L antihuman CD3 monoclonal antibody (OKT-3) hybridoma
supernatant as polyclonal activator and a recall peptidemix (WLDARMQAIQNAGLCTLVAMLEETIFWLQE,
Epstein-Barr virus, BMLF1 and TRPVLSPLTKGILGFVFTLTVPGERGLQR, influenza matrix protein)
as well as negative controls (no peptides added to
the wells) were included. After incubation for 16 h at
37 ℃, plates were washed thoroughly, incubated with
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patients. Seven ELISpot results were not taken into
further consideration because of missing reactivity in
the positive controls. Additionally and as a control,
FSP-specific T cell reactivity of 20 healthy persons was
analyzed.
Thus, 75 patients’ FSP-specific ELISpot results were
analyzed in detail (for patient characteristics see Table 1).
There were 41 patients (54.7%) with Crohn’s disease (CD)
and 34 patients (45.3%) with ulcerative colitis (UC). Mean
duration of disease was eleven years (range: 1-37). CD
was located in the small bowel in eleven of 41 patients
(26.8%), in the colon in six patients (14.6%) and in both
compartments in 24 patients (58.6%). Seventeen of 34
patients (50.0%) with UC suffered from a pancolitis, in
14 patients (41.2%) UC was restricted to the left colon
and three patients (8.8%) underwent proctocolectomy
with an ileal pouch-anal anastomosis prior to this study.
T cells isolated from patients with IBD specifically
recognized MSI-induced FSPs in 59 of 75 patients
(78.7%) (Figure 1A). This was a striking contrast to the
healthy controls which did very rarely show significant
reactivity (P = 0.001) (Figure 1B). Of note, the reactivity
towards a mixture of two viral peptides (derived from
EBV BMLF-1 and from the influenza matrix protein)
was similar in both groups and it was comparable to the
reactivity towards the MSI-induced FSPs in the IBD
patient cohort (Figure 1A).
Gender, age, smoking status, disease pattern, comedication and family anamnesis had no statistically
significant influence on the FSP-specific immune
responses (Table 2). Also, similar immune response rates
against FSPs were detected for UC and CD; 32 of 41
patients (78.0%) with CD compared to 27 of 34 patients
(79.4%) with UC showed an increased immune response
(P > 0.05).
Fifty-one patients with azathioprine treatment for at
least three months and with a mean therapy duration of
50 mo (range: 4-152) showed significant higher reactivity
rates when compared to 24 patients who never received
azathioprine (86.3% vs 62.5%, P = 0.032; Figure 2A,
Table 2).
Overall, reactivity was significantly influenced by
duration of disease (P = 0.002; Figure 2B, Table 2) but
by neither duration nor cumulative amount of thiopurine
therapy (P = 0.476). Unexpectedly, IBD patients without
prior thiopurine treatment also showed an increased FSPspecific immune response (15 of 24 patients; 62.5%, P =
0.001; Table 2). Detailed analysis revealed that duration
of IBD was an independent predictor for FSP-specific
immune responses in this patient subgroup (P = 0.008;
Table 2). Reactive patients without azathioprine treatment
had a significant longer duration of disease than nonreactive patients (14 years vs 6 years, P = 0.008; Table 2).
Referring to the number of interferon-γ-secreting
cells, immune responses were further separated into
strong and weak reactivity as suggested by Schwitalle et
al[4]. In this subgroup analysis, weak responses (36/75
patients; 48.0%) correlated with duration of disease (P =

Table 1 Patients' characteristics and co-medication n (%)
Patients’ characteristics (n = 75)
Diagnosis
CD
UC
Mean age in years (range)
Mean duration of disease in years (range)
Location of disease (CD)
Small bowel
Colon
Small bowel + colon
Location of disease (UC)
Pancolitis
Left colon
Ileal pouch-anal anastomosis
Co-medication
Prednisolone
Anti-TNF-α-Antibody
Tacrolimus
MTX
Mean time of azathioprine therapy in months
(range)

Value
41 (54.7)
34 (45.3)
44.6 (20-80)
11 (1-37)
11/41 (26.8)
6/41 (14.6)
24/41 (58.6)
17/34 (50.0)
14/34 (41.2)
3/34 (8.8)
67/75 (89.3)
18/75 (24.0)
12/75 (16.0)
9/75 (12.0)
50 (4-152)

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

biotinylated polyclonal rabbit anti-human interferon for 4
h, washed again, and incubated with streptavidin-alkaline
phosphatase for 2 h, followed by a final wash. Spots were
detected by incubation with nitro-blue tetrazolium and
5-bromo-4-chloro-3’-indolyphosphate for 1 h, reaction
was stopped with water, and, after drying, spots were
counted with the CTL ImmunoSpot ® S5 UV Image
Analyzer (Cellular Technology Ltd., OH, United States).
Ethical considerations
All analyses were conducted according to the Declaration
of Helsinki. The study was approved by the local Ethics
Committee (identification number: Ⅱ HV 43/2004).
Each patient gave written informed consent prior to
scientific evaluation.
Statistical analysis
T cell reactivity was considered as significant, if antigenspecific spot numbers exceeded background reactivity
after adjustment by subtraction of background (no
peptide control) and standard deviations of peptidespecific value and no peptide value as described
previously[4].
Patients data were evaluated retrospectively and
statistically analyzed with software program SPSS (Version
16.0). χ 2 and Mann-Whitney-U test were used and P
values < 0.05 were considered as statistically significant.

RESULTS
In total 94 IBD patients were recruited for this study.
ELISpot-analysis for FSP-specific reactivity was
performed when a minimum amount of 10 × 10 6
peripheral blood lymphocytes could be recovered after
transient cryo-conservation. This was possible for 82
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Figure 1 Immune responses towards the different peptides of (A) the 75 patients and (B) the 20 healthy controls. Patient samples are arranged along the X-axis,
FSP antigens along the Y-axis. Squares represent normalized mean counts of interferon-γ-secreting T cells after subtraction of background and standard errors of
peptide-specific counts and no peptide control counts. Open boxes: Adjusted T-cell count 0; Shaded boxes: Adjusted T-cell count 0 to 2.5; Solid boxes: Adjusted T-cell
count > 2.5.

0.006) and with azathioprine therapy (P = 0.007; Table 2).
However, for strong immune responses (23/75 patients;
30.7%), only duration of disease showed a statistically
significant influence (P = 0.005), whereas neither
azathioprine (P = 0.342) nor duration or cumulative
amount of azathioprine therapy had a significant
influence (P = 0.350; Table 2).
For four patients repetitive measurements at different
points of time were possible with a mean time interval
between measurements of 5 years. Here, reactivity
towards FSPs of the same patients varied at the different
dates with a strong trend towards higher reactivity at the
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later time points (Figure 3).

DISCUSSION
Starting point of the present study was a report of
Offman and colleagues on azathioprine associated
MMR-deficiency in patients with post transplantation
AML [3]. Nowadays, azathioprine is rarely used as an
immunosuppressant for recipients of organ transplants
but is a widely used standard for management of chronic
inflammatory diseases. And indeed, several very recent
cohort studies demonstrated an increased risk for
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A

Duration of disease ( </> 7 yr)
Duration of disease (IBD)
Duration of disease
(IBD without azathioprine)
Duration of disease
(IBD with weak reactivity)
Duration of disease
(IBD with strong reactivity)
Duration of azathioprine
(among patients with azathioprine)
Duration of azathioprine
(IBD with azathioprine and weak reactivity)
Duration of azathioprine
(IBD with azathioprine and strong reactivity)
IBD controls vs healthy controls
IBD with azathioprine vs healthy controls
IBD with azathioprine vs IBD controls
IBD with azathioprine vs IBD controls
(weak reactivity)
IBD with azathioprine vs IBD controls
(strong reactivity)
Gender (male vs female)
Age
Smoking status
Disease pattern of CD
(small bowel vs large bowel vs combined)
Disease pattern of UC
(left sided colitis vs pancolitis)
Positive family anamnesis
Co-medication:
Prednisolone
TNF-α-antibody
Tacrolimus
Methotrexate

P value
0.023 (χ 2)
0.002 (Mann-Whitney U)
0.008 (Mann-Whitney U)
0.006 (Mann-Whitney U)
0.005 (Mann-Whitney U)

150

100

50

Non-reactive

0.476 (Mann-Whitney U)

Reactive
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0.600 (Mann-Whitney U)

B

0.350 (Mann-Whitney U)
0.001 (χ 2)
0.001 (χ 2)
0.032 (χ 2)
0.007 (χ 2)
2

0.342 (χ )
0.491 (χ 2)
0.522 (Mann-Whitney U)
0.426 (χ 2)
0.219 (χ 2)

40

30

20

10

0
Non-reactive

0.412 (χ 2)

Reactive
Reactivity

0.618 (χ 2)
(χ 2)
0.356
0.336
0.497
0.617

Figure 2 Influence on frameshift-peptides-specific T cell reactivity of: (A)
azathioprine treatment and (B) duration of disease.

also in neoplastic mucosa, as well as additionally in
adenomas and UC-associated carcinomas[23-25]. It was
argued that MSI may reflect the inability of DNA repair
mechanisms to compensate for the stress of chronic
inflammation, and that it may thus be one mechanism for
the heightened neoplastic risk in UC. On the other hand,
some studies could not prove an increased incidence for
MSI in IBD[26-28].
In the present work, we hypothesized and confirmed
a significant influence of azathioprine on the naturally
occurring immune response towards MSI-induced
FSPs in patients with IBD. However, other findings
were surprising. Duration or cumulative amount of
azathioprine treatment did not influence the FSPspecific T-cell reactivity. Most unexpected, an elevated
immune response towards FSPs was also positively
correlated with simple duration of disease, regardless of
immunosuppressive treatment. In patients who never
received azathioprine, duration of disease was the only
predictor for an elevated FSP-response. Exemplarily, we
could further confirm these data by repetitive analysis in
four cases. As can be depicted from Figure 3, the overall
FSP recognition seems to increase with the duration of
the disease also on an individual patient level. This implies
that a functional link between chronic inflammation and
FSP-recognition-as well as presence of some level of

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

skin cancer and lymphoma in patients with IBD and
concomitant thiopurine treatment[15-19].
Azathioprine is a thiopurine prodr ug and an
incorporation into the DNA leads to mispriming events
which are recognized by the cell’s DNA MMR system.
When repair is not successful, the MMR system induces
apoptosis. This explains the cytotoxicity and thus the
therapeutic effect of thiopurines[3,20]. Consequently are
cells with functional MMR defects intrinsically resistant
towards thiopurine drugs and, as analyzed by Offman
and coworkers, will thiopurine treatment positively select
for cells with MMR deficiency[3].
The cumulative risk for development of colorectal
cancer is increased for patients with UC and CD[21,22].
However, there is controversy about the existence of
MSI in IBD, and especially in UC. The scarce literature
available about MSI in dysplastic or non-dysplastic
mucosa of patients with UC and in UC-related cancer
varies in their results. Several groups observed a high
incidence of MSI in long standing UC with severe
inflammation in histologically non-neoplastic but
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Duration of disease (yr)

Influence of different characteristics on
reactivity

Azathioprine therapy (mo)

Table 2 Influence of various characteristics on frameshiftpeptides-specific immune response
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of the antigens’ presence.
To sum up and as an explanation of our findings,
we suggest the following functional model: On the one
hand, oxidative stress resulting from chronic inflam
mation is likely to relax the MMR system and to cause
DNA damage [29,30,34]. On the other hand, thiopurine
(and possibly also other immunosuppressant) treatment
positively selects for cell variants with defective MMR
system[3]. Cells with such defects will ultimately develop
MSI and express frameshift-mutated proteins, which in
turn are likely to induce a specific recognition of FSPs by
the immune system, since this has been shown for Lynch
syndrome mutation carriers[4]
We would like to use the opportunity and hint on
the following concerns and questions with possibly
strong clinical impact which are raised by our findings:
(1) recognition of FSPs is in the light of the above
outlined arguments very likely to aggravate and even
become a driving force of chronic inflammation. The
foreign character of the FSPs may explain why these
chronic immune reactions are so strong. However,
under conditions of chronic inflammation, FSP-specific
immune reactions must be considered as “bad” to the
patient’s body; (2) contrary to that, data on MSI and
especially on immunological recognition of MSI-induced
FSPs clearly show a major prognostic benefit for patients
suffering from sporadic MSI+ as well as Lynch-associated
cancers[4,39,40]. Thus, under neoplastic conditions, FSPrecognition is obviously “good”; (3) in subsequent studies,
we suggest examining the immune response against MSIinduced FSPs in patients suffering from other forms of
chronic inflammatory diseases, since FSP expression may
well be a more general phenomenon in inflammation;
and (4) for potential diagnostic procedures one must
consider that FSP-recognition by T cells in the peripheral
blood is not necessarily a hint towards the presence of
MSI+ malignancies or towards Lynch syndrome but may
also hint towards a chronic inflammatory process.

Apr 11

Mar 06

40
Feb 11

Aug 06

35
Nov 10

Feb 06

26
Jun 10

21
Sep 06

Patient

Caspase5(-1)
OGT(-1)
Sec63(-1)
TGFbllR(-1)
TAF1b(-1)
HT001(-1)
MSH3(-1)
U79260(-1)
AC1(-1)
FLJ mix(-1)
DAMS(-1)(-2)
UST3(-1)
MRE11A(-1)
Viral Mix

Figure 3 Repeated measurements of immune responses of 4 patients.
Patient samples are arranged along the X-axis, FSP antigens along the Y-axis.
Squares represent normalized mean counts of interferon-γ-secreting T cells
after subtraction of background and standard errors of peptide-specific counts
and no peptide control counts. Open boxes: Adjusted T-cell count 0; Shaded
boxes: Adjusted T-cell count 0 to 2.5; Solid boxes: Adjusted T-cell count > 2.5.

MSI - is very likely to exist.
Previous work has demonstrated that oxidative stress
not only increases cellular mutation rates but additionally
“relaxes“ the MMR system[29,30] Low-frequency MSI is
seen in some chronically inflamed but non-neoplastic
tissues and additionally in cancer tissues associated
with chronic inflammation in the absence of genetic
inactivation of the MMR system[30-33]. Boland and Goel
explained the phenomenon of MSI in patients with IBD
as a biological paradox caused by oxidative stress: at the
time of greatest mutational load there is an underactive
MMR system at once[34].
More functional evidence may be elucidated from the
fact that hMLH1 is located in a susceptibility region for
IBD and it has been implicated in the pathogenesis of
IBD[35,36]. A germ line alteration of MLH1 (MLH1 I219V)
has previously been correlated with a refractory course
of UC[37] and it was speculated that “novel immunogenic
peptides caused by frameshift mutation events”, i.e., FSPs
are the most obvious candidate antigens to promote such
a therapy refractory inflammation[38].
Our results on T cell reactivity against MSI-induced
FSPs from 75 patients with IBD support the presence
of MSI in chronic inflammation. It is the first study that
shows an increased immune response towards MSIinduced FSPs in patients with chronic inflammation
in general and with IBD in particular. Moreover, it is
the first report which provides functional evidence of
FSP expression under non- but possible pre-neoplastic
conditions. However, our findings have to be verified
by other research groups and by direct approaches to
validate FSP expression in IBD. The presence of T cells
reacting against FSPs is of course only an indirect proof
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COMMENTS
COMMENTS
Background

Long-term immunosuppression is a recognized risk factor for development of
neoplasia. Azathioprine treatment positively selects for cell variants with defects
in the DNA-mismatch repair (MMR) pathway. Again, MMR-deficiency results
in an increased mutation rate typically observed as microsatellite-instability
(MSI), i.e., length variations in repetitive DNA sequences. When affecting
coding regions, this phenomenon inevitably generates frameshift-peptides
(FSPs), which have been repeatedly described as highly immunogenic MSI+
tumor-specific antigens and have also been suggested as drivers for therapy
refractory inflammatory bowel disease (IBD).

Research frontiers

Despite decades of research, it is still under debate if and when which
correlation exists between MSI and IBD. Only few of the actual antigens driving
Ulcerative colitis or Crohn`s disease are molecularly defined. FSP-specific T
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cell reactions are described as specific for MSI+ cancers or Lynch syndrome
mutation carriers.

Innovations and breakthroughs

10

The present work is the first demonstrating an increased immune response
towards MSI-induced FSPs in patients with IBD and, more generally speaking,
with chronic inflammation. These data imply that a functional link between IBD
and MSI likely exists. In addition, these data suggest FSPs as an important
group of antigens driving IBD.

Applications

11

FSP-recognition by peripheral blood T cells has been suggested as potential
diagnostic tool in the context of MSI+ malignancies and Lynch syndrome. This
study widens this towards chronic inflammatory processes. Since FSP-specific
T cell responses became stronger with duration of IBD, they may be helpful as
diagnostic tool in this context, too.

12

Terminology

MSI: defined as variations in length of short, repetitive DNA sequences typically as a result of cellular MMR deficiency. FSP: carboxyterminal part of
a protein differing from the wildtype sequence and resulting from a frameshift
mutation.

13

Peer review

This is an interesting article that may be helpful for investigation of the
mechanism of IBD, which may extend the technology into a potential clinical
application in IBD.

14
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METHODS: We performed a cross sectional study in
a tertiary referral adult IBD clinic. Self-reported history
and characteristics of hair loss as well as clinical and
demographic information were collected. Data were
analyzed using univariate and multivariate analyses.
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RESULTS: Two hundred and ten consecutive IBD
patients were recruited; one hundred and fifty patients
met predefined inclusion and exclusion criteria. Thirtythree percent of patients reported a history of hair
loss. Age, gender, IBD type and disease duration
were not associated with hair loss. Hair loss was
reported less frequently among patients with use
of mesalamine (54% vs 73%, P = 0.03) and antitumor necrosis factor medications (anti-TNF) (14% vs
40%, P = 0.001). In multivariate analyses adjusting
for gender, IBD type and duration of disease, these
associations with mesalamine and anti-TNF remained
significant [(adjusted values for mesalamine (OR = 0.43,
95%CI: 0.19-0.86) and anti-TNFs (OR = 0.28, 95%CI:
0.08-0.98)].
CONCLUSION: Hair loss is common among patients
with IBD. Mesalamine and anti-TNF medications were
associated with lower odds of hair loss. Further studies
are required to assess the mechanism of hair loss
among patients with IBD.
Key words: Inflammatory bowel disease; Ulcerative
colitis; Crohn’s disease; Alopecia
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Inflammatory bowel disease (IBD) is associated
with several extra-intestinal manifestations, which can
significantly impact a patient’s life. Anecdotally, patients
have reported hair loss with medications to treat IBD,
but no prior study has examined this association in
depth. We report the results of a retrospective study

Abstract
AIM: To identify the frequency of hair loss among
patients with inflammatory bowel disease (IBD) and
associated clinical and disease related factors.
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showing hair loss to be common in patients with IBD
and associated with mesalamine and infliximab use.
These results suggest physicians should consider hair
loss an EIM associated with IBD and specific medications
might reduce the risk of hair loss.

Table 1 Demographic and inflammatory bowel disease disease
characteristics n %
Characteristic
mean, yr
Gender
Male
IBD type
Ulcerative colitis
Crohn’s disease
Duration of disease
< 1 yr
1-10 yr
> 10 yr

Shah R, Abraham B, Hou J, Sellin J. Frequency and associated
factors of hair loss among patients with inflammatory bowel
disease. World J Gastroenterol 2015; 21(1): 229-232 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v21/i1/229.
htm DOI: http://dx.doi.org/10.3748/wjg.v21.i1.229

INTRODUCTION

No hair loss
n = 100

P value

34.7

32

0.27

15 (30)

46 (46)

0.08

21 (42)
29 (58)

35 (35)
65 (65)

0.47

7 (14)
22 (44)
21 (42)

12 (12)
59 (59)
29 (29)

0.80
0.09
0.14

At recruitment patients completed a self-administered
survey, including questions about demographic information
(age, gender), type of IBD [UC or Crohn’s(CD)], selfreported disease activity at the time of encounter (remission,
mild, moderate or severe), duration of IBD (< 1 year,
1-10 years and > 10 years), history of prior nutritional
deficiencies (iron, vitamin B12 and vitamin D), prior
medication use (sulfasalazine, mesalamine, olsalazine,
6-mercaptopurine, azathioprine, methotrexate, cyclosporine,
infliximab, adalimumab, certolizumab pegol, natalizumab,
ciprofloxacin, metronidazole, prednisone and budesonide)
and hair loss characteristics [timing of hair loss, location
(scalp or non-scalp or both), extent (focal or diffuse),
and association with self-reported IBD flare]. Disease
characteristics were confirmed by medical chart review.
Subjects with discrepancies between survey results and
chart review were excluded.
Iron deficiency anemia was defined as a ferritin < 45
ng/mL. Vitamin B12 deficiency was defined as < 100
pg/mL. Vitamin D deficiency (25-hydroxy vitamin D)
was defined as < 20 ng/mL.

Inflammatory bowel disease (IBD) is a chronic, relapsing,
and remitting disease of the gastrointestinal tract [1].
Anecdotally hair loss is commonly reported by patients with
IBD; however the exact cause, prevalence, and relationship
to IBD medications and disease activity are poorly defined.
Previously, a retrospective case series in patients with
ulcerative colitis (UC) described an overall low prevalence
of hair loss. This study was limited, however, by its
retrospective design, which could introduce measurement
bias and confounding from medications independently
associated with hair loss.
Through case reports and series, hair loss has been
associated with concomitant autoimmune diseases (alopecia
areata, telogen effluvium), and medications commonly used
in IBD, specifically azathioprine and infliximab[2-5]. Also,
IBD can lead to several nutritional deficiencies, including
vitamin B12 and iron, which have been associated with hair
loss[6-9]. No large study exists to evaluate the associations
between medications and alopecia among patients with
IBD.
The aim of our study was to prospectively identify
the frequency of hair loss among patients with IBD and
associated clinical and disease related factors.

Statistical analysis
Categorical variables were compared using the Fisher’s
exact or χ 2 tests and continuous variables were compared
with the student’s t-test. Univariate analyses and multivariate
analyses were performed. Variables with P-values < 0.2
were included in multivariate analyses. Statistical analysis
was performed using STATA version 11 software.

MATERIALS AND METHODS
Subjects and study design
We performed a cross sectional study at the Baylor College
of Medicine IBD Center, a tertiary referral center. The
institutional review board of Baylor College of Medicine
approved the protocol and all patients provided written
informed consent.
We consecutively enrolled patients between January
2010 and December 2011. Eligible patients were 18 years
or older with endoscopically or histologically confirmed
IBD. Patients were excluded if they had another diagnosed
autoimmune disease independently associated with hair
loss (diabetes mellitus type 1, rheumatoid arthritis, thyroid
disease, sarcoidosis or systemic lupus erythematous) or
previously were exposed to medications independently
associated with hair loss (warfarin, heparin, propylthiouracil,
isotretinoin, lithium, metoprolol, propranolol or colchicine)[10].

WJG|www.wjgnet.com

Hair loss
n = 50

RESULTS
Demographic and IBD related characteristics
Two hundred and ten consecutive patients were recruited.
Sixty patients were excluded from the analysis based on
incomplete data or discrepancies in the survey results
and chart review. A total of 150 patients were included
for analyses. The mean age for patients with hair loss was
34.7 years and for the no hair loss group was 32 years. In
the hair loss group, there were 15 male patients (30%), 21
UC patients (42%) and 29 CD patients (58%). In the hair
loss group, 7 had their disease for less than 1 year (14%),
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Table 2 Proportions with prior medication exposures divided by group n (%)
Medication

Hair loss n = 50

No hair loss n = 100

Mesalamine

27 (54)

73 (73)

0.03

6-mercaptopurine/Azathioprine
Methotrexate

8 (16)
5 (10)

16 (16)
11 (11)

1.0
1.0

Anti-TNF
Infliximab
Adalimumab
Certolizumab

8 (16)
3 (6)
4 (8)
2 (4)

56 (56)
25 (25)
17 (17)
14 (14)

0.001
0.01
0.21
0.09

Prednisone
Budesonide

24 (48)
5 (10)

48 (48)
13 (13)

1.0
0.81

Class

P value

Aminosalicylate
Immunomodulators

Anti-TNF’s

Steroids

(OR = 0.28, 95%CI: 0.08-0.98) and infliximab (OR = 0.60,
95%CI: 0.11-3.27) remained significant.

Table 3 Proportions with nutritional deficiencies by group n (%)
Characteristic
Iron deficiency
Vitamin B12 deficiency
Vitamin D deficiency

Hair loss
n = 50

No hair loss
n = 100

P value

16 (32)
8 (16)
8 (16)

40 (40)
10 (10)
29 (29)

0.44
0.42
0.12

Nutritional deficiencies
The proportion of patients with iron and vitamin B12
deficiency were similar between patients with and without
hair loss. Numerically, vitamin D deficiency was more
common among patients without hair loss, but this did
not reach statistical significance (P = 0.12) (Table 3).

22 had their disease between 1 and 10 years (44%) and 21
had their disease more than 10 years (42%).
Among included patients, 50 (33%) reported a history
of hair loss. Both groups were similar with respect to IBD
type, gender, current age, or duration of disease with a
reported history of hair loss (Table 1). A numerical trend
was seen with a higher proportion of men in the no hair
loss group, but this did not reach statistical significance (P
= 0.09). At the time of recruitment, 13 patients in the hair
loss group and 22 in the no hair loss group reported lack
of IBD symptoms.

DISCUSSION
We observed that hair loss was common among IBD
patients (33%). Prior exposure to mesalamine and anti-TNF
agents was associated with lower odds of having hair loss.
Two prior studies have documented the potential
association of hair loss and IBD, but they did not evaluate
for associated risk factors. Katsinelos et al[11] describe a
retrospective chart review of patients with UC, CD and
celiac disease with a prevalence of alopecia of 0.8%.
Similarly, Muller et al[12] performed a retrospective chart
review of patients diagnosed with alopecia and found a 2%
prevalence of UC. In our study, 33% of patients reported
a history of hair loss. The wide discrepancy between our
study and prior studies could be explained by several
factors. The prior studies assessed alopecia by chart review,
which may reflect recall bias or lack of documentation.
Our study is the first to use a prospective survey design
specifically asking about hair loss and therefore may reflect
a more accurate rate of hair loss among IBD patients.
Prior studies have reported an association between
mesalamine and immunomodulators with alopecia [5].
Interestingly, we observed a protective effect of mesalamine
for hair loss, and no effect of immunomodulators on hair
loss. No prior literature exists to associate mesalamine
with hair loss, but one case report of a patient with CD
demonstrated an association of azathioprine and hair loss.
In that report, a 20 year old male had improvement of hair
loss after starting azathioprine on 2 separate occasions[2].
This is the first study to show use of infliximab was
more common in patients without hair loss compared to
patients with hair loss. Prior studies, mostly case reports,

Hair loss characteristics
All patients with hair loss reported loss of hair from the
scalp and four patients also reported hair loss on their
torso or extremities. Among the patients who reported
hair loss, 66% reported diffuse scalp hair loss compared
to only 34% with patchy hair loss. Sixty-two percent of
patients with hair loss experienced their hair loss around
the time of an IBD flare.
Medication associations
History of mesalamine and anti-TNF use was associated
with lower odds of hair loss (OR = 0.43, 95%CI: 0.21-0.88
and OR = 0.24, 95%CI: 0.10-0.60, respectively) (Table 2).
There were consistent trends of lower odds of hair loss
with all anti-TNF agents independently, however this was
statistically significant only for infliximab (P = 0.004, OR
= 0.19 95%CI: 0.05-0.67). The proportion of patients
with prior use of immunomodulators and steroids were
similar among patients with and without hair loss (Table
2). On multivariate analyses including gender, duration of
disease, mesalamine and infliximab, the protective effects
of mesalamine (OR = 0.43, 95%CI: 0.19-0.86), anti-TNFs
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have implicated infliximab in hair loss[3-5]. The differences
between these prior case reports and our study potentially
arise from the difference in number of patients seen,
since these were case studies and our study had a much
larger sample size. Interestingly, the other biologic agents
showed a trend towards less hair loss with their use, but
this did not reach statistical significance.
Various vitamin and mineral deficiencies have been
described in IBD patients; however our study did not find
any difference in prevalence of these deficiencies between
the groups. Despite evidence describing the presence
of anemia, vitamin B12 and vitamin D deficiency in
patients with IBD and small, retrospective case series
associating these deficiencies with hair loss, we did not
detect an association[6-9,13]. Possibly explanations for this
discrepancy include the retrospective and small nature
of prior studies or the small numbers in our study, which
possibly caused a type 2 error. Larger, adequately powered
studies may be needed to confirm these associations.
The limitations of our study include small sample size,
potential recall bias and lack of etiology for the hair loss.
The size of our study and consequently a lack of power
to examine some associations could have led to a type 2
error. Due to the design of our study, the potential for recall
bias exists regarding clear temporal relationships between
medication use and hair loss. However, our study has several
strengths; we collected data regarding self-reported hair loss
directly from the patient compared to prior studies based
only on chart review. In addition we were able to assess
possible associations of hair loss with nutritional status.
In conclusion, our study demonstrates that hair loss is
common among patients with IBD. Use of mesalamine
and anti-TNF agents were associated with lower odds
of hair loss after adjusting for age, gender, IBD type
and duration of disease. Further studies will be needed
to better define the factors associated with hair loss and
develop effective management strategies.

them regarding possible hair loss. Further studies are needed to confirm these
findings and further explore potential associations with vitamin deficiencies.

Peer review

The submitted manuscript tries to figure out the role of medication on hair loss
in IBD. In a retrospective manner the charts from 150 cases were reviewed
and patients were questioned whether they had experienced hair loss or not.
Mesalamine and TNF antagonists were identified to be more often used in the
group without hair loss. The authors suggest that these medications might have a
protective role.
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Interferon therapy in hepatitis C leading to chronic type 1
diabetes
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diabetes mellitus (T1DM) cases published in the English
literature from 1992 to December 2013 according to
the key words: chronic hepatitis C infection, diabetes
mellitus type 1, insulin dependent diabetes mellitus, and
interferon treatment. We found 107 cases and analyzed
their clinical and laboratory data and long-term followup. Due to the predominance of cases described in
Japanese literature, we analyzed separately cases of
Caucasian and Japanese origin. In addition we describe
a representative case with HCV who developed INFrelated T1DM.
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RESULTS: Our data show that INF treatment increases
the risk of developing T1DM by 10-18 fold compared
with the corresponding general population and the
median age of onset was 43 years (range: 24-66
years) in Caucasians and 52 years (range: 45-63
years) in Japanese. Most patients developed T1DM
during INF treatment, after a median time-period of
4.2 and 5.7 mo in Caucasian and Japanese groups,
respectively. The clinical course was characterized by
a fulminant course with abrupt severe hyperglycemia
or ketoacidosis, a high titer of anti-islet autoantibodies
and almost all patients (105/107) permanently required
insulin therapy with a follow-up of up to 4 years.
A substantial number of patients had evidence for
other autoimmune disorders mainly thyroid diseases
(25% and 31% in Caucasian and Japanese groups,
respectively).
CONCLUSION: INF-associated T1DM in HCV has
a fulminant course, often associated with other
autoimmune diseases, and results almost inevitably in
permanent insulin therapy requirement.

Abstract
AIM: To review the prevalence, clinical data and course
of interferon- associated type 1 diabetes in chronic
hepatitis C virus (HCV) infection.

Key words: Interferon; Hepatitis C; Type 1 diabetes;
Autoimmune diseases; Pancreatic autoantibodies
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

METHODS: Search of all interferon (INF)-related type 1
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HCV antibodies on January 2004. An initial PCR test was
negative for HCV (the lower limit of detection was 600
IU/mL at that time) and liver function tests were normal
and she received no treatment. In September 2008 repeat
testing found a viral load of 1 × 106 IU/mL and genotype
1b. Treatment with pegylated (Peg) INF-α 2b 80 μg
subcutaneously and RBV 400 mg bid was commenced.
On December 2008 she developed hypothyroidism
followed later by thyrotoxicosis with positive thyroid
peroxidase and thyroid stimulating autoantibodies for
which she received propylthiouracil. On April 2009 she
was hospitalized for diabetic ketoacidosis: pH 7.13, urine
acetone +3, glucose 535 mg/dL, anion gap 25. Islet cell
and insulin autoantibodies were positive, C-peptide 122
pmol/L (normal > 500 pmol/L). She was diagnosed
with T1DM and started treatment with multiple daily
insulin injections and soon after with an insulin pump.
Anti-viral therapy was discontinued. A repeat episode
of ketoacidosis triggered by pneumonia occurred on
April 2011. She continues to be followed at a diabetes
clinic and at her last visit on September 2013 she was still
treated with an insulin pump with good glycemic control
(hemoglobin A1c 6.4%). The patient remained HCV
positive with slightly abnormal liver tests.
In order to evaluate the prevalence, clinical and
laboratory characteristics of INF-induced T1DM in HCV
patients we performed a literature search of all cases
described in the English literature during the last 21 years.

Core tip: Interferon (INF) treatment is an important
component of hepatitis C virus treatment. Although
INF-associated type 1 diabetes mellitus was described
more than 2 decades ago its importance is underrecognized. Based on a review of all published cases
we found that this complication typically appears
abruptly, is manifested by severe hyperglycemia
accompanied by a high titer of anti-islet antibodies and
is often associated with autoimmune thyroid disease.
Most worrisome, almost all patients who develop this
complication require permanent insulin treatment. With
the emergence of new interferon-free therapies, this
serious complication has to be taken into consideration
especially in relatively young patients with mild to
moderate disease.
Zornitzki T, Malnick S, Lysyy L, Knobler H. Interferon therapy
in hepatitis C leading to chronic type 1 diabetes. World J
Gastroenterol 2015; 21(1): 233-239 Available from: URL: http://
www.wjgnet.com/1007-9327/full/v21/i1/233.htm DOI: http://
dx.doi.org/10.3748/wjg.v21.i1.233

INTRODUCTION
Pegylated interferon (INF) in combination with ribavirin
(RBV) is still the standard of care for chronic hepatitis c
virus (HCV) infection. INF treatment is known to cause
numerous side effects in HCV patients[1-3], however INFinduced type 1 diabetes mellitus (T1DM) is less well
recognized and rarely taken into consideration before
initiating therapy.
Both HCV infection and INF treatment can be
involved in the pathogenesis of diabetes. Several studies
and a meta-analysis have shown an increased prevalence
of type 2 diabetes in HCV-infected patients compared
with non-infected individuals or patients with chronic
hepatitis B infection[4-6]. This increased prevalence is
mediated by insulin resistance due to increased levels of
proinflammatory cytokines such as tumor necrosis factor
alpha or by direct effect of viral proteins on insulin
signaling[7-9]. The prevalence of T1DM in HCV patients is
much lower than T2DM. Fabris et al[10] described in 1992
the development of INF-induced T1DM in a patient with
chronic HCV infection and this observation was followed
later by additional cases, many of them from Japan[11-30].
The development of several other INF-induced auto
immune disorders suggests that autoimmunity is the
underlying mechanism. Surprisingly, although T1DM is
a serious medical condition, this adverse effect has not
gained a lot of attention. We describe here a case treated
in our hospital of a patient with chronic HCV hepatitis
who developed INF-induced T1DM to demonstrate the
clinical course and severity of this complication.
A 21-year-old female without prior medical problems
and with normal glucose levels and thyroid function tests
was found during pregnancy screening to have positive

WJG|www.wjgnet.com

MATERIALS AND METHODS
We conducted a search of all INF-related T1DM cases
published in the English language literature from 1992
to December 2013 using the key words: chronic hepatitis
c infection, diabetes mellitus type 1, insulin dependent
diabetes mellitus, and interferon treatment. Due to the
predominance of Japanese patients, all reviewed cases
were divided into two groups: Caucasian (mostly from
Italy and the remainder from other European countries)
and Japanese patients.

RESULTS
Epidemiology
Two large retrospective studies investigated the side
effects of INF therapy in HCV patients. In a study from
Italy, Fattovich et al[3] collected data from 73 centers and
included 11241 INF-treated HCV patients. They found
10 cases (0.09%) that developed “insulin dependent
diabetes” during therapy, 18-fold higher than the annual
incidence of insulin dependent diabetes (0.005%),
reported in the general Italian population. Similar results
were observed in a recently published Japanese national
survey of INF-related T1DM. The prevalence of DM
among INF treated patients was estimated to be 0.34%,
which is 10-fold higher than that reported in the general
Japanese population[11].
In another small study from the Netherlands, 5
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5.7 mo in Caucasian and Japanese groups, respectively.
A quarter of patients in the Japanese group developed
T1DM after INF treatment cessation. The longest time
period between INF treatment cessation and T1DM was
13 mo with a median of 3.6 mo (range: 3.0-4.0 mo) and
6.3 mo (range: 1.6-13 mo), in Caucasian and Japanese
groups, respectively.
In the Caucasian g roup, pancreas-associated
autoantibody status was known in 16/20 patients before
INF treatment initiation. Ten of these patients (62%)
had at least one positive antibody. In the Japanese group,
pancreas-associated autoantibodies were measured before
INF initiation in only 4/87 patients and in all of these
cases it was negative. Anti-glutamic acid decarboxylase
(GAD) antibodies were most commonly tested. Due to
lack of sufficient data in most patients, especially in the
Japanese group, the pancreatic autoantibody conversion
rate could not be determined. There was also insufficient
data available regarding human leukocyte antigen typing
and family history of diabetes.
The majority of the patients had acute onset of di
abetes characterized by severe hyperglycemia often with
ketoacidosis. In addition, very high titers of pancreatic
autoantibodies, mainly anti-GAD, were found (up to
10.000-fold higher than the normal range). Almost
all of these patients remained insulin-dependent for
up to four years of follow-up from cessation of INF
treatment. There were only two cases in which insulin
was discontinued[26,27].
Other autoimmune disorders in patients with INFinduced T1DM are described in Table 2.
About a third of patients also developed clinical and
biochemical evidence of thyroid dysfunction during or
after INF therapy in both study groups.

Table 1 Clinical and laboratory characteristics of 107 patients
with interferon-induced type 1 diabetes mellitus n (%)
Variable

Caucasian

Age (range), yr
Males
HCV genotype
Type 1b
Non- type 1b
Unavailable data
Type of therapy
Non-Peg INF-α
Peg INF-α
Other types of INF
Combination with ribavirin
Patients who developed DM during
INF treatment
Patients who developed DM after INF
cessation
Time-period between INF initiation
and T1DM onset mo
Time-period between INF cessation
and T1DM onset (mo)
Ab positive before INF treatment
Ab negative before INF treatment
Not done
Insulin therapy at end of follow-up

Japanese

n = 20

n = 87

43 (24-66)
13 (65)

52 (45-63)
48 (52)

1 (5)
7 (32)
12 (63)

28 (32)
6 (7)
53 (61)

10 (50)
10 (50)
15 (75)
17 (85)

39 (45)
45 (52)
3 (3)
54 (62)
63 (72)

3 (15)

24 (28)

4.2 (1.8-8.5)

5.7 (2.8-14.6)

3.6 (3.0-4.0)

6.3 (1.6-13)

10 (62)
6 (38)
4 (20)
20 (100)

0 (0)
4 (100)
83 (95.4)
85 (98)

HCV: Hepatitis C virus; Peg INF-α: Pegylated interferon α; T1DM: Type 1
diabetes mellitus.

(2.65%) INF treated HCV- patients developed T1DM
based on antibody positivity and the need for insulin
treatment[12].
Clinical and laboratory characteristics in patients with
INF-induced T1DM
The clinical and laboratory data of 107 patients with
INF-induced T1DM (20 Caucasian and 87 Japanese
origins) found in our literature search are presented in
Table 1[10-30].
The median age at onset of type 1 diabetes was 43
years (range: 24-66 years) in the Caucasian group and 52
years (range: 45-63 years) in the Japanese patients. In the
Caucasian group there were 65% male and 35% female
patients and in the Italian group the male/female ratio of
1.6 was similar to the ratio found in patients with T1DM
in the general Italian population[31]. This male/female
difference was not observed in the Japanese patients[32].
HCV genotype 1b was found in only one out of
eight patients in the Caucasian group, compared with
the Japanese patients in whom among those tested,
the majority had genotype 1b. In the Caucasian group
75% of patients received combination therapy of INF
and RBV. There was a similar distribution of patients
receiving Peg INF and non-Peg INF treatment in both
Caucasian and Japanese groups.
Most patients in the two study groups developed
T1DM during INF treatment (85% and 72% in the
Caucasian and Japanese groups, respectively) after a
median time period from treatment initiation of 4.2 and
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DISCUSSION
In the current review we summarized 107 patients
treated with INF for chronic HCV hepatitis who
developed T1DM, 81% of Japanese origin and the rest
from European countries mainly Italy. According to this
limited epidemiological data, the incidence of T1DM in
INF-treated HCV patients is 10-18 fold higher than in
the general population[3,11,12]. Data from other populations
are not available but we assume that INF-induced T1DM
is globally under-reported. Interestingly, INF-induced
T1DM has been rarely described in patients receiving this
treatment for multiple sclerosis[33].
The typical presentation of INF-induced T1DM is
fulminant, occurring several months after INF initiation
in most patients but it can also occur after INF therapy
cessation. Most patients in both cohorts presented with
ketoacidosis within one week to three months after the
onset of hyperglycemic symptoms, with a high titer of
pancreatic autoantibodies and severe insulin deficiency
demonstrated by low levels of C-peptide. The markedly
high titer of anti-GAD antibodies at presentation was
significantly higher than what is usually reported in
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Table 2 Other autoimmune disorders in Caucasian and Japanese patients with interferon-induced type 1 diabetes mellitus n (%)
Disorder

Autoantibodies

Autoimmune thyroid disease

Anti TPO
Anti TG
TSI
Anti-GAD
Anti-insulin receptor
Anti AQP-4
SS-A, SS-B

Stiff person syndrome
Insulin resistance
Neuromyelitis optica
Sjogren's syndrome

Caucasian

Japanese

Ref.

5 (25)

27 (31)

[11,12,18,19,21,22,25,28,29]

1
1

[21]
[22]
[30]
[26]

1
1

TPO: Thyroid peroxidase; TG: Thyroglobulin; GAD: Glutamic acid decarboxylase; TSI: Thyroid-stimulating immunoglobulins; AQP-4: Aquaporin-4.

T1DM in the general population[34]. Moreover, unlike
the natural history of autoimmune T1DM, in which the
appearance of autoantibodies precedes the manifestation
of insulin insufficiency by years, in INF-induced T1DM
humoral autoimmune markers seem to develop relatively
within a short-time prior to diagnosis. Taken together,
these clinical characteristics suggest that INF therapy
leads to a severe autoimmune process that within a shorttime period results in massive β-cell destruction. The
correlation between a high titer of anti-GAD antibodies
and more severe insulin deficiency was described also
in latent autoimmune diabetes in adults[35]. Of special
concern are the data presented in this review that almost
all patients remained insulin dependent up to 4 years
of follow-up unrelated to HCV status. In the only two
patients in which insulin was discontinued there was no
long-term follow-up to rule out the possibility that insulin
cessation was related to the “honeymoon” phenomenon,
well described in new onset T1DM[26,27].
Can INF-induced T1DM be predicted by pancreatic
antibody measurement? Due to incomplete data on
autoimmunity status before treatment in many of these
cases, no definite conclusion can be made. However,
Betterle et al[36] assessed the presence of autoantibodies
in 70 HCV patients. The frequency of pancreatic
autoantibodies was not significantly different when
compared with healthy control subjects, except for the low
titer of insulin autoantibodies (IAA) in 41% patients. IAA
levels did not change during the course of INF treatment,
and none of the IAA-positive patients developed T1DM.
Previous data show that both the positive and negative
predictive value of β-cell autoantibodies seem to be too
low to identify patients at high risk or to effectively rule
out the possibility of developing interferon-associated
T1DM[37]. Therefore INF-associated T1DM is still an
unpredictable severe complication of interferon treatment
even today, two decades since its first description[10].
In our review we found that many of the patients
with T1DM had also autoimmune thyroid disease
and a few cases also had other autoimmune disorders
including neuromyelitis optica, Sjogren’s syndrome,
severe insulin resistance with insulin receptor antibodies,
and stiff person syndrome. In HCV patients treated by
INF other autoimmune disorders have been described,
including autoimmune gastritis, rheumatoid arthritis,
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psoriasis, interstitial pneumonitis and rare diseases such
as myasthenia gravis, Raynaud’s syndrome and VogtKoyanagi-Harada disease[3,38-43].
Pathogenesis
The role of INF in the pathogenesis of T1DM in
the general population is supported by the findings,
that only INF- α was significantly over-expressed in
islets of T1DM patients amongst a panel of evaluated
cytokines and elevated INF-α levels were also detected
in blood samples[44-46]. One of the molecular mechanisms
underlying INF- α -induced T1DM induced by viral
infection is β-cell apoptosis. Viral double-stranded RNA
activates the production of INF- α in various cells,
which is directly cytotoxic to β-cells. INF-α also induces
apoptosis by activating the oligoadenylate synthaseribonuclease L and the protein kinase R pathway.
Apoptotic materials induce more INF-α and activate
the immune system [47]. Furthermore, interferon- α is
known to increase major histocompatibility complex
class Ⅰ antigen expression on cell membranes and to
activate T cells and natural killer cells[48]. Interestingly,
INF-α-neutralizing antibody prevented type 1 diabetes
development in transgenic mice expressing INF-α in
their β-cells[49].
Recent data show that the time-period to the
development of INF-induced T1DM was shorter in
patients that received combination therapy of Peg-INF
and ribavirin compared to non-Peg INF, suggesting that
the longer duration of Peg-INF and the deviation to the
Th1-type immune response by RBV may increase the risk
of developing T1DM[11].
Clinical implications and future therapies
Based on the data presented in this review with a followup of up to 4 years, it appears that INF-induced T1DM
is a serious irreversible complication of the current
therapy of chronic HCV hepatitis leading to permanent
insulin requirement. This being so, is this a reasonable
risk to be taken in all HCV patients?
It is well established that HCV hepatitis can cause
cirrhosis and its related complications, including endstage liver disease and hepatocellular carcinoma, and
is a major cause for liver transplantation in the United
States and Europe[50]. However, in cohorts of women
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Terminology

of childbearing age who received contaminated anti-D
in Germany there was a small risk for liver-related
mortality[51], and only 2% developed severe fibrosis after
25 years[52]. Data from France demonstrate that age at
infection is important. In patients infected when younger
than 20 years, it took 44 years to develop cirrhosis. In
those infected at the age of 31-40 years, it required
30 years, and those older than 50 years when infected,
developed cirrhosis after 12 years[53]. This observation is
in accordance with the data that increasing age is a strong
risk factor for increased fibrosis[54]. There has recently
been a debate on the need to recommend antiviral
therapy in HCV hepatitis and the reliance of a sustained
virologic response (SVR) as a surrogate marker for
treatment success[55].
Characterization of HCV-encoded proteins and
their functions has enabled development of treatments
that interrupt HCV replication-direct acting antivirals.
In 2011 the FDA approved 1 st generation NS3/4A
protease inhibitors telaprevir and boceprevir. At the end
of 2013 sofosbuvir, a NS5B RNA polymerase inhibitor
and simeprevir, a 2nd generation protease inhibitor, were
approved for therapy, but most regimens still include
INF treatment. Recently, INF-free regimens with a high
SVR have been reported for genotype 1 HCV[56] and
genotypes 1, 2 and 3[57]. In addition, there are NS5A
inhibitors, NS5B polymerase inhibitors and combination
strategies without INF in development. It is likely that
several of these agents will be available for use in 2015.
Thus for young patients diagnosed with chronic
HCV hepatitis with mild to moderate fibrosis, the
possibility of delaying treatment until INF-free regimens
are available has to be seriously considered. In many of
these patients with untreated HCV hepatitis, the natural
course is more benign than that of type 1 diabetes, a
disease with significant acute and chronic complications
and shortened life expectancy[58]. It may be appropriate to
delay therapy for these patients until INF-free regimens
become available.

T1DM is a mediated by an autoimmune process that leads to severe and
permanent β-cell failure and interferon has a central role in this process.
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The natural course of untreated chronic HCV hepatitis with mild-to-moderate
fibrosis is more benign than the course of INF-associated T1DM as described
in this review.
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Retrospective Study

Helicobacter pylori infection in patients with selective
immunoglobulin E deficiency
Eli Magen, Menachem Schlesinger, Itzhak Ben-Zion, Daniel Vardy
immunoglobulin E (IgE) measurement at the Leumit
Healthcare Services (Israel) in 2012 were identified in
an electronic database search (n = 18487). From these,
selected case group subjects were ≥ 12 years of age
and had serum total IgE < 2 kIU/L (n = 158). The
control group was selected from a random sampling
of the remaining subjects ≥ 12 years of age to obtain
a case-control ratio of 1:20 (n = 3160). Dyspeptic
diseases, diagnosed no more than 5 years before serum
total IgE testing, were identified and retrieved from
the electronic database using specific International
Classification of Diseases diagnostic codes. Results of
13
C -urea breath tests were used to identify subjects
infected with H. pylori . Categorical variables between
case and control subjects were analyzed using Fisher’s
exact tests, whereas continuous variables were analyzed
2
using χ tests.
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AIM: To investigate the prevalence and clinical
characteristics of Helicobacter pylori (H. pylori )-infected
dyspeptic patients with selective immunoglobulin E
deficiency (IgEd).

RESULTS: Dyspepsia was present in 27.2% (43/158)
of case subjects and 22.7% (718/3160) of controls.
Of these, significantly more case subjects (32/43,
74.4%) than controls (223/718, 31.1%) were positive
for H. pylori (P < 0.01). Esophagogastroduodenoscopy
was performed in 19 case and 94 control subjects,
revealing that gastritis was more prevalent in IgEd case
subjects than in controls (57.9% vs 29.8%, P < 0.05).
Furthermore, a significantly greater proportion of case
subjects presented with peptic duodenal ulcers (63.2% vs
15.9%, P < 0.01). Histopathologic examination showed
marked chronic inflammation, lymphoid follicle formation
and prominent germinal centers, with polymorphonuclear
cell infiltration of gastric glands, that was similar in case
and control biopsy tissues. Finally, IgEd case subjects
that underwent esophagogastroduodenoscopy were
more likely to exhibit treatment-refractory H. pylori
infections that require second-line triple antibiotic
therapy (47.4% vs 11.7%, P < 0.01).

METHODS: All individuals who underwent serum total

CONCLUSION: IgEd is associated with higher rates of
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may influence the inflammatory response to infection. H.
pylori infection has increasingly been inversely associated
with allergic diseases[13,14], and suppression of the infection
improves allergic symptoms[15,16]. The primary aim of the
present study was therefore to investigate the prevalence
and clinical characteristics of H. pylori-infected patients
with IgEd who presented with dyspeptic symptoms at the
primary care setting.

H. pylori -associated gastritis and peptic duodenal ulcers.
Key words: Selective IgE deficiency; Helicobacter pylori ;
Dyspeptic syndrome; Peptic ulcer disease; Inflammatory
disease
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: A deficiency in levels of immunoglobulin E
(IgEd) has been associated with chronic inflammatory
diseases, immune dysregulation, oncologic diseases,
and chronic infections. This retrospective casecontrol study evaluated the clinical characteristics
of Helicobacter pylori (H. pylori )-related dyspeptic
syndrome in patients with IgEd. Analyses revealed a
higher prevalence of H. pylori infection in dyspeptic
patients with IgEd. Furthermore, gastritis and peptic
ulcer disease were more prevalent in subjects with IgEd
compared with gender- and age-matched H. pylori infected dyspeptic patients with normal or high serum
IgE levels. Finally, patients with IgEd were more likely
to present treatment-refractory H. pylori infections.

MATERIALS AND METHODS
Data source
This retrospective, matched, case-control study was based
on data from the Leumit Healthcare Services (Israel)
Database. The database includes information on over
720000 insured people in Israel, including records of
visits to clinics, laboratory test results classified by the
International Classification of Diseases (ICD-9-CM), and
demographic data. To maintain patient privacy, the data
were extracted using unique patient identifiers. This study
was approved by the committee of the Barzilai Medical
Center and the Leumit Healthcare Services Institutional
Review Committee.
Subjects
The database was searched for all subjects ≥ 12 years of
age that had undergone serum total IgE measurements
and C 13-urea breath tests (C13-UBT) in 2012 for any
reason. Subjects identified with serum total IgE of <
2 kIU/L were included in the case group. The control
group was comprised of a random sample from the
remaining subjects (serum total IgE ≥ 2 kIU/L) with
a case-control ratio of 1:20. The randomization was
performed using Epi Info 6 software (available from the
Centers for Disease Control and Prevention; www.cdc.
gov) using simple random sampling. Dyspeptic diseases
were identified using specific ICD-9-CM diagnostic
codes and had been diagnosed by board-certified family
physicians and gastroenterologists no more than 5 years
prior to serum total IgE testing. Dyspepsia was diagnosed
as a syndrome consisting of pain or discomfort centered
in the upper abdomen (epigastric pain), including burning,
fullness, discomfort, nausea, vomiting and belching.
Criteria for exclusion from the study included:
common variable immunodeficiency, chronic system
corticosteroid therapy, selective IgA deficiency, ataxia
telangiectasia and human immunodeficiency virus/
acquired immunodeficiency syndrome. Subjects
were also excluded if they had received any form of
immunosuppressive therapy during the four weeks before
measurement of serum total IgE. Furthermore, subjects
with alarm symptoms (weight loss, anemia, hematemesis,
melena, abdominal tumor, use of non-steroidal antiinflammatory drugs) were excluded from the study.

Magen E, Schlesinger M, Ben-Zion I, Vardy D. Helicobacter
pylori infection in patients with selective immunoglobulin E
deficiency. World J Gastroenterol 2015; 21(1): 240-245 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v21/i1/240.
htm DOI: http://dx.doi.org/10.3748/wjg.v21.i1.240

INTRODUCTION
Immunoglobulin E (IgE) elicits effects that are both
pathologic, as manifested in allergic disease, and beneficial,
as expressed in the body’s defense against parasitic
infections, particularly by helminths[1]. IgE concentrations
in normal human sera are between 10 and 400 ng/mL,
with a half-life of 2 to 2.5 d [2,3]. A significant decrease
in these levels, to < 2 kIU/L (equivalent to 4.8 ng/mL),
is defined as selective IgE deficiency (IgEd) in the case
where other immunoglobulin levels are normal, or mixed
IgEd if they are diminished[4]. However, this distinction
is mainly a laboratory finding, as most of the affected
individuals are asymptomatic[5].
A n a s s o c i a t i o n b e t we e n I g E d a n d ch r o n i c
inflammatory diseases of both the upper and lower
respiratory tracts has been investigated[6,7], though its
association to immunodeficiency remains controversial[8-11].
We recently investigated clinical and laborator y
characteristics of patients with IgEd and found that adults
with an undetectable serum total IgE level had immune
dysregulation and autoimmunity with high prevalences
of chronic infections, and autoimmune and oncologic
diseases[8]. A case of persistent Helicobacter pylori (H. pylori)
infection with anti-IgE biologic therapy (with omalizumab)
was reported by Zandman et al[12] who suggested that IgE
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H. pylori eradication regimens
H. pylori eradication was comprised of a 14-d treatment
with 1 g amoxicillin, 500 mg clarithromycin, and 20 mg
omeprazole, bid, H. pylori eradication was confirmed by
a second 13C-UBT eight wk following the end of the
treatment. Subjects with H. pylori infections resistant
to first-line triple therapy received a 10-d second-line
therapy consisting of 40 mg pantoprazole bid along with
750 mg levofloxacin and 100 mg doxycycline, once per
day.

Table 1 Clinical and laboratory characteristics of the subjects

n (%)

Characteristic
Female
Age, yr
Body mass index, kg/m2
Total IgE, kIU/L
WBC, n/mm3
Lymphocytes, n/mm3
Eosinophils, n/mm3
Basophils, n/mm3
Platelets, n × 108/mm3
Dyspepsia
H. pylori-positive dyspepsia1

Cases

Controls

(n = 158)

(n = 3160)

113 (71.5)
44.3 ± 20.4
26.2 ± 3.5
0.3 ± 0.2
7.1 ± 3.4
2.4 ± 1.3
0.31 ± 0.14
0.15 ± 0.11
259 ± 124
43 (27.2)
32 (74.4)

2147 (67.9)
43.1 ± 22.5
26.5 ± 3.4
109.1 ± 77.6
6.8 ± 3.1
2.3 ± 1.1
0.32 ± 0.11
0.16 ± 0.09
267 ± 129
718 (22.7)
223 (31.1)

P value
0.38
0.51
0.29
< 0.01
0.23
0.26
0.27
0.18
0.44
0.47
< 0.01

Statistical analyses
Statistical analyses were performed using Statistica 6
(StatSoft Inc., Tulsa, OK, United States). Categorical
variables were analyzed using a Fisher’s exact test,
whereas continuous variables were analyzed using a χ 2
test. All values are expressed as mean ± SD. Two-tailed P
values less than 0.05 were considered as significant.

1

Percentage reflects the proportion of dyspeptic subjects. WBC: White
blood cell; IgE: Immunoglobulin E; H. pylori: Helicobacter pylori.

an immunometric assay on an Immulite 2000 system
(Siemens, Munich, Bavaria, Germany). In all cases of
serum total IgE < 2 kIU/L, other serum Igs (IgM,
IgA, IgG, IgG1, IgG2, IgG3, IgG4) were routinely
measured by nephelometry (BN Ⅱ System; Dade
Behring, Deerfield, IL, United States) to exclude humoral
immunodeficiency.

RESULTS
Demographic and laboratory characteristics of cases
and controls
A total of 18487 subjects, 4-69 years of age, were
identified as having received a serum total IgE test
between January 1 and December 31, 2012, primarily for
allergy-related symptoms. Total serum IgE values ranged
from 2 to 2000 kIU/L, and 158 case subjects ≥ 12-yearold with serum total IgE < 2 kIU/L were identified.
The corresponding control group therefore consisted
of 3160 subjects with serum total IgE ≥ 2 kIU/L. With
the exception of serum total IgE levels, there were no
differences between the cases and controls with regard
to demographic and laboratory characteristics (Table 1).
Although there was no difference in the percentage of
subjects with dyspepsia (27.2% vs 22.7% for cases and
controls, respectively), a significantly larger proportion of
dyspeptic case subjects were H. pylori-positive (74.4% vs
31.1%, P < 0.01).

Assessment of H. pylori infection
Trained nurses in regional laboratories performed the
C13-UBT for H. pylori (Helicobacter Test INFAI; INFAI
GmbH, Köln, Germany) and the samples were analyzed
by a mass spectrometer (AP 2003; Analytical Precision,
Edinburgh, United Kingdom) in the central laboratory of
Leumit Health Services in Israel. Proton pump inhibitors,
H2 antagonists, and antibiotics were not permitted for
15 d prior to the C13-UBT. The patients were given 75
mg urea labeled with C13 in 200 mL of orange juice, and
breath samples were collected before C13 intake (T0) and
30 min later (T30). The cutoff C12/C13 at T30/T0 was 3.5
according to the manufacturer’s instructions and previous
methods[17].
H. pylori infection was also evaluated in biopsy
samples by rapid urease tests (H. pylori ONE kit; GI
Supply, Camp Hill, PA, United States) and histological
examination. Multiple gastric biopsies (two from the
antrum, two from the body, and additional specimens
from any lesions visible by endoscopy, if needed) were
taken and stained with hematoxylin and eosin[18].

EGD results
EGD was performed on 59.4% (19/32) and 42.2%
(94/223) of the H. pylori-positive dyspeptic cases and
control subjects, respectively (Table 2). A significantly
larger proportion of case subjects experienced gastritis
(P < 0.05), which was evident particularly for multifocal
atrophic gastritis. In addition, a larger proportion of case
subjects presented with duodenal ulcers (63.2% vs 15.9%,
P < 0.01). Moreover, more case subjects that underwent
EGD exhibited treatment-refractory H. pylori infections
compared to controls (47.4% vs 11.7%, P < 0.01).
Second-line therapy successfully eradicated H. pylori in
these subjects.
The pathologic findings from biopsied gastric tissues
were similar in case and control subjects. Histopathologic
analyses showed marked chronic inflammation, lymphoid
follicle formation and prominent germinal centers, with

Esophagogastroduodenoscopy
Esophagogastroduodenoscopy (EGD) procedures were
performed by experienced board-certified gastroenterologists
using a video-esophago-gastro-duodenoscope (Evis
Smartage Gastro GIF V70 Serial; Olympus, Shinjuku,
Tokyo, Japan). Procedures were video-recorded and
representative findings documented on high-resolution
images.
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associated with more severe disease[32,33]. The “African
enigma” is a phenomenon where despite the high
prevalence of H. pylori infection in Africa, PUD and
gastric cancer are uncommon[34]. A possible explanation is
that the endemic parasitic burden causes Th2 responses
to predominate, which, together with a high serum total
IgE, protects H. pylori-infected patients from developing
PUD. An increase in T-regulatory cells in infected
individuals contributes to asymptomatic persistent
infection, whereas subjects with inadequate T-regulatory
responses develop gastroduodenal pathology [35]. We
recently found that IgEd is characterized by impaired
immunologic tolerance with high rates of organ-specific
and systemic autoimmune diseases[8]. Perhaps the high
rates of gastritis and PUD in the patients with IgEd and
persistent H. pylori infection demonstrate an underlying
inappropriate “tolerance” to the infection.
Some limitations of the study should be acknowledged.
First, this was a retrospective study, which is vulnerable
to information bias from inaccurate clinical records and
missing data. Second, there are no studies of H. pylori
bacterial virulence factors in IgEd or any experimental
work to explain how IgEd facilitates the development
of H. pylori-associated gastroduodenal disease. Third, as
no H. pylori culturing for in vitro antibiotic sensitivity was
performed following the treatment failures, we cannot
determine whether IgEd is associated with infection by
antibiotic-resistant H. pylori or with a failure to clear the H.
pylori infection. Last, it is unclear whether IgEd patients
are more susceptible to H. pylori infection or gastritis.
Unfortunately, it was not possible to identify the rate of H.
pylori infection in the study groups.
In summary, the results demonstrate that patients
with IgEd are more prone to gastritis and PUD, as well as
treatment-refractory H. pylori infection. However, further
experimental studies are needed to assess the role of IgE
in the pathogenesis of H. pylori infection.

Table 2 Esophagogastroduodenoscopy findings in Helicobacter
pylori -positive dyspeptic subjects n (%)
Characteristic
Female
Age, yr
Gastritis
Antral predominant gastritis
Body predominant gastritis
Multifocal atrophic gastritis
Duodenal ulcer
Gastric ulcer
Treatment-refractory H. pylori
infection

Cases

Controls

(n = 19)

(n = 94)

11 (57.9)
43.9 ± 10.2
11 (57.9)
7 (36.8)
1 (5.3)
3 (15.8)
12 (63.2)
1 (5.3)
9 (47.4)

49 (52.1)
42.5 ± 9.7
28 (29.8)
21 (22.3)
5 (5.3)
2 (2.1)
15 (15.9)
1 (1.1)
11 (11.7)

P value
0.81
0.49
0.03
0.24
1.00
0.03
< 0.01
0.31
< 0.01

H. pylori: Helicobacter pylori.

polymorphonuclear cell infiltration of gastric glands.

DISCUSSION
The results of this study show a higher prevalence of
H. pylori infection in dyspeptic patients with IgEd. It
is widely recognized that H. pylori infection produces
strong local and systemic antibody production and cellmediated immunity, infiltrating the gastric mucosa with
inflammatory lymphocytes, macrophages, neutrophils,
plasma cells, and eosinophils[19,20]. Although the role of
humoral immunity on bacterial colonization and the
inflammatory response is poorly understood, it may
provide some protection against H. pylori infection[21].
H. pylori directly binds to mast cells, which produce
pro-inflammatory cytokines and which migrate and
accumulate in the gastric mucosa[22,23]. Specific antibodies
are known to impair and eliminate H. pylori and gastric
inflammation[24], and several lines of evidence indicate
that IgE may be one such antibody. For example,
IgE-positive plasma cells show significant growth in
gastritis patients positive for H. pylori[25], and H. pyloriinduced gastritis is accompanied by an increase in IgE
production[26]. These antibodies can continuously activate
mast cells in mucosal tissue[27], and subnormal IgE levels
impair the normal response of mast cells to antigens,
causing Th1-related immunopathology[28]. Specific IgE
antibodies further induce receptor-specific upregulation
and stabilization that is essential for establishing longlasting mast cell memory[29]. Therefore, failure of mast
cells to function as immune guards at early stages of
infection may play an important role in mediating
susceptibility to H. pylori in patients with IgEd.
Another important finding of this study is that IgEd
subjects had a higher prevalence of gastritis and peptic
ulcer disease (PUD). By affecting basophils and mast
cells, IgE plays an important role in T-cell activation[30].
Whereas uncomplicated chronic gastritis is associated
with a mixed Th1/Th2 response, PUD is associated with
Th1 polarization of gastric cell responses in H. pyloriinfected patients[31]. Several studies indicate that Th1
polarization of the H. pylori-specific T-cell response is
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Background

A deficiency in levels of immunoglobulin E (IgE) has been associated with
chronic inflammatory diseases, immune dysregulation, oncologic diseases,
and chronic infections. A recent case involving IgE immunosuppression was
associated with chronic Helicobacter pylori (H. pylori) infection. However, there
are no published epidemiologic studies regarding the prevalence and clinical
features of H. pylori infection in IgE deficiency (IgEd).

Research frontiers

Recent studies have indicated that IgEd is associated with immune-related
diseases; however, the association has not been investigated in great detail,
and there are no identified mechanisms for the role of IgE in immune regulation.

Innovations and breakthroughs

The results of this study demonstrate that subjects with IgEd have a significantly
higher prevalence of H. pylori infection, gastritis and peptic ulcer disease.
Furthermore, treatment-refractory H. pylori infections were more common in
IgEd subjects.

Applications

The results of this study suggest that IgE may play an important role in a host’s
immune response to H. pylori infection.

Terminology

Dyspepsia is a syndrome consisting of pain or discomfort centered in the upper
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abdomen described as a burning or fullness, which is accompanied by nausea,
vomiting, and belching. H. pylori is a gram-negative bacterium found in the
stomach that is linked to the development of gastritis, gastric ulcers, duodenal
ulcers and gastric cancer.
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The topic of this study is very interesting, involving the evaluation of the
immunologic association between a rare disease of IgEd and H. pylori infection.
The authors found more cases of H. pylori-positive gastritis in patients with
IgEd. The H. pylori eradication rate for legacy triple therapy was statistically
inferior in the IgEd group compared to the control, but second-line levofloxacinbased triple therapy was equally effective for these subjects. This information is
of interest for clinicians treating patients with IgEd.
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AIM: To analyze hepatocellular carcinoma (HCC)
patients with portal vein tumor thrombosis (PVTT) using
the tumor-node-metastasis (TNM) staging system.
METHODS: We retrospectively analyzed 372 patients
with HCC who underwent hepatectomy between 1980
and 2009. We studied the outcomes of HCC patients
with PVTT to evaluate the American Joint Committee on
th
Cancer TNM staging system (7 edition) for stratifying
and predicting the prognosis of a large cohort of HCC
patients after hepatectomy in a single-center. Portal
vein invasion (vp) 1 was defined as an invasion or
tumor thrombus distal to the second branch of the
portal vein, vp2 as an invasion or tumor thrombus
in the second branch of the portal vein, vp3 as an
invasion or tumor thrombus in the first branch of the
portal vein, and vp4 as an invasion or tumor thrombus
in the portal trunk or extending to a branch on the
contralateral side.
RESULTS: The cumulative 5-year overall survival
(5yrOS) and 5-year disease-free survival (5yrDFS)
rates of the 372 patients were 58.3% and 31.3%,
respectively. The 5yrDFS and 5yrOS of vp3-4 patients
(n = 10) were 20.0%, and 30.0%, respectively, which
was comparable with the corresponding survival rates
of vp1-2 patients (P = 0.466 and 0.586, respectively).
In the subgroup analysis of patients with macroscopic
PVTT (vp2-4), the OS of the patients who underwent
preoperative transarterial chemoembolization was
comparable to that of patients who did not (P = 0.747).
There was a significant difference in the DFS between
patients with stage Ⅰ HCC and those with stage Ⅱ HCC
(5yrDFS 39.2% vs 23.1%, P < 0.001); however, the

246

January 7, 2015|Volume 21|Issue 1|

Yamamoto Y et al . Hepatectomy for HCC with PVTT

modifications have been made in the new 7th edition of
the TNM staging system[7]. A recent study by Xu et al[8]
reported that the current T classification is unnecessarily
complex and fails to stratify patients adequately without
prognosis. Several clinical staging systems are currently
available for predicting the prognosis of HCC patients
after hepatectomy, such as the Cancer of the Liver Italian
Program scoring system [9], Japan Integrated Staging
score[10], Tokyo score[11], or Okuda staging system[12]. The
TNM staging system is currently the most widely used
system worldwide, but a global consensus has not been
reached on how to satisfactorily predict the prognosis of
HCC patients after surgery[13].
The aim of this study was to analyze the results of
HCC patients with portal vein tumor thrombosis (PVTT)
and to evaluate the AJCC TNM staging system (7 th
edition) for stratifying and predicting the prognosis of
a large cohort of HCC patients after hepatectomy in a
single-center.

DFS for stage Ⅱ was similar to that for stage Ⅲ (5yrDFS
23.1% vs 13.8%, P = 0.330). In the subgroup analysis
of stage Ⅱ-Ⅲ HCC (n = 148), only alpha-fetoprotein
(AFP) > 100 mg/dL was independently associated with
DFS.
CONCLUSION: Hepatectomy for vp3-4 HCC results in
a survival rate similar to hepatectomy for vp1-2. AFP
stratified the stage Ⅱ-Ⅲ HCC patients according to
prognosis.
Key words: Hepatocellular carcinoma; Hepatectomy;
Portal vein tumor thrombosis; Tumor-node-metastasis
staging system; Alpha-fetoprotein
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Hepatectomy for selected patients with
hepatocellular carcinoma (HCC) with portal vein
invasion (vp) 3 or vp4 may result in a survival rate
that is similar to that for hepatectomy in vp1 or vp2
patients. Alpha-fetoprotein (AFP) can stratify the stage
Ⅱ-Ⅲ patients according to prognosis. If serum AFP
is elevated in patients with stage Ⅱ-Ⅲ HCC, clinical
trials involving neoadjuvant/adjuvant therapy should be
considered.

MATERIALS AND METHODS
Patients
In total, 372 patients underwent macroscopic curative
hepatectomy for the treatment of HCC between 1980
and 2009 in the Department of Surgery, Division of
Digestive Surgery at the Kyoto Prefectural University
of Medicine. All of these patients were analyzed in this
study. Curative resection is defined here as the complete
removal of a macroscopic tumor that is not exposed on
the cut surface.
There were 295 men and 77 women in the patient
cohort. The mean ± SD age was 61.5 ± 9.7 years.
Underlying liver diseases included cirrhosis in 203 patients
(54.6%) and non-cirrhosis in 169 patients (45.4%).
According to Child’s classification, modified by Pugh
et al[14], 361 patients (97.0%) belonged to group A, nine
(2.4%) to group B, and two (0.5%) to group C. The mean
± SD tumor diameter was 4.1 ± 3.0 cm. Hepatectomy
and tumor location were defined according to Couinaud’s
definition[15] of liver segmentation.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the most
common malignant tumors worldwide, especially in East
Asian countries[1,2]. HCC usually spreads intrahepatically
via portal vein branches, and the incidence of portal vein
involvement has been found to be approximately 40% in
surgically resected series[3]. When tumor thrombi extend
to the major portal vein, the prognosis has been reported
to be poor[4]. However, hepatic resection is currently still
the only therapeutic option in these patients who may
have a chance for a cure, and some studies have recently
reported improved survival rates after hepatectomy for
selected HCC patients with thrombosis to the portal
vein[5,6]. Yet, the therapeutic strategy for patients with
HCC invading the portal vein remains controversial.
The tumor-node-metastasis (TNM) staging system
of the American Joint Committee on Cancer (AJCC),
which is identical to that of the Union for International
Cancer Control (UICC), was revised in 2010. Some
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Treatment
Preoperative transarterial chemoembolization (TACE)
was performed in 151 patients. The indications for
hepatectomy and the types of operative procedures were
usually determined based on each patient’s liver function,
which was primarily assessed by the Makuuchi Criteria,
which includes preoperative measurements of ascites,
serum bilirubin levels, and indocyanine green retention
rate at 15 min (ICGR15)[16]. Preoperative portal vein
embolization was performed in four patients to prevent
postoperative liver insufficiency. In total, 294 patients
underwent anatomical resection, and 78 underwent nonanatomical resection.
Pathological examination
All resected liver specimens were cut at a thickness of
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alpha-fetoprotein (AFP) levels and serum protein induced
by vitamin K absence Ⅱ levels every 3-6 mo. Disease-free
survival (DFS) was defined as the interval between surgery
and the date of diagnosis of the first recurrence or the date
of the last follow-up. Overall survival (OS) was defined as
the interval between surgery and the date of death caused
by HCC recurrence, or the date of the last follow-up. The
median follow-up duration was 50.3 mo.

Table 1 Characteristics of patients who underwent hepatectomy
for the treatment of hepatocellular carcinoma by portal vein
invasion
vp1-2

vp3-4

(n = 73)

(n = 10)

Host-related factors
Age (yr)
60.1 ± 9.7
59.0 ± 10.5
Gender (Male/Female)
67/6
8/2
Albumin (g/dL)
3.88 ± 0.52
3.81 ± 0.45
Indocyanine green retention rate 17.1 ± 11.6
17.5 ± 11.3
at 15 min (%)
Liver cirrhosis
31
6
Treatment-related factors
Preoperative transarterial
35
7
chemoembolization
Method of resection
65/8
9/1
(Anatomical/Non-anatomical)
Operation time (min)
296 ± 240
343 ± 387
Blood loss (mL)
2623 ± 1740 3886 ± 3390
Blood transfusion
29
4
Positive surgical margin
10
1
Tumor-related factors
Alpha-fetoprotein (ng/mL)
9006 ± 34819 11211 ± 27261
Tumor size (mm)
54.7 ± 33.8
62.6 ± 30.0
Number of tumors
41/32
5/5
(Single/Multiple)
Capsule (Present/Absent)
57/16
8/2
Bile duct invasion
11
3
Serosal invasion
11
6
Stage (UICC)
0
0
Ⅰ
59
0
Ⅱ
13
9
Ⅲ
1
1
Ⅳ

P value

0.790
0.236
0.698
0.977

Treatment for the hepatic recurrence of HCC
Local treatment for the initial hepatic recurrence of
HCC consisted of local ablation therapy and repeat
hepatectomy. TACE was performed using the Seldinger
technique[18], with iodized oil or gelatin sponge cubes
used as embolus material and adriamycin (10-30 mg) and
mitomycin C (10-20 mg) used as anticancer drugs.

0.295
0.191
0.927
0.735
0.538
0.941
0.746

Statistical analysis
We performed univariate analyses of the clinical and
pathological factors that were potentially associated
with DFS. Survival was calculated using the KaplanMeier method and was compared between groups
using the log-rank test. A multivariate analysis using
the Cox proportional hazards model was performed to
identify independent predictors of survival. All factors
determined to be significant by the univariate analysis
were entered into a multivariate regression analysis to
identify independent factors. A P value of < 0.05 was
considered statistically significant. All statistical analyses
were performed using the SPSS for Windows 11.5
software program (SPSS Inc., Chicago, IL, United States).

0.802
0.234
0.713
0.890
0.237
0.001
< 0.001

vp: Portal vein invasion; UICC: Union for International Cancer Control
(seventh-edition criteria).

RESULTS
Clinicopathologic features
A test for the presence of serum hepatitis B surface
antigens was positive in 85 patients, and serum antihepatitis C antibodies were present in 164 patients. One
patient died within 30 d of the operation because of
acute renal failure. The cumulative 5-year OS (5yrOS)
and 5-year DFS (5yrDFS) rates of all 372 patients were
58.3% and 31.3%, respectively.

approximately 5 mm, and the microscopic sections were
viewed after staining with hematoxylin and eosin. The
pathological diagnosis and classification of resected
HCC tissues were performed according to the General
Rules for the Clinical and Pathological Study of Primary
Liver Cancer. Tumors were staged using the definition
of TNM classification provided by the International
Hepato-Pancreato-Biliary Association and the UICC[7].
Portal vein invasion (vp) was classified into four groups
according to the classification system of the Liver Cancer
Study Group of Japan[17]. The vp stages were defined as
follows: vp1 as an invasion or tumor thrombus distal to
the second branch of the portal vein; vp2 as an invasion
or tumor thrombus in the second branch of the portal
vein; vp3 as an invasion or tumor thrombus in the first
branch of the portal vein; vp4 as an invasion or tumor
thrombus in the portal trunk or extending to a branch on
the contralateral side. In this study, PVTTs infiltrating the
second branch or beyond the portal vein were defined as
macroscopic PVTT.

Results for hepatectomy in patients with portal vein
involvement
vp1 was found in 63 patients, while 10 patients had vp2,
six had vp3, and four had vp4. Figure 1A shows the
surgical procedures used for PVTT. Five patients with
vp3 underwent only ligation of the portal veins. One
of these patients underwent a closure of the portal vein
stump with a running suture as it was impossible to ligate
the portal vein with an adequate margin. There were no
patients in whom the thrombus adhered to the portal
vein wall, which would have led to combined resections.
Four patients with vp4 underwent a thrombectomy
and closure of the stump by a running suture of the
portal vein. Table 1 shows a comparison of patient
characteristics between the vp1-2 and the vp3-4 groups.

Follow-up
The patients were followed up with hepatic ultrasonography,
computed tomography, and the assessment of serum
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Figure 1 Results in patients with portal vein tumor thrombosis. A: Surgical procedures for portal vein tumor thrombosis; B: Comparison of the disease free
survival rates between patients with vp1-2 HCC and those with vp3-4 HCC; C: Comparison of the overall survival rates between patients with vp1-2 HCC and those
with vp3-4 HCC; D: Comparison of the overall survival rates between patients who underwent only hepatectomy and those who underwent hepatectomy combined
with preoperative transarterial chemoembolization in the subgroup of HCC patients with macroscopic portal vein tumor thrombosis (vp2-4). HCC: Hepatocellular
carcinoma; DFS: Disease free survival; OS: Overall survival; TACE + HR: Hepatectomy combined with preoperative transarterial chemoembolization; HR:
Hepatectomy; vp: Portal vein invasion.

There were no significant differences in any of the hostrelated factors, treatment-related factors, or tumor-related
factors with the exception of serosal invasion between
the vp1-2 and vp3-4 groups. 5yrDFS and 5yrOS of vp3-4
patients (n = 10) were 20.0% and 30.0%, respectively,
which were comparable with the corresponding rates
in vp1-2 patients (P = 0.466 and 0.586) (Figure 1B
and C). In the subgroup analysis of the patients with
macroscopic PVTT (vp2-4), the OS of the patients who
underwent preoperative TACE was comparable with that
of patients who did not undergo preoperative TACE
(5yrOS: 29.3% vs 11.3%, P = 0.747) (Figure 1D).

the subgroup analysis of stage Ⅱ-Ⅲ HCC patients (n =
148), the Cox proportional hazards model revealed that
AFP ≥ 100 mg/dL was the only factor independently
associated with DFS (Table 2). For the subgroup with
stage Ⅱ-Ⅲ HCC, the patients with AFP < 100 mg/dL
had a significantly better prognosis with regard to DFS
than those with AFP ≥ 100 mg/dL (5yrOS: 32.2% vs
10.8%, P < 0.001) (Figure 2B); however, this trend was
not observed in the subgroup with stage Ⅰ HCC (5yrOS:
42.4% vs 29.4%, P = 0.111) (Figure 2C).

Evaluation of the AJCC TNM staging system for
stratifying and predicting prognosis
There was a significant difference in DFS between
patients with stage Ⅰ and stage Ⅱ HCC (5yrDFS: 39.2%
vs 23.1%, P < 0.001) (Figure 2A). However, there was no
significant difference in DFS between stage Ⅱ and stage
Ⅲ patients (5yrDFS: 23.1% vs 13.8%, P = 0.330). In

HCC patients with PVTT have been treated using a
number of techniques, including surgical resection[5],
TACE[19], hepatic arterial infusion (HAI) chemotherapy[20],
and systemic chemotherapy[21]. Only a limited number of
extensive studies have evaluated the prognostic factors
for HCC patients with PVTT [5,22-26]. Ohkubo et al [24]
reported that for patients with tumor diameters < 10 cm
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Figure 2 Survival curves according to the stage classifications of the 7th edition tumor-node-metastasis staging system. A: Comparison of survival curves
according to the stage classifications of the 7th edition TNM staging system; B: Comparison of the DFS rates between the HCC patients with AFP < 100 mg/dL and
those with AFP ≥ 100 mg/dL in the subgroup of stage Ⅱ or Ⅲ HCC; C: Comparison of the DFS rates between the HCC patients with AFP < 100 mg/dL and those
with AFP ≥ 100 mg/dL in the subgroup of stage Ⅰ HCC. HCC: Hepatocellular carcinoma; DFS: Disease free survival; AFP: Alpha-fetoprotein; TNM: Tumor-nodemetastasis.

and no intrahepatic metastasis, curative resection can lead
to a favorable prognosis in patients with HCC infiltrating
the second branch of the portal vein or beyond. Ikai et
al[26] reported that an index using the factors of ascites,
prothrombin activity, and tumor diameter is useful for
making appropriate treatment strategy decisions for
HCC patients with PVTT in the major portal vein.
Recently, Ban et al[5] reported that a hepatectomy and
thrombectomy for vp4 may result in a survival benefit
similar to that achieved with a hepatectomy for vp3. In
this study, a hepatectomy for patients with vp3-4 HCC
was found to provide a comparable survival benefit to
the benefits achieved through a hepatectomy for vp1-2.
This aggressive procedure is therefore considered to be
an effective treatment method in selected patients with
HCC with PVTT involving the major portal vein.
TACE is usually contraindicated for patients with
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portal obstruction, because of the high risk for hepatic
insufficiency[27]. However, Lee et al[28] reported in 1997
that TACE is safe for the treatment of HCC with portal
trunk obstruction when patients have sufficient collateral
circulation around the portal trunk. Minagawa et al[22]
reported better survival in HCC patients with PVTT in
or beyond the second branch of the portal vein that were
treated with hepatectomy combined with preoperative
TACE and 42% of these patients had a 5yrOS. When the
number of primary nodules is less than two, the portal
trunk is not occluded by a tumor thrombus, and the
ICGR15 is better than 20%, however, 60% of patients
with 4.3 mo of mean survival could not undergo hepatic
resection. In this study, we could not find a survival
benefit with preoperative TACE for HCC patients with
PVTT. Similarly, Ban et al[5] reported that the efficacy of
combined preoperative TACE could not be demonstrated
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Table 2 Results of the univariate and multivariate analyses of the prognostic factors associated with disease-free survival in patients
who underwent hepatectomy for the treatment of stage Ⅱ or Ⅲ hepatocellular carcinoma
No.

5yrDFS (%)

Median (mo)

Univariate analysis P

Multivariate analysis
Hazard ratio (95%CI)

Age (yr)
< 60
76
72
≥ 60
Gender
Male
123
Female
25
Albumin (g/dL)
< 4.0
78
50
≥ 4.0
Platelet count (× 104/mm3)
< 10
30
118
≥ 10
Indocyanine green retention rate at 15 min (%)
< 15
71
77
≥ 15
Alpha-fetoprotein (mg/dL)
< 100
82
66
≥ 100
Preoperative TACE
Performed
79
Not performed
69
Number of tumors
Single
66
Multiple
82
Growth pattern
Expanding growth
125
Infiltrating growth
23
Capsule
Absent
31
Present
117
Serosal invasion
Negative
128
Positive
20
Portal vein invasion
Absent
68
Present
80
Surgical margin
Negative
135
Positive
13
Underlying liver disease
Others
71
Cirrhosis
77
Tumor size (mm)
< 30
47
101
≥ 30
Bile duct tumor thrombosis
Absent
132
Present
16
Stage
118
Ⅱ
30
Ⅲ

P value

0.060
16.7
25.8

8.4
19.7

22.1
15.5

13.8
16.3

20.8
24.1

12.7
22.5

12.7
14.4

20.0
21.5

22.2
20.2

18.7
11.7

29.3
11.3

25.8
7.7

18.9
23.7

12.7
18.4

25.4
17.6

11.5
16.3

22.3
19.0

16.3
8.4

27.8
19.5

10.8
14.4

22.0
15.8

16.3
8.4

21.7
20.5

18.1
10.4

20.7
27.3

14.4
6.1

23.9
18.6

19.7
11.4

32.6
16.2

25.4
10.1

20.4
26.7

14.4
8.6

23.1
13.8

16.3
6.7

0.898

0.080

0.627

0.709

< 0.001

< 0.001
1
1.950 (1.369 - 2.776)

0.452

0.390

0.688

0.677

0.854

0.417

0.799

0.266

0.025

0.515

0.389

5yrDFS: Cumulative 5-yr disease free survival; TACE: Transarterial chemoembolization.

compared with hepatectomy alone. Recently, the use of
sorafenib[29] or HAI[30] using a cisplatin-based regimen was
introduced as a therapeutic regimen for the management
of HCC with PVTT. Additional postoperative TACE,
HAI, or systemic chemotherapy for treating patients who
have HCC with PVTT should be investigated further.
Some modifications have been made in the new 7th
edition TNM staging system[7]. Lu et al[31] also reported
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that the TNM staging system provides inadequate
information from which to determine the prognosis
of HCC patients. In this study, DFS of stage Ⅱ was
comparable with that of stage Ⅲ . One reason for
this result may be the comparable survival between
HCC patients of groups vp1-2 and vp3-4. Similar to
our analysis, Xu et al[8] showed no significant survival
difference of between stages Ⅱ and Ⅲ using the 7th
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incidence of portal vein involvement has been found to be approximately 40%
in surgically resected series. When tumor thrombi extend to the major portal
vein, the prognosis has been reported to be poor. However, hepatic resection
is currently still the only therapeutic option in these patients who may have a
chance for a cure, and some studies have recently reported improved survival
rates after hepatectomy for selected HCC patients with thrombosis to the portal
vein. Yet, the therapeutic strategy for patients with HCC invading the portal vein
remains controversial.

TNM classification. In this study, in the subgroup analysis
of stage Ⅱ-Ⅲ HCC (n = 148), the Cox proportional
hazards model revealed that only AFP ≥ 100 mg/dL
was independently associated with disease-free survival.
Similar to our results, Leung et al [13] mentioned that
the accuracy of stratification is lost for the stage Ⅲ
population subgroup in the TNM classification, and an
AFP value ≥ 200 ng/mL was found to be an additional
important factor affecting treatment outcome. To date,
there are several systematic reviews on the role of
neoadjuvant/adjuvant therapy for patients with HCC
treated with hepatectomy[32-35]. A clinical trial to examine
the recurrence-preventative effect of sorafenib when
administered after curative treatments such as resection
or ablation (STORM trial) is in progress[34]. If serum
AFP is elevated in patients with stage Ⅱ-Ⅲ HCC, clinical
trials involving neoadjuvant/adjuvant therapy should be
performed.
The limitations of the present study include its
retrospective nature, the fact that all of the patients were
treated at a single center and the different follow-up times
for the early and late groups[36]. Moreover, a lead-time
bias was present because of recent advances in diagnostic
modalities[37]. However, we believe that the results of
the study to be acceptable, although the prognosis of
patients who undergo hepatectomy procedures for HCC
with thrombosis to the portal vein is still unsatisfactory.
In conclusion, aggressive hepatectomy for selected
HCC patients with vp3 or vp4 may provide a comparable
survival benefit to that achieved via hepatectomy for vp1
or vp2. AFP can be used to stratify stage Ⅱ-Ⅲ patients
according to prognosis. If serum AFP is elevated in
patients with stage Ⅱ-Ⅲ HCC, clinical trials involving
neoadjuvant/adjuvant therapy should be considered.

Peer review

In this study, a hepatectomy for patients with vp3-4 HCC was found to provide
a comparable survival benefit to the benefits achieved through a hepatectomy
for vp1-2. This aggressive procedure is therefore considered to be an effective
treatment method in selected patients with HCC with PVTT involving the major
portal vein.
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AIM: To evaluate long-term prognosis following cyclosporine
treatment by examining the rate of surgery avoidance among
cyclosporine responders.
METHODS: We retrospectively reviewed clinical records
for 29 patients diagnosed with severe steroid-refractory
ulcerative colitis in our hospital from August 1997 to
August 2008 and treated with cyclosporine by continuous
intravenous infusion. All patients were treated with
intravenous corticosteroids for more than 5 d prior to
cyclosporine therapy. Administration was continued for up
to 21 d under serum monitoring to maintain cyclosporine
levels between 400 and 600 ng/mL. Clinical activity was
assessed before and after cyclosporine therapy using
the clinical activity index score, with a reduction of ≥ 5
considered to indicate a response. Among responders,
we defined cases not requiring surgery for more than 5
years as exhibiting long-term efficacy of cyclosporine.
Factors considered to be possibly predictive of long-term
efficacy of cyclosporine were sex, age, disease duration,
clinical activity index score, C-reactive protein level,
hemoglobin level, disease extent, endoscopic findings,
and clinical course.
RESULTS: Cyclosporine was not discontinued due to
side effects in any patient. Nineteen (65.5%) of 29
patients were considered responders. A statistically
significant (P = 0.004) inverse association was
observed between an endoscopic finding of “mucosal
bleeding” and responsive cases. Fifteen (9 males,
6 females) of these 19 patients were followed for 5
years or more, of whom 9 (60%) exhibited long-term

254

January 7, 2015|Volume 21|Issue 1|

Miyake N et al . Azathioprine is essential after cyclosporine

(CyA), a fungal calcineurin inhibitor, in severe steroidrefractory ulcerative colitis, and several studies have since
confirmed that Ⅳ CyA therapy avoids emergency total
proctocolectomy in more than 60% of cases[4,6-8]. Meanwhile,
the goal of UC treatment is not only the induction but also
the maintenance of steroid-free remission, which improves
quality of life and reduces the risk of future colectomy and
cancer. Although several studies have reported the longterm outcome of CyA therapy in Western countries[7-12],
few have evaluated this issue in Asia[13,14]. The need to
investigate long-term outcomes following CyA therapy in
Asia is warranted by possible differences in the pathogenesis
and characteristics of inflammatory bowel disease (IBD)
between Asian and Western countries[15].
Here, we evaluated the factors affecting long-term
prognosis following CyA treatment by examining the
rate of surgery avoidance among CyA responders at a
hospital in Japan.

efficacy of cyclosporine. Of the 10 non-responders, 9
(90%) underwent surgery within 6 mo of cyclosporine
therapy. None of the following factors had a significant
impact on the long-term efficacy of cyclosporine:
sex, age, duration of disease, clinical activity index
score, C-reactive protein level, hemoglobin level, extent
of disease, endoscopic findings, or clinical course. In
contrast, a significant association was observed for
maintenance therapy with azathioprine after cyclosporine
therapy (P = 0.0014).
CONCLUSION: Maintenance therapy with azathioprine might improve the long-term efficacy of continuously infused cyclosporine for severe steroid-refractory
ulcerative colitis patients.
Key words: Ulcerative colitis; Cyclosporine; Maintenance
therapy; Azathioprine; Long-term prognosis
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

MATERIALS AND METHODS
Patients and treatment protocol
This retrospective study involved 29 consecutive UC
patients treated with CyA by continuous Ⅳ infusion (CI)
for severe UC that had been refractory to corticosteroid
therapy in our hospital from August 1997 to August
2008 (Figure 1, Table 1). All patients were treated with Ⅳ
corticosteroids for more than 5 d prior to CyA therapy.
CyA was given by CI at an initial dose of 2 mg/kg per
day for a maximum of 3 wk. Blood levels during infusion
were measured daily by monoclonal assay, and dosage
was adjusted between 2 and 4 mg/kg per day to maintain
CyA levels between 400 and 600 ng/mL. Conventional
medication was continued and steroid dose was tapered
when the DAI score decreased to remission levels (4 or
less). The general condition of patients was evaluated,
and the number of daily bowel movements, presence of
abdominal pain and tenderness, use of anti-diarrheals,
blood in stools, general well-being, fecal incontinence, and
nocturnal diarrhea were scored according to the clinical
activity index (CAI) by physicians[16].

Core tip: Cyclosporine is effective in avoiding emergency
surgery in patients with severe steroid-refractory ulcerative
colitis. However, few studies have evaluated long-term
outcomes of cyclosporine therapy in Asia. This paper
provides important information regarding the maintenance
of steroid-free remission following cyclosporine therapy.
Maintenance therapy with azathioprine improves the
long-term efficacy of continuously infused cyclosporine in
patients with severe steroid-refractory ulcerative colitis.
Miyake N, Ando T, Ishiguro K, Maeda O, Watanabe O,
Hirayama Y, Maeda K, Morise K, Matsushita M, Furukawa K,
Funasaka K, Nakamura M, Miyahara R, Ohmiya N, Goto H.
Azathioprine is essential following cyclosporine for patients
with steroid-refractory ulcerative colitis. World J Gastroenterol
2015; 21(1): 254-261 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i1/254.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i1.254

Cyclosporine responders and follow-up
CAI score assessment and blood tests were conducted
before and after CyA therapy. For CAI scores, patients with
a score reduction of ≥ 5 were considered “responders”.
Following CyA therapy, responders continued treatment
with oral CyA, oral prednisolone (PSL), leukocytapheresis
(LCAP), tacrolimus (TAC), and azathioprine (AZA). Oral
CyA was administered for up to 3 mo. Oral prednisolone
was tapered and stopped according to patient condition.
AZA was started at 25 mg/d, and, if severe adverse
effects did not occur, was increased in 25-mg increments
to a maximum of 100 mg/d. 5-ASA and AZA were
continued as long as possible. Complete blood counts
and levels of aminotransferases, amylase, creatinine, and
C-reactive protein (CRP) were analyzed before and 1, 2,
and 4 wk after CyA therapy, and every month thereafter.

INTRODUCTION
A proportion of patients with ulcerative colitis (UC)
experience severe episodes that necessitate hospitalization
at some point during the course of their disease[1]. This
is a dangerous and potentially life-threatening clinical
condition that requires intensive medical treatment and
may lead to prompt colectomy in the case of treatment
failure[2]. Most patients are conventionally treated with
intravenous (Ⅳ) corticosteroids, but 30% to 40% of
cases do not respond[3,4], and a substantial proportion
of these require rescue therapy to avoid an urgent
colectomy under poor conditions. Even when a patient
manages to avoid colectomy, the role of rescue therapy
on the long-term prognosis of the patient is unknown.
Lichtiger et al[5] reported the efficacy of Ⅳ cyclosporine
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Initial CyA
n = 29

Effective

Non effective

Non-responders
n = 10

Responders
n = 19
Scheduled surgery
n =4
Cases

n = 15

No colectomy
n =9

Colectomy
n =6

No colectomy
n =1

Colectomy
n =9

Figure 1 Clinical course of 29 patients up to 5 years after GI-CyA therapy. Patients with a CAI score reduction of ≥ 5 were considered “responders”. The term “no
colectomy” includes all patients who were not treated surgically for up to 5 years. CAI: Clinical activity index.

Table 1 Predictive factors for cyclosporine response

Clinical factor
Fever (℃) ≥ 38.5: <
38.5
Hb (g/dL)
CAI score
Age (yr)
Duration (mo)
CRP (mg/dL)
Endoscopic finding
Endoscopic index
Deep or geographical
ulcer
Mucosal bleeding
Poor extensibility
Pus-like discharge

Table 2 Demographic data and clinical features of responders

Responders
(n = 19)

Non-responders
(n = 10)

P value

10:9

6:4

P = 1.000 NS

10.6
14.6
32.8
67.7
6.5

9.8
15.0
34.3
57.9
3.6

P = 0.317 NS
P = 0.575 NS
P = 0.804 NS
P = 0.703 NS
P = 0.104 NS

9.9
89.5% (17:2)

10
50% (5:5)

P = 0.819 NS
P = 0.111 NS

42.1% (8:11)
31.6% (6:13)
89.5% (17:2)

100% (10:0)
70% (7:3)
90% (9:1)

P = 0.004
P = 0.064 NS
P = 1.000 NS

Total (n = 15)
Sex (patient number)
Male
Female
Age at onset (yr; mean ± SE)
Age at CyA treatment (yr; mean ± SE)
Duration of UC (months; mean ± SE)
Disease extent (patient number)
Pancolitis
Left-sided colitis
Clinical course (patient number)
Relapse-remitting
Chronic continuous
Acute fulminating
Initial attack

12
3
11
3
1
0

Institute Inc., Cary, NC, United States) statistical analysis
software and standard binomial proportion analyses.
Confidence intervals and P-values were calculated using the
standard t-test. Statistical significance was taken as P < 0.05.

UC: Ulcerative colitis; CAI: Clinical activity index; CRP: C-reactive protein.

Factors considered to be possibly predictive of longterm efficacy of CyA were sex, age, disease duration,
CAI score, CRP level, hemoglobin (Hb) level, disease
extent, endoscopic findings, and clinical course. Study
endpoint was proctocolectomy, and long-term outcome
was evaluated by Kaplan-Meier survival analysis. We
defined the long-term efficacy of CyA as the avoidance
of colectomy for 5 years after CyA therapy.

RESULTS
Response to CyA treatment
CyA therapy was not discontinued due to side effects
in any patient. Of the 29 UC patients treated with CyA,
19 (65.5%) were considered responders (Figure 1). On
comparison, clinical factors such as the presence or absence
of high fever, Hb, CAI score, age at the beginning of CyA
treatment, duration of UC, and CRP did not statistically
differ between the groups (Table 1). Regarding endoscopic
findings, a statistically significant inverse association was
observed between ‘‘mucosal bleeding’’ and responsive
cases (Table 1). Four of the 19 CyA responders underwent

Statistical analysis
Continuous data were compared using the Mann-Whitney
test, and categorical data using the χ 2 test. Colectomy
avoidance rate was estimated by the Kaplan-Meier method.
Multivariate analyses were performed by multiple logistic
regression. Data were analyzed using JMP ® 10 (SAS

WJG|www.wjgnet.com

9
6
26.2 ± 3.5
30.5 ± 3.8
62.3 ± 19.2
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Table 3 Clinical data and outcome of responders to CyA therapy
Endoscopic findings
Case No.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

1

Clinical factors

1

Age

Sex

Duration
of UC

Disease extent

Poor extensibility

Deep ulcer

Mucosal
bleeding

CAI

CRP

Hgb

Outcome

23
37
23
32
31
9
16
16
31
21
49
29
61
54
26

F
M
M
F
F
F
M
F
M
M
M
F
M
M
M

24M
67M
44M
77M
26M
13M
79M
1M
65M
22M
27M
47M
9M
300M
134M

Pancolitis
Pancolitis
Pancolitis
Pancolitis
Pancolitis
Pancolitis
Lt-sided colitis
Pancolitis
Lt-sided colitis
Pancolitis
Lt-sided colitis
Pancolitis
Pancolitis
Pancolitis
Pancolitis

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

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

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

17
16
15
14
13
15
15
17
12
17
13
13
15
12
18

3.2
1.5
7.0
1.3
12.8
12.5
12.8
8.1
14.7
6.4
13.7
4.6
0.4
7.1
4.1

9.3
10.9
13.7
8.6
13.4
13.2
11.9
8.7
10.0
11.8
7.8
8.0
10.7
13.5
10.9

Operation at 4M
No operation
Operation at 1Y, 4M
Operation at 2Y, 10M
No operation
Operation at 5M
Operation at 1M
No operation
No operation
No operation
No operation
No operation
No operation
No operation
Operation at 2M

1

At beginning of cyclosporine treatment; M: Months; Y: Years. CAI: Clinical activity index; CRP: C-reactive protein; UC: Ulcerative colitis.

Table 4 Following therapies for initial cyclosporine
responders
Maintenance therapy

Without azathioprine
PSL
5-ASA+PSL
PSL+neoral
5-AZA+PSL+neoral+LCAP
With azathioprine
5-ASA+PSL+AZA
5-ASA+PSL+neoral+AZA
5-ASA+PSL+neoral+TAC+AZA
5-ASA+PSL+neoral+LCAP+AZA

Total
(n = 15)

1
4
1
1
1
5
1
1

Table 5 Demographic data and clinical features of patients
according to long-term prognosis

Outcome

Colectomy
No
(n = 6) colectomy
(n = 9)

Colectomy No colectomy
(n = 6)
(n = 9)
1
3
1
1

Male:Female (patient no.)
Age at onset (yr; mean ± SE)
Age at CyA treatment
(yr; mean ± SE)
Duration of UC (mo; mean ± SE)
CAI score pre-CyA (mean ± SE)
CAI score post-CyA (mean ± SE)
CRP pre-CyA (mean ± SE)
Hb (mean ± SE)
Disease extent (patient No.)
Pancolitis: Lt-sided colitis
Clinical course (patient No.)
Relapse-remitting
Chronic continuous
Acute fulminating
Initial attack
Endoscopic findings
Poor extensibility (+):(-)
Deep ulcer (+):(-)
Mucosal bleeding (+):(-)

1

1
5
1
1

PSL: Prednisolone; LCAP: Leukocytapheresis; AZA: Azathioprine; LCAP:
Leukocytapheresis; TAC: Tacrolimus.

scheduled colectomy, leaving 15 patients (9 males, 6
females) for inclusion in this study (Figure 1) and followup for 5 years. Demographic data and clinical features
of these 15 patients are shown in Table 2, and clinical
factors and endoscopic findings at the beginning of CyA
treatment and outcomes in Table 3.

6:3
32.3 ± 4.6
36.6 ± 5.1

61.8 ± 18.1 62.7 ± 30.6
15.7 ± 0.6 14.2 ± 0.7
5.0 ± 1.0
5.6 ± 1.2
6.8 ± 2.0
7.7 ± 1.7
11.3 ± 0.8 10.5 ± 0.7
5:1

7:2

4
1
1
0

7
2
0
0

1:5
4:2
1:5

4:5
8:1
4:5

P = 0.315 NS
P = 0.063 NS
P = 0.099 NS
P = 0.982 NS
P = 0.164 NS
P = 0.732 NS
P = 0.726 NS
P = 0.520 NS
P = 1.000 NS
P = 0.446 NS

P = 0.584 NS
P = 0.523 NS
P = 0.580 NS

CAI: Clinical activity index; CRP: C-reactive protein; UC: Ulcerative colitis.

Follow-up therapies and outcomes of responders
After CI-CyA treatment, the 15 responders received
additional treatment as follows: PSL alone (n = 1); 5-ASA
and PSL (n= 4); PSL and neoral (n = 1); 5-ASA, PSL,
neural, and LCAP (n =1); 5-ASA, PSL, and AZA (n = 1);
5-ASA, PSL, neoral, and AZA (n = 5); 5-ASA, PSL, neoral,
TAC, and AZA (n = 1); and 5-ASA, PSL, neoral, LCAP, and
AZA (n = 1) (Table 4). Nine (60%) of the 15 responders
showed long-term efficacy of CyA (Figure 1, Table 3).
The six remaining responders underwent colectomy (panproctocolectomy and ileostomy) within a short period (mean
duration 9.75 mo, range 2-34 mo) (Table 3).

WJG|www.wjgnet.com

2:4
17.0 ± 2.8
21.5 ± 3.3

P value

Clinical factors and endoscopic findings predictive of
long-term prognosis
We evaluated each clinical factor as a predictor of longterm prognosis by comparison between patients with
and without colectomy. Clinical data, such as median age,
duration of UC, CAI score, CRP level, Hb level, and
clinical course showed no statistically significant difference
between the two groups (Table 5). Furthermore, no
predictive endoscopic findings showed a significant
correlation with long-term prognosis. Consequently, no
clinical factors or endoscopic findings were predictive of
long-term prognosis (Table 5).
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hyperglycemia during CyA therapy, but the therapy could
be continued in all affected patients following a reduction
in CyA dose. All complications were reversible and all
patients completely recovered after CyA therapy.
With regard to maintenance therapy with 5-ASA in
initial CyA responders, we could not use 5-ASA in three
patients due to allergy to 5-ASA in two and nausea in
one. All three patients eventually underwent colectomy.
Patients treated with AZA complained of adverse events
more frequently than those with other therapies. A
small proportion of patients treated with AZA required
a reduction in AZA dose due to leucopenia and liver
dysfunction, which then immediately returned to normal.
However, AZA was not withdrawn in any of these
patients. Overall, no patients had to stop maintenance
therapy due to side effects.

Table 6 Outcome according to each following therapy after
cyclosporine
Colectomy No colectomy
(n = 6)
(n = 9)
Maintenance therapy
PSL
LCAP
5-ASA
Neoral
AZA

6
1
4
2
0

9
0
9
7
8

P value

P = 0.4000 NS
P = 0.1429 NS
P = 0.1357 NS
P = 0.0014

PSL: Prednisolone; LCAP: Leukocytapheresis; AZA: Azathioprine.

% avoiding colectomy

100%

AZA +

80%
*P = 0.0006

60%

DISCUSSION

40%
AZA -

20%
0%

The primary goal of this study was to evaluate the longterm prognosis of patients with UC after CyA treatment
by examining the surgery avoidance rate among CyA
responders. CRP titer and endoscopic findings were
significantly associated with short-term response. However,
sex, age, duration of disease, CAI score, CRP level, Hb
level, extent of disease, endoscopic findings, and clinical
course were not significantly correlated with long-term
effectiveness. The only factor showing a significant
association with the long-term efficacy of CyA was postCyA maintenance therapy with AZA (P = 0.0014). These
findings indicate that administration of AZA after CICyA therapy might provide long-term efficacy for severe
steroid-refractory UC patients in Japan.
Induction therapy with CyA for severe steroid-refractory
UC has provided an effective medical alternative to patients
who previously faced only surgical options. Controlled[4]
and uncontrolled trials[5] have established the efficacy of
short-term CyA as a “rescue therapy” in severe UC. In our
study, 29 patients with severe steroid-refractory UC were
treated with CyA, of whom 19 (65.5%) were identified as
responders. CyA therapy could be continued for all patients
despite the presence of a number of side effects. The
greatest concern in treatment with CyA is opportunistic
infections[17]. In our study, one patient developed CMV
infection, but CyA could be continued with concomitant
use of the anti-virus agent GCV. We therefore recommend
careful monitoring during CyA therapy to ensure patient
safety; in our hospital we have established a system in
which serum CyA levels are assayed on the same day as
samples are obtained, with CyA dosage then being adjusted
accordingly.
CyA, on a short-term basis, can prevent colectomy in
a substantial proportion of patients with severe steroidrefractory UC. This benefit appears limited on a longterm basis however, with up to 50% of responders losing
their colon within 9 mo[18]. In our study, 6 (40%) of the
15 CyA responders consequently underwent colectomy
within 34 mo. Immunosuppressive therapy with AZA or

0

5

10

15

20

25

30

35

Months since CyA initiation

Figure 2 Kaplan-Meier analyses of avoidance of colectomy versus time
for responding patients with or without azathioprine treatment (overall, n =
15, with azathioprine, n = 8, and without azathioprine, n = 7, respectively).
P = 0.006 vs no AZA treatment by the log-rank test. AZA: Azathioprine.

Effect of subsequent therapies on long-term prognosis
After CI-CyA treatment, 8 of the 15 responders were
treated with AZA in conjunction with other conventional
therapies (Tables 4 and 6). All eight patients treated with
AZA achieved long-term remission. In contrast, only
one of the nine non-colectomy patients was not treated
with AZA (Tables 4 and 6). A significant association was
observed between maintenance therapy with AZA and
long-term effectiveness after CyA therapy (P = 0.0014)
(Table 6). We verified the necessity of AZA after CyA
for maintenance of remission by Kaplan-Meier analysis
of avoidance of colectomy versus time since CyA
patients started treatment with and without AZA (Figure
2) (P = 0.0006).
Complications of therapy
Patients were carefully monitored for any symptoms of
opportunistic infection. One patient was identified as
cytomegalovirus (CMV) antigenemia-positive, but CyA
therapy was continued with ganciclovir (GCV) injection
therapy. Although none of the patients discontinued
CyA therapy due to adverse events, most experienced
minor adverse events during CyA therapy. The most
common complication was hypertension, but all cases
were treated with antihypertensive agents or observation.
Similarly, a proportion of patients experienced tremors,
candidiasis, hyperkalemia, nausea, headaches, and
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Fraser et al[30] also reported no increased risk of malignancy
during 6.9 years of follow-up in IBD patients treated with
AZA.
Other than AZA, we also used 5-ASA as maintenance
therapy after CyA treatment. 5-ASA is effective for main
tenance of remission in UC[31-35], and was administered to
all our present UC patients as maintenance therapy due to
its safety. However, it was stopped in 3 of 15 patients due
to allergy or nausea. These three patients subsequently
required colectomy. Although our efficacy data for 5-ASA
did not show statistical significance, we nevertheless
recommend 5-ASA in addition to AZA as maintenance
therapy after CyA.
Several limitations of this study warrant mentioning.
First, the number of included patients was small and they
were studied retrospectively. Patients were not randomly
selected to take AZA; rather, administration was at the
discretion of the attending physician. Second, discontinuation
of AZA was not required in any of our patients, suggesting
that they may not have required this drug. To confirm the
need for AZA and the appropriate duration of administration
in maintenance therapy following CyA treatment, a
prospective randomized controlled trial is required.
In conclusion, treatment with AZA after CI-CyA
therapy might provide long-term effectiveness in Japanese
patients with severe steroid-refractory UC. Additional
studies are required to determine the optimum timing of
AZA cessation in patients who have been stable under
maintenance therapy with AZA following CI-CyA.

6-mercaptopurine has been used in steroid-dependent UC
patients who failed maintenance therapy with 5-ASA[19,20].
In our study, a significant association was observed between
maintenance therapy with AZA and long-term effectiveness
following CyA therapy, and AZA was the only factor
that significantly correlated with long-term effectiveness.
Indeed, all patients who received AZA as maintenance
therapy avoided colectomy. Our findings indicate that once
remission is achieved using CyA, maintenance therapy with
AZA is critical, and we strongly recommend the addition
of AZA to conventional therapies for CyA responders. As
treatment with AZA may take 2 or 3 mo to achieve its full
efficacy[21], we initiated AZA while the patient was still on
cyclosporine and steroids were being tapered.
The toxicity of immunosuppressive agents includes
bone marrow suppression, particularly leukopenia, which
is usually dose-dependent. As leukopenia most frequently
occurs within the first few weeks to months of use,
complete blood counts should be measured more frequently
during the early period, although late bone marrow
suppression may occur. We measured complete blood cell
counts at 1, 2, and 4 wk, and then every month after the
initiation of AZA. The risk of opportunistic infections
was approximately three-fold higher in IBD patients
who used AZA[22]. Infections tend to be more serious
in patients with lower absolute lymphocyte counts or
leukopenia. The frequency of liver abnormalities varies
between 2% and 17% of patients[23], with a proportion
of patients experiencing an increase in amylase[24,25]. The
mechanism of AZA-induced pancreatic damage, in the
form of either asymptomatic elevation in serum amylase or
lipase, or overt acute pancreatitis, is still not clear. Patients
treated with AZA require regular biochemical testing to
exclude potential liver dysfunction or pancreatotoxicity.
We conducted blood tests including aminotransferases and
amylase, as well as complete blood cell counts. In this study,
none of the patients had to stop AZA during maintenance
therapy due to adverse effects.
The question of when AZA treatment should be
stopped following CyA treatment is controversial. Dis
continuation might be associated with UC relapse, while
continuation might increase the incidence of side effects.
An answer to this question requires a risk-to-benefit ratio
analysis with consideration to both the relapse of UC
after AZA discontinuation and the risk of prolonged
AZA treatment. Bouhnik et al[26] reported that CD patients
treated with AZA maintained remission for at least 4
years, while Kobayashi et al[14] reported that all seven
UC patients in their study who stopped AZA during
remission after CyA treatment experienced relapse, with
six requiring surgery. On the other hand, follow-up data
from renal transplant recipients suggest an increased
risk of malignancy with prolonged use of AZA, such
as skin cancers, non-Hodgkin’s lymphoma, and other
solid tumors[27,28]. In contrast, Connell et al[29] observed
no increased risk of malignancy in 755 patients with
inflammatory bowel disease followed for a median of
nine years from the start of AZA treatment. Furthermore,
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METHODS: From January 2000 to December 2011,
195 patients underwent pancreatic resection in our
hospital. The prognostic factors after pancreatic
resection were analyzed in all 195 patients. After
excluding the censored cases within an observational
period, the clinicopathological characteristics of 20
patients who survived ≥ 5 (n = 20) and < 5 (n = 76)
years were compared. For this comparison, we analyzed
the patients who underwent surgery before June 2008
and were observed for more than 5 years. For statistical
analyses, the log-rank test was used to compare the
2
cumulative survival rates, and the χ and Mann-Whitney
tests were used to compare the two groups. The CoxHazard model was used for a multivariate analysis, and
P values less than 0.05 were considered significant. A
multivariate analysis was conducted on the factors that
were significant in the univariate analysis.
RESULTS: The median survival for all patients was
27.1 months, and the 5-year actuarial survival rate
was 34.5%. The median observational period was
595 d. With the univariate analysis, the UICC stage
was significantly associated with survival time, and
the CA19-9 ≤ 200 U/mL, DUPAN-2 ≤ 180 U/mL,
tumor size ≤ 20 mm, R0 resection, absence of
lymph node metastasis, absence of extrapancreatic
neural invasion, and absence of portal invasion were
favorable prognostic factors. The multivariate analysis
showed that tumor size ≤ 20 mm (HR = 0.40; 95%CI:
0.17-0.83, P = 0.012) and negative surgical margins
(R0 resection) (HR = 0.48; 95%CI: 0.30-0.77, P =
0.003) were independent favorable prognostic factors.
Among the 96 patients, 20 patients survived for 5 years
or more, and 76 patients died within 5 years after
operation. Comparison of the 20 5-year survivors with
the 76 non-survivors showed that lower concentrations
of DUPAN-2 (79.5 vs 312.5 U/mL, P = 0.032), tumor
size ≤ 20 mm (35% vs 8%, P = 0.008), R0 resection
(95% vs 61%, P = 0.004), and absence of lymph node

Abstract
AIM: To retrospectively analyze factors affecting the
long-term survival of patients with pancreatic cancer
who underwent pancreatic resection.
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metastases (60% vs 18%, P = 0.036) were significantly
associated with the 5-year survival.

MATERIALS AND METHODS
From January 2000 to December 2011, 195 patients with
pancreatic cancer in our hospital underwent pancreatic
resection, consisting of a standard operation without
extended lymphadenectomy [11]. We first analyzed the
prognostic factors after pancreatic resection for all 195
patients. We then assessed the clinicopathological cha
racteristics of the 96 patients who underwent surgery on
or before June 2008 and who were followed-up for > 5
years. Of these 96 patients, 20 patients survived ≥ 5 years,
and 76 patients died within 5 years. The clinicopathological
characteristics of these two subgroups were analyzed.
The analysis of extrapancreatic neural invasion and
portal invasion followed the Japan Pancreas Society (JPS)
classification[12].
The protocol for the present study was approved
by the Institutional Review Board of our hospital.
The informed consents were waived because the study
consisted of a historical cohort.

CONCLUSION: Negative surgical margins and a tumor
size ≤ 20 mm were independent favorable prognostic
factors. Histologically curative resection and early
tumor detection are important factors in achieving
long-term survival.
Key words: Pancreatic cancer; Long-term survival; Longterm survivor; Prognostic factor; R0 resection
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The prognosis of pancreatic cancer patients
remains quite poor. In this study, however, the 5-year
actuarial survival rate was much higher (34.5%) than
normal. Histologically curative resection and early
tumor detection were important factors in achieving
long-term survival.

Statistical analysis
The values are presented as the mean ± SD, medians
(interquartile range), or numbers and percentages. The
log-rank test was used to compare the cumulative survival
rates, and the χ 2 and Mann-Whitney tests were used to
compare the two groups. The Cox-Hazard model was
used for the multivariate analysis, and P values less than
0.05 were considered significant. A multivariate analysis
was conducted using the factors that were significant in the
univariate analysis. Cutoff values were determined using
receiver operating characteristic curves, except that for
carcinoembryonic antigen (CEA), which was determined
to be the upper limit of normal. The normal ranges of
tumor markers in our hospital are CEA ≤ 5.0 ng/mL,
CA19-9 ≤ 37.0 U/mL and DUPAN-2 ≤ 150 U/mL.
CEA and CA19-9 were measured by chemiluminescence
enzyme immunoassay, and DUPAN-2 was by enzymelinked immunosorbent assay.

Yamamoto T, Yagi S, Kinoshita H, Sakamoto Y, Okada K,
Uryuhara K, Morimoto T, Kaihara S, Hosotani R. Long-term
survival after resection of pancreatic cancer: A single-center
retrospective analysis. World J Gastroenterol 2015; 21(1): 262-268
Available from: URL: http://www.wjgnet.com/1007-9327/full/v21/
i1/262.htm DOI: http://dx.doi.org/10.3748/wjg.v21.i1.262

INTRODUCTION
Pancreatic cancer is the fourth leading cause of death
among all types of cancer, accounting for 6% of men
and 7% of women who died of cancer in the United
States in 2010. The prognosis of patients with pancreatic
cancer remains quite poor, with a 5-year survival rate of
only 6%[1]. Surgery remains the only curative treatment
for pancreatic cancer. Only 10%-20% of the patients with
pancreatic cancer could be candidates for surgical resection
in previous reports[2,3]. In 1984, the 5-year survival rate
after surgery was only 3%. However, patient prognosis has
been improving, and the 5-year survival rate after surgery
has been approximately 11%-25% in the last decade[4-7].
This improvement may be attributable to the increased
experience of surgeons performing pancreatic resection
and possibly to the effects of adjuvant chemotherapy.
Several studies have reported prognostic factors after
surgical resection of pancreatic cancer. The significant
prognostic factors identified are tumor size, lymph node
metastasis, surgical margin status, tumor markers, and
adjuvant chemotherapy[5,8-10]. This study was designed to
analyze the factors prognostic of survival in patients with
pancreatic cancer and the characteristics of long-term
survivors.

WJG|www.wjgnet.com

RESULTS
Patient characteristics
The 195 patients consisted of 108 males and 87 females
(mean age 68 ± 8.1 years at the time of pancreatic
resection) (Table 1). Median and interquartile range of
tumor marker concentrations were carcinoembryonic
antigen (CEA) 2.8 (1.7-4.8) ng/mL, carbohydrate antigen
19-9 (CA19-9) 143.5 (29.3-435.3) U/mL, and pancreatic
cancer-associated antigen (DUPAN-2) 182 (31.0-739.3)
U/mL. There were a few patients who didn’t undergo
examination of tumor marker, and their data of tumor
markers were missing. Of the 195 patients, 145 (74%) had
lymph node metastases, 108 (55%) had extrapancreatic
neural invasion, and 63 (32%) had portal invasion.
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Table 1 Clinicopathological characteristics of all patients

Table 2 Univariate analysis of factors prognostic for survival
in patients undergoing pancreatic resection for pancreatic
cancer

Value (n = 195)

Variables
Age, mean ± SD
Gender
Male
Female
Tumor marker, median (IQR)
CEA (ng/mL)
CA19-9 (U/mL)
DUPAN-2 (U/mL)
Operative procedures, n
Pancreaticoduodenectomy
Distal pancreatectomy
Total pancreatectomy
UICC T classification, n
T1
T2
T3
T4
Surgical margin status, n
R0
R1
R2
Lymph node metastasis, n
Negative
Positive
Extrapancreatic neural invasion, n
Positive
Negative
Portal invasion, n
Positive
Negative
UICC stage, n
ⅠA
ⅠB
ⅡA
ⅡB
Ⅲ
Ⅳ

Adjuvant chemotherapy, n
GEM
S1
GEM+S1 or others
None
Time to initiation of adjuvant chemotherapy
(mean days)

67.6 ± 8.1

Variables

108
87

Age
> 65
≤ 65
Gender
Male
Female
CEA (ng/mL)
>5
≤5
CA19-9 (U/mL)
> 200
≤ 200
DUPAN-2 (U/mL)
> 180
≤ 180
Tumor size
> 20 mm
≤ 20 mm
Surgical margin status
R0
R1-2
Lymph node metastasis
Positive
Negative
Extrapancreatic neural
invasion
Positive
Negative
Portal invasion
Positive
Negative
UICC Stage
ⅠA
ⅠB
ⅡA
ⅡB

2.8 (1.7-4.8)
143.5 (29.3-435.3)
182 (31.0-739.3)
123
61
11
10
6
168
11
138
50
7
50
145
108
87
63
132
9
1
38
110
9
28
142
6
2
45
54.9

Ⅲ
Ⅳ

Adjuvant chemotherapy
Yes
No
Time to initiation of
adjuvant chemotherapy
> 40 d
≤ 40 d

CEA: Carcinoembryonic antigen; UICC: Union for international cancer
control; GEM: Gemcitabin; IQR: Interquartile range.

b

The union for International Cancer Control (UICC)
pathological stage[13] was ⅠA in nine patients (4.6%); Ⅰ
B in one patient (0.5%); ⅡA in 38 patients (19.5%); Ⅱ
B in 110 patients (56.4%); Ⅲ in nine patients (4.6%);
and Ⅳ in 28 patients (14.4%). Of the 195 patients, 123
patients (63%) underwent pancreaticoduodenectomy;
61 patients (31%) underwent distal pancreatectomy; and
11 patients (6%) underwent total pancreatectomy. The
surgical margin status was negative (R0) in 138 patients
(71%); microscopically positive (R1) in 50 patients (26%);
and grossly positive (R2) in 7 patients (4%). One hundred
fifty patients (77%) received postoperative chemotherapy
for an average of 208 d. During chemotherapy, 142
patients received gemcitabine; six patients received
tegafur-gimeracil-oteracil potassium (S1); and two patients
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n

MST 5-yr survival (%) P value
(mo)
0.071

130
65

22.1
47.3

31.3
40.5

108
87

17.5
23.9

31.6
38.6

42
138

18.5
35.2

33.1
38.4

80
104

20.7
47.4

22.6
47.2

69
101

24.2
30.8

22.7
51.0

156
39

21.7
29.4

25.9
69.9

138
57

47.3
16.0

45.2
5.6

145
50

21.8
28.8

26.4
55.8

108
87

22.0
47.4

23.9
47.9

63
132

21.1
35.4

15.0
42.7

9
1
38
110
9
28

34.9
27.1
28.2
20.2
16.3
10.4

87.5
0
51.3
29.0
0
14.4

150
45

21.1
27.1

40.5
32.5

0.060

0.082

0.006b

0.003b

< 0.001b

< 0.001b

< 0.001b

0.00b

0.006b

< 0.001b

0.301

0.985
66
84

27.1
30.8

31.1
34.0

P < 0.01 vs control. MST: Mean survival time.

received other regimens. The average time from operation
to the initiation of adjuvant chemotherapy was 54.9 d.
Adjuvant radiation therapy was not used for any patient.
Prognostic factors for all patients
The median observational period for all patients was
595 d. The median survival was 27.1 mo, and the 5-year
actuarial survival rate was 34.5%.
Table 2 shows the prognostic factors analyzed. The
univariate analysis showed that UICC stage, CA19-9 ≤
200 U/mL, DUPAN-2 ≤ 180 U/mL, tumor size ≤ 20
mm, R0 resection, absence of lymph node metastasis,
absence of extrapancreatic neural invasion, and absence
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100

> 200

80
Percent survival

100

≤ 200

60
logrank P = 0.102

40
20
0

No. at risk
CA19-9 ≤ 200

40

CA19-9 > 200

C

3

4

14

5
17

6

7

8

9

10

3

No. at risk

D

0
1-2

60
40
logrank P = 0.003

20

0
1
108

2
41

85

33

3

4

5
13

6

7

8

9

10

7

100
Percent survival

Percent survival

20

DUPAN-2 > 180

100

logrank P = 0.299

40

DUPAN-2 ≤ 180

80

> 180

60

0
0
1
2
155
54

≤ 180

80
Percent survival

A

≤ 20 mm

> 20 mm

80
60

logrank P = 0.012

40
20

0

0
1
2
138
54

No. at risk
R0

57

R1-2

3

4

14

5
19

6

7

8

9

0

10

No. at risk

0

1

tumor ≤ 20 mm 39
tumor > 20 mm 156

1

2

3

4

5

19

7

49

13

6

7

8

9

10

Figure 1 Survival curves in the multivariate analysis for CA19-9, DUPAN-2, surgical margin, and tumor size. A: CA19-9 (≤ />200); B: DUPAN-2 (≤/> 180); C:
Surgical margin (R0/R1-2); D: tumor size ≤/> 20 mm.
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100

N+
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logrank P = 0.364
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0
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2
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neural invasion+
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40
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2
35
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portal invasionportal invasion+
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6

neural invasion-
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0
0
50
145
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C

B

N-
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A

60
logrank P = 0.520
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0

0
1
2
50
portal invasion- 130
18
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5
18

6

7

8

9
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Figure 2 Survival curves in the multivariate analysis for lymph node metastasis, extrapancreatic neural invasion, and portal invasion. A: Lymph node
metastasis (+/-); B: Extrapancreatic neural invasion (+/-); C: Portal invasion.
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Table 4 Clinicopathological characteristics of 5-year survivors
and non-survivors

Table 3 Multivariate analysis of factors prognostic for
survival in patients undergoing pancreatic resection for
pancreatic cancer

5-yr survivors Non-survivors P value

Variables
Variables
CA19-9 (≤ 200)
DUPAN-2 (≤ 180)
Negative surgical margin (R0)
Tumor size ≤ 20 mm
No lymph node metastasis
No extrapancreatic neural invasion
No portal invasion

HR

95%CI

P value

0.668
0.767
0.478
0.399
0.764
0.906
0.859

0.410-1.084
0.461-1.264
0.296-0.770
0.171-0.825
0.413-1.355
0.548-1.477
0.541-1.370

0.102
0.299
0.003
0.012
0.364
0.695
0.520

Age (mean ± SD)
Gender
Male
Female
Tumor marker, median (IQR)
CEA (ng/mL)
CA19-9 (U/mL)
DUPAN-2 (U/mL)

of portal invasion were all associated with a greater overall
survival. Table 3 and Figures 1 and 2 show the results of
from the multivariate analysis. Tumor size ≤ 20 mm (HR
= 0.40; 95%CI: 0.17-0.83) and R0 resection (HR = 0.48;
95%CI: 0.30-0.77) were the only independent favorable
prognostic factors.

Tumor size
> 20 mm, n
≤ 20 mm, n
UICC T classification
T1, n
T2, n
T3, n
T4, n
Surgical margin status
R0, n
R1, n
R2, n
Lymph node metastasis
Positive, n
Negative, n
Extrapancreatic neural
invasion
Positive
Negative
Portal invasion
Positive
Negative
UICC stage
ⅠA, n
ⅠB, n
ⅡA, n
ⅡB, n
Ⅲ, n
Ⅳ, n
Adjuvant chemotherapy
Yes
No
Time to initiation of adjuvant
chemotherapy (d)

Comparison between 5-year survivors and
non-survivors
Table 4 compares the 20 patients who survived ≥ 5-year
and the 76 patients who died within 5 years after surgery.
Comparison of these two groups showed that lower
concentrations of DUPAN-2, tumor size ≤ 20 mm,
R0 resection, absence of lymph node metastases and
portal invasion were significantly associated with 5-year
survival. Even among the 20 patients who survived ≥
5-years, 13 (65%) had tumors > 20 mm, eight (40%) had
lymph node metastases, 10 (50%) had extrapancreatic
invasion, and two (10%) had portal invasion.

DISCUSSION
This study retrospectively analyzed patients who underwent
resection for pancreatic cancer at a single center. An
analysis of factors prognostic for survival showed that
tumor size ≤ 20 mm and R0 resection were independently
associated with long-term survival, indicating that early
tumor detection and histologically curative resection were
important to achieve long-term survival. A comparison
of 5-year survivors with non-survivors revealed that
a significantly higher percentage of survivors had low
DUPAN-2 concentrations, tumor sizes ≤ 2 cm, negative
surgical margins, no lymph node metastasis, and no portal
invasion. Among the 20 patients who survived ≥ 5-years,
13 had tumors larger than 20 mm; eight patients had
lymph node metastases; 10 patients had extrapancreatic
neural invasion; and two patients had portal invasion.
An analysis of the 19 patients who survived more than 3
years revealed that seven patients (36.8%) had lymph node
metastasis and 16 patients (84.2%) had tumors larger than
20 mm[14]. Thus, even in patients with advanced pancreatic
cancer, radical resection can increase the long-term
survival.
Several studies have also shown that surgical margin
status and/or tumor size was associated with survival
rate[5,6,10,14,15]. For example, a retrospective study of 194
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(n = 20)

(n = 76)

65.5 ± 9.4

67.2 ± 7.9

10
10

46
30

2.0 (1.3-2.7)
57.0
(35.0-378.0)
79.5
(25.0-508.0)

3.0 (1.6-5.4)
213.5
(48.0-594.5)
312.5
(55.8-965.3)

13
7

70
6

1
0
19
0

1
3
66
6

19
1
0

46
26
4

8
12

62
14

0.393
0.398

0.536
0.071
0.032a
0.008a

0.161

0.004a

0.036a

0.200
10
10

50
26

2
18

31
45

1
0
7
10
0
2

1
1
11
43
4
16

15
5
36.0 ± 24.0

60
16
64.5 ± 83.1

0.005a

0.184

0.707

0.107

CEA: Carcinoembryonic antigen; UICC: Union for international cancer
control. aP < 0.05.

pancreatic cancer patients found that negative surgical
margin was the sole independent postoperative prognostic
factor[10]. A more detailed evaluation of the histological
margin status of the specimens found that tumors > 1.5
mm from the closest margin were significantly associated
with longer survival[15]. Furthermore, analyses of 396[5]
and 185[16] patients with pancreatic cancer showed that
tumor size ≤ 2 cm was a significant prognostic factor.
Collectively, these findings indicate that earlier detection
and histologically curative resection can achieve longer
survivals in pancreatic cancer patients.
The procedure required for histologically curative
resection remains unclear. The methods suggested include

266

January 7, 2015|Volume 21|Issue 1|

Yamamoto T et al . Long-term survival after pancreatic cancer

“regional pancreatectomy”, i.e., extended pancreatic resection
together with vascular resection and retroperitoneal
lymphadenectomy. The rationale for an extended operation
is based on the high rates of intra- and extrapancreatic
neural invasion and lymph node metastasis. An extended
operation is thought to be essential for histologically
curative resection[14]. Moreover, a study of 74 patients
with pancreatic cancer found that the survival rate was
significantly higher in patients who underwent an
extended than a standard operation[17]. However, many
recent prospective studies have shown that extended
operations tend to increase morbidity and mortality rates
without having a survival benefit[18-20]. A systematic review
and meta-analysis showed no significant differences
in the survival rate between standard and extended
operations, with a trend towards increased morbidity in
patients undergoing extended operations[21]. Indeed, a
review of 424 patients in four prospective randomized
controlled trials found that extended operation was not
associated with a survival benefit but tended to increase
the rates of postoperative morbidity, such as diarrhea,
in the early months after surgery[22]. Thus, because a
standard operation results in longer survival and avoids
postoperative morbidity, extended operations are not
performed at our facility.
The necessity and efficacy of adjuvant chemotherapy
for pancreatic cancer also remains unclear. A multicenter,
randomized, controlled phase Ⅲ trial found that pos
toperative gemcitabine increased survival compared with
observation alone[23]. Since then, gemcitabine has been
the standard adjuvant chemotherapy for pancreatic cancer
(also in Japan)[24]. Of our 195 patients, 150 patients (76.9%)
received chemotherapy after operation. However, we
were unable to show that either adjuvant chemotherapy
or its early initiation significantly enhanced patient
survival. A previous report indicated that survival was
also significantly longer in patients who started adjuvant
chemotherapy within 20 d after surgery than those patients
who started chemotherapy more than 20 d after the
operation[25], indicating that earlier initiation of adjuvant
chemotherapy may contribute to a longer survival. In
our study, 142 patients received gemcitabine and only
six patients received S1; therefore, we were not able to
compare survival in these two groups. Future assessments
of the efficacy of S1 require a greater number of patients
receiving this agent.
This study was limited by its retrospective design; its
performance at a single center; and the small number
of patients. Therefore, a large-scale multicenter study
should be planned to confirm our findings.
We found that the combination of negative surgical
margins and tumor size ≤ 20 mm independently
reduced the mortality rate to less than half, indicating
that earlier tumor detection and histologically curative
resection are important factors contributing to longterm survival.
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Background

The prognosis of patients with pancreatic cancer remains quite poor, and
surgery remains the only curative treatment for pancreatic cancer. However, the
5-year survival rate after surgery has been reported to be less than 25%. This
study was designed to analyze the factors prognostic of survival in pancreatic
cancer patients and the characteristics of long-term survivors.

Research frontiers

Several studies have reported prognostic factors after surgical resection
of pancreatic cancer. This research aims to determine which factors are
associated with long-term survival, i.e., tumor size, lymph node metastasis,
surgical margin status, tumor markers, and adjuvant chemotherapy, to improve
the prognosis of pancreatic cancer patients.

Innovations and breakthroughs

In previous reports, the 5-year survival rate after surgery was less than 25%.
The 5-year actuarial survival rate in the present study was 34.5%, and this
rate is much higher than other reports. The Japan Pancreas Society (JPS)
classification of pancreatic cancer includes many pathological factors that
make it possible to perform a detailed study. In the present study, we performed
further analyses about extraneural invasion and portal invasion according to the
JPS classification.

Applications

The outcome of our study indicates that surgeons should make every effort to
detect pancreatic cancer in an early stage and to perform histologically curative
resection during surgery.

Terminology

Adjuvant chemotherapy is chemotherapy used after a curative operation to
prevent recurrence or metastasis.
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the experience of a single center with pancreatic surgery outcomes. The study
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significant available amount of data.
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Retrospective Study

Clinical outcomes of small cell neuroendocrine carcinoma
and adenocarcinoma of the gallbladder
Sung Pil Yun, Nari Shin, Hyung Il Seo
METHODS: From March 2007 to September 2012,
patients who underwent resection of tumor stage
T2/T3 GB cancer were enrolled for this study. Fortytwo patients were included in this study, including 38
diagnosed with GB-adenocarcinoma and four diagnosed
with GB-NEC-SCC. In the GB-adenocarcinoma group,
a radical operation was performed in 28 patients, and
ten patients underwent simple cholecystectomy. In the
GB-NEC-SCC group, a radical operation was performed
in three patients, and one patient underwent simple
cholecystectomy. Comparative analysis of the two
groups was performed, including clinicopathologic
features and survival rates.
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RESULTS: The median age of the patients was 68 y
(range: 35-83 years) and females comprised 26/42
of the patients. GB-adenocarcinoma patients were
significantly older than GB-NEC-SCC patients (67.89 ±
11.15 vs 55.75 ± 10.31 years; P = 0.029). The median
tumor size in GB-adenocarcinoma patients was 2.56 ±
1.75 cm and 3.98 ± 3.74 cm in GB-NEC-SCC patients;
however, there was no significant difference between
the two groups. For tumors > 2 cm, T stage (T2 vs
T3), lymphovascular invasion, perineural invasion,
lymph node metastasis and lymph node ratio showed
no significant differences between the two groups. The
overall survival rate of the 42 patients at five years
was 77.0%. In the GB-adenocarcinoma group, the
overall five-year survival rate was 74.8%, and survival
in the GB-NEC-SCC group was 100%, which was not
significantly different between the two groups.
CONCLUSION: The strategy for treating patients with
GB-NEC-SCC should be similar to that used for treating
GB-adenocarcinoma, including radical cholecystectomy
and liver resection.

Abstract
AIM: To compare the demographics and survival rates
between gallbladder adenocarcinoma (GB-adenocarcinoma)
and small cell neuroendocrine carcinoma of the gallbladder
(GB-NEC-SCC).
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Key words: Gallbladder adenocarcinoma; Gallbladder
cancer; Radical resection; Small cell neuroendocrine
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carcinoma; Survival

Table 1 Grading of gastroenteropancreatic neuroendocrine
tumors

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Grade

Low (ENETS G1)
< 2 mitoses/10 HPF and < 3% Ki-67 index
Intermediate (ENETS G2) 2-20 mitoses/10 HPF or 3%-20% Ki-67 index
High (ENETS G3)
> 20 mitoses/10 HPF or > 20% Ki-67 index

Core tip: Small cell neuroendocrine carcinomas of the
gallbladder are uncommon neoplasms, and therefore,
little is known about their demographics and clinical
course. Furthermore, the studies of the gallbladder
neuroendocrine tumor and neuroendocrine carcinoma
are limited to case reports with literature review. This
study retrospectively compared the demographics
and survival rates of gallbladder adenocarcinoma and
small cell neuroendocrine carcinoma of the gallbladder,
and reports the clinicopathologic features of small cell
neuroendocrine carcinoma of the gallbladder, based on
individual experiences.

ENETS: European Neuroendocrine Tumor Society; HPF: High-power
fields.

of the GB, most of our knowledge about these tumors is
limited and based on isolated case reports or a very small
series[3]. The purpose of this study was to analyze and
compare the demographics and survival rates of GBadenocarcinoma and GB-NEC-SCC, and to report the
clinicopathologic features of GB-NEC-SCC, based on
individual experiences.

Yun SP, Shin N, Seo HI. Clinical outcomes of small cell
neuroendocrine carcinoma and adenocarcinoma of the gallbladder.
World J Gastroenterol 2015; 21(1): 269-275 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i1/269.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i1.269

MATERIALS AND METHODS
Patients
Patients at Pusan National University Hospital who
underwent resection of tumor stage T2/T3 GB cancer
between March 2007 and September 2012 were enrolled
in this study. Based on the medical records, a retrospective
review was performed. We excluded patients with
squamous carcinoma, papillary carcinoma and mucinous
carcinoma; finally, 42 patients were included. Thirty-eight
patients were diagnosed with GB-adenocarcinoma and
four patients were diagnosed with GB-NEC-SCC. The
study was approved by the institutional review board.

INTRODUCTION
Gallbladder (GB) cancer is an aggressive disease with
characteristics of late presentation, rapid progression, and
dismal results, the vast majority of which (85%-90%) are
adenocarcinomas. Other histologic types of GB cancers
include squamous, adenosquamous, and neuroendocrine
carcinoma (NEC). Primary NECs of the gallbladder are
very rare and are unknown in detail.
All neuroendocrine tumors (NET) have a malignant
potential. NETs include well-differentiated NETs (classical
carcinoid tumors), well-differentiated NECs (atypical
carcinoids or malignant carcinoids), poorly differentiated
NECs (high grade carcinoma: small-cell/large-cell types),
and mixed exocrine-endocrine carcinomas. Primary NETs
of the GB are particularly rare, and in the Surveillance,
Epidemiology, and End Results (SEER) registry, only
278 cases have been reported between 1973 and 2005,
representing 0.5% of all NETs[1,2], and 54 cases of small
cell NEC of the GB (GB-NEC-SCC) were reported in
another SEER-based study[3]. There have been several
hypotheses about the origination of NETs of the
GB. First, neuroendocrine cells usually are not seen
in the normal GB and occur only in the intestinal or
gastric metaplastic GB mucosa, occurring secondary
to cholelithiasis and chronic cholecystitis [2]. Because
of the expression of various neuroendocrine cells in
this way, it is possible for NETs to occur. Secondly,
heterotopic pancreatic tissue in the GB is an especially
rare condition[4,5]. It is also possible that NETs may arise
in ectopic pancreatic tissue.
Although classical well-differentiated NETs and GBNEC-SCC are the most common neuroendocrine tumors
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GET-NETs

Operation methods
We examined GB specimens taken from laparoscopic
or open cholecystectomy to identify suspicious lesions.
Lesions were sent to a pathologist for frozen-section
biopsy. For cases reported by the pathologist as ≥ T2 GB
cancer, we performed radical cholecystectomy including
S4b, S5 segmentectomy of the liver. If GB cancer ≥
T2 was suspected by macroscopic appearance during
exploration, we performed radical cholecystectomy and
liver resection attaching GB. Patients who refused the
second radical operation for T2 stage and those who
were not able to receive radical operation due to severe
morbidities underwent simple cholecystectomy.
Histopathology
GB-NET was diagnosed according to the World Health
Organization (WHO) classification published in 2010[6].
The grade of NET was classified according to the
WHO classification and European Neuroendocrine
Tumor Society grading system (Table 1)[6-9]. GB-NETSCC was diagnosed if the following diagnostic criteria
were fulfilled: (1) positive immunohistochemical staining
of more than one protein, including chromogranin
A and synaptophysin, or a cluster of differentiation
56, indicating the presence of neural cell adhesion
molecules [2,10]; and (2) histopathologic presence of
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Table 2 Clinicopathologic features
Characteristic

Sex
Male
female
Age, yr
Age groups, n
< 65 yr
≥ 65 yr
Operation type, n
Simple cholecystectomy
Extended cholecystectomy
Tumor size, cm
Tumor size groups, n
< 2 cm
≥ 2 cm
Tumor stage, n
T2
T3
Lymphovascular invasion, n
+
Perineural invasion, n
+
Lymph node metastasis, n
+
Lymph node ratio
Recurrence, n
+

GBadenocarcinoma
(n = 38)

Table 3 Clinicopathologic features of patients with small cell
neuroendocrine carcinoma of the gallbladder
GB-NEC-SCC P value
(n = 4)

Characteristic
Sex
Age, yr
Tumor size, cm
Operation
Combined
adenocarcinoma
Gross finding
Lymphovascular
invasion
Perineural invasion
Tumor stage
Lymph node
metastasis
Mitosis (/10 HPF)
Synaptophysin
Chromogranin A
CD56
P53
Ki-67

1.000
15
23
67.89 ± 11.15

1
3
55.75 ± 10.31

10
28

3
1

10
28
2.56 ± 1.75

1
3
3.98 ± 3.74

11
21

2
2

0.029
0.080

1.000

0.788
0.609

0.410
34
4

3
1

29
8

2
2

0.245

1
3

18
9
0.15 ± 0.29

1
2
0.18 ± 0.28

28
10

3
1

Patient 2

Patient 3

Patient 4

Female
49
1.9
RC
-

Male
66
1.5
RC
+

Female
63
3
C
-

Female
45
9.5
RC1
+

Polypoid Fungating Fungating Mutilobulated
+
+
+
T2
0/15

+
T2
1/2

+
T2
0/0

T3
1/39

2
+
+
+
+
30%

8
+
+
+
+
25%

20
+
NA
40%

22
+
NA
50%

1

This patient underwent hepatopancreaticoduodenectomy and right
hemicolectomy. C: Cholecystectomy; HPF: High-power fields; NA: Not
available; RC: Radical cholecystectomy.

0.107
26
11

Patient 1

0.537

The percentage of patients over the age of 65 year was
69% (29/42), which did not differ between the groups.
The median tumor size of GB-adenocarcinoma was not
significantly different than GB-NEC-SCC (2.56 ± 1.75 vs
3.98 ± 3.74). When comparing tumors > 2 cm, T stage
(T2 vs T3), lymphovascular invasion, perineural invasion,
lymph node metastasis, and lymph node ratio were not
significantly different between the two groups. Table 3
shows the pathologic features of the four patients in the
GB-NEC-SCC group.
The overall survival rate of the 42 patients at five
years was 77.0% (Figure 1). In the GB-adenocarcinoma
group, the overall 5-year survival rate was 74.8% (radical
operation, 78.4% vs simple cholecystectomy, 72.7%, P
= 0.471) and in the GB-NEC-SCC group, the overall
five-year survival rate was 100% (Figure 2). There was
no significant difference between the two groups (P =
0.896). Immunohistochemical staining for synaptophysin,
chromogranin A and Ki-67 is presented in Figure 3.

0.485
1.000

GB: Gallbladder; GB-NEC-SCC: Small cell neuroendocrine carcinoma of
the gallbladder.

high-grade and small cell cytologic features, very high
cellularity with hyperchromatic nuclei, absence of
very small nucleoli with scant cytoplasm, high nuclearto-cytoplasmic ratio, and a round or fusiform shape
(according to the classification of SCCs as NETs by the
WHO)[2,10,11].
Statistical analysis
Categorical variables between the GB-adenocarcinoma
and GB-NEC-SCC groups were compared by the χ 2
or Fisher’s exact tests. Age, tumor size and lymph node
ratio were compared by Student’s t and Mann-Whitney U
tests. The comparison of overall survival was analyzed by
the log rank test. P values less than 0.05 were considered
statistically significant. All statistical analyses were
performed using the SPSS version 13.0 for Windows
(SPSS Inc., Chicago, IL, United States).

DISCUSSION
Biliary NET comprises less than 1% of all NETs[12-15].
In particular, GB-NEC-SCC is extremely rare, with only
54 cases found in a review of nearly 13981 cases of
carcinoids from the SEER database[3]. Furthermore, the
studies of the GB-NEC-SCC were limited to case reports
with a literature review (Table 4). In this regard, a study
of the comparison between GB-adenocarcinoma and
GB-NEC-SCC is thought to be meaningful.
In this study, we found that GB-adenocarcinoma and
GB-NEC-SCC were common in females (23/38 and
¾, respectively), consistent with findings by AlboresSaavedra et al[3]. Furthermore, GB-NEC-SCC patients

RESULTS
The median age of the patients was 68 year (range:
35-83 year) and females comprised 26/42 of the
patients (female/male ratio, 1.6:1). The age of GBadenocarcinoma patients was significantly older than
that of GB-NEC-SCC patients (P < 0.05) (Table 2).
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Figure 1 Overall five-year survival rate.
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Figure 2 Five-year group survival rates. gallbladder (GB)-adenocarcinoma,
adenocarcinoma of the gallbladder; small cell neuroendocrine carcinoma of the
gallbladder (GB-NEC-SCC), small cell neuroendocrine carcinoma of the gallbladder.

were younger than GB-adenocarcinoma patients.
Previous studies reported that a preoperative diagnosis
of GB-NEC is very difficult because the presentation
generally consists of non-specific symptoms, including
right hypochondrial pain or discomfort and weight loss.
Additionally, the presence of carcinoid syndrome is rare,
and the majority of lesions are identified incidentally at
the time of cholecystectomy performed for gallbladder
stones[2,16]. Despite the development of imaging studies,
preoperative differentiation between GB-adenocarcinoma
and GB-NEC by ultrasound, computed tomography, or
magnetic resonance imaging is still difficult. However,
according to a recent study, the combination of positron
emission tomography with computed tomography
or magnetic resonance imaging was effective for the
detection of NETs, and these modalities generally could
obtain a high level of sensitivity[17,18]. In the present
study, all cases of GB-NEC-SCC were diagnosed as
GB-adenocarcinoma in preoperative imaging studies.
Measurement of chromogranin A is known to be helpful
for preoperatively diagnosing NET. Chromogranin
A is elevated in 90% of gut NETs, and it correlates
with the tumor burden and recurrence, and therefore,
chromogranin A may be an effective biology marker in
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Figure 3 Immunohistochemical staining of small cell neuroendocrine
carcinoma of the gallbladder. Immunostaining for A: Synaptophysin; B:
Chromogranin A; C: Ki-67; × 400 magnification.

the preoperative diagnosis of NETs[19]. However, the
measurement of chromogranin A to diagnose GB-NET
before surgery is not cost-effective.
Though not observed in any of the patients in
this study, poorly differentiated large cell GB-NECs
show large cell size, low nuclear to cytoplasmic ratio,
and frequent nucleoli, which are key cytologic features
distinguishing them from GB-NEC-SCCs[20]. According
to Iype et al[16], these NECs have a worse prognosis than
GB-NEC-SCCs in the gallbladder. Grossly, GB-NECSCC may vary from unapparent covert lesions to largely
necrotic, exophytic, or ulcerative masses[21]. In this study,
two cases showed a fungating mass, one case showed a
well-defined solid polypoid mass, and one case showed a
well-circumscribed solid, multilobulated mass measuring
9.5 cm. Eltawil et al[2] reported that histologically, more
than 90% of GB-NEC-SCC are poorly differentiated or
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Table 4 Small cell neuroendocrine carcinoma of the gallbladder of the literature
Ref.
Moskal et al[22],
1999

Maitra et al[21],
2001

Lane et al[11],
2002
Iype et al[16],
2008
Current
study, 2014

Age
(yr)

Sex

Size
(cm)

Meta or local inv

Mixed
tumor

Survival
(mo)

Tumor
stage

Chromogranin
A

Recurrence (site)

Operation
type

69
57
69
71

F
F
M
F

NA
NA
NA
NA

+
+

44
31
21
13

T3
T3
T2
T2

NA
NA
NA
NA

+ (abdomen)
+ (abdomen, bone)
+ (retroperitoneum)
+ (retroperitoneum)

Radical
Radical
C
C

40
85
77
43
73
82
77
73
71
37
68
67
78
67

M
F
F
F
F
M
F
M
M
F
M
F
M
M

NA
4.0
2.8
2.0
2.5
1.0
3.0
6.3
NA
8.0
2.0
2.8
1.8
NA

Regional LN meta, pancreas inv
Regional LN meta, liver inv
Regional LN meta
Regional LN meta peritoneum
meta
Regional LN meta
Liver meta
Pancreas inv, LN meta
Liver meta
LN meta
Liver meta
Liver meta
LN meta
LN meta
LN meta
-

+
+
+
+
+
+
+
-

189, alive
13
25
9
7
8
10
6
3
7
14
NA
16
11

T2

T1b

NA
+
NA
+
+
NA
+
NA
NA
NA
+
+
NA
+

+ (lung, abdomen)
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
+ (liver, LN)

C
Surg
Surg
Surg
Surg
Surg
Surg
Surg
Surg
Surg
Surg
Surg
Surg
C

32

F

2.0

Regional LN meta, liver meta

-

14, alive

T2

+

+ (liver, LN)

Radical

49
66
63
45

F
M
F
F

1.9
1.5
3.0
9.5

Regional LN meta
LN inv, colon inv, liver inv

+
+

37, alive
13, alive
67, died
50, alive

T2
T2
T2
T3

+
+
-

+ (liver)
-

Radical
Radical
C
Radical

≥ T2
≥ T2
≥ T2
≥ T2
≥ T2
≥ T2
≥ T2

T1
≥ T2
≥ T2
≥ T2
≥ T2

C: Cholecystectomy; F: Female; inv: Invasion; LN: Lymph node; M: Male; meta: Metastasis; NA: Not available; Surg: Extent of surgery not reported.

anaplastic, with regional or distant spread at diagnosis.
In this study, one patient with GB-NEC who had direct
invasion of the duodenum and ascending colon (pT3)
underwent hepatopancreaticoduodenectomy and right
hemicolectomy. After surgery, the patient was observed
without recurrence for 50 mo. A combination of GBNEC-SCC and adenocarcinoma is quite common, and
of the 36 cases of SCC reported in the literature, 28 were
pure SCCs and 8 were combined with adenocarcinoma[22].
In our study, two of the cases were SCC combined with
adenocarcinoma.
In general, the only curative therapeutic modality
for GB cancer, which is a higher grade than T1, is
radical cholecystectomy, including cholecystectomy,
hepatoduodenal lymph node dissection and hepatic
resection [23-25]. However, despite a more aggressive
surgical approach, the majority of patients who have
undergone potentially curative resection for GB cancer
will develop recurrent metastatic disease. The surgical
treatment for GB-NEC varies widely. For patients in
whom the GB-NEC is a T in situ or T1 tumor, simple
cholecystectomy is probably adequate treatment[2,23-25]. For
more advanced GB-NEC, the prognosis is usually poor,
but better outcomes can be obtained by aggressive radical
operative therapy[26]. However, there has been no rational
surgical strategy for a number of reasons, including the
rarity of the disease, the lack of predictive prognostic
factors, the inability to identify progression, and the
limited understanding of the biology of the lesion[2].
In a previous study, cholecystectomy was performed
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in 12 patients, with a median survival of 4.5 mo, and
radical resection was performed in two GB-NEC-SCC
patients, with survivals of 4 and 20 mo[22]. In our study,
among the 42 patients who underwent surgery for GBadenocarcinoma or GB-NEC-SCC, the median survival
was 38 mo. Eleven patients refused a second radical
operation for T2 stage after it had been incidentally
discovered after cholecystectomy. These patients’ overall
five-year survivals were not significantly different from
the survival of patients undergoing a radical operation.
According to previous research, a significant advantage
in the five-year survival rate was observed in patients
with T2 stage undergoing radical operation compared
to those who received only simple cholecystectomy
(38%-100% vs 17%-65%)[23]. We think the reason for
this opposite result is that, first, the number of patients
with simple cholecystectomy was small, and secondly,
favorable histopathologic features such as a tumor size <
2 cm, T2 stage, lack of lymphovascular invasion (simple
cholecystectomy, 1/10 vs radical operation, 9/21) were
seen in these patients.
Moskal et al [22] reported that the most common
metastatic sites of GB-NEC-SCC were the nodes (88%),
liver (88%), lung (23%), and peritoneum (19%). In the
present study, T2 GB-NEC-SCC was confirmed in one
patient after laparoscopic cholecystectomy; however, the
patient refused a second radical operation. Fifty-nine
months after surgery, the patient had liver metastases
and died 67 mo after surgery. A radical operation was
performed in three patients and these patients are still alive.
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Applications

The roles of radiotherapy and chemotherapy in the
management of GB-NEC-SCC are unclear. In general,
NETs are insensitive to traditional radiotherapy [27].
According to several case reports, chemotherapeutic
agents, including cisplatin, gemcitabine and etoposide
plus 5-flurouracil, can lead to a partial response, resulting
in palliation and the addition of a marginal advantage[16,28].
In the present study, after radical cholecystectomy, two
patients underwent concurrent chemoradiation therapy
(5-flurouracil plus etoposide or cisplatin) and they have
been followed, without recurrence, for 37 mo and 50 mo,
respectively.
There have only been a few reports in the literature
about the prognosis of GB-NEC-SCC, and therefore, the
prognosis and related factors are not generally known.
Previous studies reported that an elevated Ki-67, high
mitotic index and invasion of adjacent structures are
likely to be predictive of a poor outcome[29,30]. According
to SEER data, the one-year survival of GB-NECSCC was 21% and five-year survival was 0%, but GBNETs have a similar prognosis to GB-adenocarcinoma[2].
Although the prognosis of GB-NEC-SCC is poor,
past studies reported that ag gressive multimodal
treatment may prolong survival[2,16,22]. Therefore, it seems
acceptable to adopt a similar strategy including radical
cholecystectomy for GB-NEC, and doing so is likely to
result in a better outcome. This study showed a similar
result to previous studies in that the five-year survival rate
between GB-adenocarcinoma and GB-NEC-SCC was
not significantly different; however, we achieved a high
survival rate for GB-NEC-SCC. We think this result was
due to the performance of radical operations on these
patients and the lower T stage in GB-NEC-SCC patients.
This study had some limitations. First, this was a
retrospective study. Second, due to insufficient numbers
of patients, we could not conduct a statistical comparison
by multivariate analysis. However, it is quite important to
compare GB-adenocarcinoma and GB-NEC-SCC based
on curative resection using strict diagnostic criteria. Thus,
the study was valuable in assessing the clinical course of
patients with GB-NEC-SCCs after curative surgery.

The study results suggest that on the basis of difficulty in distinguishing
between GB-NEC and GB-adenocarcinoma preoperatively, and similar
prognoses between the two groups, aggressive surgical management based on
GB-adenocarcinoma may be effective for patients with GB-NECs.

Terminology

NETs include well-differentiated NETs (classical carcinoid tumors), welldifferentiated NEC (atypical carcinoids or malignant carcinoids), poorly
differentiated NEC (high grade carcinoma: small-cell/large-cell types), and
mixed exocrine-endocrine carcinoma.

Peer review

This article investigates the clinical characteristics for GB-NEC-SCCs.
Particularly, the demographics and survival rates are compared with GBadenocarcinomas. This scientific paper is well written and provides some new
and useful information regarding the GB-NEC-SCCs
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RESULTS: Logistic regression analysis showed
significant differences between symptomatic and
asymptomatic patients with gallstones in relation to the
number of gallstones, the angle between the long axis
of the gallbladder and the cystic duct, and the cystic
duct diameter. Multivariate analysis showed that the
number of gallstones (OR = 1.27, 95%CI: 1.03-1.57;
P = 0.026), the angle between the long axis of the
gallbladder and the cystic duct (OR = 1.02, 95%CI:
1.00-1.03; P = 0.015), and the diameter of the cystic
duct (OR = 0.819, 95%CI: 0.69-0.97; P = 0.018) were
significantly associated with biliary events. The incidence
of biliary events was significantly elevated in patients
who had the presence of more than two gallstones, an
angle of > 92° between the gallbladder and the cystic
duct, and a cystic duct diameter < 6 mm.
CONCLUSION: These findings will help guide the
treatment of patients with asymptomatic gallstones.
Clinicians should closely monitor patients with
asymptomatic gallstones who exhibit these characteristics.
Key words: Cystic duct; Gallbladder; Gallstone disease;
Magnetic resonance cholangiopancreatography; Risk
factor
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This is a retrospective cohort study that evaluated
magnetic resonance cholangiopancreatography images
from 180 patients. We found that the incidence of
biliary events was significantly elevated in patients
who had more than two gallstones, an angle of > 92°
between the gallbladder and the cystic duct, and/or
a cystic duct diameter < 6 mm. When considering

Abstract
AIM: To determine the risk factors for gallstone-related
biliary events.
METHODS: This retrospective cohort study evaluated
magnetic resonance cholangiopancreatography images
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gallstone-related biliary events.

these factors as a risk factor of gallstone-related biliary
events, the positive predictive value for biliary events in
patients with all three risk factors was 89.3%.

MATERIALS AND METHODS
Study design
This retrospective case-control study was performed at
the Inha University Hospital, Incheon, South Korea. The
patients who enrolled in the study underwent MRCP and
had gallstones, and were classified into two groups based
on whether or not they had experienced biliary events.
The characteristics of the MRCP images were compared
between the two groups. This study was approved by the
hospital’s institutional review board (IUH-IRB 13-2823).

Park JS, Lee DH, Lim JH, Jeong S, Jeon YS. Morphologic
factors of biliary trees are associated with gallstone-related biliary
events. World J Gastroenterol 2015; 21(1): 276-282 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v21/i1/276.
htm DOI: http://dx.doi.org/10.3748/wjg.v21.i1.276

INTRODUCTION

Patients and definitions
We studied patients who underwent MRCP between
January 2005 and December 2012. The study’s inclusion
criteria were that the patients were ≥ 20 years-old and
that they had gallstones. The exclusion criteria were
as follows: (1) a history of biliary tract surgery; (2) the
cystic duct not being visualized on the MRCP images;
(3) the presence of abnormal anatomy of the biliary
tree caused by gallbladder cancer or adenomyomatosis;
and (4) having other reasons for abdominal pain. The
patients’ medical records were reviewed and the clinical
characteristics and course were extracted along with the
MRCP findings. Gallstone-related biliary events were
defined as biliary colic, cholangitis, acute cholecystitis
and acute biliary pancreatitis. Biliary colic was defined as
recurrent pain in the epigastrium or right upper quadrant
that lasted longer than 15-30 min that was not relieved
by bowel movements, postural changes, or antacids, and
was eventually relieved by cholecystectomy[11]. The Tokyo
Guidelines [12] were used to diagnose cholangitis and
cholecystitis, which was confirmed by MRCP findings
showing a pericholecystic high signal, an enlarged
gallbladder, and a thickened gallbladder wall[13].

Gallstone disease is a common reason for abdominal
pain, leading to significant morbidity, mortality, and
considerable health care costs. The prevalence of
gallstones in the adult population is estimated to be
between 10%-15% in Western countries, including
over 20 million people in the United States[1]. In Korea,
3.1% of men and 3.4% of women have gallstones[2].
Gallstones are often discovered incidentally during
the ultrasound investigations that form part of regular
health assessments, and over 70% of gallstones
are asymptomatic [3]. In patients with asymptomatic
gallstones, 10% will experience a gallstone-related biliary
event, including biliary colic, acute cholecystitis, acute
cholangitis, or acute pancreatitis, within five years of
diagnosis, and 20% will experience a gallstone-related
biliary event within 20 years of diagnosis[3,4]. Therefore,
investigating the risk factors associated with biliary events
in patients with asymptomatic gallstones is important
for determining which patients should be treated, and to
prevent unnecessary treatment of gallstones[5-7].
The risk factors associated with gallstone-related
biliary events include small and multiple gallstones,
gallbladder dysfunction, being female, having a family
history of gallstones, and pregnancy; the risk factors that
can predict the occurrence of biliary events have not
yet been satisfactorily defined[8,9]. The generally accepted
cause of gallstone-related biliary events is an impacted
gallstone in the cystic duct, neck of the gallbladder, or
bile duct[10]. Thus, the morphologic characteristics of
the gallbladder and cystic duct are likely to be important
factors underlying biliary events, but there have been no
studies thoroughly evaluating this. We hypothesized that
the angle between the long axis of the gallbladder and
the cystic duct, the diameter of the cystic duct, and/or
gallstone characteristics are associated with biliary events.
Therefore, we conducted a study using magnetic resonance
cholangiopancreatography (MRCP) to determine whether
the morphologic characteristics of the gallbladder and the
cystic duct and the number of gallstones are risk factors
for biliary events. We also attempted to quantitatively
evaluate the relationship between these risk factors and
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MRCP
MR imaging was performed on patients after an over
night fast ( ≥ 8 h) using 1.5 T MR scanners (Signa
EXCITE and Signa HDxt; GE Healthcare, Little
Chalfont, Buckinghamshire, United Kingdom). Axial
T1-weighted gradient echo images [repetition time
(TR)/echo time (TE): 135/4.3 ms, flip angle: 60°, slice
thickness: 5 mm], axial T2-weighted spin-echo images
(TR/TE: 1500/86.8 ms, flip angle: 90°, slice thickness:
5 mm), coronal T2-weighted spin-echo images (TR/TE:
1500/86.8 ms, flip angle: 90°, slice thickness: 5 mm),
and thick-slab MRCP (TR/TE: 4000/900 ms, flip angle:
90°, slice thickness: 40 mm) were acquired. No contrast
media were used. The MRCP images were interpreted by
a single radiologist who had over five years of experience
interpreting gastroenterologic images and who measured
the parameters in the MRCP images without any

277

January 7, 2015|Volume 21|Issue 1|

Park JS et al . Morphologic factors and biliary events

Magnetic resonance
cholangiopancreatography
n = 513
No gallbladder stone
n = 181
Magnetic resonance
cholangiopancreatography
n = 332
Biliary tract surgery
n = 38
Nonvisualized cystic duct
n = 87

Figure 1 Gallbladder and the cystic duct angle. The angle was measured at
the intersection of two virtual lines, which were defined as the lines drawn along
the cystic duct and the long axis of the gallbladder.

Magnetic resonance
cholangiopancreatography
n = 207

knowledge of the patients’ clinical information.

Gallbladder cancer or
Adenomyomatosis
n = 23

Evaluation of the images
The angle formed by the long axis between the gall
bladder and the cystic duct was evaluated. The most acute
angle was measured on the three-dimensional MRCP
images at the intersection between two virtual lines, one
that extended along the cystic duct, and the long axis of
the gallbladder, which was the virtual line connecting the
fundus to the neck of the gallbladder (Figure 1). The
diameter of the cystic duct was measured at the widest
part of the entire duct. Gallstone size was defined as the
size of the largest stone.

Magnetic resonance
cholangiopancreatography
n = 184
Advanced malignancy
n =4
Magnetic resonance
cholangiopancreatography
n = 180

Hypothesis of biliary event
We hypothesized that more biliary events induced by
gallstones will occur as the angle between the long axis
of the gallbladder and the cystic duct approaches 180°,
because as the angle widens, it becomes easier for the
gallstones to enter and impact the cystic duct. And we
also hypothesized that a small cystic duct diameter would
cause biliary events because of the potential of gallstone
impaction in the cystic duct as they move along it after
passing through the orifice.

Biliary event
n = 141

Figure 2 Distribution of patients with gallstones.

and these were used to classify patients based on the
presence or absence of biliary symptoms. The χ 2 test was
used to compare the incidence of biliary events between
the groups that were classified according to the cut-off
values. Data are presented as mean ± SD, and a P < 0.05
was considered as statistically significant.

Statistical analysis
Statistical analysis was performed using SPSS version
19.0 software (SPSS Inc., Chicago, IL, United States).
The baseline characteristics were compared using an
independent t-test for continuous variables and a χ 2
test for categorical variables. In the preliminary analysis,
univariate logistic regression was used to determine
whether particular factors influenced the incidence of
gallstone-related biliary events. Multivariate logistic
regression analysis tested the outcomes from the uni
variate logistic regression analysis. The OR and 95%CI
are presented. Receiver operating characteristic (ROC)
curve analysis was used to determine the cut-off values
for the number of gallstones, the angle between the
gallbladder and the cystic duct, and the cystic duct
diameter that had the highest sensitivities and specificities,
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No Biliary event
n = 39

RESULTS
Patients
The medical records of 513 patients aged 20 years or
older who underwent MRCP were reviewed; 333 patients
were excluded from the study. Among the patients who
were excluded, 38 had undergone cholecystectomy, 181
did not have gallstones, 87 had cystic ducts that could
not be visualized on the MRCP images, 23 had abnormal
gallbladder anatomies caused by gallbladder cancer or
adenomyomatosis of the gallbladder, and 4 patients had
advanced malignancies and abdominal pain that could
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Table 1 Univariate analysis of potential risk factors for gallstone-related biliary events
Factor

Group A (n = 141)

Group B (n = 39)

Odds ratio

95%CI

P value

67.2 ± 12.9
77/64
41
54
22.7 ± 5.9
13.1 ± 2.1
174.2 ± 52.7
9.5 ± 7.3
113.7° ± 28.6°
3.6 ± 1.9
5.9 ± 1.9

65.2 ± 15.1
17/22
10
14
21.6 ± 7.14
12.6 ± 1.8
177.2 ± 60.5
8.4 ± 3.4
98.1° ± 36.2°
2.8 ± 2.0
6.9 ± 3.4

0.99
1.56
1.15
1.06
1.03
1.13
0.99
1.35
1.02
1.23
0.86

0.97-1.02
0.76-3.18
0.51-0.58
0.51-2.23
0.97-1.08
0.95-1.34
0.99-1.00
0.76-2.40
1.01-1.03
1.02-1.47
0.74-0.98

0.46
0.22
0.74
0.87
0.37
0.18
0.77
0.31
< 0.01
0.03
0.03

Age, yr
Male/female, n
Diabetes mellitus, n
Hypertension, n
BMI, kg/m2
Hemoglobin, mg/dL
Total cholesterol
Gallstone size, mm
Gallbladder/cystic duct angle
Number of gallstones
Cystic duct diameter, mm

Values are presented as mean ± SD. BMI: Body mass index.

Number of gallstones
The mean number of gallstones was 3.6 ± 1.9 and 2.8
± 2.0 for Group A and Group B, respectively. Logistic
regression analysis showed that patients who had
experienced biliary events tended to have more gallstones
than patients who had not experienced biliary events
(OR = 1.32, 95%CI: 1.08-1.62; P < 0.01). A cut-off
value of two gallstones, determined from the ROC curve
analysis, was used to analyze the impact of the number
of gallstones on the incidence of biliary-related events. χ 2
analysis showed that biliary events occurred more often
when patients had more than two gallstones (OR = 2.30,
95%CI: 1.12-4.74; P = 0.02).

Table 2 Multivariate analysis of potential risk factors for
gallstone-related biliary events

Numbers of stones
Angle
Cystic duct diameter

Odds ratio

95%CI

P value

1.32
1.02
0.83

1.08-1.62
1.01-1.03
0.71-0.97

< 0.01
0.02
< 0.01

be confused with biliary colic. A total of 180 patients
with gallstones confirmed by MRCP were enrolled in
the study (Figure 2). The case Group A was comprised
of 141 of these patients who had gallstones and had
experienced biliary events, including biliary colic (n = 67),
cholangitis (n = 16), and acute cholecystitis (n = 58), with
no cases of acute biliary pancreatitis. The 39 patients
without biliary events served as controls in Group B,
including individuals who had undergone MRCP for
the detection of concealed malignancy (n = 20), those
with other benign disease (n = 10), those with small
hepatocellular carcinomas (n = 5), and those with small
cholangiocarcinomas (n = 4). MRCP did not reveal any
abnormalities in the structures of the gallbladder or the
cystic duct in the control group.

Angle between the gallbladder and the cystic duct
The mean angle between the long axis of the gallbladder
and the cystic duct was 113.7° ± 28.6° and 98.1° ±
36.2° in Group A and Group B, respectively, which was
significantly different (P < 0.01). More biliary events were
associated with a wider angle between the gallbladder
and the cystic duct. Logistic regression analysis showed
that the odds of experiencing a biliary event increased by
1.02 with a 1° increase in the angle (95%CI: 1.01-1.03;
P = 0.02). The occurrence of biliary events increased
significantly in patients with angles that were > 92° (OR
= 2.28, 95%CI: 1.08-4.81; P = 0.03).

Baseline clinical characteristics
No statistically significant differences were observed
between Group A and Group B in relation to the
baseline clinical characteristics, which included age, sex,
the presence of diabetes mellitus and hypertension, body
mass index, and the hemoglobin and total cholesterol
levels. Logistic regression analysis showed significant
differences between the groups in the number of
gallstones, the angle between the gallbladder and the
cystic duct, and the cystic duct diameter (Ps < 0.05)
(Table 1). A multivariate analysis also showed that there
were statistically significant differences in these factors
between Group A and Group B (Table 2). Consequently,
we determined that the number of gallstones, the angle
between the gallbladder and the cystic duct, and the cystic
duct diameter were relative risk factors associated with
biliary events, and we explored these factors further.

WJG|www.wjgnet.com

Cystic duct diameter
Univariate analysis showed a significant difference
between Group A and Group B in the diameter of the
cystic duct (5.9 ± 1.9 mm vs 6.9 ± 3.4 mm, P = 0.03).
Results from the multivariate analysis showed that the
odds of a biliary event were reduced by 0.83 if the cystic
duct diameter increased by 1 mm (95%CI: 0.71-0.97; P <
0.01). Using a cut-off value determined from ROC curve
analysis, we classified the patients based on whether the
diameters of their cystic ducts were < 6 mm or ≥ 6
mm, and we compared the incidence of biliary events.
Although we did not obtain statistically significant results,
the occurrence of biliary events was somewhat more
frequent in patients with a smaller cystic duct diameter
(OR = 0.50, 95%CI: 0.23-1.09; P = 0.08).
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Occurrence of biliary events in patients with relative risk
factors
In this study, 28 patients had all three relative risk factors,
and among these, a biliary event occurred in 25 patients.
Hence, the positive predictive value for biliary events in
patients with all three risk factors was 89.3%. In contrast,
of the 39 patients who did not experience biliary events,
only 3 had all three relative risk factors.

suggest that gallstones may induce biliary pancreatitis. In
contrast, we measured the diameter of the cystic duct at
the widest part of the duct. Therefore, assuming that the
gallstones pass through the entrance, our observations
concur with the risk for impaction as they move along
the cystic duct. In fact, the normal diameter of the cystic
duct varies from 1-5 mm[24]. In this study, the mean cystic
duct diameter was 6.1 ± 2.36 mm, which is slightly wider
than the average documented cystic duct diameter. We
suspect that this could be attributed to motion artifacts
caused by respiration during MRCP; hence, the cystic
ducts evaluated were slightly larger than the actual size.
However, we believe that this artifact did not significantly
influence the association between a smaller cystic duct
and the incidence of biliary events.
In the current study, the number of gallstones
was correlated with biliary events, which is consistent
with previous reports. For example, Ros et al[25] used
cholecystosonography and cholecystography to compare
the number of gallstones with associated symptoms in a
series of 260 consecutive patients with newly diagnosed,
uncomplicated gallstone disease, of whom 146 had
experienced biliary pain and 114 were asymptomatic.
Their results showed multiple gallstones were significantly
associated with the occurrence of biliary symptoms.
Sohail et al[26] also showed that the number of calculi is an
important factor in the occurrence of biliary symptoms
and the selection of management options. In comparison
with previous papers, our results can be used to establish
standards for distinguishing patients requiring treatment
from those with asymptomatic gallstones. In our study,
biliary events were more than twice as likely in patients
with more than two gallstones. This finding will help
in determining treatment methods or in predicting the
occurrence of biliary events in patients with asymptomatic
gallstones.
To the best of our knowledge, no research has been
conducted on the correlation between the angle formed
by the long axis of the gallbladder and the cystic duct
and biliary symptoms. However, this study was not the
first attempt to measure this angle. Indeed, Deenitchin
et al[27] first reported on the measurement of this angle
in a study investigating the association between complex
cystic ducts and cholelithiasis using cholangiography.
They reported that a more acute angle contributed to
lithogenesis. The results from our study show that a wider
angle is associated with a higher occurrence of biliary
events. We suggest that as the angle approaches 180°,
it may facilitate the entrance of calculi into the cystic
duct because of a reduced resistance from a wider angle.
However, given that our study is the first to evaluate the
influence of this angle on gallstone-related biliary events,
more studies are required to support this hypothesis.
Our study has several important clinical implications.
This is the first study that has attempted to determine
how anatomic factors associated with the gallbladder and
cystic duct affect the generation of biliary events, and it
is critical that these factors are analyzed to substantiate

DISCUSSION
Cholecystectomy for symptomatic gallstones is regarded
as a very safe surgical procedure, with a mortality rate
of only 0.2%-0.5% [14]. Despite this, it is difficult to
recommend prophylactic cholecystectomy for pati
ents with asymptomatic gallstones when its costeffectiveness and the possibility of complications are
taken into consideration. Nevertheless, treating patients
conservatively until they become symptomatic is not
always the correct approach when the potential for the
development of serious complications is considered,
especially in elderly patients[15]. Therefore, it is important
to identify factors that can increase the risk of conversion
to a symptomatic gallstone disease or for developing
complications. Numerous long-term studies have
indicated that the progression from asymptomatic to
symptomatic gallstone disease is associated with being
< 55 years of age, a smoker, female, having a high body
weight, having three or more gallstones, and having
floating stones[16,17]. Other identified risk factors include
calculi < 3 mm in diameter, a patent cystic duct, a nonfunctioning gallbladder, and perioperative detection of
incidental stones[8,18]. In the current study, we analyzed the
correlation between biliary events and risk factors that are
related to symptomatic gallstone disease, including sex,
age, body mass index, size of the calculi, diabetes mellitus,
and total cholesterol levels, and most of these factors
were not related to gallstone-related biliary events. Factors
revealed as being related to biliary events included the
cystic duct diameter, the number of gallstones, and the
angle between the gallbladder and the cystic duct.
Limited studies have investigated the association
between the cystic duct diameter and biliary events.
Most of the studies examining cystic duct diameters
have been conducted in patients with acute biliary
pancreatitis[19,20]. Sugiyama et al[19] determined that an
enlarged cystic duct (≥ 5 mm) was an important factor
predisposing patients to acute biliary pancreatitis. The
authors suggested that pancreatitis occurs more often in
enlarged cystic ducts because gallstones are more likely
to pass through a wider cystic duct. Reports from other
studies have also presented similar results and proposed
similar mechanisms[21-23]. However, in the current study,
smaller cystic duct diameters were associated with the
occurrence of gallstone-related biliary events. Although
the previous reports did not describe their measurement
methods in detail, it is likely that the diameters of the
cystic ducts were measured at the entrance in order to
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the mechanisms underlying biliary colic or cholecystitis.
Furthermore, the results from our study have generated
data that can be used to predict gallstone-related biliary
events before they occur in patients with asymptomatic
gallstones. The positive predictive value for biliary events
in patients with all three risk factors (more than two
gallstones, a cystic duct diameter < 6 mm in MRCP
images, and an angle of > 92° between the gallbladder
and the cystic duct) was 89.3%. While this finding
may not provide a clear standard of care for patients
with asymptomatic gallstones, we believe that these
factors contributed to the occurrence of biliary events,
indicated that asymptomatic gallstones should be treated
prophylactically.
This study has several limitations. First, the shape of
the gallbladder and the angle between gallbladder and
cystic duct may change in relation to a patient’s posture
or after eating and we suspect that these factors may
affect the occurrence of biliary events. However, we were
unable to evaluate this given that the MRCPs were carried
out with the patients in the supine position and in a fasted
state. Therefore, other MRCP techniques or another
form of radiologic examination is needed to successfully
evaluate the relationship between biliary events and these
factors. The second limitation of this study relates to
the resolution of the MRCP images for the evaluation
of the cystic ducts. Although MRCP is a non-invasive
imaging method with an accuracy rate that matches that
of endoscopic retrograde cholangiopancreatography
in pancreatobiliary disease[28] and is frequently used in
the visualization of the cystic duct[29], its low resolution
prohibits the visualization of minor ducts in the biliary
tree[30]. Using the same non-contrast MRCP technique
that was used in the present study, cystic ducts were
detected in 126/171 (74%) patients reported by Taourel
et al[31], and in 24 (77.5%) patients studied by Mutlu et al[32].
The cystic duct was not visualized in 87 of the patients
in our study, which may have been due to selection bias.
We expect that enhanced MRCP techniques would have
produced more accurate results in this study because this
technique can improve the visualization of the cystic
duct[29]. A third limitation of this study was the case
volume. The number of patients in the control group
was smaller than in the case group, which may have
limited the accuracy of the results. However, as this was
a retrospective study, there were a few patients that had
a normal biliary tree. Therefore, a large-scale prospective
study is needed to more definitively estimate the risk
factors.
In conclusion, the number of gallstones, the angle
between the long axis of the gallbladder and the cystic
duct, and the diameter of the cystic duct are significantly
related to gallstone-related biliary events. We suggest
that clinicians should closely monitor patients with
asymptomatic gallstones who have these relative risk
factors, particularly those with multiple gallstones, a large
angle formed between the long axis of the gallbladder
and the cystic duct, and a narrow cystic duct.
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METHODS: A total of 325 Chinese patients with
CHB were enrolled in this retrospective, hospitalbased study. Patients with chronic hepatitis C (CHC),
autoimmune hepatitis (AIH), or primary biliary
cirrhosis (PBC) were included, with healthy donors
acting as controls. A panel of autoantibodies that
serologically define AIH and PBC was tested by indirect
immunofluorescence assay and line immunoassay. The
AIH-related autoantibody profile included homogeneous
anti-nuclear antibodies (ANA-H), smooth-muscle
antibodies, anti-liver kidney microsome type 1, antiliver cytosolic antigen type 1, and anti-soluble liver
antigen/liver pancreas; the PBC-related antibodies were
characterized by ANA-nuclear dots/membranous rimlike, anti-mitochondrial antibodies-M2 (AMA-M2), antiBPO (recombinant antigen targeted by AMA-M2), antiSp100, anti-promyelocytic leukemia protein (anti-PML),
and anti-gp210. The dichotomization of clustering was
used to unequivocally designate the AIH or PBC profiles
for each case. Anti-Ro52 antibodies were also tested.
RESULTS: The prevalence of any autoantibody in CHB
amounted to 58.2%, which was similar to the 66.2%
prevalence in CHC, significantly higher than the 6.7%
in the healthy controls (P < 0.001), and lower than
the 100% found in AIH and PBC (P = 0.004 and P <
0.001, respectively). There were more anti-PML and
anti-gp210 antibodies among the CHB patients than
the CHC patients (11.1% vs 0%, P = 0.003; 12.6%
vs 0%, P < 0.001, respectively). The prevalence and
titer of AMA, anti-BPO, anti-PML, and anti-gp210 were
higher in PBC than in those with CHB. Among the CHB
patients, the prevalence of ANA, especially ANA-H,
was significantly lower in patients with compensated
and decompensated cirrhosis compared with patients
without cirrhosis. Thirty-eight cases of hepatocellular
carcinoma (HCC) in CHB showed a significant difference

Abstract
AIM: To investigate the prevalence of autoantibodies
and their associations with clinical features in Chinese
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microsome type 1 antibodies (anti-LKM-1), have been
well documented in HCV infections, this area is still
a subject of debate [2]. For example, the relationship
between autoantibodies and some clinical features of
viral hepatitis is unclear. Some reports demonstrate
that the presence of these autoantibodies is possibly
associated with more severe liver damage and cirrhosis,
and might be negative prognostic factors for treatment
response[3-6]. However, there are contradictory opinions
supported by other studies that NOSAs have no sig
nificant impact on disease course, cirrhosis, or therapy
outcome[7-9]. Irrespective of whether the virus-induced
production of autoantibodies is an epiphenomenon
during the progression of viral hepatitis or a contributor
to hepatocellular damage, the putative mechanisms for
producing autoantibodies in viral hepatitis are considered
to be mainly attributable to molecular mimicry[10] or
polyclonal B cell activation[11].
Although there are many studies regarding HCV
infections complicated by autoimmune diseases and
autoantibodies, few reports are available on HBVassociated autoimmunity. Gregorio et al[12] investigated the
effects of interferon-α treatment on the prevalence of a
panel of autoantibodies in HBV infection and concluded
that autoantibodies are common in HBV infection
without being influenced by interferon- α . Another
multicenter retrospective study found that 15% of chronic
hepatitis B (CHB) patients were positive for at least one
autoantibody that was influenced by anti-HBe antibody
positivity and that the HBV genotype had no relationship
with extra-hepatic manifestations[13]. Given the striking
prevalence of HBV infection in China[14] and the common
presence of autoimmune manifestations in hepatitis B in
clinical practice, exploration of the correlation between
autoantibodies and disease characteristics has potential
clinical implications. More importantly, this type of study
may provide valuable clues to guide medication and
treatment regimes.
In this study, we evaluated the association of auto
antibody profiles that serologically define autoimmune
hepatitis (AIH) and primary biliary cirrhosis (PBC)
with the clinical features, including cirrhosis, hepatitis B
e-antigen (HBeAg) status, and hepatocellular carcinoma
(HCC), in Chinese CHB patients.

compared with non-HCC patients in the prevalence of
anti-PML (0% vs 12.5%, P = 0.013). Dichotomization
of the autoantibodies revealed that the PBC profile
was more prevalent in patients with CHB than in
those with CHC, and that it was strongly correlated
with both compensated and decompensated cirrhosis.
In contrast, the prevalence of the AIH profile was
significantly higher in non-cirrhosis patients with CHB
than in those with compensated cirrhosis (18.5% vs
8.2%, P = 0.039). Moreover, the AIH profile was also
closely associated with hepatitis B e-antigen positivity.
CONCLUSION: ANA-H could be an indicator of earlystage CHB. Dichotomizing the autoantibody profiles
revealed that the PBC profile is strongly associated with
cirrhosis in CHB.
Key words: Autoantibodies; Chronic hepatitis B;
Autoimmune hepatitis; Primary biliary cirrhosis; Cirrhosis;
Hepatocellular carcinoma
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We investigated the prevalence of autoimmune
hepatitis (AIH) and primary biliary cirrhosis (PBC)related autoantibodies and their associations with
clinical features in Chinese patients with chronic
hepatitis B. Interestingly, and unexpectedly, we
demonstrated that anti-nuclear antibodies (ANA),
especially ANA-H, were significantly negatively
associated with cirrhosis. Another interesting finding
was that the prevalence of anti-promyelocytic leukemia
protein antibodies was significantly different between
hepatocellular carcinoma (HCC) (0%) and non-HCC
patients (12.5%). In terms of analytic methods, for
the first time we used an unequivocal dichotomy to
cluster the autoantibodies into AIH and PBC profiles
to delineate the bias of autoantibody expression for
each case. The data showed that the PBC profile was
strongly associated with cirrhosis.
Li BA, Liu J, Hou J, Tang J, Zhang J, Xu J, Song YJ, Liu AX,
Zhao J, Guo JX, Chen L, Wang H, Yang LH, Lu J, Mao YL.
Autoantibodies in Chinese patients with chronic hepatitis B:
Prevalence and clinical associations. World J Gastroenterol
2015; 21(1): 283-291 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i1/283.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i1.283

MATERIALS AND METHODS
Subjects and controls
Three hundred twenty-five patients with CHB who
had visited the 302 Military Hospital of China between
January 2009 and April 2013 were retrospectively ana
lyzed. The diagnosis of CHB was established based on
documented hepatitis B surface antigen (HBsAg) status
(i.e., HBsAg positive for more than 6 mo). Considering
that interferon is a potent inducer of autoimmunity,
only those patients who had been previously treated
with first-line oral medications were included in this
study. Cases co-infected with HCV and/or HIV or that

INTRODUCTION
Autoimmunity and autoimmune diseases are frequently
present in hepatitis B virus (HBV) and hepatitis C
virus (HCV) infections[1]. Although the prevalence and
clinical significance of non-organ-specific autoantibodies
(NOSAs), especially anti-nuclear antibodies (ANA),
smooth-muscle antibodies (SMA), and anti-liver kidney
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controls. The diagnosis of CHC was based on the
following criteria: (1) abnormal alanine aminotransferase
(ALT) ≥ 2 × the normal upper limit for at least 6 mo;
(2) positive anti-HCV results from a third-generation
ELISA with HCV RNA detected by real-time polymerase
chain reaction for at least 6 mo; and (3) exclusion of
other causes of liver dysfunction according to clinical,
serological, and histological features. AIH was diagnosed
based on the scoring systems of the International
Autoimmune Hepatitis Group[15]. Finite AIH was estab
lished based on a pre-treatment aggregate score >
15 or post-treatment aggregate score > 17. PBC was
established based on biochemical evidence of cholestasis,
anti-mitochondrial antibodies (AMA) positivity, and
histological features[16]. Sixty healthy blood donors, ageand sex-matched with the CHN patients, were recruited
as normal controls. All subjects gave informed consent
before the collection of sera. The study was authorized
by the local ethics committee.

Table 1 Demographic and clinical features, biochemical
parameters and response to antivirus treatment in chronic
hepatitis B
All patients (n = 325)
Male/female
Age (yr)
Associated immune disease1 n (%)
Cirrhosis
Hepatoma
Duration of HBsAg pos. n (%)
1-5 yr
6-10 yr
11-15 yr
16-20 yr
> 20 yr
HBeAg2
AST (U/L)
ALT (U/L)
ALP (U/L)
GGT (U/L)
IgA (g/L)
IgG (g/L)
IgM (g/L)
γ-globulin (g/L)
Liver biopsy
Staging and grading3 n (%)
G1S1
G1S2
G1S3
G2S1
G2S2
G2S3
G2S4
G3S2
G3S3
G4S4
Anti-viral treatment response evaluation4 n (%)
Virological non-responders
Virological responders

201/124
43.44 ± 16.19
8 (2.4)
206 (63.4)
38 (11.7)
140 cases
35 (25.0)
25 (17.9)
34 (24.3)
28 (20.0)
18 (12.9)
147/266 (43.3)
145.10 ± 96.79
126.51 ± 100.15
121.08 ± 74.54
73.43 ± 62.52
3.24 ± 2.67
14.73 ± 5.58
1.37 ± 1.32
20.1 ± 7.38
31 cases

Autoantibody test
The sera to be investigated were diluted 1:100 in PBSTween (pH 7.2) just before examination. Indirect
immunofluorescence assays (IFAs) using the multiplesubstrate panel of HEp-2 cells, rat liver, and rat stomach
(EUROIMMUN AG, Lübeck, Germany) were used to
detect ANA and SMA. A serum titer of 1:100 or higher
was considered to be a positive result in the present study.
Titers of positive reactions were determined at 1:320,
1:640 and 1:1000 serum dilutions. ANA positivity was
subdivided into 3 clusters [i.e., nuclear homogeneous
(ANA-H), nuclear dots/membranous rim-like (ANA-DM)
and other (ANA-other)] based on the specific fluorescence
patterns. For ANA-other, fluorescence patterns such as
centromeres, nuclear speckles, and nucleoli were included.
The line immunoassay (EUROIMMUN AG) was
used to test the IgG autoantibody panel for 8 different
specificities [AMA-M2, anti-BPO (the recombinant
antigen of the E2 subunits derived from the 2-oxo-acid
dehydrogenase complex targeted by AMA-M2)[17], antiSp100, anti-promyelocytic leukemia protein (anti-PML),
anti-gp210, anti-LKM-1, anti-liver cytosolic antigen type 1
(anti-LC-1), anti-soluble liver antigen/liver pancreas (antiSLA/LP)] and for anti-Ro52 antibodies. The incubation
was performed on EUROBlotMaster (EUROIMMUN
AG). The results were evaluated using EUROLineScan
(EUROIMMUN AG). The positive results were graded
into 3 levels from weak to strong (i.e., “+”, “++”, and
“+++”).

5 (16.1)
3 (9.7)
1 (3.2)
3 (9.7)
6 (19.4)
2 (6.5)
2 (6.5)
3 (9.7)
4 (12.9)
2 (6.5)
72 cases
6 (8.3)
66 (91.7)

1

Hashimoto’s thyroiditis and type 1 diabetes mellitus: 1 case each;
hypothyroidism: 2 cases; probable autoimmune hepatitis: 4 cases; 2Hepatitis
B e-antigen statuses were identified in 266 cases; 3The Scheuer system
was used to score necroinflammatory activity and fibrosis/cirrhosis; 4The
virological response was defined as hepatitis B virus DNA concentration of
less than 2000 IU/mL at 12 mo after nucleoside/nucleotide therapy. AST:
Aspartate aminotransferase; ALP: Alkaline phosphatase; GGT: γ-glutamyl
transpeptidase; ALT: Alanine aminotransferase.

also had systemic autoimmune diseases. such as SLE,
rheumatoid arthritis, or anti-phospholipid syndrome,
were excluded. Among the 325 patients, 206 cases
(63.4%) had progressed to cirrhosis and were subdivided
into compensated and decompensated cirrhosis groups,
accounting for 85 and 121 cases, respectively. In this
study, cirrhosis was determined by clinical examination,
laboratory tests, ancillary studies (including abdominal
ultrasonography), and either gastroscopy or liver biopsy.
Compensated and decompensated cirrhosis were dis
tinguished by the absence or presence, respectively, of
complications (e.g., jaundice, ascites, and bleeding from
esophageal varices). The clinical and biochemical features
of the CHB patients are summarized in Table 1.
Seventy-one patients with chronic hepatitis C (CHC),
11 with AIH, and 71 with PBC were enrolled as disease

WJG|www.wjgnet.com

Statistical analysis
For continuous variables, between-groups differences
were compared using Student’s t test or the MannWhitney U test. For categorical variables, the χ 2 test or
Fisher’s exact test was used to compare the prevalence
between groups when appropriate. SPSS 15.0 (SPSS
Inc., Chicago, IL, United States) was used to perform all
statistical analyses. Two-sided P values less than 0.05 were
considered statistically significant.
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Table 2 Prevalence of the autoantibodies in chronic hepatitis B compared with chronic hepatitis C, autoimmune hepatitis, primary
biliary cirrhosis, and healthy controls n (%)
CHB (n = 325)
Any autoantibody
ANA (IFA)
SMA (IFA)
AMA-M2 (LIA)
Anti-BPO (LIA)
Anti-Sp100 (LIA)
Anti-PML (LIA)
Anti-gp210 (LIA)
Anti-LKM-1 (LIA)
Anti-LC-1 (LIA)
Anti-SLA/LP (LIA)
Anti-Ro52 (LIA)

CHC (n = 71)

P value

Pos.
189 (58.2)
76 (23.4)
10 (3.1)
22 (6.8)
23 (7.1)
8 (2.5)
36 (11.1)
41 (12.6)
2 (0.6)
10 (3.1)
7 (2.2)
91 (28.0)

0.211
0.353
1.000
0.322
0.124
0.360
0.003
< 0.001
1.000
0.707
0.360
0.015

AIH (n = 11)

PBC (n = 71)

HC (n = 60)

Pos.

P value

Pos.

P value

Pos.

P value

Pos.

47 (66.2)
13 (18.3)
2 (2.8)
2 (2.8)
1 (1.4)
0 (0.0)
0 (0.0)
0 (0.0)
1 (1.4)
1 (1.4)
0 (0.0)
10 (14.1)

0.004
0.044
1.000
1.000
1.000
1.000
0.615
0.372
0.190
0.810
1.000
< 0.001

11 (100.0)
6 (54.5)
0 (0.0)
1 (9.1)
1 (9.1)
0 (0.0)
0 (0.0)
0 (0.0)
1 (9.1)
1 (9.1)
0 (0.0)
10 (90.9)

< 0.001
< 0.001
0.220
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
1.000
0.901
0.555
< 0.001

71 (100.0)
47 (66.2)
0 (0.0)
60 (84.5)
60 (84.5)
11 (15.5)
30 (42.3)
35 (49.3)
0 (0.0)
3 (4.2)
3 (4.2)
36 (50.7)

< 0.001
< 0.001
0.373
0.033
0.034
0.616
0.003
0.001
1.000
0.373
0.602
< 0.001

4 (6.7)
2 (3.3)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
3 (5.0)

P < 0.05, CHB vs CHC, CHB vs AIH, CHB vs PBC, and CHB vs HC, respectively. CHB: Chronic hepatitis B; CHC: Chronic hepatitis C; AIH: Autoimmune
hepatitis; PBC: Primary biliary cirrhosis; HC: Health controls; ANA: Anti-nuclear antibodies; AMA: Anti-mitochondrial antibodies; SMA: Smooth-muscle
antibodies; anti-PML: Anti-promyelocytic leukemia protein; anti-LKM-1: Anti-liver kidney microsome type 1; anti-LC-1: Anti-liver cytosolic antigen type 1;
anti-SLA/LP: Anti-soluble liver antigen/liver pancreas; IFA: Indirect immunofluorescence assay; LIA: Line immunoassay.

Table 3 Autoantibody titers in chronic hepatitis B compared with chronic hepatitis C, autoimmune hepatitis, primary biliary
cirrhosis, and healthy controls
CHB (n = 325)
ANA
SMA
AMA-M2
Anti-BPO
Anti-Sp100
Anti-PML
Anti-gp210
Anti-LKM-1
Anti-LC-1
Anti-SLA/LP
Anti-Ro52

Pos. cases

Mean rank

76
10
22
23
8
36
41
2
10
7
91

66.79a
6.20
23.61d
22.85d
8.44
29.54b
28.49d
1.50
9.45
6.00
68.89b

CHC (n = 71)
1

Pos. cases
13
2
2
1
0
0
0
1
1
0
10

Mean rank

AIH (n = 11)

PBC (n = 71)

HC (n = 60)

Pos. cases

Mean rank

Pos. cases

Mean rank

Pos. cases

Mean rank

6
0
1
1
1
3
2
1
3
3
4

97.5
11.0
10.5
5.0
19.0
26.75
4.0
10.17
8.17
94.25

47
0
60
60
11
30
35
0
3
3
36

83.57
51.71
51.81
12.50
43.15
53.13
7.00
8.17
91.89

2
0
0
0
0
0
0
0
0
0
4

100.5
30.5

50
8
11
10.5
4
7
50.9

1

Kruskal-Wallis H test; aP < 0.05, Mann-Whitney U test vs the autoantibody titers with PBC; bP < 0.01, Mann-Whitney U test vs the autoantibody titers with
PBC; dP < 0.01 Mann-Whitney U test vs the autoantibody titers with PBC; “-”: Not indicated; P < 0.05 was considered significant. CHB: Chronic hepatitis
B; CHC: Chronic hepatitis C; AIH: Autoimmune hepatitis; PBC: Primary biliary cirrhosis; HC: Health controls; ANA: Anti-nuclear antibodies; AMA: Antimitochondrial antibodies; SMA: Smooth-muscle antibodies; anti-PML: Anti-promyelocytic leukemia protein; anti-LKM-1: Anti-liver kidney microsome type
1; anti-LC-1: Anti-liver cytosolic antigen type 1; anti-SLA/LP: Anti-soluble liver antigen/liver pancreas; IFA: Indirect immunofluorescence assay; LIA: Line
immunoassay.

positivity between CHB and AIH was small, except that
ANA and anti-Ro52 showed a lower prevalence in CHB
(23.4% vs 54.5%, P = 0.044; 28.0% vs 90.9%, P < 0.001,
respectively). The prevalence of ANA, AMA-M2, antiBPO, anti-Sp100, anti-PML, anti-gp210, and anti-Ro52
in PBC was significantly higher than in CHB (P < 0.001).
Significant differences existed between the CHB patients
and hc with respect to ANA, AMA-M2, anti-BPO, antiSp100, anti-PML, anti-gp210, and anti-Ro52 positivity.

RESULTS
Prevalence of autoantibody specificities in the CHB
group compared with CHC, AIH, PBC, and healthy
control groups
At least one autoantibody was present in 58.2% of the
CHB patients. This prevalence was similar to that for
CHC (66.2%), significantly lower than that for AIH (P
= 0.004) and PBC (P < 0.001), and significantly higher
than that for healthy controls (HC) (P < 0.001) (Table
2). Among the autoantibodies tested, anti-PML, antigp210, and anti-Ro52 exhibited a significantly higher
prevalence in CHB compared with CHC (11.1% vs 0%,
P = 0.003; 12.6% vs 0%, P < 0.001; 28.0% vs 14.1%, P =
0.015, respectively). The difference in the autoantibody
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Titers of autoantibody specificities in CHB compared
with the CHC, AIH, PBC, and HC groups
As shown in Table 3, there were significant differences
between the autoantibody titers for CHB and PBC. The
autoantibodies for which the titers were significantly
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Table 4 Prevalence of the autoantibodies in non-cirrhosis, compensated cirrhosis, and decompensated cirrhosis chronic hepatitis B
groups n (%)
Non-cirrhosis (n = 119)
ANA
SMA
AMA-M2
Anti-BPO
Anti-Sp100
Anti-PML
Anti-gp210
Anti-LKM-1
Anti-LC-1
Anti-SLA/LP
Anti-Ro52

Compensate cirrhosis (n = 85)

Decompensated cirrhosis (n = 121)

Pos.

P value

Pos.

P value

Pos.

P value

39 (32.8)
1 (0.8)
9 (7.6)
4 (3.4)
2 (1.7)
10 (8.4)
16 (13.4)
1 (0.8)
3 (2.5)
2 (1.7)
33 (27.7)

0.006
0.393
0.410
0.010
1.000
0.293
0.540
1.000
1.000
0.702
0.629

16 (18.8)
3 (3.5)
4 (4.7)
11 (12.9)
2 (2.4)
11 (12.9)
9 (10.6)
1 (1.2)
3 (3.5)
3 (3.5)
21 (24.7)

0.027
0.131
0.971
0.248
0.694
0.311
0.960
0.496
1.000
1.000
0.628

21 (17.4)
6 (5.0)
9 (7.4)
8 (6.6)
4 (3.3)
15 (12.4)
16 (13.2)
0 (0.0)
4 (3.3)
2 (1.7)
37 (30.6)

0.787
0.882
0.427
0.122
1.000
0.908
0.569
0.413
1.000
0.688
0.356

P < 0.05, non-cirrhosis vs compensated cirrhosis, non-cirrhosis vs decompensated cirrhosis, and compensated vs decompensated cirrhosis, respectively.
ANA: Anti-nuclear antibodies; AMA: Anti-mitochondrial antibodies; SMA: Smooth-muscle antibodies; anti-PML: Anti-promyelocytic leukemia protein;
anti-LKM-1: Anti-liver kidney microsome type 1; anti-LC-1: Anti-liver cytosolic antigen type 1; anti-SLA/LP: Anti-soluble liver antigen/liver pancreas; IFA:
Indirect immunofluorescence assay; LIA: Line immunoassay.

Table 5 Anti-nuclear antibodies fluorescence patterns and cirrhosis in chronic hepatitis B: Comparison of the non-cirrhosis,
compensated cirrhosis and decompensated cirrhosis groups n (%)
1

Non-cirrhosis (n = 117)
ANA-H
ANA-DM
ANA-other3

Compensated cirrhosis (n = 85)

2

Decompensated cirrhosis (n = 119)

Pos.

P value

Pos.

P value

Pos.

P value

32 (27.4)
1 (0.9)
4 (3.4)

0.001
0.403
0.396

7 (8.2)
3 (3.5)
6 (7.1)

< 0.001
0.223
0.767

8 (6.7)
5 (4.2)
6 (5.0)

0.683
1.000
0.546

1

Two cases showed the combination of ANA-H/ANA-DM and ANA-DM/ANA-other fluorescence patterns, thus these two cases were excluded from this
group; 2Two cases showed the combination of ANA-H/ANA-Others and ANA-DM/ANA-other fluorescence patterns, thus these two cases were excluded
from this group; 3Fluorescence patterns such as centromeres, nuclear speckles, and nucleoli were included. P < 0.05, non-cirrhosis vs compensated cirrhosis,
non-cirrhosis vs decompensated cirrhosis, and compensated vs decompensated cirrhosis, respectively, was considered significant. ANA: Anti-nuclear
antibodies; ANA-H: ANA-homogeneous; ANA-DM: ANA-dots or membrane.

lower in CHB than in PBC included ANA (P < 0.05),
AMA-M2 (P < 0.001), anti-BPO (P < 0.001), anti-PML (P
< 0.01), anti-gp210 (P < 0.001), and anti-Ro52 (P < 0.01).
Notably, with the exception of ANA, these antibodies
are specific biomarkers for PBC.

4). There was no significant difference between the
compensated and decompensated cirrhosis groups in
terms of autoantibody positivity.
Prevalence of autoantibodies in the non-HCC and HCC
groups in CHB
As Table 6 shows, the prevalence of anti-PML in nonHCC was 12.5%, which was significantly higher compared
with its absence in HCC (P = 0.013). Regarding the other
autoantibodies, there were no significant differences
between these two groups.

Prevalence of autoantibodies in the non-cirrhosis,
compensated cirrhosis and decompensated cirrhosis
groups of CHB
The prevalence of ANA was highest in non-cirrhosis
patients and showed significant differences compared
with both compensated and decompensated cirrhosis
(32.8% vs 18.8%, P = 0.006; 32.8% vs 17.4%, P = 0.027,
respectively) (Table 4). ANA-H was the main type of
ANA positivity in the three groups. ANA-H showed
the highest prevalence in non-cirrhosis patients, which
was significantly different from the findings for either
compensated cirrhosis (27.4% vs 8.2%, P = 0.001) or
decompensated cirrhosis (27.4% vs 6.7%, P < 0.001)
(Table 5). In contrast, anti-BPO antibodies were most
frequently present in compensated cirrhosis patients
(12.9%), significantly more often than the 3.4%
prevalence in non-cirrhosis patients (P = 0.01) (Table
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Dichotomization of the autoantibody panels into AIH and
PBC profiles and the clinical associations
Since the autoantibodies in the present study mainly
characterize the serological diagnoses of AIH and PBC,
we categorized these antibodies into AIH and PBC
profiles, as shown in Table 7. For each CHB patient,
if the autoantibodies detected belonged exclusively
to the AIH or PBC profile, the profile was designated
unequivocally. If a case presented multiple autoantibodies
that were representative of both the AIH and PBC
profiles, the case was not included.
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Table 6 Prevalence of the autoantibodies in the nonhepatocellular carcinoma and hepatocellular carcinoma
chronic hepatitis B groups n (%)

Table 7 Dichotomization of autoantibodies into autoimmune
hepatitis and primary biliary cirrhosis profiles by the specific
autoantibody panels

Non-HCC (n = 287) HCC (n = 38)
ANA
SMA
AMA-M2
Anti-BPO
Anti-Sp100
Anti-PML
Anti-gp210
Anti-LKM-1
Anti-LC-1
Anti-SLA/LP
Anti-Ro52

Autoantibody panel

Pos.

Pos.

P value

68 (23.7)
10 (3.5)
19 (6.6)
22 (7.7)
8 (2.8)
36 (12.5)
37 (12.9)
2 (0.7)
10 (3.5)
6 (2.1)
82 (28.6)

8 (21.1)
0 (0.0)
3 (7.9)
1 (2.6)
0 (0.0)
0 (0.0)
4 (10.5)
0 (0.0)
0 (0.0)
1 (2.6)
9 (23.7)

0.718
0.613
1.000
0.423
0.603
0.013
0.879
1.000
0.613
1.000
0.528

AIH profile

PBC profile

AIH: Autoimmune hepatitis; PBC: Primary biliary cirrhosis; ANA: Antinuclear antibodies; SMA: Smooth-muscle antibodies; anti-PML: Antipromyelocytic leukemia protein; anti-LKM-1: Anti-liver kidney microsome
type 1; anti-LC-1: Anti-liver cytosolic antigen type 1; anti-SLA/LP: Antisoluble liver antigen/liver pancreas. ANA-H: ANA-homogeneous; ANADM: ANA-dots or membrane; IFA: Indirect immunofluorescence assay;
LIA: Line immunoassay.

ANA: Anti-nuclear antibodies; AMA: Anti-mitochondrial antibodies;
SMA: Smooth-muscle antibodies; anti-PML: Anti-promyelocytic leukemia
protein; anti-LKM-1: Anti-liver kidney microsome type 1; anti-LC-1: Antiliver cytosolic antigen type 1; anti-SLA/LP: Anti-soluble liver antigen/
liver pancreas.

The AIH profile was significantly more prevalent
in CHB than in the HC (13.2% vs 0%, P = 0.003), and
was actually similar to the prevalence in CHC (Table 8).
For the PBC profile, the prevalence in CHB was notably
higher than in CHC and the HC (21.8% vs 2.8%, P <
0.001; 21.8% vs 0%, P < 0.001, respectively), but lower
than that in PBC (21.8% vs 88.7%, P < 0.001) (Table 8).
We fur ther analyzed the cor relation of the
autoantibody profiles with the cirrhosis states in CHB
(Table 9). The AIH profile was less prevalent in cirrhosis,
especially compensated cirrhosis, than in non-cirrhosis
(8.2% vs 18.5%, P = 0.039). In contrast, the prevalence of
the PBC profile in both compensated and decompensated
cirrhosis was as high as 25.9% and 26.4%, respectively,
both of which were significantly higher than the 14.3%
prevalence found in non-cirrhosis (P = 0.038 and P =
0.019, respectively). No significant difference was found
between compensated and decompensated cirrhosis.
In addition, the AIH profile was more prevalent in the
HBeAg positive group than in the HBeAg negative group
(15.6% vs 5.9%, P = 0.012) (Table 10). Although the
prevalence of the PBC profile was higher in the HBeAg
negative group than in the HBeAg positive group, the
difference did not reach statistical significance.

type 2 T helper (Th2) cells producing IL-4, IL-5, and
IL-10, which promote antibody production rather than
viral clearance [18]. Similarly, both AIH and PBC are
characterized by immune-mediated injury to parenchymal
liver cells and biliary ducts, respectively, and thus related
NOSA (such as ANA, SMA, and AMA) play a crucial
role in the accurate classification of AIH and PBC[19].
In the present study, 58.2% of CHB and 66.2% of
CHC cases were positive for at least one autoantibody in
our study; both rates were significantly higher than that
for the healthy subjects but significantly lower than those
in AIH and PBC. These findings had no counterpart for
comparison, but they were to some degree comparable
with the reported prevalence of 66% for SMA in HCV
infection[20]. SMA and anti-LKM-1 in CHB showed a
lower prevalence than the previously found rates of 7%[13]
and 2%[13], respectively. ANA was detected by IFA at a
higher frequency (23.4%) compared with the previous
finding of 3% in CHB sera[13], but it was comparable
with observations of 35%[3] and 32%[4] positivity in CHC
patients. AMA-M2, as the serological hallmark of PBC,
was present in 6.8% of CHB patients, which contrasted
with its absence in another study[13] but was in accordance
with the 8% positivity found in 237 CHC patients with
extrahepatic manifestations[21].
The PBC-specific autoantibodies anti-Sp100, antiPML, and anti-gp210 were observed for the first time in
2.5%, 11.1%, and 12.6% of CHB patients, respectively,
with anti-PML and anti-gp210 being significantly more
prevalent than in the HC. All 3 antibodies were absent
in the CHC group, possibly because of the small sample
size. Compared with PBC, anti-PML and anti-gp210
showed significantly lower prevalences and titers in CHB.
This might imply that these autoantibodies were mere
“by-passers” rather than true pathogenic antibodies. Anti-

DISCUSSION
We investigated the prevalence and clinical significance
of the autoantibodies used to serologically define
AIH and PBC in Chinese patients with chronic HBV
infection. HBV, the prototypical member of the family
Hepadnaviridae, is not directly cytopathic to hepatocytes.
The extent and outcomes of HBV infection are largely
dependent on the quality and diversity of the induced
immune responses. Patients with chronic HBV infections
tend to develop an activated humoral response with
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ANA-H (IFA)
SMA (IFA)
Anti-LKM-1 (LIA)
Anti-LC-1 (LIA)
Anti-SLA/LP (LIA)
ANA-DM (IFA)
AMA-M2 (LIA)
Anti-BPO (LIA)
Anti-Sp100 (LIA)
Anti-PML (LIA)
Anti-gp210 (LIA)
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Table 8 Autoimmune hepatitis and primary biliary cirrhosis profiles in chronic hepatitis B compared with chronic hepatitis C,
autoimmune hepatitis, primary biliary cirrhosis, and healthy controls n (%)
CHB (n = 325)
AIH profile
PBC profile

CHC (n = 71)

AIH (n = 11)

PBC (n = 71)

HC (n = 60)

Pos.

P value

Pos.

P value

Pos.

P value

Pos.

P value

Pos.

43 (13.2)
71 (21.8)

0.655
< 0.001

8 (11.3)
2 (2.8)

0.083
0.954

4 (36.4)
3 (27.3)

0.655
< 0.001

8 (11.3)
63 (88.7)

0.003
< 0.001

0 (0)
0 (0)

P < 0.05, CHB vs CHC, CHB vs AIH, CHB vs PBC, and CHB vs HC, respectively. CHB: Chronic hepatitis B; CHC: Chronic hepatitis C; AIH: Autoimmune
hepatitis; PBC: Primary biliary cirrhosis; HC: Health controls.

Table 9 Autoimmune hepatitis and primary biliary cirrhosis profiles in the non-cirrhosis, compensated cirrhosis, and decompensated
cirrhosis chronic hepatitis B groups n (%)
Non-cirrhosis (n = 119)
AIH profile
PBC profile

Compensated cirrhosis (n = 85)

Decompensated cirrhosis (n = 121)

Pos.

P1

Pos.

P2

Pos.

P3

22 (18.5)
17 (14.3)

0.039
0.038

7 (8.2)
22 (25.9)

0.133
0.019

14 (11.6)
32 (26.4)

0.436
0.928

P < 0.05, non-cirrhosis vs compensated cirrhosis, non-cirrhosis vs decompensated cirrhosis, and compensated vs decompensated cirrhosis, respectively.
AIH: Autoimmune hepatitis; PBC: Primary biliary cirrhosis.

pattern of AIH) was more prevalent in non-cirrhosis
patients than in cirrhosis patients. When cirrhosis
progressively develops, more and more parenchymal
tissues are replaced by fibrotic tissue. In this setting, the
autoantigens that are involved in the pathogenesis of
AIH and PBC become deficient or less accessible to the
immune system. Because autoantibody production is
generally “autoantigen-driven”, non-cirrhosis patients
may produce more ANA than those with cirrhosis or
later-stage chronic hepatic diseases. This observation
contrasted with certain previous CHC findings, sup
porting the notion that ANA is associated with more
advanced cirrhosis or the severity of liver disease[3,6],
whereas this observation was in agreement with the
findings from other reports [8,9]. Notably, however,
similar to ANA, AIH-associated ANA-H also showed
higher prevalence in the non-cirrhosis group than in
the cirrhosis group, which agreed with the AIH profile
distribution in these groups. In contrast, the prevalence
of PBC-associated ANA-DM was lower in the noncirrhosis patients than in the cirrhosis patients, which
was consistent with the PBC profile distribution in these
groups. Thus, AIH- and PBC-associated autoantibodies
may play different roles in the progression of CHB, but
the underlying mechanisms need to be elucidated in
future studies.
Patients with CHB are well known to be at increased
risk of developing cirrhosis and HCC. The present
finding that the prevalence of anti-PML was significantly
higher in non-HCC than in HCC patients had not been
previously reported. Anti-PML antibodies target the
components of nuclear bodies and are specific for PBC.
The known link between anti-PML and tumors could
be that the antigen targeted by anti-PML antibodies is
a transformation and growth-suppressing protein in
promyelocytic leukemia cells[30]. The finding that anti-PML

Table 10 Autoimmune hepatitis and primary biliary cirrhosis
profiles based on hepatitis B e-antigen status in chronic
hepatitis B n (%)

AIH profile
PBC profile

HBeAg pos.
(n = 147)

HBeAg neg.
(n = 119)

P value

23 (15.6)
24 (16.3)

7 (5.9)
29 (24.4)

0.012
0.102

P < 0.05, HBeAg positive group vs HBeAg negative group. AIH:
Autoimmune hepatitis; PBC: Primary biliary cirrhosis; HBeAg: Hepatitis B
e-antigen.

gp210, which targets a component of the nuclear pore
complex, is present in approximately 25% of patients
with PBC [22] and produces a membranous/rim-like
pattern on HEp-2 cells by IFA[23]. It strongly correlates
with more active and severe liver disease in PBC[24-26] and
represents a hepatic failure-type progression in PBC[27].
In the context of CHB, however, the presence of antigp210 did not appear to associate with progressive liver
damage.
Anti-LC-1, anti-SLA/LP, and anti-LKM-1 are diseasespecific serological markers for AIH[28]. We detected antiLC-1 and anti-SLA/LP in 3.1% and 2.2% of patients,
respectively, higher prevalences than that for anti-LKM-1
(0.6%) in CHB patients. The prevalence of anti-LC-1
in CHB was lower than the 12% in HCV infection[29].
We supposed that these autoantibodies were present but
possibly transient in viral hepatitis, which was most likely
only an epiphenomenon accompanying inflammation
because the AIH profile showed strong correlation with
non-cirrhosis (i.e., the early stage of CHB).
Interestingly, in terms of the correlation between
autoantibodies and cirrhosis in CHB, the positivity of
ANA (particularly ANA-H, which is the typical ANA
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appeared to correlate closely with non-HCC patients with
CHB was either a coincidence or a new discovery, and
thus requires validation in the future.
Because autoantibodies with distinct specificities
commonly occur in groups or combinations and evolve
with time, such as in SLE[31], comprehensively pinpointing
the correlations between individual autoantibodies and
clinical characteristics could be difficult. In the attempt
to delineate the bias of autoantibody expression for each
CHB case, we clustered the autoantibodies into AIH and
PBC profiles. In doing so, we found that the PBC profile
dominated among the patients with cirrhosis, especially
decompensated cirrhosis, rather than among those
without cirrhosis. In contrast, the AIH profile appeared
to be mainly present in patients without cirrhosis. The
differential expression of the AIH-profile and the PBC
profile in the subgroups of CHB could, to some degree,
reflect the differential role played by disease-specific
autoantibodies.
HBeAg status can distinguish two types of CHB.
HBeAg-positive CHB is linked to high-level HBV
replication. Spontaneous seroconversion from HBeAgpositive to antibody (anti-HBe)-positive is accompanied
by a reduction in HBV replication and clinical
improvement. Patients with HBeAg-negative chronic
HBV infection, in which precore or core-promoter gene
mutations preclude or reduce the synthesis of HBeAg,
tend to have progressive liver injury, fluctuating ALT
activity, and lower levels of HBV DNA than HBeAgpositive patients. In this study, HBeAg appeared to have
no relationship with the presence of autoantibodies,
although there is evidence showing that autoantibodies,
including ANA, SMA, anti-nucleosome, and anti-LKM,
are related to HBeAg precore gene mutation in CHB[13].
However, HBeAg-positivity may be strongly correlated
with the AIH profile.
Anti-Ro52 antibodies are commonly present in
patients with autoimmune liver diseases, such as PBC
or autoimmune hepatitis type 1 (AIH-1), and anti-Ro52
alone or in association with anti-SLA/LP is associated
with poorer prognosis in AIH-1 [32]. The findings of
this study showed, expectedly, that the prevalence of
anti-Ro52 was markedly higher in CHB patients than
in the HC, but significantly lower than in AIH and
PBC. Therefore, anti-Ro52 appeared to be more closely
associated with authentic autoimmune diseases, but
possibly related to a lesser degree with virus-induced
hepatic inflammation.
In conclusion, we demonstrated that AIH- and
PBC-related autoantibodies were commonly present in
patients with CHB, and that ANA, especially ANA-H,
may correlate with milder hepatic disease. In the
dichotomous clustering, the PBC profile was more
common in CHB than in CHC and could be strongly
associated with the severity of CHB. To obtain solid
and valuable information about the association between
autoantibodies and the clinical features of CHB, followup studies are necessary.
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Background

Autoantibodies and autoimmune manifestations are commonly present in viral
hepatitis. Many studies have investigated the correlation between autoimmunity
and clinical features in viral hepatitis, but have obtained contradictory findings.
To address the clinical implications of autoantibodies in viral hepatitis, the
correlations between autoimmune hepatitis (AIH) and primary biliary cirrhosis
(PBC)-related autoantibodies and clinical features were investigated in Chinese
patients with chronic hepatitis B (CHB).

Research frontiers

In terms of the clinical implications of autoantibodies in viral hepatitis, the
researches focused on the correlations between the presence of non-organspecific autoantibodies and clinical features such as disease course, prognosis,
and treatment response.

Innovations and breakthroughs

The prevalence of AIH- and PBC-related autoantibodies and their associations
with clinical features in Chinese patients with CHB were investigated.
Interestingly, anti-nuclear antibodies (ANA), especially ANA-H, were significantly
negatively associated with cirrhosis. Another interesting finding was that the
prevalence of anti-promyelocytic leukemia protein antibodies was significantly
different between the hepatocellular carcinoma (HCC) (0%) and non-HCC
patients (12.5%). For the first time we used an unequivocal dichotomy to cluster
the autoantibodies into AIH and PBC profiles in order to delineate the bias of
autoantibody expression for each case. The data showed the PBC profile was
strongly associated with cirrhosis.

Applications

This study suggests that the presence of ANA could correlate with early-stage
CHB, and that the PBC-related autoantibody profile could be an indicator of
cirrhosis.

Terminology

Hepatitis virus B (HBV) is the leading cause of chronic liver diseases, affecting
approximately 400000 people worldwide. Carriers of HBV are at high risk of
developing cirrhosis and HCC, accounting for up to half of cirrhosis and HCC
cases.

Peer review

This is an interesting manuscript with a large number of patients and a novel
analysis of variables (dichotomization of autoantibody profiles). The findings
could be useful for clinical practice.
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Latent structure of irritable bowel syndrome symptom
severity
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of structural equation modeling. We compared the
original 3-factor solution to a general factor model
and a bifactor solution in a large internet sample of
college students (n = 875). Statistical comparisons
2
of competing models were conducted by means of χ
difference tests. Regarding the evaluation of model fit,
we examined the comparative fit index (CFI) and the
Root Mean Square Error of Approximation (RMSEA).
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RESULTS: Results clearly favored a bifactor model of
IBS symptom severity (CFI = 0.99, RMSEA = 0.05)
which consisted of a strong general IBS somatization
factor and three symptom specific factors (diarrhea,
constipation, pain) based on the subscales of the
Birmingham IBS symptom questionnaire. The fit
indices of the competing one factor model (CFI = 0.85,
RMSEA = 0.17) and three factor model (CFI = 0.97,
2
RMSEA = 0.08) were clearly inferior. χ difference tests
showed that the differences between the models were
indeed significant in favor of the bifactor model (P
< 0.001). Correlations of the four latent factors with
measures of pain sensitivity, somatoform dissociation,
fatigue severity, and demographic variables support the
validity of our bifactor model of IBS specific symptom
severity.
CONCLUSION: The findings suggest that IBS symptom
severity might best be understood as a continuous and
multidimensional construct which can be reliably and
validly assessed with the B-IBS.
Key words: Irritable bowel syndrome; Irritable bowel
syndrome; Bifactor; Gastrointestinal; Rome-Ⅲ criteria;
Birmingham irritable bowel syndrome scale

Abstract
AIM: To investigate the latent structure of an irritable
bowel syndrome (IBS) symptom severity scale in a
population of healthy adults.

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

METHODS: The Birmingham IBS symptom questionnaire
which consists of three symptom specific scales
(diarrhea, constipation, pain) was evaluated by means
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point of view, the Birmingham IBS scale has the
advantage of only one response format and the three
factor analytically derived subscales (i.e., constipation,
diarrhea, and pain) can be regarded as unidimensional.
It is important to point out that only in case of scale
unidimensionality it is psychometrically justified to create
sum scores that permit the valid and reliable comparison
of different participants[18-19].
Given recent taxometric findings on the latent
structure of somatic symptoms reporting [20-21] , we
assume that the presence of gastrointestinal symptoms
is placed on a continuum which ranges from rather mild
symptoms (e.g., diarrhea for “a little of the time”) that do
not justify an IBS diagnosis up to a definitive IBS with
many severe somatic symptoms. This view is supported
by the findings of different authors who reported a high
prevalence of gastrointestinal symptoms in samples of
healthy participants. Hiller et al[22] examined the prevalence
of somatization in a large representative sample of
the German population and found that about 35% of
the participants reported at least one gastrointestinal
symptom according to the DSM-IV somatization
disorder list[23]. This finding is in line with the results of
Camilleri et al[24] who analyzed a representative sample of
United States residents and reported that the prevalence
for at least one upper gastrointestinal symptom (e.g.,
postprandial fullness) during the last three months was
about 45%. Similar results emerged for a study within
the general population of Denmark where 43% of the
participants suffered from upper and 38% from lower
gastrointestinal symptoms during the past four weeks[25].
In summary, it is evident that gastrointestinal
symptoms of varying degrees occur frequently in the
general population. Therefore, we aim at studying the
measurement characteristics of the Birmingham IBS
scale in a large sample of adults without formal IBS
diagnosis in order to ensure that it is a valid instrument to
assess the severity of typical IBS-symptoms (e.g., diarrhea)
in participants without a definitive IBS diagnosis.
From a psychometric viewpoint, we assume that every
instrument that is supposed to assess the success of
an IBS treatment program should also offer good
psychometric characteristics for participants who score
below the threshold for an IBS diagnosis. Otherwise, the
questionnaire would not provide valid estimates of IBS
related symptom severity as soon as the threshold for an
IBS diagnosis is undercut.
Until now, the Birmingham IBS scale has only been
evaluated by means of exploratory factor analysis in
a sample of patients already diagnosed with IBS [14].
Moreover, to our knowledge, this is the first study which
applies confirmatory factor analysis to examine the latent
structure of IBS related medically unexplained symptoms.
The aim of this study is to apply the Birmingham IBS
scale to a sample of participants who have not been
diagnosed with IBS yet. We analyzed the latent structure
of the IBS by means of structural equation modeling.
With structural equation modeling it becomes possible
to test clear a-priori hypotheses regarding the latent

construct which can be reliably and validly assessed with
the B-IBS questionnaire. The B-IBS scale is suitable to
assess therapeutic outcomes of IBS treatments because
it can measure IBS symptom severity in both, patients
suffering from an IBS and participants who do not fulfill
the diagnostic criteria for an IBS diagnosis but do show
some of the associated symptoms.
Jasper F, Egloff B, Roalfe A, Witthöft M. Latent structure
of irritable bowel syndrome symptom severity. World J
Gastroenterol 2015; 21(1): 292-300 Available from: URL: http://
www.wjgnet.com/1007-9327/full/v21/i1/292.htm DOI: http://
dx.doi.org/10.3748/wjg.v21.i1.292

INTRODUCTION
According to the Rome-Ⅲ criteria[1], the irritable bowel
syndrome (IBS) is characterized by recurrent abdominal
pain or discomfort for at least 3 d a month during the last
three months. It is one of five functional bowel disorders
where functional means that the symptoms reported by
the patient suggest the presence of a medical condition
without physical evidence of such a condition. Thus, a
common feature of diverse functional somatic syndromes
are medically unexplained symptoms[2-4]. A recent metaanalysis yielded an average worldwide prevalence of IBS
of about 11% with the highest prevalence estimates
in South American populations (21%) and the lowest
estimates in Southeast Asian studies (7%[5]). Given these
high prevalence rates, it is not surprising that this illness
also poses a high financial burden on both, the national
health systems and the economies[6-8].
In order to ensure an objective diagnosis of
the IBS, the Rome Ⅲ IBS module questionnaire [9]
has been proposed which assesses the frequency of
various gastrointestinal symptoms. Unfortunately,
this questionnaire includes various different response
formats (i.e., 2-, 3-, 5-, and 6-point scales) and for some
of the questions every participant has to chose between
two different response formats. Therefore, it is not
appropriate to sum the items of this questionnaire
in order to get a valid estimate of the severity of the
symptoms. This limitation is suboptimal as various
authors have reported that the severity of IBS symptoms
is important as it predicts both, quality of life[10-12] and
medical costs[13]. For this reason, questionnaires which
allow the computation of a symptom severity sum score,
such as the Birmingham IBS scale [14], the functional
bowel disorder severity index (FBDSI[15-16]), or the IBS
severity scoring system[17], are of great value.
A prime example of a questionnaire which assesses the
severity of individual IBS symptoms is the Birmingham
IBS scale. It consists of frequency ratings for 11 typical
IBS symptoms (e.g., diarrhea, hard bowel motions, feeling
of urgency) on a 6-point scale (all of the time till none of the
time) and thus it can represent the whole heterogeneous
construct of IBS related severity. From a psychometric
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several situations would be on a ten point scale[29]. The
PSQ consists of 17 items which describe situations that
are more of less painful (e.g., burning ones tongue on
a very hot drink). Participants are supposed to rate the
painfulness of the situations on a 11-point Likert scale
(not at all painful to most severe pain imaginable)[29].
Because this questionnaire has a clear focus on pain
and not somatization in general, the highest correlation
should occur for the pain factor of the Birmingham
IBS questionnaire. As a third measure, we included the
somatoform dissociation questionnaire (SDQ)[30] which
was designed to assess somatoform dissociative symptoms
that are characterized by “physical manifestations of a
dissociation of the personality”[31], (p. 338). The SDQ
consists of 20 items that ask for physical symptoms and
body experiences and have to be rated using a 5-point
scale (not at all to extremely). This scale includes three
questions (having trouble/pain while urinating, I feel pain
in my genitals) which might lead to some relationship of
the whole scale with the pain factor of the Birmingham
IBS scale. Still, most of its 20 questions are unlikely
to produce larger correlations with any measure of
gastrointestinal symptoms such as Item 15 with “It
is as if my body, or a part of it, has disappeared”[32].
Therefore, we only assume a small correlation with the
general factor of the Birmingham IBS scale.
Moreover, in line with the findings by Lovell et al[5],
we expected a significantly higher IBS symptom severity
for women than for men. Recent studies showed a
moderate negative relationship between IBS prevalence
and age when enough older participants (i.e., above 50
years) were included in the analysis which was not the
case in our study[5,33-34]. Therefore, we expect only a small
negative relationship between age and the severity of
gastrointestinal symptoms related to IBS.

structure of IBS severity as measured by the Birmingham
IBS scale. The authors of the original scale applied a
factor analysis with orthogonal rotation (i.e., varimax)
and removed items without a clear loading pattern[14].
In light of the moderate correlations between the three
scales reported by Roalfe et al[14], we propose a model
with correlated symptom factors (i.e., an oblique and not
orthogonal structure).

MATERIALS AND METHODS
Participants
The participants were invited to take part in a survey on
somatic symptom reporting via e-mail. In order to reach
a high number of students, we contacted the student
councils of all larger German Universities with the
request to forward the study invitation to the students.
Of the 996 participants who completed the survey, we
excluded 121 who stated that they were suffering from
any severe medical condition that causes bodily distress.
The mean age of the remaining 875 participants (77.5%
female) was M = 25.33 years (SD = 7.21) and 90% stated
that they were students. The most frequent study subject
was psychology (39%) followed by business science
(7.2%) and chemistry (6.6%).
Birmingham irritable bowel syndrome scale
The 11-item Birmingham IBS scale was constructed by
Roalfe et al[14] and is based on the Rome-Ⅱ criteria for
functional gastrointestinal disorders. The participants
are asked to answer the degree of presence of various
gastrointestinal symptoms on a 6-point scale which
ranges from all of the time to none of the time. We
translated the questionnaire into German with help of the
German version of the Rome-Ⅱ criteria for the irritable
bowel syndrome [26]. Moreover, the final translation
was inspected closely by a native speaker and modified
where necessary. The original version of the scale can be
downloaded from the BMC Gastroenterology Website
(www.biomedcentral.com/content/supplementary/1471230X-8-30-S1.pdf). The translation of the scale is
available from the authors of this article upon request.

Statistical analysis
We applied the MPLUS software Version 7 to analyze our
data. A general factor model, a correlated factor model
and a bifactor model were calculated and compared
by means of Chi-Square difference tests[35]. The latter
is possible in this special case because the number of
specific latent factors (pain, constipation, diarrhea) does
not exceed three[36].
While the one-factor model is supposed to serve
as a simple base model, the bifactor model is actually a
combination of a model which proposes a gastrointestinal
factor and independent group factors which represent
unique variance components of the three IBS scales
(diarrhea, constipation, pain). Bifactor models have
recently become quite popular in the domain of
clinical psychology and have been applied to various
questionnaires such as the Beck Depression Inventory[37],
the Patient Health Questionnaire 15[38] or the State-Trait
Anxiety Inventory[39].
We applied the weighted least squared with mean and
variance adjustment estimation technique (WLSMV[40]).
One of the main advantages of the WLSMV estimation

Measures for construct validation
In order to examine the construct validity of the
Birmingham IBS questionnaire, we included three
additional measures in our study. The fatigue severity
scale[27] assesses the subjective experience of “physical
and mental tiredness, and apathy” [28] , (p. 1601). It
consists of 9-items which are answered on a 7-point
Likert scale (1-7) and is regarded as one of the most
commonly used measures of fatigue severity[28]. As a
very general measure of psychopathology, we assume
that it shows high correlations to a general factor of
gastrointestinal symptoms and smaller correlations to
symptom specific factors. Moreover, the participants
completed the pain sensitivity questionnaire (PSQ)
which asks the respondents to imagine how painful
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belongs to the pain factor and the items Ibs 9(a = 0.11, P
= 0.24) and Ibs 11(a = 0.06, P = 0.34) that both belong
to the diarrhea factor. Therefore, we also calculated a
bifactor one model without a specific pain factor (i.e.,
the items Ibs1, Ibs7, and Ibs8 only have loadings on the
general factor) and another model without a specific
diarrhea factor (i.e., Ibs 2-3, Ibs 9-11 only with loadings
on the general factor). Both, the model without a specific
pain factor (Chi = 0.97, RMSEA = 0.08) and without
a nausea factor (Chi = 0.97, RMSEA = 0.09) showed
a worse fit than the original bifactor model with three
specific group factors. This finding was also supported
by the results from a chi-square difference tests with
Chi(3) = 90.60, P < 0.001 (model without a pain factor)
and Chi(5) = 132.13, P < 0.001 (model without a diarrhea
factor).
Because the specific and general latent factors of
the final bifactor model are orthogonal, it is possible
to decompose the variance of each indicator variable
into specific and general components. This has been
done in Figure 2, where it can be seen that the general
factor of IBS symptom severity is strong across all of
the questionnaire items. Contrary, the importance of the
specific latent factors is not given for all of the items.
Especially for Item 9 (have you leaked or soiled yourself),
Item 11 (abdominal pain prevented you from sleeping),
and Item 8 (passed mucus or slime in your stools), it is
obvious that the specific factors do not play an important
role.

Table 1 Latent correlations between validation criteria and
the four factors of the Birmingham irritable bowel syndrome
questionnaire according to a bifactor model
Validation criteria

Birmingham IBS questionnaire
General
factor

Age (1 = female; 2 = male)
Gender
Fatigue severity scale
Pain sensitivity
questionnaire
Somatoform dissociation
questionnaire

Constipitation Diarrhea

Pain

0.06
-0.20b
0.34b
0.01

-0.13a
0.01
0.07
0.13b

-0.21b
0.07
0.01
0.09

-0.27b
-0.39b
0.13a
0.23b

0.36b

0.02

-0.01

-0.02

n = 875. aP < 0.05, bP < 0.01 vs control. WLSMV-estimation. Validation
criteria are included into the model as manifest variables. Model fit is CFI
= 0.99, RMSEA = 0.05. IBS: Irritable bowel syndrome.

is that it is not affected by the non-normality of the
indicator variables such as the typical maximum likelihood
estimation method [41-42]. Regarding the evaluation of
model fit, we examined the comparative fit index (CFI)
and the Root Mean Square Error of Approximation
(RMSEA) because they tap different aspects of model
fit (for details see[43]). There is a long ongoing debate
regarding rules of thumb for the interpretation of
those indices in the context of SEM[44-46]. We decided to
regard a CFI > 0.95 and a RMSEA < 0.10 as indicating
sufficient model fit.

RESULTS

Construct validity of the birmingham IBS scale
We observed a mean score on the Birmingham IBS
symptom questionnaire of M = 8.74 (SD = 7.02), and
values of M = 3.17 (SD = 2.72) for the pain, M = 2.61 (SD
= 2.96) for the constipation, and M = 2.96 (SD = 3.22)
for the diarrhea subscales. As expected, women showed
higher mean scores on all scales with t(873) = 6.60, P
< 0.01, d = 0.53 for the pain subscale, t(873) = 2.43, P
= .02, d = 0.20 for the constipation subscale, t(871) =
2.33, P = 0.02, d = 0.20 for the diarrhea subscale, and
t(873) = 4.63, P < 0.01, d = 0.38 for the sum score of the
scale. This finding is also reflected by the negative latent
correlation of gender with the pain and general factor of
the Birmingham IBS symptom questionnaire depicted in
Table 1.
We also found the expected small to moderate
negative relationship between age and IBS symptom
severity with the highest absolute relationship for the IBS
pain factor with r = -0.27, P < 0.01. The fatigue severity
scale as a very general measure of tiredness and apathy
showed the highest relationship with the general factor
of IBS symptom severity (r = 0.34, P < 0.01) which is in
line with our a priori hypotheses. We assumed that our
measure of pain sensitivity would show the highest latent
correlation with the IBS pain factor which was indeed the
case (r = 0.23, P < 0.01). Finally the highest relationship
involving the somatoform dissociation questionnaire
occurred for the general factor IBS symptom severity (r

Latent structure of the birmingham IBS scale
A one factor model yielded the worst fit indices with CFI
= 0.85, RMSEA = 0.17 which means that the data cannot
be satisfactory described by means of only one latent
variable. A three factor model provided a much better fit
to the data with CFI = 0.97, RMSEA = 0.08. Because the
one factor model is statistically nested within the three
factor model (i.e., by means of certain constraints on the
parameters the three factor model can be transformed to
a one factor model), we calculated a chi-square difference
test, Chi(3) = 441.55, P < 0.001, which clearly favored
the three factor model. Finally, a bifactor model provided
the best fit to the data with CFI = 0.99, RMSEA = 0.05
which was also supported by statistical comparison with
the three factor model, Chi(8) = 150.77, P < 0.001. The
general factor, bifactor, and correlated factor models are
depicted in Figure 1.
By comparison of the factor loading pattern of the
one-factor model and the bifactor model it can be seen
that the general factor is quite strong. Although the three
subscale-based latent factors are added to the model, the
factor loadings on the general factor remain all significant
(i.e., P < 0.05). On the other hand some of the scalespecific factor loadings loose significance in the bifactor
model compared with the three-factor model where all of
the items showed significant loadings (i.e., P < 0.05). This
is quite obvious for item Ibs 8, (a = 0.08, P = 0.18) which
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Figure 1 Depiction of the three structural equation models which were tested for the Birmingham irritable bowel syndrome scale. n = 875. All latent
variables were fixed to M = 0, SD = 1. Residuals of the manifest variables are omitted for the sake of simplicity. Constip: Constipation; diarrh: Diarrhea; g: General
factor of gastrointestinal symptoms.

= 0.36, P < 0.01).

structure of IBS related symptoms in a sample of
healthy participants who are unlikely to fulfill the
diagnostic criteria for an IBS diagnosis. Based on the
results from the study of Roalfe et al[14] who assessed the
latent structure of IBS related symptoms in a sample

DISCUSSION
The primary aim of this study was to clarify the latent
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Figure 2 Percentage of variance of the birmingham irritable bowel syndrome symptom questionnaire items which is explained by the general and specific
factors of the final bifactor model.

abdominal pain you feel today”[16]) to assess the severity
of the actual IBS symptoms which is combined with
the number of doctor visits and the presence of an IBS
diagnosis to yield a weighted sum score. A recent report
of the Rome foundation summarized that “individual
symptoms, such as abdominal pain, were considered
important factors of severity but are insufficient to fully
embody the severity concept”[48]. Thus, our study only
deals with a small part of IBS severity which is the actual
symptom severity which may be seen as a weakness.
Another possible limitation of this and other internet
based studies is that the sample may not be representative
of the (German) population[50-51]. However, there is some
evidence that samples obtained by internet surveys are
similar to those obtained by more traditional methods and
that some preconceptions, such as, the higher prevelance
of depression in internet samples, have been refuted[52].
Nevertheless, we propose to replicate our findings in a
sample of participants, across a wider age group, who are
more representative of the general population.
The aspect of multidimensionality of IBS severity
also becomes particularly important in case of studies
that examine the efficacy of a specific treatment program
[e.g., cognitive behavior therapy (CBT)] of IBS. Many
studies have shown that CBT is the method of choice to
treat IBS because it leads to a rapid and stable decrease
of IBS symptom severity[53-57]. It is common practice in
those studies to focus on global symptom severity scores
because the questionnaires are treated as unidimensional
measures of symptom severity[58]. Unfortunately, this
could lead to a loss of information when the construct is
indeed multidimensional. For example, it could occur that
a patient improves regarding his symptoms associated with
diarrhea but shows an increase of symptoms related to
constipation. If one only examines a summary score that
equally captures both symptom clusters (e.g., diarrhea and
constipation), one will not be able to detect changes of the
particular symptom pattern. We propose that future therapy
studies on IBS should examine the efficacy of CBT on IBS
severity separately for each of the Birmingham IBS scales.

of participants suffering from IBS, we assumed that a
structural model with three correlated subscale-based
latent factors (i.e., pain, constipation, and diarrhea)
would provide the best fit to our data. Contrary to our
expectations, a bifactor model with one general factor of
IBS related symptoms and three subscale based symptom
specific factors (i.e., pain, constipation, and diarrhea)
showed a superior fit compared to all other models.
Additional questionnaires showed a correlation pattern
which was roughly in line with our a-priori expectations
regarding convergent and discriminant validity. On
the one hand, the superiority of a bifactor model can
be seen as a discrepancy between our analysis and the
results of Roalfe et al[14]. On the other hand, the models
do not necessarily contradict one another and the main
question is probably if a general factor of IBS symptom
severity would be weaker (i.e., hard to detect by means of
exploratory factor analysis) in a sample of patients with
severe IBS symptoms. Therefore, we propose another
study to compare a bifactor model and the original three
factor model in a sample of IBS patients.
Although we included additional measures and
demographic variables in our study to validate the bifactor
structure of the Birmingham IBS scale, we propose
to conduct studies with more specific instruments to
increase the evidence for discriminant and convergent
validity. A very interesting approach stems from Campbell
and Fiske [47] and is called multi trait multi method
matrix approach. It would involve the inclusion of nonquestionnaire based measures (e.g., experimental data,
medical data) to validate the factor structure of the scale.
There is still an ongoing debate regarding what
is meant by symptom severity in the domain of IBS
which is also reflected by the heterogeneity of different
instruments such as the FBDSI and the IBS severity
scoring system[48-49]. The severity scoring system also
assesses quality of life (e.g., “how many weeks were you at
work suffering from IBS”[17]) as part of symptom severity
and the FBDSI includes only a single question (“...please
place a vertical mark that indicates the amount of
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with bifactor models to the domain of irritable bowel syndrome severity.
Moreover, the authors created a variance decomposition graph which helps to
interpret the decomposition of variance components into general and specific
factors for researchers who are less familiar with structural equation modeling.

The need for a multidimensional assessment of IBS
symptom severity also fits well to the recent suggestion
of various researchers[59-60] who propose to explicitly
determine whether an existing IBS condition is rather
dominated by diarrhea or constipation symptoms. The
severity of IBS symptoms on these two specific symptom
clusters could be assessed very well by the constipation
and diarrhea scales of the Birmingham IBS questionnaire.
We think that a quite interesting question which
has been raised by Wessely[4] and others[61] is what the
different functional syndromes have in common. We
argue that it would be interesting to apply the bifactor
model to the questionnaires which assess the severity of
symptoms associated with different functional syndromes
(e.g., fibromyalgia, chronic fatigue syndrome). We would
expect that the severity regarding those syndromes can
also be described by bifactor models (i.e., one general
somatization factor, and syndrome specific factors).
Then, one could correlate the general somatization
factors related to distinct functional somatic syndromes,
which is likely to produce very high intercorrelations.
Thus, it seems plausible to us that different somatic
syndromes share large amounts of common variance
and at the same time each syndrome also accounts
for specific variance components As a consequence, a
comparison of the proportion of common variance and
specific variance could inspire the debate regarding the
appropriate number of those syndromes.
This paper focuses on the measurement of IBS
symptom severity. However, one might argue that the B-IBS
questionnaire is rather a measure of symptom frequency
instead of severity. Indeed, the items of the B-IBS
questionnaire require frequency ratings (all of the time to
none of the time). On the other hand, all of its items require
the rating of both, bodily symptoms (e.g., “diarrhea”) and
distress related ratings (e.g., Item 10: How often have you
“suffered from a feeling of urgency”[14]). Here, without
doubt, the term “suffering” is directly related to the
severity of the symptoms. We propose that future studies
could put more emphasis on the distinction between the
sole presence of a symptom and the degree of suffering
or distress caused by the symptom. This distinction could
also be an interesting feature for future questionnaires in
this domain.

Applications

The results clearly showed that the Birmingham-IBS symptom questionnaire
is also suitable to assess IBS related symptom severity in persons who may
show some IBS symptoms but do not fulfill the diagnostic criteria of a full
IBS. In practice, one should inspect all of the three sub scales (i.e., diarrhea,
constipation, pain) of the questionnaire and not only the summary score.

Peer review

A well conceived and implemented study to show that IBS symptoms occur in
healthy individuals not amounting to a diagnosis of IBS.
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AIM: To investigate whether liver steatosis reduction
due to a six-month dietary intervention results in significant changes in the concentrations of fatty acids.
METHODS: A group of 35 Caucasian individuals diagnosed with different levels of steatosis were prospectively enrolled in the present study. Analysis of the
fatty acid profiles was performed according to changes
in liver steatosis (liver steatosis reduction by one or
two degrees) after a six-month dietary intervention.
The diet helped reduce body mass in obese and overweight patients, and stabilize both glycemia and dyslipidemia. Fatty acids were extracted according to the
Folch method and analyzed by gas chromatography.
RESULTS: This study showed significant changes in
fatty acid profiles in patients who had reduced liver
steatosis by one as well as two degrees. A reduction
in liver steatosis by one degree caused a significant increase in the level of the n -3 family: eicosapentaenoic
acid (P < 0.055), docosapentaenoic acid-C 22:5 (P <
0.05) and docosahexaenoic acid (P < 0.05). A reduction in liver steatosis by two degrees caused a significant decrease in serum palmitoleic acid-C 16:1 (P <
0.05).
CONCLUSION: Liver steatosis reduction is associated
with changes in fatty acid profiles, and these changes
may reflect an alteration in fatty acid synthesis and
metabolism. These findings may help better understand regression of nonalcoholic fatty liver disease.
Key words: Nonalcoholic fatty liver disease; Fatty acids;
Biochemical parameters; Gas chromatography; Sterol
regulatory element binding proteins 1c; n-3 Family; n-6
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tors that belong to a family of sterol regulatory element
binding proteins (SREBP), particularly SREBP-1c. The
elongation of palmitic acid leads to stearic acid (C 18:0)
and its elongation product (Figure 1).
Palmitic acid plays an important structural role in cell
membranes. Recent reports indicate that palmitic acid
causes hepatotoxicity by induction of oxidative stress
and apoptosis in liver cells[7,8]. The liver and most other
tissues have the ability to synthesize MUFAs. These acids
are produced by enzymatic transformations of C 16:0
and C 18:0 catalyzed by Δ9 desaturase (SCD)[9].
The fatty acid precursor of the n-3 family is α-linolenic
acid (αLNA). αLNA concentration in plasma phospholipid is less than 0.5% of total fatty acids. It is a precursor
of eicosapentaenoic acid (EPA 20:5 n-5) and docosahexaenoic acid (DHA, 20:6 n-3). EPA is formed by several changes catalyzed by elongase and desaturase. DHA
is a product of EPA β-oxidation. Both DHA and EPA
have protective effects against many illnesses. It is known
that the conversion of αLNA to EPA and DHA is less
than 0.2% of EPA and 0.05% of DHA[10]. EPA plays
an important role in the production of a third series of
eicosanoids (n = 3), which have less pro-inflammatory
potential than the products of arachidonicacid[11-13] (Figure 2). EPA competes with arachidonic acid (AA) for the
same enzymes: cyclooxygenase and 5-lipoxygenase. This
leads to displacement of AA in the cell membranes and
a reduction in the amount of strong pro-inflammatory
products in exchange for EPA and DHA products[14-16]
(Figure 2).
The main function of DHA is to build phospholipid
membranes. The presence of this acid in the membranes
accounts for approximately 5% of total fatty acids[10].
However, this amount is variable and depends on supplementation in the diet. DHA is a precursor of the antiinflammatory resolvins (Figure 2) and lipid peroxidation
products. It also affects the activity and conformation of
some enzymes and indirectly affects the transcription of
genes[11,17,18]. The precursor of PUFAs from the n-6 family is linoleic acid (LA). LA is converted to γ-linolenic
acid (GLA) by Δ6 desaturase and elongated to dihomoγlinolenic acid (DGLA). Enzymatic conversion of DGLA
promotes pro-inflammatory mediators[19,20] (Figure 2).
Another acid from the n-6 family is AA. AA is converted to prostaglandins (2 series), leukotrienes (4 series), thromboxanes, hydroxyeicosatetraenoic acids and
hydroxyoctadecadienoic acids. These substances are very
important and strong inflammatory mediators[21,22] (Figure
2).

Family; Diet
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: A reduction in liver steatosis due to a sixmonth dietary intervention resulted in significant changes in the concentrations of fatty acids. These changes
may reflect an alteration in fatty acid synthesis and
metabolism. These results show key elements in the
mechanism of the reduction of liver steatosis and allow
for a better understanding of the regression of nonalcoholic fatty liver disease.
Maciejewska D, Drozd A, Ossowski P, Ryterska K, Jamioł-Milc
D, Banaszczak M, Raszeja-Wyszomirska J, Kaczorowska M,
Sabinicz A, Stachowska E. Fatty acid changes help to better
understand regression of nonalcoholic fatty liver disease. World
J Gastroenterol 2015; 21(1): 301-310 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i1/301.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i1.301

INTRODUCTION
Nonalcoholic fatty liver disease (NAFLD) is a form of
chronic disease with histological changes similar to alcoholic fatty liver in individuals who do not abuse alcohol[1,2].
The main causes of NAFLD are associated with insulin resistance, metabolic syndrome and serious lipid metabolism
disorders[1]. Insulin resistance causes a lack of inhibition of
gluconeogenesis and promotes hyperglycemia. It stimulates
hepatic fatty acid synthesis and leads to steatosis. Under
the influence of oxidative stress, liver cells produce tumor
necrosis factor (TNF) and interleukin, which increase insulin resistance and intensify the process of hepatic fibrosis.
There is a very strong correlation between obesity and the
prevalence of NAFLD[1,2]. With the increasing epidemic
of obesity, the frequency of NAFLD has also increased.
The treatment of NAFLD aims to eliminate pathogenic
factors. The basic therapeutic recommendation is a wellbalanced diet. It is desirable to limit the amount of fat consumption. The diet should also contain food with a low
glycemic index, rich in fiber and antioxidants[2,3].
The composition of fatty acids present in hepatocytes
is closely correlated with free fatty acids in the blood
circulation. Qualitative and quantitative analyses of the
free fatty acids in serum provide an indirect source of
information on the synthesis of fatty acids in the liver[4].
Fatty acids associated with the metabolic activity of the
liver are saturated fatty acids, such as palmitic acid and
products of its conversion, monounsaturated fatty acids
(MUFAs) and polyunsaturated fatty acids (PUFAs) from
the n-3 and n-6 families[1,5].
Palmitic (C 16:0) acid is a precursor of long-chain
fatty acids synthesized in the liver. The enzyme catalyzing
the formation of C 16:0 is fatty acid synthetase (FAS)[6].
This enzyme is regulated by a group of transcription fac-
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MATERIALS AND METHODS
The aim of the study was to compare the fatty acid
profile and biochemical parameters of patients with
NAFLD, before and after a six-month dietary intervention. The fatty acid analysis was performed according to
changes in liver steatosis (liver steatosis reduction by one
and two degrees) following the six-month dietary inter-

302

January 7, 2015|Volume 21|Issue 1|

Maciejewska D et al . Fatty acid profiles after NAFLD regression

Figure 1 Regulation of palmitic acid synthesis[9,29-30].

Figure 2 Changes in the n-3 and n-6 families[11-22].

vention (Figure 3).

frigerator, and the samples were centrifuged at 3500 rpm
for 10 min at 4 ℃ within 2 h of collection. Plasma was
then immediately stored under conditions to minimize
artificial oxidation (i.e., with an antioxidant cocktail in an
inert atmosphere). Standard blood biochemical analyses
were carried out at the University Hospital Laboratory.
Clinical and laboratory data are summarized in Tables
1 and 2. Body mass index (BMI) was calculated based
on an individual’s mass and height. A signed informed
consent form was obtained from each patient. The study
protocol was approved by the ethics committee of Pomeranian Medical University and conformed to the ethical guidelines of the 1975 Declaration of Helsinki.

Patients
A group of 35 Caucasian individuals diagnosed with
NAFLD were prospectively enrolled in the study. The
degree of liver steatosis was assessed by a trained physician according to the Hamaguchi score [23] using an
abdominal ultrasound high-resolution B-mode scanner
(Acuson X300). All NAFLD patients included in the
study were negative for HBV (hepatitis B virus) and
anti-HCV (hepatitis C virus) and had a negative history
of alcohol intake (less than 20 g/d). After an overnight
fast, venous blood was collected and placed in tubes
with anticoagulant for lipid analyses. Whole blood was
collected and placed in ethylenediaminetetraacetic acid
tubes. Blood was immediately placed on ice or in a re-
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Dietary intervention
The diet was selected and matched according to the
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Figure 3 Study plan.

Table 1 Clinical and laboratory data of patients who had reduced steatosis by one degree (n = 22)
Parameter

Before diet
Mean ± SD

Age (yr)
Body mass index (kg/m²)
Aspartatetransaminase (U/L)
Alaninetransaminase (U/L)
Gammaglutamyltrasferase (U/L)
Triacylglycerols (mg/dL)
Cholesterol (mg/dL)
High density lipoprotein (mg/dL)
Low density lipoprotein (mg/dL)
Glucose (mg/mL)
Insulin (U/mL)
HOMA-IR

53.57 ± 13.94
34.75 ± 6.26
31.86 ± 19.9
57.86 ± 65.6
50.14 ± 40.2
135 ± 3.9
206.4 ± 42.45
48.21 ± 11.4
130.3 ± 42.19
109.6 ± 51.9
19.6 ± 20.35
5.42 ± 6.08

P value

After diet value

Median (IQR)
60 (20)
33.41(7.2)
23 (16)
33.5 (27.25)
31.5 (39.25)
115 (41)
203.5 (41.3)
49.5 (8.5)
129.5 (44.3)
96.5 (17.8)
12.3 (16.48)
2.98 (2.45)

Mean ± SD
53.57 ± 13.94
32.22 ± 5.97
28.29 ± 20.86
39.07 ± 36.28
40.71 ± 35.25
126.79 ± 89
195.5 ± 49.3
52.07 ± 17.22
119 ± 36.5
115.9 ± 65.72
13.1 ± 12.56
3.65 ± 3.21

Median (IQR)
60 (20)
30.7 (67.21)
19.5 (3)
23.5 (15.25)
26.5 (25)
106 (33.75)
208 (54.2)
47.5 (21.5)
128.5 (46.8)
101 (14.3)
10.85 (8)
2.63 (3.57)

NS
NS
NS
NS
P < 0.05
NS
NS
NS
NS
P < 0.055
NS

IQR: Interquartile range.

calorie needs of individual patients. The diet helped reduce body mass in obese and overweight patients, and
stabilize both glycemia and dyslipidemia. In patients with
normal weight, energy intake was consistent with physiological needs and guaranteed the maintenance of ideal
body weight. Protein intake was 1.0 g/kg body weight
per day. More than half of the protein came from dairy

WJG|www.wjgnet.com

products and fish. The fiber in each diet varied between
25% and 30%. The contents of fruits and vegetables
in the recommended diets were sufficient to ensure an
appropriate level of vitamins and minerals (especially
vitamins A, K, C and the B-group). Sodium intake was
reduced to 5 g/24 h. The preferred type of fat was easy
to digest, such as butter, cream, milk or oil. Energy from
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Table 2 Clinical and laboratory data of patients who had reduced steatosis by two degrees (n = 13)
Parameter

Before diet
Mean ± SD

Age (yr)
Body mass index (kg/m²)
Aspartatetransaminase (U/L)
Alaninetransaminase (U/L)
Gammaglutamyltrasferase (U/L)
Triacylglycerols (mg/dL)
Cholesterol (mg/dL)
High density lipoprotein (mg/dL)
Low density lipoprotein (mg/dL)
Glucose (mg/mL)
Insulin (U/mL)
HOMA-IR

53.44 ± 13.65
33.33 ± 5.32
33 ± 11.7
42.2 ± 27.75
60.9 ± 74.87
141.8 ± 61.33
209.8 ± 47
52.2 ± 14.43
129 ± 42.9
104.8 ± 10.4
8 ± 4.65
2.11 ± 1.27

P value

After diet

Median (IQR)
55 (14)
34 (6.24)
30 (15)
33 (14)
34 (32)
151 (77)
214 (17)
48 (20)
124 (27)
102 (10)
8.8 (7.7)
1.93 (2.12)

Mean ± SD
53.44 ± 13.65
29.32 ± 3.83
21.67 ± 7.35
24.9 ± 19.74
42 ± 51.39
113.4 ± 60
191.6 ± 58.65
55.5 ± 18.9
113.2 ± 52.83
105.4 ± 14.05
5.95 ± 4.35
1.58 ± 1.20

Median (IQR)
55 (14)
30.62 (5.21)
19 (3)
20 (8)
28 (15)
100 (72)
196 (38)
52 (21)
119 (39)
100 (17)
4.8 (5.5)
1.28 (1.94)

P < 0.055
P < 0.01
P < 0.01
NS
NS
P < 0.055
NS
NS
NS
P < 0.05
P < 0.05

IQR: Interquartile range.

Table 3 Fatty acid profiles in patients who had reduced steatosis by one degree (n = 22)
Name of fatty acid (μg/mL)

Before diet
Median (IQR)

C12:0 (lauricacid)
C14:0 (myristicacid)
C14:1 (palmitoleicacid)
C15:0 (pentadecanoate acid)
C16:0 (palmiticacid)
C16:1 (palmitoleicacid)
C17:0 (heptadecanoicacid)
C18:0 (stearicacid)
C18:1w9 (oleic acid)
C18:1 (vaccenicacid)
C18:2n6 (linoleicacid)
C18:3n-6 (gamma linolenic acid)
C18:3n-3 (linolenicacid)
C18:4 (stearidonicacid)
C20:4 (arachidonicacid)
C20:5 (eicosapentaenicacid)
C22:0 (behenicacid)
C22:1n13 (erucate acid)
C23:0 (tricosanoicacid)
C22:4n6 (docosatetraenoicacid)
C22:5w3 (docosapentaenoicacid)
C22:6w3 (docosahexaenoicacid)
C24:1 (nervonicacid)
C26:0 (cerolicacid)

0.0029 (0.0194)
0.0315 (0.01038)
0.0015 (0.0008)
0.008 (0.0035)
0.7 (0.182)
0.0523 (0.0206)
0.015 (0.2529)
0.2222 (0.059)
0.6661 (0.1658)
0.0573 (0.0103)
0.5825 (0.1895)
0.0051 (0.0032)
0.0244 (0.0056)
0.0051 (0.003)
0.1596 (0.0431)
0.022 (0.0021)
0.0117 (0.0043)
0.0029 (0.001)
0.0021 (0.0014)
0.005 (0.002)
0.0137 (0.0001)
0.0522 (0.0027)
0.0023 (0.0029)
0.0072 (0.0112)

P value

After diet
Mean ± SD

Median (IQR)

Mean ± SD

0.003 ± 0.00175
0.02727 ± 0.0152
0.0016 ± 0.0019
0.0076 ± 0.004
0.6658 ± 0.3366
0.0576 ± 0.0392
0.1534 ± 0.4572
0.2262 ± 0.1122
0.5915 ± 0.3156
0.0543 ± 0.0289
0.5398 ± 0.3929
0.0061 ± 0.0045
0.03 ± 0.0144
0.0045 ± 0.0021
0.1650 ± 0.0841
0.028 ± 0.0013
0.0099 ± 0.0051
0.006 ± 0.0062
0.0024 ± 0.0015
0.0045 ± 0.0025
0.0142 ± 0.0083
0.0462 ± 0.0253
0.003 ± 0.0023
0.0117 ± 0.0098

0.004 (0.002)
0.0329 (0.0174)
0.0017 (0.0014)
0.0072 (0.0035)
0.8514 (0.3692)
0.0834 (0.0782)
0.0129 (0.0059)
0.2712 (0.1128)
0.8 (0.3768)
0.0755 (0.0277)
0.8198 (0.3670)
0.0096 (0.0074)
0.0291 (0.0055)
0.0054 (0.013)
0.1540 (0.0716)
0.029 (0.0174)
0.0013 (0.0037)
0.0056 (0.0252)
0.0025 (0.0009)
0.0045 (0.0028)
0.0242 (0.0072)
0.0639 (0.0277)
0.0028 (0.0013)
0.0119 (0.0134)

0.0028 ± 0.0016
0.0329 ± 0.0174
0.0018 ± 0.0013
0.008 ± 0.0044
0.8056 ± 0.42
0.0762 ± 0.0524
0.1535 ± 0.3732
0.2654 ± 0.1277
0.7157 ± 0.3939
0.063 ± 0.0302
0.7482 ± 0.3672
0.0096 ± 0.007
0.025 ± 0.127
0.005 ± 0.0024
0.1675 ± 0.1069
0.032 ± 0.018
0.0093 ± 0.0044
0.0242 ± 0.0211
0.00217 ± 0.0011
0.0043 ± 0.0026
0.0215 ± 0.015
0.0923 ± 0.0953
0.0031 ± 0.0026
0.0124 ± 0.0234

NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
P < 0.055
NS
NS
NS
NS
P < 0.05
P < 0.05
NS
NS

IQR: Interquartile range.

extracted according to the Folch method[24]. 0.5 mL of
plasma was saponified with 1 mL of 2 mol/L KOH
methanolic solution at 70 ℃ for 20 min and then methylated with 2 mL of 14% boron trifluoride in methanol
under the same conditions. Then 2 mL of n-hexane and
10 mL of saturated NaCl solution were added. One milliliter of the n-hexane phase was collected for analysis.

fat differed depending on the needs of the patient and
ranged from 20% to 35% of the energy intake. Carbohydrate intake ranged between 50% and 65%. The amount
of sugars (including fructose) was reduced to 10% of
basal metabolic rate. Diet composition and energy intake
were ascertained using questionnaires (24-h food diaries). Each subject was interviewed about their dietary
pattern the previous day. Data from questionnaires were
analyzed using food composition tables (IZZ, Poland)
and DIETETYK 6.0 software (Jumar, Poland).

Analysis of fatty acid methyl esters
Gas chromatography was performed using the Agilent
Technologies 7890A GC System (SUPELCOWAX™ 10
Capillary GC Column (15 mm × 0.10 mm, 0.10 μm);
Supelco, Bellefonte, PA, United States). Chromatographic conditions were as follows: the initial tempera-

Isolation of fatty acids
Plasma was obtained from blood (taken at blood clots)
by centrifugation for 10 min at 1200 G. Fatty acids were
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Table 4 Fatty acid profiles in patients who had reduced steatosis by two degrees (n = 13)
Name of fatty acid (μg/mL)

Before diet
Median (IQR)

C12:0 (lauricacid)
C14:0 (myristicacid)
C14:1 (palmitoleicacid)
C15:0 (pentadecanoate acid)
C16:0 (palmiticacid)
C16:1 (palmitoleicacid)
C17:0 (heptadecanoicacid)
C18:0 (stearicacid)
C18:1n-9 (oleic acid)
C18:1 (vaccenicacid)
C18:2n6 (linoleicacid)
C18:3n-6 (gamma linolenic acid)
C18:3n-3 (linolenicacid)
C18:4 (stearidonicacid)
C20:4 (arachidonicacid)
C20:5 (eicosapentaenicacid)
C22:0 (behenicacid)
C22:1n13 (erucate acid)
C23:0 (tricosanoicacid)
C22:4n6 (docosatetraenoate acid)
C22:5w3 (docosapentaenate acid)
C22: 6w3 (docosahexanoate acid)
C24:1 (nervonicacid)
C26:0 (cerolicanid acid)

0.0037 (0.009)
0.0323 (0.026)
0.0017 (0.0009)
0.0105 (0.0095)
0.9432 (0.3451)
0.0919 (0.0343)
0.0129 (0.079)
0.2653 (0.089)
0.7595 (0.3613)
0.076 (0.0236)
0.8 (0.2755)
0.0094 (0.0052)
0.0243 (0.0088)
0.0056 (0.003)
0.1899 (0.0822)
0.0284 (0.0109)
0.0119 (0.0055)
0.0162 (0.0004)
0.0035 (0.0005)
0.0058 (0.0022)
0.0169 (0.0087)
0.07 (0.038)
0.003 (0.0029)
0.0093 (0.0013)

P value

After diet
Mean ± SD

0.004 ± 0.00251
0.034 ± 0.016)
0.0022 ± 0.0012
0.0021 ± 0.007
0.8542 ± 0.2357
0.0843 ± 0.0299
0.1105 ± 0.0898
0.2712 ± 0.1792
0.7568 ± 0.4556
0.0665 ± 0.036
0.7514 ± 0.356
0.0106 ± 0.0095
0.0236 ± 0.0137
0.0052 ± 0.0032
0.1720 ± 0.0924
0.0315 ± 0.009
0.0147 ± 0.0083
0.007 ± 0.002
0.0324 ± 0.0017
0.0056 ± 0.0038
0.0172 ± 0.005
0.0679 ± 0.0541
0.0031 ± 0.0071
0.0091 ± 0.0042

Median (IQR)
0.0023 (0.0012)
0.0199 (0.0055)
0.0011 (0.0006)
0.0058 (0.0045)
0.623 (0.3112)
0.0444 (0.0157)
0.0111 (0.0076)
0.2476 (0.1354)
0.4984 (0.2611)
0.0553 (0.0217)
0.5315 (0.19)
0.0073 (0.0026)
0.0195 (0.0078)
0.0034 (0.041)
0.1465 (0.0825)
0.0233 (0.0124)
0.0113 (0.0056)
0.0143 (0.0242)
0.0035 (0.0008)
0.0044 (0.0029)
0.013 (0.0077)
0.0695 (0.047)
0.002 (0.0016)
0.0078 (0.005)

Mean ± SD
0.0047 ± 0.002
0.0337 ± 0.021
0.0021 ± 0.0024
0.0075 ± 0.001
0.7332 ± 0.3912
0.0609 ± 0.0424
0.1014 ± 0.0732
0.2412 ± 0.1277
0.6265 ± 0.2341
0.0549 ± 0.04
0.6677 ± 0.3183
0.0094 ± 0.0051
0.0225 ± 0.1647
0.0042 ± 0.0014
0.1564 ± 0.089
0.0249 ± 0.018
0.0107 ± 0.007
0.0102 ± 0.0032
0.0033 ± 0.0016
0.005 ± 0.0034
0.01615 ± 0.01
0.0585 ± 0.0222
0.0024 ± 0.0011
0.0082 ± 0.0067

NS
NS
NS
NS
NS
P < 0.05
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS

IQR: Interquartile range.

ture was 60 ℃ for 0 min, increased at a rate of 40 ℃
/min to 160 ℃ (0 min), increased at a rate of 30 ℃/min
to 190 ℃ (0.5 min) and then increased at a rate of 30 ℃
/min to 230 ℃ for 2.6 min, where it was maintained for
4.9 min. The total analysis was approximately 8 min and
the gas flow rate was 0.8 mL/min with hydrogen as the
carrier gas. Fatty acids were identified by comparing their
retention times with those of commercially available
standards.

13.1 ± 12.56 after the diet, P < 0.055) (Table 1).
The analysis of fatty acid profiles showed statistically
significant differences in the concentrations of the following acids: docosapentaenoic acid (0.0142 ± 0.0083
before the diet and 0.0215 ± 0.015 after the diet), DHA
(0.0462 ± 0.0253 before the diet and 0.0923 ± 0.0953
after the diet). Eicosapentaenic acid was on the border
of statistical significance (0.028 ± 0.0013 before the diet
and 0.032 ± 0.018 after the diet, P < 0.055) (Table 3).

Statistical analysis
Statistica 7.1 software was used for the statistical analyses
and all results are expressed as median and interquartile
range, and mean ± standard deviation. As the distribution in most cases deviated from normal (Shapiro-Wilk
test), non-parametric Mann-Whitney test was used for
comparisons between groups, and P < 0.05 was considered statistically significant.

Changes in anthropometry and plasma findings in
patients who had reduced liver steatosis by two degrees
The baseline laboratory and anthropometry findings are
shown in Table 2. In terms of biochemical parameters,
we found significant differences in the plasma concentrations of aspartate transaminase (33 ± 11.7 before the
diet and 21.67 ± 7.35 after the diet), alanine transaminase (42.2 ± 27.75 before the diet and 24.9 ± 19.74 after
the diet), insulin (8 ± 4.65 before the diet and 5.95 ± 4.35
after the diet), and HOMA-IR (1.93 (2.12) before the
diet and 1.28 (1.94) after the diet). All of these parameters were significantly higher after the six-month dietary
intervention. One of the anthropometric parameters
(BMI) was on the border of statistical significance (2.11
± 1.27 before the diet and 1.58 ± 1.20 after the diet, P <
0.055) (Table 2).
Analysis of the fatty acid profiles showed a statistically significant difference in palmitoleic acid (0.0843
± 0.0299 before the diet and 0.0609 ± 0.0424 after the

RESULTS
Changes in anthropometry and plasma findings in
patients who had reduced liver steatosis by one degree
The baseline laboratory and anthropometry findings are
shown in Table 1. In terms of biochemical parameters,
we found a significant difference in the plasma concentration of triacylglycerols (135 ± 3.9 before the diet and
126.79 ± 89 after the diet). Insulin was on the border of
statistical significance (19.6 ± 20.35 before the diet and
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Figure 4 Synthesis of the n-3 and n-6 families in patients who had reduced liver steatosis by one degree.

enzymes and the production of cytokines[25-27]. The positive benefits of PUFAs of the n-3 family have been noted
in the treatment of many diseases, including nonalcoholic
fatty liver. Changing the fatty acid profile has an impact
on the profile of their bioactive products. n-3 and n-6 fatty acids compete for the same enzymes needed for elongation and desaturation of carbon chains, as well as the
production of their active inflammatory mediators (Figure
2). The increased presence of EPA and its conversion
products (docosapentaenoic acid and DHA) resulted in
severe elongation and desaturation of fatty acids of the
n-3 family (Figure 4).
EPA and DHA compete with AA and γ-linolenic acid
for cycloxygenases and lipoxygenases. The increased concentration of these acids may result in replacement of
some of the AA metabolites and GDLA with metabolites of EPA and DHA. Bioactive products of EPA may
have pro- and anti-inflammatory properties. It should
be noted that the pro-inflammatory metabolites of EPA
have 100-fold less activity than the biological activity
of AA metabolites. In addition, EPA is a substrate for
a series of E resolvins, and the activity of this series is
mainly due to inhibition of migration, phagocytosis of
neutrophils and reduced secretion of pro-inflammatory
cytokines[10-13]. DHA is a precursor of highly anti-inflammatory metabolites, such as the D series of resolvins,
and protectins. These substances interact with many im-

diet) (Table 4).

DISCUSSION
It is not known whether a reduction in fatty liver in patients with NAFLD is associated with a change in the
composition of fatty acids in the blood[4], or if the extent
of the reduction in steatosis influences circulating fatty
acid profiles. In this study, we found significant changes
in plasma lipids in patients who had reduced liver steatosis by one or two degrees. Patients who had reduced
liver steatosis by one degree showed a significant improvement associated with an increase in the level of the
n-3 fatty acid family: eicosapentaenoic acid (P < 0.05),
docosapentaenoic acid (P < 0.05) and DHA (P < 0.05).
To provide a mechanism for the changes in patients with
a slight reduction in steatosis, the results of biochemical
parameters should be considered. These changes were associated with decreased concentrations of TG (P < 0.05)
and a decreased trend in insulin concentration (P < 0.055).
Significant changes in the concentrations of the n-3 family during the decrease in TG level were observed. Fatty
acids of the n-3 family, particularly EPA and DHA, have
a protective effect on the liver by decreasing insulin resistance, reducing inflammation and inhibiting apoptosis
in hepatocytes. These acids act at many different levels,
including an influence on gene transcription, activation of
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Figure 5 Regulation of palmitic acid formation in patients who had reduced liver steatosis by two degrees.

mune cells and platelets. The most important effects are
related to reduced migration of neutrophils and T cells
at the center of inflammation and decreased secretion
of TNF-α, IL-12, and IFN-γ[11]. Both EPA and DHA
have an impact on the regulation of transcription factors related to genes involved in lipid metabolism in the
liver and cause deactivation of SREBP-1, PPRα and
PPRγ[28]. To date, three types of proteins in the SPEBP
family have been described: SREBP-1a, SREBP-1c, and
SREBP-2. The main activities of the first two factors are
found in the liver and adipose tissue. The expression of
genes coding proteins of the SREBP family is achieved
by changes in insulin and cholesterol concentration.
High concentrations of insulin and cholesterol indirectly
activate SREBP proteins, particularly SREBP-1c. Expression and activation of the SREBP family increase
expression of FAS and palmitic acid synthesis[29,30] (Figure
1). Lower insulin level and increased concentrations of
EPA and DHA may indicate a decrease in the expression
of SREBP, which results in decreased expression of FAS
and consequently the synthesis of palmitic acid. We did
not observe this dependence in our patients. The reason
for this may be due to multifactorial regulation based on
insulin and cholesterol. Regulation based on changes in
the concentration of the n-3 family seems to be less important, compared to changes in insulin and cholesterol.
The n-3 family also has an impact on the regulation of
other transcription factors, including PPRα and PPRγ,
which regulate genes involved in fatty acid oxidation.
Furthermore, PPRα inhibits the expression of genes
responsible for the formation of TNF-α and IL-6[31].
PPRγ is involved with genes associated with insulin sensitivity[28]. Analysis of the fatty acid profiles in patients
who had reduced liver steatosis by two degrees showed
a significantly lower level of palmitoleic acid. This acid
is produced by the direct conversion (SCD) of palmitic
acid (Figure 5). A reduced level of palmitoleic acid may
cause a decrease in SCD activity and a decrease in the
formation of transcriptions factors (SREBP-1c) regulating the expression of SCD. This hypothesis seems to be
confirmed by the results of the biochemical parameters.
These changes were associated with a general improvement in liver function, which was manifested by significantly lower concentrations of liver enzymes (AST, P <
0.01, ALT, P < 0.01), insulin levels (P < 0.05) and insulin
resistance (HOMA P < 0.05). A significantly lower level
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of insulin and a slightly decreased trend in cholesterol
level (P < 0.055) may have a significant impact on the
decreased expression of SREBP-1c (Figure 5). In this
case, a reduction in palmitic acid synthesis would be observed[29]. Analysis of fatty acid profiles did not show a
reduction in palmitic acid synthesis. Palmitic acid can be
converted to stearic acid or desaturated to palmitoleic
acid (Figure 5). Decreased concentration of palmitoleic
acid without significant changes in the concentration of
stearic acid may indicate decreased synthesis of palmitic
acid. No significant changes in the concentration of
palmitic acid could be the result of accumulation due to
lack of conversion to its enzymatic products (Figure 5).
Fatty acid profiles help us to better understand regression of NAFLD. Liver steatosis reduction is associated
with changes in fatty acid profiles, and these changes may
reflect an alteration in fatty acid synthesis and metabolism.
Changes in patients with a slight reduction in liver steatosis showed elevated levels of the n-3 family fatty acids.
This may decrease the amount of inflammatory mediators
in the liver and indirectly result in a reduction in SREBP1c. We also noted that the main factors influencing the
reduction in steatosis and reduced synthesis of fatty acids
in the liver were insulin and cholesterol. According to the
changes in fatty acid profiles, this was also confirmed in
patients who had reduced steatosis by two degrees.
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Background

Nonalcoholic fatty liver disease (NAFLD) is associated with insulin resistance,
metabolic syndrome and serious lipid metabolism disorders. NAFLD includes a
wide spectrum of liver pathologies, ranging from pure steatosis (usually a benign and non-progressive condition) to nonalcoholic steatohepatitis, which may
progress to liver cirrhosis with complications such as portal hypertension and
hepatocellular carcinoma.

Research frontiers

With the increasing epidemic of obesity, the frequency of NAFLD has also
increased. The main research fields related to NAFLD are associated with prevention, treatment and clarification of the mechanism of the disease.

Innovations and breakthroughs

Nonalcoholic fatty liver disease is one of the most common chronic liver diseases, with histological changes similar to alcoholic fatty liver. Diagnosis of NAFLD
can usually be achieved by imaging studies. However, the liver biopsy is the
golden standard in the assessment of liver fibrosis. Pathophysiology of NAFLD
is still subject to intensive research. The main causes of NAFLD are related
to metabolic syndrome, insulin resistance and lipid metabolic disorders. The
treatment of NAFLD aims to eliminate pathogenic factors. The basic therapeutic
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recommendation is a well-balanced diet and lifestyle change.

Applications
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Liver steatosis reduction is associated with changes in fatty acid profiles, and
these changes may reflect an alteration in fatty acid synthesis and metabolism.
These findings may help better understand regression of NAFLD.

Terminology

Nonalcoholic fatty liver disease refers to lipid infiltration of the hepatic parenchymal cells, resulting in a yellow-colored liver. The abnormal lipid accumulation is
usually in the form of triglycerides, either as a single large droplet or multiple small
droplets. Fatty liver is caused by an imbalance in the metabolism of fatty acids.
According to MESH, sterol regulatory element binding protein is a protein that
regulates expression of genes involved in fatty acid metabolism and lipogenesis.
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Peer review

In this study, the author detected the changes of the composition of serum fatty
acids in the patients with NAFLD, and explored the relationship between the
liver steatosis reduction and the changes in fatty acid profiles.
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AIM: To determine the mutation status of human
telomerase reverse transcriptase gene (TERT ) promoter
region in hepatocellular carcinoma (HCC) from different
geographical regions.
METHODS: We analyzed the genomic DNA sequences
of 59 HCC samples comprising 15 cell lines and 44
primary tumors, collected from patients living in Asia,
Europe and Africa. We amplified a 474 bp DNA fragment
of the promoter region of TERT gene including the
1295228 and 1295250 sequence of chromosome 5 by
using PCR. Amplicons were then sequenced by Sanger
technique and the sequence data were analyzed with
by using DNADynamo software in comparison with wild
type TERT gene sequence as a reference.
RESULTS: The TERT mutations were found highly
frequent in HCC. Eight of the fifteen tested cell lines
displayed C228T mutation, and one had C250T mutation
with a mutation frequency up to 60%. All of the
mutations were heterozygous and mutually exclusive.
Ten out of forty-four tumors displayed C228T mutation,
and additional five tumors had C250T mutation providing
evidence for mutation frequency of 34% in primary
tumors. Considering the geographic origins of HCC tumors
tested, TERT promoter mutation frequencies were higher
in African (53%), when compared to non-African (24%)
tumors (P = 0.056). There was also a weak inverse
correlation between TERT promoter mutations and
murine double minute 2 single nucleotide polymorphism
309 TG polymorphism (P = 0.058). Mutation frequency
was nearly two times higher in established HCC cell
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regulating telomerase activity or with alternative lengthening
of telomeres[6]. Integration of hepatitis B viral DNA
into the telomerase reverse transcriptase (TERT) gene is
observed in HCC patients with hepatitis B viral (HBV)
infection and considered found as one of the paths to
increase telomere length[7-9]. However, there are many
HCC cases without HBV involvement and in which
telomere length is still an issue for those. Recently, many
groups reported the presence of two frequent mutations
in TERT promoter region in different tumors including
HCC [10-16]. These promoter mutations are claimed to
upregulate the TERT transcription by creating a binding
site for ETS (E-twenty six)[10] and ternary complex factor
(TCF) transcription factors[11]. Reported HCC tumors with
TERT promoter mutations were from United States[12]
and France[15] and mutation frequencies were 44% and
59%, respectively. Highly frequent TERT mutations may
serve not only as novel diagnostic markers but also as and
potential therapeutic targets for HCC. However, it is still
unknown whether TERT promoter mutations occur in
diverse HCCs worldwide, regardless of their geographical
origin. As these tumors occur less frequently in western
populations, but quite commonly then in Asian and African,
TERT promoter status in Asian and African HCC patients
is worth to know. In this study, we analyzed 15 HCC cell
lines, as well as 44 HCC tumors from three different
continents in search for two hotspot mutations in TERT
promoter.

lines (60%) compared to the primary tumors (34%).
CONCLUSION: TERT promoter is one of most frequent
mutational targets in liver cancer, and hepatocellular
carcinogenesis is highly associated with the loss of
telomere-dependent cellular senescence control.
Key words: Hepatocellular carcinoma; Liver cancer;
Telomerase reverse transcriptase; Promoter mutation;
Cellular immortality; Telomerase reverse transcriptase
gene
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Our study demonstrated that telomerase
reverse transcriptase (TERT ) promoter mutations are
present in hepatocellular carcinomas (HCCs) from
different geographical regions, and the highest frequency
was observed in tumors from Africa. These mutations
occur both primarily as C228T mutation and as C250T
mutation. These results also provide evidence for TERT
mutations as a common trait of HCC regardless of their
geographical location.
Cevik D, Yildiz G, Ozturk M. Common telomerase reverse
transcriptase promoter mutations in hepatocellular carcinomas
from different geographical locations. World J Gastroenterol
2015; 21(1): 311-317 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i1/311.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i1.311

MATERIALS AND METHODS
Ethics and patient tissues
We used archival HCC tumor DNA samples (n = 44) that
have been described previously in terms of hepatitis B
viral DNA testing, TP53 mutations and murine double
minute 2 (MDM2) polymorphism[17,18].

INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the most
common and fatal cancers with a heterogeneous incidence
throughout different regions of the world[1]. HCC, whose
incidence has been vigorously increasing in western coun
tries, has the highest incidence in China, Middle Africa,
and Japan. Epidemiology of HCC differs among different
geographical regions. Hepatitis B and C are the main
risk factors in Asia and Africa while alcohol intake is the
main driving force in Europe and the United States[2].
Overall survival rate of HCC patients is very low due to
inefficient treatment options. HCC is resistant to most of
the conventional therapies, thus the only plausible treatment
is liver transplantation that is restricted to early-diagnosed
cases[3]. In order to provide a more effective therapeutic
approach to HCC patients, genetic mechanisms underlying
liver carcinogenesis have been studied for years; however,
most of the mutations identified so far are “loss-of-function”
type, thus they are not suitable to be used for targeted
therapy[4]. The only molecularly targeted drug for HCC
treatment is Sorafenib whose efficacy is not satisfactory[5].
Tumor cells need to overcome the telomere shortening
problem, one of the most crucial obstacles during the
transformation process. This can be achieved either by up-

WJG|www.wjgnet.com

Cell lines
Huh7, HepG2, Hep3B, Hep40, PLC/PRF/5, FOCUS,
Mahlavu, FLC4, and SK-HEP-1 cells were cultured in
Dulbecco’s modified Eagles medium, whereas SNU182,
SNU387, SNU398, SNU423, SNU449, and SNU475 cell
lines are grown in RPMI. Both media were supplemented
with 10% fetal calf serum, 2 mmol/L L-glutamine, 1
× non essential amino acids, and 100 units of penicillin/
streptomycin (all from Life Technologies™). Cells were
grown up to 70% confluency before genomic DNA
extraction.
Mutation analysis by nucleic acid sequencing
Genomic DNA samples were isolated by using Purelink
Genomic DNA Kit (Life Technologies™) according to
manufacturer’s instructions, then DNA concentrations
were measured with Nanodrop Spectrometer (Thermo
Scientific). 100 ng of genomic DNA was used to amplify
a 474 bp region of TERT promoter flanking hotspot
mutations that are found at positions 1295228 and 1295250
of chromosome 5 by using AccuPrime GC-rich DNA
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Figure 1 Sequence chromatograms are representing telomerase reverse transcriptase promoter mutations. Locations of (C228T) and (C250T) mutations are
marked with the arrow.
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Figure 2 Geographic distribution of telomerase reverse transcriptase promoter mutations. Tumor samples from Africa have the highest mutation rate (53%),
followed by European samples with 30%, and Asian samples with a rate of only 21%. WT: Wild type.

RESULTS

Table 1 Telomerase reverse transcriptase promoter mutations
in hepatocellular carcinoma cell lines

TERT promoter mutations are frequently observed in
hepatocellular carcinoma cell lines
We tested a panel of 15 HCC cell lines composed of
six epithelial-like (Huh7, HepG2, Hep3B, Hep40, PLC/
PRF/5, and FLC4) and nine mesenchymal-like (FOCUS,
Mahlavu, SNU182, SNU387, SNU398, SNU423, SNU449,
and SNU475, SKHEP1) cell types[19] for mutations at
TERT gene promoter. Nine cell lines carried C228T
mutation but only one cell line, Mahlavu, carried C250T
mutation; all mutations were heterozygous (Table 1).
Two examples of sequence chromatograms representing
C228T and C250T mutations are given in Figure 1. In
sum, 67% (10 out of 15) of HCC cell lines displayed a
TERT promoter mutation. In all HCC cell lines tested,
C228T and C250T mutations were found in a mutually
exclusive manner. Both epithelial-like and mesenchymallike cells had these mutations with similar frequencies (4
out of 6, and 6 out of 9 respectively). We concluded that
TERT promoter mutations occur frequently in HCC cell
lines, regardless of their differentiation status.

TERT promoter status

Cell lines
Epitheliel-like
Huh7
HepG2
Hep3B
FLC4
Hep40
PLC/PRF/5
Mesenchymal-like
FOCUS
SNU387
SNU398
SNU423
SNU475
Mahlavu
SNU182
SNU449
SKHEP1

C228T
C228T
C228T
C228T
Wild-type
Wild-type
C228T
C228T
C228T
C228T
C228T
C250T
Wild-type
Wild-type
Wild-type

TERT: Telomerase reverse transcriptase promoter.

polymerase kit (Life Technologies™) with forward primer
5’-ACGAACGTGGCCAGCGGCAG-3’ and reverse
primer 5’- CTGGCGTCCCTGCACCCTGG-3’ [11] .
Amplicons were sequenced with Sanger technique, and data
were analyzed with DNADynamo software (BlueTractor
Software Ltd) by comparing TERT sequence from UCSC
Genome Browser as a reference.

TERT promoter mutations in primary hepatocellular
carcinoma tumors
To determine TERT promoter mutation frequency in
HCC tumors, we tested an archival collection of 44 HCC
tumor DNAs (Table 2) collected from different countries
around the world including Japan (11 patients), China
(8), Germany (7), France (2), Israel (1), Mozambique (6),
Transkei (4), Lesotho (2), Swaziland (1), and South Africa
(2). Based on tumor viral DNA testin[16,17] the etiology
for 23 out of 44 (52.3%) of these tumors was hepatitis
B virus infection. The etiology of other tumors was
unknown. We identified 15 mutations in 44 tumors, 10 of

Statistical analysis
Fisher exact test was used to compare statistical differences
(P-values; one-tailed) among clinical samples holding and
lacking TERT promoter mutation using Wassar Statistics
Tool available online (http://vassarstats.net). A P-value of
less than 0.05 was considered to be significant.
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Table 2 Telomerase reverse transcriptase promoter mutation analysis of hepatocellular carcinoma tumors
TERT mutations

Country
Japan
Japan
Japan
Japan
Japan
Japan
Japan
Japan
Japan
Japan
Japan
China
China
China
China
China
China
China
China
Israel
Mozambique
Mozambique
Mozambique
Mozambique
Mozambique
Mozambique
Transkei
Transkei
Transkei
Transkei
Lesotho
Lesotho
Swaziland
South Africa
South Africa
Germany
Germany
Germany
Germany
Germany
Germany
Germany
France
France

p53 mutations

MDM2

C228T

C250T

Codon

Amino Acid change

SNP 309

C228T
C228T
C228T
WT
WT
WT
WT
WT
WT
WT
WT
WT
WT
WT
WT
WT
WT
WT
WT
WT
C228T
C228T
WT
WT
WT
WT
C228T
C228T
WT
WT
WT
WT
WT
C228T
WT
C228T
C228T
WT
WT
WT
WT
WT
WT
WT

WT
WT
WT
C250T
WT
WT
WT
WT
WT
WT
WT
WT
WT
WT
WT
WT
WT
WT
WT
WT
WT
WT
C250T
C250T
WT
WT
WT
WT
WT
WT
C250T
WT
WT
WT
WT
WT
WT
C250T
WT
WT
WT
WT
WT
WT

6 bp del

Del (AGCTAC)
WT
WT
WT
WT
WT
WT
WT
WT
WT
WT
C > A Asp > Glu
WT
WT
WT
WT
WT
WT
WT
WT
G > T Val > Phe
WT
WT
G > T Arg > Ser
WT
G > T Arg > Ser
WT
WT
WT
WT
WT
WT
WT
WT
WT
WT
C > T Arg > Cys
WT
WT
WT
WT
WT
WT
WT

G/G
T/G
T/G
G/G
T/G
T/G
T/G
T/G
T/G
G/G
T/G
T/T
G/G
T/G
T/T
G/G
T/T
G/G
G/G
T/G
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/G
T/T
T/T
T/G
G/G
T/T
G/G
G/G
G/G
T/T
T/G
T/G
T/G

281

157

249
249

273

HBV

Stage

Minus1
Minus1
Minus1
Minus1
Minus1
Minus1
Minus1
Minus1
plus1
Minus1
Minus1
plus1
Plus1
Plus1
Plus1
Plus1
Plus1
Plus2
plus1
Minus1
Plus1
Plus2
Plus2
Minus1
Plus2
Plus1
NT
NT
NT
Plus1
Plus2
Plus2
Plus
Plus2
Plus2
Minus1
Minus1
Plus2
Minus1
Minus1
Plus2
Plus2
Minus1
Minus1

Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Late
Late
Late
Early
Late
Late
Late
Late
Early
Late
Early
late
Early
Late
Late
Metastasis
HCC
HCC
Unknown
Metastasis
Unknown
HCC
Unknown
Unknown

1

means reference 17; 2means reference 18. The collection of tumor samples used for telomerase reverse transcriptase (TERT) promoter mutation analysis
is displayed together with complementary data. WT: Wild type; Del: Deletion; HCC: Hepatocellular carcinoma; SNP: Single nucleotide polymorphism;
MDM2: Murine double minute 2; HBV: Hepatitis B viral.

Association of TERT promoter mutations with
geographical origin of tumors and MDM2 SNP 309
polymorphism
Table 3 compares patient characteristics such as gender,
age, geographical status, tumor HBV DNA and TP53
mutation as well as patient MDM2 single nucleotide
polymorphism (SNP) 309 status with the mutational status
of TERT promoter. There was no significant difference
found in patient gender and age, but a weak association (P
= 0.056) was found in geographical origin. Tumors from
African patients displayed TERT promoter mutations
two-fold more frequently (53%) than non-African patients
(24%). Tumors with HBV DNA displayed less frequent

which were C228T and the other 5 were C250T mutations.
C228T mutations (23%) were again more frequent than
C250T mutations (11%) and they were mutually exclusive,
as observed in HCC cell lines (Table 2).
Figure 2 displays the distribution of TERT mutations
in different continents. Tumors from Africa with the
highest mutation frequency (53%) were followed by tumors
from Europe (30%) and Asia (21%), respectively. We
were not able to test whether these mutations were germline or somatically acquired, however, all reported C228T
and C250T mutations in HCC were acquired somatic
mutations[12,15]. Thus; we assume that mutations reported
here are also somatic.
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Table 3 Characteristics of the patients according to telomerase reverse transcriptase promoter mutation status n (%)
Variable

Overall series

TERT promoter mutated

TERT promoter non-mutated

(n = 44)

(n = 15)

(n = 29)

27
1

10
1

17
0

0.2059

9
19

3 (33)
8 (42)

6 (67)
11 (58)

0.6547

15
29

8 (53)
7 (24)

7 (47)
22 (76)

0.0528

23
18

6 (26)
7 (39)

17 (74)
11 (61)

0.2950

6
38

3 (50)
11 (29)

3 (50)
27 (71)

0.6315

18
15
11

8 (44)
2 (13)
4 (36)

10 (56)
13 (87)
7 (64)

Gender
Male
Female
Age
≥ 60 yr
< 60 yr
Geographical origin
African
Non-African
HBV DNA
Positive
Negative
TP53
Mutated
Wild-type
MDM2 SNP 309
TT
TG
GG

P value

0.0528 (vs TT)

TERT: Telomerase reverse transcriptase; SNP: Single nucleotide polymorphism; MDM2: Murine double minute 2; HBV: Hepatitis B viral.

TERT promoter mutations (26%) as compared to HBVnegative tumors (39%), but the difference did not reach to
a significance (P = 0.295). Similarly, tumors with wild-type
TP53 displayed less frequent TERT promoter mutations
(29%) as compared to those with a mutation (50%).
However, this difference did not reach to a significant
level (P = 0.280). In contrast, we found a week association
between TERT promoter mutations and MDM2 SNP 309
TG polymorphism (P = 0.058). Patients with SNP309
TT polymorphism displayed 44% TERT promoter
mutation, in contrast to those with TG polymorphism
which displayed only 13% TERT promoter mutations.
Indeed, TERT promoter mutations were over 3-fold more
frequent in patients with MDM2 SNP 309 TT status, than
those with a TG status.

TERT reactivation is associated with HBV DNA integration near the TERT gene in rare cases of HCC,
providing a clue about viral reactivation of TERT
expression[7]. In addition, TERT promoter mutations
have been reported recently as frequent events in some
cancers such as melanoma, sarcomas, urothelial carcinoma,
bladder cancer, glioblastoma, thyroid cancer, and HCC[10-16].
Although it is not clear yet whether such mutations are
necessary and sufficient for TERT reactivation in cancer
cells, it appears that somatic mutations of TERT promoter
are among the most frequent aberrations observed in
some tumor types. Our studies in HCC cell lines reiterate
this striking finding. With 60% frequency, TERT mutation
is the most frequent mutational event observed in these
cell lines together with TP53 mutations so far[27]. Thus,
it is very likely that TERT promoter mutations facilitate
the establishment of HCC cell lines by overcoming
telomere shortening during in vitro culture. We have
found similar mutation frequencies for both epitheliallike and mesenchymal-like cell lines suggesting that
mutagenesis of the TERT promoter is independent of the
differentiation status of the cell lines. Early HCCs display
epithelial like morphology whereas advanced HCCs may
display mesenchymal-like morphology associated with
epithelial to mesenchymal transition that is often observed
during tumor progression[28,29]. Our findings suggest that
TERT mutations are early events during hepatocellular
carcinogenesis in confirmation with a recent report[15].
The mutations observed in cell lines are the same type of
mutations observed in primary tumors. This suggests that
cell line mutations did not occur spontaneously during cell
culture. Their high frequency may indicate that tumor cells
with such mutations are established more easily.
TERT promoter mutations that are observed in
34% of primary HCC tumors are quite high, albeit less

DISCUSSION
The TERT gene, encoding the catalytic subunit of telo
merase reverse transcriptase enzyme, is a limiting factor
for unlimited proliferation of most human somatic cells
including hepatocytes. Lack of TERT gene expression
in these cells leads to a progressive erosion of telomeres
during successive cell divisions culminating with a permanent
cell cycle arrest when telomere DNA reaches a critically
short stature. Cancer cells such as HCC cells overcome
this arrest by reactivating TERT gene expression with
ill-known mechanisms. TERT reactivation is so far the
most frequently observed (80%-90%) aberration in HCC
tumors[20,21]. Several mechanisms have been reported for the
activation of TERT expression in cancer cells, including
myc and Wnt/β-catenin signaling-mediated activation[22-24],
alternative splicing, and epigenetic alterations [25,26] .
Whether these mechanisms are involved in hepatocellular
carcinogenesis is still unknown.
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Innovations and breakthroughs

frequent than those observed in cell lines. This lower
frequency in tumors may be expected because of the
potential bias due to a selective advantage during cell
culture as stated above. Additionally, heterozygous TERT
promoter mutations may be more difficult to detect due
to the contamination of tumor DNA with the DNA
coming from non-cancer cells into tumor tissues. Despite
these limitations, the existence of TERT promoter
mutations in at least one-third of primary tumors indicates
that this gene is one of the most frequent targets for
mutation in liver cancer. Our recently published findings
pinpointed TERT as a critical gene involved in HCC cell
immortality, which itself is viewed as a central mechanism
of hepatocellular carcinogenesis in humans[30,31]. This
present study, together with a recent study [15] clearly
establishes that TERT promoter mutation is a hallmark
of liver cancer. Our findings provide further evidence for
a global incidence of TERT promoter mutations in liver
cancer regardless of their geographical origin. Moreover,
we provide preliminary evidence for a higher frequency
of these mutations in patients from Africa. Thus TERT
mutations restricted to two hotspots at its promoter, are
universal markers for liver cancer and thus they may serve
as easy cancer biomarkers in high risk populations such as
those chronically infected with hepatitis viruses, as well as
cirrhosis. Finally, higher manifestation of TERT promoter
mutations in HCC patients with MDM2 SNP309 TG status
strongly suggests that there is a cross talk between TP53MDM2 axis and TERT functions in liver cancer. Further
research is needed to confirm these initial observations.
In conclusion, TERT promoter mutations that are
widely observed in liver cancers from around the world
provide sufficient evidence for the critical role of telomere
biology and cellular immortality in these cancers.

Telomerase reactivation is common to liver cancer samples, and TERT
promoter mutations have been reported recently. Tumor samples were collected
from hospitals from counties such as France and United States, where liver
cancer is not a major disease contrary to some other countries located in Asia
(China and Japan) and Africa (southern African countries) with a very high
incidence. Thus, it was not clear how common TERT promoter mutations were
over the world, especially in Africa and Asia. In this present study, we tried to
show that TERT promoter mutations are common in hepatocellular carcinoma
(HCC), regardless of geographical location. Moreover, this research showed
that HCCs from Africa are more likely to carry TERT promoter mutations, in
comparison with Non-African tumors.

Applications

The high frequency of TERT promoter mutations resulting from the present
study suggests that these mutations are critical or may be necessary for liver
tumor formation. Therefore, they can be used for diagnostic or prognostic
purposes for patient care. Furthermore, if such mutations are causing tumorspecific reactivation of telomerase activity, they may serve as tumor-selective
targets for novel therapies.

Terminology

Hepatocellular carcinoma is a primary liver cancer. Telomeres are DNA
sequences located on the tips of chromosomes. TERT gene encodes for an
enzyme responsible for the synthesis of telomeric DNA.

Peer review

The authors determined mutation status of human TERT promoter region in
HCCs from different geographical regions. Although some articles have the
same scope but the new item is the effect of different geographical locations,
the article is well-organized and is perfectly written.
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AIM: To investigate the long-term follow-up of distal
intestinal obstruction syndrome (DIOS) in Israeli cystic
fibrosis (CF) patients.
METHODS: This is a multi-center, comparative, retro
spective study in which we reviewed the medical
records of all CF patients from three major CF centers
in Israel who were treated in the period from 1980 to
2012. Patients diagnosed with DIOS were defined as
the study group. The patients were diagnosed with
DIOS based on their clinical presentation and typical
findings on either abdominal X-ray or computerized
tomography scan. For the control group, CF patients
with no DIOS were matched to the patients in the study
group for age, sex, and cystic fibrosis transmembrane
conductance regulator (CFTR) mutations. For both
groups, the collected data included age, sex, CFTR
genotype, weight, height, and body mass index. Clinical
data included respiratory function tests in the last
five years prior to the study, respiratory function test
immediately before and after the DIOS event, number
of hospitalizations, sputum culture results, and CFrelated conditions diagnosed according to the CF clinical
practice guidelines. In the study group, data on the
DIOS treatment and tendency for DIOS recurrence were
also analyzed.
RESULTS: The medical charts for a total of 350 CF
patients were reviewed. Of the 350 CF patients, 26
(7.4%) were diagnosed with DIOS. The control group
included 31 CF patients with no DIOS diagnosis. The
mean follow-up period was 21.6 ± 8.2 years. The total
of DIOS episodes in the follow-up period was 60. The
distribution of DIOS episodes was as follows: 6/26
(23.1%) study patients had one episode of DIOS in
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to an increase in the average age of CF patients[3]. The
two gastrointestinal manifestations in CF that lead to
intestinal obstruction are meconium ileus (MI) and
distal intestinal obstruction syndrome (DIOS). MI is a
condition specific to infants, who in most cases are also
diagnosed with CF, strongly suggesting that MI may be
the first clinical marker of the disease. The MI appears
in 10%-21% of CF patients[4-6]. The meconium in the MI
neonates is viscous, dry and thick, consequently causing
intestinal obstruction. DIOS, a similar phenomenon
of intestinal obstruction, occurs later in life. DIOS is
characterized by the accumulation of viscous intestinal
contents within the bowel lumen involving the terminal
ileum, cecum and ascending colon, potentially causing
complete or partial intestinal obstruction[7]. The DIOS
incidence rate ranges from 2.3% to 41.3%[8]. A recent
study in European children showed complete obstruction
incidence rate ranging 5-12 episodes per 1000 CF patients
per year[9].
Some of the indications of the presence of acute
complete obstruction are bilious vomiting, a mass in the
ileocecal area, abdominal pain and distention, and airfluid level in the small intestine on abdominal X-ray.
The incomplete fecal obstruction is characterized by
abdominal pain and a mass in the ileocecal area[9]. Al
though the pathogenesis of DIOS is unknown, the
underlying assumption is that DIOS is a combination of
a few factors, including pancreatic insufficiency (PI) with
abnormal secretion of pancreatic enzymes and abnormal
digestion, insufficient secretion of bicarbonate, viscous
and mucoid secretions of the intestinal mucosa, and
impaired intestinal motility[9]. Various DIOS treatment
options are available[3,9]. In most cases, patients with
incomplete DIOS respond well to oral rehydration
combined with stool softeners or laxatives. When
DIOS presents with more severe intestinal obstruction
characterized by bilious vomiting or when washout
therapy has failed, hospitalization is recommended,
and intravenous rehydration and nasogastric aspiration
should be commenced. With early aggressive medical
management, surgery is seldom required; laparotomy
with washout via enterostomy should supersede resection
of the ileocecum.
There is a lack of consensus in the literature on the
different aspects of DIOS in CF patients. Correlation
between DIOS and the pulmonary and nutritional status
was found to be either non-significant[7] or positive[3]. On
the other hand, DIOS patients suffered from a lower
forced expired volume in 1 s (FEV1) and had more severe
morbidity than patients without DIOS[9,10]. The correlation
between pancreatic enzyme replacement therapy (PERT)
and DIOS is still not fully understood. Some reports
suggest a positive correlation between PERT and an
increased risk of obstruction[9,11]. Others found that the
pancreatic failure and uncontrolled steatorrhea led to an
increase in intestinal obstruction frequency that did not
improve even after the introduction of a more efficient
pancreatic enzyme treatment [3,10,12-14]. The correlation
between DIOS and MI also remains inconclusive, ranging

their lifetime, 7/26 (26.9%) had two episodes, 7/26
(26.9%) had three episodes, and 6/26 (23.1%) had
four or more episodes. Compared to the control group,
DIOS patients had a significantly higher incidence of
meconium ileus in the past (65.4% vs 0%, respectively,
P < 0.02), more Aspergillus spp. colonization (34.6%
vs 3.2%, respectively, P < 0.02), and a higher number
of hospitalizations due to respiratory exacerbations (8.6
vs 6.2 mean total hospitalizations per follow-up period,
respectively, P < 0.02). No other significant differences
were found between the control and study groups. The
conservative treatment of DIOS, which mainly includes
hydration and stool softeners, was successful in 82%
of the episodes. The survival rate was similar for both
groups.
CONCLUSION: CF patients with DIOS suffer from
recurrent hospitalizations and airway pathogen
acquisition. Although recurrence of DIOS is common,
conservative treatment is successful in most patients.
Key words: Distal intestinal obstruction syndrome;
Cystic fibrosis; Meconium ileus; Treatment; Recurrence
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Distal intestinal obstruction syndrome (DIOS)
is a gastrointestinal complication of cystic fibrosis
(CF). This study reviews the long-term follow-up of
DIOS across two decades in Israeli CF patients. The
DIOS patients were more prone to meconium ileus,
Aspergillus spp. airway colonization and frequent
hospitalizations then the DIOS-negative CF patients.
DIOS recurrence was observed in 77% of patients.
Conservative treatment was successful in 82% of the
episodes, which makes it the treatment of choice for
DIOS management. The survival rate was similar to the
CF patients without DIOS.
Lavie M, Manovitz T, Vilozni D, Levy-Mendelovich S, Sarouk
I, Weintraubv I, Shoseyov D, Cohen-Cymberknoh M, Rivlin J,
Efrati O. Long-term follow-up of distal intestinal obstruction
syndrome in cystic fibrosis. World J Gastroenterol 2015;
21(1): 318-325 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i1/318.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i1.318

INTRODUCTION
Cystic fibrosis (CF) is an autosomal recessive disease
caused by mutation of the cystic fibrosis transmembrane
conductance regulator (CFTR) protein, which is a cell
membrane channel for transport of chloride ions[1]. The
systems usually affected by this disease are respiratory,
gastrointestinal, and reproductive[2]. The prevalence of
CF-related gastrointestinal complications has been on
the rise in recent years, a fact that can partly be attributed
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from positive[2,8,9] to non-significant[10]. Contradictory
evidence exists for the correlation between severity of the
CFTR mutation and the chance of developing DIOS, as
well[8-10]. Additional DIOS risk factors include dehydration,
CF-related diabetes, and organ transplantation[15].
The objective of the current study was to assess
clinical characteristics, risk factors, morbidity and mortality
among Israeli CF patients with and without DIOS during
a 20-year follow-up period. Furthermore, the treatments
used by the three CF centers for DIOS-positive CF
patients were also assessed. A more comprehensive under
standing of DIOS and a development of a clear treatment
strategy will help create an all-encompassing management
plan to be used by patients and doctors to manage this
complicated disease.

propensity for recurrence. The study was approved by the
Institutional Ethics Committees of all three institutions.
Diagnosis and management of DIOS
The diagnosis of DIOS was performed based on
the clinical manifestations, such as abdominal pain,
constipation, bilious vomiting, a mass in the ileocecal
area, and abdominal X-ray or computerized tomography
scan showing distention and air-fluid level in the small
intestine [15] . The treatment included (1) hydration
with intravenous or feeding tubes; (2) stool softeners
(polyethylene glycol) administered either per os or via a
feeding tube; (3) continuation of oral pancreatic enzymes;
or (4) surgical management[15]. The stool softeners used
were MerokenTM (Taro Pharmaceutical Industries Ltd.,
Haifa, Israel), mineral oil, lactulose, N-acetylcysteine or
Gastrografin® solution (sodium meglumine diatrizoate;
Bracco Diagnostics Inc., Monroe, NJ, United States).
For the treatment of adults, 100 mL of Gastrografin
was added to 400 mL of drinking water per dose; for
the treatment of children < 6-years-old, 50 mL of
Gastrografin was added to 200 mL of drinking water per
dose.

MATERIALS AND METHODS
Subjects
The subjects included in the study were patients from
three major CF centers in Israel: (1) Pediatric Pulmonary
Unit and the National Center for Cystic Fibrosis, Edmond
and Lily Safra Children’s Hospital, Sheba Medical Center,
Tel Hashomer, affiliated with Sackler Medical School, TelAviv University; (2) Cystic Fibrosis Center and Pediatric
Pulmonary Unit, Hebrew University of Jerusalem
Hadassah Medical Center, Jerusalem; and (3) Cystic
Fibrosis Center, Carmel Medical Center, Haifa, affiliated
with Technion Faculty of Medicine, Haifa.
The Cystic Fibrosis Foundation’s consensus statement
was used to diagnose CF in all of the patients based on the
clinical characteristics, identified CFTR alteration mutation,
and/or pathological sweat chloride test (performed on two
occasions)[16].

Statistical analysis
Data was analyzed using the IBM SPSS Statistics for
Windows software (version 21.0; IBM Corp., Armonk,
NY, United States). Categorical parameters were analyzed
using the Pearson’s chi-square and Fisher’s exact tests.
Continuous variables were analyzed using the paired t-test
and the Mann-Whitney U test. A P-value less than 0.05
were considered significant.

RESULTS

Study design
A retrospective review of the CF patients’ medical
records during 1980-2012 was performed. CF patients
were divided into either the study group (DIOS-positive)
or the control group (DIOS-negative). Patients in both
groups were matched based on age, sex, and CFTR
mutations. Data collected from medical files included
age, sex, CFTR genotype, weight, height, and body
mass index (BMI). The study group was composed of
26 CF patients and the control group was composed
of 31 CF patients, for a total of 57 patients. The
clinical data included respiratory function tests in the 5
years prior to data collection, respiratory function test
immediately prior to and following the DIOS episode,
number of hospitalizations, and sputum culture results.
CF-related conditions (diagnosed according to the
CF clinical practice guidelines[17]) were also collected,
and included rectal prolapse, gastritis, PI, CF-related
diabetes, portal hypertension, percutaneous endoscopic
gastrostomy, cholelithiasis, cholestasis, cholecystitis,
sinusitis, hemoptysis, nasal polyps, organ transplantation,
malignancy, and mortality. The study group data also
included information of the treatment for DIOS and
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The study encompassed 350 patients, accounting for
about 60% of all CF patients in Israel. Of the 350
patients, 26 (7.4%) were diagnosed with DIOS. The
average length of the follow-up period for the entire
cohort was 21.6 ± 8.2 years. Twenty (76.9%) DIOS
patients and 26 (83.8%) control patients underwent
follow-up for > 15 years, and 17 (65.3%) DIOS patients
and 19 (61.3%) control patients were followed for ≥ 20
years (Table 1). The average age for occurrence of the
first DIOS episode was 9.7 ± 8.5-years-old. Following
this first episode, 13 patients (50.0%) were followed for
at least 10 years and 6 (23.1%) patients were followed for
at least 15 years. The average follow-up period after the
first DIOS episode was 9.5 ± 7.7 years. Six (23.1%) study
patients had one episode of DIOS in their lifetime, 7
(26.9%) had two episodes, 7 (26.9%) had three episodes,
and 6 (23.1%) had four or more episodes. The control
group included 31 CF patients not diagnosed with DIOS
matched by age, sex, and CFTR genotype to the study
group. The clinical characteristics of the 57 patients
included in the study are presented in Table 2.
From the DIOS group, 13 (50.0%) patients were
homozygous and 8 patients (30.7%) were compound
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Table 1 Long-term follow-up of the cohort n (%)
Follow-up length in years

Table 2 Characteristics of the cohort n (%)

Study group

Control group

23 (88.4)
20 (76.9)
17 (65.3)
13 (50.0)
5 (19.2)
26

29 (93.5)
26 (83.8)
19 (61.3)
9 (35.4)
1 (3.2)
31

10
15
20
25
30
Total number of patients per group

Study group
Patients
Sex
Male
Female
Age, mean ± SD (years-old)
Genotype
Homozygote
Heterozygote
Unknown
DeltaF508
BMI, weight/height
PI
MI in the past
Lung colonization
Pseudomonas aeruginosa
Staphylococcus aureus
Burkholderia cepacia
MOTT
Aspergillus spp.

Study group: Cystic fibrosis patients diagnosed with distal intestinal
obstruction syndrome; Control group: Cystic fibrosis patients.

heterozygous for the CFTR gene. In the control group,
12 (38.7%) patients were homozygous and 9 (35.4%)
patients were compound heterozygous for CFTR gene.
The rest of the patients in both groups had unknown
mutations. The two prominent alleles were DeltaF508
and W1282X. DeltaF508 was found in 46.2% of the
DIOS patients and 58.1% of the control group patients.
W1282X was found only in 46.2% of the DIOS
group patients. Other mutations included: T360K,
3849+10KBC→T, G85E, D952H, R334W, 405+1G→
A, S549R, 5T, Q359K, N1303K, 3120del, e92x, and
I1234V. There was no statistical difference between the
DIOS and control group in the severity of mutations or
mutation class. In the DIOS group, the BMI was slightly
lower than that in the control group but the difference
was not significant (18.4 vs 19.3, respectively, P = 0.301).
The percentage of patients who received percutaneous
endoscopic gastrostomy tube insertion, to improve
nutritional status, was similar between the DIOS group
and the control group (7.7% vs 6.5%, respectively, P =
1.00). In the DIOS group, 18 patients had pancreatic
insufficiency and were treated with an enzyme
replacement therapy. There was no statistical difference
in PI between the DIOS group and the control group
[18 (69.2%) vs 27 (87.1%), respectively, P = 0.97]. The
incidence of MI in the medical history of DIOS group
patients compared to the control group was 65.4% vs
0.0%, respectively (P = 0.001).
The incidence rate and diversity of bacterial
colonization by Pseudomonas aeruginosa, Staphylococcus aureus,
Burkholderia cepacia, and nontuberculous Mycobacterium was
similar between the DIOS and control groups (84.6% vs
90.3%, P = 0.691; 53.8% vs 41.9%, P = 0.431; 7.7% vs 0%,
P = 0.204; and 7.7% vs 16.1%, P = 0.436, respectively). In
contrast, patients suffering from DIOS had significantly
more infections with Aspergillus spp. then the control
group (34.6% vs 3.2%, P = 0.003, respectively).
The patients who developed intestinal obstruction
did not suffer from an increase in the number of CFrelated complications (42.3% vs 58.1% in the controls, P
= 0.292). There was an upward trend in the number of
organ transplantations in the DIOS group (15.4% vs 3.2%,
respectively, P = 0.167) and an increase in rectal prolapse
in the control group (0.0% vs 6.5%, respectively, P =
0.0495).
In order to evaluate the severity of lung disease,
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Control group P -value

26

31

NS

19 (73.1)
7 (26.9)
9.7 ± 22.5

20 (64.5)
9 (35.5)
6.7 ± 20.9

NS
NS
NS

13 (50.0)
8 (30.8)
5 (19.2)
12 (46.2)
18.4
18 (69.2)
17 (65.4)

12 (38.7)
9 (35.5)
8 (25.8)
18 (58.1)
19.3
27 (87.1)
0 (0.0)

NS
NS
NS
NS
NS
NS
< 0.021

22 (84.6)
14 (53.8)
2 (7.7)
2 (7.7)
9 (34.6)

28 (90.3)
13 (41.9)
0 (0.0)
5 (16.1)
1 (3.2)

NS
NS
NS
NS
< 0.021

1

Statistically significant. Study group: Cystic fibrosis patients diagnosed
with distal intestinal obstruction syndrome; Control group: Cystic fibrosis
patients; n: Number of patients; SD: Standard deviation; BMI: Body mass
index; MI: Meconium ileus; MOTT: Mycobacteria other than tuberculosis;
PI: Pancreatic insufficiency; NS: Not significant.

pulmonary function tests (PFTs) performed during
the 5-year period prior to the study (2007 - 2011) were
reviewed. The average value of each PFT parameter
was calculated from all the yearly PFTs. There were no
significant differences between the DIOS and control
groups, as seen in Table 3. Further evaluation of the
effect of an intestinal obstruction episode on lung
disease included comparison of the PFTs of DIOS
patients collected up to 2 mo before, and PTFs collected
2 to 4 wk after an obstruction. There was no significant
difference between PFTs in the period prior to or
following the bowel obstruction. The average FEV1 was
68.6% before vs 70.2% after obstruction (P = 0.979), the
average forced vital capacity was 76.35% before vs 76.4%
after obstruction (P = 0.759), and the average forced
expiratory flow between 25% and 75% of forced vital
capacity was 54.9% before vs 50.0% after obstruction (P
= 0.418). The patients in the study group had significantly
more hospitalizations due to respiratory exacerbations
than those in the control group (8.6 vs 6.2 mean total
hospitalizations per follow-up period, respectively, P =
0.018). In order to exclude age bias, the average number
of hospitalizations per year for a 20-year follow-up period
was measured. Even with this correction, our results still
show a significantly higher number of hospitalizations in
the DIOS group compared to the control group (0.4 vs
0.3 mean total hospitalizations per year, respectively, P =
0.008).
Overall, the DIOS group included 26 patients who
suffered 60 episodes of intestinal obstruction during
the 20-year follow-up period. The treatment distribution
for the 60 episodes was as follows: 75.0% of episodes
were managed conservatively, 18.3% surgically, and
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Table 3 Forced expired volume in 1 s (% predicted) comparing study patients and controls in the 5-year period prior to the study
FEV1

Study group

1st yr
2nd yr
3rd yr
4th yr
5th yr

P -value

Control group

n

Mean % predicted ± SD

n

Mean % predicted ± SD

17
21
21
21
22

68.8 ± 19.5
66.6 ± 19.1
69.7 ± 21.0
67.7 ± 20.4
70.7 ± 20.1

22
29
25
29
17

70.0 ± 16.9
71.0 ± 16.3
69.9 ± 18.2
68.5 ± 18.6
68.5 ± 19.8

0.837
0.386
0.978
0.876
0.691

Study group: Cystic fibrosis patients diagnosed with distal intestinal obstruction syndrome; Control group: Cystic fibrosis patients; n: Number of patients;
SD: Standard deviation; FEV1: Forced expired volume after 1 s of blowing out; SD: Standard deviation. A P < 0.05 is considered statistically significant.

patients in the study group did have it (P = 0.001). The
intestinal obstruction in the neonate, which is frequently
managed surgically, leaves a diseased intestine, increasing
the possibility for future adhesions and subsequent
obstructions. MI may be the primary indication of
intestinal susceptibility that makes the intestine prone
to recurrent obstructions. Of the 26 DIOS patients,
20 (76.9%) had more than one episode of intestinal
obstruction in their lifetime, supporting these two
possible explanations. Several groups reported a sig
nificant correlation between DIOS and a history of
MI[8]. O’Halloran et al[18] showed MI incidence of 28% in
patients with DIOS. Houwen et al[9] found an even higher
incidence of MI in DIOS patients (44%). A significant
positive correlation was also supported by the findings
from a study by Efrati et al[2] that used the same unique
CF population in Israel as our study. Since both MI
and DIOS probably share similar pathophysiology, this
association seems logical. However, Dray et al[10] found
no significant correlation between DIOS and a history
of MI. In our study, DIOS patients had a significantly
higher hospitalization rate mostly due to respiratory
exacerbations, although some of the hospitalizations
were due to intestinal obstructions.
Despite the increased number of hospitalizations, the
results of our study show that morbidity and mortality
rates of the DIOS patients were similar to those of the
control group. This finding is surprising since one would
expect every hospitalization to be related to the patient’s
baseline deteriorating. Similar results have been shown by
Koletzko et al[7] who found no correlation between DIOS
and severity of lung disease, with the respiratory function
of DIOS patients being similar to CF patients without
DIOS in terms of the severity spectrum. Khoshoo
et al [3] showed that DIOS is related to a less severe
pulmonary disease. It appears that the administration
of the immediate treatment to resolve the acute DIOS
event, as well as the long-term supportive care given
to these patients, contributed to these good results.
Treatments that demonstrated beneficial properties
in decreasing the damage and increasing recovery of
the patients to their pre-hospitalization state include
antibiotic treatment, Gastrografin, long-term laxative
treatment, stool softeners, fluids, nutritional support, and
chest physiotherapy. Still, other studies have found an
association between DIOS and higher morbidity[9,10].

Table 4 Management strategies for the intestinal obstruction
in the study group
Type of treatment

n (%)

Conservative
Gastrografin PO
Enema
Combination of Gastrografin PO + enema and/or
Gastrografin enema and/or N-acetylcysteine PO
Gastrografin enema
N-acetylcysteine enema
Surgical
Laparotomy with milking
Other
No intervention
Total
Supportive
Antibiotics
IV fluids
Feeding tube
Peglax
Laxatives

45 (75.0)
15 (33.3)
12 (26.6)
11 (24.4)
4 (8.8)
3 (6.6)
11 (18.3)
3 (27.2)
8 (72.7)
4 (6.6)
60 (100)
37 (61.6)
10 (27.0)
13 (35.1)
6 (16.2)
6 (16.2)
2 (5.4)

n: Number of treatments; PO: Per os; IV: Intravenous.

6.7% resolved without any intervention. The most often
used drug for the treatment of intestinal obstruction
was oral administration of Gastrografin, and the least
used drug was N-acetylcysteine (Table 4). As part of
supportive treatment, 61.6% of the DIOS patients
received antibiotics and fluids. There was one mortality
case in each group. In the study group, death was due
to complications related to liver transplantation, not
associated with DIOS; the patient in the control group
died due to the end-stage lung disease.

DISCUSSION
This study followed Israeli CF patients who suffered
from DIOS for an average follow-up period of 21.6 ±
8.2 years after the first bout of bowel obstruction. In the
60% of all Israeli CF patients, the DIOS incidence rate
was 7.4%. This rate most likely represents the actual rate
of the entire CF patient population in Israel, and it falls
within the wide range of DIOS incidence worldwide of
2.4%-41.3%[8]. This incidence can be due to mutations,
the hot climate, and/or food that are specific to Israel.
In our study, none of the patients in the control
group had a prior history of MI, while 65.4% of the
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et al[8] did not support this statement and the authors
argued that modifier genes do not contribute to DIOS, as
opposed to MI.
In our study, the two most-prominent mutations in
the patients suffering from DIOS were DeltaF508 and
W1282X. Among the study patients, 46.2% carried at
least one DeltaF508 allele, and 36.5% of the alleles of
the entire cohort carried this mutation. Prior studies
reported this mutation as the most-common within the
CF patient population worldwide, being found in 67%
of chromosomes[23]. In addition, the correlation between
DeltaF508 and pancreatic insufficiency has previously
been reported [23]. Indeed, 45 (78.9%) patients from
the entire cohort suffered from PI. The second mostprominent mutation in the study group was W1282X,
found in 46.2% of our DIOS patients in at least one
allele. This mutation is almost exclusively found in the
Jewish Ashkenazi population, which constitutes 1% of
CF patients in the world [27]. Although morbidity and
mortality of the W1282X mutation have not been studied
in depth, the mutation is considered to be a Class I stop
mutation. Our study found that the respiratory, nutritional
and morbidity status, as well as the mortality of the study
patients, were all similar to that of the control group. The
unique W1282X mutation, more prevalent in our patient
population, compared to the world CF population, may
be contributing to this fact. It is unlikely that this severe
mutation would have a protective effect on the patients.
Most likely, the W1281X mutation enables modifier genes
to affect the clinical presentation of DIOS, consequently
providing a protective effect. In light of our study results,
one can concede that modifier genes or the mutation
itself may indeed be a factor affecting the clinical
presentation of DIOS.
In this study we demonstrated the efficacy of sup
portive and conservative management of intestinal
obstruction with rare need for surgical treatment. Oral
Gastrografin was the most commonly used treatment.
Indeed, of the 45 episodes managed in a conservative
manner, 15 (33.3%) were resolved solely by Gastrografin
and 9 (20%) were resolved by Gastrografin with an
additional oral agent or enema as part of a combined
therapy. Combined therapy was initiated either as the
first choice or when Gastrografin alone did not resolve
the obstruction. If the combined therapy was initiated
as a second line after the failure of Gastrografin to
resolve the obstruction, then the success rate of the
Gastrografin treatment was 57.7%. However, since
combined therapy was initiated as the first choice in some
cases, usually due to severe obstruction, then the actual
success rate of Gastrografin was even higher. In the past,
N-acetylcysteine treatment either orally or via enema,
was highly accepted[7,28-30]. However, some investigators
have shown that treatment with N-acetylcysteine either
has a high failure rate[7] or that a high dose increases the
risk of liver damage[7,31]. Furthermore, N-acetylcysteine
is cost-prohibitive and due to offensive taste patients
often fail to comply with the treatment[32]. In comparison,

The survival rate was similar for the two groups in
this study, suggesting that DIOS does not increase the
mortality rate of CF patients. In addition, as shown
previously, there are similarities between the DIOS
patients and the control regarding the respiratory function
tests and nutritional status. An interesting result is that the
study patients were not sicker in the long run and did not
deteriorate more than the control patients, despite their
need for more treatments and recurrent hospitalizations.
A potential explanation of this observation is that the
majority of DIOS patients suffered from MI as neonates
and were diagnosed early as CF patients, therefore
receiving close medical attention and aggressive treatment
very early in life. This early diagnosis gave them an
advantage by preventing or postponing irreversible lung
damage. Indeed, several studies have shown that an early
diagnosis of CF improves prognosis in the long run[2,19,20].
Moreover, Efrati et al[2] showed that patients with MI
showed no differences regarding PFTs in comparison
to patients who did not suffer from MI after a 25-year
follow-up.
CF patients suffer from recurrent respiratory tract
infections, in part due to dehydration of the airway surface
and decreased mucociliary clearance which may lead to
chronic lung infections[21]. As a result, various bacterial
pathogens such as Pseudomonas aeruginosa or Staphylococcus
aureus colonize the respiratory airways in all of the
CF patients regardless of DIOS diagnosis. However,
Aspergillus spp. colonization is seen more frequently in
patients who suffer from DIOS. We hypothesize that
frequent hospitalizations expose DIOS patients to a
higher number of antibiotic treatments, creating an
optimal microenvironment for fungal infections.
The majority of CF patients, who participated in our
study, suffered from pancreatic insufficiency and their
condition was managed with PERT. Furthermore, there
was no statistical difference in the PI prevalence and
use of PERT between the DIOS group and the control
group. These findings contradict previous studies that
showed a connection between the aggressive use of
PERT during the years and an increased risk of DIOS[9,22].
Others have shown an increase in intestinal obstruction
and the DIOS incidence due to pancreatic failure and
uncontrolled steatorrhea despite the introduction of
more efficient pancreatic enzyme treatment[3,10,13-15].
The current study was not able to establish a clear link
between CFTR mutations and DIOS as demonstrated in
prior studies. The Cystic Fibrosis Genotype-Phenotype
Consortium[23] and others[24-26] showed a strong asso
ciation between severe mutations and pancreatic
insufficiency. DIOS is mainly seen in patients with severe
CFTR-related phenotypes[8,10]. Houwen et al[9] showed
that 82% of DIOS patients had severe CFTR mutations
vs 3% who had non-severe mutations. However, even
patients with a mild phenotype developed DIOS, which
suggests that not only CFTR but other modifier genes
may have an effect on the severity of the gastrointestinal
phenotype [9]. The results from a study by Blackman
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Gastrografin, a hyperosmolar dye (1500-2000 mOsm/
kg), has a success rate of up to 81% with a single oral
dose, and patients prefer this treatment over other
available treatments [18]. However, the potential risks
associated with taking Gastrografin orally are vomiting
or coughing while drinking, resulting in aspiration
of the drug [7], causing pulmonary edema and acute
inflammation with alveolar damage and bleeding, due
to the high osmolality of the drug[6,7]. Houwen et al[9]
related the use of Gastrografin to enema. The group
emphasized the importance of the substance as both
a diagnostic and therapeutic tool (radiopaque and
hyperosmolar) followed with caution regarding the
danger of translocation of large quantities of water
from the circulation to the intestine. Their conclusion
was that this procedure should be administrated to older
children with appropriate monitoring[9]. Our study refutes
these concerns regarding Gastrografin. Indeed, being
the most-common treatment, the study patients did
not have lower respiratory function tests in comparison
to the control, the mentioned complications were not
observed during the treatment, and the treatment had
a high success rate for resolving the obstruction. In
contrast, the previously popular treatment involving
the use of enema with N-acetylcysteine was rarely
used. Surgical treatment, which was the only definitive
treatment in the past, is associated with high morbidity
and mortality and was rarely used and required in the
current study. The high morbidity and mortality rates
associated with surgical treatment are related to bleeding,
delayed healing of surgical wounds, and postoperative
infections[29]. Therefore, as of recently the application of
surgical treatment has been decreasing and in most cases
conservative treatment is the primary choice. However,
researchers like Speck et al[33] suggest that with an increase
in the incidence of DIOS in the adult CF population, the
need for surgical intervention will rise; but this did not
seem to be the case in our study population.
Our study has a few limitations. Primarily, the data
were taken from three different centers, each using
different follow-up and report systems. On the other hand,
these three centers are all located in Israel; therefore, the
treatment strategies were not significantly different in terms
of drug choice and treatment regimen. A prospective study
would be the best approach for determining the efficacy
of different treatment strategies in the management of
intestinal obstruction. However, our study is retrospective
and was based on a review of the treatments given through
the years to treat different episodes and could, therefore,
be affected by different habits or tendencies of centers
to offer one agent over another as a primary treatment
option. Nonetheless, oral Gastrografin was the mostcommon agent used by all three centers and showed very
high success rates in each. Because Gastrografin has few
side effects and forms of administration, we strongly
recommend this compound as the primary choice for
treating intestinal obstruction in CF patients diagnosed
with DIOS. Despite the above-mentioned limitations, we
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believe that these results can be implemented for the entire
CF patient population worldwide.
In conclusion, CF patients, both pediatric and adult,
who suffer from recurrent intestinal obstruction either
in the form of MI or DIOS, have similar pulmonary and
nutritional status, survival rates and associated morbidities
compared to CF patients who do not. This finding is
encouraging considering that DIOS patients often suffer
from high rates of hospitalization and respiratory tract
infections. Conservative treatment, especially with oral
Gastrografin, is very successful in these patients. The
combination of early diagnosis, appropriate treatment,
and close follow-up all lead to successful results in CF
patients of older age. The more we expand the knowledge
regarding the treatment of DIOS in CF patients, the more
efficient the clinical management approach will become,
potentially significantly improving the life expectancy and
the quality of life for these patients.
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Distal intestinal obstruction syndrome (DIOS) is a gastrointestinal complication
commonly associated with cystic fibrosis (CF). Long-term clinical implications
of DIOS regarding the morbidity and mortality of CF patients have not been
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Currently, no strong consensus exists in the literature regarding the different
aspects of CF patients’ medical history (morbidity, mortality, and DIOS
reoccurrence rate) and the most beneficial treatment for DIOS. The purpose of
the current study was to assess clinical characteristics, risk factors, morbidity
and mortality in Israeli CF patients with and without DIOS during a 20-year
follow-up period. In addition, the different DIOS treatments used were also
assessed.

Innovations and breakthroughs

Long-term follow-up of DIOS patients has shown DIOS patients having
more frequent airway colonization by Aspergillus spp., as well as more
hospitalizations due to respiratory exacerbations. The DIOS patients had
significantly higher incidence of meconium ileus in their medical history
compared to the control patients. Although recurrence of DIOS was common,
the administration of conservative treatment was successful in most of the
cases. The occurrence of DIOS did not alter the survival of these patients
compared to that of the control group.

Applications

The results imply that the conservative approach is the treatment of choice
with a good outcome. Meconium ileus may be a risk factor for the development
of DIOS as CF patients get older. Patients with a history of DIOS are prone to
recurrent intestinal obstruction.

Terminology

Distal intestinal obstruction syndrome is an intestinal obstruction caused by
an accumulation of viscous intestinal contents within the bowel lumen that
may cause complete or partial intestinal obstruction in cystic fibrosis patients.
Despite the lack of knowledge regarding the specifics of the pathogenic
mechanism of DIOS, the assumption is that the condition is a combination of
pancreatic insufficiency, insufficient bicarbonate secretion, viscous and mucoid
secretions of the intestinal mucosa, impaired intestinal motility, and chronic
inflammation. Different therapeutic options are available for use in the treatment
of DIOS, and they mainly include oral rehydration combined with stool softeners
or laxatives.
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This paper presents a very interesting multi-center, comparative, retrospective
study showing a promising prognosis for cystic fibrosis patients with a history of
DIOS using conservative treatment as the treatment of choice in management
of DIOS.
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METHODS: Between February 2008 and August
2013, 202 patients with OGIB who performed both
capsule endoscopy (CE) and FOBT were enrolled
(mean age; 63.6 ± 14.0 years, 118 males, 96 previous
overt bleeding, 106 with occult bleeding). All patients
underwent immunochemical FOBTs twice prior to CE.
Three experienced endoscopists independently reviewed
CE videos. All reviews and consensus meeting were
conducted without any information on FOBT results. The
prevalence of SBDs was compared between patients
with positive and negative FOBT.
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RESULTS: CE revealed SBDs in 72 patients (36%).
FOBT was positive in 100 patients (50%) and
negative in 102 (50%). The prevalence of SBDs was
significantly higher in patients with positive FOBT than
those with negative FOBT (46% vs 25%, P = 0.002).
In particular, among patients with occult OGIB, the
prevalence of SBDs was higher in positive FOBT group
than negative FOBT group (45% vs 18%, P = 0.002).
On the other hand, among patients with previous
overt OGIB, there was no significant difference in the
prevalence of SBDs between positive and negative
FOBT group (47% vs 33%, P = 0.18). In disease
specific analysis among patients with occult OGIB, the
prevalence of ulcer and tumor were higher in positive
FOBT group than negative FOBT group. In multivariate
analysis, only positive FOBT was a predictive factors
of SBDs in patients with OGIB (OR = 2.5, 95%CI:
1.4-4.6, P = 0.003). Furthermore, the trend was
evident among patients with occult OGIB who
underwent FOBT on the same day or a day before CE.
The prevalence of SBDs in positive vs negative FOBT
group were 54% vs 13% in patients with occult OGIB
who underwent FOBT on the same day or the day
before CE (P = 0.001), while there was no significant
difference between positive and negative FOBT group
in those who underwent FOBT two or more days
before CE (43% vs 25%, P = 0.20).

Abstract
AIM: To elucidate the association between small bowel
diseases (SBDs) and positive fecal occult blood test
(FOBT) in patients with obscure gastrointestinal bleeding
(OGIB).
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CONCLUSION: The present study suggests that
positive FOBT may be useful for predicting SBDs in
patients with occult OGIB. Positive FOBT indicates
higher likelihood of ulcers or tumors in patients with
occult OGIB. Undergoing CE within a day after FOBT
achieved a higher diagnostic yield for patients with
occult OGIB.

OGIB.

MATERIALS AND METHODS
Study design
We conducted a retrospective analysis in accordance
with the Declaration of Helsinki with the approval
of the ethical committee of the University of Tokyo
(Tokyo, Japan). The aim was to investigate the association
between FOBT and SBDs detected by CE in patients
with OGIB.

Key words: Capsule endoscopy; Fecal occult blood
test; Obscure gastrointestinal bleeding; Small bowel
diseases; Timing
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Patients
Between February 2008 and August 2013, we enrolled
202 patients with OGIB who underwent CE and FOBT.
OGIB was defined as recurrent or persistent overt/visible
bleeding, IDA, or a positive FOBT with no bleeding
source found at the initial endoscopic evaluation [20].
OGIB was classified as overt or occult OGIB. Overt
OGIB was defined as clinically perceptible bleeding that
recurred or persisted after a negative initial endoscopic
evaluation by EGD and colonoscopy. In comparison,
occult OGIB was defined as IDA, with or without a
positive FOBT[21]. IDA was diagnosed when all of the
following criteria were fulfilled; hemoglobin (Hb) < 13.5
g/dL, serum ferritin < 65 ng/dL, mean corpuscular
volume < 80 fL and mean corpuscular hemoglobin
concentration < 28 pg.
FOBTs were performed for patients with occult
OGIB or previous overt OGIB. Patients with clinically
perceptible bleeding at the time of the FOBT were
excluded. Patients with a cardiac pacemaker, past history
of bowel obstruction, or refusal to provide written
informed consent were also excluded.

Core tip: We investigated the association between small
bowel diseases (SBDs) and a positive fecal occult blood
test (FOBT) in patients with obscure gastrointestinal
bleeding (OGIB). Positive FOBT may be useful for
predicting SBDs in patients with occult OGIB. Positive
FOBT indicates higher likelihood of ulcers or tumors
in patients with occult OGIB. Undergoing capsule
endoscopy within a day after FOBT achieved a higher
diagnostic yield for patients with occult OGIB.
Kobayashi Y, Watabe H, Yamada A, Suzuki H, Hirata Y,
Yamaji Y, Yoshida H, Koike K. Impact of fecal occult blood on
obscure gastrointestinal bleeding: Observational study. World J
Gastroenterol 2015; 21(1): 326-332 Available from: URL: http://
www.wjgnet.com/1007-9327/full/v21/i1/326.htm DOI: http://
dx.doi.org/10.3748/wjg.v21.i1.326

INTRODUCTION

Capsule endoscopy procedures
CE was performed using Pillcam® SB or SB2 (Given
Imaging Ltd., Yoqneam, Israel). The preparation for CE
involved fasting for 12 h and administration of 40 mg
simethicone just before CE. Eating was allowed 5 h after
CE ingestion. During the examination, patients could
move freely. Sensor array and recording devices were
removed 8 h after CE ingestion.
Three experienced endoscopists independently
reviewed the CE images using Rapid® 5 Access software
(Given Imaging Ltd., Yoqneam, Israel) or Rapid® 6.5
Access software. The reading speed of the CE videos
was 15-20 frames per second in the dual-view mode. The
endoscopists were blinded to the FOBT results and an
independent review was held to reach a consensus on the
CE findings.

The fecal occult blood test (FOBT) is widely accepted as
a colorectal cancer (CRC) screening tool, and several large
cohort trials have shown a reduction in CRC mortality
with use of the FOBT[1-7]. The FOBT detects occult
bleeding from colorectal lesions, although it is assumed
that the FOBT may also detect occult bleeding from
small bowel diseases (SBDs). However, the usefulness
of FOBT in detecting bleeding from the small bowel
remains unknown.
Capsule endoscopy (CE) and balloon-assisted enter
oscopy are now available for assessing SBDs in patients
with obscure gastrointestinal bleeding (OGIB) [8-19].
Diagnosis of OGIB is made by excluding patients
with a bleeding source which could be found by eso
phagogastroduodenoscopy (EGD) and colonoscopy[20].
OGIB is classified as either overt or occult OGIB.
Occult OGIB is defined as iron-deficiency anemia (IDA)
and/or a positive FOBT of unknown origin after EGD
and colonoscopy [21]. Although a positive FOBT is a
component of an occult OGIB diagnosis, the association
between FOBT and SBDs remains unknown.
In the present study, we investigated the association
between SBDs and a positive FOBT in patients with

WJG|www.wjgnet.com

Fecal occult blood test
All study patients underwent immunochemical FOBTs
(Eiken Chem, Tokyo, Japan) prior to CE. Two tubes
were collected for FOBT, if possible. A positive test was
accepted at a threshold of 100 ng/mL for the higher
reading of the two tubes.
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Table 1 Baseline of characteristics of the study patients (n =
202) n (%)

Table 2 Comparison of the clinical data between the study
patients with positive and negative fecal occult blood test n (%)

Characteristic
1

Age (yr)
Gender (Male/Female)
Indications of CE
Previous overt OGIB
Occult OGIB
FOBT
Positive FOBT
Negative FOBT
The time discrepancy between the FOBT and CE
CE findings of the small bowel2
Ulcer
Erosion
Angiectasia
Tumor
Active bleeding
Daily using drugs
NSAIDs
Aspirin
% of capsule obtained cecum image
Blood test1
Hemoglobin (g/dL)
BUN (mg/dL)
Creatinine (mg/dL)
Serum iron (µg/dL)
Ferritin (ng/mL)

63.6 ± 14.0
118 (58)/84 (42)

Age (yr)1
Daily using drugs2
NSAIDs
Aspirin
Warfarin
Blood test1
Hemoglobin (g/dL)
BUN (mg/dL)
Creatinine (mg/dL)
Serum iron (µg/dL)
Ferritin (ng/mL)

96 (48)
106 (52)
100 (50)
102 (50)
8.5 (0-156) d
13 (6)
37 (18)
22 (11)
8 (4)
19 (9)

Negative FOBT
(n = 102)

P value

65.3 ± 14.1

61.9 ± 13.8

0.08

7 (7)
24 (24)
14 (14)

11 (11)
20 (20)
11 (11)

0.35
0.45
0.49

10.4 ± 2.5
19.0 ± 12.1
1.46 ± 1.88
67.9 ± 57.1
88.8 ± 22.0

10.9 ± 2.1
16.2 ± 8.9
1.04 ± 1.48
63.5 ± 55.4
90.6 ± 17.7

0.17
0.07
0.08
0.62
0.58

1

Mean ± SD; 2Number of patients. FOBT: Fecal occult blood test; NSAIDs:
Non-steroidal anti-inflammatory drugs; BUN: Blood urea nitrogen.

18 (9)
44 (22)
83%

Table 3 Prevalence of small bowel diseases detected by
capsule endoscopy in patients with positive and negative fecal
occult blood test n (%)

10.6 ± 2.3
17.5 ± 10.6
1.25 ± 1.69
65.7 ± 56.2
95.4 ± 20.1

Positive FOBT
(n = 100)
Any small bowel lesions (n = 72)
Ulcer (n = 13)
Erosion (n = 37)
Angiectasia (n = 22)
Tumor (n = 8)
Active bleeding (n = 19)

1

Mean ± SD; 2Number of patients. CE: Capsule endoscopy; OGIB: Obscure
gastrointestinal bleeding; NSAIDs: Non-steroidal anti-inflammatory
drugs; BUN: Blood urea nitrogen.

Statistical analysis
The prevalence of SBDs was compared between patients
with positive and negative FOBTs. We analyzed an
association between the FOBT and the prevalence of
each SBD, such as erosion, ulcer, angiectasia, tumor or
active bleeding. We also analyzed the association between
the timing of the FOBT and the prevalence of SBDs.
All statistical analyses were performed using the
JMP 10 statistical software program (SAS Institute Inc.,
North Carolina, United States). In all analyses, means
were compared using an unpaired Student’s t-test. Fre
quency distributions were compared using Fisher’s exact
probability test or χ 2 test. Multivariate analysis was
conducted using multivariate unconditional logistic
regression analysis. A P value < 0.05 was considered
statistically significant.

46 (46)
11 (11)
21 (21)
14 (14)
5 (5)
15 (15)

Negative P value
FOBT
(n = 102)
25 (25)
2 (2)
16 (16)
8 (8)
3 (3)
4 (4)

0.002
0.009
0.330
0.160
0.450
0.007

FOBT: Fecal occult blood test.

between the FOBT and CE was similar for overt and
occult OGIB (11.9 vs 5.3 d, P = 0.09). CE revealed
significant lesions of the small bowel in 72 patients (36%),
identified as ulcers in 13 (6%), erosions in 37 (18%),
angiectasias in 22 (11%), tumors in 8 (4%) and active
bleeding in 19 (9%) patients. There were some patients
that had several types of SBD simultaneously. The mean
of the three kappa values (reviewer A vs B, A vs C, B vs C)
was 0.9.
A comparison of baseline characteristics between the
positive and negative FOBT groups is summarized in
Table 2. Between the two groups, there was no significant
difference in the number of patients using drugs such as
non-steroidal anti-inflammatory drugs (NSAIDs), aspirin
or warfarin daily. There was no significant difference in
the levels of hemoglobin, blood urea nitrogen, creatinine,
serum iron or ferritin between the positive and negative
FOBT groups.

RESULTS
Baseline characteristics of the study patients
Baseline clinical characteristics of the study patients are
summarized in Table 1. A total of 202 OGIB patients
(mean age 63.6 ± 14.0 years; 118 males) received both CE
and FOBT during the study period. Ninety-six patients
(48%) had previous overt OGIB and 106 patients (52%)
occult OGIB. The FOBT was positive in 100 (50%) and
negative in 102 (50%) patients. The time discrepancy
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Positive FOBT
(n = 100)

Association between the FOBT and the prevalence of
SBDs detected by CE
The prevalence of SBDs in the positive and negative
FOBT groups is shown in Table 3. The prevalence of
SBDs was significantly higher in patients with a positive
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Figure 1 Prevalence of small bowel diseases in patients with positive and negative fecal occult blood test. A: Occult OGIB; B: Previous overt OGIB. OGIB:
Obscure gastrointestinal bleeding.

Pathogenesis of FOBT in patients with occult OGIB
The association between FOBT and each SBD was
analyzed (Table 4). In patients with occult OGIB, the
prevalence of ulcers, tumors and active bleeding were
significantly higher in the positive FOBT group than the
negative FOBT group (7% vs 0% for ulcers, P = 0.049;
7% vs 0% for tumors, P = 0.049; 13% vs 0% for active
bleeding, P = 0.008, respectively), while there was no
significant difference in the prevalence of erosions and
angiectasias between the positive and negative FOBT
groups.

Table 4 Prevalence of each small bowel disease detected by
capsule endoscopy in patients with occult obscure gastrointestinal
bleeding n (%)

Ulcer
Erosion
Angiectasia
Tumor
Active bleeding

Positive FOBT
patients with occult
OGIB
(n = 55)

Negative FOBT
patients with occult
OGIB
(n = 51)

P value

4 (7)
11 (20)
9 (16)
4 (7)
7 (13)

0
7 (14)
4 (8)
0
0

0.049
0.390
0.180
0.049
0.008

Predictive factors of SBDs in patients with OGIB
Table 5 summarizes the results from the univariate
analysis of predictive factors for SBDs in patients with
OGIB. Among age, gender, FOBT, OGIB (overt or
occult), hemoglobin level (≤ 10.6 g/dL or > 10.6 g/
dL), NSAIDs, aspirin and/or other anticoagulants, only
positive FOBT was a significant factor (P = 0.002). Overt
OGIB and a hemoglobin level ≤ 10.6 g/dL had P values
< 0.3. Multivariate analysis using these three factors
revealed that only a positive FOBT was an independent
predictive factor for SBDs in patients with OGIB (OR =
2.5; 95%CI: 1.4-4.6; P = 0.003) (Table 6).

FOBT; Fecal occult blood test; OGIB: Obscure gastrointestinal bleeding.

FOBT than in those with a negative FOBT (46% vs
25%; OR = 2.5; 95%CI: 1.4-4.5; P = 0.002). In the
disease-specific analysis, the prevalences of ulcers and
active bleeding were higher in patients with a positive
FOBT. The prevalence of ulcers in the small bowel was
significantly higher in the positive FOBT group than the
negative FOBT group (11% vs 2%; OR = 6.2; 95%CI:
1.30-28.6; P = 0.009). Similarly, the prevalence of active
bleeding was significantly higher in the positive FOBT
group than the negative FOBT group (15% vs 4%; OR =
4.3; 95%CI: 1.4-13.5; P = 0.007). There was no significant
difference in the prevalence of erosions, angiectasias or
tumors between the positive and negative FOBT groups.
When patients were divided into occult and previous
overt OGIB groups, a significant difference in the
prevalence of SBDs between positive and negative
FOBTs was found in the occult OGIB group only (Figure
1). Among patients with occult OGIB, the prevalence of
SBDs was higher in the positive FOBT group than the
negative FOBT group (45% vs 18%; OR = 3.9; 95%CI:
1.6-9.5; P = 0.002). In other words, the mean sensitivity
and specificity of FOBT for SBDs in the occult OGIB
group were 74% and 42%, respectively, while the accuracy
of FOBT for SBDs in the occult OGIB group was 63%.
In contrast, among patients with previous overt OGIB,
there was no significant difference in the prevalence of
SBDs between the positive and negative FOBT groups
(47% vs 33%; OR = 1.8; 95%CI: 0.8-4.0; P = 0.18).
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Influence of FOBT timing on CE detection
We analyzed the timing of FOBT and the prevalence of
SBDs. The average duration between FOBT and CE was
8.5 d (0-129 d). We divided the study patients based on
those who underwent FOBT on the same day or the day
before CE (n = 114) vs those who underwent FOBT 2 or
more days before CE (n = 85). The prevalence of SBDs
was significantly higher in the positive than the negative
FOBT group among patients who underwent FOBT on
the same day or the day before CE (55% vs 24%, P =
0.0007). In contrast, there was no significant difference
in the prevalence of SBDs between the positive and
negative FOBT groups among patients who underwent
FOBT 2 or more days before CE (40% vs 28%, P = 0.24).
Among patients with occult OGIB who underwent
FOBT on the same day or the day before CE, the
prevalence of SBDs was significantly higher in the
positive than the negative FOBT group (54% vs 13%,
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Figure 2 Timing of fecal occult blood test and the prevalence of small bowel diseases. A: Occult OGIB; B: Previous overt OGIB. FOBT: Fecal occult blood test;
OGIB: Obscure gastrointestinal bleeding; CE: Capsule endoscopy.

Table 5 Univariate analysis of predictive factors for small
bowel diseases in patients with obscure gastrointestinal
bleeding
Factor

OR

Age (yr)
> 64
≤ 64
Sex
Male
Female
FOBT
Positive
Negative
OGIB
Overt
Occult
Hemoglobin (g/dL)
≤ 10.6
> 10.6
Medication
NSAIDs
Aspirin and/or other anticoagulants

1.2
1

95%CI

P value

0.67-2.2

0.52

0.61-2.0

0.75

2.5
1

1.4-4.5

0.002

1.4
1

0.78-2.5

0.27

1.5
1

0.81-2.6

0.21

0.67
0.83

0.23-2.0
0.45-1.6

0.47
0.57

1
1.1

Table 6 Multivariate analysis of predictive factors for small
bowel diseases in patients with obscure gastrointestinal
bleeding
OR

95%CI

P value

Positive FOBT
Overt OGIB
Hemoglobin level ≤ 10.6 g/dL

2.5
1.4
1.2

1.4-4.6
0.78-2.6
0.68-2.3

0.003
0.25
0.48

FOBT: Fecal occult blood test; OGIB: Obscure gastrointestinal bleeding; CI:
confidence interval.

in patients with OGIB (OR = 2.5, 95%CI: 1.4-4.6, P =
0.003). Although a positive FOBT comprises part of
the definition of occult OGIB, the clinical impact of
FOBT on SBDs has not been elucidated. The present
study indicated that a positive FOBT was useful for
predicting the presence of SBDs in patients with occult
OGIB. Furthermore, in disease-specific analysis, the
prevalence of ulcers, tumors and active bleeding were
significantly higher in the positive than the negative
FOBT group among patients with occult OGIB, while
there was no significant difference in the prevalence of
erosions or angiectasias. It is assumed that ulcers and
tumors undergo continuous bleeding, which can be
detected by FOBT, while erosions and angiectasias do
not bleed constantly, and some additional factors such
as anticoagulant drugs or hypertension could provoke
bleeding intermittently[22-24].
The association between the FOBT and the
prevalence of SBDs in OGIB patients remains to be
determined. Levi et al[25] studied the association between
FOBT and SBDs among patients with occult OGIB.
Ten of 26 patients with SBDs had a positive FOBT,
while only 2 of 25 patients without SBDs had a positive
FOBT. They concluded that significant lesions detected
by CE in the small bowel could explain a positive FOBT,
similar to the results found here. On the other hand,
Chiba et al [26] assessed the small bowel using CE in
asymptomatic FOBT-positive patients with a negative
colonoscopy. Among 53 asymptomatic patients with a
positive FOBT and a negative colonoscopy, there were
no findings of a high potential for bleeding, which

FOBT: Fecal occult blood test; OGIB: Obscure gastrointestinal bleeding;
NSAIDs: Non-steroidal anti-inflammatory drugs; CI: Confidence interval.

P = 0.001), while there was no significant difference
between the positive and negative FOBT groups in those
who underwent FOBT 2 or more days before CE (43%
vs 25%, P = 0.20) (Figure 2). In contrast, among patients
with previous overt OGIB, there was no significant
difference in the prevalence of SBDs between the
positive and negative FOBT groups, regardless of the
FOBT timing.

DISCUSSION
The present study estimated the association between
the prevalence of SBDs and the FOBT in patients with
OGIB. The study revealed that the prevalence of SBDs
was significantly higher in patients with a positive FOBT
than in those with a negative FOBT among patients
with OGIB. Multivariate analysis revealed that a positive
FOBT was an independent predictive factor for SBDs

WJG|www.wjgnet.com

Factor

330

January 7, 2015|Volume 21|Issue 1|

Kobayashi Y et al . Fecal occult blood for small-bowel diseases
for detection on bleeding from the small bowel is unknown. Capsule endoscopy
(CE) is now available for assessing small bowel diseases (SBDs) in patients
with obscure gastrointestinal bleeding (OGIB) or patients who have possibilities
for SBDs. Although a positive FOBT is a component of an occult OGIB
diagnosis, the association between FOBT and SBDs detected by CE remains
unknown.

does not agree with the outcomes presented here.
There were differences between the study designs. Our
study included patients with previous overt OGIB and
occult OGIB, while only asymptomatic patients with a
positive FOBT were included in the work by Chiba et
al[26] Moreover, the mean blood Hb level was 10.6 ± 2.3
g/dL in our study and 14.1 ± 1.6 g/dL in that of Chiba
et al[26] study. We predict that the patients included in our
study had a higher potential for significant lesions in the
gastrointestinal tract.
The present study also showed that the timing of the
FOBT influences the association between FOBT and
the prevalence of SBDs. It is assumed that CE should be
performed on the same day or 1 d after a positive FOBT
in patients with occult OGIB, which is similar to what
is recommended for patients with overt OGIB. Yamada
et al[27] reported that performing CE within 2 d after the
latest bleeding event resulted in a higher diagnostic yield
for patients with overt OGIB. In addition, Pennazio
et al[10] reported that the diagnostic yield of CE was
significantly higher in patients with ongoing overt OGIB
than in patients with previous overt OGIB. Our study
confirmed that performing CE soon after the positive
FOBT result was important for obtaining an accurate
diagnosis. Thus, the utility of FOBT may decrease as
time passes.
The potential limitations of our study should be
noted. We used the immunochemical FOBT, rather than
the guaiac-based FOBT, because the former is the only
test available in Japan. Several papers reported that the
sensitivity of the immunochemical FOBT for upper
gastrointestinal lesions is low[28-30]. However, patients with
positive guaiac-based FOBT who undergo colonoscopy
and have no significant lesions are often advised to
undergo upper endoscopy, since bleeding from the upper
gastrointestinal tract can result in a positive guaiac-based
FOBT[31-33]. Any differences in the detection of small
bowel bleeding between immunochemical and guaiacbased FOBTs have not been reported. Second, the study
was retrospective. A prospective study is needed to draw
definitive conclusions regarding the impact of FOBT on
OGIB. Third, the time discrepancy between the FOBT
and CE was prolonged at 8.5 d. Since the study patients
were not experiencing ongoing bleeding, the medical
urgency for them was low, which likely caused the time
discrepancy between the FOBT and CE.
In conclusion, the present study showed that the
prevalence of SBDs was higher in the positive FOBT
group than the negative FOBT group among patients
with occult OGIB. Thus, a positive FOBT is an
independent risk factor of SBDs, and CE should be
performed within 1 d after a positive FOBT for optimal
results.

Research frontiers

FOBT is widely used for colorectal cancer screening and several large
cohort trials have shown a reduction in colorectal cancer mortality with use
of FOBT. CE is now available for assessing SBDs in patients with obscure
gastrointestinal bleeding or patients who have possibilities for SBDs. CE makes
a large contribution to following examinations or therapies for SBDs.

Innovations and breakthroughs

In this study, the authors investigated the association between SBDs and a
positive FOBT in patients with OGIB. The prevalence of SBDs was significantly
higher in patients with positive FOBT than those with negative FOBT. In particular,
among patients with occult OGIB, the prevalence of SBDs was higher in positive
FOBT group than negative FOBT group, while there was no significant difference
in the prevalence of SBDs between positive and negative FOBT group among
patients with previous overt OGIB. Furthermore, undergoing CE within a day after
FOBT achieved a higher diagnostic yield for patients with occult OGIB.

Applications

The study results suggest that positive FOBT may be useful for predicting SBDs
in patients with occult OGIB and undergoing CE may be performed within a day
after FOBT.

Peer review

The authors investigated the association between SBDs and a positive FOBT
in patients with OGIB. The prevalence of SBDs was higher in positive FOBT
group than negative FOBT group in patients with occult OGIB (45% vs 18%,
P = 0.002). Positive FOBT may be useful for predicting SBDs in patients with
occult OGIB. Positive FOBT indicates higher likelihood of ulcers or tumors in
patients with occult OGIB. Undergoing CE within a day after FOBT achieved a
higher diagnostic yield for patients with occult OGIB.
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AIM: To evaluate the diagnostic and prognostic value
of circulating Metastasis Associated in Colon Cancer 1
(MACC1) transcripts in plasma of gastric cancer patients.
METHODS: We provide for the first time a blood-based
assay for transcript quantification of the metastasis
inducer MACC1 in a prospective study of gastric cancer
patient plasma. MACC1 is a strong prognostic biomarker
for tumor progression and metastasis in a variety of
solid cancers. We conducted a study to define the
diagnostic and prognostic power of MACC1 transcripts
using 76 plasma samples from gastric cancer patients,
either newly diagnosed with gastric cancer, newly
diagnosed with metachronous metastasis of gastric
cancer, as well as follow-up patients. Findings were
controlled by using plasma samples from 54 tumor-free
volunteers. Plasma was separated, RNA was isolated,
and levels of MACC1 as well as S100A4 transcripts were
determined by quantitative RT-PCR.
RESULTS: Based on the levels of circulating MACC1
transcripts in plasma we significantly discriminated tumorfree volunteers and gastric cancer patients (P < 0.001).
Levels of circulating MACC1 transcripts were increased in
gastric cancer patients of each disease stage, compared
to tumor-free volunteers: patients with tumors without
metastasis (P = 0.005), with synchronous metastasis (P
= 0.002), with metachronous metastasis (P = 0.005),
and patients during follow-up (P = 0.021). Sensitivity was
0.68 (95%CI: 0.45-0.85) and specificity was 0.89 (95%CI:
0.77-0.95), respectively. Importantly, gastric cancer
patients with high circulating MACC1 transcript levels in
plasma demonstrated significantly shorter survival when
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cohort with a high risk of developing metastasis is crucial
and could lead to a significant better outcome.
In previous studies we have identified the previously
undescribed gene Metastasis-Associated in Colon Cancer
(MACC1)[3]. MACC1 induces cell proliferation, cell motility
such as migration and invasion, as well as dissemination in
cell culture. MACC1 regulates the transcription of genes
important for the development of metastasis, such as
the receptor tyrosine kinase Met. Furthermore, MACC1
induces metastasis formation in several xenografted
mouse models. Following our initial publication, a variety
of groups provided evidence that MACC1 contributes
to fundamental biological processes such as apoptosis
and Epithelial-Mesenchymal Transistion via well-known
pathways such as the Hepatocyte Growth Factor (HGF)/
met protooncogen (Met)/MACC1 axis. Thus, MACC1
was confirmed as decisive driver for tumorigenesis and
metastasis[4].
MACC1 is an independent prognostic indicator
for colon cancer metastasis formation and allows iden
tification of high-risk subjects in early stages[3,5,6]. The role
of MACC1 as prognostic biomarker for colorectal cancer
patients with respect to time of progression, metastasis
formation, and overall survival was meanwhile confirmed
in a panel of independent studies using different
techniques for MACC1 detection in tissues and blood[4].
Furthermore, the importance of MACC1 was extended by
cross-entity approaches to a variety of several other solid
cancers such as pancreatic, hepatocellular, hepatobiliary,
lung, ovarian, breast, nasopharyngeal, esophageal,
kidney, bladder, gallbladder cancers, to glioblastomas and
osteosarcomas[4].
In gastric primary tumors, the presence of MACC1
correlated with peritoneal metastasis, lymph node
metastasis and hepatic metastasis, and finally to a poor
prognosis for the patients [7] . Wang and colleagues
described an association of high MACC1 expression in
the primary tumors of gastric cancer patients with more
advanced disease, more frequent postoperative recurrence,
more metastases, higher mortality rate, and worse
survival[8]. Furthermore, a high expression of MACC1 in
gastric tumors was found to be correlated with peritoneal
dissemination of the tumor[9]. All these findings underline
the importance of MACC1 as a biomarker for tumor
progression, metastasis and survival also for gastric cancer
patients.
However, molecular analyses of tumor tissues have
some limitations due to a restricted availability of tumor
tissue, intra-tumoral heterogeneity and the invasive
character of tumor biopsies. Therefore, the establishment
of blood-based tests have become more and more im
portant. Lately we described a non-invasive, bloodbased assay for circulating MACC1 transcript levels and
demonstrated its diagnostic and prognostic value in the
plasma of colorectal cancer patients; analyses were based
on the biomarker MACC1 alone as well as in combination
with the previously described metastasis gene S100A4
with respect to an improved prediction of outcome[10,11].

compared with patients demonstrating low MACC1 levels
(P = 0.0015). Furthermore, gastric cancer patients with
high circulating transcript levels of MACC1 as well as of
S100A4 in plasma demonstrated significantly shorter
survival when compared with patients demonstrating
low levels of both biomarkers or with only one biomarker
elevated (P = 0.001).
CONCLUSION: Levels of circulating MACC1 transcripts
in plasma of gastric cancer patients are of diagnostic
value and are prognostic for patient survival in a
prospective study.
Key words: Gastric cancer; Plasma; Circulating
transcripts; MACC1; S100A4; Diagnosis; Prognosis;
Survival
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We provide for the first time a blood-based
assay for transcript quantification of the metastasis
inducer Metastasis Associated in Colon Cancer 1 (MACC1)
in a prospective study of gastric cancer patients.
MACC1 is a strong prognostic biomarker for tumor
progression and metastasis in a variety of solid cancers.
We discriminated tumor-free volunteers and gastric
cancer patients (all P < 0.001, sensitivity 0.68 (95%CI:
0.45-0.85), specificity 0.89 (95%CI: 0.77-0.95) of each
disease stage (P < 0.05 for each). Shorter survival
correlated with high circulating MACC1 transcript levels (P
= 0.0015). Thus, circulating MACC1 transcript levels in
plasma of gastric cancer patients are of diagnostic value
and are prognostic for patient survival.
Burock S, Herrmann P, Wendler I, Niederstrasser M, Wernecke
KD, Stein U. Circulating metastasis associated in colon cancer
1 transcripts in gastric cancer patient plasma as diagnostic
and prognostic biomarker. World J Gastroenterol 2015;
21(1): 333-341 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i1/333.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i1.333

INTRODUCTION
Gastric cancer is one of the major malignancies in the
world with an estimated incidence of 140 cases per 100000
people in Europe in 2012[1]. Although there is a steady
decline in gastric cancer mortality it is still the fourth
most common cause of death from cancer as it is mainly
diagnosed at an advanced stage. Overall survival is
clearly linked to disease stage and metastasis formation.
Despite the recent developments in both, chemotherapy
and surgical treatment, the outcome for patients with
distant metastasis is still poor with a 5-year survival rate
of less than 5% compared to 60% for patients with only
localised malignancies[2]. Therefore, detecting the disease
already at an early stage and identifying that patient
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Table 1 Patients’ characteristics
Primary diagnosis
W/o synchronous
organ metastasis
Samples, n
AJCC/UICC Ⅰ, %
T1-T2, N0, M0
T1, N1, M0
AJCC/UICC Ⅱ, %
T1, N2, M0
T2, N1, M0
T3, N0, M0
AJCC/UICC Ⅲ, %
T2, N2, M0
T3, N1, M0
T4, N0, M0
T3, N2, M0
AJCC/UICC Ⅳ, %
T4, N1-2, M0
Every T, N3, M0 every T, every N, M1
Median follow up, after blood taking (d)
Age at blood taking, median (range) (yr)
Sex, m/f
P, vs tumor-free volunteers

With synchronous
organ metastasis

Follow-up

All cancer patients

With metachronous
organ metastasis

9
67

8
0

5
80

54
48

76
47

11

0

0

28

21

11

0

20

24

20

11

100

0

0

12

677
63 (48-77)
8/1
P = 0.005

351
59 (56-68)
7/1
P = 0.002

851, 5
63 (40-86)
38/16
P = 0.021

803
63 (39-86)
57/19
P < 0.001

169
71 (39-83)
4/1
P = 0.005

UICC: Union internationale contre le cancer; AJCC: American joint committee on cancer.

For gastric cancer patients, however, such a test is
neither developed nor evaluated with respect to diagnose
gastric cancer patients vs tumor-free volunteers or con
cerning the prognosis of the disease. Thus, here we aim to
evaluate the diagnostic and prognostic value of circulating
MACC1 transcripts in plasma of a patient cohort with
gastric cancer. We hypothesize that analysing the MACC1
levels in liquid biopsies of gastric cancer patients might
also be of benefit for patients as demonstrated for patients
suffering from other gastrointestinal cancers such as colon
and rectal cancer, also developing distant metastases[10].
Furthermore, we will combine this MACC1 data with
those of circulating transcripts of the metastasis gene
S100 calcium binding protein A4 (S100A4) for potential
improvement of disease prognosis.

diagnosed metachronous metastasis of gastric cancer
were taken at the day of diagnosis. Blood samples from
the cohort of follow-up patients were taken exclusively
during the follow-up (median 1003 d after primary
diagnosis) with a median follow-up period of 852 d after
blood taking. Six blood samples out of 54 were from
patients who developed metastasis later on (median 270
d after blood taking).
The plasma controls derived from two independent
cohorts of healthy volunteers (n = 54). Median age
of the tumor-free volunteers at the time of blood
taking was 61 (27-87). The cohort of the tumor-free
volunteers consisted of 43 male and 11 female tumorfree volunteers. Recruitment of the volunteers was
supported by Klaus Sperber, Medical Practioner, Berlin,
and by Ursula Plöckinger, Charité Campus Virchow
Klinikum, Berlin. All volunteers were tumor-free and
had no history of oncological diseases. We did not find
significantly different MACC1 levels within the two
cohorts of tumor-free volunteers, nor differences with
respect to gender or age of the healthy individuals.
All blood specimens from patients and tumorfree volunteers were collected after written informed
consent in accordance with the International Conference
on Harmonisation and with the approval of the local
Institutional Review Board.

MATERIALS AND METHODS
Patient data and classification
We analyzed 76 blood samples of consecutive gastric
cancer patients who were treated at the Robert Rössle
Cancer Hospital, Charité University Medicine Berlin,
during March 2006 until March 2007 for the first or for
a further time. Patients’ data for survival and the routine
histopathological characterization of the tumor (including
tumor infiltration, lymph node status, metastasis, grading,
lymphatic vessels infiltration, blood vessels infiltration,
residual tumor) were available from the tumor bank.
Exclusion criteria were tumor development of another
entity during history or follow-up. For more details of the
patients’ characteristics see Table 1.
Blood samples of patients with newly diagnosed
gastric cancer and blood samples of patients with newly

WJG|www.wjgnet.com

Plasma preparation
Plasma separation was performed from cooled EDTAblood at the same day within 7 h post blood taking.
Procedure for plasma separation from blinded samples
was as previously described[10,11]. Samples were stored at
-80 ℃.
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depicted.

P < 0.001
P = 0.021

P = 0.005
P = 0.002

Statistical analysis
We tested differences between groups in terms of MACC1
transcript levels in plasma by using non-parametric (exact)
Wilcoxon- Mann-Whitney tests (because of deviations
of the distributions from normality and small samples).
Samples obtained from tumor-free volunteers were com
pared with those from patients with primary tumors
without and with synchronous organ metastases, patients
with metachronous metastases, and follow-up patients.
Furthermore, samples obtained from patients with tumors
vs those with tumors and metastases were compared. Results
are expressed as median (range) or frequencies (%). P < 0.05
was considered to be significant. All tests were conducted
in the area of exploratory data analysis. Therefore, no
adjustments for multiple testing have been made.
For evaluating the diagnostic value of circulating
MACC1 transcripts in plasma of gastric cancer patients,
we calculated sensitivity and specificity with a fourfold
table for those cancer patients, who were newly diagnosed
with a primary tumor without or with synchronous
metastases compared to the blood samples of 54 tumorfree volunteers.
We used Kaplan Meier curves in combination with
log rank test for survival analyses of newly diagnosed and
of all gastric patients. Both biomarkers, MACC1 as well
as S100A4, could be determined in 70 plasma samples.
The respective cut-off values for the biomarkers were
the median of the investigated groups (primary diagnosis
or all patients). We performed all calculations with SPSS,
version 21.

P = 0.005

MACC1 mRNA expression,
% calibrator

4

3

2

1

0
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Figure 1 Circulating metastasis associated in colon cancer 1 transcript
levels in plasma discriminate gastric cancer patients from tumor-free
volunteers. Levels of circulating metastasis associated in colon cancer 1
(MACC1) transcripts in plasma of all gastric cancer patients (n = 76) were
significantly higher than in tumor-free volunteers (n = 54; P < 0.001). All patient
subcohorts demonstrated significantly higher levels of circulating MACC1
transcripts when compared to the tumor-free volunteers: patients in stages Ⅰ to
Ⅳ (M0) (P = 0.005), patients in stage Ⅳ (M1) (P = 0.002), patients with
metachronous metastasis (P = 0.005), and patients during follow-up (P = 0.021).
Box plot analysis based on quantitative real-time RT-PCR.

Quantitative real-time reverse transcriptase-polymerase
chain reaction
Isolation of total RNA and quantitative real-time
reverse transcriptase-polymerase chain reaction (qRTPCR) were performed as previously described [10,11] .
Briefly, after 30 s at 95 ℃, we run 45 cycles of 10 s
95 ℃, 10 s 62 ℃, 10 s 72 ℃, and a melting curve from
40 ℃ to 95 ℃, using the LightCycler (DNA Master
Hybridization Probes kit, Roche Diagnostics). Thereby
we amplified a 136 bp MACC1-specific PCR product
with the following primers and probes: forward primer 5’
-TTCTTTTGATTCCTCCGGTGA-3’, reverse primer 5’
-ACTCTGATGGGCATGTGCTG-3’, FITC-probe 5’
-GCAGACTTCCTCAAGAAATTCTGGAAGATCTA-3’,
LCRed640-probe 5’-AGTGTTTCAGAACTTCT
GGACATTTTAGACGA-3’ (syntheses of primers and
probes: BioTeZ and TIB MolBiol, Berlin, Germany).
The calibrator cDNA derived from the cell lines SW620
(authentification of the cell line by short tandem repeat (STR)
genotyping, German Collection of Microorganisms and Cell
Cultures, Braunschweig, Germany).
S100A4-specific qRT-PCR was perfor med as
previously described. MACC1 and S100A4 mRNA expre
ssions are given as percentage of the mRNA expression
of a calibrator sample, which was set 100%. Each sample
was run and calculated in duplicate, the means are

WJG|www.wjgnet.com

RESULTS
Circulating MACC1 transcripts in plasma classify
tumor-free volunteers and gastric cancer patients
First, we tested on whether the levels of circulating MACC1
transcripts are different in tumor-free volunteers (n = 54)
and gastric cancer patients (n = 76). We detected MACC1
transcripts in all samples analyzed. Significantly higher
MACC1 levels were measured in cancer patient plasma
(median 0.334 MACC1 mRNA expression/percent
calibrator) compared to the tumor-free individuals (median
0.224 MACC1 mRNA expression/percent calibrator; P <
0.001; Figure 1). We observed no significant variations of
MACC1 levels due to age or sex.
We then tested the levels of MACC1 of different disease
stages with respect to the tumor-free volunteers, such as
tumors without metastasis (median 0.531 MACC1 mRNA
expression/percent calibrator; P = 0.005), with synchronous
metastasis (median 0.655 MACC1 mRNA expression/
percent calibrator; P = 0.002), with metachronous metastasis
(median 0.561 MACC1 mRNA expression/percent
calibrator; P = 0.005), and during follow-up (median 0.272
MACC1 mRNA expression/percent calibrator; P = 0.021).
Interestingly, levels of MACC1 were significantly higher
in each disease stage when compared with tumor-free
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Figure 2 Overall survivals of gastric cancer patients. A: Overall survival of gastric cancer patients based on circulating transcript levels of metastasis associated in
colon cancer 1. Gastric cancer patients with high circulating metastasis associated in colon cancer 1 (MACC1) transcript levels in plasma demonstrated significantly
shorter survival when compared with patients demonstrating low MACC1 levels (P = 0.0015). Kaplan-Meier analyses for all gastric cancer patients based on MACC1; B:
Overall survival of patients with primary gastric cancer with or without synchronous metastasis based on circulating transcript levels of metastasis associated in colon
cancer 1. Newly diagnosed gastric cancer patients with high circulating MACC1 transcript levels in plasma demonstrated shorter survival when compared with patients
demonstrating low MACC1 levels. Kaplan-Meier analyses for newly diagnosed gastric cancer patients based on MACC1; C: Overall survival of gastric cancer patients
with both markers metastasis associated in colon cancer 1 and S100A4 highly expressed vs none or only one marker highly expressed. Gastric cancer patients with
high circulating transcript levels of MACC1 as well as S100A4 in plasma demonstrated significantly shorter survival when compared with patients demonstrating low
levels of both biomarkers or with only one biomarker elevated (P = 0.001). Kaplan-Meier analyses for all gastric cancer patients based on MACC1 and S100A4; D:
Overall survival of gastric cancer patients with both markers metastasis associated in colon cancer 1 and S100A4 highly expressed, only one or none marker highly
expressed. Patients were classified into groups of low expressers of both genes, of patients with high S100A4 levels, of patients with high MACC1 levels, or with high
expression of both biomarkers. Gastric cancer patients with high circulating transcript levels of MACC1 as well as S100A4 in plasma demonstrated shorter survival
when compared with patients demonstrating low levels of both biomarkers or with only one biomarker elevated. Kaplan-Meier analyses for all gastric cancer patients
based on MACC1 and S100A4.

volunteers (Figure 1).
To evaluate sensitivity and specificity of this bloodbased assay for circulating MACC1 transcript levels,
values were calculated with a fourfold table for patients
with present gastric cancer. More precisely, blood samples
of patients with newly diagnosed primary gastric cancer
(with or without synchronous metastases), and patients
who already underwent R0-surgery of primary gastric
cancer and were newly diagnosed with metachronous
metastases were compared to the tumor-free volunteers
with consecutive cut-off values. The MACC1 transcript
level with the highest sum of specificity and sensitivity
was selected as the optimal cut-off point[12]. This resulted
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in a cut-off point of 0.504 MACC1 mRNA expression/%
calibrator with a sensitivity of 0.68 (95%CI: 0.45-0.85) and
a specificity of 0.89 (95%CI: 0.77-0.95). Thus, MACC1
transcript levels in plasma support the identification
of individuals suffering of gastric cancer and might
contribute to the identification of metastasis formation.
Circulating MACC1 transcript levels in plasma are
prognostic for gastric cancer patient survival
To investigate the prognostic value of high vs low MACC1
transcript levels in the plasma of gastric cancer patients
within this prospective study, survival analysis were
performed with Kaplan Meier curves in combination with
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log rank rests. The cut-off values of high vs low MACC1
transcripts levels were the median of the investigated
groups, respectively. First, we analyzed the MACC1
levels of all patients (primary diagnosis of gastric cancer
with and without synchronous metastasis, patients with
metachronous metastasis and patients during follow up)
with respect to overall survival. Patients with high MACC1
transcript levels had a statistically significant worse overall
survival compared with patients with low MACC1 levels
(P = 0.015; Figure 2A) with a median follow-up period of
803 d after blood taking. Additionally, also the subcohort
of patients with newly diagnosed gastric cancer and high
MACC1 transcript levels demonstrated a shorter overall
survival compared to patients with low MACC1 levels
(Figure 2B) with a median follow-up period of 618 d after
blood taking.

transcripts in plasma we significantly discriminate tumorfree volunteers and gastric cancer patients. Furthermore
we demonstrate in this prospective study that circulating
MACC1 transcript levels in plasma are prognostic for the
survival of the gastric cancer patients. Finally we show,
that the combination of biomarkers, here MACC1 and
S100A4, improve gastric cancer patient survival prognosis.
Thus, the quantitative determination of circulating
transcript levels of MACC1, as well as of MACC1 and
S100A4, is proven to be useful for gastric cancer patient
survival prognosis.
We newly identified the gene MACC1 in colorectal
cancer patients and demonstrated its prognostic value for
colorectal cancer patient survival based on expression in
patient tissue[3]. We showed its ability to induced cell motility
in vitro and metastasis in mice. Moreover, we provided
evidence for MACC1 as master regulator of further
metastasis genes, for instance of the receptor tyrosine kinase
Met[6]. Meanwhile, MACC1 is confirmed as biomarker
by a large body of publications for prognosis of tumor
progression and metastasis as well as for prediction of
therapy response for a great variety of solid cancers, linked
to patient survival[4].
However, in order to overcome the limitation of
prognosis generation based on the analysis of only a very
small number of available tissues per patient, we developed
this non-invasive blood-based assay for circulating
transcripts[10,11]. This assay harbors the potential to be
employed for screening of the quantitation of circulating
MACC1 transcripts on a routine basis. It is clinically appli
cable for diagnosis and prognosis of cancer patients, as
shown here for patients with gastric cancer. Furthermore, it
might be also used for monitoring of response to a defined
treatment of cancer patients. In addition, this assay can easily
be translated for the quantitative determination of further
circulating transcripts which are of diagnostic, prognostic
and/or predictive value for a defined disease.
In this study, we significantly classified gastric cancer
patients from tumor-free volunteers, based on this assay
for circulating MACC1 transcripts. Interestingly, highest
levels of circulating MACC1 transcripts were found
in individuals with metastases further underlining the
diagnostic value of circulating MACC1 transcripts in
patient plasma with respect to metastasis formation. Most
importantly, these prospectively determined high levels of
MACC1 transcripts correlate with shorter survival of the
patients demonstrating the prognostic value of circulating
MACC1 transcripts. Thus, this assay could be used for
patient screening as well as for metastasis detection during
follow-up to identify the patient population at high risk.
This finding might imply also importance for patient
stratification in future studies.
Our findings of circulating MACC1 transcripts in
plasma of gastric cancer patients for diagnosis and survival
prognosis are in line with findings reported previously
but based on the quantification of MACC1 mRNA
expression in gastric cancer tissues. Guo and colleagues

Combination of circulating MACC1 and S100A4
transcript levels in plasma for improvement of gastric
cancer patient survival prognosis
To improve the prognosis for patient survival, we added a
further metastasis gene, S100A4, to this analysis. S100A4
is known to contribute to metastasis formation for several
cancers[13,14]. For gastric cancer, S100A4 is also linked
to tumor progression and development of metastasis
as well as to disease prognosis when determined in the
primary tumor tissue[15-20]. Previously we described the
diagnostic and prognostic value of S100A4 transcripts
in plasma of gastrointestinal cancer patients, such as for
colon, rectal and gastric cancer patients[11]. Therefore, we
combined here the analyses for circulating MACC1 as
well as S100A4 transcripts to test for improvement of the
disease prognosis compared to analyses based exclusively
on MACC1. First we compared two groups, those showing
none or only one biomarker at high levels (n = 52), with
patients demonstrating high levels of both biomarkers (n =
18). We demonstrated a significantly shorter overall survival
for patients having both MACC1 as well as S100A4 at high
levels (P = 0.01; Figure 2C). Remarkably, the combination
of the biomarkers improved the prognosis compared to
the analyses based on each single biomarker. This is further
illustrated, when classifying the patients into 4 groups,
those showing both biomarkers at low levels (MACC1
and S100A4 low), or with MACC1 high, or with S100A4
high, or in a group of patients showing high levels of both
biomarkers (MACC1 and S100A4 high) (Figure 2D).
Taken together, prognosis of gastric cancer patient
survival can be based on plasma levels of circulating
MACC1 transcripts, and can be improved when combining
the information of circulating transcripts of both the
metastasis biomarkers, MACC1 and S100A4.

DISCUSSION
Here we report the diagnostic and prognostic value of
circulating MACC1 transcripts in blood of patients with
gastric cancer. Based on the levels of circulating MACC1
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showed a correlation of MACC1 in the primary gastric
tumors with peritoneal metastasis, lymph node metastasis,
hepatic metastasis, and finally to a poor prognosis for
patients[7]. Wang and colleagues reported a correlation of
high MACC1 expression in the primary tumors with more
advanced disease, more frequent postoperative recurrence,
more metastases, higher mortality rate, and shorter survival
of the gastric cancer patients[8]. Shirahata and colleagues
demonstrated a correlation of high expression of MACC1
in gastric tumors with peritoneal dissemination of the
tumor[9]. All of these data point to the importance of
MACC1 as a biomarker for tumor progression, metastasis
and survival for gastric cancer patients. Moreover, these
findings underline the relevance of the further employment
of MACC1 as a biomarker to be quantitatively and
repeatedly determined in gastric cancer patient blood.
Our new findings of circulating MACC1 transcripts
in plasma of gastric cancer patients for diagnosis and
prediction of survival are also in line with those that we
reported previously for colorectal cancer[10]. Thus, the
use of MACC1 as a biomarker from liquid biopsies for
patient stratification might be extended from tissues to
this blood-based assay allowing repeated measurements
of circulating MACC1 transcript levels.
Since the quantitative determination of cell-free,
circulating mRNA in blood as liquid biopsies allows
real-time monitoring of disease progress, prognosis,
and therapeutic response [21], the combined detection
of different biomarkers in patient blood might offer
additional options for improvement of diagnosis,
prognosis of response prediction. Several markers, such
as Carcino Embryonic Antigen, Carbohydrate Antigen
19-9 and Carbohydrate Antigen 72-4 have determined in
blood of gastric cancer patients, however, with limited
sensitivities (20%-30%)[22-24]. Recently the mRNA levels
of KRAB-ZFP-Associated Protein 1, Tissue Inhibitor of
Metalloproteinases 1, and Stanniocalcin 2 were determined
in peripheral blood samples from pre-operative gastric
cancer patients, patients with recurrence, and healthy
volunteers and were identified as potential biomarkers for
screening, diagnosis, prognosis and surveillance of gastric
cancer[25]. Another recent report describes an association
of increased Bone Morphogenetic Protein 8b mRNA
levels in peripheral blood of gastric cancer patients with
metastatic disease[26].
Here, we combined the data for circulating MACC1
levels with those of S100A4, a well-known metastasisinducing gene. S100A4 expression was linked to tumor
progression and development of metastasis and has been
shown to be of prognostic value when determined in
the primary gastric tumors tissue[15-20]. Moreover, Kim
and colleagues demonstrated that the combination of
S100A4 and p53 are useful for prediction of relapse in
curatively resected stage Ⅲ and Ⅳ (M0) gastric cancer[17].
We already established this blood-based assay for S100A4
and demonstrated the diagnostic and prognostic value of
circulating S100A4 transcripts in colorectal cancer and in
gastric cancer patients[11]. When we here combined the
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data of two major metastasis-inducing genes, MACC1
as master regulator of the HGF/Met signaling axis[3,6]
with those of S100A4, a Wnt/β-catenin target gene[14],
disease prognosis for gastric cancer patients was improved
compared to those based exclusively on MACC1. We
demonstrated significant differences of overall survival for
patients with high expression of both markers compared
to patients with a high expression of none or only one
marker. Thus, a combination of biomarkers addressing
different, but most relevant signaling pathways for tumor
progression and metastasis might be most beneficial for
improved prognosis of patient survival. In addition, it has
to be demonstrated, that a combination with further types
of free RNA in patient blood, such as miRNA, might
result in even better disease prognosis and/or therapy
response prediction.
In conclusion, survival of gastric cancer patient can be
predicted based on plasma levels of circulating MACC1
transcripts, and can be improved when combining the
information of circulating MACC1 transcripts with
a further metastasis biomarker, S100A4. Both genes
represent promising therapeutic targets and intervention
strategies are desired aiming at restriction of tumor
progression and metastasis development. It has to be
evaluated, if this clinically applicable blood-based assay for
circulating MACC1 transcripts in cancer patient plasma
might represent an ideal read-out for predicting and for
monitoring therapeutic response of future interventions
targeting MACC1 in gastric cancer patients.
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cancer patient plasma. Based on the levels of circulating MACC1 transcripts
in plasma we discriminated tumor-free volunteers and gastric cancer patients.
Levels of circulating MACC1 transcripts were increased in gastric cancer

339

January 7, 2015|Volume 21|Issue 1|

Burock S et al . MACC1 in gastric cancer patient blood
patients of each disease stage, compared to tumor-free volunteers. Importantly,
gastric cancer patients with high circulating MACC1 transcript levels in plasma
demonstrated significantly shorter survival when compared with patients
demonstrating low MACC1 levels. Furthermore, gastric cancer patients with
high circulating transcript levels of MACC1 as well as of S100A4 in plasma
demonstrated shorter survival when compared with patients demonstrating low
levels of both biomarkers or with only one biomarker elevated.
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Abstract
AIM: To investigate the presence of human papillomavirus
(HPV) DNA along with the integration, the quantification
and the expression of the HPV16 in colorectal cancers.
METHODS: A prospective series of colorectal tumors were
genotyped for HPV DNA. The clinical and pathological
variables of the HPV-positive tumors were compared to
those of HPV-negative samples. The integration status
of HPV16 was evaluated by calculating E2/E6 ng ratios.
HPV16-positive tumors were also evaluated for (1) E2,
E4, E5, E6 and E7 viral gene ng quantification; (2) relative
quantification compared to W12 cells; and (3) viral E2, E4,
E5, E6 and E7 mRNA transcripts by real-time polymerase
chain reaction.
RESULTS: HPV infection was detected in 16.9% of all
tumors examined, and HPV16 was the most frequent
type detected (63.6% of positive tissues). Notably,
the clinical and pathological features of HPV-positive
colorectal cancers were not significantly different than
2
those of HPV-negative cancers (χ and t -test for all
clinical and pathological features of HPV-positive vs
HPV-negative colorectal cancers: p ns). HPV16 DNA was
present exclusively in episomal form, and the HPV16
E2, E4, E5, E6 and E7 genes were detected in trace
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the target epithelium (e.g., the cervix) is a well-described
process that involves virus penetration in the basal layer
through micro-abrasions and its subsequent replication
in episomal form, leading to the expression of six nonstructural (E1-E2, E4-E7) and two structural viral proteins
(L1- L2)[5-7].
E5, E6 and E7 are viral onco-proteins that cause
immortalization and transformation; E6 and E7 inactivate
p53 and Rb, respectively[8]. HPV16 E5 also has transforming
potential, leading to increased EGFR recycling and
signaling[9].
The progression of a persistent and untreated lesion
is associated with HPV DNA integration into the host
genome, with subsequent disruption of the E2 gene and
up-regulation of the E6 and E7 proteins[5,6].
HPV integration has been identified as a critical step
in cancer promotion and progression [10]; however, in
vivo studies have shown that an integrated, episomal or
mixed HPV genome could be detected in pre-cancerous
lesions in addition to invasive cancers[11].
Moreover, persistent and progressive HPV infection
has been associated with increased viral load[12].
In summary, there are three major issues that scientists
face in studying HPV-related carcinogenesis, including: (1)
the expression of viral onco-proteins; (2) the integration
pattern; and (3) the viral load of a productive/progressive
infection.
On the basis of this background, we aimed to translate
the molecular basis of HPV-related carcinogenesis in
vivo (particularly HPV16), to understand the possible
implications of the virus in colorectal carcinogenesis, in
relation to: (1) the detection of HPV DNA in a prospective
series of colorectal cancer tissues by a clinical validated
methodology; (2) HPV16 integration status; (3) the
quantification of HPV16; and (4) viral transcript expression.

nanogram quantities. Furthermore, the HPV16 genes
-3
-9
ranged from 10 to 10 compared to W12 cells at an
episomal stage. Although the extractions were validated
by housekeeping gene expression, all the HPV16
positive tissues were transcriptionally inactive for the
E2, E4, E5, E6 and E7 mRNAs.
CONCLUSION: Based on our results, HPV is unlikely
involved in colorectal carcinogenesis.
Key words: Colorectal cancer; Human papillomavirus;
Carcinogenesis; W12
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The burden of human papillomavirus (HPV)associated cancers is not limited to the cervix, but
includes the oropharynx and the ano-genital area.
Moreover, emerging studies have reported the detection
of HPV DNA in the tumoral mucosae of several epithelia,
including the colorectum. This is the first study aimed
to investigate the presence of HPV in specimens using
clinically validated methodology, and it is the first to
apply the molecular basis of HPV-related carcinogenesis.
Because we only detected episomal HPV16s in low
quantities, and it was transcriptionally inactive, we
conclude that the virus unlikely plays a role in colorectal
carcinogenesis.
Lorenzon L, Mazzetta F, Pilozzi E, Uggeri G, Torrisi MR, Ferri
M, Ziparo V, French D. Human papillomavirus does not have a
causal role in colorectal carcinogenesis. World J Gastroenterol
2015; 21(1): 342-350 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i1/342.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i1.342

MATERIALS AND METHODS
INTRODUCTION

Patients
Sixty-nine cancerous tissues from 66 patients who had
undergone surgical resection for colorectal cancer in our
Department were prospectively enrolled from 2010 to
2012. The study protocol was approved by the Ethical
Board.
Patients were enrolled if they presented with colorectal
cancer independently of sex, age or tumor localization.
One exclusion criterion was neo-adjuvant chemo-radiation
treatment for rectal cancers, due to HPV infection-related
radio-sensitivity[13].
Cancerous tissues were sampled immediately after
surgery and frozen. All of the clinical/pathological data
were recorded, including patient’s clinical history and
demographics (age at the time of surgery, sex), tumor
location, and type of surgical procedure.

Colorectal carcinoma has been classified as the fourth
most frequently diagnosed cancer in Italy and in the
United States[1,2].
Recently, a possible correlation between human
papillomavirus (HPV) infection and colorectal cancer has
been suggested, and several authors detected HPV DNA
in cancerous tissues by different techniques [3]. As we
recently highlighted, HPV infection rates are significantly
different between tumors and controls/tumor-adjacent
tissue when HPV DNA is detected, with the most
prevalent type reported as HPV16[3]. Similar results have
been validated by recent meta-analysis[4].
The literature lacks studies utilizing clinically validated
methodologies for HPV genotyping, as well as studies
investigating the molecular basis of HPV-associated
colorectal carcinogenesis. Thus, a potential role for HPV
in colorectal-related carcinogenesis requires further
investigation.
The natural history of a high-risk HPV infection in
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Cell lines
W12 cells[14] were grown to passage 9 to retain the episomal
form of HPV16, and were cultured in M154CF medium
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SPF10 fragment (Innogenetics, Belgium). The following
special attention was paid to avoid cross-contaminations:
the personnel were advised to frequently change their
disposable gloves and to carefully and singularly open
vials. Moreover, amplifications were performed in a
separate room.

Table 1 Clinical-pathological features of colorectal cancer
patients n (%)
Clinical-pathological features
Sex n = 62
M
F
M/F
Age (yr) n = 62
Mean ± SD
Median
Range
Localizations n = 65
Rectum
Sigmoid
Transverse
Right
Stage-AJCC 9th n = 65

Value
41 (66.1)
21 (33.9)
1.95

qDNA real-time polymerase chain reactions
Real-time polymerase chain reactions (PCRs) were
performed using the iCycler IQ™ 5 Multicolor Real Time
PCR detection System (Bio-Rad, California, United States)
with SYBR Green Supermix (Bio-Rad, California, United
States). The HPV16 gene loads was determined in each line
by referring to a standard quantification curve generated
by diluting from 7 × 106 to 7 × 100 copies of an HPV16
plasmid. Cell lines and cancerous HPV16-positive tissues
were then analyzed for DNA ng quantification of the
house-keeping gene beta-actin and of the HPV16 E2, E4,
E5, E6 and E7 genes. Moreover, a relative quantification of
HPV16 genes was obtained for HPV-positive colorectal
cancers using the ΔCT method (CT target-CT reference),
with to the episomal cell line (W12) as a reference, considered
equal to 1.

70.4 ± 11.3
72
38-92
13 (20.0)
21 (32.3)
6 (9.2)
25 (38.5)
14 (21.5)
22 (33.9)
Ⅱa 20-Ⅱb 2
27 (41.5)
Ⅲa 2-Ⅲb 20-Ⅲc 5
2 (3.1)

Ⅰ
Ⅱ
Ⅲ
Ⅳ

T stage n = 65
T1
T2
T3
T4
N stage n = 65
N0
N1
N2
Grading n = 65
G1
G2
G3
V/L/N1 n = 27
0
1
2
Lymph node harvest n = 65
Mean ± SD
Median
Range
Metastatic nodes n = 65
Mean ± SD
Median
Range
Lymph node ratio n = 65
Mean ± SD
Median
Range

6 (9.2)
10 (15.4)
41 (63.0)
8 (12.4)

HPV16 integration
HPV16 positive tissues were studied using the E2/E6 ng
ratio.

36 (55.4)
19 (29.2)
10 (15.4)

rtqRT-PCR
RNA extraction was performed with TRIzol Reagent
(Invitrogen, California, United States). Retro-transcription
was performed with the iScript™ cDNASynthetis kit. The
expression of the HPV16 E2, E4, E5, E6 and E7 mRNAs
was analyzed by rt real-time PCR. Specimen quality was
assessed with beta-actin. Primer sets were the same as
those used for qDNA Real Time PCR, with the exception
of E2 (E2C: For TTGAAAGCGAAGACAGCGGG;
Re v AG T C G T C T G T G T T T C T T C G G ) a n d E 4
(E1-E4: For TAATCTACCATGGCTGATCC; Rev
AGTCGTCTGTGTTTCTTCGG).

5 (7.7)
20 (30.8)
40 (61.5)
4 (14.8)
22 (81.5)
1 (3.7)
21.0 ± 11.5
19
6-72
2.7 ± 6.1
0
0-30

Statistical analysis
The clinical/pathological features of HPV-positive
colorectal cancers were compared with those of HPVnegative cancers. Sub-groups were compared using the
Student’s t-test and χ 2 test; all test were two-tailed, and P
< 0.05 was considered statistical significant. All analyses
were obtained with the MedCalc software version 11.4.4.0.

0.11 ± 0.2
0
0-0.88

1

V/L/N: Perivascular/lymphovascular/perineural invasion.

plus 1% PSG, 1% HKGS, and calcium (0.07 mmol/L).
HaCaT cells (HPV-negative cell line) were cultured in
DMEM plus 10% FBS.

RESULTS
HPV DNA detection in colorectal cancers
Four samples were excluded from our analysis due to
necrotic material, leaving 65 tumors from 62 patients
(three patients had synchronous lesions) for data analysis.
Table 1 summarizes the features of the population.
Eleven tumors tested positive for HPV (16.9%): eight
high-risk HPVs (72.7%: seven HPV16-positive tumors,

HPV genotyping
HPV genotyping and DNA Real-Time PCR were
performed after DNA extraction with the QiAamp DNA
extraction kit (Qiagen, Netherlands). HPV detection
was performed with the INNO-Lipa HPV Genotyping
kit, which can detect 28 different HPVs by DNA
amplification followed by reverse hybridization of the
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T a b l e 2 H u m a n p a p i l l o m a v i r u s - p o s i t i v e vs h u m a n
papillomavirus-negative colorectal cancers n (%)
HPV-positive (11 HPV-negative
cancers from 11 (54 cancers out
of 53 patients)
patients)
Sex
M
F
M/F
Age (yr)
Mean ± SD
Median
Range
95%CI
Localization
Rectum
Sigmoid
Transverse
Right
Stage-AJCC 9th
Ⅰ
Ⅱ
Ⅲ
Ⅳ

T stage
T1
T2
T3
T4
N stage
N0
N1
N2
Grading3
G1
G2
G3
V/L/N4
V/L/N0
V/L/N1
V/L/N2
Lymph node harvest
Mean ± SD
Median
Range
95%CI
Metastatic nodes
Mean ± SD
Median
Range
95%CI
Lymph node ratio
Mean ± SD
Median
Range
95%CI

9 (81.8)
2 (18.2)
4.5
68.1 ± 3.1
69
38.0-84.0
52.9-76.9

34 (64.1)
19 (35.9)
1.8
70.6 ± 10.9
72
46.0-92
67.5-73.6

2 (18.2)
3 (27.3)
2 (18.2)
4 (36.3)

11 (20.4)
18 (33.3)
4 (7.4)
21 (38.9)

3 (27.3)
4 (36.3)
3 (27.3)
1 (9.1)

11 (20.4)
18 (33.3)
24 (44.4)
1 (1.9)

- (-)
3 (27.3)
8 (72.7)
- (-)

6 (11.1)
7 (12.9)
33 (61.1)
8 (14.9)

7 (63.6)
1 (9.1)
3 (27.)

29 (53.7)
17 (31.4)
8 (14.9)

- (-)
4 (36.36)
6 (63.64)

5 (9.2)
16 (29.7)
33 (61.1)

2 (33.3)
4 (66.7)
- (-)

2 (9.5)
18 (85.7)
1 (4.8)

23.0 ± 11.4
20
10-54
15.3-30.6

20.6 ± 11.6
18
6-72
17.4-23.7

Table 3 Genome structure of human papillomavirus 16-positive
colorectal cancers

P
value

1
2
3
4
5
6
7

0.431

E4

E5

E6

E7

L1 (SF10)

+
+
+
+
+
+
-

+
+
+
-

+
+
+
+
+
+

+
+
+
+
-

+
+
+
+
-

+
+
+
+
+
+
+

0.52

with those of HPV-negative tumors. We did not detect
any significantly different clinical/pathological variables
between the two groups (P > 0.05; Table 2).

0.731

HPV16 genome
Table 3 shows the genome structure of the HPV16positive cancers. In 4/7 HPV16-positive tissues, we could
map almost the entire genome; in the remaining three
patients, we documented fragments of the HPV16 genome.
The former four cancers were suitable for integration
status analysis, and all patients had an augmented E2/E6
ratio (range: 1.79-20, mean ± SD 8.9 ± 7.8, median 6.9),
consistent with episomal forms of HPV DNA.

0.481

0.231

HPV16 quantification
We determined that W12 cells had a full episomal HPV16
genome with an average of 179 copies/cell, which is
consistent with previous reports[14].
We used the ΔΔCT method to determine the relative
amount of HPV16 DNA in each cancer, using the
episomal cell line (W12) as a reference. The spread
between the HPV16 genes and the housekeeping betaactin gene in the W12 line was considered to be equal
to 1. We detected very low quantities of HPV16 genes,
ranging from 10 -2 to 10 -9 of the amount detected in
the W12 cells (Figure 1). We further quantified the ng
amounts of HPV16 genes in positive tissues and in the
W12 cell line. Even though we sufficiently quantified
the beta-actin genes in each sample (range: 0.03-186.11
ng, mean ± SD 85.98 ± 64.27 ng, median 82.66 ng),
the HPV16 genes in colorectal cancers were detected
in extremely low quantities ng quantities (range: 5.4 ×
10 -8-0.005 ng, mean ± SD 0.0007 ± 0.0009, median
0.00008), as shown in Figure 2.

0.281

0.551

0.311

0.532

3.1 ± 5.7
0
0-15
0.7-6.9

2.6 ± 6.2
0
0-30
0.9-4.3

0.822

0.15 ± 0.3
0
0-0.8
0.04-0.3

0.1 ± 0.2
0
0-0.8
0.04-0.15

0.552

HPV16 transcriptional pattern
Although we successfully validated the efficiency of
human RNA extractions from tumors by the expression
of beta actin mRNA, all HPV16-positive tissues were
negative for E2, E4, E5, E6 and E7 mRNA expressions
(Figure 3).

1 2

χ ; 2t-test; 3G: Data analysis performed on 64 tumors (10 HPV-positive
and 54-HPV negative); V/L/N: Perivascular/lymphovascular/perineural
invasion; 4Data analysis performed on 27 tumors (6 HPV-positive and
21 HPV-negative). Human papillomavirus (HPV) including high risk,
probable high risk and low risk HPV.

one HPV39), two probable high-risk HPVs (18.2%: one
HPV26, one HPV53) and a low-risk HPV6 (9.1%). We
most frequently observed the HPV16 viral type (63.6%
of the HPV-positive tumors).
We thus compared the features of HPV-positive tumors
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E2

DISCUSSION
HPV is no longer associated exclusively with cervical
cancer[15,16]. Recent studies have detected HPV DNA in
the tumoral mucosae of different epithelia[3,17,18].
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Figure 1 Human papillomavirus 16 relative gene quantifications. Data obtained in human papillomavirus (HCV) 16 positive colorectal cancer tissues through
real time polymerase chain reaction analysis by the ΔΔCT method, with W12 cells as a reference considered equal to 1. Primer sequences were as follows: A: E2:
For GCAACGAAGTATCCTCTCCTG; Rev GCGA CGGCTTTGGTATGG; B: E4: For AATTATTAGGCAGCACTTGG; Rev GTCGTCTGTGTTTC TTCG; C: E5: For
CGCTGCTTTTGTCTGTGTCT; Rev GCGTGCATGTGTATGTATTAAAAA; D: E6: For GCACCAAAAGAGAACTGCAATGTT; Rev AGTCATATACCTCACGTCGCGCA GTCA;
E: E7: For CAAGTGTGACTCTACGCTTCGG; Rev GTGGCCCATTAACAGGTCTTC CAA. β-actin: For TCACCCACACTGTGCCCATCTACGA; Rev CAGCGGAACCGCTCAT
TGCCAATGG. The thermal cycler conditions were: 95 ℃ for 3 min, followed by 40 cycles of 95 ℃ for 10 s and 60 ℃ for 30 s, followed by a melting curve starting at 55 ℃.

Burnett-Hartman analyzed the correlation between
HPV and colorectal cancer using the Bradford criteria[19]
and highlighted evidence for the correlation by analogy,
biological plausibility, strength of association, but only
weakly provided evidence in consistency, specificity and
coherence.
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We recently reviewed this association by pooling pati
ents from different studies: the HPV mean detection rate
within colorectal carcinomas was 41.7% (range: 0%-84%),
compared to a mean detection rate of 32.8% in adjacent
colonic mucosae, and 5.8% in disease-free controls (P =
0.001)[20-22]. Moreover, HPV DNA has been reported to
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Figure 2 Human papillomavirus 16 gene ng quantifications. A: E2 ng; B: E4 ng; C: E5 ng; D: E6 ng; E: E7 ng. Data obtained through real time polymerase chain
reaction analysis, showing ng quantification of the house-keeping beta actin gene (white bars) and human papillomavirus (HPV) 16 genes (grey bars) in W12 cells
and in HPV16-positive colorectal cancers.

be statistically associated with colonic polyp mucosae[3];
conversely, two recent studies provided contrasting
results[23,24].
Consistent with the findings of our previous review,
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Baandrup et al[4] recently reported an HPV prevalence of
36.8% in colorectal adenocarcinomas with an OR of 6.0
(95%CI: 2.0-17.9) for the association between HPV and
colorectal cancer.
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reported by other authors[20-22]. The prevalence of right
colon localization in our samples may be explained by the
fact that we excluded patients with rectal cancers that had
previously undergone neo-adjuvant chemo-radiotherapy
(which is currently the gold standard treatment for rectal
cancers clinically staged T3 or N+), because of the radiosensitivity related to HPV infection that could bias our
results[13].
We thus compared the features of HPV-positive vs
HPV-negative cancers, and the sub-groups appeared
homogeneous for all clinical/pathological variables
observed, in contrast to previous reports by Pérez et al[22]
and Cheng et al[25], which highlighted a correlation between

In our study, we documented an HPV DNA infection
in 16.9% of the cancers analyzed. To our knowledge, this
is the first study to use a clinically validated methodology.
Conversely, the vast majority of past reports employed
obsolete methods or used double amplification protocols[3].
According to Burnett-Hartman, prior studies are likely
the result of contamination from the anal canal or clinical
processing[23].
Despite this, HPV16 was the most frequently identified
HPV type in tissues we examined (63.6%), in accordance
with previous studies[20-22].
In this study, the presence of HPV showed no difference
in distribution of the virus through the colon, as previously
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virus infection and tumor stage or grading.
Nevertheless, the main objective of our study was to
translate the molecular basis of HPV-related carcinogenesis
in vivo. Bodaghi was the only author who previously
investigated HPV genome integration in colorectal tumors,
detecting integrated virus quite frequently in the 31 tumor
tissues investigated[21]. Of note, we investigated the entire
HPV16 genome, providing an examination of the full viral
structure. Indeed, in 57.1% of HPV16-positive tumors, we
documented the entire viral genome; in the remaining cases,
we detected only viral fragments.
To determine the amount of HPV16 DNA in positive
tissues, we generated a relative quantification of the
genes comparing to the episomal W12 cells. We detected
very low quantities of HPV16 in all positive tissues.
Notably, the reported HPV prevalence of 16.9% in
the colorectal cancers we examined is much lower than
that of other HPV-associated cancers, as the prevalence
of HPV in cervical cancer has been reported to be
approximately 96%[26], and approximately 30%-44% in
oropharyngeal cancers[27].
Chaturvedi et al[27] recently investigated a large series
of oropharyngeal carcinomas using the Inno-Lipa tech
nique; they determined that the HPV prevalence in
oropharyngeal tumors was 44.1% (38.8% for HPV16).
Among the 102 Inno-LiPA HPV16-positive tissues, 77.5%
were positive based on viral load criterion, with a median
of 22.1 HPV16 copies/cell, and 84.5% were positive by
viral oncogene expression criterion, with a median of 152.9
transcripts/1000 RPLP0 equivalents.
Similar findings were reported in the investigation of
HPV16 in cervical cancers; notably, Häfner et al[11] reported
viral integration as a key event in malignant lesions: they
found integrated HPV16 virus in 51% of cervical cancers
tested by APOT assay. Conversely, just 11% of CIN
lesions contained HPV16 integration. Furthermore, viral
transcript levels were broadly distributed, though they had
similar median values irrespective of histo-pathological
grading and physical state of the viral genome both in
CINs and cancers.
Indeed, we focused this study on viral transcript detec
tion. Although all of the samples’ integrity was validated
by housekeeping mRNA expression, all of the tissues were
negative for HPV16 mRNAs. Conversely, Chen previously
reported E6 protein detection by immunohistochemistry in
eight out of eleven HPV16-positive colorectal tissues[28]. Our
negative results could be explained by the very low virus
quantities in positive tissues or by different transcriptional
patterns of the virus in a different target epithelium that
could impair viral protein replication and expression
(simple cuboidal in colorectum vs squamous stratified in
the cervix).
In conclusion, we were able to detect HPV DNA in
colorectal cancer tissues; however, the virus was episomal,
detectable in barely traceable quantities and transcriptionally
inactive. This could be related to the very low amounts of
viruses or to a different target epithelium that could bias
a productive infection or the transcriptional patterns of
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the HPV. According to our results, it is unlikely that HPV
contributes to colorectal carcinogenesis.
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metronidazole-based triple therapy, sequential therapy
and concomitant therapy.
METHODS: A total of 680 patients infected with H. pylori
were divided into 4 groups and each group was treated
with a different eradication therapy. Clarithromycin-based
triple therapy was applied to the first group [rabeprazole,
amoxicillin and clarithromycin (PAC) group: proton pump
inhibitor (PPI), amoxicillin, clarithromycin], whereas the
second group was treated with metronidazole-based triple
therapy [rabeprazole, amoxicillin and metronidazole (PAM)
group: PPI, amoxicillin, metronidazole]. The third group
was treated with rabeprazole and amoxicillin, followed
by rabeprazole, clarithromycin and metronidazole
(sequential group). The final group was simultaneously
treated with rabeprazole, amoxicillin clarithromycin
and metronidazole (concomitant therapy group). In
the case of a failure to eradicate H. pylori , second-line
quadruple and third-line eradication therapies were
administered.
RESULTS: The per protocol (PP) analysis was performed
on 143, 139, 141 and 143 patients in the PAC, PAM,
sequential and concomitant groups, respectively. We
13
excluded patients who did not receive a C -urea breath
test (22, 20, 23 and 22 patients, respectively) and
patients with less than an 80% compliance level (5,
11, 6 and 5 patients, respectively). The eradication
rates were 76.2% (109/143) in the PAC group, 84.2%
(117/139) in the PAM group, 84.4% (119/141) in
the sequential group and 94.4% (135/143) in the
concomitant group (P = 0.0002). All 14 patients who
failed second-line therapy were treated with thirdline eradication therapy. Among these 14 patients, 6
infections were successfully eradicated with the thirdline therapy. Both PP and intention-to-treat analysis
showed an eradication rate of 42.9% (6/14). In the
PAC group, 3 of 4 patients were successfully cured
(3/4, 75%); 2 of 2 patients in the PAM group (2/2,

Abstract
AIM: To compare the Helicobacter pylori (H. pylori )
eradication rate of clarithromycin-based triple therapy,
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1995, increased to 13.8% in 2003[9], 16.7% in 2005[10] and
is currently 23.7%[11] due to the past use of antibiotics.
The decrease in the H. pylori eradication rate is closely
related to the resistance rate to clarithromycin.
In addition to clarithromycin-based triple therapy,
metronidazole-based triple therapy, sequential therapy and
concomitant therapy can be used. In conventional triple
therapy, the eradication rates of clarithromycin-based and
metronidazole-based therapies have been compared[12].
Sequential therapy is more effective than conventional
triple therapy[13] and concomitant therapy is also more
effective than conventional triple therapy[14]. The com
parison between the eradication rates of sequential
therapy and concomitant therapy has been controversial[15].
However, almost no studies have compared all of
these therapies. Through this prospective, multicenter,
randomized controlled clinical trial, we compared the
eradication rate of clarithromycin-based triple therapy,
metronidazole-based triple therapy, sequential therapy and
concomitant therapy.

100%) and 1 of 5 patients in the sequential group (1/5,
20%) were also cured. In the concomitant group, all 3
patients failed (0/3, 0%).
CONCLUSION: The eradication rate for the concomitant
therapy was much higher than those of the standard
triple therapy or sequential therapy (ClinicalTrials.gov
number NCT01922765).
Key words: Helicobacter pylori ; Eradication; Drug resistance;
Concomitant therapy; Sequential therapy
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: A total 680 patients who were infected with

Helicobacter pylori (H. pylori ) were divided into 4 groups
and each group was treated with a different eradication
therapy. The eradication rates were 76.2%, 84.2%,
84.4% and 94.4% in the rabeprazole, amoxicillin and
clarithromycin (PAC) group, the rabeprazole, amoxicillin
and metronidazole group, the sequential group and the
concomitant group. Comparing concomitant therapy
and PAC therapy, the number needed to treat was 5.49.
The eradication rate was 84.4% for the second-line
therapy and 42.9% for the third-line therapy. The study
was designed due to the high prevalence of H. pylori
and gastric cancer and the recent marked increase in
clarithromycin resistance.

MATERIALS AND METHODS
Subjects
From July 2013 to March 2014, this multicenter study was
undertaken at 5 hospitals (Yeouido St. Mary’s Hospital,
Uijeongbu St. Mary’s Hospital, Incheon St. Mary’s Hos
pital, St. Vincent’s Hospital and St. Paul’s Hospital)
affiliated with the Catholic University of Korea. The
study subjects were patients with gastric symptoms and
confirmed gastritis, with gastric and duodenal ulcers on
esophago-gastro-duodenoscopy. In cases of patients with
coexisting gastric and duodenal ulcers, we categorized the
patient based on the larger ulcer. The subjects were between
20 and 75 years of age. Women who were pregnant
or lactating, patients previously treated with H. pylori
eradication therapy, patients who previously underwent
gastric surgery, patients with malignant neoplasms and
patients with other severe concomitant diseases were all
excluded.

Lee HJ, Kim JI, Lee JS, Jun EJ, Oh JH, Cheung DY, Chung
WC, Kim BW, Kim SS. Concomitant therapy achieved the
best eradication rate for Helicobacter pylori among various
treatment strategies. World J Gastroenterol 2015; 21(1): 351-359
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i1/351.htm DOI: http://dx.doi.org/10.3748/wjg.v21.i1.351

INTRODUCTION
Helicobacter pylori (H. pylori) survives in the acidic environment
of the gastric mucosa, causing gastritis, peptic ulcers,
mucosa-associated lymphoid tissue lymphoma and gastric
cancer[1]. Therefore, the eradication of H. pylori can markedly
lower gastric and duodenal ulcer recurrence and allowing
the treatment of mucosa-associated lymphoid tissue
lymphoma[2].
Clarithromycin-containing triple therapy has been
the gold standard first-line eradication regimen since
its introduction in 1996[3]. Clarithromycin-based triple
therapy is still recommended by the Maastricht Ⅳ[4], the
Asia-Pacific Consensus Guidelines[5] and the Guideline for
H. pylori in South Korea[6].
However, the efficacy of current conventional
clarithromycin-based triple therapy has decreased to an
unacceptably low level worldwide (lower than 80%)[7,8].
The main cause of this deficiency is presumed to be
bacterial resistance to clarithromycin. In South Korea, the
resistance rate to clarithromycin, which had been 5.9% in

WJG|www.wjgnet.com

Study design
A total of 680 subjects underwent esophago-gastroduodenoscopy, were biopsied and had H. pylori infection
confirmed with Warthin-Starry stain. This study sample
size was determined as follow. We compared the eradication
rate of the concomitant group and the other three groups
using the χ 2 test and the three tests were Bonferronicorrected. We presumed that the eradication rate of the
concomitant therapy to be 90% and that the eradication
rate of conventional triple therapy was 75%. By setting the
significance level to 0.05/3, the statistical power to 90%
and the drop-out rate to 10%, we calculated a need for 170
patients in each group.
The subjects were randomly divided into four groups
using a table of random numbers. The first group was
treated with rabeprazole, amoxicillin and clarithromycin
(the PAC triple group) and rabeprazole, amoxicillin and
metronidazole (the PAM triple group) were administered
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PAC group

PAM group

Sequential group

Concomitant group

ITT

n = 170

n = 170

n = 170

n = 170

PP

n = 143

n = 139

n = 141

n = 143

Eradication rate: 76.2%
Success, n = 109
Fail, n = 34

Eradication rate: 84.2%
Success, n = 117
Fail, n = 22

Eradication rate: 84.4%
Success, n = 119
Fail, n = 22

Eradication rate: 94.4%
Success, n = 135
Fail, n = 8

n = 36

n = 27

n = 25

n = 11

st

1 eradication

27, excluded

31, excluded

29, excluded

27, excluded

nd

2 eradication
ITT

5, excluded
PP

3, excluded

0, excluded

1, excluded

n = 31

n = 24

n = 25

n = 10

Eradication rate: 87.1%
Success, n = 27
Fail, n = 4

Eradication rate: 91.7%
Success, n = 22
Fail, n = 2

Eradication rate: 80.0%
Success, n = 20
Fail, n = 5

Eradication rate: 70.0%
Success, n = 7
Fail, n = 3

n =4

n =2

n =5

n =3

Eradication rate: 75%
Success, n = 3
Fail, n = 1

Eradication rate: 100%
Success, n = 2
Fail, n = 0

Eradication rate: 20%
Success, n = 1
Fail, n = 4

Eradication rate: 0%
Success, n = 0
Fail, n = 3

nd

3 eradication
ITT, PP

Figure 1 Flow diagram of participants through each eradication stage of the study. PAC: Rabeprazole, amoxicillin and clarithromycin; PAM: Rabeprazole,
amoxicillin and metronidazole; ITT: Intention-to-treat; PP: Per protocol.

to the second group. The third group was treated with
rabeprazole and amoxicillin followed by rabeprazole,
clarithromycin and metronidazole (the sequential group).
The last group was treated with rabeprazole, amoxicillin,
clarithromycin and metronidazole (the concomitant
group). Six weeks after the treatment period and at least 2
weeks with no administration of proton pump inhibitors
(PPI), we confirmed H. pylori eradication using C13-urea
breath tests. If the first-line eradication therapy failed,
second-line quadruple therapy, including rabeprazole,
tetracycline, bismuth and metronidazole/clarithromycin,
was administrated. The third-line eradication therapy,
including rabeprazole, amoxicillin and levofloxacin,
was utilized when we failed to eradicate the infection
using the second-line therapy. To confirm patient com
pliance, we asked the patients to bring their remaining
medication and counted the rest of their pills. Patients
with a compliance of less than 80% were excluded from
the study per-protocol (PP) analysis (Figure 1). This study
was approved by the institutional review board at the
Catholic University (SC12OISV0219) and is registered at
ClinicalTrials.gov (NCT01922765).

g for 7 d. Patients in the PAM group received rabeprazole
40 mg, amoxicillin 2.0 g and metronidazole 1.5 g for
7 d. Patients in the sequential group were treated with
rabeprazole 40 mg and amoxicillin 2.0 g for 5 d, then
rabeprazole 40 mg, clarithromycin 1.0 g and metronidazole
1.5 g for an additional 5 d. Patients in the concomitant
group were treated with rabeprazole 40 mg, amoxicillin 2.0 g,
clarithromycin 1.0 g and metronidazole 1.5 g for 7 d.
We determined treatment success or failure using
a C13-urea breath test and in cases of failure, a secondline eradication therapy was administered. Patients
treated with the clarithromycin-containing triple therapy
who experienced failure received metronidazole 1.5 g,
rabeprazole 40 mg, tetracycline 2.0 g and bismuth subcitrate
1.2 g for 14 d and patients treated with the metronidazolecontaining triple therapy who experienced failure were
treated with clarithromycin 1.0 g, rabeprazole 40 mg,
tetracycline 2.0 g and bismuth subcitrate 1.2 g for 14 d. In
cases of second-line eradication therapy failure, rabeprazole
40 mg, amoxicillin 2.0 g and levofloxacin 500 mg were
applied for 14 d as a third-line eradication therapy.
Factors affecting H. pylori eradication
The patients were examined to obtain their age, gender,
endoscopic diagnosis (gastritis, gastric ulcer and duodenal
ulcer), eradication therapy medicine type, alcohol intake,

H. pylori eradication
The 170 patients in the PAC group were treated with
rabeprazole 40 mg, amoxicillin 2.0 g and clarithromycin 1.0
WJG|www.wjgnet.com
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Table 1 Characteristics of patients n (%)

Age, yr
Gender
Male
Female
Diagnosis
Gastric ulcer
Duodenal ulcer
Gastritis

PAC group

PAM group

Sequential

Concomitant

(n = 170)

(n = 170)

(n = 170)

(n = 170)

55.6 ± 13.6

57.4 ± 12.8

58.3 ± 12.3

55.8 ± 12.6

102 (60.0)
68 (40.0)

107 (62.9)
63 (37.1)

110 (64.7)
60 (35.3)

106 (62.4)
64 (37.7)

81 (47.7)
36 (21.2)
53 (31.2)

77 (45.3)
28 (16.5)
65 (38.2)

86 (50.6)
32 (18.8)
52 (30.6)

78 (45.9)
27 (15.9)
65 (38.2)

P value
0.1031
0.0602

0.5532

1

1-way ANOVA test; 2χ 2 test. PAC: Rabeprazole, amoxicillin and clarithromycin; PAM: Rabeprazole, amoxicillin and metronidazole.

Table 2 First-line eradication rates of Helicobacter pylori

Per protocol
PAC (n = 143)
PAM (n = 139)
Sequential (n = 141)
Concomitant (n = 143)
Intent-to-treat
PAC (n = 170)
PAM (n = 170)
Sequential (n = 170)
Concomitant (n = 170)

Achieved/analyzed patients (n )

Eradication rate, (95%CI)

109/143
117/139
119/141
135/143

76.2% (69.3-83.2)
84.2% (78.1-90.2)
84.4% (78.4-90.4)
94.4% (90.6-98.2)

109/170
117/170
119/170
135/170

64.1% (58.8-73.0)
68.8% (66.3-79.2)
70.7% (65.0-78.5)
79.4% (74.6-86.5)

P value1

P value2

0.001
< 0.001
0.016
0.018
0.001
0.007
0.285
0.169
-

1

P-value of χ 2 test; 2Bonferroni adjusted P-value of χ 2 test on 2 × 2 subtables. PAC: Rabeprazole, amoxicillin and clarithromycin; PAM: Rabeprazole,
amoxicillin and metronidazole.

smoking status, body mass index, total cholesterol level
and LDL cholesterol level to determine the effects of H.
pylori eradication.

sequential and concomitant groups, respectively. The
male ratios were 60.0%, 62.9%, 64.7% and 62.4% (P =
0.060), respectively. Gastritis, gastric ulcers and duodenal
ulcers were, respectively, confirmed in 31.2%, 47.7% and
21.2% of the PAC group patients; in 38.2%, 45.3% and
16.5% of the PAM group patients; in 30.6%, 50.6% and
18.8% of the sequential group patients; and in 38.2%,
45.9% and 15.9% of the concomitant group patients.
There was no significant difference among the three
groups (P = 0.553) (Table 1).

Compliance and adverse drug reaction
We interviewed patients to investigate compliance and the
adverse effects of the drugs, including abdominal bloating,
abdominal pain, bitter taste, constipation, dizziness,
dyspepsia, epigastric pain, general weakness, halitosis,
headache, loose stool, loss of appetites, nausea, oral ulcer,
skin eruption, sleeping tendency and vomiting.

Eradication rate for first-line treatment
The PP analysis was performed on 143, 139, 141 and 143
patients in the PAC, PAM, sequential and concomitant
groups, respectively. We excluded patients who did not
receive a C13-urea breath test (22, 20, 23 and 22 patients,
respectively) and patients with less than an 80% compliance
level (5, 11, 6 and 5 patients, respectively). In the PP analysis,
the successful eradication rate in the PAC group was 76.2%
(109/143) and the eradication rate in the PAM group was
84.2% (117/139). In the sequential group, 84.4% (119/141)
of patients experienced successful eradication and in
the concomitant group, 94.4% experienced eradication
(135/143) (Table 2). In the intention to treat (ITT) analysis,
the eradication rates were 64.1%, 68.8%, 70.7% and 79.4%
in the PAC, PAM, sequential and concomitant groups,
respectively (Table 2).

Statistical analysis
The results of this study were analyzed in an intentionto-treat population and a per-protocol population. SAS,
version 9.2 for Windows, was used for the statistical
analyses, in which the eradication rate was analyzed by
the χ 2 test and the factors affecting eradication were
analyzed by multivariable logistic regression. P values of
< 0.05 were deemed statistically significant.

RESULTS
Patient characteristics
There was no difference (P = 0.103) between the average
ages of the groups, which were 55.6 ± 13.6, 57.4 ± 12.8,
58.3 ± 12.3 and 55.8 ± 12.6 years in the PAC, PAM,

WJG|www.wjgnet.com

354

January 7, 2015|Volume 21|Issue 1|

Lee HJ et al . Concomitant therapy of H. pylori

5 patients in the sequential group (1/5, 20%) were also
cured. In the concomitant group, all 3 patients failed (0/3,
0%) (Table 4).

Table 3 Second-line eradication rates of Helicobacter pylori
Achieved/analyzed Eradication rate P value
patients (n )
(95%CI)
Per protocol
PAC (n = 31)
PAM (n = 24)
Sequential (n = 25)
Concomitant (n = 10)
Intent-to-treat
PAC (n = 36)
PAM (n = 27)
Sequential (n = 25)
Concomitant (n = 11)

1

Factors affecting H. pylori eradication
When comparing the age, gender, diagnosis, alcohol use,
smoking status, body mass index and total and LDL
cholesterol levels of the successfully eradicated and failed
patients, these parameters did not affect the eradication
therapy. Only the type of medication combination
affected the results of eradication therapy (Table 5).

0.351
27/31
22/24
20/25
7/10

87.1% (75.3-98.9)
91.7% (80.6-100)
80.0% (64.3-95.9)
70.0% (34.8-93.3)

27/36
22/27
20/25
7/11

75.0% (60.9-89.1)
81.5% (66.8-96.1)
80.0% (64.3-95.9)
63.6% (35.2-92.1)

0.657

Adverse drug reaction
Adverse reactions were surveyed in 627 of 680 patients
and 307 of those 627 patients reported 373 minor
adverse drug reactions. The percentages of patients with
adverse reactions were 56.7% in the PAC group (86/152),
52.2% in the PAM group (82/157), 43.8% in the
sequential group (70/160) and 43.7% in the concomitant
group (69/158). There were 101, 93, 83 and 96 minor
adverse events in each group, respectively (P = 0.158).
In order of frequency, bitter taste, loose stool and
nausea were the most common adverse reactions in the
PAC group. Nausea, dyspepsia and bitter taste prevailed
in the PAM group. Nausea, loose stool and dyspepsia
were the most common events in the sequential group
and epigastric pain, loose stool and bitter taste were most
prevalent events in the concomitant group. However,
these developments were not statistically significant and
there were no major adverse reactions (Table 6).

1

P-value of χ 2 test. PAC: Rabeprazole, amoxicillin and clarithromycin;
PAM: Rabeprazole, amoxicillin and metronidazole.

Table 4 Third-line eradication rates of Helicobacter pylori
Achieved/analyzed
patients (n )
Treatment group
PAC (n = 4)
PAM (n = 2)
Sequential (n = 5)
Concomitant (n = 3)

Eradication rate P value
(95%CI)

1

0.052
3/4
2/2
1/5
0/3

75.0 (19.4-99.4)
100.0 (15.8-100)
20.0 (0.5-71.6)
0.0 (0.0-70.8)

1

P-value of χ 2 test. PAC: Rabeprazole, amoxicillin and clarithromycin;
PAM: Rabeprazole, amoxicillin and metronidazole.

Eradication rate for second-line treatment
A total of 99 patients were treated with second-line
eradication therapy, including 86 patient who experienced
first-line eradication failure and 13 patients who were
excluded from the PP analysis because of low drug
compliance. Nine of these 99 patients were lost during the
follow-up period and the other 90 patients were analyzed
as per protocol. Seventy-six patients were successfully
treated with the second-line eradication therapy. The
eradication rate was 84.4% (76/90) in the PP analysis and
76.8% (76/99) in the ITT analysis.
In the PP analysis, 27 of 31 PAC group patients (27/31,
87.1%), 22 of 24 PAM group patients (22/24, 91.7%) and
20 of 25 sequential group patients (20/25, 80.0%) were
successfully treated. In the concomitant group, 7 of 10
patients were successfully treated (7/10, 70%) (Table 3).
In the ITT analysis, 27 of 36 PAC group patients (27/36,
75.0%), 22 of 27 PAM group patients (22/27, 81.5%) and
20 of 25 sequential group patients (20/25, 80.0%) were
successfully treated. In the concomitant group, 7 of 11
patients were successfully treated (7/11, 63.6%) (Table 3).

DISCUSSION
The first-line worldwide choice for H. pylori eradication is
clarithromycin-based triple therapy, which involves using a
PPI and two antibiotics, amoxicillin and clarithromycin[4].
As a first-line eradication therapy, clarithromycin-based
triple therapy has been recommended in most guidelines,
such as the American College of Gastroenterology,
Maastricht Ⅳ consensus, the Asia-Pacific Consensus
Guidelines and the Guideline for H. pylori in South
Korea. However, in most countries, including South
Korea, the eradication rate has decreased to below 80%
since 2000[16], despite a previous effective rate well over
90% before 2000[17]. The main cause of this decrease is
clarithromycin resistance. Thus, there are doubts as to
whether we should keep using the current standard triple
therapy.
In South Korea, metronidazole is mainly used to treat
enterocolitis and gynecologic diseases and resistance to
metronidazole frequently occurs. The clarithromycin-based
triple therapy was recommended as the gold standard triple
therapy due to its high resistance rate for metronidazole.
However, in the past 20 years, clarithromycin has mainly
been used for pulmonary infectious diseases, whereas the
usage of metronidazole has decreased due to better hygienic
conditions. Therefore, in this study, the eradication rate
of the metronidazole-containing triple therapy was higher
than that of the clarithromycin-containing triple therapy.

Eradication rate for third-line treatment
All 14 patients who failed second-line therapy were
treated with third-line eradication therapy. Among these
14 patients, 6 infections were successfully eradicated with
the third-line therapy. Both PP and ITT analysis showed
an eradication rate of 42.9% (6/14). In the PAC group,
3 of 4 patients were successfully cured (3/4, 75%); 2
of 2 patients in the PAM group (2/2, 100%) and 1 of
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Table 5 Factors affecting eradication of Helicobacter pylori n (%)
Crude OR

P valuea

Factors

Eradicated

Not

Age

56.8 ± 12.9

57.6 ± 11.9

0.996
(0.978-1.014)

0.632

294
(61.25)
186
(38.75)

34
(39.53)
52
(60.47)

-

-

0.414
(0.259-0.662)

0.080

225
(46.88)
86
(17.92)
169
(35.21)

38
(44.19)
16
(18.60)
32
(37.21)

1.121
(0.673-1.869)
1.018
(0.529-1.957)
-

0.663

109
(22.71)
117
(24.38)
119
(24.79)
135
(28.13)

34
(39.53)
22
(25.58)
22
(25.58)
8
(9.3)

-

165
(34.38)
315
(65.63)

(95%CI)

Gender
Male

Adjust OR

P value1

(95%CI)

-

-

-

-

-

1.659
(0.914-3.012)
1.687
(0.930-3.062)
5.264
(2.341-11.838)

0.430

1.738
(0.948-3.187)
1.636
(0.894-2.997)
5.287
(2.335-11.973)

0.559

27
(31.4)
59
(68.6)

1.145
(0.699-1.874)
-

0.591

127
(26.46)
353
(73.54)
22.7 ± 2.7

18
(20.93)
68
(79.07)
22.2 ± 2.9

1.359
(0.778-2.374)
-

0.281

0.107

Total Cholesterol

188.2 ± 39.9

188.8 ± 35.1

LDL Cholesterol

107.3 ± 32.5

109.8 ± 31.8

1.073
(0.985-1.169)
1.000
(0.993-1.007)
0.998
(0.989-1.007)

Female
Diagnosis
Gastric ulcer
Duodenal ulcer
Gastritis
Treatment Group
PAC
PAM
Sequential
Concomitant
Alcohol Intake
Yes
No
Smoking
Smoker
Non-smoker
BMI

0.896
-

0.478
0.001

0.386
0.001

-

-

0.914
0.601

1

P-value of Wald test for coefficients of logistic regression. PAC: Rabeprazole, amoxicillin, clarithromycin; PAM: Rabeprazole, amoxicillin, metronidazole;
BMI: Body mass index; LDL: Low density lipoprotein.

Turkey[23]; and 89%, in China[24]. However, according to
a meta-analysis, sequential therapy was more effective
than the standard triple therapy[25]. Additionally, in South
Korea, the eradication rate of sequential therapy was
91.8%, which was higher than that of the triple therapy,
80.2%[26]. Sequential therapy was effective for patients with
clarithromycin resistance[12,27], patients with metronidazole
resistance[28] and even for patients with resistance to both
clarithromycin and metronidazole [12]. However, only
sequential therapy and standard triple therapy were com
pared in these studies. The shortcoming of sequential
therapy is that the medications change during treatment
and patients to consider it difficult to take the medicines.
There is also no standard second-line therapy in the case
of eradication failure.
Concomitant therapy involves the simultaneous use
of a PPI and three types of antibiotics, although it could
cause antibiotic abuse and unnecessary resistance. There

Therefore, we can consider the former as an alternative to
clarithromycin-based triple therapy.
To overcome the low eradication rate of clarithromycin
therapy, sequential therapy and concomitant therapy have
been tried. In sequential therapy, amoxicillin prevents
resistance to clarithromycin, which is used later [18] .
Amoxicillin disrupts the bacterial cell wall of H. pylori and
enables clarithromycin and metronidazole to infiltrate into
the bacteria. Due to the disrupted cell wall, H. pylori is
unable to form an efflux pump to export clarithromycin
and the effect of the antibiotics can be maintained and
is effective, even in cases of clarithromycin-resistant H.
pylori[19-21].
Sequential therapy has been reported to be more effective than standard triple therapy in many Asian
countries. There was a difference among the eradication
rates of sequential therapy in several countries, with
the highest, 95%, in Thailand [22]; the lowest, 78%, in

WJG|www.wjgnet.com

356

January 7, 2015|Volume 21|Issue 1|

Lee HJ et al . Concomitant therapy of H. pylori
Table 6 Incidence of adverse drug reactions n (%)

Patients with side effect
Total side effects (n)
Side effect
Abdominal bloating
Abdominal pain
Bitter taste
Constipation
Dizziness
Dyspepsia
Epigastric pain
General weakness
Halitosis
Headache
Loose stool
Loss of appetite
Nausea
Oral ulcer
Skin eruption
Sleeping tendency
Vomiting

P value1

PAC

PAM

Sequential

Concomitant

(n = 170)

(n = 170)

(n = 170)

(n = 170)

86 (50.6)
(43.07, 58.10)
101

82 (48.2)
(40.72, 55.75)
93

70 (41.2)
(33.78, 48.57)
83

69 (40.6)
(33.21, 47.97)
96

0.158

2 (1.18)
8 (4.71)
28 (16.47)
0 (0.00)
4 (2.35)
5 (2.94)
6 (3.53)
2 (1.18)
0 (0.00)
4 (2.35)
24 (14.12)
6 (3.53)
12 (7.06)
0 (0.00)
0 (0.00)
0 (0.00)
0 (0.00)

5 (2.94)
11 (6.47)
10 (5.88)
6 (3.53)
3 (1.76)
15 (8.82)
0 (0.00)
3 (1.76)
0 (0.00)
3 (1.76)
2 (1.18)
3 (1.76)
32 (18.82)
0 (0.00)
0 (0.00)
0 (0.00)
0 (0.00)

0 (0.00)
0 (0.00)
11 (6.47)
0 (0.00)
3 (1.76)
13 (7.65)
11 (6.47)
2 (1.18)
1 (0.59)
3 (1.76)
17 (10.00)
1 (0.59)
20 (11.76)
1 (0.59)
1 (0.59)
0 (0.00)
3 (1.76)

0 (0.00)
0 (0.00)
16 (9.41)
1 (0.59)
1 (0.59)
13 (7.65)
21 (12.35)
2 (1.18)
1 (0.59)
4 (2.35)
19 (11.18)
0 (0.00)
15 (8.82)
0 (0.00)
0 (0.00)
1 (0.59)
3 (1.76)

7 (1.03)
19 (2.79)
65 (9.56)
7 (1.03)
11 (1.62)
46 (6.76)
38 (5.59)
9 (1.32)
2 (0.29)
14 (2.06)
62 (9.12)
10 (1.47)
79 (11.62)
1 (0.15)
1 (0.15)
1 (0.15)
6 (0.88)

1

P-value of χ 2 test. PAC: Rabeprazole, amoxicillin, clarithromycin; PAM: Rabeprazole, amoxicillin, metronidazole.

is no standard second-line eradication medication if
the first-line therapy fails. Additionally, debate remains
regarding the optimal treatment period, which could be 5,
7, or 10 d. A treatment period of less than 5 d resulted in
less than a 90% eradication rate, whereas a 7 d treatment
period resulted in a near 90% eradication rate. When
the patients were treated for 10 d, the eradication rate
was over 90%[29]. There was no difference in the effect
of concomitant therapy in clarithromycin-sensitive and
resistant groups[30] as well as in metronidazole-sensitive
and resistant groups[31]. When H. pylori was resistant to
both clarithromycin and metronidazole, there was no
difference in the effectiveness of concomitant therapy
and sequential therapy[15]. A meta-analysis showed that
concomitant therapy was more effective than standard
triple therapy [14] and there was no difference in the
eradication rates of concomitant therapy and sequential
therapy (93.0% vs 93.1%, respectively)[15]. Compared with
sequential therapy, a benefit of concomitant therapy is
that the patient considers this treatment option simpler
and shorter than the other options.
During second-line eradication therapy, patients
who experienced the failure of the clarithromycincontaining triple therapy were treated with quadrupletherapy containing metronidazole and the patients who
experienced the failure of the metronidazole-containing
triple therapy were treated with clarithromycin-containing
quadruple therapy for 14 d. The eradication rates in
this case were 76.8% and 84.8% according to ITT and
PP analyses, respectively. In the sub-group analysis, the
concomitant group had the most effective first-line
eradication rate, whereas its second-line eradication rate
was the lowest, at 70.0%. In South Korea, resistance to
metronidazole and tetracycline has increased, but there
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was no difference in the standard second-line eradication
rates[32].
There are still no guidelines or standard therapies for
third-line eradication therapy. A PPI, amoxicillin, which
is less frequently resistant and other new antibiotics are
usually applied. The new antibiotics include levofloxacin,
moxifloxacin, rifabutin and quinolone, but H. pylori
becomes resistant to quinolone relatively easily. Additionally,
rifabutin is commonly used for Mycobacterium tuberculosis,
which is already cross-resistant to rifampicin. We selected
levofloxacin because the Korean guidelines recommend
levofloxacin for 14 d as a third-line eradication therapy.
Only 14 patients were treated with this third-line eradication
therapy. The eradication rate of the standard triple therapy
was 75%-100%, which was high, but the eradication rates
of the sequential and concomitant therapies were very low
(0%-20%).
Many studies have evaluated the factors that affect H.
pylori eradication rates, such as antibiotic resistance, types
of gastropathy, alcohol consumption [33], smoking [34],
hyperlipidemia[35] and concomitant disease. In this study,
we surveyed both the successfully eradicated and failed
patients. Regarding age, sex, diagnosis, alcohol use,
smoking status, body mass index, cholesterol and LDLcholesterol, no significant differences were found. The
only notable factor was the combination of medicine
that the patients took.
A strength of this study was that it was set in a location
with a high prevalence of H. pylori and gastric cancer.
The recent increase in clarithromycin resistance has
markedly increased the number of targeted, prospective,
multicenter, randomized clinical trials. We compared all 4
of the therapies currently in use. Additionally, the patients
were treated not only with the first-line therapy but also
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Terminology

with the second-line and third-line therapies, in a short
period of time without follow-up loss. This research was
completed in a short period of time to minimize antibiotic
resistance influenced by other factors and re-infection.
The PPI, rabeprazole was selected because we wanted to
minimize the effect of CYP2C19 in locations where the
homozygous extensive metabolizer of CYP2C19 was low
and the poor metabolizer was high.
A limitation of this study was that more accurate
eradication rates could be obtained if we tested for H.
pylori infection using two different methods and defined
infection as positivity in both tests. Successful eradication
would be defined as negative results for both tests, at
which point a more accurate eradication rate could be
assessed. To complement these data, we biopsied four
in the different gastric mucosa, 2 in the gastric antrum
and 2 in the gastric body and the samples were stained
with Warthin-Starry. We also used the C13-urea breath
test, which has a 98% accuracy rate. The eradication rate
of sequential therapy and concomitant therapy could
be altered by changing the duration of therapy. If we
diversified the duration of the eradication therapy and
compared the outcomes, a more objective result could be
obtained.
The problem with concomitant therapy is that there
is no second-line suitable medication in case of treatment
failure with the first-line regimen. However, there was no
difference in the treatment failure after the first-, secondand third-line eradication therapies among the PAC, PAM,
sequential and concomitant groups, as 1, 0, 4, or 3 patients
were not successfully treated, respectively, out of the 170
patients in each group. This finding indicates that there
is no difference in the eradication results if we select any
therapy and continue to second and third-line therapy.

The concomitant group was treated with proton pump inhibitor (PPI), amo
xicillin, clarithromycin and metronidazole for 7 d and the sequential group was
treated with PPI and amoxicillin for 5 d followed by PPI, clarithromycin and
metronidazole for 5 d.

Peer review

This study compared the concomitant therapy in the eradication of H. pylori
infection with three other treatment regimens. The result was that concomitant
therapy achieved the highest eradication rate of 94.4%. This result is in line with
current concept of therapies that has been reported in the literature.
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SYSTEMATIC REVIEWS

Giant colonic diverticulum, clinical presentation, diagnosis
and treatment: Systematic review of 166 cases
Giuseppe Nigri, Niccolò Petrucciani, Giulia Giannini, Paolo Aurello, Paolo Magistri, Marcello Gasparrini,
Giovanni Ramacciato
identify all the GCD studies. The following MESH search
headings were used: “giant colonic diverticulum”;
“giant sigmoid diverticulum”. The “related articles”
function was used to broaden the search, and all of
the abstracts, studies, and citations were reviewed by
two authors. The following outcomes were of interest:
the disease and patient characteristics, study design,
indications for surgery, type of operation, and postoperative outcomes. Additionally, a subgroup analysis of
cases treated in the last 5 years was performed to show
the current trends in the treatment of GCD. A GCD
case in an elderly patient treated in our department
by a sigmoidectomy with primary anastomosis and a
diverting ileostomy is presented as a typical example of
the disease.
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RESULTS: In total, 166 GCD cases in 138 studies were
identified in the literature. The most common clinical
presentation was abdominal pain, which occurred
in 69% of the cases. Among the physical signs, an
abdominal mass was detected in 48% of the cases,
whereas 20% of the patients presented with fever and
14% with abdominal tenderness. Diagnosis is based
predominantly on abdominal computed tomography.
The most frequent treatment was colic resection with
en-bloc resection of the diverticulum, performed in
57.2% of cases, whereas Hartmann’s procedure was
followed in 11.4% of the cases and a diverticulectomy
in 10.2%. An analysis of sixteen cases reported in the
last 5 years showed that the majority of patients were
treated with sigmoidectomy and en-bloc resection of
the diverticulum; the postoperative mortality was null,
morbidity was very low (1 patient was hospitalized in
the intensive care unit for postoperative hypotension),
and the patients were discharged 4-14 d after surgery.

Abstract
AIM: To investigate the clinical presentation, diagnosis,
and treatment of giant colonic diverticulum (GCD, by
means of a complete and updated literature review).
GCD is a rare manifestation of diverticular disease
of the colon. Less than 200 studies on GCD were
published in the literature, predominantly case reports
or small patient series.

CONCLUSION: Giant colonic diverticulum is a rare
manifestation of diverticular diseases. Surgical
treatment, consisting predominantly of colonic resection
with en bloc resection of the diverticulum, is the

METHODS: A systematic review of the literature was
performed using the Embase and PubMed databases to
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preferred option for GCD and guarantees excellent
results.

emerging possibilities in the treatment of this disease.

Key words: Colonic; Diverticulum; Sigmoid; Surgery;
Giant

MATERIALS AND METHODS
Internal Review Board authorized this study
Systematic review of the literature: A systematic literature
search of the literature was performed using the Embase
and PubMed databases to identify all the published
studies on GCD. The following MESH search headings
were used: “giant colonic diverticulum”; “giant sigmoid
diverticulum”. The “related articles” function was used
to broaden the search, and all the abstracts, studies, and
citations were reviewed. The studies on pediatric patients
were excluded.
Two reviewers independently extracted the following
information from each study using standardized extra
ction tables developed a priori: the first author, year of
publication, characteristics of the disease and patients,
study design, indications for surgery, type of operation,
and post-operative outcomes.
Additionally, a subgroup analysis of the cases treated
in the previous 5 years was performed to show the
current trends in the treatment of GCD.

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This article presents a systematic and
comprehensive review of all the studies concerning giant
colonic diverticulum. The majority of the published
studies are case reports on single cases. The authors
performed an extensive literature search and a
systematic review, with the aim of collecting and
providing complete and updated information regarding
the clinical presentation, diagnosis, and treatment of
this rare disease. The results of the review indicate that
surgical treatment, consisting predominantly of colonic
resection with en bloc resection of the diverticulum, is
the preferred option for giant colonic diverticulum and
guarantees excellent results.
Nigri G, Petrucciani N, Giannini G, Aurello P, Magistri P,
Gasparrini M, Ramacciato G. Giant colonic diverticulum, clinical
presentation, diagnosis and treatment: Systematic review of 166
cases. World J Gastroenterol 2015; 21(1): 360-368 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v21/i1/360.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i1.360

Case presentation
A case of GCD in an elderly patient treated in our
department by a sigmoidectomy with primary anastomosis
and a diverting ileostomy is presented as a typical example
of the disease.

RESULTS

INTRODUCTION

One hundred and thirty-eight studies were identified[1-138],
including 166 patients. The results of the systematic
review are reported in Tables 1, 2, 3 and 4.

Giant colonic diverticulum (GCD) is a rare manifestation
of diverticular disease of the colon[1]. Fewer than 200
studies, predominantly case reports or small patient
series, have been published[2]. In this study, we present a
comprehensive and updated review of the literature and
a GCD case in an elderly patient. We identified 166 GCD
cases published in the literature, to extract and discuss the
complete and updated information on the diagnosis and
treatment of GCD.
We hypothesize that an updated and complete review
is needed to clarify and summarize current knowledge
on this subject. The information is fragmented and
available only from case reports or small series, and the
published systematic reviews are not recent. Changes in
the diagnosis and treatment of GCD have occurred in
recent years such as the widespread use of computed
tomography for the diagnosis of GCD and the diminution
of the use of barium enemas as well as the emerging
role of laparoscopic surgery with the first cases treated
by laparoscopic sigmoidectomy; these changes should be
emphasized. We hypothesize that a comprehensive review
might provide useful, relevant and updated information to
help clinicians in the diagnosis and treatment of this rare
disease. In this review, a subgroup analysis of the previous
five years was conducted to analyze the current trends and
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Clinical presentation
Regarding the clinical presentation, abdominal pain was
the most common symptom (69% of the cases), followed
by constipation (17%), sensation of an abdominal mass
(17%), vomiting (12%), and diarrhea (11%). Rectal
bleeding was present in 9% of the patients. Among the
physical signs, an abdominal mass was detected in 48%
of the cases, whereas 20% of the patients presented with
fever and 14% with abdominal tenderness. Perforation
was diagnosed at presentation or at the time of surgery in
44/166 patients (26.5%).
Diagnosis
A computed tomography (CT) scan is the most accurate
and recommended examination and permits a correct
diagnosis in nearly all the cases. In the first cases, a
barium enema was used. A colonoscopy is generally
avoided because of the risk of perforation.
Treatment of GCD
A colic resection with an en-bloc resection of the diver
ticulum was the most frequent treatment, performed in

361

January 7, 2015|Volume 21|Issue 1|

Nigri G et al . Giant colonic diverticulum
Table 1 Symptoms of giant colonic diverticulum in 166
patients (review of the literature) n (%)

Table 3 Treatment of giant colonic diverticulum in 166
patients (review of the literature) n (%)

Patients (n = 166)

Symptoms
Abdominal pain
Constipation
Diarrehea
Vomiting
Nausea
Abdominal mass
Rectal bleeding/melena
Urinary problems
Weight loss
Asymptomatic
Anorexia
Vaginal bleeding
Meteorism
Dyspepsia
Symptoms of bowel obstruction
Difficulty in breathing
Tenesmus

Patients (n = 166)

Operation

115 (69)
29 (17)
19 (11)
20 (12)
16 (10)
29 (17)
15 (9)
11 (7)
8 (5)
7 (4)
7 (4)
2 (1)
3 (2)
1 (0.6)
2 (1)
1 (0.6)
1 (0.6)

Resection, primary anastomosis
Resection, primary anastomosis and drainage
Diverticulectomy
Resection, colostomy
Conservative treatment
Diverticulectomy,colostomy
Drainage
Not mentioned
Laparoscopic colectomy
Excision of the cyst
Colectomy, ileostomy
computed tomography-guided percutaneous
intervention

95 (57.2)
1 (0.6)
17 (10.2)
19 (11.4)
13 (7.8)
3 (1.8)
4 (2.4)
4 (2.4)
5 (3)
3 (1.8)
1 (0.6)
1 (0.6)

Each patient may present with one or more symptoms.

Table 2 Signs of giant colonic diverticulum in 166 patients
(review of the literature) n (%)
Physicalsigns

Patients (n = 166)

Abdominal mass, non-tender
Abdominal mass, tender
Fever
Abdominal tenderness
Normal
Acute abdomen
Abdominal distension

47 (28)
34 (20)
33 (20)
24 (14)
15 (9)
10 (6)
15 (9)

Figure 1 Abdominal X-ray shows a large gas-filled cavity in the lower
abdomen.

One or more signs may be present in each patient.

considered in patients refusing surgery and in high-risk
patients to resolve acute inflammation and are typically
followed by a delayed elective segmental colectomy.

57.2% of the cases. Hartmann’s procedure was used in
11.4% of the cases, and a diverticulectomy was performed
in 10.2% of the cases. In emergency settings, Hartmann’s
resection might be performed; its disadvantage is the need
of a second complex surgical procedure to restore the
intestinal continuity. The treatments used in the remnant
cases are reported in Table 3.
A sub-group analysis of 16 patients treated in the
previous five years (Table 4) showed that only one
patient was treated with a simple diverticulum resection.
In this case, the GCD did not communicate with the
bowel lumen[15]; no information is reported regarding
the postoperative course in this case. A laparoscopic
colectomy has been reported to be safe[7], however, it was
performed only in 4 patients and only in the previous
5 years. In the previous five years, no postoperative
mortality was reported, and complications occurred only
in 1 patient (postoperative hypotension requiring 24-h
hospitalization in the intensive care unit), and the duration
of hospital stay ranged from 4 to 14 d[4-17]. Only one case
of recurrent GCD is reported in the literature, which
occurred after a diverticulectomy[45]. No recurrences are
reported after a colectomy and en bloc diverticulectomy.
Non-surgical treatments have been rarely used and are

WJG|www.wjgnet.com

Case presentation: An 80-year-old woman was admitted
to the surgery department with a 2-d history of rectal
bleeding, associated with left lower quadrant abdominal
pain, abdominal swelling and nausea. The patient had
reported episodic abdominal pain for 10-12 mo prior
to admission. She did not report any changes in bowel
habits. Her prior medical history included hypertension
treated with beta-blockers. Previous surgeries included
a hysterectomy 30 years before and an appendectomy in
her childhood. The patient’s weight was 60 kg, and her
height was 160 cm, with a BMI of 23.44.
On clinical examination the abdomen was distended,
soft, and mildly tender on the lower abdominal qua
drants, where a large mass was palpable. The blood
tests revealed a hemoglobin level of 7.7 g/dl, a white
blood cell count of 11.42 × 10 3/uL and neutrophil
level of 79.9%. The C-reactive protein level was 9.94
mg/dl. An abdominal X-ray showed a large gas-filled
cavity in the lower abdomen (Figure 1). An axial noncontrast CT scan showed a 15.5 cm × 10.5 cm cystic
lesion containing air and fluid, with a thick wall (Figure
2). A large cyst, adherent to the antimesenteric border
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Table 4 Case reports of giant colonic diverticulum in adults, published in the last 5 years
Ref.
Kam et al[4]
Kim et al[5]
Filippucci et al[6]
Mahamid et al[7]
Khaikin et al[8]
Anderton et al[9]
Olakowski et al[10]
Sasi et al[11]
Beddy et al[12]
Collin et al[13]
Hogan et al[14]
Chatora et al[15]
Abdelrazeq et al[16]
Guarnieri et al[17]
Present study

Treatment

Type

Complications

Hospital stay

Left colectomy with primary anastomosis and abscess drainage
Laparoscopic right colectomy
Sigmoid resection with primary anastomosis
Laparoscopic sigmoidectomy
Hartmann’s resection
IV antibiotics (high-risk for laparotomy)
Right colectomy
Hartmann’s resection
Hartmann’s resection
Laparoscopic sigmoidectomy
No treatment (asymptomatic patient)
Excision of the cyst
laparoscopic sigmoidectomy
Sigmoidectomy
Left colectomy
Sigmoid resection with primary anastomosis and ileostomy

1,2
3
NR
NR
2
NR
3
NR
2
2
NR
1
1
NR
NR
2

No
No
No
Nr
No
No
No
No
Hypotension
No
Nr
No
No
No
No
No

NR
7d
NR
NR
NR
3d
7d
NR
14 d
4d
NR
NR
NR
NR
9d
7d

NR: Not reported.

of GCD. One theory asserts that it is caused by a
unidirectional ball-valve mechanism through a tiny
communicating diverticular neck, which causes air
entrapment and gradual enlargement of the diverticulum[20].
Another hypothesis is that GCD is secondary to the action
of gas forming organisms[21].
Classification
McNutt et al[3] classified GCD in three types. Type 1
diverticula (22% of the cases, according to Steenvoorde
et al[2]) are pulsion diverticula, which enlarge gradually
(pseudo-diverticula such as small colonic diverticula),
with remnants of muscularis mucosa and true muscularis,
which ends at the colonic border of the diverticulum.
Chronic inflammatory cells and granulation and
fibrous tissue are present in its wall. Type 2 diverticula
(inflammatory diverticula, 66% of the cases [2]) are
secondary to a subserosal perforation, leading to a walled
off abscess cavity communicating with the bowel lumen
and gradually enlarging. Their wall is composed of
fibrous scar tissue, without a normal intestinal layer.
Type 3 (true diverticula, 12% of the cases[2]) contains
all the bowel layers with a well-developed smooth
muscle wall and is in continuity with the gut lumen.
Type 3 diverticula most likely have a congenital origin.
The etiology of the true giant diverticulum is possibly
related to anomalous embryologic development and is
sometimes referred to as a congenital diverticulum.

Figure 2 Axial non-contrast computed tomography scan shows a 15.5 cm
x 10.5 cm cystic lesion containing air and fluid, with a thick wall.

of the sigmoid colon, was found during a laparotomy.
Resection of the cyst en-bloc with the sigmoid colon,
primary colonic anastomosis and loop ileostomy were
performed. The postoperative course was uneventful
and the patient was discharged on post-operative day
7. The pathology examination showed a giant colonic
diverticulum containing blood and feces, with acute and
chronic inflammation and foreign-body giant-cells, with
no evidence of malignancy. The GCD was classified as
type 2 according to McNutt et al[3].

DISCUSSION
Definition and prevalence
Giant colonic diverticula are colic diverticula greater than
4 cm in size, by definition; approximately 90% of the
cases involve the sigmoid colon[2]. They might be isolated,
but in 85% of the cases, GCDs are associated with
concomitant diverticular disease[19].

Clinical presentation
The clinical presentation is variable, ranging from an
acute presentation with severe complications to no
symptoms. An acute presentation (30%-35% of the
patients) is characterized by an acute onset of abdominal
pain, eventually associated with fever, nausea, vomiting,
and rectal bleeding[1,22,23]. In two thirds of the patients, a
palpable mass is noticed at the physical examination[22].
Complications occur in 15%-35% of the cases[24]. The

Pathogenesis
Different hypotheses might explain the development
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safe[7], but it was performed only in 4 patients and only in
the previous 5 years, most likely because most authors felt
that open surgery is safer in this setting, in consideration
of the large size of the GCD and the risk of diverticular
perforation and fecal peritoneal contamination. Surgical
treatment guarantees excellent results. In the previous
five years, no postoperative mortality was reported,
complications occurred only in 1 patient (postoperative
hypotension requiring a 24-h hospitalization in the
intensive care unit), and the hospital stay ranged from 4
to 14 d[4-17]. No recurrences are reported after colectomy
and en bloc diverticulectomy.
Non-surgical treatments have been rarely used, and
include percutaneous drainage[1], stent placement in the
diverticular neck with drainage in the colic lumen[19], and
antibiotics[9]. These options are considered in patients
refusing surgery, and in high-risk patients, to resolve GCS
acute inflammation, and are typically followed by delayed
elective segmental colectomy.
GCD is a rare but potentially dangerous pathological
entity. A correct diagnosis is predominantly based on
an abdominal CT scan. A segmental colectomy with
en-bloc diverticular resection and primary anastomosis
with or without a diverting ileostomy is the preferred
and most frequent treatment, and it is indicated in
asymptomatic patients as well, to prevent potential
dangerous complications (primarily, peritonitis from
diverticular perforation). In emergency settings or in
high-risk patients, Hartmann’s procedure might be
performed. Laparoscopic surgery has been reported to
be safe; however, it has been performed only in 4 patients
in the previous five years. Surgical treatment guarantees
excellent results. In the previous 5 years, the mortality
was null, morbidity very low (1 patient was hospitalized
in the intensive care unit for postoperative hypotension),
and the patients were discharged 4-14 d after surgery.

most common complication is peritonitis, caused by the
perforation of the GCD, followed by abscess formation,
intestinal obstruction, volvulus, and infarction [22] .
Rarely, a carcinoma might develop from the diverticular
mucosa [25]. Chronic presentation (30%-35% of the
patients) is characterized by intermittent abdominal
discomfort, bloating, and constipation, which might be
associated with a palpable and soft abdominal mass, with
variations in size[22]. Approximately 10% of the patients
are asymptomatic; the mass is typically detected on
examination or from radiological or endoscopic exams.
As shown in Tables 1 and 2, our review of 166
patients [1-138] showed that abdominal pain was the
most common symptom (69% of cases), followed by
constipation (17%), and a sensation of an abdominal
mass (17%). Among the physical signs, an abdominal
mass was detected in 48% of the cases, whereas 20% of
the patients presented with fever.
Diagnosis
An abdominal X-ray typically shows a large gas-filled
cyst (Ballon sign), with an air-fluid level and regular
and smooth walls[26]. A CT scan is the most accurate
exam, and it permits a correct diagnosis in nearly all the
cases, demonstrating a smooth-walled gas-containing
structure[27]. Barium enemas might show communication
between the bowel lumen and the GCD in 60%-70%
of the cases; a rare complication of an enema is a GCD
perforation requiring emergency surgical treatment. A
colonoscopy is rarely performed because it might cause
GCD perforation[28].
Treatment
The preferred treatment of uncomplicated GCD is
resection of the diverticulum and adjacent colon with
primary colonic anastomosis [4] , with or without a
temporary diverting ileostomy. A simple diverticulectomy
has been rarely reported [29] and should be avoided
in case of concomitant diverticular disease. When a
diverticulectomy and colonic suture are performed, there
is a consistent risk of dehiscence because the diverticular
neck is frequently wide and the surrounding tissue is
inflammatory. The analysis of the literature showed that
colic resection with an e-bloc resection of the diverticulum
was the most frequent treatment and was performed in
57.2% of the cases. Hartmann’s procedure was used in
11.4% of the cases, and a diverticulectomy was performed
in 10.2% of the cases. In emergency settings, Hartmann’s
resection might be performed; its disadvantage is the need
of a second complex surgical procedure to restore the
intestinal continuity. The treatment of the remaining cases
is reported in Table 3.
A sub-group analysis of the previous 5 years (Table
4) showed that in that time period only one patient was
treated with a simple diverticulum resection. In this case,
the GCD did not communicate with the bowel lumen[15];
no information is reported regarding the postoperative
course. A laparoscopic colectomy has been reported to be
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Background

Giant colonic diverticulum (GCD) is a rare manifestation of diverticular
disease of the colon. In the literature, fewer than 200 studies were published,
predominantly case reports or small patient series. In this study, we present a
comprehensive and updated systematic review of the literature and a case of
GCD in an elderly patient.

Research frontiers

The pathogenesis and best treatment options of GCD are important areas of
research on the subject.

Innovations and breakthroughs

This article provides a complete systematic review of the literature on GCD,
summarizing the current evidence on the clinical presentation, diagnosis,
and treatment options of this rare disease. Additionally, an example case is
presented.

Applications

to guide the clinical management of patients presenting with GCD.

Terminology

Giant colonic diverticula are colic diverticula greater than 4 cm in size, by
definition; approximately 90% of the cases involve the sigmoid colon. They
might be isolated, however, in 85% of the cases, GCDs are associated with
concomitant diverticular disease.
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Peer review

This manuscript describes a case of an 80-year-old lady presenting with rectal
bleeding in whom a giant diverticulum of the sigmoid colon was diagnosed
and surgically treated. Also a review of this rare variant of colonic diverticular
disease is reported. It is a useful overview of this pathological condition, its
clinical manifestations and treatment options.
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CASE REPORT

Indocyanine green fluorescence and three-dimensional
imaging of right gastroepiploic artery in gastric tube cancer
Toru Nakano, Tadashi Sakurai, Shota Maruyama, Yohei Ozawa, Takashi Kamei, Go Miyata, Noriaki Ohuchi
the serosa, peritoneal dissemination, regional lymph node
swelling, or distant metastasis. We performed a distal
gastrectomy preserving the right gastroepiploic artery by
referencing the preoperative three-dimensional computed
tomoangiography. We also evaluated the blood flow of
the right gastroepiploic artery and in the proximal gastric
tube by using indocyanine green fluorescence imaging
intra-operatively and then followed with a gastrojejunal
anastomosis with Roux-en-Y reconstruction. The definitive
diagnosis was moderately differentiated adenocarcinoma
of the gastric tube, pT1bN0M0, pStage IA (UICC). His
postoperative course was uneventful. Three-dimensional
computed tomographic imaging is effective for assessing
the course of blood vessels and the relationship with
the surrounding structures. Intraoperative evaluation of
blood flow of the right gastroepiploic artery and of the
gastric tube in the anastomotic portion is very valuable
information and could contribute to a safe gastrointestinal
reconstruction.
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Core tip: A report of a 79-year-old male who presented
with a metachronous gastric tube cancer following an
esophageal squamous cell carcinoma. It is necessary
for less invasive surgery as the resection of the distal
part of the tube to prevent right gastroepiploic artery.
Curative resection of the distal part of the gastric
tube was performed while safely preserving the right
gastroepiploic artery by referencing the preoperative
three-dimensional computed tomoangiography. The
intraoperative evaluation of blood flow by using
indocyanine green fluorescence imaging contributed
critical information about the blood flow of right
gastroepiploic artery and gastric tube; we then followed

Abstract
A 79-year-old male was admitted to our hospital for the
treatment of cancer of the gastric tube. Gastrointestinal
examination revealed a T1b Union for International
Cancer Control (UICC) tumor at the pyloric region of the
gastric tube. Laparotomy did not reveal infiltration into
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with the Roux-en-Y reconstruction.
Nakano T, Sakurai T, Maruyama S, Ozawa Y, Kamei T, Miyata G,
Ohuchi N. Indocyanine green fluorescence and three-dimensional
imaging of right gastroepiploic artery in gastric tube cancer.
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INTRODUCTION

Figure 1 Upper gastrointestinal endoscopic examination. Superficial
slightly depressed-type tumor [cT1b (UICC)] at the pyloric region of gastric tube
was diagnosed as adenocarcinoma by endoscopic biopsy.

Long-term survival after esophagectomy has potentially
increased the likelihood of metachronous malignancies.
Secondary cancer in the reconstructed gastric tube after
esophagectomy also should be considered and annual
follow-up endoscopy can be useful in the detection of
curable cancers[1]. It is important that surgical strategies
are decided according to both physical and cancerous
conditions[2]. Because the surgical invasion of a total
gastric tube resection procedure for gastric tube cancer
may be too intensive, minimally invasive therapy such
as partial resection of the gastric tube may be desirable
for the cancer that has not advanced. The reconstructed
gastric tube is dominantly fed by the right gastroepiploic
artery. It is necessary to preserve this artery to avoid
ischemia of the gastric tube. There are few reports
mention about the three dimensional computed tomo
angiography and indocyanine green fluorescence for
surgical navigation during the treatment for the gastric
tube cancer. Here we report a case of distal gastrectomy
with the safe preservation of the right gastroepiploic
artery after using the preoperative three-dimensional CT
for the confirmation of blood flow of the vessel and in
the proximal gastric tube.

evidence of recurrence of esophageal cancer. Threedimensional computed tomography (3D-CT) visualized
the location of the course of the right gastroepiploic
artery (Figure 2A) and relationship with pyloric
region of gastric tube and neighboring organs (Figure
2B). The patient underwent transabdominal surgery.
Laparotomy did not reveal infiltration into the serosa,
peritoneal dissemination, lymph node swelling, or distant
metastasis. We performed a distal gastrectomy (resection
of the distal part of the gastric tube) safely preserving
the right gastroepiploic artery with reference to the
preoperative 3D-CT. The resected specimen showed
a slightly depressed-type tumor, measuring 20 mm ×
15 mm in size (Figure 3). Rapid histological diagnosis
during surgery showed free-form cancer invasion of the
proximal and distal surgical margins. We intraoperatively
evaluated the blood flow along the gastric tube by
using indocyanine green (ICG) fluorescence imaging
(Figure 4). Intravenous ICG injection revealed good
blood flow at the surgical margins of the proximal
gastric tube and of the right gastroepiploic artery. We
performed a gastrojejunal anastomosis with Rouxen-Y reconstruction. Histological examination showed
modelately differentiated tubular adenocarcinoma. The
resected gastric tube included small amount of adipose
tissue containing no lymphoid tissue histologically.
The definitive diagnosis was moderately differentiated
adenocarcinoma of the gastric tube, pT1bN0M0, pStage
IA (UICC). His postoperative course was uneventful.
Postoperative upper gastrointestinal investigation did
not reveal stenosis or leakage. The patient started a diet
on post-operative day 3 and left the hospital on postoperative day 13.

CASE REPORT
A 79-year-old male was admitted to our hospital for
the treatment of cancer of the gastric tube after radical
surgery for esophageal cancer. Five years previously,
he had undergone subtotal esophagectomy for the
treatment of esophageal squamous cell carcinoma
followed by lifting the gastric tube through the posterior
mediastinal route. The esophageal tumor stage was
pT1pN1cM0 [Union for International Cancer Control
(UICC)] and there was no adjuvant therapy. At a routine
annual endoscopy, a superficial slightly depressed type
tumor was found in a prepyloric lesion of the gastric
tube. On admission, gastrointestinal examination
revealed a cT1b tumor (UICC) at the pyloric region of
the gastric tube that was very close to the pylorus ring;
this was diagnosed as adenocarcinoma by endoscopic
biopsy (Figure 1). Contrast-enhanced computed
tomography of the abdomen and chest revealed no
regional or distant signs of tumor spread, and enlarged
regional lymph nodes; furthermore, there was no
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DISCUSSION
In recent years, there has been an improved prognosis
for esophageal cancer surgery patients[3]; therefore, there
is a need to be aware of risk of metachronous cancers.
Motoyama et al[1] has reported that 3.5% of the patients
treated for esophageal cancer and reconstructed using a
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A

Figure 2 Three-dimensional computed tomography.
A: The courses of the branches of celiac artery were well
visualized while obtaining surgical navigation; B: Relationship
with the gastric tube and surrounding structures were well
visualized while obtaining surgical navigation. Arrows shows
the running of right gastroepiploic artery. L: Liver, IVC: Inferior
vena cava; Pa: pancreas; G: Gastric tube; Py: Pylorus; CHA:
Common hepatic artery; RGEA: Right gastroepiploic artery;
GDA: Gastroduodenal artery; PHA: Proper hepatic artery.

B

CHA
PHA
GDA

Py

L

RGEA

G

Pa
IVC

Cranial side
G
Duo

Caudal side

Figure 3 Resected specimen of the gastric tube. Resected specimen
showed a slightly depressed-type tumor (arrows) in the pyloric lesion of gastric
tube measuring 20 mm × 15 mm in size.

Figure 4 Intraoperative indocyanine green fluorescence imaging. Intravenous
administration of indocyanine green (ICG) showed that the blood flow of the
right gastroepiploic artery and surgical margin of the gastric tube was sufficiently
maintained in the proximal gastric tube. Proximal margin of gastric tube (red
arrows); Course of the right gastroepiploic artery (green arrows). Duo: Margin of the
duodenum; G: Proximal gastric tube.

gastric tube were found to have carcinoma of the gastric
tube.
Although we evaluated the invasion depth by
upper gastrointestinal endoscopy, it was reported that
endoscopic ultrasonography was useful in diagnosis of
invasion depth and lymph node metastasis of esophageal
cancer or stomach cancer to determine the clinical stage[4].
Early stage gastric tube cancer can be managed with
endoscopic treatment. Endoscopic submucosal dissection
for gastric tube cancer was feasible and effective for
curative patients[5]. These patients who do not become
the adaptation of ESD could be candidates for resection
of the gastric tube. Total or partial gastrectomy for
gastric tube cancer is a complex procedure and carries
a high morbidity and mortality rate; it should still be
considered as the treatment of choice in multifocal
or locally advanced cases[6]. Although resection of the
gastric tube with lymphadenectomy is standard and a
reliable treatment for gastric tube cancer, resection of the
tube through the mediastinal route exposes the patient
to a great deal of surgical stress. The difficulty of the
operative procedure differs according to the route of
the reconstruction[7]. There have been reports about the
significant surgical risks in total gastric tube resections
because of the difficulty of the adhesiolysis necessary
to reach the mediastinum[1,8,9]. Therapeutic strategies for
gastric tube cancer should be determined depending on
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the curative effect and surgical stress. Reduction surgery
such as partial resection of gastric tube or the omission of
lymph node dissection should also be taken into account
according to the patient status[10].
As a less invasive procedure, distal gastrectomy could
be appropriate in some cases, in which the right
gastroepiploic artery was preserved to maintain the
blood supply for the proximal gastric tube [2,11]. The
reconstructed gastric tube is dominantly fed by the right
gastroepiploic artery. Knowledge of the vascular anatomy
before surgery is of great importance in patients with
previous surgery [12]. The 3D-computed tomographic
image is very effective for assessing the blood vessel
course and relationship with the surrounding structure
while obtaining surgical navigation [13-15]. It has been
reported that the ICG fluorescence method was use
ful in evaluating the blood flow of reconstructed
gastric tube intraoperatively followed by esophageal
resection[16]. Intravenous ICG injection for fluorescence
imaging is also useful to verify the blood flow of the
proximal gastric tube[10]. Intraoperative evaluation of
the blood flow of the right gastroepiploic artery and
of the gastric tube in the anastomotic portion is very
valuable information and could contribute to a safe
gastrointestinal reconstruction.
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Case characteristics

A 79-year-old male who presented with a metachronous gastric tube cancer,
following an esophageal carcinoma after radical esophagectomy followed with
reconstruction through mediastinal route.

6

Clinical diagnosis

Gastrointestinal examination revealed a superficial tumor at the pyloric region
of the gastric tube that was very close to the pylorus ring.

Differential diagnosis

Gastric tube ulcer, recurrence tumor derived from resected esophageal cancer.

7

Laboratory diagnosis

WBC 3.7 k/mL; HGB 13.6 gm/dL; CEA 1.5 ng/mL; SCC 0.9 ng/mL; metabolic
panel and liver function test were within normal limits.

Imaging diagnosis

Computed tomography scan of the abdomen and chest revealed no regional or
distant signs of tumor spread, and enlarged regional lymph nodes.

8

Pathological diagnosis

The endoscopic biopsy specimen showed an adenocarcinoma of the gastric
tube.

Treatment

9

Distal gastrectomy preserving the right gastroepiploic artery was performed, and
then followed with a gastrojejunal anastomosis with Roux-en-Y reconstruction.

Related reports

A less invasive surgery such as the resection of the distal part of the gastric
tube is essential to prevent right gastroepiploic artery.

Term explanation

Indocyanine green (ICG) bound to plasma proteins is visualized as a
fluorescent image excited by near-infrared light.

10

The three-dimensional computed tomography is very effective for assessing the
blood vessel course and intraoperative blood vessel detection and blood flow
evaluation based on ICG would allow minimizing the risk of vascular damage,
especially about the non-anatomical.

11

Experiences and lessons

Peer review

A distal gastrectomy was performed for the treatment of the gastric tube cancer,
preserving the right gastroepiploic artery by referencing the preoperative
three-dimensional computed tomoangiography. The blood flow of the
right gastroepiploic artery was also evaluated by using indocyanine green
fluorescence imaging intra-operatively.

12

13
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Placement of I seed strands and stents for a type Ⅳ
Klatskin tumor
Wen Zhang, Zheng-Qiang Yang, Hai-Bin Shi, Shen Liu, Wei-Zhong Zhou, Lin-Bo Zhao
dilatation and a soft tissue mass in the hepatic hilum.
Because curative surgical resection was not possible, we
125
placed I seed strands and stents in the right and left
intrahepatic bile ducts. Three months later, abdominal
CT showed less intrahepatic and extrahepatic bile duct
dilatation than before the procedure. This technique
was feasible and could be considered for the treatment
of patients with Bismuth type Ⅳ tumors.
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Core tip: Treatment of Klatskin tumor remains difficult.
125
Although brachytherapy using I seed strands was
reported for treatment of cholangiocarcinoma, to our
125
knowledge, the use of I seed strands has seldom
been reported for the treatment of type Ⅳ Klatskin
tumors. Herein, we describe a patient with a Bismuth
type Ⅳ Klatskin tumor who was treated via the
125
placement of two I seed strands and two stents in
the right and left intrahepatic bile ducts, which provided
both brachytherapy and biliary drainage. This technique
may provide a novel method for prolonging survival in
these patients.
Zhang W, Yang ZQ, Shi HB, Liu S, Zhou WZ, Zhao LB.
Placement of 125I seed strands and stents for a type Ⅳ Klatskin
tumor. World J Gastroenterol 2015; 21(1): 373-376 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v21/
i1/373.htm DOI: http://dx.doi.org/10.3748/wjg.v21.i1.373

Abstract
Herein, we report a new technique that consists of
125
placing two I seed strands and two stents in the right
and left intrahepatic bile ducts for the treatment of
hilar cholangiocarcinoma. A 75-year-old man presented
with jaundice and was diagnosed with Bismuth type
Ⅳ Klatskin tumor. Abdominal computed tomography
(CT) showed intrahepatic and extrahepatic bile duct
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INTRODUCTION
The treatment of hilar cholangiocarcinoma (Klatskin
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I seed strands for a Klatskin tumor

A

B

C

Figure 1 A 75-year-old man with a Bismuth type Ⅳ Klatskin tumor was treated via the placement of 125I seed strands and stents in the right and left
intrahepatic bile ducts. A: An 8.5-F external catheter (arrow) was placed for biliary drainage before placement of the 125I seed strands and stents; B: The stent
delivery systems and 125I seed strands (arrow) were advanced over the wires to the sites of the obstruction. The stents were then deployed simultaneously, followed
by placement of the 125I strands; C: Abdominal CT at 3 mo after the procedure. The results showed mild dilatation of the intrahepatic bile ducts (arrow), and the stents
remained patent. CT: Computed tomography.

tumor) remains difficult, particularly in Bismuth type Ⅳ
tumors that have invaded the right and left intrahepatic bile
ducts[1]. Malignant bile duct obstruction is often treated
through surgery, the placement of metal stents, or radiation
therapy. Brachytherapy with the implantation of 125I seeds
has been reported for the treatment of hepatocellular
carcinoma with intrahepatic portal vein tumor thrombus[2],
and 125I seed strands have been used to treat tumor
thrombus in the main portal vein[2]. Chen et al[3,4] reported
that the placement of 125I seeds was a safe method for
treating cholangiocarcinoma. However, to our knowledge,
the use of 125I seed strands has seldom been reported for
the treatment of type Ⅳ Bismuth tumors. Herein, we
describe a patient with a type Ⅳ Bismuth tumor who was
treated via the placement of 125I seed strands and stents in
the right and left intrahepatic bile ducts.

United States) was placed for external drainage, and the
cylindrical titanium capsules of the 125I seeds (Xingke
Company, Shanghai, China) were 0.8 mm in diameter and
4.5 mm in length, as previously described[2].
Under local anesthesia, the dilated left intrahepatic
bile duct was punctured transhepatically using a 22-gauge
Chiba needle (Cook, Bloomington, IL, United States)
under fluoroscopic guidance. After confirmation of
placement in the biliary tract, a 0.018-inch wire (Cook,
Bloomington, IL, United States) was advanced into the
left intrahepatic bile duct, and a 6-F sheath (Neff set,
Cook) was introduced over the wire. After wire exchange,
the 6-F sheath was replaced with an 8-F sheath (Cordis,
United States). Two 0.035-inch, 260-cm-long stiff wires
(Terumo, Tokyo, Japan) were then passed through the
obstructed segment of the left intrahepatic duct and
the common bile duct into the duodenum, with the
guidance of a 5-F H1 catheter via the 8-F sheath. The
8.5-F external drainage catheter in the right intrahepatic
bile duct was removed and replaced with an 8-F sheath
over a 0.035-inch wire. Two 0.035-inch, 260-cm-long stiff
wires were then passed through the obstructed segment
of the right intrahepatic bile duct and the common bile
duct into the duodenum via the 8-F sheath. According
to the length of the bile duct obstructions, we placed 12
125
I seeds in one 4-F sterile catheter and 13 in another
catheter to construct 125I seed strands. The ends of the 4-F
catheter were closed using 5-0 sutures. The 8-F sheaths
in the right and left intrahepatic bile ducts were removed,
leaving the wires in place, and a 5-F, 30-cm sheath and
stent delivery system was introduced via the common bile
duct into each of the right and left intrahepatic bile ducts
(Figure 1B). In each of the right and left intrahepatic
bile ducts, the stent was deployed across the obstructed
segment, and a 125I seed strand was placed through the 5-F
sheath. When the sheath was withdrawn, the radioactive
seed strand was fixed in place between the stent and the
bile duct. Finally, the transhepatic puncture was occluded

CASE REPORT
Our institutional review board approved the reporting
of this case. In July 2013, a 75-year-old man was
admitted to the interventional radiology department
with a 2-wk history of jaundice and upper abdominal
pain. He was diagnosed with hilar cholangiocarcinoma
based on abdominal computed tomography (CT) and
magnetic resonance imaging (MRI) findings. There was
marked dilatation of the intrahepatic bile ducts, although
the patient’s vital signs were normal and the physical
examination was unremarkable except for jaundice.
Laboratory testing showed a total bilirubin (TBIL) level
of 151.7 μmol/L (8.9 mg/dL) and a direct bilirubin
(DBIL) level of 99.4 μmol/L (5.8 mg/dL).
After obtaining informed consent, we performed
percutaneous transhepatic biliary drainage and cho
langiography via the right intrahepatic bile duct on the
second day after admission. A type Ⅳ Bismuth tumor
was diagnosed based on the cholangiography findings
(Figure 1A). An 8.5-F catheter (Cook, Bloomington, IL,
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with a sponge.
The patient refused further medical treatment after
the procedure for personal reasons. Three months later,
abdominal CT showed less intrahepatic and extrahepatic
bile duct dilatation than before the procedure and the
presence of biliary pneumatosis and peritoneal metastasis
(Figure 1C). In addition, laboratory testing showed a
TBIL level of 57.0 μmol/L (3.3 mg/dL) and a DBIL
level of 41.0 μmol/L (2.4 mg/dL).

I seed strands for a Klatskin tumor

and two stents in the right and left intrahepatic bile ducts
represents a feasible treatment for patients with type
Ⅳ Bismuth tumors, providing both brachytherapy and
biliary drainage. Thus, this technique may provide a novel
method for prolonging survival in these patients.

COMMENTS
COMMENTS
Case characteristics

A 75-year-old man who presented with jaundice and upper abdominal pain
was diagnosed with a Bismuth type Ⅳ Klatskin tumor. The placement of two
125
I seed strands and two stents in the right and left intrahepatic bile ducts was
shown to be feasible for this patient, providing both brachytherapy and biliary
drainage.

DISCUSSION
Patients with hilar cholangiocarcinoma have a poor
prognosis, with a life expectancy of less than 3 mo if
they do not receive aggressive treatment [1,5]. Radical
surgical resection represents an effective treatment for
hilar cholangiocarcinoma.
We encountered a patient with a type Ⅳ Bismuth
tumor that was too advanced for surgical resection. He
was treated via the placement of 125I seed strands and selfexpandable metal stents in the right and left intrahepatic
bile ducts, which relieved the biliary tract obstruction,
and treated the tumor with brachytherapy.
Kroger et al [6] reported that sustained low-dose
irradiation causes cell death by apoptosis and that this
type of low-dose irradiation slows tumor growth. In
particular, the placement of 125I seed strands in the bile
ducts delivers sustained irradiation to the tumor and can
oxygenize hypoxic cells, which makes the tumor cells
more sensitive to irradiation.
The radiation dose delivered by 125I seeds is inversely
proportional to the distance from the seeds. The seeds
can deliver a high radiation dose to the target tissues that
drops rapidly with the distance from the seeds, thereby
resulting in low radiation doses to the surrounding tissues.
As a result, the use of 125I seeds enables the delivery of
a high radiation dose to tumor tissues while minimizing
injury to normal tissues. The half-life of the 125I seeds
used in our patient was 59.4 d, and this long half-life
resulted in increased injury to the tumor compared with
the use of external irradiation. However, the 125I seed
strands could not be replaced or removed after isotopic
radiation energy attenuation in half a year.
Although there was a concern that the stents and
seed strands would obstruct the bile ducts, this did not
occur. Thus, we consider this technique to be an effective
method for ensuring effective biliary drainage. The biliary
pneumatosis observed after the procedure may have been
caused by biliary tract infection, tumor cell necrosis, or
damage to the normal hepatic tissues. Because the patient
refused further medical treatment, we were unable to
obtain more information about the long-term results
of treatment. There is currently no standard guideline
regarding the number of seeds that should be placed
according to the tumor size.
In conclusion, the placement of two 125I seed strands
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Clinical diagnosis

Malignant obstructive jaundice.

Differential diagnosis

Gallbladder carcinoma, choledocholithiasis, and primary sclerosing cholangitis.

Laboratory diagnosis

The total bilirubin level was 151.7 μmol/L(8.9 mg/dL), and the direct bilirubin
level was 99.4 μmol/L(5.8 mg/dL).

Imaging diagnosis

Computed tomography showed bile duct dilatation and a soft tissue mass in the
hepatic hilum, and the cholangiography suggested a type Ⅳ Bismuth tumor.

Pathological diagnosis

Pathological examination was not performed.

Treatment
125

I seed strands and stents were placed in the intrahepatic left and right bile ducts.

Experiences and lessons

The placement of two 125I seed strands and two stents in the right and left
intrahepatic bile ducts was shown to be feasible for relieving the jaundice
caused by a Bismuth type Ⅳ cholangiocarcinoma.

Peer review

This article describes a new technique involving the placement of 125I seed
strands and stents in the right and left intrahepatic bile ducts for treating a
patient with hilar cholangiocarcinoma. This approach was feasible for the
treatment of Bismuth type Ⅳ tumors and may therefore provide a new,
effective, and low-risk technique for the treatment of type Ⅳ Bismuth tumors.
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Core tip: The combination of effect sizes in the metaanalysis is based on several factors: type of design
of included studies, type of data, heterogeneity
among studies, numerical stability and accuracy and
understandability of results. For continuous variables,
the standard mean difference is recommended when
different measurement scales in the studies are used
to reflect the outcomes. However, the weighted mean
difference is more suitable when studies included use
the same scale to report the outcomes.
Li ZZ, Chen LZ. Re: “Laparoscopic vs open approach to
resection of hepatocellular carcinoma in patients with known
cirrhosis: Systematic review and meta-analysis”. World J
Gastroenterol 2015; 21(1): 377-378 Available from: URL: http://
www.wjgnet.com/1007-9327/full/v21/i1/377.htm DOI: http://
dx.doi.org/10.3748/wjg.v21.i1.377

TO THE EDITOR
Twaij et al[1] have carried out a meta-analysis of cohort
studies to review the currently available literature comparing
laparoscopic to open resection of hepatocellular carcinoma
in patients with known liver cirrhosis. We congratulate and
applaud their important work, but several important issues
should be noted.
First, in the “Statistical analysis” subsection of the
paper, the author stated “to compute standard mean
differences (SMD) for continuous variables”. The com
bination of effect sizes in the meta-analysis is based on

Abstract
Twaij and colleagues have carried out a meta-analysis
of cohort studies to review the currently available
literature comparing laparoscopic to open resection of
hepatocellular carcinoma in patients with known liver
cirrhosis. We congratulate and applaud their important
work, but several important issues should be noted.
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several factors: type of design of included studies, type
of data, heterogeneity among studies, numerical stability
and accuracy and understandability of results. For
continuous variables, the SMD is recommended when
different measurement scales in the studies are used
to reflect the outcomes. However, the weighted mean
difference (WMD) is more suitable when studies included
use the same scale to report the outcomes[2]. However,
information from the four studies suggests that the scale
of the outcomes is the same for continuous variables.
The WMD should be applied in this meta-analysis.
Second, in the “Statistical analysis” subsection again, the
authors stated “Meta-analysis of results was performed
using a random effects model... and I2 test was used
to assess data heterogeneity”. What is the meaning of
data heterogeneity? I2 > 50% or something else? It is
ambiguous and the authors need to clarify.
Third, in Table 1, the study by Belli et al[3] has a rate of
conversion to open of only 7%, but accounts for 76.19%

(blood transfusions), 46.88% (morbidity) and 41.27%
(length of stay) of the total weights in Figures 4, 5 and
6, respectively. The authors should perform sensitivity
analysis by omitting the study by Belli et al[3] to test the
robustness of their results.
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Paolo Aurello, Rome
Salavtore Auricchio, Naples
Gian Luca Baiocchi, Brescia
Gianpaolo Balzano, Milan
Antonio Basoli, Rome
Gabrio Bassotti, San Sisto
Mauro Bernardi, Bologna
Alberto Biondi, Rome
Ennio Biscaldi, Genova

IV

Massimo Bolognesi, Padua
Luigi Bonavina, Milano
Aldo Bove, Chieti
Raffaele Bruno, Pavia
Luigi Brusciano, Napoli
Giuseppe Cabibbo, Palermo
Carlo Calabrese, Bologna
Daniele Calistri, Meldola
Vincenza Calvaruso, Palermo
Lorenzo Camellini, Reggio Emilia
Marco Candela, Bologna
Raffaele Capasso, Naples
Lucia Carulli, Modena
Renato David Caviglia, Rome
Luigina Cellini, Chieti
Giuseppe Chiarioni, Verona
Claudio Chiesa, Rome
Michele Cicala, Roma
Rachele Ciccocioppo, Pavia
Sandro Contini, Parma
Gaetano Corso, Foggia
Renato Costi, Parma
Alessandro Cucchetti, Bologna
Rosario Cuomo, Napoli
Giuseppe Currò, Messina
Paola De Nardi, Milano
Giovanni D De Palma, Naples
Raffaele De Palma, Napoli
Giuseppina De Petro, Brescia
Valli De Re, Aviano
Paolo De Simone, Pisa
Giuliana Decorti, Trieste
Emanuele Miraglia del Giudice, Napoli
Isidoro Di Carlo, Catania
Matteo Nicola Dario Di Minno, Naples
Massimo Donadelli, Verona
Mirko D’Onofrio, Verona
Maria Pina Dore, Sassari
Luca Elli, Milano
Massimiliano Fabozzi, Aosta
Massimo Falconi, Ancona
Ezio Falletto, Turin
Silvia Fargion, Milan
Matteo Fassan, Verona
Gianfranco Delle Fave, Roma
Alessandro Federico, Naples
Francesco Feo, Sassari
Davide Festi, Bologna
Natale Figura, Siena
Vincenzo Formica, Rome
Mirella Fraquelli, Milan
Marzio Frazzoni, Modena
Walter Fries, Messina
Gennaro Galizia, Naples
Andrea Galli, Florence
Matteo Garcovich, Rome
Eugenio Gaudio, Rome
Paola Ghiorzo, Genoa
Edoardo G Giannini, Genova
Luca Gianotti, Monza
Maria Cecilia Giron, Padova
Alberto Grassi, Rimini
Gabriele Grassi, Trieste
Francesco Greco, Bergamo
Luigi Greco, Naples
Antonio Grieco, Rome
Fabio Grizzi, Rozzano
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Laurino Grossi, Pescara
Simone Guglielmetti, Milan
Tiberiu Hershcovici, Jerusalem
Calogero Iacono, Verona
Enzo Ierardi, Bari
Amedeo Indriolo, Bergamo
Raffaele Iorio, Naples
Paola Iovino, Salerno
Angelo A Izzo, Naples
Loreta Kondili, Rome
Filippo La Torre, Rome
Giuseppe La Torre, Rome
Giovanni Latella, L’Aquila
Salvatore Leonardi, Catania
Massimo Libra, Catania
Anna Licata, Palermo
C armela Loguercio, Naples
Amedeo Lonardo, Modena
Carmelo Luigiano, Catania
Francesco Luzza, Catanzaro
Giovanni Maconi, Milano
Antonio Macrì, Messina
Mariano Malaguarnera, Catania
Francesco Manguso, Napoli
Tommaso Maria Manzia, Rome
Daniele Marrelli, Siena
Gabriele Masselli, Rome
Sara Massironi, Milan
Giuseppe Mazzarella, Avellino
Michele Milella, Rome
Giovanni Milito, Rome
Antonella d’Arminio Monforte, Milan
Fabrizio Montecucco, Genoa
Giovanni Monteleone, Rome
Mario Morino, Torino
Vincenzo La Mura, Milan
Gerardo Nardone, Naples
Riccardo Nascimbeni, Brescia
Gabriella Nesi, Florence
Giuseppe Nigri, Rome
Erica Novo, Turin
Veronica Ojetti, Rome
Michele Orditura, Naples
Fabio Pace, Seriate
Lucia Pacifico, Rome
Omero Alessandro Paoluzi, Rome
Valerio Pazienza, San Giovanni Rotondo
Rinaldo Pellicano, Turin
Adriano M Pellicelli, Rome
Nadia Peparini, Ciampino
Mario Pescatori, Rome
Antonio Picardi, Rome
Alberto Pilotto, Padova
Alberto Piperno, Monza
Anna Chiara Piscaglia, Rome
Maurizio Pompili, Rome
Francesca Romana Ponziani, Rome
Cosimo Prantera, Rome
Girolamo Ranieri, Bari
Carlo Ratto, Tome
Barbara Renga, Perugia
Alessandro Repici, Rozzano
Maria Elena Riccioni, Rome
Lucia Ricci-Vitiani, Rome
Luciana Rigoli, Messina
Mario Rizzetto, Torino
Ballarin Roberto, Modena
Roberto G Romanelli, Florence
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Claudio Romano, Messina
Luca Roncucci, Modena
Cesare Ruffolo, Treviso
L ucia Sacchetti, Napoli
Rodolfo Sacco, Pisa
Lapo Sali, Florence
Romina Salpini, Rome
Giulio Aniello, Santoro Treviso
Armando Santoro, Rozzano
Edoardo Savarino, Padua
Marco Senzolo, Padua
Annalucia Serafino, Rome
Giuseppe S Sica, Rome
Pierpaolo Sileri, Rome
Cosimo Sperti, Padua
Vincenzo Stanghellini, Bologna
Cristina Stasi, Florence
Gabriele Stocco, Trieste
Roberto Tarquini, Florence
Mario Testini, Bari
Guido Torzilli, Milan
Guido Alberto Massimo, Tiberio Brescia
Giuseppe Toffoli, Aviano
Alberto Tommasini, Trieste
Francesco Tonelli, Florence
Cesare Tosetti Porretta, Terme
Lucio Trevisani, Cona
Guglielmo M Trovato, Catania
Mariapia Vairetti, Pavia
Luca Vittorio Valenti, Milano
Mariateresa T Ventura, Bari
Giuseppe Verlato, Verona
Alessandro Vitale, Padova
Marco Vivarelli, Ancona
Giovanni Li Volti, Catania
Giuseppe Zanotti, Padua
Vincenzo Zara, Lecce
Gianguglielmo Zehender, Milan
Anna Linda Zignego, Florence
Rocco Antonio Zoccali, Messina
Angelo Zullo, Rome

Japan
Yasushi Adachi, Sapporo
Takafumi Ando, Nagoya
Masahiro Arai, Tokyo
Makoto Arai, Chiba
Takaaki Arigami, Kagoshima
Itaru Endo,Yokohama
Munechika Enjoji, Fukuoka
Shunji Fujimori, Tokyo
Yasuhiro Fujino, Akashi
Toshiyoshi Fujiwara, Okayama
Yosuke Fukunaga, Tokyo
Toshio Fukusato, Tokyo
Takahisa Furuta, Hamamatsu
Osamu Handa, Kyoto
Naoki Hashimoto, Osaka
Yoichi Hiasa, Toon
Masatsugu Hiraki, Saga
Satoshi Hirano, Sapporo
Keiji Hirata, Fukuoka
Toru Hiyama, Higashihiroshima
Akira Hokama, Nishihara
Shu Hoteya, Tokyo
Masao Ichinose, Wakayama
Tatsuya Ide, Kurume



Masahiro Iizuka, Akita
Toshiro Iizuka, Tokyo
Kenichi Ikejima, Tokyo
Tetsuya Ikemoto, Tokushima
Hiroyuki Imaeda, Saitama
Atsushi Imagawa, Kan-onji
Hiroo Imazu, Tokyo
Shuji Isaji, Tsu
Toru Ishikawa, Niigata
Toshiyuki Ishiwata, Tokyo
Soichi Itaba, Kitakyushu
Yoshiaki Iwasaki, Okayama
Tatehiro Kagawa, Isehara
Satoru Kakizaki, Maebashi
Naomi Kakushima, Shizuoka
Terumi Kamisawa, Tokyo
Akihide Kamiya, Isehara
Osamu Kanauchi, Tokyo
Tatsuo Kanda, Chiba
Shin Kariya, Okayama
Shigeyuki Kawa, Matsumoto
Takumi Kawaguchi, Kurume
Takashi Kawai, Tokyo
Soo Ryang Kim, Kobe
Shinsuke Kiriyama, Gunma
Tsuneo Kitamura, Urayasu
Masayuki Kitano, Osakasayama
Hirotoshi Kobayashi, Tokyo
Hironori Koga, Kurume
Takashi Kojima, Sapporo
Satoshi Kokura, Kyoto
Shuhei Komatsu, Kyoto
Tadashi Kondo, Tokyo
Yasuteru Kondo, Sendai
Yasuhiro Kuramitsu, Yamaguchi
Yukinori Kurokawa, Osaka
Shin Maeda, Yokohama
Koutarou Maeda, Toyoake
Hitoshi Maruyama, Chiba
Atsushi Masamune, Sendai
Hiroyuki Matsubayashi, Suntogun
Akihisa Matsuda, Inzai
Hirofumi Matsui, Tsukuba
Akira Matsumori, Kyoto
Yoichi Matsuo, Nagoya
Y Matsuzaki, Ami
Toshihiro Mitaka, Sapporo
Kouichi Miura, Akita
Shinichi Miyagawa, Matumoto
Eiji Miyoshi, Suita
Toru Mizuguchi, Sapporo
Nobumasa Mizuno, Nagoya
Zenichi Morise, Nagoya
Tomohiko Moriyama, Fukuoka
Kunihiko Murase, Tusima
Michihiro Mutoh, Tsukiji
Akihito Nagahara, Tokyo
Hikaru Nagahara, Tokyo
Hidenari Nagai, Tokyo
Koichi Nagata, Shimotsuke-shi
Masaki Nagaya, Kawasaki
Hisato Nakajima, Nishi-Shinbashi
Toshifusa Nakajima, Tokyo
Hiroshi Nakano, Kawasaki
Hiroshi Nakase, Kyoto
Toshiyuki Nakayama, Nagasaki
Takahiro Nakazawa, Nagoya
Shoji Natsugoe, Kagoshima City
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Tsutomu Nishida, Suita
Shuji Nomoto, Naogya
Sachiyo Nomura, Tokyo
Takeshi Ogura, Takatsukishi
Nobuhiro Ohkohchi, Tsukuba
Toshifumi Ohkusa, Kashiwa
Hirohide Ohnishi, Akita
Teruo Okano, Tokyo
Satoshi Osawa, Hamamatsu
Motoyuki Otsuka, Tokyo
Michitaka Ozaki, Sapporo
Satoru Saito, Yokohama
Chouhei Sakakura, Kyoto
Naoaki Sakata, Sendai
Ken Sato, Maebashi
Toshiro Sato, Tokyo
Tomoyuki Shibata, Toyoake
H Shimada, Tokyo
Tomohiko Shimatani, Kure
Yukihiro Shimizu, Nanto
Tadashi Shimoyama, Hirosaki
Masayuki Sho, Nara
Ikuo Shoji, Kobe
Atsushi Sofuni, Tokyo
Takeshi Suda, Niigata
M Sugimoto, Hamamatsu
Ken Sugimoto, Hamamatsu
Haruhiko Sugimura, Hamamatsu
Shoichiro Sumi, Kyoto
Hidekazu Suzuki, Tokyo
Masahiro Tajika, Nagoya
Hitoshi Takagi, Takasaki
Toru Takahashi, Niigata
Yoshihisa Takahashi, Tokyo
Shinsuke Takeno, Fukuoka
Akihiro Tamori, Osaka
Kyosuke Tanaka, Tsu
Shinji Tanaka, Hiroshima
Atsushi Tanaka, Tokyo
Yasuhito Tanaka, Nagoya
Shinji Tanaka, Tokyo
Minoru Tomizawa, Yotsukaido City
Kyoko Tsukiyama-Kohara, Kagoshima
Takuya Watanabe, Niigata
Kazuhiro Watanabe, Sendai
Satoshi Yamagiwa, Niigata
Takayuki Yamamoto, Yokkaichi
Hiroshi Yamamoto, Otsu
Kosho Yamanouchi, Nagasaki
Ichiro Yasuda, Gifu
Yutaka Yata, Maebashi-city
Shin-ichi Yokota, Sapporo
Norimasa Yoshida, Kyoto
Hiroshi Yoshida, Tama-City
Hitoshi Yoshiji, Kashihara
Kazuhiko Yoshimatsu, Tokyo
Kentaro Yoshioka, Toyoake
Nobuhiro Zaima, Nara

Jordan
Khaled Ali Jadallah, Irbid

Kuwait
Islam Khan, Kuwait
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Lebanon
Bassam N Abboud, Beirut
Kassem A Barada, Beirut
Marwan Ghosn, Beirut
Iyad A Issa, Beirut
Fadi H Mourad, Beirut
AIa Sharara, Beirut
Rita Slim, Beirut

Lithuania
Antanas Mickevicius, Kaunas

Malaysia
Huck Joo Tan, Petaling Jaya

Mexico
Richard A Awad, Mexico City
Carlos R Camara-Lemarroy, Monterrey
Norberto C Chavez-Tapia, Mexico City
Wolfgang Gaertner, Mexico City
Diego Garcia-Compean, Monterrey
Arturo Panduro, Guadalajara
OT Teramoto-Matsubara, Mexico City
Felix Tellez-Avila, Mexico City
Omar Vergara-Fernandez, Mexico City
Saúl Villa-Trevino, Cuidad de México

Morocco
Samir Ahboucha, Khouribga

Netherlands
Robert J de Knegt, Rotterdam
Tom Johannes Gerardus Gevers, Nijmegen
Menno Hoekstra, Leiden
BW Marcel Spanier, Arnhem
Karel van Erpecum, Utrecht

New Zealand
Leo K Cheng, Auckland
Andrew Stewart Day, Christchurch
Jonathan Barnes Koea, Auckland
Max Petrov, Auckland

Nigeria
Olufunmilayo Adenike Lesi, Lagos
Jesse Abiodun Otegbayo, Ibadan
Stella Ifeanyi Smith, Lagos

Norway
Trond Berg, Oslo
Trond Arnulf Buanes, Krokkleiva
Thomas de Lange, Rud
Magdy El-Salhy, Stord
Rasmus Goll, Tromso
Dag Arne Lihaug Hoff, Aalesund

VI

Pakistan
Zaigham Abbas, Karachi
Usman A Ashfaq, Faisalabad
Muhammad Adnan Bawany, Hyderabad
Muhammad Idrees, Lahore
Saeed Sadiq Hamid, Karachi
Yasir Waheed, Islamabad

Poland
Thomas Brzozowski, Cracow
Magdalena Chmiela, Lodz
Krzysztof Jonderko, Sosnowiec
Anna Kasicka-Jonderko, Sosnowiec
Michal Kukla, Katowice
Tomasz Hubert Mach, Krakow
Agata Mulak, Wroclaw
Danuta Owczarek, Kraków
Piotr Socha, Warsaw
Piotr Stalke, Gdansk
Julian Teodor Swierczynski, Gdansk
Anna M Zawilak-Pawlik, Wroclaw

Portugal
Marie Isabelle Cremers, Setubal
Ceu Figueiredo, Porto
Ana Isabel Lopes, LIsbon
M Paula Macedo, Lisboa
Ricardo Marcos, Porto
Rui T Marinho, Lisboa
Guida Portela-Gomes, Estoril
Filipa F Vale, Lisbon

Puerto Rico
Caroline B Appleyard, Ponce

Qatar
Abdulbari Bener, Doha

Romania
Mihai Ciocirlan, Bucharest
Dan LucianDumitrascu, Cluj-Napoca
Carmen Fierbinteanu-Braticevici, Bucharest
Romeo G Mihaila, Sibiu
Lucian Negreanu, Bucharest
Adrian Saftoiu, Craiova
Andrada Seicean, Cluj-Napoca
Ioan Sporea, Timisoara
Letiţia Adela Maria Streba, Craiova
Anca Trifan, Iasi

Russia
Victor Pasechnikov, Stavropol
Vasiliy Ivanovich Reshetnyak, Moscow
Vitaly Skoropad, Obninsk

Saudi Arabia
Abdul-Wahed N Meshikhes, Dammam
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M Ezzedien Rabie, Khamis Mushait

Singapore
Brian KP Goh, Singapore
Richie Soong, Singapore
Ker-Kan Tan, Singapore
Kok-Yang Tan, Singapore
Yee-Joo Tan, Singapore
Mark Wong, Singapore
Hong Ping Xia, Singapore

Slovenia
Matjaz Homan, Ljubljana
Martina Perse, Ljubljana

South Korea
Sang Hoon Ahn, Seoul
Seung Hyuk Baik, Seoul
Soon Koo Baik, Wonju
Soo-Cheon Chae, Iksan
Byung-Ho Choe, Daegu
Suck Chei Choi, Iksan
Hoon Jai Chun, Seoul
Yeun-Jun Chung, Seoul
Young-Hwa Chung, Seoul
Ki-Baik Hahm, Seongnam
Sang Young Han, Busan
Seok Joo Han, Seoul
Seung-Heon Hong, Iksan
Jin-Hyeok Hwang, Seoungnam
Jeong Won Jang, Seoul
Jin-Young Jang, Seoul
Dae-Won Jun, Seoul
Young Do Jung, Kwangju
Gyeong Hoon Kang, Seoul
Sung-Bum Kang, Seoul
Koo Jeong Kang, Daegu
Ki Mun Kang, Jinju
Chang Moo Kang, Seodaemun-gu
Gwang Ha Kim, Busan
Sang Soo Kim, Goyang-si
Jin Cheon Kim, Seoul
Tae Il Kim, Seoul
Jin Hong Kim, Suwon
Kyung Mo Kim, Seoul
Kyongmin Kim, Suwon
Hyung-Ho Kim, Seongnam
Seoung Hoon Kim, Goyang
Sang Il Kim, Seoul
Hyun-Soo Kim, Wonju
Jung Mogg Kim, Seoul
Dong Yi Kim, Gwangju
Kyun-Hwan Kim, Seoul
Jong-Han Kim, Ansan
Sang Wun Kim, Seoul
Ja-Lok Ku, Seoul
Kyu Taek Lee, Seoul
Hae-Wan Lee, Chuncheon
Inchul Lee, Seoul
Jung Eun Lee, Seoul
Sang Chul Lee, Daejeon
Song Woo Lee, Ansan-si
Hyuk-Joon Lee, Seoul
Seong-Wook Lee, Yongin
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Kil Yeon Lee, Seoul
Jong-Inn Lee, Seoul
Kyung A Lee, Seoul
Jong-Baeck Lim, Seoul
Eun-Yi Moon, Seoul
SH Noh, Seoul
Seung Woon Paik, Seoul
Won Sang Park, Seoul
Sung-Joo Park, Iksan
Kyung Sik Park, Daegu
Se Hoon Park, Seoul
Yoonkyung Park, Gwangju
Seung-Wan Ryu, Daegu
Dong Wan Seo, Seoul
Il Han Song, Cheonan
Myeong Jun Song, Daejeon
Yun Kyoung Yim, Daejeon
Dae-Yeul Yu Daejeon

Spain
Mariam Aguas, Valencia
Raul J Andrade, Málaga
Antonio Arroyo, Elche
Josep M Bordas, Barcelona
Lisardo Boscá, Madrid
Ricardo Robles Campos, Murcia
Jordi Camps, Reus
Carlos Cervera Barcelona
Alfonso Clemente, Granada
Pilar Codoner-Franch, Valencia
Fernando J Corrales, Pamplona
Fermin Sánchez de Medina, Granada
Alberto Herreros de Tejada,
Majadahonda
Enrique de-Madaria, Alicante
JE Dominguez-Munoz, Santiago de Compostela
Vicente Felipo, Valencia
CM Fernandez-Rodriguez, Madrid
Carmen Frontela-Saseta, Murcia
Julio Galvez, Granada
Maria Teresa García, Vigo
MI Garcia-Fernandez, Málaga
Emilio Gonzalez-Reimers, La Laguna
Marcel Jimenez, Bellaterra
Angel Lanas, Zaragoza
Juan Ramón Larrubia, Guadalajara
Antonio Lopez-Sanroman, Madrid
Vicente Lorenzo-Zuniga, Badalona
Alfredo J Lucendo, Tomelloso
Vicenta Soledad Martinez-Zorzano, Vigo
José Manuel Martin-Villa, Madrid
Julio Mayol, Madrid
Manuel Morales-Ruiz, Barcelona
Alfredo Moreno-Egea, Murcia
Albert Pares, Barcelona
Maria Pellise, Barcelona
José Perea, Madrid
Miguel Angel Plaza, Zaragoza
María J Pozo, Cáceres
Enrique Quintero, La Laguna
Jose M Ramia, Madrid
Francisco Rodriguez-Frias, Barcelona
Silvia Ruiz-Gaspa, Barcelona
Xavier Serra-Aracil, Barcelona
Vincent Soriano, Madrid
Javier Suarez, Pamplona

VII

Carlos Taxonera, Madrid
M Isabel Torres, Jaén
Manuel Vazquez-Carrera, Barcelona
Benito Velayos, Valladolid
Silvia Vidal, Barcelona

Sri Lanka
Arjuna Priyadarsin De Silva, Colombo

Sudan
Ishag Adam, Khartoum

Sweden
Roland G Andersson, Lund
Bergthor Björnsson, Linkoping
Johan Christopher Bohr, Örebro
Mauro D’Amato, Stockholm
Thomas Franzen, Norrkoping
Evangelos Kalaitzakis, Lund
Riadh Sadik, Gothenburg
Per Anders Sandstrom, Linkoping
Ervin Toth, Malmö
Konstantinos Tsimogiannis, Vasteras
Apostolos V Tsolakis, Uppsala

Switzerland
Gieri Cathomas, Liestal
Jean Louis Frossard, Geneve
Christian Toso, Geneva
Stephan Robert Vavricka, Zurich
Dominique Velin, Lausanne

Thailand
Thawatchai Akaraviputh, Bangkok
P Yoysungnoen Chintana, Pathumthani
Veerapol Kukongviriyapan, Muang
Vijittra Leardkamolkarn, Bangkok
Varut Lohsiriwat, Bangkok
Somchai Pinlaor, Khaon Kaen
D Wattanasirichaigoon, Bangkok

Trinidad and Tobago
B Shivananda Nayak, Mount Hope

Tunisia
Ibtissem Ghedira, Sousse
Lilia Zouiten-Mekki, Tunis

Turkey
Sami Akbulut, Diyarbakir
Inci Alican, Istanbul
Mustafa Altindis, Sakarya
Mutay Aslan, Antalya
Oktar Asoglu, Istanbul
Yasemin Hatice Balaban, Istanbul
Metin Basaranoglu, Ankara
Yusuf Bayraktar, Ankara
Süleyman Bayram, Adiyaman
Ahmet Bilici, Istanbul
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Ahmet Sedat Boyacioglu, Ankara
Züleyha Akkan Cetinkaya, Kocaeli
Cavit Col, Bolu
Yasar Colak, Istanbul
Cagatay Erden Daphan, Kirikkale
Mehmet Demir, Hatay
Ahmet Merih Dobrucali, Istanbul
Gülsüm Ozlem Elpek, Antalya
Ayse Basak Engin, Ankara
Eren Ersoy, Ankara
Osman Ersoy, Ankara
Yusuf Ziya Erzin, Istanbul
Mukaddes Esrefoglu, Istanbul
Levent Filik, Ankara
Ozgur Harmanci, Ankara
Koray Hekimoglu, Ankara
Abdurrahman Kadayifci, Gaziantep
Cem Kalayci, Istanbul
Selin Kapan, Istanbul
Huseyin Kayadibi, Adana
Sabahattin Kaymakoglu, Istanbul
Metin Kement, Istanbul
Mevlut Kurt, Bolu
Resat Ozaras, Istanbul
Elvan Ozbek, Adapazari
Cengiz Ozcan, Mersin
Hasan Ozen, Ankara
Halil Ozguc, Bursa
Mehmet Ozturk, Izmir
Orhan V Ozkan, Sakarya
Semra Paydas, Adana
Ozlem Durmaz Suoglu, Istanbul
Ilker Tasci, Ankara
Müge Tecder-ünal, Ankara
Mesut Tez, Ankara
Serdar Topaloglu, Trabzon
Murat Toruner, Ankara
Gokhan Tumgor, Adana
Oguz Uskudar, Adana
Mehmet Yalniz, Elazig
Mehmet Yaman, Elazig
Veli Yazisiz, Antalya
Yusuf Yilmaz, Istanbul
Ozlem Yilmaz, Izmir
Oya Yucel, Istanbul
Ilhami Yuksel, Ankara

United Kingdom
Nadeem Ahmad Afzal, Southampton
Navneet K Ahluwalia, Stockport
Yeng S Ang, Lancashire
Ramesh P Arasaradnam, Coventry
Ian Leonard Phillip Beales, Norwich
John Beynon, Swansea
Barbara Braden, Oxford
Simon Bramhall, Birmingham
Geoffrey Burnstock, London
Ian Chau, Sutton
Thean Soon Chew, London
Helen G Coleman, Belfast
Anil Dhawan, London
Sunil Dolwani, Cardiff
Piers Gatenby, London
Anil T George, London
Pasquale Giordano, London
Paul Henderson, Edinburgh
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Georgina Louise Hold, Aberdeen
Stefan Hubscher, Birmingham
Robin D Hughes, London
Nusrat Husain, Manchester
Matt W Johnson, Luton
Konrad Koss, Macclesfield
Anastasios Koulaouzidis, Edinburgh
Simon Lal, Salford
John S Leeds, Aberdeen
JK K Limdi, Manchester
Hongxiang Liu, Cambridge
Michael Joseph McGarvey, London
Michael Anthony Mendall, London
Alexander H Mirnezami, Southampton
J Bernadette Moore, Guildford
Claudio Nicoletti, Norwich
Savvas Papagrigoriadis, London
Sylvia LF Pender, Southampton
David Mark Pritchard, Liverpool
James A Ross, Edinburgh
Kamran Rostami, Worcester
Xiong Z Ruan, London
Dina Tiniakos, Newcastle upon Tyne
Frank I Tovey, London
Dhiraj Tripathi, Birmingham
Vamsi R Velchuru, Great Yarmouth
Nicholas T Ventham, Edinburgh
Diego Vergani, London
Jack Westwood Winter, Glasgow
Terence Wong, London
Ling Yang, Oxford

United States
Daniel E Abbott, Cincinnati
Ghassan K Abou-Alfa, New York
Julian Abrams, New York
David William Adelson, Los Angeles
Jonathan Steven Alexander, Shreveport
Tauseef Ali, Oklahoma City
Mohamed R Ali, Sacramento
Rajagopal N Aravalli, Minneapolis
Hassan Ashktorab, Washington
Shashi Bala, Worcester
Charles F Barish, Raleigh
P Patrick Basu, New York
Robert L Bell, Berkeley Heights
David Bentrem, Chicago
Henry J Binder, New Haven
Joshua Bleier, Philadelphia
Wojciech Blonski, Johnson City
Kenneth Boorom, Corvallis
Brian Boulay, Chicago
Carla W Brady, Durham
Kyle E Brown, Iowa City
Adeel A Butt, Pittsburgh
Weibiao Cao, Providence
Andrea Castillo, Cheney
Fernando J Castro, Weston
Adam S Cheifetz, Boston
Xiaoxin Luke Chen, Durham
Ramsey Cheung, Palo Alto
Parimal Chowdhury, Little Rock
Edward John Ciaccio, New York
Dahn L Clemens, Omaha
Yingzi Cong, Galveston
Laura Iris Cosen-Binker, Boston

VIII

Joseph John Cullen, Lowa
Mark J Czaja, Bronx
Mariana D Dabeva, Bronx
Christopher James Damman, Seattle
Isabelle G De Plaen, Chicago
Punita Dhawan, Nashville
Hui Dong, La Jolla
Wael El-Rifai, Nashville
Sukru H Emre, New Haven
Paul Feuerstadt, Hamden
Josef E Fischer, Boston
Laurie N Fishman, Boston
Joseph Che Forbi, Atlanta
Temitope Foster, Atlanta
Amy E Foxx-Orenstein, Scottsdale
Daniel E Freedberg, New York
Shai Friedland, Palo Alto
Virgilio George, Indianapolis
Ajay Goel, Dallas
Oliver Grundmann, Gainesville
Stefano Guandalini, Chicago
Chakshu Gupta, St. Joseph
Grigoriy E Gurvits, New York
Xiaonan Han, Cincinnati
Mohamed Hassan, Jackson
Martin Hauer-Jensen, Little Rock
Koichi Hayano, Boston
Yingli Hee, Atlanta
Samuel B Ho, San Diego
Jason Ken Hou, Houston
Lifang Hou, Chicago
K-Qin Hu, Orange
Jamal A Ibdah, Columbia
Robert Thomas Jensen, Bethesda
Huanguang “Charlie” Jia, Gainesville
Rome Jutabha, Los Angeles
Andreas M Kaiser, Los Angeles
Avinash Kambadakone, Boston
David Edward Kaplan, Philadelphia
Randeep Kashyap, Rochester
Rashmi Kaul, Tulsa
Ali Keshavarzian, Chicago
Amir Maqbul Khan, Marshall
Nabeel Hasan Khan, New Orleans
Sahil Khanna, Rochester
Kusum K Kharbanda, Omaha
Hyun Sik Kim, Pittsburgh
Joseph Kim, Duarte
Jae S Kim, Gainesville
Miran Kim, Providence
Timothy R Koch, Washington
Burton I Korelitz, New York
Betsy Kren, Minneapolis
Shiu-Ming Kuo, Buffalo
Michelle Lai, Boston
Andreas Larentzakis, Boston
Edward Wolfgang Lee, Los Angeles
Daniel A Leffler, Boston
Michael Leitman, New York
Suthat Liangpunsakul, Indianapolis
Joseph K Lim, New Haven
Elaine Y Lin, Bronx
Henry C Lin, Albuquerque
Rohit Loomba, La Jolla
James David Luketich, Pittsburgh
Mohammad F Madhoun, Oklahoma City
Thomas C Mahl, Buffalo
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Ashish Malhotra, Bettendorf
Pranoti Mandrekar, Worcester
John Marks, Wynnewood
Wendy M Mars, Pittsburgh
Julien Vahe Matricon, San Antonio
Craig J McClain, Louisville
George K Michalopoulos, Pittsburgh
Tamir Miloh, Phoenix
Ayse Leyla Mindikoglu, Baltimore
Huanbiao Mo, Denton
Klaus Monkemuller, Birmingham
John Morton, Stanford
Adnan Muhammad, Tampa
Michael J Nowicki, Jackson
Patrick I Okolo, Baltimore
Giusepp Orlando, Winston Salem
Natalia A Osna, Omaha
Virendra N Pandey, Newark
Mansour A Parsi, Cleveland
Michael F Picco, Jacksonville
Daniel S Pratt, Boston
Xiaofa Qin, Newark
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EDITORIAL

Telomere shortening as genetic risk factor of liver cirrhosis
Lucia Carulli
new diagnostic and therapeutic tools, it is s essential
to understand the pathogenesis of cirrhosis. The
identification of genetic risk factors associated with
cirrhosis is one of the possible approach to achieve
these goal. In the past years several studies have
supported the role of telomere shortening and cirrhosis.
In the recent year several studies on the relation
between several single nucleotide polymorphism
(SNPs) and cirrhosis have been published; it has been
proposed also a cirrhosis risk score based on seven
SNPs. Also epidemiological studies on identical twins
and in different ethnic groups have been supporting the
importance of the role of genetic risk factors. Finally
in the very recent years it has been suggested that
telomere shortening may represent a genetic risk factor
for the development of cirrhosis.
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Core tip: Common risk factors leading to chronic
liver injury can be identified in most patients with
cirrhosis, but approximately 5% of patients have no
apparent risk factors. Understanding the pathogenesis
of cirrhosis formation is essential to develop new
diagnostic and therapeutic tools and for its prevention.
The identification of genetic risk factors associated
with cirrhosis is one of the possible way to approach
this issue. Evidence supporting the role of genetic risk
factors has been accumulating during the past years
and recently it has been also suggested that telomere
shortening may represent a genetic risk factor.

Abstract
Cirrhosis is the main complication of chronic liver disease, leads to progressive liver function impairment and is
the main risk factor for the development of liver cancer.
Liver failure at endstage cirrhosis is associated with
increased mortality with liver transplantation as the
only possible treatment at this stage. The pathogenesis
of liver cirrhosis is not completely elucidated. Although
the common factors leading to liver injury, such as
viral hepatitis, alcohol consume or fatty liver disease
can be identified in the majority of patients a small
percentage of patients have no apparent risk factors.
Moreover given the same risk factors, some patients
progress to cirrhosis whereas others have a benign
course, the reason remains unclear. In order to develop
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bution of these SNPs on the genetic predisposition is not
yet elucidated.
Finally data from epidemiologic studies reported
difference in prevalence of cryptogenic cirrhosis in
different ethnic groups.
A study by Browning et al[15] revealed that given the
same prevalence of diabetes in Hispanics and African
Americans they had a different cryptogenic cirrhosis’
prevalence, respectively, 3-fold higher and 4-fold lower
compared to European Americans; these finding not only
indicate that this form of cirrhosis is unexpectedly rare
among Afro Americans, but indicate also that there is a
different genetic predisposition among different ethnic
groups.
Also studies on twins show the same results. Data
on monozygotic and dizygotic twins reported a genetic
predisposition in developing alcoholism related disease.
In fact it has been shown, for alcoholic psychosis and
cirrhosis, a significantly greater concordance in monozygotic twins-pairs compared to dizygotic twins-pairs
(16.9% vs 5.3%)[16].

CIRRHOSIS
Cirrhosis represents the main complication of chronic
liver disease[1-3], leads to progressive liver failure, eventually to hepatocarcinoma[4] and is associated with increased mortality[5] with liver transplantation as the only
possible therapeutic option at this stage. The pathogenesis of liver cirrhosis remains unclear and although
the common risk factors, such as viral hepatitis, alcohol
and non-alcoholic fatty liver disease (NAFLD) can be
identified in the majority of patients, there is a small
percentage of patients with no identifiable risk factors[6].
Moreover it is known that patients with the same risk
factors present different clinical manifestations, some
develop cirrhosis and hepatocarcinoma (HCC) others
have a benign course, the reason of the different
evolution is not completely elucidated[7]. Understanding
the complex pathogenesis of cirrhosis is important for its
prevention and to identify new diagnostic tools as well as
new therapeutic options; one of the possible approaches
to this issue might be to understand the genetic bases of
cirrhosis[8,9].

GENETIC CAUSES OF CIRRHOSIS

TELOMERE SHORTENING AND
CIRRHOSIS

In addition to the results from SNP and epidemi-ological
studies, recently it has been suggested that telomere
shortening may represent a genetic risk factor for the
development of cirrhosis.
Telomeres consist of repetitive DNA sequences
(TTAGGG) located at the ends of linear chromosomes.
They function as a cap to stabilize and protect chromosomes from erosion and from being mistaken for doublestrand DNA breaks. During each cell division, telomeres
shorten due to the ‘‘end-replication problem’’ that is
the DNA polymerase’s inability to fully replicate the 3’
end of chromosomes. Telomere attrition is avoided by
telomerase that elongates telomere DNA after each cell
division[17]. In conditions of chronic liver injury there is
a high cell turnover as a regeneration and repair process,
telomeres become too short and the cell does not divide
anymore, the mechanisms by which cell growth arrest is
profibrogenic is not yet defined (Figure 1).
Several studies have investigated the relationship
between cirrhosis and telomere shortening. Studies
on humans showed that shortened telomere length in
hepatocytes is correlated with degree of fibrosis and it
may be considered as a marker of cirrhosis formation.
In 1995 Kitada et al[18] demonstrated the relationship
between telomere shortening and liver cirrhosis. They
observed that telomere length was increasingly shorter
in tissue from cirrhotic and chronic hepatitis livers and
obviously shorter than normal liver tissue. Following
studies confirmed that telomere length was related to the
degree of fibrosis, suggesting that it may contribute to
the development of cirrhosis[18-20].
Moreover, studies on telomerase-deficient mice
provided experimental evidence that shortened telomeres,
in response to chronic liver injury, are associated with

In the past years several studies have supported the role
of telomere shortening and cirrhosis.
In a recent study it was proposed a cirrhosis risk
score (CRS) based on a panel of seven single-nucleotide
polymorphisms (SNPs) in six genes: AP3S2, AQP2,
AZIN1, STXBP5L, TLR4, TRPM5 and in the intergenic
region between DEGS1 and NVL for identifying the
risk of developing cirrhosis in Caucasian patients with
chronic hepatitis C infection[10]. The CRS performance
resulted even a better predictor of cirrhosis than
clinical factors. It is also been utilized and validated in
another study on patients with hepatitis C virus (HCV)
hepatitis[11], it was observed that host genetics defined
by CRS, predict fibrosis progression and may help for
prognostic evaluation and treatment decision.
Furthermore, in a study conducted on a large cohort
of patients with histologically proven NAFLD it was
demonstrated that the PNPLA3 (patatin-like phospholipase domain-containing protein 3) SNP rs738409
was more frequent in patients with fibrosis[12]. It was
also observed by Stickel et al[13], that the PNPLA3 SNP
rs738409 was more frequent also in Caucasian patients
with alcoholic cirrhosis.
Some SNPs have been associated to an increased
susceptibility to liver cirrhosis also in HBV infected
patients. It has been described a polymorphism of the
Glucose-Regulated Protein 78 (GRP78): rs430397 G>A.
The Authors observed that HBV infected patients
carrying the allele 430397A were more prone to develop
liver cirrhosis compared to wild type patients[14].
Taken together these data suggest a genetic predisposition to the development of cirrhosis. The real contri-
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Cell division

Telomere shortening

Senescence/Apoptosis

Figure 1 Telomere shorten at each cell division, when they became critically short cellular signaling cascades are activated resulting in cell senescence
or apoptosis.

impaired liver regeneration and accelerated cirrhosis
development. Restoration of telomerase activity into the
liver of these mice resulted in reduction of cirrhosis and
improved liver function[21]. These findings suggest that
reduced telomerase activity may contribute to cirrhosis
development. Mutations in the telomerase complex genes
have been implicated in rare human diseases characterized
by accelerated telomere shortening and organ failure
such as dyskeratosis congenita. Interestingly, patients
suffering from these diseases showed an increased
frequency of liver pathologies including fibrosis and
cirrhosis[22]. Recently, two studies have also investigated
the frequency of telomerase mutations in patients with
sporadic cirrhosis compared to healthy controls[21,22].
Both studies screened patients for variation in the TERT
and TERC genes. In the first study by Calado et al[23]. The
Authors found missense mutations in the TERT and
TERC genes. The frequency of TERT gene mutations in
cirrhotic patients was significantly greater than controls.
Moreover cirrhosis was also associated with shorter
telomeres in peripheral blood leukocytes. Finally, most
TERT variants showed reduced telomerase activity in
vitro. In the second study Hartmann et al[24]. Screened
patients with sporadic cirrhosis and noncirrhotic controls
for telomerase mutations. Of note, control group was
composed of 473 healthy individuals and 127 patients
with chronic HCV infection who did not develop
cirrhosis during a long follow-up. The data analysis
revealed a significantly increased frequency of telomerase
mutations in the cirrhosis group compared to the control
group. Again, TERT gene mutations in cirrhotic patients
were associated with reduced telomerase activity in vitro
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and shorter telomeres in peripheral blood leukocytes
compared to non-cirrhotic patients. Our group recently
reported on the coexistence of cryptogenic cirrhosis
(CC) and IPF, not in the setting of dyskeratosis congenita, and telomere dysfunction[25]. In our study was
described a case of a 48-year-old woman, diagnosed
of cryptogenic liver cirrhosis, idiopathic pulmonary
fibrosis and diabetes. Both CC and IPF had a rapid
progression and after eighteen months the patient died.
Sequencing and mutation analysis of TERT and TERC
genes demonstrated the presence of a heterozygous
TERT mutation (L153M). The TERT L153M variant
results in a change of methionine for leucine at amino
acid 153, in the protein region that seems to be involved
in the template RNA and telomeric DNA binding.
Furthermore, leukocyte telomere length was significantly
shorter. Our case report gives further evidence of telomere involvement in liver disease progression and suggests short telomere as genetic risk factor for cirrhosis. Moreover very recently our group reported on
a similar case of a 58 years old man who presented a
short telomere syndrome: pulmonary fibrosis, mild bone
marrow fibrosis and a liver cirrhosis. The patient was an
active smoker and obese. He rapidly developed ascites
and progression of the pulmonary fibrosis, the patient
became oxygen-dependent in few months. He presented
a very short leukocyte telomere length and reduced
telomerase activity compared to a group of controls, but
did not show any hTERT and hTERC genes mutations[26].
Since the prevalence of telomerase mutations seems to
be rather low in the general population, they may not
be the major contributing factor to cirrhosis. Probably
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looking for telomerase genes mutations only, there is
the risk to underestimate the real contribution of the
telomere system dysfunction to the development of
cirrhosis. In fact other components of the telomere
complex such as dyskerin and the telomere binding
proteins have been shown to be important for telomerase
activity[27]. Mutations in these components can lead to an
impairment of telomere function; recently a mutation
of the binding protein TIN2 has been involved in the
evolution of aplastic anemia[28]. Finally also the mutations
in the noncoding sequence of TERC and TERC could
be responsible for impairment in the expression of
TERC and TERT. Probably the sequence analysis of
all components of the “telomere system or telosome”
will reveal the real contribution of telomere complex
genes mutations to the development of liver cirrhosis.
Together, the current data would suggest that telomere
attrition may play a role in the sequence of events
leading to cirrhosis. According to this view chronic liver
injury induces hepatocyte regeneration and therefore
an elevated cell turnover; hence increased telomere
shortening and cell senescence. Eventually, if the injury
persists, other cells, such as stellate cells become activated
leading to fibrogenesis[29]. Therefore telomerase mutations might be considered as genetic risk factors for
cirrhosis and telomere shortening as an important step in
its pathogenesis. A clinical implication of these findings
would be the future use of assay of telomerase gene
mutations in the selection and treatment of patients
with liver disease[7]. What is the relationship between
cirrhosis, HCC and telomere complex dysfunction? Since
carcinogenesis reactivate telomerase activity, it is not clear
yet if patients with telomerase mutations have a greater
predisposition to develop HCC after cirrhosis[7]. More
data and larger studies are needed to understand the real
impact of telomere dysfunction on HCC development.
It is not known; neither is clear why some patients with
cirrhosis will develop HCC relatively early in the natural
history of cirrhosis whereas others with more advanced
stages of liver dysfunction do not develop HCC; if this
could be related to telomere dysfunction needs to be
investigated. Future studies with large number of patients
are needed to provide answers to these questions.
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REVIEW

Role of the diet as a link between oxidative stress and liver
diseases
Teresa Arrigo, Salvatore Leonardi, Caterina Cuppari, Sara Manti, Angela Lanzafame, Gabriella D’Angelo,
Eloisa Gitto, Lucia Marseglia, Carmelo Salpietro
in the total antioxidant capacity of individuals and
reduced incidence of diseases related to oxidation, can
modulate the degree of oxidative stress. In fact, dietderived micronutrients may be direct antioxidants, or
are components of antioxidant enzymes, leading to
improvement of some indicators of hepatic function.
However, although their increased dietary intake might
be beneficial, literature data are still controversial. This
review summarizes what is known about the effects
of diet nutrients on oxidative stress, inflammation and
liver function. Moreover, we have analyzed: (1) the
main nutritional components involved in the production
and/or removal of free radicals; and (2) the role of free
radicals in the pathogenesis of several hepatic diseases
and related comorbidities.
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Core tip: Nutritional intake is a fundamental determinant
of health. Recently, it has been observed that dietary
supplementation has hepatoprotective and anti-oxidant
effects. The aim of this review was to summarize the
molecular changes promoted by diets and to underline
the relationship between diet, oxidative stress and liver
disease.

Abstract

Arrigo T, Leonardi S, Cuppari C, Manti S, Lanzafame A,
D’Angelo G, Gitto E, Marseglia L, Salpietro C. Role of the diet
as a link between oxidative stress and liver diseases. World J
Gastroenterol 2015; 21(2): 384-395 Available from: URL: http://
www.wjgnet.com/1007-9327/full/v21/i2/384.htm DOI: http://
dx.doi.org/10.3748/wjg.v21.i2.384

Oxidative stress is caused by an imbalance between
the production of reactive oxygen (free radicals) and
the body’s ability (antioxidant capacity) to readily
detoxify the reactive intermediates or easily repair the
resulting damage. An adequate diet, characterized by
daily intake of foods associated with improvements
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apoptotic bodies can also stimulate Kupffer cells to
generate ROS, which further enhance apoptosis, and
the release of cytokines and chemokines that contribute
to the activation of hepatic stellate cells into myofibroblasts [12]. Myofibroblasts, through nicotinamide
adenine dinucleotide phosphate, can also induce the ROS
synthesis, and the release of adhesion molecules for T
lymphocytes and natural killer T-cells. Finally, myofibroblasts generate an extracellular matrix resistant to
degradation mediated by metalloproteinases[13].
The consequence of these numerous interactive
cellular and molecular pathways is to perpetuate and to
enhance hepatic tissue injury. Specific dietary nutrients
can interfere in the aforementioned pathways, potentially
modulating the conversion of highly reactive FR to
relatively inert radicals.

INTRODUCTION
Dietary elements have long been known to play a critical
role in the physiological or pathological response to tissue
inflammation and oxidative stress (OS). Accordingly,
deficiency or excessive production of most dietary nutrients can impair the balance between the anti- and prooxidant agents, also causing liver diseases. Although few
studies have evaluated the histological signs in hepatic
diseases after adequate and/or inadequate dietary
intake[1,2], the involvement of nutrition and OS in the
pathogenesis of liver dysfunction has been assessed[1,3,4].
In fact, specific micro- or macro- nutrients may play
a critical role in liver cell integrity, influencing fibrosis,
inflammation, and degree of liver steatosis caused by
OS. Therefore, it is useful to understand the underlying
mechanism for the production and removal of free
radicals (FR) and/or other reactive species. FRs, including
superoxide anions, hydroxyl radicals, and hypochlorous
acid, show “two faces” in biology. They may be released
in the liver as a consequence of physiological (e.g., signal
transduction, gene transcription, phagocytosis, hepatic
detoxification, and metabolic pathways) and pathological
conditions (e.g., inflammation and necrosis) [5-7]. The
impairment of antioxidant defense mechanisms (e.g.,
superoxide dismutase, catalase and glutathione peroxidase,
and glucose 6-phosphate dehydrogenase) could permit
enhanced free radical-induced tissue damage. Therefore,
reactive oxygen species (ROS)-mediated injury to membranes, proteins, DNA and RNA, generation of pro-inflammatory cytokines, activation of spindle cells, and
finally fibrogenesis can occur[8,9]. The main targets of OS
are the endoplasmic reticulum (ER) and mitochondria.
The ER regulates the synthesis and release of membrane proteins. The maintenance of its function requires
high concentrations of intra-ER Ca2+. Several injuries
induce a decrease in physiologically high intra-ER Ca2+
levels that result in impaired ER function, also known as
“ER stress”, promoting apoptosis, hepatic stellate and
Kupffer cells recruitment, and synthesis of inflammatory
cytokine-inducible factors[10].
Although mitochondria can control the oxidative
balance, under continuous stressful stimuli they collapse
and become producers of oxidative damage[11]. In fact,
mitochondrial fatty acids are normally transferred to the
β-oxidation pathway. Fatty acid overload can lead to an
imbalance between increased delivery of electrons to the
respiratory chain and their decreased outflow from this
chain, causing accumulation of ROS and peroxidation
products. Thus, mitochondria represent the main source
of ROS. Furthermore, ROS attack mitochondrial DNA
and promote accumulation of DNA mutations, which,
in turn, lead to further ROS synthesis[11]. Additionally,
by inducing collagen gene expression, lipid peroxidation
products can stimulate fibrogenesis and apoptosis.
The released apoptotic bodies can activate hepatic
stellate cells and convert them, through transforming
growth factor b1, platelet-derived growth factor and
endothelial growth factor, into myofibroblasts. Moreover,
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Nutrition and hepatic oxidative
stress
Literature data support the usefulness of anti-oxidant
activities of micro- and macro- nutrients to prevent
many human diseases (e.g., neoplasia, inflammation, autoimmune diseases). On the other hand, growing evidence
suggests that hypo- and hyper-nutrition are associated
with a higher likelihood of cellular oxidation[14], mediated
by specific nutrient pathways.
Here, we discuss the role of micro- and macro- nutrients intake on the development hepatic disease.
Proteins
Proteins, including amino acids (e.g., arginine, citrulline,
glycine, histidine, and taurine), small peptides (carnosine),
and nitrogenous metabolites (e.g., creatine and uric acid)
directly scavenge ROS and also inhibit inducible-nitric
oxide synthase (iNOS) expression in various cell types,
including hepatocytes[15]. However, when the capacity of
this antioxidant system decreases, the level of inactivated
ROS rises. ROS-mediated modification might alter
both protein structure and function. OS may induce
reversible and irreversible changes in proteins. Reversible
alteration, generally involving cysteine, can modulate the
function of a protein. Irreversible modification, usually
lysine, results in a permanent loss of function and may
contribute to the degradation and the accumulation
of proteins into cytoplasmic inclusions[16]. Moreover,
oxidized proteins are highly susceptible to proteolytic
attack by proteasomes. Thus, a dietary deficiency of
protein is associated with decreased synthesis of antioxidant enzymes and an increased superoxide anion
release. Likewise, protein malnutrition can also cause
steatosis, modulating the expression of lipolysis and
lipid utilization genes in liver[17]. Proteins are involved
in several mechanisms of hepatic fat storage. In fact,
an adequate protein diet was associated with: (1) major
metabolic rates and mitochondrial oxygen consumption;
(2) increased β-oxidation of fatty acids; and (3) elevated
bile acids levels which, in turn, inhibit lipogenesis[18].
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Finally, proteins in the hepatic tissue, produce a large
amount of energy.
In animal models, it has been reported that insufficient protein intake causes a deficiency of micro-nutrients
(zinc) and serum albumin levels[14,19]. In fact, plasma free
iron values are elevated in malnourished patients. Some
studies suggested that the increased tissue free iron
concentrations likely result from low concentrations of
hepatic iron-binding proteins (ferritin, transferrin, and
lactoferrin)[20].
An increment in dietary protein content has been
noted to prevent the likelihood of liver fat accumulation
in excessive fat intake in humans[21].
However, recently, an increased protein intake has
been shown to stimulate the generation of ROS, and lipid
peroxidation in human polymorphonuclear leukocytes
and mononuclear cells[22].
For these reasons, a high-protein and low-carbohydrate
diet is not typically used in children because of their
low energy intake, which might compromise the child’s
growth[23]. However, this type of diet is preferred, for a
short time, to induce a rapid weight loss in obese children
affected by non-alcoholic fatty liver disease (NAFLD)[23].
In conclusion, although the exact mechanism remains
to be elucidated, an adequate quality and quantity of
protein intake might be helpful in fatty liver disease.

higher triglyceride values were previously associated with
major fructose intake in children affected by NAFLD[27].
Moreover, mineral deficiency, metabolic imbalance, and
higher release of ROS can further favor fructose-induced
NAFLD [27]. Recently, a study in normal-weight and
overweight children showed that total fructose intake was
the only dietary factor that significantly predicted lowdensity lipoprotein particle size[28].
However, it has been also reported that changes in the
quality of carbohydrates intake did not influence hepatic
functionality. In fact, isocaloric exchange of fructose for
other carbohydrates seems not induce NAFLD changes
in healthy subjects[29].
Lipids
Fat is an important component of the normal human
diet. It is a source of energy and provides essential fatty
acids and fat-soluble vitamins. However, saturated fatty
acids (SFAs) and polyunsaturated fatty acids (PUFAs) can
have adverse effects on human health. Although SFAs
promote OS-resistant states in the liver and protect it
against OS[30], studies have demonstrated that SFAs are
more toxic than unsaturated fats. High SFA intake leads
to a proinflammatory status resulting from an imbalance
in lipid signaling pathways and increased production of
inflammatory cytokines (e.g., TNF-α, IL-6)[31]. Moreover,
SFAs promote endoplasmic reticulum stress as well
as hepatocyte injury. In fact, accumulation of SFAs in
the liver leads to impaired mitochondrial metabolism
and increased markers (ROS) related to endoplasmic
reticulum stress. This latter, in turn, contributes to hepatic
apoptosis progression[32].
The accumulation of SFAs in the hepatocytes can
promote apoptosis by intrinsic and extrinsic pathways.
The intrinsic pathway of cell death includes: (1) ROSinduced stress that affects the endoplasmic reticulum,
mitochondrial membranes, and lysosomes; and (2) lipid
peroxidation that increases the serum ROS levels[33]. The
extrinsic pathway is mediated by death ligands, such as
Fas (a key death receptor belonging to the TNF-receptor
family) and TRAIL (TNF-related apoptosis-inducing
ligand), which subsequently stimulate TNF-α production.
TNF-α consequently induces the upregulation of proapoptotic molecules and, finally, cell death[34].
If overeating SFA promotes hepatic damage and
visceral fat storage, an excess energy from PUFA may
contribute to perpetuate liver injury. PUFAs are essential
fatty acids, which are crucial for normal growth and
health, and are not synthesized in the body of mammals.
PUFAs exhibit anti-inflammatory action by suppressing
pro-inflammatory cytokine production, macrophages
and hepatocytes[35]. ω-6 PUFAs (e.g., linoleic acid, alphalinoleic acid, and arachidonic acid) contribute to the
regulation of fatty acid synthesis and oxidation in the
liver. However, high intake of ω-6 PUFAs may increase
lipid peroxidation, iNOS expression, FR production
and oxidative DNA damage in many cell types such

Carbohydrates
Epidemiologic studies have implicated foods containing
high concentrations of carbohydrates in the etiology
of liver diseases. In fact, high carbohydrate intake, by
activation of specific transcription factors, promotes
hepatic steatosis and insulin resistance. The most
common simple carbohydrates, glucose and fructose, can
result in relatively high glycemic index values. High glycemic index foods stimulate excessive and prolonged
insulin secretion, which increases deposition of fats and
leads to major serum non-esterified free fatty acid values
into circulation and in the hepatocytes mass. According to
these findings, subjects affected by hepatic disease should
avoid high carbohydrate intake, especially fructose[24],
which, by inducing depletion of adenosine triphosphate
(ATP), causes arrest in protein production, favors inflammatory proteins release, alters endothelial function, and
stimulate OS[25]. Several adult studies have found links
between higher consumption of total carbohydrates and
nonalcoholic steatohepatitis (NASH) and the metabolic
syndrome. Although fructose’s role in human NAFLD
is unknown, it is hypothesized that in addition to OS,
lipid peroxidation, cytokine activation, nitric oxide (NO)
and ROS, endogenous toxins of fructose metabolites
can further lead to hepatic fat accumulation[26]. Fructose
promotes intestinal permeability leading to portal
overload of endotoxins, pro-inflammatory factors [tumor
necrosis factor-alpha: TNF-α)], and fatty acids in the
liver[27].
Lower serum high-density lipoprotein levels and
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as macrophages, muscle and liver cells. Higher fatty
acids levels in portal or systemic circulation promote
visceral and hepatic fat deposits, mediated by decreased
synthesis of lipoproteins and export of lipids from the
liver. Subsequently, liver fatty infiltration may also cause
decreased fatty acid oxidation and hepatic steatosis[36].
ω-3 PUFAs (e.g., α-linolenic acid, eicosapentaenoic acid,
docosahexaenoic acid) inhibit lipogenesis and stimulate
fatty acid oxidation in the liver[23]. In rodents, ω-3 PUFAs
may influence body composition and obesity. Major
intake of ω-3 PUFAs may decrease fat accumulation,
mainly visceral fat, and reduce body weight when already
obese[37]. It has been suggested that ω-3 PUFAs may
activate a metabolic change in adipocytes, including
increased β-oxidation, suppressed lipogenesis, decrease
fat accumulation and higher apoptosis. Additionally, ω-3
PUFAs seem to reduce prostaglandin synthesis, even
more than ω-6 PUFAs[38].
Liver-specific responses, such as regulation of blood
glucose homeostasis, sinusoidal blood flow within the
liver, properties of the trans-endothelial barrier within
the liver, synthesis and release of important other
mediators like cytokines, growth factors or NO, and liver
fibrogenesis, are mediated or regulated by prostaglandin
E2 (PGE2)[39]. Appropriate PGE2 levels are generated
through the activation of constitutive cyclooxygenase-1
(COX-1) in hepatocytes. PGE2 plays a crucial role in
liver pathophysiology via essentially hepatoprotective
functions, such as inhibiting the generation of ROS,
preventing leukocyte migration, improving hepatic insulin
and lipid metabolism and regulating the production of
inflammatory cytokines[40]. On the other hand, PGE2
also induces the expression of inflammatory cytokines,
which can, in turn, enhance the production of ROS[41].
Previously, Mater et al[42] suggested that ω-3 PUFAs
combines with the specific site on the COX-1 enzyme
that converts ω-6 PUFAs into prostaglandins. Moreover,
they can also act as the precursor of prostaglandins;
however, their activity is 2-50 times lower than the
prostaglandin produced by ω-6 PUFAs. It has also been
observed that ω-3 PUFAs influence the synthesis of
inflammation resolution mediators by neutrophils [43].
In animals, the anti-inflammatory effect was correlated
with overexpression of antioxidant genes (glutathione-Stransferases, uncoupling protein-2 and Mn-SOD)[44]. In
humans, however, data are controversial. An insufficient
ω-3 PUFAs intake was promotes susceptibility to hepatic
inflammation in children with NAFLD[45]. Although it
has been reported that ω-3 PUFAs ameliorate hepatic
circulation, mediated by suppression of local and
systemic proteins, including high-mobility group box 1
(HMGB1)[46-48], an adequate dietary intake of ω-3 PUFA
did not reflect systemic pro-inflammatory cytokines
and protein levels[49].
It has been reported that diet integration with ω-3
PUFAs might facilitate hepatic metabolic adaptation from
in utero nutrition to the postnatal diet, by increasing fatty
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acid oxidation and modifying glucose and amino acids
to anabolic pathways[50]. In addition to normocaloric/
normolipidic diet, ω -3 PUFAs treatment correlated
with the best metabolic parameters results (lower rise of
serum triglycerides, glycemia, and cholesterol levels in
serum) and reversed the liver histopathological results[51].
Recently, Chahal et al[37] assessed that ω-3 PUFAs supplementation was not significantly effective in treating
hypertriglyceridemia in pediatric patients. Although the
mechanism remains unclear, it has been proposed that
ω-3 PUFAs, in addition to total parenteral nutrition (TPN)
and weight reduction therapy[52], reverse or improve
abnormal liver tests in children[53]. To date, studies are
insufficient regarding the types, amount, and duration of
the intake of PUFAs in children[54].
Vitamins
Many vitamins play an important role in preventing
radical induced cytotoxicity by inhibition of iNOS
activity, its gene transcription and NO production.
Vitamins also directly scavenge ROS and upregulate the
activities of antioxidant enzymes[15].
Among them, vitamin E (α-tocopherol) is thought
to be one of the most important micronutrients that
inhibit ROS-induced release of lipid peroxyl radicals,
protecting cells from pro-oxidants and OS. Vitamin
E, acting as a chain-breaking antioxidant, prevents
the propagation of FR in membranes and in plasma
lipoproteins. When peroxyl radicals are formed, these
quickly react with vitamin E (Vit EOH). The hydroxyl
group of tocopherol reacts with the peroxyl radical
to form the corresponding lipid hydroperoxide and
tocopheryl radical (Vit E-O). This latter, by binding
vitamin C, returns vitamin E to its reduced state[55]. The
interaction of vitamins E and C has led to the hypothesis
of the “antioxidant network”, also knows as “vitamin
E recycling”, by which the antioxidant function of
oxidized vitamin E is continuously restored by other
antioxidants[56]. During phlogosis, this mechanism also
reduces mast cell activation. Mast cells are activated by
oxidized lipoproteins, resulting in increased expression
of inflammatory cytokines and suggesting the reduction
of oxidation of low-density lipoprotein by vitamin E[57].
Therefore, a dietary deficiency of vitamin E reduces
the activities of antioxidant enzymes (such as liver GSH
peroxidases, glutathione reductase, and catalase) and leads
to increased hepatic lipid peroxidation. Fortunately, all
these negative effects can be reversed by dietary vitamin
E supplementation[58]. However, the efficacy of vitamin
E remains controversial in the treatment of liver diseases,
including NAFLD. Several experimental studies assessed
the potential protective role of vitamin E and showed
that it improves the clinical symptoms of NAFLD[59],
enhances glucose metabolism [60], and correlates with
lower serum transaminase levels[61]. Moreover, Vitamin
E, decreases histopathological damage (including degree
of steatosis, inflammation and fibrosis) in adults and
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children[62-64]. However, other authors did not confirm
these data[65-67].
Currently, randomized controlled trials in children
have not demonstrated uniformly the beneficial effects
of vitamin E on the long-term outcome of NAFLD
patients. The TONIC trial did not find a significant
correlation between the vitamin E and control groups
in improving serum alanine aminotransferase levels,
steatosis or hepatic inflammation. However, increased
resolution of hepatocyte ballooning was observed in the
vitamin E subjects[64].
In humans, vitamin C, a water-soluble electron donor,
plays a protective role against FR-induced OS. Vitamin
C inhibits peroxidation of membrane phospholipids and
acts as a scavenger of FR (superoxide, singlet oxygen, and
hydroxyl radicals) and is also required for one-electron
reduction of lipid hydroperoxyl radicals via the vitamin
E redox cycle[67]. Vitamin C prevents hepatic storage
of 8-hydroxydeoxyguanosine, a marker of DNA injury,
and hinders hepatocellular growth. Moreover, vitamin
C arrests bacteria internalization and translocation by
increasing the transepithelial membrane resistance[68] and
enhancing the ability of neutrophils to kill bacteria. In
the presence of bacteria, ascorbate levels in neutrophils
increase to protect these cells against damage by ROS
that they previously produced[69].
In an experimental model, ascorbate’s anti-fibrotic
action, attributed to decrease in the oxidative stress,
hepatic stellate cells activation, cytotoxicity and mRNA
expression of fibrotic genes, has been also been reported[70]. The aforementioned positive effects of vitamins could provide a rationale for dietary vitamin C
intake in individuals. However, the supplementation of
vitamin C as further liver treatment is still controversial.
A Cochrane database meta-analysis, analyzing six trials
that used a combination of selenium, vitamin C and
vitamin E to evaluate their effects on the NAFLD,
found no evidence to support or refute them as useful
treatments [71]. Intervention studies with vitamin C
have shown no change in markers of oxidation or in
clinical benefit. In fact, in children, authors reported no
additional effects of using vitamin C or E on weight
loss and a possible histological improvement in patients
affected by NAFLD [1,72]. Perhaps these controversial
data are related to different administration doses. Dose
concentration studies of vitamin C in healthy people
showed a sigmoidal relationship between oral dose and
plasma and tissue vitamin C concentrations. Hence,
optimal dosing is critical for intervention studies using
vitamin C[73].
Vitamin B12 is an essential cofactor that plays important roles in one-carbon metabolism, which is required for the maintenance of intracellular DNA synthesis and methylation. In fact, vitamin B 12, serving
as a cofactor for methionine synthase, cystathionine
synthase, and cystathionase, and as a substrate (5-methyltetrahydrofolate) for methionine synthase, helps to reduce
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the risk of OS-mediated homocysteine[74]. The liver is the
principal storage site of vitamin B12. Consequently, serum
Vitamin B12 levels reflect liver function. In fact, it has
been reported that vitamin B12 and hepatic enzyme serum
levels are correlated, especially in alcohol-dependent liver
disease[74].
Vitamin B12, through epigenomic mechanisms related
to imbalanced acetylation/methylation, influences cell
proliferation, differentiation and apoptosis. In addition,
vitamin B12, by ER stress stimulation, impairs fatty acid
oxidation and energy metabolism in the liver[75]. Therefore, increased serum vitamin B12 levels have been attributed to the release of the vitamin from the liver
during hepatic necrosis and decreased hepatic synthesis
of transcobalamins Ⅱ, an essential element for tissue
binding of vitamin B12[75].
Minerals
Studies on most micronutrients are complicated by the
fact that the nutrients have several roles.
Selenium, a cofactor of numerous enzymes (e.g.,
glutathione peroxidase, selenoprotein P, and other selenoproteins) has a protective role against peroxidative
and/or FRs damage and mitochondrial dysfunction[76].
In humans, deficiency of selenoproteins causes liver
necrosis and hepatic cell death by OS. Furthermore, low
serum selenium levels have been found in patients with
chronic liver disease[77].
Magnesium is involved in ATP-mediated reactions.
Deficiency of dietary magnesium reduces glutathione
reductase activity, and results in generation of ROS
and increased susceptibility to lipid peroxidation, and
marked lesions in tissues (e.g., skeletal muscle, brain, and
kidney)[78].
Manganese is a component of several enzymes involved in fatty acid and cholesterol biosynthesis, as well
as mitochondrial pathways. Manganese is a cofactor
for a number of enzymes important for intermediary
metabolism, including the hepatic urea cycle enzyme
arginase. There are few well-described cases of manganese deficiency in the medical literature[14] and how
manganese affects normal metabolism in the liver remains unclear[79].
Copper, zinc and manganese are indispensable metals
for the activities of Cu, Zn-SOD and Mn-SOD, respectively[80].
The liver plays an important role in the disposition
of copper, which can be used for protein and energy
production. Consequently, abnormal copper metabolism
can also cause oxidative damage and hepatotoxicity.
Mitochondria are the first responders involved in copper
homeostasis. In an animal model, Cu2+ induced a concentration and time-dependent rise in mitochondrial ROS
formation, lipid peroxidation, cytochrome c expulsion,
mitochondrial swelling and collapse, and finally cell death
signaling. Interacting with respiratory complexes (Ⅰ, Ⅱ,
and Ⅳ), Cu2+ caused decreases the ATP concentration
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and the ATP/ADP ratio mitochondria, favoring liver
toxicity[81]. Synthesis of ROS, tissue failure and hepatocyte
death are also observed in human disease progression,
such as un Wilson disease (WD). Liver damage in WD
appears to involve two different pro-oxidants mechanisms: synthesis of ROS, mediated by the Haber-Weiss
reaction [82], and apoptosis through the activation of
acid sphingomyelinase and consequent production of
ceramide[83,84].
The liver plays a central role in zinc homeostasis,
removing it from albumin in the blood and distributing it
to the body as needed. Zinc acts as an essential cofactor
for enzymes that are necessary to counteract hepatic
OS[85]. Cirrhotics show increased urinary zinc loss and
can become zinc deficient[77].
Liver is an important site for iron, a cofactor for important biological biochemical reactions, including the
transport of oxygen and electrons via cells, oxidative
phosphorylation, energy production, DNA synthesis, cell
growth or apoptosis and gene expression[20]. However,
iron’s bioavailability is limited because its accumulation
can enhance OS and related toxic effects. Therefore,
iron deficiency and overload are generally regarded as
causes of diseases involving OS and lipid peroxidation[86].
Patients with iron deficiency anemia are more sensitive
to agents that induce OS [87,88]. On the other hand,
daily iron supplementation resulted in increased lipid
peroxidation and abnormal iron accumulation; although
intermittent supplementation (once every 3 d) alle-viated
these effects[89]. It is thought that iron overload, mediated
by mobilization of peripheral fat to the liver and development of hyperinsulinemia, promotes insulin resistance.
Therefore, the syndrome of “insulin resistance-associated
iron overload” was hypothesized in the presence of
unexplained hepatic iron overload in patients with insulin
resistance[90].
Increased iron storage has been linked with more
advanced stages of NAFLD, via increased inflammation
and oxidative stress[91].
Increased iron accumulation in NAFLD might be
the results of decreased serum iron export protein
levels, ferroportin, induced by the decrease of the iron
regulatory peptide, and hepcidin. Generally, synthesis
of hepcidin is upregulated by phlogosis and increased
iron stores. Hepcidin in turn leads to the degradation of
ferroportin and iron release[92]. In patients with NAFLD,
increased expression of hepcidin and lower expression
of ferroportin could favor iron accumulation and,
consequently, OS and inflammation[93]. Iron overload
is also very common in many types of non-biliary
cirrhosis, and in end stage liver disease, including hemochromatosis. When liver iron overload is excessive, OS,
involving production of iron catalyzed oxygen radicals,
represents the main mechanism of liver injury, DNA
alterations, and higher risk of cancer in patients affected
by hemochromatosis[94].
Although the degree of necro-inflammation did
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not differ, iron stores were reported to be also elevated
in patients with chronic hepatitis C compared to those
with chronic hepatitis B[95]. HCV infection is probably
associated with increased hepatic iron concentration
and deposition (Kupffer cells and portal macrophages),
higher serum transferrin saturation, and serum ferritin
levels. Additionally, serum iron values were reported to
be correlated with progression of liver disease and degree
of hepatocyte necrosis[96]. Moreover, iron overload can
activate hepatic stellate cells and promote the synthesis
of collagen, contributing to hepatic fibrogenesis[97].
Probiotics
Probiotics, also known as “good bacteria” or “helpful
bacteria,” are live microorganisms (e.g., bacteria), which
are beneficial to health and are either the same as or
similar to microorganisms found naturally in the human
body (Lactobacillus or Bifidobacterium)[98].
Probiotics play a pivotal role in NAFLD and NASH,
obesity-related hepatocarcinogenesis, alcohol-related
disorders, portal hypertension and obstructive jaundice[6,99,100].
Patients with hepatic diseases showed an impaired
gut-liver axis, which contributes to increase blood levels
of endotoxemia (lipopolysaccharides, LPS) and chronic
low-grade inflammation. Generally, LPS disseminates
into the systemic circulation in two different ways: via a
portal vein or through the lymphatic system. Underlying
liver disease caused patients to report an increased gut
permeability which promotes bacterial overgrowth and
translocation, and increased expression of pro-inflammatory molecules (iNOS, ROS), which in turn promote
major gut and sinusoidal permeability, increased proinflammatory cytokines and cells (e.g., neutrophil), and
mitochondrial damage[7,99-101].
The use of probiotics to manage liver injury is
attributed to a variety of their health benefits. Probiotics,
which increase cellular permeability and compete with
pathogens for binding, improve colonization resistance
to gut pathogens by reinforcing the mucosal barrier and
restoring normal gut micro-ecology[102,103]. Probiotics
can activate and modulate the immune system, and
reinforce gut defense by immune exclusion, elimination
and regulation[104,105]. The link between gut microbiota,
liver inflammation, and immune system involves toll-like
receptors (TLRs), which are important mediators between
the environment and the immunological response[106]
and endogenous substances, such as short-chain fatty
acids and HMGB1. TLRs involved in the pathogenesis
of NASH are TLR2 (for lipoproteins and glycolipids in
bacteria adhering to myeloid dendritic cells, mast cells
or monocytes), TLR4 (for palmitic- stearic and lauricacid, and LPS of B cells myeloid dendritic cells, mast
cells, monocytes and intestinal epithelium) and TLR9 (for
unmethylated CpG DNA-bacterial particles)[100,107].
Additionally, probiotics reduce hepatic triglyceride
contents, ameliorate adipose tissue inflammation[108],
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perpetuating lipid peroxidation[121].
Thirdly, TPN might lead to impairment of the gastrointestinal immune system and the development of
infections. The factors facilitating this process include: (1)
abnormal proliferation and translocation of bacteria[122];
(2) decreased neutrophilic opsonic activity[123]; (3) atrophy
of intestinal mucosa and related reduction of serum IgA
levels; and (4) reduction of T-helper and IL-2 producing
cells[124].
Finally, light exposure to nutrient mixtures affects
hepatobiliary responses and histological changes.
When TPN was administered intravenously, no damage
was noted. Additionally, the severity of TPN-liver
damage could be correlated with the duration of TPN
administration[125].
In contrast to these data, an observational study
assessed that, although the TPN-group showed some
signs of increased OS, there were no signs for oxidative
damage, compared with control-group. Moreover, the
activity of the underlying disease was not correlated
to increased OS[126].Other authors confirmed that an
increase in OS bio-markers are not necessarily related to
the route of pharmaconutrition (TPN); however, it might
occur independently[127].
In the light of these data, to reduce the risk of liver
disease related to TPN, several management strategies
have been proposed recently, including reformulation of
standardized parental nutrition. It has also been proposed
that an optimal dose and type of parental lipid should be
provided to minimize hepatic injury[128].

and induce anti-oxidative enzymes that prevent the
progression of NASH to hepatocellular carcinoma[58].
In animal models with portal hypertension, by reducing
bacterial translocation, probiotics decreased the OS
and/or increase vasodilator factors leading to improved
endothelial dysfunction in the mesenteric artery [109].
Moreover, an experimental study investigated the role of
probiotics in obstructive jaundice. The authors reported
that probiotics (Lactobacillus plantarum), by activating
the protein kinase C pathway, could decrease intestinal
epithelial cell apoptosis, reduce OS, and prevent tight
junction disruption in biliary obstruction[101].
Although, Cochrane meta-analysis[110] did not approve
or refute the use of probiotics as a therapeutic option
for patients with NAFLD/NASH, several recent studies
showed encouraging preliminary results[111,112]. Compared
with controls, patients with liver diseases had initially
decreased Bifidobacterium and Lactobacillus levels and
their serum ALT, AST and GGT values were elevated
significantly. After treatment, the group who received
probiotics had significantly increased Bifidobacterium and
Lactobacillus levels and decreased serum liver enzyme
levels compared with patients receiving the placebo[113].
This evidence confirmed both gut-liver axis malfunction
and the possible useful role of probiotics in the treatment
of liver diseases.

TPN and hepatic oxidative stress
TPN is life saving in patients with clinical problems
that preclude enteral diet for a long period. However,
long-term TPN-related complications, especially liver
dysfunction, have been reported and confirmed by a
biological significant increase of cytolysis[114,115]. Several
possible mechanisms of TPN-induced liver dysfunction
have been hypothesized. Firstly, TPN promotes alteration
of some trace elements in hepatocytes. Depletion in the
hepatic copper concentration might cause a decrease
in the activity of antioxidant and detoxifying enzymes.
A parallel depletion of zinc, a cofactor of tissue matrix
metalloproteinase that degrades collagen, could induce
the accumulation of the extracellular matrix, finally
leading to the development of hepatic fibrosis and
cirrhosis[116,117].
Secondly, TPN administration favors hepatic lipid
accumulation, especially in children[118]. In addition to
increased lipid synthesis, accelerated mobilization of
fat deposits, impaired fatty acids oxidation and lipid
accumulation leads to steatosis, mitochondrial and ER
damage, activation of caspases, and consequent Fas
ligand/TNF-α-mediated apoptosis. TPN also causes the
depletion of carnitine, a compound necessary for the
transfer of free fatty acids from the hepatic cytoplasm
into the mitochondria. The cytosolic concentration of
choline, a nutrient for lipoprotein release, also decreases,
promoting lipid storage in hepatic cells[119,120]. Moreover,
TPN favors lipid peroxidation by providing PUFAs and
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CONCLUSION
Although it is very difficult to correlate the biochemistry
of a dietary intake with the pathophysiology of hepatic
disease, diet significantly attenuates the relationship
between OS and liver inflammation. In fact, dietary
interventions may reduce the impact of hepatic diseases
and could be useful in the treatment and prevention of
progression to more severe disease. However, although
the anti-oxidant properties of the diet are known, investigations into the relationship between the diet and OS
are still limited, and most studies were conducted on a
single diet element. We believe that the evaluation of
combined and parallel roles of nutrients on inflammation
and OS might be more helpful. Additionally, the potential
correlation between diet nutrients and serological,
histopathological, and molecular markers should be
investigated.
Finally, the knowledge of enzymatic and nonenzymatic oxidative defense mechanisms will serve as
a guiding principle for establishing the most effective
nutrition intake to ensure adequate biological support,
especially in patients affected by liver diseases. Investigations into the relationship between the dietary intake
and OS mediators, which are enhance the inflammatory
response directly and/or indirectly, are needed.
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The urgent need to expand the donor pool in order to
attend to the growing demand for liver transplantation
has obliged physicians to consider the use of suboptimal
liver grafts and also to redefine the preservation
strategies. This review examines the different methods
of liver graft preservation, focusing on the latest
advances in both static cold storage and machine
perfusion (mp). The new strategies for static cold
storage are mainly designed to increase the fatty
liver graft preservation via the supplementation of
commercial organ preservation solutions with additives.
In this paper we stress the importance of carrying out
effective graft washout after static cold preservation, and
present a detailed discussion of the future perspectives
for dynamic graft preservation using mp at different
temperatures (hypothermia at 4 ℃, normothermia
at 37 ℃ and subnormothermia at 20 ℃-25 ℃).
Finally, we highlight some emerging applications of
regenerative medicine in liver graft preservation. In
conclusion, this review discusses the “state of the art”
and future perspectives in static and dynamic liver graft
preservation in order to improve graft viability.
Key words: Static cold preservation; Suboptimal liver
grafts; Preservation solutions; Graft washout solutions;
Machine perfusion and liver bioengineering
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This review focuses on the latest advances in
liver graft preservation, in both static cold storage and
dynamic preservation by machine perfusion (mp). We
describe some new trends for static cold preservation
based on our experience; we stress the importance of
developing washout solutions and the use of mp for
suboptimal liver grafts. Finally, we discuss emerging
applications of regenerative medicine in liver graft
preservation.
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function of the organ and tissue during storage so
that the graft will be viable at reperfusion. To date,
the predominant organ preservation method used by
most centers is SCS. The principles of SCS are based
on the diminution of metabolism by hypothermia. The
appropriate preservation solution is infused into the
organ (the cooling phase) and then stored statically[4].

INTRODUCTION

Cooling
SCS is the most widely used method for preserving
organs for transplantation. Cooling is necessary to reduce
cellular metabolism and the oxygen requirements in order
to prevent tissue injury[5].
In order to obtain viable organs after long-term
preservation, various methods have been proposed,
ranging from organ freezing and vitrification [6,7] to
“supercooling” (subzero non-freezing at 0 ℃ to -5 ℃)[8-11].
In general, long-term survival rates after transplantaion
using these methods are disappointing.
However, in a recent study by Berendsen et al[12],
the combination of “supercooling” (cold preservation
at -6 ℃ ) with other parameters achieved effective
preservation of liver grafts for 4 d. This promising new
technique comprises three steps: first, “supercooling”
of the organ at -6 ℃ to reduce the cellular metabolism;
second, subnor mother mic mp at 21 ℃ (see the
dynamic preservation section below), which reinitiates
the metabolism and replenishes ATP levels, and third,
the use of two preservatives, 3-O-methyl-D-glucose
(3-OMG) and polyethylene-glycol 35 (PEG35). Each
of these conditions is necessary to achieve successful
liver transplantation[13]. With this in mind, supercooling
techniques may be a potentially useful tool for suboptimal
livers which are currently discarded for transplantation
purposes, and may have great impact on global organ
sharing.

Liver transplantation is the definitive treatment option
for end-stage liver diseases. Besides the immunological
mechanisms of graft rejection, liver transplantation
outcome is also limited by ischemia-reperfusion injury
(IRI). IRI is a complex multifactorial process caused,
principally, by the energy depletion during graft cold
storage in preservation solutions (cold ischemia) and
the subsequent production of oxidative stress and
inflammatory events after graft revascularization in the
recipient (reperfusion)[1]. IRI is associated with delayed
graft function and primary graft failure, which remains
one of the major clinical problems following liver
transplantation.
A common strategy to reduce ischemic injury following explantation from the donor is the rapid cooling
of the organs with the use of a preservation solution
to minimize enzymatic activity and energy substrate
depletion. In recent decades, major advances have been
made in the area of liver preservation, including the
development of new preservation solutions. Their emergence has helped to decrease hypoxic injury and has
reduced graft vulnerability against reperfusion insult.
Currently, the high increase in demand for organs
has obliged physicians to use suboptimal grafts in
order to increase the organ supply for transplantation.
Suboptimal or extended criteria donor (ECD) livers
include organs characterized by steatosis, old donor
age, prolonged cold ischemia or donation after cardiac
death (DCD)[2,3]. It is well known that suboptimal livers
present increased vulnerability to IRI, and are associated
with graft dysfunction and long-term survival problems
after surgery. For this reason, preservation methods for
suboptimal livers need to be exhaustively explored in
order to identify the ones that are the most suitable for
graft conservation.
Machine perfusion (MP) has emerged as an alternative
preservation strategy to static cold storage (SCS). MP is
already routinely used for kidney transplantation, but a
great deal is still to be done before it can be regularly used
in clinical liver transplantation. In this review, we examine
the SCS and MP techniques in detail, describing the latest
advances in the development of preservation solutions
for liver grafts and providing some proposals and new
strategies in order to improve current graft preservation
methods.

Preservation solutions
Although cold is a fundamental requirement for tissue
preservation, it has harmful repercussions due to the
induction of cell swelling[14] and cytoskeletal alteration[15].
This was in part the reason for the development of commercial
organ preservation solutions able to prevent many of the
cellular alterations associated with hypothermia and to
mitigate the harmful effects of cooling.
Euro-Collins (EC) solution was developed in the
1970s as a high potassium-sodium solution (intracellular
composition) which does not contain oncotic agents but
does contain glucose. Given that glucose is impermeable
to renal cells, this preservation solution was suitable
for kidney preservation when relatively short times
were needed or DCD organs were used. However, the
permeability of the liver and pancreatic cells to glucose
leads to the loss of the osmotic effect, and also causes the
subsequent anaerobic metabolization of glucose, inducing
intracellular acidosis and thus limiting cell preservation.
This is why glucose was later substituted by other larger
sugar molecules such as lactobionate and raffinose in

STATIC COLD STORAGE
The main goal in organ preservation is to maintain
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In IGL-1 preservation solution, HES was substituted
by a PEG with a molecular weight of 35 KDa (PEG35),
and the high K +/low Na + ratio was reversed. Both
experimental[24,25] and clinical[26-28] studies of liver and
kidney transplantation have shown the beneficial effects
of IGL-1 against apoptosis, endoplasmic reticulum stress,
microcirculation dysfunction and immune response.
Moreover, in previous studies of cold preservation and ex
vivo perfusion, we have reported that IGL-1 contributes
to a more efficient preservation of both non-steatotic
and steatotic rat liver grafts compared to UW[29-31], The
beneficial effects of IGL-1 include prevention of hepatic
damage, oxidative stress and mitochondrial injury, and
are mediated through nitric oxide (NO) production. So
IGL-1 is the first solution reported to be advantageous in
SCS of suboptimal livers.
Moreover, a PEG of smaller size, PEG20, is the basic
component of another solution for organ preservation:
the SCOT, which furthermore contains low K+/high Na+
concentrations. SCOT was reported to show a higher
renal protection against the immune response, mainly
due to the “immunocamouflage” process provided
by PEG20 [32]. PEG20 at 15 g/L has been found to
reduce alloantigen recognition after liver reperfusion
in comparison to UW solution[33]. Even so, the use of
PEG35 as oncotic agent has been shown to be more
effective than PEG20 for liver graft preservation[34].

Table 1 Additives for improving static cold storage in
University of Wisconsin and Institute Georges Lopez preservation solutions
Additive
TMZ
EGF + IGF-1
IGF-1
EGF
ML
BZ
SV
BZ, MG132
ML + TMZ
CAII

Preservation solution

Ref.

UW, IGL-1
UW
IGL-1
IGL-1
IGL-1
UW, IGL-1
UW
UW
IGL-1
IGL-1

[25,30]
[45]
[44]
[46]
[43]
[51,117]
[64]
[50]
[38]
[54]

TMZ: Trimetazidine; EGF: Endothelial growth factor; IGF: Insulin growth
factor 1; ML: Melatonin; BZ: Bortezomib; SV: Simvastatin; CAII: Carbonic
anhydrase Ⅱ; UW: University of Wisconsin; IGL-1: Institute Georges
Lopez.

University of Wisconsin (UW) solution, which remains in
the extracellular space and preserves its beneficial effect.
The use of the UW preservation solution improved organ
preservation time from 6 to 16 h[16].
The efficacy of UW solution is based on the prevention of edema by impermeants (raffinose, lactobionate), and the addition of an ATP precursor (adenosine) and anti-oxidant components (allopurinol, reduced
glutathione). Drawbacks include the presence of
hydroxyethyl starch (HES) as oncotic support, which has
been associated with high blood viscosity and consequent
tissue saturation with the preservation solution. As a
result, washout of blood from the graft and blood flow
during reperfusion may be reduced [17,18]. In addition,
the high K+ concentration is associated with cellular
depolarization and activation of voltage-dependent
channels[19]. The problems caused by HES and K+ led to
the development of other preservation solutions without
oncotic agents such as Celsior and HTK (Custodiol)
and others with PEG as oncotic agent, such as Institute
Georges Lopez solution (IGL-1) and Tissue and Organ
Conservation Solution (SCOT).
Celsior was developed initially in the 1990s as a
cardiac preservation solution with a low potassium
and high sodium composition. Due to its extracellular
composition, Celsior was also adopted for the preservation of abdominal organs as an alternative to UW.
Other solutions without oncotic agents such as histidinetryptophan-ketoglutarate solution (HTK) were also
developed. HTK presents low viscosity and for this
reason provides more rapid cooling and better washout
of blood elements during organ procurement than UW.
Celsior and HTK solutions have been extensively used
for liver transplantation[20-22]. However, some limitations
for HTK use have recently been described. Stewart et
al[23] reported that HTK is associated with reduced graft
survival in case of additional risk factors such as DCD,
cold ischemia time over 8 h, and donors over 70 years
when compared to UW solution.

WJG|www.wjgnet.com

Modification of static preservation solutions
The extended use of commercial preservation solutions
has improved the conditions of liver graft preservation,
but with the increasing use of suboptimal grafts it
seems necessary to explore new alternatives in order to
prolong the ischemia times and increase graft quality
during cold storage. Along these lines, new additives have
been proposed to improve static liver graft preservation
when UW and IGL-1 solutions are used (Table 1).
Although these alternatives are promising and have been
successfully applied in animal models, they require further
investigation before they can be implemented in clinical
transplantation.
Anti-ischemic drugs: Previous work in kidney[35,36],
liver[37,38] and heart[39-41] models has demonstrated the
anti-oxidant action of trimetazidine (TMZ), an antiischemic drug. The addition of TMZ to UW solution
was tested in both steatotic and non-steatotic rat livers
after cold storage and ex vivo perfusion[25]. The enrichment
of UW solution with TMZ reduced hepatic injury by
diminishing microcirculatory dysfunction, oxidative stress,
and mitochondrial damage. In the same experimental
conditions, supplementation of IGL-1 solution with
TMZ offered better liver graft preservation than IGL-1
solution alone and induced significant activation of
hypoxia inducible factor-1α (HIF1α) and increased NO
production[30]. The benefits of TMZ have been shown
clinically in patients undergoing hepatic surgery under
vascular clamping[42]. This would suggest that TMZ has
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potential for use as an additive in commercial preservation
solutions for clinical transplantation purposes.

we have observed that fatty livers preserved in IGL-1
solution supplemented with CAⅡ showed lower injury,
better function and major reductions in liver apoptosis
parameters[54]. So CA enrichment of preservation solutions is an up-and-coming approach for improving the
preservation of suboptimal liver grafts.

Hormones: Melatonin (ML), a hormone produced by
the pineal gland in a circadian manner, has been shown
to be highly beneficial for enhancing resistance of both
steatotic and non-steatotic livers against IRI when added
to IGL-1. ML decreased hepatic injury by overexpression
of endothelial NO synthase (e-NOS) and Heme Oxygenase-1, and reduced mitochondrial damage and
oxidative stress[43]. These protective effects of ML in
fatty liver graft preservation were further potentiated by
addition of TMZ to IGL-1 + ML solution[38]. Protective
mechanisms were dependent on AMPK activation.
Furthermore, UW and IGL-1 solutions enriched with
trophic factors like epidermal growth factor and insulinlike growth factor-1 enhanced the resistance of steatotic
livers to IRI, partly due to Akt and eNOS signaling
activation, and reduced cytokine release[44-46].

Statins: Statins, or the 3-hydroxyl-3-methylglutaryl
coenzyme A inhibitor family, are a group of drugs known
to decrease cholesterol levels and treat dyslipidemias[55].
They also have a variety of anti-inflammatory, antioxidant
and immunoregulatory effects[56,57] and they maintain the
endothelial barrier by activation of eNOS and subsequent
production of NO[58-60]. Due to their various effects,
statins have been proposed as effective pharmacological
agents against IRI in both normal and steatotic livers[61-63].
UW supplementation with simvastatin (a synthetic analog
of statin) prevented the deleterious effects of cold
storage in endothelial cells, due to the enhancement of
vasoprotective pathways, thus improving liver viability[64].
With this in mind, the supplementation of IGL-1 with
simvastatin could promote the NO generation induced by
IGL-1 solution alone, and may contribute to preventing
the exacerbated microcirculation complications existing
in fatty liver grafts after revascularization. In addition,
increased levels of NO could contribute to stabilize
cytoprotective factors such as HIF-a, which are generated
as an adaptive response to the hypoxic conditions that
characterize cold preservation[30].

Proteasome inhibitors: The ubiquitin proteasome
system (UPS) is an energy-dependent system that degrades misfolded proteins and regulates various cellular
processes[47]. It has been established that proteasome
activation is a pathophysiologically relevant mechanism
of cold ischemic myocardial injury. A subset of 26S
proteasomes appears to be a cell-destructive protease
that is activated as ATP levels decline[48]. The addition
to UW solution of epoxomicin, a proteasome inhibitor,
reduced cardiac edema and preserved the ultrastructural
integrity of the post-ischemic cardiomyocyte[49]. In liver,
we have recently demonstrated that the addition of the
reversible UPS inhibitors bortezomib (BRZ) and MG132
to UW solution improved steatotic and non-steatotic liver
preservation, and that the protective effect of BRZ was
superior to that of MG132[50]. Supplementation of IGL-1
solution with BRZ also showed protective effects which
were partially mediated through the activation of AMPK
and Akt/mTOR signaling[51].

New potential additives: some considerations
Sirtuin activators: Sirtuin1 (SIRT1) is a deacetylase
that regulates the activity of various non-histone and
histone proteins and as a result is involved in various
cell processes such as apoptosis and oxidative stress[65-68].
SIRT1 induces AMPK activation through LKB1
deacetylation, and favors NO production by e-NOS
activation[69,70]. Further, in a recent study published by
our group, we mentioned that SIRT1 is involved in the
beneficial effects of ischemic preconditioning, partly via
AMPK and eNOS activation[68]. Consequently, addition
of SIRT1 activators in preservation solutions may be
a promising strategy for prolonging storage periods;
SIRT1 activators may activate AMPK and maintain the
cell energy status, and may also increase NO levels and
alleviate microcirculation disturbances, especially in fatty
livers. Preliminary data obtained from our laboratory
showed that SIRT1 is a differential marker in steatotic
and non-steatotic livers during cold preservation. Since
SIRT1 activity requires high NAD + levels, NAD +
activators may also contribute to better liver graft
preservation by activating not only SIRT1, but also other
members of sirtuin-family such as Sirtuin3 (SIRT3).
SIRT3 is located in the mitochondria and affects the
acetylation status of various mitochondrial proteins[71].
Enhancement of SIRT3 activity could thus achieve better
mitochondrial preservation and prevent reactive oxygen

Carbonic anhydrase Ⅱ: Carbonic anhydrase (CA) are
Zn-metalloenzymes that catalyze the reversible reaction
between carbon dioxide hydration and bicarbonate
dehydration. Recently the function of CAs has aroused
great interest, as they contribute to the transport of
CO2 and protons across the biological membranes and
are involved in pH regulation, CO 2 homeostasis and
biosynthetic reactions such as gluconeogenesis, lipogenesis and ureagenesis. In mammals 16 different
CAs are found, with different amino acid sequences,
enzymatic properties and sites of expression[52]. Since
carbonic anhydrase Ⅱ (CA Ⅱ ) also contributes to
acid-base homeostasis[53], we suggest that it could be
modulated in conditions of liver preservation and that its
addition to the preservation solution could be an efficient
strategy for reversing pH alterations provoked by cold
ischemia. Indeed, in preliminary studies at our laboratory,
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species (ROS) production during reperfusion.

DYNAMIC PRESERVATION: MACHINE
PERFUSION TECHNIQUES

Nrf2 activators: Moreover, recent studies have demonstrated the importance of Nrf2 in IRI models [72-74].
Nrf2 is activated under conditions of oxidative stress
and induces the transcription of anti-oxidant enzymes
in order to eliminate redox stress. Nrf2-deficient livers
exhibit enhanced liver injury upon IRI[75]. Consequently,
we propose the use of Nrf2 activators in preservation
solutions in order to alleviate oxidative stress during
reperfusion.
All in all, extensive studies in experimental models
have proposed modified preservation solutions in order
to extend cold storage and to maintain graft viability
as far as possible. Since IRI is a multifactorial process,
preser vation solutions could incorporate various
pharmacological agents in order to combine diffe-rent
protective mechanisms and thus improve liver preservation. Nonetheless, the use of pharmacological
agents may be limited by their potential toxicity and side
effects or their unsuitability for suboptimal grafts, and so
novel strategies of preservation should be developed.

For standard liver grafts, SCS with different preservation
solutions remains highly successful. However, with
the increasing need for organs in recent years, the use
of novel techniques for optimizing suboptimal graft
preservation is arousing interest.
MP consists of creating a controlled recirculating flow
of preservation solution through the organ using a pump.
This continuous perfusion permits better penetration
of the preservation solution, a thorough washout of
blood and equilibration of the interstitium with the
perfusate medium, delivery of oxygen and nutrients
(if the perfusate is oxygenated), and removal of toxic
metabolites (when the perfusate is renewed or filtered). In
addition, it allows real-time monitoring of the functional
and biochemical performance of the graft and the
provision of metabolic support during preservation[84].
Unlike the kidney, the MP protocol for the liver is
determined mainly by the temperature of preservation:
hypothermic (HMP) at 4 ℃, normothermic (NMP) at
37 ℃ and subnormothermic (SNMP) at 20 ℃ -25 ℃ .
Also, several flows and pressures (pulsatile or not),
single or dual perfusion (hepatic artery and portal vein),
oxygenation or non-oxygenation, and different MP
solution compositions have been tested in various liver
graft experimental models[85].

Liver graft wash out
After cold storage, the liver grafts preserved in commercial preservation solutions need to be washed out to
remove the solution before reperfusion and also to obtain
the most suitable conditions for graft revascularization
and viability after transplantation. Although research into
rinse solutions is limited, recent data from our laboratory
show that washing out the liver grafts preserved in UW
for 24 h, with a rinse solution containing PEG35, is an
effective tool for reducing liver graft injury after two
hours of ex vivo perfusion[76]. PEG35 in the rinse solution
was associated with decreased oxidative stress and
mitochondrial damage, increased activation of AMPK,
and enhanced NO generation. In addition, it contributed
to restoring cytoskeleton integrity following IRI. In
contrast, when livers were preserved in IGL-1 solution,
these benefits were not evident, probably due to the
presence of PEG35 as oncotic agent (unpublished data).
It is well known that PEG molecules are watersoluble polymers of various molecular weights which
are non-immunogenic and non-toxic [77]. In general,
PEGs prevent the generation of ROS[78,79], enhance cell
survival pathways in hypoxia/reoxygenation conditions
and repair endothelial cell damage during post-ischemic
reperfusion [80,81]. PEG exerts its cytoprotective role
through the restoration of membrane integrity[15,78,81,82]
or by entering the cell through the disrupted membranes
and interacting with cellular organelles[83]. In hypothermic
hepatocyte preservation, PEG8 (8 kDa) prevented cell
swelling through a mechanism that was independent of
its osmotic properties[14].
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HMP
HMP is a dynamic cold preservation method at 4 ℃
which ensures homogeneous and continuous supply
of metabolic substrates to the graft during the ex vivo
period[86]. During HMP, aerobic metabolism decreases but
does not stop completely and the provision of metabolic
substrates allows the reduction of the cellular insults seen
during reperfusion.
HMP offers several advantages over SCS. Guarrera
et al[87] were the first to compare HMP to SCS in human
liver transplantation, and showed that HMP improves
graft function and attenuates classical biochemical
markers of liver preservation injury. Given the fact that
ROS accumulation during ischemia can lead to significant hepatocyte toxicity, HMP has been shown to
protect the rodent liver from ROS by a reduction in
glutathione depletion and superoxide anion release when
compared with SCS[88]. And in the case of suboptimal
livers, Bessems et al[89] showed that HMP improved both
hepatocellular and endothelial function while reducing
damage in a diet-induced rat fatty liver model.
In contrast to the kidney, in which successful HMP
does not necessarily depend upon oxygenation, oxygenated HMP (HOPE) has been developed as a means
of improving the quality of liver preservation in normal
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or ECD livers [90]. Oxygenated preservation enables
grafts to restore tissue homeostasis and to maintain the
functional integrity of hepatocytes during ischemia.
In a recent study, Schlegel et al [91] also described a
protective effect on the rodent biliary system using
HOPE in DCD grafts that underwent transplantation.
As expected, perfusion with the HOPE system decreased
the parameters of hepatocellular injury and lowered
immunogenic upregulation.

markers including bile production and liver enzymes can
be measured.
NMP is an emerging technology whose potential in
liver preservation has been described in several animal
studies, which have shown its superiority over SCS in the
preservation of liver grafts[96-98]. Interestingly, porcine and
murine models of DCD livers are significantly improved
by NMP compared to organs preserved by SCS[99,100].
Recently, Ravikumar et al[101] reported the first clinical
trial of transplanted livers with NMP. Their study
included 10 transplanted patients with relatively low risk
donors and recipients, and showed that NMP is safe and
feasible in human applications. This study opens up new
avenues for research into liver graft preservation with
NMP.
Recently, NMP has emerged as a novel tool for
decreasing steatosis in a process named “defatting”. In
a preliminary study using porcine livers, ex vivo normothermic perfusion for 48 h led to a 50% reduction in
lipid droplet size in perivenous hepatocytes, reaching the
size found in control lean livers[102]. Moreover, NMP of
steatotic livers from Zucker ob rats using a “defatting
cocktail” decreased the intracellular lipid content by
50% over 3 h of perfusion [103]. Decreasing steatosis
prior to transplantation by short term NMP would allow
the transplantation of severely steatotic livers and thus
alleviate the donor liver shortage.

Perfusates for HMP: In general, the composition of
perfusate solutions used for HMP is based on a reformulation of UW solution, in which lactobionate is
replaced by gluconate. This solution, named Belzer-MP
solution (Belzer-MPS), continues to be the predominant
perfusion solution.
Bessems et al [92] described a new HMP solution,
Polysol, which contains amino acids, histidine, glutamine,
tryptophan, ascorbic acid and α-tocopherol. Their studies
show that Polysol improved liver preservation compared
to Belzer’s MPS, with lower enzyme release and increased
bile production. Vasosol has also been proposed as an
efficient alternative for HMP[87]. Its composition is based
on Belzer-MPS but it is supplemented with antioxidants
(N-acetyl-cysteine), metabolic substrates (a-ketoglutarate,
L-arginine) and vasodilators (prostaglandin E1 and
nitroglycerin). Recently, the benefits of Vasosol have been
improved by the addition of a-tocopherol to further
enhance antioxidant properties when HMP is used[93].

Perfusates for NMP: NMP requires advanced metabolic
support since the organ is fully metabolically active.
Therefore, typically diluted blood-based perfusates are
used. More recently, a solution initially described for lung
perfusion has also been applied to liver grafts[104]. Steen is
a buffered extracellular solution containing dextran and
albumin at an optimized colloid osmotic pressure.
For defatting purposes, the perfusate developed
contains different compounds to activate nuclear receptors
such as PPARs, pregnane X receptor, and constitutive
androstane receptor in order to exert an insulin-mimetic
effect and to stimulate intracellular cAMP. This liquid
was added into Minimum Essential cell culture medium
as a perfusate to stimulate the lipid metabolism of
obese rat liver grafts preserved using NMP. With this
cocktail, a significant decrease (50%) in steatosis was
observed after 3 h of NMP[103]. A recent study showed
that the supplementation of this cocktail with L-carnitine, together with hyperoxic exposure, abolished the
sensitivity of macrosteatotic hepatocytes to hypoxia
reoxygenation (H/R)[105].

SNMP
Recently it has been suggested that the use of SNMP
systems may be suitable for ex vivo preservation and
recovery of human liver for transplantation. SNMP is
an intermediate status for graft conservation, using subthermic conditions (20 ℃-25 ℃), taking advantage of the
lower metabolic demand in sub-physiological temperature
conditions, while still maintaining sufficient metabolism
for viability testing and improvement of graft function.
SNMP has already proven advantageous in reducing
markers of biliary injury during preservation and in
restoring normal biliary physiology[94]. A recent study by
Bruinsma et al[95] is the first demonstration of the capacity
of SNMP to sustain human livers. This group showed
that SNMP effectively supports the human liver ex vivo
with minimal injury, and normalizes physiological postischemia disturbances.
NMP
The principle of normothermic perfusion is the maintenance of normal cellular metabolism in a physio-logical
environment throughout the preservation period by
maintaining normal temperature (37 ℃) and providing
oxygen and essential substrates[96]. This ensures largescale metabolic activity and the maintenance of energy
reserves such as ATP content. NMP has the advantage of
allowing viability assessment prior to transplantation. As
the liver metabolism is maintained during preservation,
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BIOENGINEERING IN LIVER GRAFT
PRESERVATION
In the context of liver graft preservation, bioengineered
human livers represent an opportunity to test new
solutions and liver preservation methods, thus potentially
bypassing the requirement of precious and scarce human
organs. Bioengineering allows quicker and cheaper
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because they have already suffered severe tissue damage
secondary to hypoxia during the initial period of warm
ischemia. Additional damage to the organ due to
hypothermic conditions may limit the ability to restore
cellular function, because metabolic activity is decreased
at low temperatures.
The growing need to use suboptimal livers and
to expand donor pool is accompanied by the drive to
improve current preservation techniques before transplantation. In this situation, there has been renewed
interest in liver graft preservation using machine perfusion. Both HMP and NMP have been found to be
beneficial in preserving normal and suboptimal livers,
and their relative merits are currently being debated.
More basic research and randomized controlled trials are
needed. As for SNMP preservation, it remains relatively
unexplored at present.
Studies on the cost-effectiveness of MP and SCS will
continue over the coming years, but considerable support
for MP is beginning to emerge. Table 2 summarizes its
advantages and disadvantages for liver preservation. It
seems clear that MP strategies will play an increasing role
and that their use should be optimized, including the
subsequent development of new perfusion solutions.
With this in mind, the future of liver MP preservation
will also depend on the composition of perfusion
solutions. At present, little attention is being paid to the
potential advantages of adding cytoprotective, immunomodulating, pro-regenerative components to the MP
solutions.
It is well known that PEG protects cell membranes; it
has already been used as a colloid in machine perfusion,
just as it was previously in SCS. The development of
different PEG molecules could establish new frontiers
in the design of new perfusion solutions for application
in MP techniques and may increase graft conservation in
the future. The revitalization of steatotic livers through
defatting agents represents another interesting future
application, given that the worldwide incidence of
severely steatotic livers is expected to rise together with
the increase in obesity rates.
Finally, bioengineering is another area with great
potential for graft preservation in clinical transplantation.

Table 2 Advantages and disadvantages of machine perfusion
preservation
Advantages

Disadvantages

Continuous nutrients and oxygen supply
Continuous monitoring of organ viability
Removal of metabolic waste products
Extended preservation time
Better preservation of microcirculation
Potential “rescue” of suboptimal organs

Logistically complex
High cost
No optimized conditions
Need for trained personnel

development and transfer to the clinic[106].
Over the past few years, organ bioengineering has
come of age. The seminal study by Ott et al[107] in 2008 on
heart decellularization and recellularization paved the way
for whole organ bioengineering. After this initial study of
the heart, many other organs followed. In 2009, Baptista
et al[108] described the first methods for liver, pancreas
and kidney decellularization and recellularization, and
their paper was followed by an exponential growth of
publications by many other authors.
Currently, with several solid organs already successfully
bioengineered and under further development by
several groups around the world, this technology has
huge potential. However, bioengineered organs are still
not available to the transplant surgeon as alternative
grafts. There are already several applications that can
be addressed and extended with the current generation
of bioengineered organs and their acellular scaffolds.
Most of these applications, like drug metabolism[106],
organ/tissue physiology[106,107,109,110], matrix biology[111],
developmental biology[111,112], and stem cell biology[113] are
perfectly complemented by these novel bioengineered
human tissues which will open up exciting new experimental avenues.
In the particular context of normothermic perfusion,
the enabling bioreactor and culture media technology
developed in the bioengineering process of livers may
constitute a new body of knowledge that can help
further the development of NMP for liver preservation,
due to the similarities of the conditions used[114]. Finally,
the use of normothermic perfusion bioreactors in
liver preservation and bioengineered human livers may
also provide a better route and environment for ex vivo
administration of mesenchymal stem cells. The use of
these cells has been proposed as a novel way to attenuate
IRI and to downregulate the alloimmune response
(adaptive immunity) and promotes engraftment after
transplantation[115]. This has been demonstrated for rat
kidneys, thus raising the hope that it may also work in the
liver and other solid organs[116].
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and treatment decisions. In hemodialysis subjects,
acute infections are usually asymptomatic and anicteric;
since spontaneous viral clearance is very uncommon
in this context, acute infections should be treated as
soon as possible. In KT recipients, the occurrence
of acute hepatitis C can have a more severe course,
with a rapid progression of liver fibrosis. In these
patients, it is recommended to use pegylated interferon
(PEG-IFN) in combination with ribavirin, with doses
adjusted according to estimated glomerular filtration
rate. There is no evidence suggesting that chronic
hepatitis C exhibits a more aggressive course in CKD
subjects under conservative management. In these
subjects, indication of treatment with PEG-IFN plus
ribavirin relies on the CKD stage, rate of progression
of renal dysfunction and the possibility of a preemptive
transplant. HCV infection has been associated with
both liver disease-related deaths and cardiovascular
mortality in hemodialysis patients. Among those
individuals, low HCV viral loads and the phenomenon
of intermittent HCV viremia are often observed, and
sequential HCV RNA monitoring is needed. Despite the
poor tolerability and suboptimal efficacy of antiviral
therapy in CKD patients, many patients can achieve
sustained virological response, which improve patient
and graft outcomes. Hepatitis C eradication before
KT theoretically improves survival and reduces the
occurrence of chronic graft nephropathy, de novo glomerulonephritis and post-transplant diabetes mellitus.

Abstract

Key words: Hepatitis C virus; Chronic kidney disease;
End-stage renal disease; Hemodialysis; Kidney transplantation; Diagnosis; Conservative management;
Therapy

Hepatitis C virus (HCV) infection is highly prevalent
among chronic kidney disease (CKD) subjects under
hemodialysis and in kidney transplantation (KT)
recipients, being an important cause of morbidity
and mortality in these patients. The vast majority of
HCV chronic infections in the hemodialysis setting are
currently attributable to nosocomial transmission. Acute
and chronic hepatitis C exhibits distinct clinical and
laboratorial features, which can impact on management
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Core tip: In this review, we discuss the most recent and
relevant literature regarding diagnostic aspects, clinical
features, outcomes and therapy of chronic hepatitis C
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plays a significant epidemiological role in developing
countries, the vast majority of HCV chronic infections
in the hemodialysis setting are currently attributable to
nosocomial transmission through hand-borne transmission or by the use of contaminated medication
vials, such as saline, anesthetic drugs and unfractionated
heparin (UFH)[6,9,12]. Although single dose low molecular
weight heparin (LMWH) has been increasingly used
(particularly in Western Europe), UFH provided in multidose vials is the anticoagulant of choice for most maintenance hemodialysis units all over the world, which
possibly contributes to HCV transmission when standard
precautions are not strictly adopted[13,14].
Since there is a paucity of data for individuals on
peritoneal dialysis, this review will focus on diagnostic
aspects, clinical outcomes and therapeutic options for
hepatitis C in CKD patients receiving conservative
management, undergoing hemodialysis, and after kidney
transplantation.

in subjects with chronic kidney disease, in the context
of conservative management, hemodialysis, and kidney
transplantation. In addition, antiviral regimens are
summarized and treatment algorithms are proposed.
Carvalho-Filho RJ, Feldner ACCA, Silva AEB, Ferraz MLG.
Management of hepatitis C in patients with chronic kidney
disease. World J Gastroenterol 2015; 21(2): 408-422 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v21/i2/408.
htm DOI: http://dx.doi.org/10.3748/wjg.v21.i2.408

INTRODUCTION
Over the last two decades, there has been a large body of
evidence that supports an intimate relationship between
liver and kidney diseases. In the same way that several
causes of renal injury can occur in patients with acute
liver failure or chronic liver disease, a variety of hepatic
lesions can develop in subjects with chronic kidney
disease (CKD). Although drug-induced liver injuries,
non-alcoholic fatty liver disease and hepatic iron overload
are relatively frequent in CKD patients, hepatitis C virus
(HCV) infection remains the most common and severe
cause of liver disease in this population[1].
HCV infection is a major public health issue, which
affects approximately 2.8% of the world’s population[2,3].
HCV infection is highly prevalent among CKD subjects
and, consequently, in kidney transplant (KT) recipients[4,5].
In spite of the reduction in HCV seroconversion rates in
hemodialysis units, prevalence is still substantially higher
than in general population, ranging from 10% to as high
as 59%, according to the geographic area[6,7]. A recent
meta-analysis performed by Su et al[8] on the incidence
of HCV infection in hemodialysis patients confirmed
this high variability of incidence rates across regions,
with most of this heterogeneity probably related to the
level of country development and differences in the
primary prevalence of HCV infection in hemodialysis
units. By evaluating 22 studies, these authors found
a pooled incidence rate of HCV infection of 0.97
(95%CI: 0.66-1.29) in developed countries, and of
4.44 (95%CI: 2.65-6.23) per 100 patients in developing
countries[8]. Patients under renal replacement therapy,
particularly hemodialysis, are exposed to blood borne
pathogens, given the need for intravenous access, and
frequent catheter manipulation [9]. These patients are
frequently treated in close proximity to one another
and share supplies or equipment that can become
contaminated. Furthermore, breaches in infection
control practices can result in episodes of patient-topatient HCV transmission [10]. Time in hemodialysis,
previous renal transplant and presence of anti-HBc
antibodies are associated with HCV infection while use
of erythropoietin (EPO) and adherence to universal
precaution measures seem to protect against HCV
infection[11]. While transfusion of blood products still
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ACUTE HEPATITIS C
With the introduction of EPO and the consequent
reduction of blood transfusions in hemodialysis patients,
the main route of HCV infection is related to environmental transmission of the virus[15,16].
In hemodialysis patients, acute infections are usually
asymptomatic and anicteric. Despite the lower levels of
alanine aminotransferase (ALT) levels observed in CKD
patients[17,18], acute infections are often accompanied of
moderate ALT elevations (typically inferior to 10 times
the upper limit of normality), followed by anti-HCV
seroconversion in 90% of cases, one to seven months
after ALT elevation[16,19-21]. Systematic screening of ALT
and anti-HCV in hemodialysis patients are strongly
recommended (monthly for ALT and 6-monthly for antiHCV), and even small unexplained increase in serum
ALT levels should raise the suspicion of acute HCV
infection. The infection is confirmed by the detection
of HCV RNA in serum by polymerase chain reaction
(PCR) assay, which precedes the appearance of anti-HCV
antibodies by several weeks or months[22,23]. In the study
of Moreira et al[24], serum samples were collected monthly
for 1 year from 281 patients admitted for hemodialysis;
six patients seroconverted during the study (incidence
= 3.1/1000 person-month). In 1.8% (5/281) of cases,
RNA was detected before the appearance of antibodies
(up to 5 mo), and in 1.1% (3/281) of cases, RNA was the
unique marker of HCV infection.
Viral clearance is very uncommon in hemodialysis
patients, occurring in less than 5% of patients[16,19], and
therefore acute infections should be treated as soon as
the diagnosis is established, whenever possible. Given
that documentation of anti-HCV seroconversion is
generally feasible in the context of hemodialysis, a pretreatment liver biopsy is seldom necessary, unless a
differential diagnosis is required.
In non-uremic patients, data about treatment of
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Table 1 Studies on acute hepatitis C treatment in hemodialysis patients
Ref.

Süleymanlar et al
(1998)

[26]

Gürsoy et al
(2001)

[27]

Urbánek et al
(2004)

[28]

Al-Harbi et al
(2005)

[29]

Rocha et al
(2007)

[30]

[32]

Engel et al
(2007)

[33]

Liu et al
(2010)

n
Interferon
type
Schedule

3
IFN

36
IFN

18
IFN

9
IFN

23
IFN

10
PEG-IFN α2b

35
PEG-IFN α2a

4.5 MU tiw

3 MU or
6 MU tiw
48 or 24 wk
43%

1 μg/kg qw

135 μgv qw

16 wk
100%

10 MU +
3 MU tiw
3 wk + 12 wk
72%

3 MU tiw

Duration
SVR

3 MU or
6-10 MU tiw
12 wk
39%

24 wk
40%

24 wk
89%

12 wk
67%

Ferreira et al
(2011)

[31]

26
IFN
PEG-IFN α2a
3 MU tiw
or 135 μg qw
48 wk
54%

IFN: Interferon; PEG-IFN: Pegylated interferon; MU: Million units; tiw: Three times a week; qw: Once a week; SVR: Sustained virological response rate by
intention-to-treat analysis.

Table 2 Treatment regimens for hepatitis C virus infection in chronic kidney patients
Stage of CKD

Estimated GFR

Target dosage of ribavirin

Dosage of Interferon

1
2
3

≥ 90
60 to 89
30 to 59

800 to 1200 mg qd1
600 to 800 mg qd1
400 to 600 mg qd1

PEG-IFN α2a 180 μg qw
or PEG-IFN α2b 1.5 μg/kg qw

4
5

15 to 29
< 15 or HD

200 mg qd
Titrated according to patient tolerability2

PEG-IFN α2a 135 μg qw
or PEG-IFN α2b 1.0 μg/kg qw

1

Divided in two doses; 2See text for details. GFR: Glomerular filtration rate expressed in mL/min per 1.73 m 2; qd: Once a day; PEG-IFN: Pegylated
interferon; qw: Once a week; HD: Hemodyalisis.

acute hepatitis C are limited and heterogeneous regarding studied populations, regimens and duration of
treatment [25]. In hemodialysis patients data are even
scarcer, with small sample sizes. In addition, most studies
report results with standard interferon[26-31]. Only two
studies reported data of pegylated interferon (PEG-IFN)
in hemodialysis patients[32,33]. These two and six other
studies were evaluated in a meta-analysis about treatment
of acute hepatitis C in hemodialysis patients[34] (Table 1).
The global rate of sustained virological response (SVR)
was 59%, with 9% of dropouts. Although there were
no clear differences in efficacy or safety between PEGIFN and standard IFN, we suggest that PEG-IFN with
adjusted doses (Table 2) should be preferentially used,
for the sake of better patient compliance and comfort.
In non-uremic patients there is no evidence of additional
benefit of association with ribavirin[35] but there is no
data regarding its use in uremic patients. Nevertheless,
the recommendation is to treat HCV acute infection
with monotherapy PEG-IFN for six months, regardless
of the genotype. It is not recommended to wait 12 wk
for spontaneous clearance, since this occurrence is very
uncommon in CKD subjects.
In KT recipients, the occurrence of acute hepatitis
C can be associated with a more severe course, with a
rapid progression of fibrosis towards cirrhosis, including
the development of fibrosing cholestatic hepatitis or
vanishing bile duct syndrome [36-39]. For this reason,
antiviral therapy should be rapidly introduced, even if
poor tolerability and efficacy are expected. Although
there are no comparative studies with IFN monotherapy,
the better option would be the treatment with PEG-IFN
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in combination with ribavirin for 24 to 48 wk, with doses
adjusted according to estimated glomerular filtration rate
(eGFR) (Table 2).

CHRONIC HEPATITIS C BEFORE KIDNEY
TRANSPLANTATION
CKD patients under conservative management
The prevalence of HCV infection is higher in conservative management CKD patients than in general
population, being mainly related to parenteral exposure[40-44]. Clinical and laboratory features of chronic
HCV infection in CKD individuals under conservative
management are not well known, and additional studies
are needed to better understand the natural history
and clinical impact of chronic HCV infection in this
population. Nevertheless, the accuracy of ALT in detecting HCV infection is high[43,44], suggesting that ALT
is a good marker of this infection among pre-dialysis
patients, in contrast to individuals under hemodialysis[17].
In one study, 39 pre-dialysis patients with chronic HCV
infection were compared to HCV-infected hemodialysis
subjects[43]. Pre-dialysis patients were older, showed a
higher proportion of elevated aminotransferases levels,
higher inflammatory activity and more advanced fibrosis
on liver histology. However, since comparable fibrosis
progression rates were observed, there is no evidence
suggesting that chronic hepatitis C exhibits a more
aggressive course in CKD subjects under conservative
management. Interestingly, high HCV viral loads seems
to be common in these patients[43], in contrast to what is
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2
eGFR ≥ 30 mL/min per 1.73 m

Stable CKD

Unstable CKD
Progressive worsening
of renal function

Observe

1

PEG-IFN plus ribavirin

Stabilization

Treat when in
hemodialysis

Figure 1 Treatment decision algorithm for hepatitis C virus-infected chronic kidney disease patients under conservative management. 1Adjusted doses
according to eGFR. eGFR: Estimated glomerular filtration rate; CKD: Chronic kidney disease; PEG-IFN: Pegylated interferon.

observed in hemodialysis subjects, who typically present
low levels of serum HCV RNA, a finding possibly related
to the clearance of HCV particles during dialysis[45-47].
Treatment decision relies on the CKD stage (based
on eGFR), rate of progression of renal dysfunction and
the possibility of a preemptive transplant. A treatment
decision algorithm is proposed in Figure 1. Although
antiviral therapy is feasible for subjects in all CKD stages,
for most patients with CKD stage 4 (eGFR of 15 to
29 ml/min per 1.73 m2) it is preferable to wait until
there is indication for initiation of dialysis. This waiting
attitude for CKD stage 4 patients is proposed only for
those without significant liver fibrosis, considering the
particularly low fibrosis progression rate and the poor
tolerability of these subjects, as well as the high risk
of further deterioration of kidney function and early
indication for renal replacement therapy[48,49].
Treatment schedule consists of PEG-IFN α2a and
ribavirin, with doses tailored to eGFR (Table 2), for 24
to 48 wk. Dose adjustment according to renal function
is particularly needed for ribavirin[50], which concentrates
in circulating red blood cells (RBCs) [51,52], causes a
relative adenosine triphosphate deficiency and increased
susceptibility to oxidative damage, leading to accelerated
RBC turnover and hemolytic anemia[53]. Therefore, in
CKD subjects, renal function and hemoglobin levels
should be carefully monitored during antiviral therapy,
due to the increased risk of ribavirin-induced anemia,
which can be severe in patients who frequently have
multifactorial anemia and other comorbidities (like
coronary artery disease). The use of EPO (up to 40000
IU/wk) improves tolerability and promotes the stability
of hematological parameters during treatment.

metabolic syndrome factors and/or by leading to a
chronic inflammatory state[57].
In CKD patients undergoing hemodialysis, HCV
infection has distinct clinical and laboratory features
as compared to the non-uremic population and KT
recipients, which can affect the management of those
subjects. The prevalence of advanced liver fibrosis is
lower (4% to 10%)[58,59], and progression to cirrhosis
during hemodialysis seems to be uncommon [60]. In
addition, as mentioned above, for yet unknown reasons,
ALT levels are lower than those observed in non-uremic
patients, even in the presence of significant histological
damage, which hampers its utility as a marker of HCV
infection[18,61].
Anti-HCV has proven to be a reliable screening
test for HCV chronic infection in CKD patients [62].
Although false-negative tests have been observed with
first and second generation kits, this became rather
unusual with third generation enzyme immunoassays and
chemiluminescence assays[62,63].
It should be noted that, although these patients are
immunocompromised due to the underlying disease,
low HCV viral loads are typically observed[45-47]. The
mechanisms involved in this phenomenon are poorly
understood and are probably multifactorial. Filtration of
viral particles into the dialysate, adherence of the virus
to the surface of the dialysis membrane, and destruction
of viral particles during the dialysis procedure have
been proposed as potential mechanisms[46,47]. It is not
clear whether the type of dialysis would significantly
affect the clearance of HCV particles. However, it has
been suggested that HCV viral load is lower in CKD
patients under chronic hemofiltration [64]. Moreover,
the phenomenon of inter mittent HCV viremia,
characterized by low levels of serum HCV viral load
intercalated with episodes of undetectable HCV RNA,
has been commonly reported in CKD patients under
hemodialysis[46,65-68]. This event is responsible for falsenegative results in HCV RNA assays in 33% to 67% of
anti-HCV-reactive patients [46,65-68], which not only can
result in delayed treatment (or no treatment at all), but

CKD patients under hemodyalisis
HCV infection is an important cause of morbidity and
mortality in dialysis patients and has been associated with
both liver disease-related deaths (due to complications
of cir rhosis and hepatocellular carcinoma) and
cardiovascular mortality[54-56]. It is possible that HCV
contributes to atherogenesis through aggravation of
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ment of accurate noninvasive tests to estimate liver
fibrosis, especially among dialysis patients, in whom
a higher risk for liver biopsy complications has been
observed in most, but not all, studies[80,82-84]. Noninvasive
tests such as APRI (AST-to-platelet ratio index), FibroTest® and transient hepatic elastography have shown
good diagnostic performance to predict the severity
of liver fibrosis in hemodialysis patients with chronic
hepatitis C, and can be used as alternative methods to
liver biopsy for subjects with contraindications to the
procedure or for those who refuse to be biopsied[58,85-87].
Hepatitis C eradication before KT theoretically
improves survival and reduces the occurrence of chronic
graft nephropathy[88], de novo glomerulonephritis[89] and
post-transplant diabetes mellitus[90]. After transplantation,
viremia increases significantly[9] and progression of liver
fibrosis occurs[91,92], with an evident negative impact on
survival after 10 years of transplantation[93]. Moreover,
given the risk of treatment-induced graft dysfunction
and poor tolerance of interferon-based therapy, antiviral
therapy has limited indications in HCV-infected KT
subjects[94]. Thus, in KT candidates, treatment should be
offered regardless of the degree of histological injury,
with the goal of viral eradication. It is highly recommended that common clinical comorbidities such as
anemia, retinopathy and cardiovascular disease should be
identified and controlled before treatment.
There have been several trials of hepatitis C treatment
in hemodialysis patients, mostly uncontrolled and with
different therapeutic regimens. These trials have been
included in many meta-analysis[95-103], which are listed in
Table 3.
Overall SVR rates derived from meta-analysis appear
not to be very different for the use of standard IFN or
PEG-IFN. However, in a randomized, controlled trial,
viral load and use of PEG-IFN (vs standard IFN) were
predictive of SVR[104]. The addition of ribavirin seems to
provide a significant increase in SVR, but demands greater
care in pretreatment evaluation and in monitoring and
managing of anemia (including EPO supplementation).
Studies evaluating combined therapy with interferon
and ribavirin used ribavirin doses from 200 mg 3 times
a week up to 300 mg/d[105-115]. Dropout rates were highly
heterogeneous, ranging from 0% to 71%.
Given its easier dosing schedule and possible higher
efficacy, it is recommended to use PEG-IFN (preferably
PEG-IFN a 2a 135 µ g) once a week, after dialysis
session, in combination with ribavirin. The ribavirin dose
should be titrated according to patient tolerability, as
follows: an initial dose of 200 mg once a week is given,
followed by increments of 200 mg every two weeks until
the maximum dose tolerated (stable levels of hemoglobin
above 10 g/dL are often required). After stabilization of
ribavirin dosage (usually between 400 to 1200 mg/wk),
PEG-IFN is initiated and used for 24 to 48 wk (Figure 2).
HCV viral kinetics can be used to support clinical
decisions during treatment. Early virological response
has a positive predictive value of 67% to predict SVR

Table 3 Meta-analyses on the treatment of chronic hepatitis
C in hemodialysis patients
Year Trials (n )

Ref.
[95]

Russo et al
Fabrizi et al[96]
Gordon et al[97]

2003
2003
2008

Fabrizi et al[99]

2008

Fabrizi et al[101]
Fabrizi et al[102]

2010
2011

11
14
20
5
24
4
20
21
12
16
10

Fabrizi et al[103]

2014

11

Gordon et al[98] 2009
Alavian et al[100] 2010

1

Therapy

n

SVR

IFN
IFN
IFN
PEG-IFN
IFN
PEG-IFN
IFN
IFN
PEG-IFN
PEG-IFN
PEG-IFN +
RBV
PEG-IFN +
RBV

213
269
459
87
529
116
428
491
279
254
151

33% (21%-51%)
37% (28%-48%)
41% (33%-49%)
37% (9%-77%)
39% (32%-46%)
31% (7%-55%)
45%
39% (32%-46%)
39% (27%-52%)
33% (24%-43%)
56% (28%-84%)

287

60% (28%-97%)

1

Mean overall estimate for sustained virological response (range). IFN:
Interferon; PEG-IFN: Pegylated interferon; RBV: Ribavirin.

also contributes to environmental transmission of HCV
in dialysis units. Several physiopathogenetic mechanisms
have been proposed to explain the intermittent HCV
viremia, like heparin interference with the PCR assay used
for the detection of HCV RNA[69], mechanical extraction
of viral particles adhering to dialyzer membrane[47,70], and
induction of interferon production, hepatocyte growth
factor, or other cytokines with antiviral properties by the
hemodialysis procedure[71-73].
Therefore, isolated undetectable results of HCV
RNA should not be interpreted as absence of replication.
To better clarify HCV viral kinetics in this population, it
is recommended for all anti-HCV-positive CKD patients
on hemodialysis to perform sequential HCV RNA
monitoring by using a highly sensitive detection method
like reverse transcriptase-polymerase chain reaction (RTPCR) or transcription-mediated amplification[74-77].
Occult HCV infection could conceivably also represent a risk for nosocomial transmission of HCV
within hemodialysis units, as well as an additional risk of
reactivation and progressive liver disease after KT. However, a study evaluating 417 hemodialysis subjects found
only a single case of HCV RNA detectable in peripheral
blood mononuclear cells in the absence of HCV RNA in
serum, suggesting that occult HCV infection is very rare
in CKD patients in hemodialysis[63].
Although widely performed and accepted as the
gold-standard method to evaluate hepatic fibrosis, liver
biopsy is an invasive technique with associated morbidity [78]. CKD individuals frequently exhibit major
hemostatic disorders and hemorrhagic complications,
posing additional risks for patients undergoing invasive
procedures[79]. Transjugular liver biopsy is an alternative
procedure for obtaining liver specimens that has already
been evaluated in the CKD population[80,81]. Although
safe, this procedure is not widely available and frequently
provides small samples, which might underestimate
fibrosis staging. Hence, there is a need for the develop-
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Anti-HCV (+)

1

HCV RNA (+)

HCV RNA

HCV RNA (-)
Intermittent viremia?

Liver biopsy or
noninvasive test for
2
liver fibrosis

1 or 2 HCV RNA test(s)
1
in different sample(s)

With any
fibrosis stage

HCV RNA (+)

HCV RNA (-)

3

PEG-IFN plus ribavirin
for 24 to 48 wk

With or without SVR

No

KT alone

Cirrhosis with portal
hypertension
Yes

Combined liver-kidney
transplantation

Figure 2 Treatment decision algorithm for hepatitis C virus-infected chronic kidney disease patients under hemodialysis who are candidates for kidney
transplantation. 1By real-time PCR or transcription-mediated amplification; 2APRI, FibroTest or transient hepatic elastography; 3Adjusted doses (see text for details).
PEG-IFN: Pegylated interferon; KT: Kidney transplantation; SVR: Sustained virological response; HCV: Hepatitis C virus; KT: Kidney transplantation.

and a negative predictive value (NPV) of 75% in patients
receiving interferon monotherapy[98]. More recently, it has
been observed a NPV of 100% for SVR if HCV RNA is
detectable on week 12 of treatment[116].
Preliminary reports have suggested that first wave
HCV NS3/4A protease inhibitors telaprevir and
boceprevir could be used in CKD patients, with good
efficacy and safety profile[117-120]. There is no need for
dose adjustments for telaprevir or boceprevir since dialysis does not exert a substantial influence on the pharmacokinetics of the drugs[121,122]. It is possible that the
next generations of anti-HCV direct-acting antiviral
agents (DAAs), such as second and third waves NS3/4A
protease inhibitors, NS5A polymerase inhibitors, NS5B
polymerase inhibitors and cyclophillin inhibitors will
overcome the therapeutic barrier in this population,
especially when interferon-free and ribavirin-free regimens become available.
Patients with cirrhosis, particularly those with portal
hypertension, may have a decreased survival and increased
morbidity after renal transplantation[123]. In these cases,
a renal transplantation alone is contraindicated and
combined liver-kidney transplantation should be considered. For patients with compensated cirrhosis and
without significant portal hypertension, isolated renal
transplant appears to be safe[124,125]. In these subjects with
advanced fibrosis or cirrhosis, imaging monitoring and
upper endoscopy are recommended for the screening
of hepatocellular carcinoma and esophageal varices,
respectively.
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CHRONIC HEPATITIS C AFTER KIDNEY
TRANSPLANTATION
Although some studies have failed to find a negative
impact on clinical outcomes after KT[126,127], the majority
of studies so far reported indicate that HCV infection
is associated with increased liver-related mortality and
fibrosis progression among HCV-infected KT patients,
with a significant reduction in patient and graft survival,
possibly related to accelerated fibrogenesis and increased
liver damage induced by the use of immunosuppressive
regimens[88,91-93,123,128-133]. Recent evidence also suggests
that KT recipients with chronic HCV infection have
an increased risk of post-transplant de novo glomerulonephritis[89,90,134], diabetes mellitus[90,135], and azathioprine
hepatotoxicity[136].
In contrast to what is observed in CKD patients
under dialysis, HCV-positive KT recipients more often
present with false-negative anti-HCV results, even
with newer immunoassays[63,137]. In a recent study, 19
out of 417 KT recipients were HCV RNA-positive
and 3 of those patients (16%) were anti-HCV-negative
by using chemiluminescence immunoassays [63]. This
inability to mount an antibody response against HCV
is probably related to the immunosuppressive therapy.
Another consequence of immunosuppression is the
significant increase in HCV viral load, with no reports of
intermittent viremia so far[9,138]. Interestingly, similarly to
hemodialysis subjects, there is a very low prevalence of
occult HCV infection in KT recipients[63].
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Table 4 Studies on the treatment of chronic hepatitis C in kidney transplant recipients
Ref.

Year

n

Therapy

Interferon dose

Duration (mo)

SVR

Harihara et al[154]
Therret et al[155]
Magnone et al[156]
Rostaing et al[157]
Ozgür et al[158]
Yasumura et al[159]
Durlik et al[160]
Hanafusa et al[161]
Tokumoto et al[162]
Baid et al[163]
Tang et al[164]
Shu et al[165]
Izopet et al[166]
Sharma et al[167]
Pageaux et al[168]
Aljumah et al[169]
Sanai et al[170]

1994
1994
1995
1995
1995
1997
1998
1998
1998
2003
2003
2004
1997
2006
2009
2012
2013

3
13
11
14
5
6
11
10
6
12
4
11
15
6
8
19
32

IFN
IFN
IFN
IFN
IFN
IFN
IFN
IFN
IFN
IFN + RBV
IFN + RBV
IFN + RBV
IFN
IFN + RBV
PEG-IFNα2a
PEG-IFN + RBV
PEG-IFN + RBV

3-6 MU biw
3-5 MU tiw
1.5-5.0 MU tiw
3 MU tiw
4.5 MU tiw
6 MU tiw
3 MU tiw
9 MU tiw
9 MU tiw
3 MU tiw
3 MU tiw
1 MU tiw
3 MU tiw
3 MU tiw
180 μg qw
90-180 μg qw
135-180 μg qw

NA
About 4
6
About 5
6
About 7
About 6
6
6
Variable
12
12
About 5
About 12
6-12
12
12

NA
NA
NA
0%
NA
33%
0%
10%
50%
33%
50%
27%
0%
33%
50%
42%
38%

IFN: Interferon; MU: Million units; biw: Two times a week; NA: Not available; tiw: Three times a week; PEG-IFN: Pegylated interferon; RBV: Ribavirin; SVR:
Sustained virological response rate by intention-to-treat analysis.

There is still no consensus on the best immunosuppressive strategy in HCV-positive KT recipients.
Antiviral activity of cyclosporine A (CsA), probably
acting by antagonizing the effect of cyclophilin B on
HCV replication[139], has been demonstrated both in vitro
and in vivo[139-143], and it is possible that CsA may exert a
beneficial effect on necroinflammatory activity in HCVrelated liver disease among KT recipients[144-146].
Additional differences from hemodialysis patients
are the higher prevalence of advanced liver disease
in KT recipients [59,91,92], and the better accuracy of
aminotransferases for the prediction of significant
histological lesions[147-149]. Although liver biopsy is still
recom-mended to evaluate the severity of hepatic lesions
in patients on hemodialysis patients as well as in transplant recipients[150,151], several noninvasive methods for the
assessment of liver fibrosis have been studied in HCVpositive KT patients, including simple blood tests[58],
Fibro Test[85,152], and liver elastography[152,153], with fair
diagnostic performances. In selected cases, these methods
can be used as alternatives to liver biopsy. Screening
for hepatocellular carcinoma and esophageal varices is
indicated for patients with advanced fibrosis or cirrhosis.
As for antiviral therapy, there are several heterogeneous
studies including small series of HCV-infected KT
patients (ranging from 3 to 32 subjects), treated with
standard or pegylated IFN alone or in combination with
low dose ribavirin [154-170] (Table 4). Seventeen studies
have been compiled in 2 meta-analyses [94,171], and the
mean overall estimates for SVR with IFN monotherapy
(10 studies), IFN plus ribavirin (4 studies) and PEGIFN plus ribavirin (3 studies) were 16%, 36% and 43%,
respectively.
Despite initial concerns about increased risk of graft
dysfunction and loss, ranging from 0% to 40% in early
studies[159-162,166], more recent series have shown lower
graft rejection rates, between 0 and 5%[167-170]. Advances
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in immunosuppression therapy and the use of the less
immunogenic PEG-IFN are possible explanations for
this observation. However, dropout rates remain high
(mean incidence of 28%) and do not differ greatly
between early and recent studies[154-170], probably due to
the worse anemia found in those receiving IFN in combination with ribavirin.
AASLD and KDIGO guidelines recommend against
antiviral therapy for HCV-infected KT recipients, with
the exceptions of fibrosing cholestatic hepatitis or lifethreatening vasculitis[150,172]. Nevertheless, treatment with
PEG-IFN and ribavirin should be considered for patients
with advanced fibrosis, always taking into account time
after transplantation, eGFR and renal function stability.
With the aid of EPO supplementation (doses up
to 40000 IU/wk to maintain hemoglobin levels ≥ 10
g/dL), an initial ribavirin dose of 200 mg once a day
is given, followed by increments of 200 mg every two
weeks until the maximum dose tolerated, with target
dosage of ribavirin defined according to eGFR (Table 2).
After stabilization of ribavirin dosage (usually between
400 to 800 mg/d), interferon is initiated and used for
48 wk, irrespective of HCV genotype. Even in absence
of comparative trials, it is suggested to use PEG-IFN
(preferably PEG-IFN a2a 135-180 µg) once a week, in
combination with ribavirin (see Figure 3). There are no
studies supporting the use of DAAs for the treatment of
KT HCV-positive recipients, but it is expected that these
patients will benefit from interferon-free regimens.

SIDE EFFECTS OF ANTIVIRAL THERAPY
Treatment with IFN (standard or pegylated) and ribavirin
is associated with frequent and sometimes serious side
effects[173,174]. Among the latter are autoimmune diseases
(worsening or de novo thyroid disorders, diabetes mellitus,
psoriasis, etc.), significant hemolytic anemia and severe
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early dose reductions, and EPO supplementation are
the main strategies for the management of anemia in
this context. It should be mentioned that ribavirin can
carry an increased risk of birth defects, and proper
contraception during and up to six months after
therapy must be adopted. Minor side effects like cough
and skin rash also seem to be mostly associated with
ribavirin[173,174].
With the first-generation HCV protease inhibitors
(PIs), boceprevir and telaprevir, complex drug-to-drug
interactions and tolerability issues remain a concern[176,177].
Boceprevir is associated with an increased incidence of
anemia and dysgeusia and telaprevir is associated with an
increased incidence of dermatological disorders, anemia,
and anorectal symptoms[178-181]. An approximately 15%
to 26% increase in anemia incidence in patients under
triple therapy with boceprevir or telaprevir has been
observed[178-181]. In these patients, anemia is considered
the consequence of the combined effects of ribavirininduced hemolysis and the bone marrow suppression
of IFN and PI. In the same manner of dual therapy,
ribavirin dose reductions and EPO are used for the
management of anemia, although blood transfusions
are also frequently required. Dysgeusia and anorectal
symptoms are infrequently severe and often improve
under conservative measures and dietetic modifications.
A wide spectrum of dermatological disorders has been
described in approximately 50% of the patients treated
with first-generation PIs, particularly with telaprevir,
ranging from simple pruritus with or without rash to
severe skin reactions like Stevens-Johnson’s syndrome
or DRESS syndrome[182]. Emollients/moisturizers and
topical corticosteroids are sufficient for most cases (90%
to 95%), but dermatological consultations are frequently
needed for more severe cases. Treatment discontinuation
is required in about 6% of patients[182].

Abnormal liver tests

Anti-HCV (+) or (-)

HCV RNA

HCV RNA (-)

HCV RNA (+)

Additional
investigation

Consider liver biopsy or noninvasive
1,2
test for liver fibrosis assessment

Nodular fibrosis
or cirrhosis

Fibrosis absent
or mild

Consider PEG-IFN
3
plus RBV

Repeat fibrosis
assessment in
3 to 5 yr

Figure 3 Treatment decision algorithm for hepatitis C virus-infected
kidney transplantation recipients. 1Particularly if time after transplantation > 5
years; 2APRI, TX3, FibroTest or transient hepatic elastography; 3Adjusted doses
according to eGFR. PEG-IFN: Pegylated interferon; RBV: Ribavirin; eGFR:
Estimated glomerular filtration rate.

depression. In a recent meta-analysis of eleven clinical
studies published by Fabrizi et al[103], the summary estimate for dropout rate was 0.18 (95%CI: 0.08-0.35), with
a large heterogeneity across studies, mainly due to anemia
(24%) and infections (13%).
Except from hemolytic anemia, side effects are mainly
related to IFN. The majority of the patients receiving
IFN presents with a flu-like syndrome, characterized by
diffuse myalgia, headache, fatigue and fever. Generally,
these symptoms are self-limited and managed by
common analgesics. Depression can be induced by IFN
in 20% to 30% of the cases, usually after three months
of treatment[175]. Being mild to moderate in intensity,
IFN-induced depression can generally be handled with
conservative measures, by non-psychiatrist professionals.
However, if severe depression develops, HCV treatment
must be stopped and the patient should be immediately
referred to a psychiatrist. IFN-induced cytopenias
(thrombocytopenia and leucopenia), are relatively common, typically dose-dependent and rarely associated with
clinically significant complications, even in CKD patients.
IFN dose reductions and the use of growth factors
usually allow the continuation of therapy[173,174].
On the other hand, as previously discussed, the
ribavirin-induced hemolytic anemia is very common and
troublesome in CKD patients, due to its severity and
potential noxious consequences in these subjects with
high cardiovascular risk. Initial low doses of ribavirin,
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NEW PERSPECTIVES FOR HCV THERAPY
IN CKD PATIENTS
In spite of the increment in SVR rates with the use
of the first-generation PIs telaprevir and boceprevir
in subjects with preserved renal function, the higher
incidence of significant side effects (mainly severe
anemia and dermatological reactions) and the frequent
drug-drug interactions have hampered their widespread
use in difficult-to-treat populations, such as CKD patients. Newer DAAs, like sofosbuvir (a nucleotide
NS5B polymerase inhibitor), simeprevir (a second generation PI), and daclatasvir (a NS5A replication complex inhibitor), with or without PEG-IFN and/or
ribavirin, or used in different combinations with one
another, produces SVR rates superior to 90%[183-188]. Besides leading to the highest SVR rates ever seen, these
emerging DDAs seems to exhibit a reduced potential
for drug-drug interactions and a better safety profile,
which will probably facilitate their use for the treatment
of HCV infection in CKD subjects. However, the
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appropriate dose of sofosbuvir has not been identified
for subjects with severe renal impairment (eGFR < 30
mL/min per 1.73 m2) or hemodialysis patients and dose
adjustments might be necessary[189]. Likewise, although
simeprevir is primarily metabolized by the liver and its
renal elimination is minimal, the safety of the drug has
not been evaluated in patients with CKD stages 4 and
5. Conversely, unpublished data suggested that dose
reduction would not be needed for the use of daclatasvir
in patients with any stage of renal impairment. Finally,
a phase 3 study will evaluate the safety and efficacy of
the all-oral and IFN-free combination therapy with
ombitasvir (a NS5A replication complex inhibitor),
ABT-450 (a second-generation PI) and dasabuvir (a nonnucleoside NS5B polymerase inhibitor), with or without
ribavirin, for the treatment of genotype 1-infected CKD
patients (ClinicalTrials.gov identifier NCT02207088)[190].
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11

12

CONCLUSION

13

HCV infection is highly prevalent among CKD subjects
and, consequently, in KT recipients, exerting a significant
negative impact on clinical outcomes both before and
after KT. Although interferon-based antiviral therapy
in CKD patients is associated with poor tolerability and
suboptimal efficacy, there has been mounting evidence
that many patients can benefit from treatment. In those
individuals, accurate characterization of liver disease and
adequate assessment of comorbidities are mandatory for
optimal management and therapeutic decisions.
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MINIREVIEWS

Magnetic resonance imaging based rectal cancer
classification: Landmarks and technical standardization
Sami Alasari, Daero Lim, Nam Kyu Kim
peritoneal reflection and levator ani muscle. Then,
we classify the rectal cancer into four levels based on
tumor distal margin and invasion to MRI parameters.
We applied all three classifications to 60 retrospectively
collected patients of different rectal cancer distance and
we compared our classifications to the others. Based
on each level we standardize our surgical approach.
For stages Ⅰ-Ⅲ, We found that level Ⅰ where tumor
distal margin is located above the peritoneal reflection
and all of them were received low anterior resection
(LAR) without chemoradiation. Level Ⅱ where tumor
distal margin is located from the peritoneal reflection
and above the levator ani insertion on the rectum. 90%
of them were received LAR ± chemoradiation. Level
Ⅲ where tumor distal margin is located at the level of
levator ani insertion or invading any part of the levator
ani. 60% of them had ULAR + coloanal anastomosis ±
chemoradiation. Level Ⅳ where the tumor distal margin
is located below the levator ani insertion; 77% were
received APR ± chemoradiation. The overall kappa for
all levels between surgeons and radiologist was 0.93
(95%CI: 0.87-0.99), which is indicating almost perfect
agreement. We concluded that the management of
rectal tumors differed among each tumor level and
our new MRI based classification might facilitate the
prediction of surgical and chemoradiation management
with better communication among a multidisciplinary
team comparing to other classifications.
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Abstract
Rectal cancer classification is important to determine
the preoperative chemoradiation therapy and to select
appropriate surgical technique. We reviewed the
Western and Japanese rectal cancer classification and
we propose our new classification based of Magnetic
resonance imaging (MRI). We determine the relation
of the tumor to fixed parameters in MRI, which are
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Core tip: We reviewed the current rectal cancer
classification and we propose a new rectal cancer
classification based on new radiological parameters that
might lead to change in the future decision making and
management. We provide a comparison between our
new novel classification, Western and Japanese one.
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depend on the height from anal verge while the others on
radiologic relation to peritoneal reflection[14,15].
We reviewed the current tumor location classification
and we propose a one based on the relationship of the
tumor to fixed parameters on MRI imaging. Furthermore,
we suggest the possible surgical approach based on the
new classification.

Alasari S, Lim D, Kim NK. Magnetic resonance imaging
based rectal cancer classification: Landmarks and technical
standardization. World J Gastroenterol 2015; 21(2): 423-431
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i2/423.htm DOI: http://dx.doi.org/10.3748/wjg.v21.i2.423

INTRODUCTION

ANATOMY

At the latter half of the 20th century, surgical therapy
for rectal cancer underwent vital changes[1]. However,
the complication and death rates from rectal cancer still
remain high. This finding might be explained by variable
application of the available therapies and surgeon
decision at time of surgery. The variation in therapy use
has been shown in rectal cancer compared with many
other diseases[2-5]. Heald et al[6,7] and MacFarlane et al[8]
started a “total mesorectal excision” technique as a method
to reduce local recurrence rates (4%-8%) following rectal
resection for rectal cancer, without adjuvant therapy.
Surgeons with different types of training and institutions
with variety of cancer patient’s volumes provide rectal
cancer management. Similar patients with similar tumors
might receive different treatments depending on where
and from whom they seek treatment; some of these
treatment variations may represent suboptimal patient
care[1].
An approach to management of rectal cancer
patients using a multidisciplinary team (MDT) might
provide better communication and facilitate high-quality
management. It is proved in literature that the MDT
could improve patient’s 3- and 5-year survival[9,10]. The
treatment strategy was altered after discussed at MDT
meeting in 58.33% of colorectal cancer patients before
operation especially in the matter of the sphincterpreservation and local control (P = 0.049)[10]. The issue
of variability in surgical decisions among surgeons,
particularly in low rectal cancer, to preserve the sphincter
or perform advanced surgery remains unresolved worldwide. Several limitations present in the previous studies
that have tried to found the nature of therapy variations.
Large population-based studies (i.e., the National
Cancer Data Base reports from the American College
of Surgeons Committee on Cancer and the American
Cancer Society) show the variations in rectal cancer
therapy over time without clinical interpretation of these
variations[1].
The decision about surgery or chemoradiation treatment depends on several factors, one of them are
radiologic evaluation of the tumor. Among those radiologic investigations, magnetic resonance imaging (MRI)
commonly used to determine the status of perirectal
node or the circumferential tumor margins[11-13]. However,
small number of studies reported the relation between
rectal cancer and peritoneal reflection or levator ani
muscle by MRI[11,12,14,15]. Determination of the best preoperative surgical approach are depend on several factors
one of them are tumor location in which, some authors
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The management of rectal cancer poses many challenges
to both surgeons and oncologists.
Knowledge of rectal anatomy is a key for medical
and surgical management and important for the selection
of appropriate imaging modality. The rectum begins
immediately following the sigmoid colon, and ends at the
anal canal. Based on distance from the anal verge; the
rectum is divided into the upper (11-15 cm), the middle
(7-10 cm), and the lower thirds (0-6 cm). The upper
1/3 is covered by peritoneum. The peritoneum covers
only anteriorly at the middle rectum while the lower
1/2 is completely extraperitoneal[16,17]. The mesorectum
behind the rectum separated from the presacral fascia by
mesorectal fascia which its lack at the distal third of the
rectum just before its entry in the pelvic floor muscles.
In regards to the upper rectum, Benzoni et al[15] found
that the relation between tumor location and peritoneal
reflection is a prognostic factor in rectal cancer. The
tumor located at the extra-peritoneal part of the rectum
is more aggressive than those at the intra-peritoneal even
when treated by neoadjuvant chemoradiotherapy[15,18,19].
The lower part of the rectum where the mesorectum
end and levator ani muscle insert is an important part
mainly for treatment decision, which is different from
the part with mesorectum and above the levator ani
insertion site. The tumor at this level can easily goes
outside the rectal wall to the levator ani muscle or to the
sphincters below this level, which might lead to change in
chemoradiation and surgical approach.

RADIOLOGY
To optimize the treatment strategy on an individual
basis, we need detailed information about primary tumor
location, local extension, potential nodal-stage, potential
circumferential resection margin involvement and extramural venous invasion[20]. The complexity of the anatomy
and relationship of the tumor to adjacent structures, i.e.,
bone and muscles-might lead to difficulty in prediction
and management decisions regarding the type of surgical
approach and chemoradiation use. Radiology plays
a key role in tumor management. It provides a vital
knowledge about the tumor diagnosis and preoperative
staging. Of all the radiologic modalities that evaluate the
rectal cancer, MRI is a superior modality that provides a
better anatomical visualization comparing to computed
tomography (CT) and endorectal ultrasound (EUS)[21].
In addition, it provides high accuracy in detection
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of tumor location, tissue characterization, detailed
anatomical relation to the tumor and tumor staging. So,
preoperative MRI is useful modality to determine the
surgical approach and need for neoadjuvant or adjuvant
therapy[21].
The benefit of MRI for surgical treatment decisions
was investigated retrospectively by Shihab et al[22] who
found that MRI could objectively confirm the clinical
impression by delineation of the local extent of the
tumor and its relationship to the levator ani and the
intersphincteric plane.
The accuracy of predicting tumor extent beyond the
muscularis propria was within 0.5 mm tolerance in the
mid or upper rectum, and suggests MRI can accurately
predict ultimate outcome. MRI can also accurately
measure the distance between the anorectal junction
and/or and the distal part of the tumor and the luminal
length of the tumor, circumferential resection margin
particularly in the mid-rectum, involvement of the
levator in the low rectum and the extramural depth of
invasion[20,23].

In regard to Japanese classification, it is based on the
relation with respect to peritoneal reflection. However,
still it is difficult to determine preoperatively the exact
location of the peritoneal reflection. Furthermore, in
relation to the mesorectum, the definitions of extraperitoneal and intra-peritoneal locations are vague[27]. The
start of the P level, which is the anal canal, is not clearly
defined preoperatively by specific fixed landmarks.

WHY WE NEED NEW CLASSIFICATION?
Preoperative evaluations are vital to determine the treatment options for rectal cancer. Moreover, the decision
about the preoperative chemoradiotherapy and type of
surgery is dependent on tumor location, tumor invasion,
nodal status, involvement of the meso-rectal fascia,
and distant metastasis[11-13,20]. Due to the changes of the
surgical approach of the rectal cancer over several years,
new rectal classification to predict the best approach are
needed. In the era of sphincter preservation, technical
innovations and improvement in the radiological
modalities, the surgical approach for each tumor location
is not clearly defined.

CURRENT RECTAL CLASSIFICATIONS
Surgical approach and chemoradiation therapy decisions
in treatment of rectal cancer were determined by
multiple factors. Tumor location and preoperative stage
are the most important clinical elements. In populationbased studies, the information of the tumor location
is rarely available. However, in the institution-specific
studies, which usually provide more clinical data, cannot
reflect the practices in a general population. A consensus
statement for tumor location and how it affects surgical
decisions differ between Japan and Western countries.
Currently, the tumor distance from the anal verge
(upper, middle, and lower)[24,25] as adopted by Western and
most others countries, or the relationship of the tumor
to the peritoneal reflection (Ra, Rb, and P)[26] as proposed
by Japanese surgeons, are used to determine tumor
locations. Peritoneal reflection separates the Ra and Rb
border, which approximately corresponds to the level of
the middle Houston valve.
In regard to western classification, some studies
reported that the tumor height from the anal verge might
have beneficial on the radiotherapy of rectal tumors[1].
However, measurements of distances from the anal verge
are still unclear due to the methods provides to date like
digital rectal examination or rigid sigmoidoscopy, are
rather vague and subjective and the reported distances
from the anal verge to the levator ani insertion and
peritoneal reflection are variable[27]. Accordingly, based
on this landmark we cannot measure the exact location
of the peritoneal reflection or level of levator ani muscle
insertion. We considered that if the peritoneal reflection
and levator ani insertion could be clearly visualized
and localized radiologically, that would provide a more
objective localization method rather than the distances
from the anal verge measurement.

WJG|www.wjgnet.com

SURGICAL APPROACH
Previously rectal cancer was treated either by anterior
resection (AR) or abdominoperineal resection (APR).
Then low anterior resection (LAR) proves non-inferiority
results to APR with better quality of life. Currently,
the low rectal cancer can be approached by ultra low
anterior resection with coloanal anastomosis, partial or
complete intersphincteric resection, tailored levator ani
excision (hemilevator excision) or even local excision.
Those approaches proved to be alternative to APR with
better sphincter saving and quality of life. However,
preoperative MRI might predict which of those
approaches are more likely to be used but lacking of
specific parameters encourage us to propose a new rectal
classification.

CHEMORADIATION APPROACH
High-resolution pelvic MRI is now routinely used in
Korea as well as in United Kingdom and Europe as a
preoperative staging and selection tool for the use of
preoperative chemoradiation. MRI can easily localize
the tumor above or below the peritoneal reflection and
strongly predicts the likelihood of involvement of the
circumferential resection margin, involvement of the
levator ani muscle in the low rectum and the extramural
depth of invasion. Furthermore, it can identify patients
at risk of the surgeon being unable to achieve an R0
resection[23].
Long course chemoradiation or short course radiation
therapy are routinely used for locally advanced rectal
cancer “T3, T4 tumors or any TN+ (stage Ⅱ, Ⅲ)” as
defined by National Comprehensive Cancer Network
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guidelines, however; recent improvements in the quality
of surgery, i.e., TME, MRI and pathological reporting of
the operative specimen, lead most of the investigators
to question both these approaches[20]. Most of the time
long course chemoradiation used for low rectal cancer
in a goal to preserve the sphincter but definition of low
rectal cancer are variable and some patients considered
as low rectal cancer based on tumor distance from anal
verge while the exact location of the tumor are above the
levator ani where using short course radiation or TME
alone may be better to avoid radiation complications.
The same thing can be applied to peritoneal reflection,
which is an important since most of the tumor above the
peritoneal reflection less likely to have local recurrence
where the radiation can be omitted. But the exact location
of peritoneal reflection needs to be determined by MRI
and not by only measuring the distance from anal verge
where from this point we propose our new classification.

to sigmoidoscopy by the 1 radiologist and 2 colorectal
surgeons. The inter-observer agreement between surgeon
and surgeon and surgeons and radiologist was evaluated
using Cohen’s Kappa statistics. Kappa statistic was tested
for overall levels and each level separately. Weighted
Kappa < 0 indicate (no agreement); Kappa = 0.0 - 0.20
(slight agreement); Kappa = 0.21 - 0.40 (fair agreement);
Kappa = 0.41 - 0.60 (moderate agreement); Kappa =
0.61 - 0.80 (substantial agreement); Kappa = 0.81 - 1.00
(almost perfect agreement). Statistical analyses were
performed using Stata-MP 10.1 (Stata Corp, College
Station, Tex).
Results
Based on the MRI sagittal view, the first parameter
was the rectal peritoneal reflection, which is the line
connecting the lowest point of the peritoneal reflection
anteriorly to the highest point of the sacral promontory
posteriorly (Figure 1).
Based on the MRI coronal view, the second parameter
was the levator ani insertion on the rectum (anorectal
ring) (Figure 1).
Thus, based on those parameters, we divided the
rectum into the following four levels: (1) Level Ⅰ: the
tumor “distal margin” is located “above” the peritoneal
reflection on the sagittal MRI view (Figure 1A); (2)
Level Ⅱ: the tumor “distal margin” is located “from”
the peritoneal reflection and “above” the levator ani
insertion on the rectum (anorectal ring) on MRI sagittal
and coronal views (Note: the tumor should not invade
the levator ani at this level) (Figure 1); (3) Level Ⅲ: the
tumor “distal margin” is located “at” the level of levator
ani insertion on the rectum (anorectal ring) or the tumor
margin is invading any part of the levator ani from its
origin to its insertion (Figure 2); and (4) Level Ⅳ: the
tumor “distal margin” is located “below” the levator ani
insertion on the rectum (Figures 3 and 4).
To apply our classification clinically, we performed
a retrospective comparative analysis of 60 randomly
selected patients diagnosed with rectal cancer at various
locations within the rectum. Thirty-eight (63%) of these
patients were male, and 22 (36%) were female. Their
mean age was 59.18 ± 12.66 years. Twenty-seven patients
(45%) received neoadjuvant chemoradiotherapy. The
preoperative tumor stage was determined. A total of six
patients (10%) had a disease of stage Ⅰ, 10 (16%) had
stage Ⅱ, and 44 (73%) had stage Ⅲ. The postoperative
stage was also reported. A total of 6 (10%) patients had
stage 0 (complete response) disease, 9 (15%) had stage Ⅰ,
15 (25%) had stage Ⅱ, and 30 (50%) had stage Ⅲ.
Then, we compared the tumor location on MRI
and sigmoidoscopy for each patient. Of 60 patients,
12 showed a difference of 2 cm or more. However,
this finding was not statistically significant (P = 0.64).
Therefore, we depended on the MRI view, which could
show not only the tumor distance from the anal verge but
also the anatomical landmarks and relationships of the
tumor to the parameters.

OUR PROPOSED CLASSIFICATION
Our proposed classification depends on division of
the rectum into levels which is depends on a fixed
parameters seen on preoperative MRI. Those parameters
are peritoneal reflection and levator ani insertion on the
rectum.
In a study by Jung et al[27] found that based on the
location of the peritoneal reflection, the subdivision of
the rectum by MRI is more objective and anatomical than
other classification methods and could facilitate treatment
planning. However, his classification do not cover the
whole rectum for that we add a levator ani insertion as a
parameter for lower rectal classification.
Methods
MRI (sagittal and coronal views) was used to determine
fixed, tumor-related anatomical parameters and so initiate
a change in the management plan. These parameters were
peritoneal reflection and levator ani muscle insertion.
To locate the tumor in the rectum, we determined
two factors - the tumor “distal margin” from the parameters and tumor tethering “radiologically the tumor
closely in contact with adjacent structure and we cannot
clearly define a separate margin” or “invasion” to those
parameters.
We then defined each rectal division “class” and performed a retrospective study of a 60 rectal cancer patients selected randomly based on their tumor distance
from anal verge and comparison between our classification and those used by Western countries and Japan
were performed too. We showed the advantage of our
classification in the prediction of the exact surgical
procedure over the others.
Data were analyzed using the SPSS statistical software
(Statistical Product and Service Solutions version 18 for
Windows; SPSS Inc., Chicago, IL, United States). A P
value less than or equal to 0.05 was deemed to indicate
statistical significance. The tumor level on MRI compared
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Figure 1 Levels Ⅰ and Ⅱ (A), level Ⅱ (tumor distal margin above levator ani muscle insertion) (B).

A

B

Tumor
adhesion to
levator ani
(lever Ⅲ)

Levator ani origin

Levator ani
insertion

Tumor
"Distal Margin"

Figure 2 Level Ⅲ (tumor distal margin at the level of levator ani insertion) (A), Level Ⅲ (B).
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Deep external sphincter
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Figure 3 Level Ⅳ (tumor distal margin below levator ani insertion).

Figure 4 All tumor levels.

We next compared our tumor location level to the
Western and Japanese rectal location divisions. For the
Western division, we selected random cases to cover all
parts of the ano-rectum (upper, middle, lower) from 1 to

15 cm. For the Japanese division, we divided the rectum
based on the location above the peritoneal reflection
(Ra), below the peritoneal reflection (Rb), and at the
anatomical anal canal (P).
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Table 1 Upper rectal cancer data
Age
67
68
56
70
67
48
49
50
52
60
64
74
54
67
63
44
66
60
73

Sex

CCRT

CM

R

L

Pre OP TS

TNM

O/L/R

OP

Post OP TS

TNM

M
F
F
F
F
M
F
F
M
M
M
M
F
M
M
F
M
M
M

Y
Y
N
N
Y
Y
N
N
Y
N
N
N
N
N
N
Y
N
N
N

11
11
11
11
12
12
12
12
13
13
13
13
14
14
14
15
15
15
15

Rb
Rb
Rb
Rb
Rb
Rb
Rb
Rb
Ra
Ra
Rb
Rb
Ra
Ra
Ra
Rb
Ra
Ra
Ra

2
2
2
2
2
2
2
2
2
2
2
2
2
2
1
2
1
1
1

Ⅲ
Ⅲ
Ⅲ
Ⅲ
Ⅲ
Ⅲ
Ⅲ
Ⅲ
Ⅱ
Ⅲ
Ⅲ
Ⅲ
Ⅲ
Ⅲ
Ⅲ
Ⅲ
Ⅲ
Ⅲ
Ⅱ

T3N+
T3N+
T3N+
T2N+
T3N+
T3N+
T4N+
T3N+
T3N0
T3N+
T3N+
T3N+
T3N+
T3N+
T3N+
T4N+
T4N+
T3N+
T3N0

L
O
L
L
L
L
O
L
L
O
R
L
O
L
L
O
O
L
R

LAR
LAR
LAR
LAR
LAR
LAR
LAR
LAR
LAR
LAR
LAR
LAR
LAR
LAR
LAR
Hartm.
LAR
LAR
LAR

Ⅲ
Ⅲ
Ⅲ
Ⅲ
Ⅱ
Ⅱ
Ⅲ
Ⅰ
Ⅱ
Ⅱ
Ⅲ
Ⅲ
Ⅲ
Ⅲ
Ⅱ
Ⅲ
Ⅲ
Ⅲ
Ⅱ

YPT3N1
YPT3N1
PT3N1
PT3N1
YPT3N0
YPT3N0
PT4N1
PT1N0
YPT3N0
PT3N0
PT3N1
PT3N1
PT3N1
PT4N1
PT3N0
YPT4N1
PT3N1
PT3N2
PT3N0

CCRT: Concurrent chemoradition therapy; R: Rectal Japanese class; L: Level class; OP: Operative; TS: Tumor stage; TNM: Tumor, lymph node, metastasis;
O/L/R: Open/laparoscopic, robotic), only M0 tumors were included; LAR: lower anterior resection.

For upper rectal cancer (Table 1), the tumor distal
margin of 19 patients (31%) was 11-15 cm. Eight of
them were Ra, and 11 were Rb. Four of them were
level Ⅰ, and 15 were level Ⅱ. Clinically, 17 (89%) had
stage Ⅲ disease, and two (10%) had stage Ⅱ disease. Six
patients had neoadjuvant chemoradiation. Six patients
received open surgery, two received robotic surgery, and
eleven received laparoscopic surgery. Eighteen (94%)
patients had lower anterior resection (LAR), whereas
one (5%) patient underwent the Hartmann procedure
due to tumor invasion of other organs; this was level Ⅱ.
Postoperatively, one patient (5%) was stage Ⅰ, 6 (31%)
were stage Ⅱ, and 12 (63.1%) were stage Ⅲ. Technically,
we found that all level I patients received LAR.
For middle rectal cancer (Table 2), the tumor distal
margin in 16 patients (26%) was 7-10 cm. All of these
patients were Rb located in level Ⅱ. Clinically, 1 (6%)
patient was stage Ⅰ , 4 (25%) were stage Ⅱ , and 11
(68%) were stage Ⅲ. Half of the patients (50%) received
neoadjuvant chemoradiation therapy. Four patients
underwent surgery using an open approach, and six
underwent each laparoscopic and robotic surgery. All
patients (100%) had LAR. Postoperatively, one patient
was each of stage 0 and Ⅰ. Six patients were stage Ⅱ,
and eight were stage Ⅲ.
For lower rectal cancer (Table 3), the tumor distal
margin in 26 (43%) patients was 1-6 cm. All patients were
P according to the Japanese classification. According to
our classification, 11 (42%) patients were at level Ⅱ, five
(19%) were at level Ⅲ, and 10 (38%) were at level Ⅳ.
Clinically, five (19%) patients were stage Ⅰ, four (15%)
were stage Ⅱ, 16 (61%) were stage Ⅲ, and one (3%) was
stage Ⅳ. Half (50%) of the patients received neoadjuvant
chemoradiation. Nine patients underwent robotic and
open surgery each, whereas eight underwent laparoscopic
surgery. Because three levels exist in those considered
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to have low-rectal tumors, the procedures also differed.
Nine (34%) patients had LAR and APR each. Six (23%)
patients had ultra-low anterior resection and hand-sewn
coloanal anastomosis (CAA). Two (7%) patients had
ultra-low anterior section with intersphincteric resection
(ISR) and hand-sewn CAA. Complete pathologic
response (stage 0) was achieved in 5 (20%) patients.
Seven (26%) showed a stage Ⅰ disease, 3 (11%) had stage
Ⅱ, and 10 (40%) had stage Ⅲ.
Overall procedures for level Ⅰ 4 (100%) patients had
LAR, for level Ⅱ 38 (90%) patients had LAR, 3 (7%)
ULAR + CAA and 1 (2%) had Hartman procedure. For
level Ⅲ 3 (60%) patients had ULAR + CAA and 1 (20%)
had LAR and APR each. For level Ⅳ 7 (77%) patients
had APR and 2 (22%) had ULAR + ISR.
The overall kappa for all levels between surgeons
and radiologist was 0.93 and confidence interval (CI:
0.87-0.99), which is indicating almost perfect agreement.
The kappa for level Ⅰ was 1 (100%), which is, indicate
a perfect agreement between surgeons and radiologist.
Regarding level Ⅱ the kappa between surgeons was
1 (100%) but between surgeons and radiologist was
97.61% with overall average kappa of 0.98 (98.41%) and
still indicates a perfect agreement. For level Ⅲ the kappa
between surgeons was 1 (100%) but between surgeons
and radiologist was 80% with overall average kappa of
0.86 (86.66%), which is indicate a perfect agreement. For
level Ⅳ the kappa was 1(100%) between all observers
and indicates almost perfect agreement.

SURGICAL DECISION BASED ON THE
NEW CLASSIFICATION
Our new rectal parameters and classification could
provide a common understanding among individuals in
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Table 2 Middle rectal cancer data
Age (yr)
64
68
50
85
66
73
49
58
78
52
61
73
48
74
47
82

Sex

CCRT

CM

R

L

Pre OP TS

TNM

O/L/R

OP

Post OP TS

TNM

F
F
M
M
M
M
M
M
M
F
F
F
M
F
F
M

N
N
Y
Y
N
N
Y
Y
N
N
Y
Y
Y
Y
N
N

7.0
7.0
7.2
7.8
8.0
8.0
8.5
8.8
9.0
9.3
9.5
9.5
10.0
10.0
10.0
10.0

Rb
Rb
Rb
Rb
Rb
Rb
Rb
Rb
Rb
Rb
Rb
Rb
Rb
Rb
Rb
Rb

2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2

Ⅱ
Ⅲ
Ⅲ
Ⅲ
Ⅲ
Ⅲ
Ⅲ
Ⅲ
Ⅱ
Ⅲ
Ⅱ
Ⅲ
Ⅰ
Ⅲ
Ⅲ
Ⅱ

T3N0
T3N+
T3N+
T3N+
T3N+
T3N+
T3N+
T3N0
T3N0
T3N+
T3N0
T3N+
T2N0
T2N+
T3N+
T3N0

O
O
L
R
O
L
R
L
L
R
L
R
R
R
O
L

LAR
LAR
LAR
LAR
LAR
LAR
LAR
LAR
LAR
LAR
LAR
LAR
LAR
LAR
LAR
LAR

Ⅱ
Ⅱ
Ⅲ
Ⅲ
Ⅲ
Ⅲ
0
Ⅱ
Ⅲ
Ⅲ
Ⅲ
Ⅱ
Ⅰ
Ⅱ
Ⅲ
Ⅱ

PT3N0
PT3N0
YPT3N2
YPT3N1
PT3N1
PT3N1
YPT0N0
YPT3N0
PT4N1
PT3N2
YPT3N1
YPT3N0
YPT2N0
YPT3N0
PT3N2
PT3N0

CCRT: Concurrent chemoradition therapy; R: Rectal Japanese class; L: Level class; OP: Operative; TS: Tumor stage; TNM: Tumor, lymph node, metastasis;
O/L/R: Open/laparoscopic, robotic), only M0 tumors were included; LAR: lower anterior resection.

Table 3 Lower rectal cancer data
Age (yr)
51
57
49
75
37
62
54
48
83
75
54
72
37
47
60
27
64
65
37
71
50
40
56
44
56

Sex

CCRT

CM

R

L

Pre OP TS

TNM

O/L/R

OP

Post OP TS

TNM

M
M
M
M
M
F
M
M
F
F
M
M
M
F
M
F
F
M
M
F
M
M
M
M
M

Y
Y
N
N
Y
Y
N
N
Y
Y
N
N
Y
Y
N
N
Y
N
Y
N
Y
N
N
Y
Y

1.0
1.0
1.0
1.3
2.0
2.0
2.0
2.0
3.0
3.5
3.5
3.7
4.0
4.0
4.2
4.3
5.0
5.0
5.5
5.6
5.8
6.0
6.0
6.1
6.3

P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P

4
4
4
4
4
4
4
4
3
2
3
4
3
2
2
2
2
2
3
2
3
2
2
2
2

Ⅲ
Ⅲ
Ⅲ
Ⅱ
Ⅲ
Ⅲ
Ⅱ
Ⅱ
Ⅳ
Ⅲ
Ⅰ
Ⅲ
Ⅲ
Ⅲ
Ⅰ
Ⅱ
Ⅲ
Ⅰ
Ⅲ
Ⅲ
Ⅲ
Ⅰ
Ⅰ
Ⅲ
Ⅲ

T4N+
T3N+
T3N+
T3N0
T4N+
T3N+
T3N0
T3N0
T4N+
T3N+
T2N0
T3N+
T3N+
T3N+
T1N0
T3N0
T2N+
T2N0
T3N+
T2N+
T3N+
T2N0
T2N0
T3N+
T3N+

O
R
O
O
O
O
O
O
O
R
R
L
L
L
L
R
R
L
L
R
R
L
L
R
R

APR
ULAR +ⅠSR
APR
APR
APR
ULAR +ⅠSR
APR
APR
APR
LAR
ULAR + CAA
APR
ULAR + CAA
LAR
LAR
LAR
LAR
ULAR + CAA
ULAR + CAA
LAR
LAR
ULAR + CAA
LAR
ULAR + CAA
LAR

Ⅲ
0
Ⅲ
Ⅰ
Ⅲ
0
Ⅱ
Ⅲ
Ⅱ
0
Ⅰ
Ⅲ
0
0
Ⅰ
Ⅰ
Ⅱ
Ⅰ
Ⅲ
Ⅰ
Ⅲ
Ⅰ
Ⅲ
Ⅲ
Ⅲ

YPT2N1
YPT0N0
PT4N2
PT2N0
YPT3N1
YPT0N0
PT3N0
PT3N1
YPT3N0
YPT0N0
PT1N0
PT3N2
YPT0N0
YPT0N0
PT1N0
PT2N0
YPT3N0
PT2N0
YPT3N2
PT1N0
YPT2N2
PT2N0
PT3N2
YPT3N1
YPT3N1

CCRT: Concurrent chemoradition therapy; R: Rectal Japanese class; L: Level class; OP: Operative; TS: Tumor stage; TNM: Tumor, lymph node, metastasis;
O/L/R: Open/laparoscopic, robotic), only M0 tumors were included; LAR: lower anterior resection; CAA: Coloanal anastomosis.

a multidisciplinary team. Whenever the tumor level is
identified, the most likely procedure and chemoradiation
choice can be determine directly.
Regarding upper rectal cancer, the term “upper rectal
cancer” does not indicate the location of the tumor
above or below the peritoneal reflection, so decisions
regarding chemoradiation therapy cannot be made based
only on this term. Additionally, even with 11-15 cm,
the peritoneal reflection is located at a variable distance
from the anal verge from patient to patient, and many
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radiation oncologists do not recommend administration
of radiation to tumors above the peritoneal reflection.
The Ra values (indicating tumors above the peritoneal
reflection and that are level Ⅰ) for both the Japanese and
our classifications were similar, indicating a tumor above
the peritoneal reflection that is less likely to be treated
with radiation therapy unless a T4 lesion is evident.
However, Ra defined as a tumor above peritoneal
reflection. Some surgeons include those tumors with
distal margin invading the peritoneal reflection, which
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might denial the use of chemoradition. Those tumor
invading the peritoneal reflection considered high risk
for recurrence, therefore; in our classification we include
them in the level Ⅱ.
Concerning middle rectal cancer, most advanced
cases at this level would receive chemoradiation therapy.
However, determining the exact distance of tumors
located at 7-11 cm had no much impact on the surgical
decision.
Regarding the Japanese and our classifications, level
was
most similar to Rb, but we limited our level to
Ⅱ
tumors with distal margins above the levator ani insertion. We found that all patients at level Ⅱ had LAR with
or without chemoradiation.
Thus, all lesions at level Ⅱ can be treated using LAR
with or without chemoradiation. However, some lesions
with invasion to other organs (T4) and not responding
to chemoradition therapy should be treated using pelvic
exenteration, if possible.
Regarding lower rectal cancer, most advanced cases
at this level require chemoradiation for sphincter preservation and to reduce local recurrence. However,
determining the exact distance of tumors located at 1-6
cm did not reflect the surgical procedure performed
unless the surgeons were unfamiliar with sphincter
preservation, in which case the patients underwent APR.
Moreover, the distance of the levator ani insertion to
the rectum differed among patients. Some patients with
a tumor distance of 5 or 6 cm had LAR, whereas APR
or CAA with or without ISR was performed in others.
Those differences were due to the variability in the
location of the levator ani. If the tumor is located at 5 or
6 cm above the levator ani, LAR is highly possible with
stapler anastomosis. However, if the tumor is located at
or below the levator ani, stapler anastomosis could not
be performed, and perineal dissection was conducted
instead.
In the Japanese classification, all tumors located at
the anal canal are referred to as P. However, in our classification, we subdivided this area into two levels due to
the variability of the technique: levels Ⅲ and Ⅳ. Level
Ⅲ; in which tumors are located at the level of the levator
ani or are invading it (level of the dentate line) require
careful dissection to achieve safe circumferential margins.
If there is no invasion to the levator ani, CAA with or
without ISR is the treatment of choice; otherwise, partial
(or tailored) levator excision or APR is used for invasive
tumors. Additionally, this area is technically challenging
due to the muscular structure and location of the anorectal ring.
For level Ⅳ, in which the distal margin of the tumor
is below the levator ani (the tumor originates from the
rectum but extends down to the anal canal), most early
stage tumors can easily undergo CAA with or without
ISR. However, in cases of sphincter invasion, APR is
the procedure of choice. Level Ⅳ is not technically
challenging and is easier than level Ⅲ due to the proximity to the anal verge; additionally, circumferential
margins can be achieved easily.
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Thus, in tumors with a distal margin located at or
below the level of levator ani, stapling anastomosis is
less likely to be possible, and perineal phase dissection
must be conducted whether hand-sewn anastomosis is
performed with or without ISR, or with APR.
In our study, of 25 patients with a tumor located
at 1-6 cm, 17 (68%) had a tumor located at 3-6 cm.
Although the tumors were located below 6 cm (low
rectal cancer), 11 (64%) were level Ⅱ. Eight (72%) of
these 11 tumors were treated using LAR, whereas the
other three (27%) underwent hand-sewn CAA. Those
three cases underwent colo-anal anastomosis directly
because the surgeon did not attempt to locate the tumor
intraoperatively after complete rectal mobilization.
After the localization of the levator ani and its
relationship to the tumor has been determined, whether
a procedure should be performed above (LAR with
stabling anastomosis) or below (APR/CAA ± ISR) it can
be determined.
Neoadjuvant chemoradiation therapy can change the
tumor characteristics and might lead to tumor partial or
complete response. Also it leads to increase the rate of
sphincter saving procedure. In addition to that the tumor
location can be changed. With all those factors we with
Jung et al[27] and we need to go with tumor level to know
which procedure will be suitable for each individual
patient based on restaging MRI. Summary of the
Management of Rectal Tumors: (1) for early stage lesions,
either local excision is used or the guidelines of radical
therapy are followed; (2) for radical resection of tumors
at stages T1-3, N±: Level Ⅰ: LAR, - chemoradiation;
(3) for radical resection of tumors at stages T1-3, N
±: Level Ⅱ : LAR/± chemoradiation; (4) for radical
resection of tumors at stages T1-3, N±: Level Ⅲ: CAA
± ISR, partial levator ani or sphincter resection, APR/±
chemoradiation; and (5) for radical resection of tumors
at stages T1-3, N±: Level Ⅳ: APR or CAA ± ISR/±
chemoradiation.

CONCLUSION
Management of rectal tumors differed among levels.
However, our new radiological classification based on
MRI facilitates determination of the most appropriate
tumor management technique at each level of the rectum,
and might increase communication among individuals in
a multidisciplinary team. Evaluation of this classification
in a prospective study is warranted.
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Foregut cystic developmental malformation (FCDM) is a
very rare lesion of the alimentary tract, especially in the
stomach. We discuss the concepts of gastric duplication
cyst, bronchogenic cysts, and FCDM. Nomenclature
has been inconsistent and confusing, but, by some
definitions, gastric duplication cysts involve gastric
mucosa and submucosal glands, bronchogenic cysts
involve respiratory mucosa with underlying cartilage
and glands, and FCDM lacks gastric mucosa or
underlying glands or cartilage but has pseudostratified
ciliated columnar epithelium (PCCE). We searched our
departmental case files from the past 15 years and
identified 12 cases of FCDM in the alimentary tract. We
summarize the features of these 12 cases including a
report in detail on a 52-year-old man with a submucosal
cyst lined with simple PCCE and irregular and stratified
circular muscle layers that merged with gastric smooth
muscle bundles near the lesser curvature of the gastric
cardia. A literature review of cases with this histology
yielded 25 cases. We propose the term gastric-FCDM for
such cases. Our own series of 12 cases confirms that
preoperative recognition of the entity is infrequent and
problematic. The rarity of this developmental disorder,
as well as a lack of understanding of its embryologic
origins, may contribute to missing the diagnosis. Not
appreciating the diagnosis preoperatively can lead
to an inappropriate surgical approach. In contrast,
presurgical recognition of the entity will contribute to a
good outcome and reduced risk of complications.
Key words: Endoscopic ultrasound-guided fine-needle
aspiration; Foregut duplication cyst; Gastric duplication
cyst; Laparoscopic surgery; Pseudostratified columnar
ciliated epithelium
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.
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chronic nonatrophic gastritis. Abdominal frontal and
transversal computed tomography (CT) showed a wellcircumscribed, homogeneous, non-enhancing, lowdensity, submucosal cystic mass measuring 3.0 cm ×
4.2 cm on the lesser curvature of the stomach near
the cardia, with a CT number of 17 Hu (Figure 1).
Preliminary suspicion was of a GIST with cystic change.
On physical examination, he was in good condition
and laboratory studies were within the normal range.
He had an exploratory laparotomy under general anesthesia. Intraoperatively, the liver, peritoneum, and pelvis
were free of metastatic disease, and no ascites was
detected. A soft 4.0 cm × 3.0 cm mass was noted at the
lesser curvature, near the cardia. He underwent proximal gastrectomy with lymph node dissection. The
postoperative course was uneventful and there was no
recurrence after 5 mo.

Core tip: Gastric foregut cystic developmental malformation is a rare lesion that has been reported intermittently in recent decades. Its classification was
inconsistent. It has often been misdiagnosed preoperatively. By missing the nature of the diagnosis, the
surgical management was quite different. Through
a review of the case series and literature concerning
their clinical and radiologic features, and recognition
of its embryologic and histological origin, we found
that it is not an irregular disease and is an easily
missed diagnosis. It can be cured by rational surgery,
contributing to a good outcome and reduced risk of
complications.
Geng YH, Wang CX, Li JT, Chen QY, Li XZ, Pan H. Gastric
foregut cystic developmental malformation: Case series and
literature review. World J Gastroenterol 2015; 21(2): 432-438
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i2/432.htm DOI: http://dx.doi.org/10.3748/wjg.v21.i2.432

PATHOLOGIC FINDINGS
Gross examination of the proximal stomach showed that
the cystic lesion was embedded in the gastric muscular
layer and intimately associated with the submucosal lesser
curvature near the cardia. It was located towards the
esophageal margin of the proximal gastrectomy specimen
(Figure 2). Thick, pale-yellow liquid was present within
the cyst. The cyst did not communicate with the gastric
lumen and measured 6.5 cm × 5 cm × 5 cm with a wall
thickness that ranged from 0.1 to 0.3 cm.
The cyst wall was lined by a simple columnar
epithelium and had a criss-crossing and stratified circular
muscle layer (Figure 3A), and part of the cystic wall
was lined with irregular longitudinal muscle bundles
(Figure 3B). This circular muscle was stratified and
merged with the muscular wall of the stomach at the
attachment site, and the myenteric plexus was seen (Figure
4). Cartilaginous tissue, seromucinous glands, gastric
epithelium and submucosal glands were not identified.
Squamous metaplasia of the PCCE was detected (Figure 5).
Cholesterol crystals and a histocytic response were present.
All the dissected systematic lymph nodes were negative.

INTRODUCTION
Gastric foregut cystic developmental malformation
(G-FCDM) is a rare lesion and is composed of an
intra-mural cyst in the stomach with a lining of pseudostratified ciliated columnar epithelium (PCCE).
Cysts of this nature have been reported for several
decades and were given various names including duplication cyst of the stomach with ciliated lining [1-4],
bronchogenic cyst of the stomach [5-12], and foregut
duplication cyst of the stomach[13-21]. Preoperatively, a
misdiagnosis as gastrointestinal stromal tumor (GIST)
and leiomyoma was not unusual [2,8,9,11,12,15]. With the
aforementioned shared histopathologic characteristics
and clinicoradiologic features that mimic GIST, are cysts
with PCCE truly a form of gastric duplication cyst[4]?
Recent reanalysis has led to the conclusion that a cystic
developmental malformation of the primitive foregut
vestiges may be a reasonable embryologic explanation
for the entity[14,22,23]. In this paper, we review the features
of the aforementioned gastric cysts and review those
that only have PCCE, along with a series of secondary
changes arising in the developmental process of the cyst,
which could help with choosing the appropriate surgical
procedure[24].

EMBRYOLOGY AND HISTOLOGY
G-FCDM may represent a congenital anomaly with
late differentiation rather than imperfect involution of
embryonic vestiges, but the undifferentiated foregut
vestiges undergo transition and differentiate during
the embryonic period [20]. One model postulates that
the primitive lung bud derives from the respiratory
laryngotracheal tube of the ventral foregut but is
incompletely separated from the dorsal foregut in week
seven of fetal development[24]. Several hypotheses to
explain the dissociated foregut malformations suggest
that they probably arise from pinching off and form
the budding remnants[25], migration of the aberrant rest,
supernumerary lung buds, and incomplete involution
of the connecting stalk or fistula that connects with the

CLINICAL SUMMARY
One month prior to admission, a 52-year-old man had
epigastric discomfort and noted a mass. As he did not
have chills, fever, nausea, vomiting, or diarrhea, he
did not attach importance to it initially. However, his
symptoms persisted, prompting him to seek medical
attention. Endoscopy of the upper gastrointestinal tract
revealed a gastric submucosal eminence at the subphrenic
gastroesophageal junction. Pathologic diagnosis was
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A

B

Figure 1 Computed tomography. A: Frontal abdominal contrast-enhanced computed tomography (CT); B: Transversal abdominal CT demonstrating a
homogeneous, low-density and well-circumscribed, subserosal cystic mass on the lesser curvature of the gastric cardia.

A

B

Figure 2 Gross appearance of the resected specimen of proximal
gastrectomy. A cyst measured 6.5 cm × 5 cm was embedded in the gastric
muscular layer, and did not communicate with the gastric lumen.

digestive or respiratory tract[26-28].
Some authors would classify our described case
as gastric bronchogenic cyst. Bronchogenic cysts are
thought to be in the spectrum of foregut cystic malformations. Traditional embryology theory postulates that
the basic difference between the two entities is the timing
of budding. Foregut cysts are derived from pinching off
at the time of bronchiolar differentiation, which is later
than that of bronchogenic cysts; hence, the presence
of cartilage and glandular tissue in the wall of the
bronchogenic cyst[29]. Histologically, the foregut cysts are
lined with PCCE, subepithelial connective tissue followed
by a smooth muscle layer and an outer fibrous layer[29,30],
but bronchogenic cysts additionally contain cartilage and
glandular tissues in the cyst wall[16,23].
Gastrointestinal duplication cysts are rare congenital
malformations that may occur anywhere from the mouth
to the anus[31-33]. Cunningham et al[19] have suggested that
the term gastric duplication implies the presence of
gastric epithelium. Ladd and Grossa[34], later supported
by Parker et al[35], have proposed more detailed criteria:
close proximity to the gastrointestinal tract; a lining that
resembles some part of the gastrointestinal tract; and
a smooth muscle layer that shares the muscle wall with
the gut, or is intermingled with the muscular layer of

WJG|www.wjgnet.com

Figure 3 Submucosal cystic lesion. Hematoxylin and eosin staining
showing the cyst wall lined by pseudostratified ciliated columnar epithelium
(A) and submucosal cystic wall with irregular longitudinal muscle bundles (B),
magnification × 200.

the bowel. Abiding by these criteria, cysts lined with
PCCE do not qualify as gastrointestinal duplication cysts,
including our 12 cases, because they lack archenteric
epithelium. Similarly, in our cases, neither cartilaginous
tissue nor seromucinous glands were present, so they do
not qualify as bronchogenic cysts. In the literature, most
reported cysts lined with PCCE are often described as
foregut duplication cysts of the stomach[19].

CLINICAL FEATURES
Our literature search gathered 24 reports including 25
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Table 1 Summary of gastric foregut cystic developmental malformation
No.

Sex

Age (yr)

Complaints

Location

Size (cm)

Ref.

56
34
29
26
76
42
25
60
72
37
40
46

No
EP, GR
AP
EP
No
Left lumbar pain
EP
No
No
EP
ED
Vomiting

12
13
14
15
16
17
18
19
20
21
22
23
24

F
F
F
M
F
F
M
M
M
F
F
F
M

38
63
39
26
62
59
35
34
25
35
61
46
52

No
Fever, AP
No
EP
No
No
EP
No
No
EP, nausea
Heart failure
No
ED

NGEJ, AW
NGEJ, GC
Fundus GC
Middle body LC
NGEJ, LC
AGIJ, LC
Gastric fundus
Cardia, LC
Middle body, LC
NGEJ, LC
NGEJ, LC
PW of fundus;
Gastrosplenic ligament
Cardia, LC
PW of fundus
Fundus
NA
NGEJ, LC
PW of stomach, LC
NGEJ, LC
GC
PW of fundus
PW
Cardia, intramural
NGEJ, GC
LC, NGEJ

5×3×3
4.5 × 3.2
8.5 × 5.5 × 4.8
5 × 2.2 × 2
4×4
4.5 × 5.2
3 × 2.5 × 2
3
2 × 1.5
4×4
6×5
8 × 5.5
3×3
7×5
10 × 7.6
4 × 2.5 × 1
NA
3.5 × 2.5 × 1.5
7×5
7×6×5
large
6.5 × 5 × 5
5.5 × 2.5 × 2
2 × 1.5
6×8
6.5 × 5

Napolitano et al[13], 2013
Montemurro et al[1], 2011
Khoury et al[14], 2011

4
5
6
7
8
9
10
11

M
F
M
F
M
M
F
F
F
M
M
F

1
2
3

Jiang et al[2], 2011
Mardi et al[15], 2010
Jiang et al[5], 2010
Sato et al[6], 2008
Murakami et al[16], 2008
Wakabayashi et al[7], 2007
Hall et al[17], 2007
Theodosopoulos et al[18], 2007
Lee et al[8], 2006
Cunningham et al[19], 2006
Melo et al[9], 2005
Rubio et al[10], 2005
Song et al[11], 2005
Hedayati et al[12], 2003
Kim et al[20], 2000
Ikehata et al[3], 2000
Takahara et al[4], 1996
Laraja et al[21], 1995
Shireman[36], 1987
Gensler et al[22], 1966
Present case

AGIJ: Anterior of gastrointestinal junction; AW: Anterior wall; AP: Abdominal pain; ED: Epigastric discomfort; EP: Epigastric pain; GC: Greater curvature;
GR: Gastroesophageal reflux; LC: Lesser curvature; NA: Not available; NGEJ: Near gastroesophageal junction; PW: Posterior wall.

Figure 4 Regular, double-stratified, circular and longitudinal smooth
muscles of the cyst and well-developed muscle layers continuous with
gastric smooth muscle bundles, cartilaginous tissue, seromucous gland,
or gastric epithelium were not identified. Hematoxylin and eosin staining
(magnification × 200).

Figure 5 Squamous metaplasia tendency of the pseudostratified ciliated
columnar epithelium. Hematoxylin and eosin staining (magnification × 200).

the diaphragm involving the esophagus[2,16]. Whether the
predilection site of esophagus is related with the closest
adjacency between the ventral embryo vestiges and dorsal
tubes remains unknown. It is usually asymptomatic and
occasionally found as a gastric wall mass on physical
examination. Some patients present with epigastric pain.
Patients with an older age or with a longer clinical history
of symptoms tend to present with a larger mass and are
more likely to have epigastric discomfort, gastric ulcer,
gastroesophageal reflux, or occasionally canceration[37,38].
Some of these signs and symptoms are presumably
related to the effect of the mass on adjacent structures[20].
Morphologically, the lined epithelium with focal
squamous metaplasia were also sporadically reported[4,22].

cases listed in Table 1[1-22,36]. From the literature review,
gastric foregut cyst lined simply by PCCE is a delayedonset disease (14 women and 11 men from 25 to 76
years-old). Our own series of patients in Table 2 also
consisted of adults (age: 32-83 years) and had an equal
sex distribution (6 women and 6 men). Most of the
previously reported lesions involved the lesser curvature
of the stomach and were near the gastroesophageal
junction or cardia (12/24; 50%). Our series had a slight
predominance of esophageal lesions (5/12; 42%), which
was consistent with the literature reports of lesions above
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Table 2 Foregut cystic developmental malformation of alimentary tract in our recent 15 years
No.
1
2
3
4
5
6
7
8
9
10
11
Present

Sex

Age (yr)

Complaints

Location

Size (cm)

Surgical option

F
M
F
M
F
M
F
F
M
F
M
M

35
51
44
76
54
40
42
32
41
42
83
52

CT
ED
No
No
ED
NA
CT
No
No
NA
NA
ED

Esophagus
Lower esophagus
PT, lesser omental sac
NGEJ, LC
Lower esophagus
Biliary tract
Esophagus
PT, gastrosplenic ligament
PW, LC
Esophagus
Distal ileum
LC, NGEJ

2.5 × 1.5 × 1
3×2
8×3×2
4×4
4 × 2.5 × 2
3 × 2.5
4 × 2.5 × 1
5×4×3
3.5 × 2.5 × 0.8
2.5 × 1.8
6.7 × 5 × 4.1
6.5 × 5

CE
CE
CE
Total gastrectomy with SLND
CE
CE
CE
CE
CE
CE
CE
Proximal partial gastrectomy with SLND

CE: Cyst excision; CT: Chest tightness; ED: Epigastric discomfort; LC: Lesser curvature; NA: Not available, NGEJ: Near gastroesophageal junction; PT:
Pancreatic tail; PW: Posterior wall; SLND: Systematic lymph node dissection.

cannot identify the nature of the lesion[2,21,40,48,49]. EUSguided fine-needle aspiration (EUS-FNA)[50], CT-guided
needle biopsy and intraoperative frozen section diagnosis
can provide histologic diagnosis of G-FCDM and guide
operative plans. The presence of PCCE and absence
of neoplastic cells confirm the nature of the cyst[43],
but considering the complications, some people do not
advise performing a biopsy to confirm the diagnosis
of resectable GIST because it can lead to tumor
dissemination or hemorrhage[51,52].

As a result of the cyst location within the gastric muscular
layer and a lack of communication with the gastric lumen,
many such lesions are preoperatively misdiagnosed as
intramural GIST and leiomyoma, which present with
different imaging findings, although they probably share
similar clinical representation. It has been proposed that
all foregut developmental anomalies, including gastric
duplication cyst with PCCE lining and bronchogenic cyst
without cartilage and glandular tissue, should be grouped
under the heading of foregut cystic malformations
because they all share a common origin from the foregut
and differ from each other in migration, location, and
degree of differentiation[23,27,28,39]. Gastric cysts with PCCE
are not true duplication cysts of the foregut, but the cystic
development of foregut embryologic vestiges. Therefore,
we suggest designating this as G-FCDM. With regard
to the predominant location of G-FCDM at the lesser
curvature of the stomach, it remains to be established
whether this is due to migration of the embryo vestiges
or some other reason.

THERAPIES
The management of asymptomatic cases remains controversial[41]. Watchful waiting is suggested after confirming the benign nature of these cysts by EUS-FNA,
and Ponder and Collins[19] concluded that surgery is
not necessary if the respiratory-type epithelial cells
are diagnosed on EUS-FNA. For single symptomatic
cases, the recommended management is complete
cyst excision without violation of the gastric lumen[53].
Segmental or total gastrectomy is only a secondary
alternative in the case of an indefinite diagnosis before
operations[54]. However, if the cyst communicates with
the gastric lumen that can easily induce infection, or
with other serious gastric mucosal complications, such as
ulceration, perforation, bleeding[55], fistula formation[38],
obstruction and even malignant change, although rare,
partial gastrectomy may be required[2,5,16]. From Table 2,
we can see surgical treatment typically involved excision
of the lesion without injury to attached organs, except
the stomach. Of our three cases of G-FCDM, only one
was correctly identified preoperatively and the cyst was
successfully removed laparoscopically. The other two
cases were incorrectly treated as GISTs, which are more
common than congenital cysts, and led to unnecessary
segmental gastrectomy and systematic lymph node
dissection. With advances in medical technology and
further understanding of G-FCDM, the advisable
laparoscopic surgery for cyst removal has become more
common in recent studies[16,24].

IMAGING FEATURES AND DIAGNOSIS
In symptomatic and occasionally discovered G-FCDM,
CT can detect the presence of the abdominal mass, but
it frequently fails to recognize its cystic nature due to the
thick cyst wall[8]. Despite the fact that GIST is clinically
more common than G-FCDM, it does not often show
necrosis and cystic change. In the imaging study, cystic
changes in GIST tend to be focal with irregular internal
surfaces rather than smooth as in congenital cysts, and
usually do not involve the whole tumor. Moreover, the
proteinaceous cyst fluid[16,40] of G-FCDM is very helpful
in identifying the necrosis of GIST. G-FCDM, but not
GIST, can alter their shape with changing posture when
they are large enough and with low tension. Leiomyoma
is similar. Endoscopic ultrasound (EUS) is helpful in
identifying the intramural or extramural relation of the
gastrointestinal tract[41-45]. CT[46,47], magnetic resonance
imaging or ultrasonography could indicates the presence
of an abdominal cystic lesion or mass incidentally, but it
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CONCLUSION
In summary, G-FCDM lined by PCCE is a rare lesion
derived from foregut developmental malformation. The
clinical manifestation is usually nonspecific, and it is easily
misdiagnosed radiologically and clinically as a GIST or
leiomyoma. EUS-FNA/CT-guided needle biopsy and
frozen section diagnosis could be helpful in identifying
the nature of the cyst and guide the surgical options.
Although rare, better understanding of the origins of
G-FCDM lined by PCCE and taking precise auxiliary
examinations could help differential diagnosis from
gastric wall masses, and surgically cure them without
overtreatment.
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AIM: To investigate the densities of dendritic cells
+
(DCs) and FOXP3 regulatory T cells (Tregs) and their
interrelations in the small bowel mucosa in untreated
celiac disease (CD) patients with and without type 1
diabetes (T1D).
METHODS: Seventy-four patients (45 female, 29
male, mean age 11.1 ± 6.8 years) who underwent
small bowel biopsy were studied. CD without T1D
was diagnosed in 18 patients, and CD with T1D was
diagnosed in 15 patients. Normal small bowel mucosa
was found in two T1D patients. Thirty-nine patients
(mean age 12.8 ± 4.9 years) with other diagnoses
(functional dyspepsia, duodenal ulcer, erosive gastritis,
etc .) formed the control group. All CD patients had
partial or subtotal villous atrophy according to the
Marsh classification: Marsh grade Ⅲa in 9, grade Ⅲ
b in 21 and grade Ⅲc in 3 cases. Thirty-nine patients
without CD and 2 with T1D had normal small bowel
+
mucosa (Marsh grade 0). The densities of CD11c ,
+
+
+
+
IDO , CD103 , Langerin (CD207 ) DCs and FOXP3
Tregs were investigated by immunohistochemistry
(on paraffin-embedded specimens) and immunofluorescence (on cryostat sections) methods using
a combination of mono- and double-staining. Sixtysix serum samples were tested for IgA-tissue
transglutaminase (tTG) using a fully automated EliA™
®
Celikey IgA assay (Pharmacia Diagnostics, Freiburg,
Germany).
RESULTS: The density of CD11c+ DCs was significantly
increased in CD patients compared with patients with
normal mucosa (21.67 ± 2.49 vs 13.58 ± 1.51, P =
+
0.007). The numbers of FOXP3 cells were significantly
higher in CD patients (10.66 ± 1.50 vs 1.92 ± 0.37, P
= 0.0002) and in patients with CD and coexisting T1D
(8.11 ± 1.64 vs 1.92 ± 0.37, P = 0.002) compared with
+
patients with normal mucosa. The density of FOXP3
cells significantly correlated with the histological
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in rye and barley, which leads to inflammation, villous
atrophy and crypt hyperplasia in the small bowel mucosa,
accompanied by an increased number of infiltrating
lymphocytes in the epithelium and in the lamina propria
(LP)[1]. The generation of inflammatory and damaging
T cells is governed by several control mechanisms, while
intestinal dendritic cells (DCs) are the key cells that
regulate which T cells become activated or deleted. In this
process, regulatory T cells (Tregs) also play an important
role in intestinal homeostasis[2,3].
The role of the gut immune system is also thought
to be of crucial importance in the pathogenesis of
type 1 diabetes (T1D)[4-6]. Several research groups have
demonstrated a marked association between the development of T1D and preceding alterations in the small
bowel mucosa, including altered gut microbiota in these
patients [4,7,8]. As a result, CD and T1D coexist more
frequently compared with chance occurrence, with an
average prevalence of CD among children with T1D of
4.5% (0.97%-16.4%) in 26 reports[9].
DCs have received much attention in CD due to
their strategic role in gut homeostasis by processing
external antigens (including wheat proteins) and by
determining tolerance to self-antigens[10,11]. The important
role of CD11c+CD103+ DCs in the induction of Tregs
differentiation has been established[12]. CD103+ DCs
are required for the induction of tolerogenic immune
responses and contribute to the control of inflammatory
responses and homeostasis in the intestinal mucosa by
the incremental conversion of naive T cells into FOXP3+
Treg cells[13,14]. Functionally specialized CD103+ DCs
derived from the small intestinal LP appear to be the only
cells able to regulate T cells homing[15].
In addition to the role of CD103 + DCs, that of
indoleamine 2,3-dioxygenase (IDO) for Tregs induction
was also demonstrated[16-18]. IDO is an immunomodulatory
enzyme involved in tr yptophan catabolism with
immunosuppressive effects that has been implicated in
the control of intestinal inflammation[17]. Higher IDO
expression has been measured in intestinal biopsies from
CD patients[19].
Among the DCs covering body surfaces, either
mucosa or skin, DCs carrying Langerin (CD207) proteins
have received considerable interest [20]. Langerin was
originally identified as a Langerhans cell (LC)-specific
C-type lectin receptor involved in antigen capture [21].
Langerin expression is predominant in skin DCs, but
Langerin-expressing DCs are also present in the mucosal tissue and can be induced by immunization and
sometimes by nutrient deficiency[22]. The expression of
Langerin by CD103 +CD11b + LP DCs in the human
ileum has recently been reported [23]. However, the
presence of Langerin+ DCs in the small bowel mucosa
in pathological conditions such as CD and T1D has not
yet been studied. Still, one could preclude that Langerin+
cells might be involved in CD pathogenesis, taking
into account the fact that interleukin (IL)-15, a central
cytokine in the CD mucosa[24,25], can skew DC precursors

grade of atrophic changes in the small bowel mucosa
according to the March classification (r = 0.62; P <
0.0001) and with levels of IgA antibody (r = 0.55; P <
+
0.0001). The densities of IDO DCs were significantly
higher in CD patients (21.6 ± 2.67 vs 6.26 ± 0.84, P =
0.00003) and in patients with CD and coexisting T1D
(19.08 ± 3.61 vs 6.26 ± 0.84, P = 0.004) compared
with patients with normal mucosa. A significant
correlation was identified between the densities of
+
+
IDO DCs and FOXP3 T cells (r = 0.76; P = 0.0001).
+
The mean values of CD103 DCs were significantly
higher in CD patients (10.66 ± 1.53 vs 6.34 ± 0.61, P
= 0.01) and in patients with CD and associated T1D
(11.13 ± 0.72 vs 6.34 ± 0.61, P = 0.00002) compared
with subjects with normal small bowel mucosa. The
+
mean value of Langerin DCs was higher in CD patients
compared with persons with normal mucosa (7.4 ± 0.92
vs 5.64 ± 0.46, P = 0.04).
CONCLUSION: The participation of diverse DC subsets
in the pathological processes of CD and the possible
involvement of tolerogenic DCs in Tregs development
to maintain intestinal immunological tolerance in CD
patients are revealed.
Key words: CD11c+, CD103+, IDO+, langerin (CD207+)
+
dendritic cells; FOXP3 regulatory T cells; Small bowel
mucosa; Immunohistochemistry; Immunofluorescence;
Celiac disease; Type 1 diabetes; Children
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Significantly higher densities of CD11c +
+
+
dendritic cells (DCs) and of tolerogenic IDO , CD103
+
and Langerin DCs in the small bowel mucosa of
patients with celiac disease (CD) compared with
subjects with normal small bowel mucosa were
revealed using immunohistochemistry in 74 patients.
This article highlights the participation of diverse DC
subsets in the pathological processes in the small bowel
+
mucosa, pointing out the importance of Langerin
DCs in untreated CD patients with and without type
1 diabetes and indicating the possible involvement
of tolerogenic DCs in regulatory T cells development
to maintain intestinal immunological tolerance in CD
patients.
Vorobjova T, Uibo O, Heilman K, Uibo R. Increased density of
tolerogenic dendritic cells in the small bowel mucosa of celiac
patients. World J Gastroenterol 2015; 21(2): 439-452 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v21/i2/439.
htm DOI: http://dx.doi.org/10.3748/wjg.v21.i2.439

INTRODUCTION
Celiac disease (CD) is characterized by an altered immune
response to ingested wheat gluten and related prolamins
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Table 1 Numbers, mean ages, genders and IgA-tTG positivity results of the persons studied n (%)
Study group

Number of persons

1

Age (yr)

Male

CD
CD with T1D
T1D
Control group
Total

18
15
2
39
74

9.9 ± 10.7
8.5 ± 3.7
8.5 ± 6.4
12.8 ± 4.9
11.1 ± 6.8

Female
1

n

Age (yr)
b

5 (28)
8 (53)
2 (100)
14 (36)b
29 (39)b

8.3 ± 3.1
8.6 ± 4.8
8.5 ± 6.4
11.4 ± 5.9
9.9 ± 5.2

IgA-tTG-positive
1

n
b

13 (72)
7 (47)
0
25 (64)b
45 (61)b

Age (yr)

(> 10 U/mL)

10.5 ± 12.5
8.5 ± 2.1
13.5 ± 4.3
11.9 ± 7.6

18/18b
11/11
0/2
2/35b
31/66

Value is the mean ± SD. bP ≤ 0.01, study group vs control group. CD: Celiac disease; T1D: Type 1 diabetes; IgA-tTG: IgA antibody.

1

to differentiate into Langerin+ cells[26]. In addition, we do
not know how Langerin+ DCs are related to other DC
subsets and Tregs in the human small intestinal mucosa.
Because Langerin+ DCs are significant modulators of
events in the skin, another important immunological
barrier of the organism, knowledge of the function
of these cells in the small intestinal mucosa may be of
general importance.
In the present study, we aimed to investigate the
densities of CD11c+ DCs, CD103+ DCs, IDO+ DCs
and Langerin + DCs, along with FOXP3 + Treg cells,
in the small bowel mucosa in CD patients with and
without coexisting T1D and to compare these densities
with the those found in histologically normal intestinal
mucosa in persons with functional dyspepsia using
immunohistochemical and immunofluorescence methods.

Ⅲc in 3 cases. Thirty-nine patients without CD and 2 with

T1D had normal small bowel mucosa (Marsh grade 0).
All patients with CD had IgA antibodies to tTG as
assessed using an EliA™ Celikey® IgA assay (Pharmacia
Diagnostics, Freiburg, Germany) (mean value 414.5 ±
130.5 U/ml). In the control group, two persons with
normal small bowel mucosa (a 16-year-old boy and an
8-year-old girl, both with functional dyspepsia) were
positive for IgA antibodies to tTG (515.0 and 58.3 U/
ml, respectively). The mean value of IgA antibodies to
tTG in the control group was 17.9 ± 14.7 U/ml.
Ethics
This study complies with the Declaration of Helsinki
and was approved by the Ethics Review Committee for
Human Research of the University of Tartu. All studied
children and/or their parents gave written informed
consent to participate in the study.

MATERIALS AND METHODS
Study population
Seventy-four patients (45 female, 29 male, mean age 11.1
± 6.8 years) who were admitted to the Children’s Clinic
of Tartu University Hospital and underwent small bowel
biopsy were studied. All patients were recruited at the
time of CD diagnosis. CD without T1D was diagnosed
in 18 (mean age 9.9 ± 10.7 years) patients, and CD with
T1D was diagnosed in 15 (mean age 8.5 ± 3.7 years)
patients. Normal small bowel mucosa was found in two
T1D patients with equivocal values of IgA antibodies
to tissue transglutaminase (tTG, 7.0 and 9.8 U/ml,
respectively; both boys, 13 and 4 years old). Because
healthy persons could not be included in the control
group due to ethical constraints (gastroduodenoscopy),
we selected thirty-nine patients (mean age 12.8 ± 4.9
years) with other diagnoses (mainly with functional
dyspepsia, duodenal ulcer and erosive gastritis) for the
control group (Table 1). Diagnosis of CD was established
on the basis of the European Society for Pediatric Gastroenterology, Hepatology and Nutrition (ESPGHAN)
criteria[27]. Morphologically, the small bowel mucosa was
assessed according to the Marsh classification[28] on the
basis of biopsy samples taken by gastroduodenoscopy
from distal duodenum.
According to this classification, all CD patients had
partial or subtotal villous atrophy: a Marsh grade of Ⅲa
was observed in 9 cases, grade Ⅲb in 21 cases and grade

WJG|www.wjgnet.com

Material
Small bowel biopsy from the distal duodenum was
performed by gastroduodenoscopy. Two specimens
were used for morphological and immunohistochemical
examinations, and the third specimen was immediately
quick-frozen in Tissue Tek OCT Compound (Sakura,
Finetek, Finland) and stored at -80 ℃ for further use in
immunofluorescence studies.
Immunohistochemistry on paraffin-embedded
specimens
The following antibodies were used: monoclonal mouse
anti-CD11c (NCL-L-CD11c-563) Novocastra™ Liquid,
diluted 1:80; monoclonal mouse anti-human FOXP3
antibodies (clone 236A/E7, Abcam, Cambridge, United
States), diluted 1:60 (16.6 µg/mL in 1% normal horse
serum); and anti-IDO (mouse monoclonal-anti-human
indoleamine 2,3-dioxygenase), clone 1F8.2 (Chemicon,
Millipore Corporation), diluted 1:50.
For the detection of CD11c+ DCs and FOXP3+ T
cells in the small bowel mucosa of 63 patients, double
staining was used; mono-staining for IDO+ DCs was
performed in 58 patients.
Formalin-fixed biopsy specimens of the small bowel
mucosa were studied using the Avidin-Biotin method.
Paraffin slides were deparaffinized, and antigen retrieval
was achieved by microwave treatment in 1 mmol/L
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EDTA (Scharlau Chemie S.A., pH 8.0), once at 900 W
for 7 min and twice at 440 W for 5 min. After cooling
for 20 min at room temperature (rt), endogenous
peroxidase activity was quenched by incubating the
slides for 30 min at rt in 0.5% H 2O 2-methanol. To
avoid nonspecific reactions, slides were treated with
2.5% normal horse serum (Vectastain ABC Kit, Vector
Laboratories, Burlingame, CA, United States) for 10 min
at rt. Additionally, to block the binding of antibodies
to the Fc receptor, the FcR Blocking Reagent (human,
Miltenyi Biotec GmbH, Germany), diluted 1:100, was
used for 10 min at 4 ℃. The sections were incubated
with monoclonal mouse anti-CD11c antibody for 15 min
at rt, then overnight at 4 ℃. We used biotinylated antimouse IgG (Vectastain ABC Kit, Vector Laboratories,
Burlingame, CA, United States), diluted 1:200 (incubation
for 30 min at rt), as the secondary antibody. The bound
antibody was detected with a commercial avidin-biotin
immunoperoxidase system (Vectastain ABC Kit, Vector
Laboratories, Burlingame, CA, United States) according
to the manufacturer’s instructions, using the Vector VIP
Peroxidase substrate kit (SK-4600) (incubation for 10
min) (purple-red staining). The reaction was stopped by
rinsing the sections in cold water, after which staining
for FOXP3 was performed using monoclonal mouse
anti-human FOXP3 antibodies for 1 h at rt, followed
by incubation overnight at 4 ℃. After washing in 1 ×
Tris-buffered saline (Tris-HCI, pH 7.5), the sections
were incubated with the above-mentioned secondary
antibodies using the Vectastain ABC Kit (Vector Laboratories, Burlingame, CA, United States). The bound
antibody was visualized using Vector SG (Vector Laboratories, Burlingame, CA, United States) as the substrate
(incubation for 10 min) (blue staining). Next, the sections
were immersed in cold water to stop the reaction, after
which the stained tissue sections were dehydrated and
mounted in Canada balsam. We used tissue sections
without primary antibody (incubation with 1% horse
serum) for the negative control and human tonsil sections
for the positive control.
Staining for IDO + DCs on paraffin sections was
performed as described above; primary antibodies were
incubated with the sections overnight at 4 ℃. The bound
antibody was detected with a commercial avidin-biotin
immunoperoxidase system (Vectastain ABC Kit, Vector
Laboratories, Burlingame, CA, United States) according
to the manufacturer’s instructions, using the Vector VIP
Peroxidase substrate kit (SK-4600) (incubation for 10
min) (purple-red staining).

Plus slides (Menzel GmbH and Co KG, Braunschweig,
Germany), air-dried for 1 h and used immediately. Tissue
sections were fixed in 4% paraformaldehyde for 10 min
at rt, followed by permeabilization with 0.3% Triton-X
100 (SERVA, Feinbiochemica, Heidelberg, Germany) in
Tris buffer for 30 min at rt.
Before incubation with primary anti-IDO antibodies,
endogenous biotin was blocked using the Biotin Blocking
System Kit (DAKO, Cytomation, Carpinteria, United
States) for 10 min at rt. Additionally, to block the binding
of antibodies to the Fc receptor, the FcR Blocking
Reagent (human from Miltenyi Biotec GmbH, Germany),
diluted 1:100, was used on all studied sections for 10 min
at 4 ℃. This reagent was also used before incubation
with anti-CD11c, anti-CD103 and anti-Langerin primary
antibodies.
The sections were incubated with anti-IDO clone
1F8.2 (Chemicon, Millipore Corporation) monoclonal
mouse-anti human IDO antibody, diluted 1:50, in
TRIS buffer overnight at 4 ℃ in a humid chamber
under coverslips. For the secondary antibody, we used
biotinylated anti-mouse IgG (in horse), diluted 1:150
(Vector Laboratories, Burlingame, CA, United States),
and a positive reaction was visualized after the incubation
with Streptavidin-Alexa blue 350 (Invitrogen, by Life
Technologies), diluted 1:100, for 1 h at rt. After that, the
slides were double-stained with anti-CD103 [Integrin αE
(N-19): sc-6606, Santa Cruz Biotechnology] polyclonal
goat-anti-human antibody, diluted 1:50, overnight at 4 ℃,
followed by incubation with donkey-anti-goat-Alexa 488
(Invitrogen, by Life Technologies), diluted 1:100 and
incubated for one hour at rt, as the secondary antibody.
Cryostat sections cut from the same frozen biopsies
were incubated in parallel with anti-CD11c [Integrin
alpha X (H-68): sc-28663, Santa Cruz Biotechnology]
and polyclonal rabbit-anti-human (diluted 1:50 and
incubated overnight at 4 ℃), followed by incubation
with anti-rabbit IgG (whole molecule) conjugated with
a Cy3 (Fab’) fragment sheep antibody (SIGMA-Aldrich,
United States), diluted 1:100 and incubated for one
hour at rt. After washing in TRIS buffer, the slides were
double-stained with anti-CD103 [Integrin αE (N-19):
sc-6606. Santa Cruz Biotechnology] polyclonal goat-antihuman (diluted 1:50 and incubated overnight at 4 ℃),
followed by incubation with donkey-anti-goat-Alexa 488
(Invitrogen, by Life Technologies), diluted 1:100 and
incubated for one hour at rt, as the secondary antibody.
A separate cryostat section from the same frozen
biopsy specimen was incubated with anti-Langerin
(CD207) (N-14) goat-anti-human polyclonal antibody
(Santa Cruz Biotechnology), diluted 1:50 and incubated
overnight at 4 ℃, followed by incubation with donkeyanti-Goat-Alexa 488 (Invitrogen, by Life Technologies),
diluted 1:100 and incubated for one hour at rt, as the
secondary antibody. After washing in TRIS buffer, the
slides were mounted in TRIS-glycerol solution. The
negative control was performed by omitting the primary
antibody (incubation with TRIS buffer alone).

Immunofluorescence staining on cryostat sections
Double-staining for IDO and CD103 and for CD11c
and CD103 was performed on frozen sections of the
small bowel mucosa of 71 patients. Mono-staining for
Langerin (CD207) on sections from the same frozen
biopsies was performed for 70 patients. The 4 μm frozen
sections cut with a cryomicrotome (Leica CM1950, Leica
Microsystems, Germany) were mounted on SuperFrost
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RESULTS
Using double-staining on paraffin sections, both CD11c+
DCs and FOXP3+ Treg cells were detected in the small
bowel mucosa (Figure 1).
The density of CD11c + DCs was significantly
increased in CD patients compared with patients with
normal mucosa (P = 0.007) (Figure 2A). The numbers of
FOXP3+ Tregs were significantly higher in CD patients
(P = 0.0002) and in patients with CD and coexisting T1D
(P = 0.002) compared with patients with normal mucosa
(Figure 2B). The density of FOXP3+ Tregs significantly
correlated with the histological grade of atrophic changes
in the small bowel mucosa according to the March
classification (r = 0.62; P < 0.0001) and with levels of
IgA-tTG (r = 0.55; P < 0.0001) (Figure 2C and D).
IDO+ DCs were detected on paraffin sections by monostaining using the avidin-biotin immunohistochemical
method (Figure 3).
The densities of IDO+ DCs were significantly higher
in CD patients (P = 0.00003) and in patients with CD
and coexisting T1D (P = 0.004) compared with patients
with normal mucosa (Figure 4A). This difference was
dependent on the grade of atrophic and inflammatory
changes in the small bowel mucosa, e.g., in subtotal
villous atrophy (grade Ⅲb, according to Marsh), the mean
value of IDO+ DCs was 10.37 ± 1.24 vs 6.40 ± 1.75 in
partial villous atrophy (grade Ⅲa; P = 0.03). This finding
is also supported by analysis of the correlation of density
of IDO+ DCs on paraffin sections with the histological
grade of the small bowel mucosa (r = 0.64; P < 0.0001)
and with levels of IgA-tTG (r = 0.48; P = 0.0002) (Figure
4B and C). A significant correlation was established
between the densities of IDO+ DCs and FOXP3+ Treg
cells on paraffin sections for the entire study group (r =
0.76; P = 0.0001) (Figure 4D).
To simultaneously study the densities of CD11c+,
CD103+ and IDO+ DCs in the same tissue section, we
used double immunofluorescence staining on two consecutive cryostat serial sections from the same biopsy
specimen of the small bowel mucosa - one for CD103
and IDO (Figure 5A) and the other for CD103 and
CD11c (Figure 5B). The mean values of CD103+ DCs
were significantly higher in CD patients (P = 0.01) and
in patients with CD and associated T1D (P = 0.00002)
compared with subjects with normal small bowel
mucosa (Figure 6A). The density of CD103+ DCs was
correlated with the histological grade of small bowel
mucosa atrophy (r = 0.39; P = 0.0008) (Figure 6B).
A significant correlation was identified between the
densities of CD103+ DCs and FOXP3+ Tregs for the
entire study group (r = 0.33; P = 0.0087) (Figure 6C).
The mean values of CD11c+, IDO+ and CD103+ DCs
were significantly higher in CD patients compared with
persons with normal small bowel mucosa (Figure 7).
The IDO+ and CD103+ markers were simultaneously
expressed in 30% of the DCs in the LP of the bowel

Figure 1 Double staining for CD11c (purple-red, short arrow) and FOXP3
(blue, long arrow) on a paraffin section of the small bowel mucosa.
Original magnification, objective × 40; eyepiece × 10.

The paraffin sections were microscopically examined
using a objective × 40 and a eyepiece × 10 in a Zeiss
KF 2 transmitted light microscope (Carl Zeiss, Jena,
Germany). The cryosections were examined under an
immunofluorescence microscope (Olympus BX50, Japan)
using objectives with magnification × 40 and an eyepiece
with magnification × 10. The micro-photos were
obtained using a Leica DM5500 B (Leica Microsystems
CMS GmbH, Germany) under the same magnifications.
All sections were studied with the investigator
blinded to the diagnosis data. In each of the 5 different
microscopic fields, DCs positive for CD11c, CD103,
IDO and Langerin, along with lymphocytes positive for
FOXP3, were counted. Cell densities were expressed as
the mean number of positively stained cells per field. The
results of double-staining for IDO and CD11c and for
CD11c and CD103 were analyzed in a similar manner.
Tissue transglutaminase IgA antibody immunoassay
using the EliATM Celikey® IgA assay.
Sixty-six sera samples were tested for IgA antibody (IgAtTG) using a fully automated EliA™ Celikey® IgA assay
(Pharmacia Diagnostics, Freiburg, Germany) according
to the manufacturer’s instructions. According to the
manufacturer’s suggestions, IgA-tTG values higher than
10 EliA U/ml were considered positive.
Statistical analysis
The results obtained for the different study groups are
presented as mean ± SE. Statistical calculations were
performed using the Graph Pad Prism 5.0 software using
the t-test, Mann-Whitney U test and Spearman’s rank
correlation test. The χ 2 or Fisher exact test was used for
nominal variables.
Differences were considered statistically significant
at P < 0.05. Sensitivity, specificity and receiver operating
characteristic (ROC) curves with the areas under the
curve (AUC) were calculated for different DC markers
and FOXP3 using StatsDirect software.
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Figure 2 Density of CD11c+ dendritic cells (A), FOXP3+ regulatory T cells (B) in paraffin sections for the different study groups; Spearman’s rank
correlation between the histological grades (according to Marsh) and FOXP3+ regulatory T cells cell densities (C) or between the densities of FOXP3+
regulatory T cells and serum IgA-tTG levels (D) in the studied persons. bP < 0.01, CD total vs normal mucosa; dP < 0.01, CD vs normal mucosa; fP < 0.01, CD
with T1D vs normal mucosa; hP < 0.01, CD total vs normal mucosa; iP value for CD vs CD with T1D not statistically significant. CD: Celiac disease; T1D: Type 1
diabetes; DC: Dendritic cell; IgA-tTG: IgA antibody; Tregs: regulatory T cells.

visualized DCs in persons with normal mucosa.
Immunofluorescence staining for Langerin on a
cryostat section of the small bowel mucosa is presented
in Figure 8. Langerin+ DCs were identified in both the
LP (Figure 8A) and the epithelium of the villus of the
small bowel mucosa (Figure 8B).
The mean value of Langerin+ DCs was higher in CD
patients compared with persons with normal mucosa
(P = 0.04; Figures 7 and 9). The correlations between
Langerin+ DCs and CD11c+ DCs (r = 0.57; P = 0.04) and
between Langerin+ DCs and CD103+ DCs were more
pronounced in female CD patients (r = 0.77; P = 0.002).
According to the analysis of the ROC curves, FOXP3
and IDO positivity had the highest discriminative power
(AUC) for both CD (AUC = 0.92 for FOXP3 and 0.88
for IDO) and CD with coexisting T1D (AUC = 0.91 for
FOXP3 and 0.91 for IDO), while CD103 had also a high
discriminative power for CD associated with T1D (AUC
= 0.86) (Table 2 and Figure 10).
The densities of IDO+ DCs (6.55 ± 0.51 vs 4.67 +
0.72), CD103+ (7.16 ± 0.85 vs 4.93 ± 0.65) and CD11c+
DCs (7.62 ± 0.43 vs 5.83 + 0.37) were significantly higher
in females compared with males (P = 0.042, P = 0.04 and
P = 0.003, respectively). The number of Langerin+ DCs

Figure 3 Positive staining for indoleamine 2,3-dioxygenase (purple-red)
on a paraffin section of the small bowel mucosa. Original magnification,
objective × 40; eyepiece × 10.

mucosa of CD patients and in 25% of the DCs in the
normal mucosa. Both markers, CD11c and CD103, were
expressed in 5% of the DCs in the LP of the bowel
mucosa of the studied persons, with CD11c accounting
for 47.5% and CD103 accounting for 47%. Double
expression of CD11c and CD103 was observed in 6.5%
of the DCs in the CD group compared with 4.2% of the
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Figure 4 Densities of IDO+ DCs on paraffin sections for the different study groups (A); Spearman’s rank correlation between the histological grades
(according to Marsh) and IDO+ DCs (on paraffin sections) for the studied persons (B); between the densities of IDO+ DCs and serum IgA-tTG levels in the
studied persons (C); or between the densities of IDO+ DCs and FOXP3+ Treg cells for the entire study group, evaluated on paraffin sections (r = 0.76; P =
0.0001) (D). The dots represent the mean values of positively stained cells per microscopic field. bP < 0.01, CD vs normal mucosa; dP < 0.01, CD with T1D vs normal
mucosa; fP < 0.01, CD total vs normal mucosa. CD: Celiac disease; DC: Dendritic cell; T1D: Type 1 diabetes; IgA-tTG: IgA antibody; Tregs: regulatory T cells; IDO:
Indoleamine 2,3-dioxygenase.

A

B

Figure 5 Double-staining for IDO (blue) and CD103 (green) (merged, A) and double-staining for CD11c (red) and CD103 (green) (merged, B) on cryostat
sections of the small bowel mucosa. Original magnification, objective × 40; eyepiece × 10. IDO: Indoleamine 2,3-dioxygenase.

(6.27 ± 0.61 vs 4.56 ± 0.62) was also higher in females
than in males (P = 0.01). Among all persons studied, the
density of IDO+ DCs was significantly higher in females
compared with males (8.41 ± 0.70 and 5.41 ± 0.73,
respectively; P = 0.004).
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DISCUSSION
The main finding of this study was the significantly
higher densities of CD11c+, tolerogenic IDO+, CD103+
and Langerin + DCs in the small bowel mucosa of
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Figure 6 Densities of CD103+ DCs on cryostat sections for the different study groups (A); Spearman’s rank correlation between the histological grades
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entire study group (C). The dots represent the mean values of positively stained cells per microscopic field. bP ≤ 0.01, CD vs normal mucosa; dP < 0.01, CD with
T1D vs normal mucosa; fP < 0.01, CD total vs normal mucosa. CD: Celiac disease; T1D: Type 1 diabetes; DC: Dendritic cell; Tregs: regulatory T cells..
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patients with CD compared with subjects with normal
small bowel mucosa. The densities of IDO + and
particularly of CD103+ DCs were high in CD patients
with coexisting T1D, possibly demonstrating the
strongest pressure on the local immune system in these
patients. These results are consistent with our finding
that FOXP3+ Tregs are present at higher densities in CD
patients with and without coexisting T1D. A significant
correlation between the densities of tolerogenic DCs and
FOXP3+ Tregs in the small bowel mucosa of the persons
studied might confirm the involvement of these DCs in
enhanced FOXP3+ Tregs development.
Accumulation of CD11c+ DCs in celiac lesions was
also observed in a study by Ráki et al[29], who showed
that CD11c+ DCs are able to activate gluten-reactive T
cells. In a subsequent study, the same group of authors
established that rapid accumulation of CD14+CD11c+
DCs occurred in the LP of the gut mucosa of treated
patients with CD after a three-day gluten challenge
and asserted that gluten-induced recruitment of these
cells is specific for CD[30]. Another study by this group
demonstrated the increased density of CD163+CD11c+
DCs in celiac lesions[31]. However, according to their
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Figure 7 Mean values of CD11c+, IDO+, CD103+ and Langerin+ DCs in
celiac disease patients are significantly higher compared with these
values in persons with normal small bowel mucosa (according to the
immunofluorescence data from cryostat sections). Columns represent the
mean values of positively stained cells per microscopic field in patients with
CD vs patients with normal mucosa. bP < 0.01, CD11c+ in patients with CD vs
patients with normal mucosa; dP < 0.01, IDO+ in patients with CD vs patients
with normal mucosa; fP < 0.01, CD103+ in patients with CD vs patients with
normal mucosa; aP < 0.05, Langerin+ CD103+ in patients with CD vs patients
with normal mucosa. CD: Celiac disease; IDO: Indoleamine 2,3-dioxygenase;
DC: Dendritic cell.
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A

B

Figure 8 Staining for Langerin (CD207) on cryostat sections of the small bowel mucosa in the lamina propria (A) and in the epithelium of the villus of the
small bowel mucosa (B). Original magnification, objective × 40; eyepiece × 10.
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Figure 9 Densities of Langerin dendritic cells on paraffin sections for
the different study groups. The dots represent the mean values of positively
stained cells per microscopic field. aP < 0.05, CD total vs normal mucosa. CD:
Celiac disease; T1D: Type 1 diabetes; DC: Dendritic cell.
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Figure 10 Receiver operating characteristic curves of dendritic cell and
Tregs markers, showing their overall capacity to discriminate between
individuals with and without the disease. The diagonal line represents a
worthless test (sensitivity = 1 - specificity). The further the curve is from the
diagonal line and the closer it is to the upper left- hand corner of the graph,
the better the discriminative power of the test. CD: Celiac disease; IDO:
Indoleamine 2,3-dioxygenase; ROC: Receiver operating characteristic.

results, the density of CD103+ DCs was decreased in
CD patients. Importantly, in these studies, the study
group consisted of older patients (mean age 39 years)
compared with the patients in our CD group (mean age
11.1 ± 6.8 years), which might at least partly explain the
discrepancies between the results of their study and ours.
Thus, we believe that the increased density of CD103+
DCs in the proximal part of the small intestinal mucosa
of CD patients, particularly those with coexisting T1D, is
of pathogenic relevance.
Another important finding in our study was the
significant correlation between densities of IDO+ DCs
and FOXP3+ Tregs, indicating the tolerogenic capacity
of IDO+ DCs. Moreover, 29.7% of the LP DCs were
double-positive for both IDO and CD103 markers in
the CD patient group. Thus, our data are in agreement
with those of Matteoli et al[18], who reported that IDO
expression was particularly associated with CD11c +
CD103+ DCs, both in mouse and human LP. According
to these authors, IDO is involved in the capacity of
CD103+ DCs to drive FOXP3+ Tregs development.
However, the study of Badami et al [32] showed

WJG|www.wjgnet.com

0.25

that T1D patients had a reduced number of FOXP3+
Treg cells due to both impaired differentiation by gutassociated CD103 + CD11c + DC and their need to
maintain immune tolerance for pancreatic cells. These
authors did not find any difference in the amount of
intestinal CD103+CD11c DCs in the LP between T1D
patients, CD patients and controls. The discrepancy
between the results in the above-mentioned study and
ours could be partly explained by the different methods used in these two studies. Badami et al[32] used
multiparametric fluorescent-activated sorter analysis of
the cell subsets in the biopsy specimens of the studied
persons and a conversion assay for the assessment of
tolerogenic function of the LP DCs or blood monocytederived DCs in vitro. We performed immunohistochemical
evaluations of a subpopulation of DCs and T cells in
duodenal biopsy specimens. It should also be noted that
their T1D group was significantly older (mean age 29
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Table 2 Areas under the curve values and the cut-off, sensitivity and specificity values for different dendritic cells and Tregs
markers in the groups studied
Markers

Entire study group

FOXP3 (paraff)
IDO (paraff)
CD11c (IF)
IDO (IF)
CD11c (paraff)
CD103 (IF)
Langerin (IF)

Patients with CD

Patients with CD and T1D

AUC

Cut-off

Sensitivity

Specificity

AUC

Cut-off

Sensitivity

Specificity

AUC

Cut-off

0.92
0.89
0.72
0.70
0.70
0.77
0.57

4.8
11.2
10.1
9.7
10.6
7.8
8.8

0.87
0.85
0.55
0.45
0.87
0.74
0.36

0.94
0.87
0.92
0.95
0.45
0.74
0.90

0.92
0.88
0.79
0.72
0.71
0.71
0.59

4.8
13.1
10.1
10.1
24.8
8.8
8.6

0.88
0.81
0.61
0.50
0.47
0.61
0.44

0.94
0.93
0.92
0.97
0.90
0.76
0.84

0.91
0.91
0.62
0.67
0.68
0.86
0.55

5.0
11.2
12.1
9.7
16.6
7.3
7.4

Sensitivity Specificity
0.85
0.90
0.38
0.39
0.62
1.00
0.54

0.94
0.87
1.00
0.95
0.71
0.68
0.68

AUC: Area under the receiver operating characteristic curve; Cut-off: Marker value at which sensitivity and specificity are optimal; CD: Celiac disease;
paraff: Immunohistochemistry on paraffin-embedded specimens; IF: Immunofluorescence staining on cryostat sections; T1D: Type 1 diabetes.

years) than our patient and control populations, which
might also have influenced the results.
Similarly to other authors, we observed increased
expression levels of FOXP3 mRNA and protein in the
small bowel mucosa of patients with CD with and without
associated T1D in our previous study, which might
indicate an imbalance between regulatory and effector
mechanisms in the pathogenesis of these diseases[33,34].
The results of the present study regarding the higher density of FOXP3 + Tregs in CD patients with
and without coexisting T1D are consistent with the
relevant results of other studies. Cianci et al[35] reported
increased Tregs in the peripheral blood and the duodenal
mucosa of patients with active CD; they regarded this
phenomenon as an example of an “immunological
niche”, where naive T cells recruited by the gluten
trigger from the peripheral blood to local mucosa tissue
will differentiate into Tregs in the presence of antiinflammatory cytokines, such as transforming growth
factor (TGF)-beta and IL-10. A significant increase in
the density of FOXP3+ T regs in the LP of CD patients,
correlated with both the histological Marsh grade and the
serum levels of transglutaminase type 2 autoantibodies,
was demonstrated by Brazowski et al[36]. The increased
expression of CD4+CD25+FOXP3+ circulating Tregs in
untreated CD patients can be explained as an attempt to
quench intestinal inflammation and the immune response
to dietary gluten[37]. Borrelli et al[38] reported an increased
density of FOXP3+ Tregs in the duodenal mucosa and in
the peripheral blood of patients with potential CD and
interpreted this phenomenon as an effort by the immune
system to down-regulate current inflammation and to
restrict its progression toward mucosal damage through
either the redistribution of FOXP3+ Tregs or their local
proliferation.
In a study by Kivling et al[39], children with CD with
or without associated T1D had significantly higher
FOXP3 mRNA expression levels compared with children
with only T1D. This difference could indicate increased
Tregs-associated activity in the case of two autoimmune
disorders (CD and coexisting T1D) in contrast to a
single disorder of the immune system (children with
only T1D). However, some studies have established
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impairment of the regulatory activity of both intestinal
and peripheral blood FOXP3+ Treg cells in patients with
active CD[40-42]. This phenomenon could be explained by
the overproduction of IL-15, a cytokine preventing the
response of effector T cells to the suppressive effects of
Tregs, and partly by the overexpression of IL-15Rα in
CD patients[41,43].
There is evidence that IDO plays an important role
as a suppressor of lymphocyte-mediated inflammatory
responses[17]. In our study, the number of IDO+ DCs
was greater in the small bowel mucosa of patients with
higher-grade CD, i.e., grade Ⅲb according to the Marsh
classification, compared with patients with grade Ⅲ
a small bowel mucosa. The high discriminative power
of the IDO marker in CD patients with and without
T1D established in our study also supports the above
statement. This finding is in good agreement with the
results of Torres et al[19], who revealed high expression
levels of IDO in intestinal biopsies of CD patients.
Moreover, these authors observed that increased levels
of interferon-gamma and tumor necrosis factor-alpha
were potent inducers of IDO expression levels in CD
patients. The increase in IDO activity is considered to be
an attempt to control chronic antigen stimulation via the
down-regulation of T cell-mediated autoimmunity[19].
A central novel finding in our study was the presence
of variable densities of Langerin+ (CD207+) cells in
patients with normal or atrophic small bowel mucosa,
pointing to their role among the other DCs of the
intestinal mucosa. The presence of Langerin+ cells in
the duodenal epithelium (Figure 8) could indicate the
possibility that these cells actively participate in the
transportation of antigenic material through the epithelial
layer, as has been demonstrated earlier for CD11c +
DCs[44]. The presence of different types of DCs in both
the LP and the villous epithelium has also been shown
by Farache et al[45]. Because the density of Langerin+
DCs in the small bowel mucosa was significantly higher
in CD patients compared with persons with normal
intestinal mucosa, these cells might indeed play a specific
role in CD. This difference may be due to the capacity
of Langerin+ DCs to take up and route the antigen(s)
from the epithelium into the organelles[44]. Rochereau et

448

January 14, 2015|Volume 21|Issue 2|

Vorobjova T et al . DCs in intestinal mucosa in celiac children

al[46] confirmed the presence of CD11c+/Langerin+ DCs
in mouse Peyer’s Patches, located predominantly in the
dome region, which supports their function in antigen
uptake. However, Langerin + DCs could be actively
recruited to the CD mucosa through their binding to
different sugar residues on microorganisms, and some
of these interactions might be directly connected to
CD development [47]. The binding of Langerin + DCs
to heparin[48], which is reactive to the disease-specific
autoantigen tTG, might have an additional impact,
namely because the heparin-binding residues of tTG are
strong autoantigenic epitopes[49].
One of the limitations of the study is related to a
gender imbalance between the study groups, which might
have an influence on the results. In female patients,
the density of DCs in normal small bowel mucosa was
significantly higher compared with male patients. This
difference indicates that some results may have been
skewed due to divergences in the composition of the
study groups. However, Sankaran-Walters et al[50] showed
that women have higher levels of T cell proliferation and
activation and up-regulation in gene expression-related
immune functions in the gut microenvironment in the
absence of disease, all of which can predispose women
to inflammation-associated diseases. Moreover, DC
differentiation and function are regulated by the estrogen
receptor ligands[51]. Mao et al[52] reported that estrogendependent CD11c+CD11b Ly6C- DCs express Langerin
(CD207). Our result regarding the significant correlation
between the densities of CD11c+ and Langerin+ DCs,
particularly in female patients with CD, is in agreement
with the finding of the above authors. Xiao et al [53]
demonstrated that estrogen can induce IDO expression
by DCs through suppression of T cell function via the
IDO pathway. In our study, the higher prevalence of
IDO + DCs in female compared with male patients,
especially in the group with normal mucosa and a mean
age of 13.5 ± 4.3 years, could have already been affected
by the female hormonal status, although the mean age of
male subjects with normal mucosa (11.4 ± 5.8) did not
differ significantly from female subjects of similar age
(P = 0.25). Despite the gender influences, we still believe
that differences in the distribution of the DC subsets in
the small intestinal mucosa of CD patients and controls
are significant.
Another limitation of our study is that we did not
know the microbiota status of the small intestines of
the studied persons. We agree that the microbiota can
strongly influence and regulate the homeostasis of
effector immune cells, including the distribution of
different subtypes of DCs and Treg cells, along with
other immunoregulatory events, in the small bowel
mucosa[3,54]. However, this factor is known to be one
of the major limitations of other similar studies, unless
the intestinal microbiota is studied specifically[55]. Even
in cases where it is studied, the interpretation of study
results is difficult because the intestinal microbiota is
dependent on different nutritional factors[7,8].
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In conclusion, we established that CD patients expressed higher densities of CD11c+, IDO+ and CD103+
DCs and Langerin + DCs in the small bowel mucosa
compared with the control persons. The densities of
both FOXP3+ Tregs and IDO+ DCs were significantly
increased in CD patients with and without coexisting
T1D. A significant correlation was identified between
the densities of CD103+ DCs and FOXP3+ Tregs and
between the densities of IDO+ DCs and FOXP3+ Tregs.
This finding highlights the participation of diverse
DC subsets in the pathological processes of CD and
indicates the possible involvement of tolerogenic DCs in
Tregs development to maintain intestinal immunological
tolerance in CD patients. Our results demonstrate the
diversity of the mechanisms of immunoregulation and
the various types of DC involvement in CD, emphasizing
the importance of Langerin+ DCs in the small intestinal
mucosa.
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COMMENTS
Background

The role of the gut immune system is thought to be of crucial importance in
the pathogenesis of celiac disease (CD) and type 1 diabetes (T1D). Several
research groups have demonstrated a marked association between the
development of T1D and preceding alterations in the small bowel mucosa.
Dendritic cells (DCs) have received much attention in both diseases due to their
strategic role in gut homeostasis by processing external antigens (including
wheat proteins) and by determining tolerance to self-antigens.

Research frontiers

The important role of CD11c+CD103+ DCs and indoleamine 2,3-dioxygenase
(IDO) in the induction of regulatory T cells (Tregs) differentiation have been
established. In addition, DCs carrying Langerin (CD207) proteins have received
considerable interest. The expression of Langerin by CD103+CD11b+ lamina
propria DCs in the human ileum has recently been reported. However, the
presence of Langerin+ DCs in the small bowel mucosa in pathological conditions
such as CD and T1D has not yet been studied. We also do not know how
Langerin+ DCs are related to other DC subsets and Tregs in the human small
intestinal mucosa. Because Langerin+ DCs are significant modulators of events
in the skin, another important immunological barrier of the organism, knowledge
of the function of these cells in the small intestinal mucosa may be of general
importance. This research aims to investigate the densities of CD11c + DCs,
CD103+ DCs, IDO+ DCs and Langerin+ DCs, along with FOXP3+ Tregs, in the
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small bowel mucosa in CD patients with and without coexisting T1D and to
compare these densities with those found in histologically normal intestinal
mucosa in persons with functional dyspepsia using immunohistochemical and
immunofluorescence methods.

9

Innovations and breakthroughs

10

The main finding of this study was the significantly higher densities of CD11c+,
tolerogenic IDO+, CD103+ and Langerin+ DCs in the small bowel mucosa of
patients with CD compared with subjects with normal small bowel mucosa.
The densities of IDO+ and particularly of CD103+ DCs were high in CD patients
with coexisting T1D, possibly demonstrating the strongest pressure on the
local immune system in these patients. A significant correlation between the
densities of tolerogenic DCs and FOXP3+ Tregs in the small bowel mucosa of
the persons studied might confirm the involvement of these DCs in enhanced
FOXP3+ Tregs development.

11

12

Applications

This finding highlights the participation of diverse DC subsets in the pathological
processes of CD and indicates the possible involvement of tolerogenic
DCs in Tregs development to maintain intestinal immunological tolerance
in CD patients. This results demonstrate the diversity of the mechanisms of
immunoregulation and the various types of DC involvement in CD, emphasizing
the importance of Langerin+ DCs in the small intestinal mucosa.

13
14

Terminology

IDO is an immunomodulatory enzyme involved in tryptophan catabolism with
immunosuppressive effects that has been implicated in the control of intestinal
inflammation. Higher IDO expression has been measured in intestinal biopsies
from CD patients. Langerin was originally identified as a Langerhans cell
-specific C-type lectin receptor involved in antigen capture. Tolerogenic DCs are
dendritic cells, predominantly CD103+, that are isolated from lamina propria and
mesenteric lymph nodes and are able to drive the development of CD4+FOXP3+
Tregs. Tregs are a subpopulation of CD4+CD25+FOXP3+ T cells that modulate
the immune system, mainly by immunosuppressive activity, and play an
important role in intestinal homeostasis.

15
16

Peer review

17

The current manuscript studied DCs and FOXP3-positive Tregs and their
interactions in the small bowel mucosa of patients with CD with or without T1D.
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Aberrant EphB/ephrin-B expression in experimental gastric
lesions and tumor cells
Shintaro Uchiyama, Noritaka Saeki, Kazushige Ogawa
EphB and ephrin-B in normal, ulcerated regenerating,
and dysplastic gastric mucosa were examined in a rat
experimental model by immunolabeling, and mRNA
expression was assessed in four human gastric carcinoma cell lines by reverse transcription-polymerase chain
reaction.
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RESULTS: Ephrin-B- and EphB-expressing regions were
divided along the pit-gland axis in normal gastric units.
EphB2 was transiently upregulated in the experimental
ulcer, and its expression domain extended to gastric pits
and/or the luminal surface where ephrin-B-expressing
pit cells reside. EphB2, B3, and B4 and ephrin-B1 were
coexpressed in the experimental gastric dysplasia, and
more than one ligand-receptor pair was highly expressed
in each of the gastric carcinoma cell lines.
CONCLUSION: Robust and stable coexpression of EphB
and ephrin-B is a feature common to experimentally
induced gastric dysplasia and human gastric carcinoma
cell lines as compared to normal gastric and ulcerated
regenerating epithelia. Thus, EphB/ephrin-B may be
a useful marker combination for dysplastic/oncogenic
transformation in gastric cancer.
Key words: Gastric ulcer; Gastric dysplasia; Gastric
carcinoma cell line; Coexpression; EphB; Ephrin-B
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: A constant/high level of EphB and ephrin-B
coexpression was identified as a feature common to
experimentally induced gastric dysplasia and human
gastric carcinoma cell lines, as compared to normal
and regenerating gastric epithelia. Based on these, we
proposed that the stable/robust EphB and ephrin-B
coexpression is a marker of dysplastic/oncogenic
transformation. Eph signaling in tumor cells likely has
a suppressive role during tumor progression, with Eph
and ephrin coexpressed on the same cell engaging in

Abstract
AIM: To determine whether the expression profiles
of EphB receptor and ephrin-B ligand can be used as
markers for dysplastic/oncogenic transformation in
gastric mucosa.
METHODS: The protein expression and localization of
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non-productive interactions via lateral inhibition and
thereby silencing downstream signaling. These results
can be useful for the early and accurate diagnosis of
gastric tumors.

overlap between receptor and ligand expression domains
is highest. We also showed that EphB signaling in
primary gastric epithelial cells promoted cell retraction,
and proposed that the EphB-positive progeny of gastric
stem cells migrates from the isthmus to the bottom of
the gastric glands via contact-mediated repulsion[11].
Up- or downregulation in expression and mutations
in genes of Eph receptors or ephrin ligands have been
reported in human gastric tumors [12-25] , and EphA
overexpression in tumors is correlated with cancer
progression, metastasis, and/or poor prognosis[16,18,21-23,25].
Less attention has been given to EphB in gastric tumors.
A few studies have shown altered or absent expression
of certain receptors in tumor samples relative to
adjacent normal tissue, with reduction/loss in expression
correlated with gastric cancer progression, metastasis, and
poor prognosis[20,24]. In colorectal tumors, the expression
of EphB receptors is high during early stages of tumor
progression, and downregulated at the adenomacarcinoma transition[26,27].
Detailed comparisons of the expression profiles
of Eph receptors and their ephrin ligands between
normal, ulcerated regenerating, and dysplastic gastric
epithelia and gastric tumors are lacking. In the present
study, expression profiles of EphB/ephrin-B in gastric
epithelia were assessed in normal and experimentally
induced ulcerated and dysplastic tissues, as well as human
gastric carcinoma cell lines, to determine whether EphB/
ephrin-B expression can serve as a marker for dysplastic/
oncogenic transformation in gastric mucosa.

Uchiyama S, Saeki N, Ogawa K. Aberrant EphB/ephrin-B
expression in experimental gastric lesions and tumor cells. World
J Gastroenterol 2015; 21(2): 453-464 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i2/453.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i2.453

INTRODUCTION
The large Eph receptor tyrosine kinase superfamily
has 14 members in mammals that are divided into
EphA (A1-A8 and A10) and EphB (B1-B4 and B6;
EphB5 has only been detected in the chicken) classes
on the basis of sequence homology of the extracellular
domain [1,2]. Members of these two receptor classes
promiscuously bind ligands of the ephrin-A (A1-A5) and
-B (B1-B3) classes, respectively. Ephrin-A members are
anchored to the plasma membrane through a glycosyl
phosphatidylinositol linkage, while ephrin-B is a class of
transmembrane proteins. The Eph/ephrin interaction
results in bidirectional signal propagation in both
receptor- and ligand-expressing cells. Forward signaling
by Eph depends mainly on autophosphorylation by the
tyrosine kinase domain and association of the receptor
with various effector proteins, while reverse signaling
by ephrin depends in part on tyrosine phosphorylation
of the cytoplasmic region of ephrin-Bs and associated
proteins[1,2]. This cell-cell communication is essential to
the development and physiology of various tissues and
organs, especially in the nervous and vascular systems[1,3].
Accumulating evidence also implicates Eph/ephrin
signaling in tumor development and progression:
overexpression, reduced expression, and mutations in
the receptor and/or ligand affect tumor cell growth,
migration, invasion, and metastasis in vitro and in vivo[4,5].
The stomach is lined with a simple columnar
epithelium on the luminal surface that forms deep tubular
invaginations termed gastric glands. These are connected
to gastric pits, which are wide tubular depressions on the
luminal surface of the mucosa. The isthmus lies between
the pits and glands, with the three comprising a gastric
unit. Gastric stem cells located in the isthmus proliferate
and differentiate to give rise to pit and gastric gland cells;
the former migrate apically towards the gastric lumen,
whereas the latter migrate basally towards the neck
and then to the base of the glands[6-8]. We previously
reported complementary expression patterns for EphB
and ephrin-B members in rodent gastric mucosa, with
receptors and ligands being preferentially expressed in
deeper and superficial regions, respectively, of gastric
units[9-11]. This finding indicates that EphB/ephrin-B
signaling is mostly restricted to the isthmus, where the
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MATERIALS AND METHODS
Animals
F344 male rats (Japan SLC, Inc., Hamamatsu, Japan)
were maintained under standard housing and feeding
conditions. Tissue samples from normal and gastric
ulcer model rats (8-10 wk old) were used for reverse
transcription-polymerase chain reaction (RT-PCR) and
immuno- and lectin fluorescence labeling experiments,
while immunoperoxidase staining was carried out using
samples from gastric dysplasia model rats (8-9 mo
old). Rats were anesthetized with pentobarbital and the
stomach tissue was transcardially perfused with Ca2+/
Mg2+-free Hanks’ balanced salt solution and dissected.
Animal protocols were approved by the Animal Research
Committee of Osaka Prefecture University.
Experimental induction of gastric ulcers
Gastric ulcers were induced with acidified ethanol
solution using an established method [28] with minor
modifications. Rats weighing 190-210 g were fasted for
24 h but allowed free access to drinking water; 1 mL
acidified ethanol solution (80% ethanol in 0.15 mol/L
HCl) was orally administrated to each animal using a
disposable feeding needle (Fuchigami Ltd., Muko, Japan)
on day 0. Stomach tissue samples were processed for
histological examination by staining with hematoxylin and
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eosin (H-E) on days 1, 3, 7, 10, and 14. A 100% survival
rate was observed among rats that developed gastric
ulcers, and epithelial regeneration was observed by day
3 in stained specimens. Ulcers and regenerating regions
were randomly distributed on the mucosal surface of
the stomach, which were easily identifiable by naked eye
until at least day 7 as small, pale, or petechial/ecchymotic
hemorrhagic puncta. Regenerating regions could not be
clearly distinguished after day 10 by naked eye; thus, day
7 was selected for histochemical and RT-PCR analyses of
regenerating gastric epithelium.

anti-goat IgG was from Molecular Probes, Inc. (Eugene,
OR, United States).
RT-PCR
Total RNA was isolated from normal gastric corpus
mucosa and regenerating mucosa on day 7 after ulcer
induction, as well as human gastric carcinoma cell lines,
using Trizol reagent (Invitrogen Japan K.K., Tokyo,
Japan). RT-PCR was performed as previously described[30].
Briefly, 1 µg total RNA was transcribed into first-strand
cDNA by using M-MLV reverse transcriptase, RNase H(Promega, Madison, WI, United States) and oligo(dT)18
primer, according to the manufacturer’s instructions.
For the detection of endogenous EphB receptors and
ephrin-B ligands, 1 µl of the reaction mix (from a total
of 25 µl) was amplified over 36 cycles with cDNA as the
template. The RT reaction was omitted for the negative
control sample. Expression levels of amplified rat
EphB1-B4 and B6, and ephrin-B1 and -B2 mRNA were
determined from three independent experiments and
normalized to the levels of β-actin mRNA as an internal
control (amplified over 23 cycles). Expression levels of
human GAPDH mRNA (amplified over 23 cycles) were
used as an internal control for those of amplified human
EphB1-B4, B6, and ephrin-B1 and -B2 mRNA in the
samples of human gastric carcinoma cell lines. Primer
sequences used to amplify rat EphBs and ephrin-Bs
were as previously described[11], and forward and reverse
primers for rat β-actin and human EphBs, ephrin-Bs
and GAPDH were as follows: β-actin, 5’-GGC ATC
CTG ACC CTG AAG TA-3’ and 5’-TCT CAG CTG
TGG TGG TGA AG-3’; EphB1, 5’-AAT GGC ATC
ATC CTG GAC TA-3’ and 5’-TCA ATC TCC TTG
GCA AAC TC-3’; EphB2, 5’-CAA TGC GGA AGA
GGT GGA TG-3’ and 5’-GGA TCT CGA AGG TGT
ACT GG-3’; EphB3, 5’-GTG AGT GGC TAC GAT
GAG G-3’ and 5’-GGA GAT GAG CGA CAT GCA
G-3’; EphB4, 5’-GCA GTT CTC TGC CTC AGG A-3’
and 5’-GCT CGA ACT GGC CCA TGA T-3’; EphB6,
5’-CTG AGA GCC GAG TGT TAG TGG-3’ and
5’-AGC TCC CCT TGA GGA AGT GTC-3’; ephrin-B1,
5’-TCA ACC CCA AGT TCC TGA GTG-3’ and 5’-GCG
TAG CTT CAG TAG TAG GAC-3’; ephrin-B2, 5’-ACC
CAC AGA TAG GAG ACA AA-3’ and 5’-GGT TGA
TCC AGC AGA ACT TG-3’; ephrin-B3, 5’-CCT AAC
CAG AGG CAT GAA GG-3’ and 5’-TCT CAT AGT
GGG GGC AGA AG-3’; and GAPDH, 5’-GTC GGA
GTC AAC GGA TTT GG-3’ and 5’-GGA TGA TGT
TCT GGA GAG CC-3’.

Experimental induction of gastric dysplasia
Dysplasia of gastric glandular epithelia was induced by a
previously described method[29] with minor modifications.
Briefly, rats weighing 190-210 g were fasted for 24 h
but allowed free access to drinking water. A single dose
(250 mg/kg) of N-methyl-N’-nitro-N-nitrosoguanidine
(MNNG; Kanto Chemical Co., Tokyo, Japan) prepared
at 50 mg/ml in 75% dimethylsulfoxide (Sigma-Aldrich,
St. Louis, MO, United States) was orally administrated to
rats using a disposable feeding needle; 6-7 mo later, rats
were sacrificed and their stomachs dissected and fixed.
Concave/convex regions on the mucosal surface were cut
with a razor blade and processed for histochemistry.
Gastric cancer cell lines and cell culture
The human gastric carcinoma cell lines AZ-521, KatoIII, MKN-7, and SH-10-TC were obtained from the Cell
Resource Center for Biomedical Research Institute of
Development, Aging and Cancer (Tohoku University,
Sendai, Japan). AZ-521 cells were cultured in Dulbecco’s
modified Eagle’s medium (Sigma-Aldrich) containing
10% fetal bovine serum (FBS; Cell Culture Bioscience,
Nichirei Biosciences Inc., Tokyo, Japan) and 100 IU/ml
penicillin and 100 µ g/ml streptomycin (pen/strep;
Sigma-Aldrich). Kato-III, MKN-7, and SH-10-TC cells
were cultured in Roswell Park Memorial Institute-1640
medium (Sigma-Aldrich) containing 10% FBS and
pen/strep. Cells were maintained in a humidified 5%
CO2/95% air incubator at 37 ℃ and used in RT-PCR
experiments.
Antibodies
Goat polyclonal antibodies against the extracellular
domains of mouse EphB2 (AF467), EphB3 (AF432),
EphB4 (AF446), and ephrin-B1 (AF473) were obtained
from R&D Systems, Inc. (Minneapolis, MN, United
States). A rabbit polyclonal antibody against the ephrin-B
carboxy terminus (anti-ephrin-B1/B2/B3, C-18) was
purchased from Santa Cruz Biotechnology (Santa Cruz,
CA, United States). This antibody was used to detect
the combined expression of ephrin-B ligands. The
rabbit anti-human Ki67 monoclonal antibody (SP6) was
from NeoMarkers, Inc. (Fremont, CA, United States).
Biotinylated rabbit anti-goat and goat anti-rabbit IgG
were from Vector Laboratories, Inc. (Burlingame, CA,
United States), and Alexa Fluor 488-conjugated donkey
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Immunolabeling and lectin fluorescence staining
The stomachs of normal rats, and those with experimentally
induced ulcers or dysplasia were cut into 3- to 5-mmthick pieces that were fixed with 4% paraformaldehyde
in phosphate-buffered saline (PBS) for 4 h at 4 ℃ .
After washing with PBS, the pieces were immersed in
30% sucrose in PBS overnight, embedded in Optimal
Cutting Temperature compound (Sakura Finetechnical
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used to identify mucous neck and pit cells (i.e., surface
mucous cells), respectively[11]. Fluorescence co-labeling
of lectins and EphB2 was carried out as previously
described[9]. Cryostat sections were preincubated in a
humid chamber with 1% bovine serum albumin in PBS,
followed by incubation with the primary antibody against
EphB2 (2 µg/ml) for 1 h at 32 ℃. After washing with
PBS, sections were incubated with a mixture of Alexa
Fluor 488-conjugated donkey anti-goat IgG and UEA-I (1
µg/ml) for 30 min at 32 ℃, and following PBS washes,
mounted with Permafluor (Immunotech, Marseille,
France). A subset of sections was double-labeled with
GS- Ⅱ (1 µ g/ml) and UEA- Ⅰ for 30 min at 32 ℃ .
Sections were imaged with a fluorescence microscope
(IX71; Olympus, Tokyo, Japan).
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Statistical analysis
Statistical analyses were performed with StatView software (SAS Institute Inc., Cary, NC, United States). Histograms show mean ± SD. An unpaired t-test was used
to compare means and a P value < 0.05 was considered
statistically significant.
Mm

Mm

RESULTS

100 mm

Expression and localization of EphB and ephrin-B in
normal gastric mucosa
Tissue samples of gastric corpus mucosa in normal
adult rats were screened by RT-PCR to identify EphB
receptors and ephrin-B ligands expressed in the adult
stomach. With the exception of ephrin-B3, transcripts
for all mammalian EphB and ephrin-B molecules were
detected (Figure 1A), with the most prominent expression
observed for EphB2-B4, and ephrin-B1 and -B2.
Immunoperoxidase staining was performed to
determine the localization of the most abundant receptors
and ligands. The isthmus, where proliferating cells are
localized, was identified by Ki67 immunoreactivity. EphB
receptors and ephrin B ligands were expressed in the
plasma membrane of cells. EphB2 was expressed in gland
cells, strongly in the base region where chief cells are
located and weakly in the lower portion of the neck (Figure
1B). EphB3 expression was stronger in the neck of gastric
glands and weaker in the isthmus and base region. EphB4
was expressed in the isthmus and neck of gastric glands
and in blood vessels of the lamina propria mucosae. In
contrast, ephrin-B1 immunoreactivity was observed in
pit cells lining the lumen, gastric pits, and in cells located
in the isthmus (Figure 1B). A similar labeling pattern
was seen using the ephrin-B1/B2/B3 antibody, which
recognizes all three ephrin-B ligands (data not shown).
Thus, in gastric units, pit cells and proliferating isthmus
cells express ephrin-B. In summary, cells located in the
epithelium overlying the lumen, gastric pits, and isthmus
expressed ephrin-B ligands, whereas cells in the neck and
based of gastric glands and isthmus expressed EphB
receptors; thus, receptors and ligands are differentially
expressed within gastric units but are coexpressed in the

Figure 1 Expression of B-class Eph receptors and ephrin ligands in
normal rat gastric corpus mucosa. A: EphB and ephrin-B mRNA expression
was determined by reverse transcription-polymerase chain reaction; B:
Expression of EphB2-B4, ephrin-B1, and Ki67 in the gastric corpus mucosa
was evaluated by immunoperoxidase and hematoxylin and eosin co-staining of
frozen sections. Mm: Muscularis mucosae; P: Gastric pit; arrow: Blood vessel.

Co., Ltd., Tokyo, Japan), and sectioned at a thickness
of 6-7 µm on a cryostat. Sections were stained by the
immunoperoxidase method [30]. Briefly, sections were
immersed in 0.3% hydrogen peroxide for 30 min,
preincubated with 3% normal rabbit or goat serum in
PBS, then incubated with primary antibodies against
EphB2, B3, or B4, ephrin-B1 or ephrin-B1/B2/B3
(all at 1 µ g/ml) or Ki67 (1:200) overnight at 4 ℃ .
Avidin and biotin (Avidin/Biotin Blocking Kit; Vector
Laboratories, Inc., Burlingame, CA, United States) were
added to the blocking and primary antibody solutions,
respectively, to block endogenous binding sites. Sections
were incubated with biotinylated rabbit anti-goat or goat
anti-rabbit IgG, followed by treatment with an avidinbiotin peroxidase complex (Vectastain Elite ABC kit;
Vector Laboratories, Inc.), and they were developed by
immersion in 3,3’-diaminobenzidine substrate (KPL,
Gaithersburg, MD, United States). The specificity of the
staining was verified by incubation without primary or
secondary antibodies. Some immunoperoxidase staining
sections were counterstained with haematoxylin. A subset
of sections was stained with H-E.
Fluorescein-conjugated Griffonia simplicifolia (GS)-Ⅱ
lectin and rhodamine-conjugated Ulex europaeus agglutinin
(UEA)-I lectin (both from Vector Laboratories, Inc.) were
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Figure 2 Representative images of rat gastric corpus mucosa showing typical regeneration 1, 3, 7, and 14 d after induction of gastric ulcers by oral
administration of acidified ethanol solution (80% ethanol in 0.15 mol/L HCl). Tissue sections were stained with hematoxylin and eosin. Mm: Muscularis mucosae.

isthmus, where undifferentiated gastric stem cells and
transit-amplifying cells reside.

the gastric glands, as well as in stromal cells (Figures 4
and 5). In regions adjacent to the regenerating gastric
mucosa where gastric units elongated to a length similar
to the control, Ki67-positive cells were mainly restricted
to the isthmus. UAE-Ⅰ-positive cells formed gastric
pits and covered the luminal surface, whereas by lectin
fluorescence labeling, GS-Ⅱ-positive cells were detected
throughout the gastric glands in regenerating gastric
units (Figure 5). Thus, at this time point, Ki67-positive
mucous neck cells had emerged to form the entire length
of regenerating gastric glands, which were still extremely
thin and lacked a base and part of the neck. EphB2 and
B3 were localized in the plasma membrane of gland cells.
EphB2 was not detected in control, but was upregulated
in gastric units of regenerating areas on day 7 (Figure
4) and detected not only in gastric glands but also in the
isthmus and gastric pits occupied by Ki67-positive cells
(Figure 5). EphB3 was also upregulated in gastric units
of regenerating areas in the isthmus and gastric glands,
in contrast to its localization in the control mucosa
(Figure 4). The EphB4 expression pattern was similar in
regenerating and control mucosa, and was mainly seen in
the isthmus and gastric glands of regenerating gastric unit
as well as in blood vessels. Ephrin-B1 immunoreactivity
was similar in regenerating and control mucosa, and was
seen mainly in pit cells (Figure 4). In the regenerated
gastric mucosa on day 14, localization of the EphB
receptors and ephrin-B1 were the same as that in control
rats (data not shown). Thus, the ephrin-B1-expressing
region temporarily overlaps with the upper part of the
region that highly expresses EphB2 in regenerating gastric units.

Expression and localization of EphB and ephrin-B in
regenerating gastric mucosa
Expression profiles of EphB and ephrin-B were examined
by RT-PCR and immunolabeling in an experimental
ulcer model to determine whether complementary
receptor/ligand expression patterns are maintained in an
actively regenerating gastric epithelium. Gastric corpus
mucosa underwent a typical regeneration process 3-14
d after induction of gastric ulcers, as observed in H-Estained sections. On day 3, epithelial cells covered the
luminal surface of the gastric mucosa (Figure 2); on day
7, gastric units composed of incomplete and short gastric
glands, with gland cells strongly stained with eosin, were
formed in the regenerating mucosa with thick stromal
tissues. On day 14, the regeneration of gastric mucosa
was almost complete and the regenerated tissue could
not be histologically distinguished from normal tissue
except for the presence of a relatively abundant stroma
in the former. Based on histological assessment of the
regeneration process, the gastric mucosa on day 7 was
deemed suitable for analysis of EphB and ephrin-B
expression because at this time point there were clear
signs of active epithelial regeneration.
The mRNA expression of all EphB receptors and
ephrin-B ligands was assessed with the exception of
ephrin-B3, for which no expression was observed in
either the control or ulcerated gastric corpus mucosa on
day 7 by RT-PCR. The expression levels of all molecules
were similar to those of the control at this stage of
regeneration except for EphB2, which was upregulated
by 2.1-fold (P = 0.016; Figure 3).
Immunoperoxidase staining, and immuno- and lectin
fluorescence labeling of serial sections were used to
determine the localization and changes in expression
of the most abundant EphB receptors and ephrin-B
ligands in the regenerating gastric corpus mucosa on
day 7. Ki67-positive proliferating cells were abundant in
the regenerating gastric mucosa, i.e., regenerating gastric
units from the base of the gastric pits to the bottom of
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EphB and ephrin-B localization in the gastric epithelial
dysplasia
The expression of EphB and ephrin-B in aberrantly
proliferating gastric epithelium was examined by immunoperoxidase staining of experimentally induced gastric
dysplasia. A single sublethal dose of MNNG induced
dysplastic lesions in the rat gastric mucosa several
months later, where hemorrhage was histologically identified and numerous Ki67-positive cells were present,
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Figure 3 Densitometric quantification of EphB1-B4 and B6, and ephrin-B1 and -B2 mRNA expression levels in the gastric corpus mucosa of control (Con)
and ulcerated regenerating stomach on day 7 after induction of gastric ulcers (Ulc), as determined by reverse transcription-polymerase chain reaction.
EphB2 expression in the regenerating gastric mucosa was higher than in the control (P = 0.016; unpaired t-test).

comprising multiple layers in dysplastic epithelia (Figure
6). EphB receptors (EphB2-B4) and ephrin-B1 were
highly expressed in the plasma membrane of gastric cells
in Ki67-positive and -negative regions (Figure 6); in the
former, ephrin-B1 was also detected in the cytoplasm of
these cells. EphB4 was also highly expressed in blood
vessels. These results demonstrate an overlap of regions
expressing high levels of EphB and ephrin-B in gastric
dysplasia, suggesting that dysplastic cells coexpress both
receptors and ligand. Expression patterns of EphB
receptors, ephrin-B1 ligand, and Ki67-positive cells in
normal, ulcerated regenerating, and dysplastic gastric
epithelia are summarized in Figure 7.

expressed in gastric carcinomas; and gastric carcinoma
cells coexpress more than one EphB receptor and
ephrin-B ligand.

DISCUSSION
Eph receptor tyrosine kinases and their ephrin ligands
function in cell-cell communication, with widespread
roles in the development and physiology of various
tissues and organs [1,3]. The present study examined
whether EphB and ephrin-B expression profiles can serve
as an indicator of dysplastic/oncogenic transformation
in gastric mucosa. This is the first comprehensive analysis
of the expression profiles of B-class Eph receptors and
ephrin ligands in normal, ulcerated regenerating, and
dysplastic gastric mucosa in a rodent model and human
gastric carcinoma cell lines. The ephrin-B- and EphBexpressing regions - in the upper (luminal surface and
gastric pits) and lower (gastric gland) compartments,
respectively - are divided along the pit-gland axis in
normal gastric units, consistent with our previous findings in the mouse[9-11]. We also found that the timedependent upregulation of EphB2 and B3 expression, as
evidenced by immunohistochemical signal intensity, were
similar in regenerating and normal, adjacent gastric units.
Notably, the region highly expressing EphB2 extended
up to the gastric pits and/or the luminal surface where
UEA-I-/Ki67-positive pit cells reside. This suggests
that proliferating cells in the isthmus and gastric pits

EphB and ephrin-B expression in gastric cancer cell
lines
EphB and ephrin-B mRNA expression was examined
by RT-PCR in four human gastric carcinoma cell lines.
EphB1 and ephrin-B2 were prominently expressed, and
EphB2 and B3, and ephrin-B1 were weakly expressed, in
AZ-521 cells. In KATO-III cells, EphB2, and ephrin-B1
and -B2 transcript levels were high, while EphB1, B3, and
B4 mRNA was detected at low levels. MKN-7 cells highly
expressed EphB2 and B3 and ephrin-B2, while weak
expression of EphB1 and B6 was also seen. High levels
of EphB1, B2, B3, and B6 and ephrin-B2, and relatively
low levels of EphB4 and ephrin-B1 were observed in
SH-10-TC cells (Figure 8). These results suggest that
unlike in normal gastric epithelium, ephrin-B3 is not
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Figure 4 Immunoperoxidase staining of EphB2, B3, and B4, ephrin-B1, and Ki67, with hematoxylin and eosin staining, of frozen sections of the
regenerating gastric corpus mucosa 7 d after experimental induction of gastric ulcers (see Figure 2 legend). Mm: Muscularis mucosae; L: Gastric lumen;
Arrow: Blood vessel; Asterisk: Regenerating region.
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Figure 5 Double immunofluorescence labeling of EphB2 (green) and the pit cell marker Ulex europaeus agglutinin (UEA)-Ⅰ (orange), and the neck cell
marker Griffonia simplicifolia-Ⅱ (green) and UEA-Ⅰ, with Ki67 immunoperoxidase and hematoxylin and eosin co-staining in frozen sections of the
regenerating gastric corpus mucosa 7 d after induction of gastric ulcers (see Figure 2 legend). L: Gastric lumen; Mm: Muscularis mucosae; P: Gastric pit; Black
arrow: Ki67-positive pit cells; Arrowhead: Ki67-positive gland cells; White arrow: UEA-Ⅰ-positive pit cells.
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Figure 6 Immunoperoxidase staining of EphB2-B4, ephrin-B1, and Ki67, and hematoxylin and eosin staining of frozen sections of gastric dysplasia in rat
induced by oral administration of N-methyl-N′-nitro-N-nitrosoguanidine. dP: Deep and wide aberrant gastric pit; Arrow: Blood vessel; Arrowhead: Membrane
localization of ephrin-B1; Asterisk: Cytoplasmic localization of ephrin-B1.

temporarily upregulate EphB2 expression during the
normal regeneration process. Because there was no
alteration in ephrin-B1 signal intensity in these cells,
EphB2 and ephrin-B1 are likely coexpressed at constant,
high levels in gastric units at this time. Moreover, EphB
receptors (EphB2-B4) and ephrin-B1 were upregulated
and ubiquitously distributed throughout gastric cells in
the dysplastic mucosa, where the Ki67-positive cell region
extended down to the bottom of epithelial invaginations
and dysplastic cells did not form clear gastric units.
This indicates that EphB receptors and ephrin-B1 are
coexpressed at high levels in aberrantly proliferating cells
in the gastric dysplasia. Based on these findings, it was
hypothesized that the emergence of proliferating cells
that upregulate expression of both EphB receptors and
ephrin-B ligands is an indication of dysplastic/oncogenic
transformation. The observed patterns of receptor
and ligand mRNA expression in four human gastric
carcinoma cell lines provided evidence in support of this
hypothesis. Thus, the coexpression of EphB receptors
and ephrin-B ligands is also a likely feature of gastric
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carcinoma. We previously detected the coexpression of
certain Eph receptors and ephrin ligands in human tumor
samples[31], which suggested that their coexpression in
tumors may not be atypical. A comprehensive analysis of
receptor-ligand coexpression profiles in human gastric
carcinoma samples is required to determine whether this
is indeed the case.
Canonical Eph forward signaling has tumor suppressor function, based on studies in which forced Eph
activation by soluble and dimerized ephrins inhibited
proliferation, survival, migration, and invasion of various
types of tumor cell in culture and tumor progression in
several mouse models[5]. Certain Eph receptors and ephrin ligands are expressed in vascular endothelial cells in
human tumor samples[3,31] and are presumed to promote
tumor angiogenesis and thus its progression [5], while
dysregulation of Eph/ephrin signaling affects tumor
progression and metastasis in vitro and in vivo[4,5,19]. In
the present study, the coexpression of more than one
receptor and/or ligand was observed in dysplastic gastric
cells and gastric carcinoma cell lines. This can lead to
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Figure 7 Schematic representation of EphB receptor, ephrin-B1 ligand, and Ki67 expression in normal (A), ulcerated regenerating (B), and dysplastic
gastric epithelia (C).
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Figure 8 EphB and ephrin-B mRNA expression in human gastric carcinoma cell lines. Transcript levels in AZ-521, KATO-Ⅲ, MKN-7, and SH-10-TC cells were
determined by reverse transcription-polymerase chain reaction. All cell lines coexpressed more than one EphB receptor and/or ephrin-B ligand at a high level.

ineffectual lateral interactions in tumor cells by mutual
inhibition in intercellular interactions [2,5,32]. It is well
known that EphB receptors may be overexpressed during
early stages of tumor progression and subsequently
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downregulated at the adenoma-carcinoma transition in
colorectal tumors[26]. In mouse colorectal tumor models,
the expansion and invasiveness of the initial tumor cells
expressing EphB receptors at high levels were inhibited
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by contact with ephrin-B-expressing normal cells
enclosing the tumor compartment: the forward signaling
caused cell-cell repulsion between tumorigenic and
normal cells, as well as adhesion between tumor cells[26,27].
Less attention has been given to the EphB receptors
in gastric tumors. The overexpression or reduced and/or
loss of EphB1 and B2 expression has been reported in
human gastric tumor samples relative to adjacent normal
tissue, which has been correlated with gastric cancer
progression, metastasis, and poor prognosis[20,24]. Thus, as
in the case of colorectal carcinoma, early upregulation of
EphB receptor expression followed by a downregulation
at the adenoma-carcinoma transition likely occurs in
gastrointestinal tumors. However, EphB-expressing cells
located in the basal region of dysplastic gastric mucosae
were not surrounded by cells expressing normal levels
of ephrin-B, unlike the localization of receptors and
ligands in the early stage of colorectal tumors. Moreover,
EphB and ephrin-B coexpression was observed in all
gastric carcinoma cell lines examined in the present study,
implying that EphB receptors may not be acting as tumor
suppressors through lateral inhibition. Nonetheless, the
coexpression of EphB/ephrin-B may be a useful marker
for gastric tumor progression; further investigation will
be required to determine whether, for instance, tyrosine
phosphorylation status in these proteins is correlated
with expression profiles and tumor progression.
Xenograft studies have shown that ephrin-B1
signaling can promote gastric tumor cell invasion[33,34], and
is therefore likely implicated in tumor progression. The
present investigation detected cells strongly coexpressing
EphB receptors and ephrin-B1 in dysplastic Ki67-positive
and adjacent Ki67-negative regions; ephrin-B1 was also
frequently localized in the cytoplasm of proliferating
cells. Eph-ephrin complexes and surrounding plasma
membrane are internalized via endocytosis in cells
expressing either the receptor or ligand. This is the
terminal event in the Eph-ephrin interaction, after
which Eph forward and/or ephrin reverse signaling
drives cell-cell repulsion[2,3], thereby blocking intercellular
communication via the loss of cell-cell adhesion. Thus,
the cytoplasmic localization of ephirn-B1 in dysplastic
proliferating cells, but not in normal cells or regenerating
gastric cells, could mark the progression of gastric
tumors.
In conclusion, a constant and high level of EphB
and ephrin-B coexpression was identified as a feature
common to experimentally induced gastric dysplasia
and human gastric carcinoma cell lines, as compared
to normal gastric and ulcerated regenerating epithelia.
Based on these findings, it is proposed that the stable and
robust upregulation of coexpressed EphB and ephrin-B
is a marker of dysplastic/oncogenic transformation. Eph
forward signaling in tumor cells likely has a suppressive
role during tumor progression, with Eph and ephrin
coexpressed on the same cell engages in non-productive
interactions via lateral inhibition and thereby silencing
downstream signaling. These results can be useful for
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the early and accurate diagnosis of gastric tumors for the
timely initiation of therapeutic interventions.

COMMENTS
COMMENTS
Background

Up- or down-regulation in expression and mutations in genes of Eph receptors
or ephrin ligands have been reported in human gastric tumors, and EphA
overexpression in tumors is correlated with cancer progression, metastasis,
and/or poor prognosis. Less attention has been given to EphB in gastric tumors
while in colorectal tumors the expression of EphB receptors is high during early
stages of tumor progression and downregulated at the adenoma-carcinoma
transition.

Research frontiers

Canonical Eph forward signaling has tumor suppressor function, based on
studies in which forced Eph activation inhibited proliferation, survival, migration,
and invasion of various types of tumor cell in culture and tumor progression in
several mouse models. Certain Eph receptors and ephrin ligands are expressed
in vascular endothelial cells in human tumor samples and are presumed to
promote tumor angiogenesis and thus its progression, while dysregulation of
Eph/ephrin signaling affects tumor progression and metastasis in vitro and in
vivo.

Innovations and breakthroughs

To determine whether EphB and ephrin-B expression profiles can be used
as markers for dysplastic/oncogenic transformation in gastric mucosa,
the protein expression and localization of EphB and ephrin-B in normal,
ulcerated regenerating, and dysplastic gastric mucosa were examined in a rat
experimental model by immunolabeling, and mRNA expression was assessed
in four human gastric carcinoma cell lines by reverse transcription-polymerase
chain reaction (RT-PCR).

Applications

Robust and stable coexpression of EphB and ephrin-B was a feature common
to experimentally induced gastric dysplasia and human gastric carcinoma cell
lines as compared to normal gastric and ulcerated regenerating epithelia. Thus,
EphB/ephrin-B could be a useful marker combination for dysplastic/oncogenic
transformation in gastric cancer.

Terminology

Eph receptors and ephrin ligands: The Eph receptor tyrosine kinases have 14
members, EphA (A1-A8 and A10) and EphB (B1-B4 and B6), in mammals.
EphAs and EphBs promiscuously bind ephrin-A (A1-A5) and ephrin-B
(B1-B3) ligands, respectively. Ephrin-As are glycosylphosphatidylinositolanchored membrane proteins while ephrin-Bs are transmembrane proteins.
The Eph/ephrin interaction results in bidirectional signal propagation in both
receptor- and ligand-expressing cells. Eph forward signaling depends mainly
on autophosphorylation and association of the receptor with various effector
proteins, while ephrin reverse signaling in part on tyrosine phosphorylation of
the cytoplasmic region of ephrin-Bs and associated proteins.

Peer review

This paper examined the expression profiles of EphB and ephrin-B in normal,
ulcerated regenerating, and dysplastic gastric mucosa in a rat experimental
model as well as human gastric carcinoma cell lines by immunolabeling and/
or RT-PCR. The authors found a constant/high level of EphB and ephrin-B
coexpression identified as a feature common to experimentally induced gastric
dysplasia and human gastric carcinoma cell lines, as compared to normal
gastric and ulcerated regenerating epithelia. These results may be useful for
the early and accurate diagnosis of gastric tumors.
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METHODS: To synchronize colitis, 8- to 10-wk-old
-/IL-10 mice were fed pellet-chow containing piroxicam
for 2 wk. Subsequently, phosphate-buffered saline or
butein (1 mg/kg per day, ip) was injected for 4 wk.
Histologic scores, inflammatory cytokines, MMP-9 and
phosphorylated signal transducer and activator of
transcription 3 (pSTAT3) expressions were analyzed in
-/IL-10 mice and in Colo 205 cells.
RESULTS: Butein reduced the colonic inflammatory
score by > 50%. Expression levels of IL-6, IL-1β,
interferon (IFN)-γ and MMP-9 were decreased in the
colons of mice exposed to butein, whereas other
inflammatory cytokines (IL-17A, IL-21 and IL-22) were
unchanged. Immunohistochemical staining for pSTAT3
and MMP-9 was significantly decreased in the buteintreated groups compared with the controls. Butein
inhibited IL-6-induced activation of STAT3 in Colo 205
cells.
CONCLUSION: Butein ameliorated colitis in IL-10-/mice by regulating IL-6/STAT3 and MMP-9 activation.
Key words: Butein; Interleukin-6/signal transducer and
activator of transcription 3; Colitis; Inflammatory bowel
disease; Matrix metalloproteinase-9
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This study examined if butein, a naturally derived substance, has therapeutic effects in an animal
model of inflammatory bowel disease, interleukin
-/(IL)-10 mice. The results show that butein suppressed
bowel inflammation and interfered with the IL-6/signal
transducer and activator of transcription 3 and matrix
metalloproteinase-9 pathways, suggesting that butein

Abstract
AIM: To evaluate the effects of butein on inflammatory
cytokines, matrix metalloproteinase-9 (MMP-9), and
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has been reported that a number of chemical substances
obtained from edible plants with botanical and antioxidant
characteristics interfere with tumorigenesis through
suppression of the inflammatory reaction[12]. However,
there has been no agreement in results between actual
clinical applications and a large-scale prospective study[13].
In addition, numerous mechanisms have been suggested
for the anti-inflammatory and anti-tumor effects of
such natural substances. Cell signal transmission systems
have been actively studied, but it has been difficult to
elucidate the mechanism of the therapeutic effects due
to the structural diversity[13]. Toxicodendron vernicifluum, a
deciduous tree from the Anacardiaceae family, both grows
natively in various places and is cultivated in South Korea.
Urushiol, the major constituent, is primarily responsible
for the toxicity. Other constituents, such as butein
(3,4,2’,4’-tetrahydroxychalcone), have been found in in
vitro studies to have antioxidant and anti-inflammatory
effects and to suppress tumor cell proliferation and
angiogenesis[14-18]. One in vitro study demonstrated that
butein inhibits the activation of nuclear factor kappa B
(NF-κB) through inhibition of TNF-α, IL-6 and IL-8 in
human mast cells[19].
Matrix metalloproteinase (MMP), an enzyme that
degrades zinc-dependent gelatin matrices, serves an
important role in inflammatory cell infiltration, cytokine
activation and tissue injury, reformation and recovery.
MMP-9 is specifically known to be closely associated with
rheumatoid arthritis, atherosclerosis, colon cancer and
IBD. The suppressive effects that butein has on MMP-9
activation have been reported in an in vitro study using
prostate cancer cells[20,21]. However, to our knowledge,
no study has yet been conducted that examines the
therapeutic effects of butein on bowel inflammation and
colon cancer. This study, therefore, aims to evaluate the
interfering effects of butein on inflammatory cytokines
and MMP-9 in IL-10-/- mice and ultimately to examine
the therapeutic effects of butein.

should be used to treat bowel inflammation-induced
colon cancer. Although there have been several in vitro
studies on tumor cells, there have been no in vivo
studies examining the effect of butein on colitis in mice.
Lee SD, Choe JW, Lee BJ, Kang MH, Joo MK, Kim JH, Yeon
JE, Park JJ, Kim JS, Bak YT. Butein effects in colitis and
interleukin-6/signal transducer and activator of transcription
3 expression. World J Gastroenterol 2015; 21(2): 465-474
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i2/465.htm DOI: http://dx.doi.org/10.3748/wjg.v21.i2.465

INTRODUCTION
Inflammatory bowel diseases (IBDs), including Crohn’s
disease (CD) and ulcerative colitis, are chronic diseases
that are occasionally complicated by bowel perforations,
strictures and fistulas[1,2]. The overall risk of colorectal
cancer among patients with ulcerative colitis is about
ten times higher than that of the general population[3,4].
In Asia, including South Korea, the occurrence of
colon cancer and IBD has recently increased due
to environmental factors such as the influence of
Westernized lifestyles. This incidence pattern is expected
to continue[2]. Immunosuppressive agents and 5-aminosalicylic acid have classically been used as treatments
for IBD. Inhibition of tumor necrosis factor (TNF),
an inflammatory cytokine, has been considered as a
therapeutic target. Many studies have focused on diverse
biologic agents to treat IBD, but a completely efficient
treatment agent has not yet been discovered. Research
continues for the development of new alternative drugs
and in clinical trials[5,6].
IBD results from immune modulation abnormalities;
helper T cells, in particular, play a critical role in the
development of disease. CD is largely associated with
abnormal activation of Th1-related cytokines [interleukin
(IL)-1β, interferon (IFN)-γ, TNF-α, IL-6 and IL-22]; in
addition, the importance of Th17-related cytokines in
the emergence of CD has recently been highlighted[7].
IL-10-/- mice are known to be an appropriate animal
model for CD due to the similarity of their condition to
CD morbidity. In these mice, the manifestation of bowel
inflammation is mediated by Th1 cytokines (IL-1β, IFN-γ,
TNF-α and IL-6), and the ulcerative lesions are found
in the proximal portion of the colon. In IL-10-/- mice,
chronic bowel inflammation can occur without any other
stimuli or specific pathogens. Making use of the fact that
bowel inflammation occurs after a certain period of time,
it is possible to promote inflammation and inflammationinduced tumors with piroxicam, a non-steroidal antiinflammatory drug. Therefore, the IL-10-/- mouse can
be a useful animal model for the occurrence of bowel
inflammation and inflammation-induced tumors[8,9].
The therapeutic effects of natural substances on
inflammation and tumors are being widely studied[10,11]. It
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MATERIALS AND METHODS
Experimental animals
IL-10-/- mice were purchased from Jackson Laboratories
(Bar Harbor, ME, United States). All mice were housed
and bred in the animal care facility of Korea University
Guro Hospital.
Reagents
Butein and piroxicam were purchased from SigmaAldrich Inc. (St. Louis, MO, United States). Butein
was dissolved in dimethylsulfoxide and was diluted in
phosphate-buffered saline (PBS) before use. Antibodies
against phosphorylated signal transducer and activator
of transcription 3 (pSTAT3)/STAT3 and β-actin were
purchase from Cell Signaling Co. (Beverly, MA, United
States), anti-MMP-9 was purchased from Abcam Inc.
(Cambridge, United Kingdom), anti-BrdU was purchased
from Accurate Chemical (Westbury, NY, United States),
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(-/-)

Table 1 Histologic scores

Low dose
1

High dose
7

Piroxicam

Normal diet
14

Grade 0
Grade 1

28
Butein (1 mg/kg, ip)

Grade 2
Sacrifice

Figure 1 Experimental protocol for the interleukin-10-/--piroxicam colitis
model. IL: Interleukin; ip: Intraperitoneal injection.
Grade 3

GAPDH and donkey anti-rabbit antibodies were purchased from Santa Cruz Biotechnology Inc. (Dallas,
TX, United States), and anti-rabbit and mouse-HRPlabeled polymers were purchased from Dako of Agilent
Technologies (Glostrup, Denmark).

Grade 4

Colitis induction
To synchronize and accelerate colitis, 8-wk-old IL-10-/mice were treated with piroxicam as previously described[22,23]. In brief, a lower dose of piroxicam (60 mg/
250 g chow) was administrated for 7 d followed by a
higher dose of piroxicam (80 mg/250 g chow) for 7 d.
Mice were then placed on normal chow for the remainder
of the experimental period. On days 15-28, 1 mg/kg of
butein or PBS was administered daily to mice, and mice
were sacrificed on the 28th day (Figure 1). This experiment
was performed in accordance with the guidelines of the
Korea University Animal Ethics Committee.

dithiothreitol (1:100; Sigma-Aldrich Inc.) and 50 nmol/L
calyculin A (1:200; Wako, Richmond, VA, United States)
and incubated in rotator for 30 min at 4 ℃. The tissue
was then transferred to another 5 mL CMF-HBSS
solution containing 1 mmol/L ethylenediaminetetraacetic
acid and 50 nmol/L calyculin A, and incubated at 4 ℃
for 1 h. Colonic tissues were removed from the tube,
and epithelial cells were isolated by centrifugation at 300
rpm for 5 min. The supernatant was removed, and the
remaining cells were snap-frozen in liquid nitrogen and
maintained at -70 ℃ for future analysis.

Colitis assessment
Entire colons were dissected longitudinally and made into
Swiss rolls. The tissues were fixed in 10% formalin for
14-16 h, embedded in paraffin and 4-µm sections were
cut and stained with hematoxylin and eosin. The degree
of colitis was assessed using the inflammation scoring
system as described previously with slight modifications[24]
(Table 1).

Immunohistochemistry
For the proliferation assay, 1 mg 5-Bromo-2’-Deoxyuridine
(BrdU; Sigma-Aldrich Inc.) was injected into mice 2
h before sacrifice. Formalin-fixed, paraffin-embedded
sections were processed for immunohistochemistry. Paraffin-embedded slides were deparaffinized and hydrated.
Antigen retrieval was performed using Target retrieval
solution in a decloaking chamber followed by staining
with antibodies against pSTAT3 (1:100), BrdU (1:200)
or MMP-9 (1:00) followed by anti-rabbit or anti-mouse-HRP-labeled polymers. Sections were developed
using 3,3’-diaminobenzidine tetrahydrochloride and
counterstained with hematoxylin.

Cell lines and cultures
The human colon cancer cell line, Colo 205, was
purchased from the American Type Culture Collection
(Manassas, VA, United States). Cells were cultured in
RPMI media containing 1% penicillin-streptomycin
(Sigma) and 10% heat-inactivated fetal bovine serum in
5% CO2 at 37 ℃. Cells were seeded at 9 × 105 cells/mL
in 60-mm dishes and then treated with IL-6 (25 ng/mL)
and the indicated concentrations of butein.

Western blot
Protein was extracted from isolated colonic epithelial cells
and Colo 205 cells using protein extraction buffer (Fisher
Thermo Scientific Inc., Waltham, MA, United States)
as described by the manufacturer. Extracted protein
concentrations were measured using the BCA method,
and 30 μg protein samples were separated on a 10%
sodium dodecyl sulfate-polyacrylamide gel, transferred to

Colic epithelial cell isolation
Colonic epithelial cells were isolated as previously
described[25]. Mouse colonic tissues were washed using
cold PBS and opened longitudinally. Colons were
irrigated with cold Ca2+- and Mg+-free Hank’s balanced
salt solution (CMF-HBSS). The tissue was then transferred to 5 mL CMF-HBSS containing 10 mmol/L
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Normal tissue
One or a few multifocal mononuclear cell infiltrates in the
lamina propria
Minimal epithelial hyperplasia
Slight to no depletion of mucus from goblet cells
Lesions tended to involve more of the intestine than grade 1
lesions
Several multifocal, mild inflammatory cell infiltrates in the
lamina propria
Mild epithelial hyperplasia and mucin depletion
Small epithelial erosions
Lesions involved a large area of the mucosa or were more
frequent than grade 2 lesions
Moderate inflammation with the involvement of submucosa
Mixture of mononuclear cells as well as neutrophils, and
crypt abscesses
Moderate epithelial hyperplasia and mucin depletion
Ulcers were occasionally observed
Lesions usually involved most of the intestinal section and
were more severe than grade 3 lesions
Severe inflammation including mononuclear cells and
neutrophils with transmural involvement
Marked epithelial hyperplasia
Crypt abscesses and ulcers
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for 2 wk accelerates and synchronizes the onset and
severity of colitis in IL-10-/- mice with marked transmural
inflammation and ulceration in the proximal colon[8,23].
During the colitis experiment, mice treated with butein exhibited a greater body weight gain and longer
colonic length (Figure 2A and B). Histologic analysis
demonstrated that treatment with butein (1 mg/kg) for 2
wk after cessation of the 2-wk piroxicam administration
significantly reduced the inflammatory score with no
visible deep ulceration and lessened inflammatory cell
infiltrates (Figure 2C and D).

Table 2 Primer list
Name

Sequence

IL-6
IL-1b
IL-22
IL-17A
IFN-g
MMP-2
MMP-9
IL-21
IL-23R
IL-12b (P.40)

F
R
F
R
F
R
F
R
F
R
F
R
F
R
F
R
F
R
F
R

AGT TGC CTT CTT GGG ACT GA
TCC ACG ATT TCC CAG AGA AC
GCC CAT CCT CTG TGA CTC AT
AGG CCA CAG GTA TTT TGT CG
CAA CTT CCA GCA GCC ATA CA
GTT GAG CAC CTG CTT CAT CA
TCC AGA AGG CCC TCA GAC TA
AGC ATC TTC TCG ACC CTG AA
ACT GGC AAA AGG ATG GTG AC
TGA GCT CAT TGA ATG CTT GG
CAG ACT TGT CCC GTT TCC AT
GGT GCT GAC TGC ATC AAA GA
CGT CGT GAT CCC CAC TTA CT
AAC ACA CAG GGT TTG CCT TC
GGC AAC ATG GAG AGG ATT GT
AAG CAG GAA AAA GCT GAC CA
CAT GAC TTG CAC CTG GAA TG
GCT TGG ACC CAA ACC AAG TA
AGG TCA CAC TGG ACC AAA GG
TGG TTT GAT GAT GTC CCT GA

Butein treatment inhibits inflammatory cytokines and
MMP-9 in the colons of IL-10-/- mice
Previous studies have shown that colitis in IL-10-/- mice
is induced by dysregulation of Th1-mediated cytokines,
including IL-1β, IFN-γ and IL-6. The Th1 cytokines,
IFN-γ, IL-1β, IL-6, IL-21, IL-23 and IL-12β were heavily
upregulated in IL-10-/- mice, together with significantly
increased MMP-9, two weeks after the last administration
of piroxicam. IL-10-/- mice that received 2-wk-treatment
with butein demonstrated significantly reduced expression of IFN-γ , IL-1β , IL-6 and MMP-9 mRNA in
the proximal colon, while there was no effect on the
expression of IL-17a, IL-21, IL-22 and MMP-2 (Figure 3).

IFN: Interferon; MMP: Matrix metalloproteinase; F: Forward; R: Reverse;
IL: Interleukin.

nitrocellulose membranes and blocked with Tris-buffered
saline containing 0.05% Tween-20, 5% nonfat milk and
5% fetal bovine serum. The primary antibodies were
applied overnight at 4 ℃. Antibodies against STAT3
(1:1000) and GAPDH served as the sample loading
controls. After extensive washing, the membranes
were incubated for 1 h in corresponding horseradish
peroxidase-coupled secondary antibodies (donkey antirabbit 1:1000). The chemiluminescence reaction was
developed using a West Pico reagent (Pierce, Rockford,
IL, United States).

Butein treatment results in reduced STAT3 and MMP-9
expression in the colons of IL-10-/- mice
Knowing that STAT3 is part of a major intrinsic pathway
for inflammation and inflammation-associated cancers that
are mediated and activated by cytokines, chemokines and
other mediators including IL-6, IL-1β and macrophage
colony-stimulating factor, we investigated STAT3 activity
in the colons of IL-10-/- mice. Increased STAT3 activity
was noted in inflamed colonic epithelial cells, which
was inhibited by butein treatment, as noted both in
immunohistochemistry and Western blots (Figure 4).
Butein treatment suppressed MMP-9 expression,
which was noted in adjacent inflammatory cells in mice
with colitis and ulcerations in control mice. To evaluate proliferation, a BrdU incorporation assay was
performed by immunohistochemical analysis. There was
no significant difference between the control and butein
treatment groups (Figure 5).

RNA isolation and quantitative real-time polymerase
chain reaction
Quantitative real-time polymerase chain reaction (qRTPCR) was performed to quantify the expression of
mRNA for cytokines and MMP-9 with the expression of
GAPDH for endogenous control. Total RNA from the
proximal colon of each mouse was extracted using Trizol
(Invitrogen of Thermo Fisher Scientific Inc.), and cDNA
was synthesized using the iScript™ cDNA synthesis Kit
(Roche, Basel, Germany). qRT-PCR was performed using
the LightCycler 480 SYBR Green I Master kit (Roche)
according to the manufacturer’s instructions with the
primers summarized in Table 2.

Butein inhibits STAT3 phosphorylation induced by IL-6
in human Colo 205 cells
We investigated the effects of butein on the modulation
of IL-6/STAT3 activation in vitro using Colo 205 cells.
Exposure to IL-6 for different times and at different
concentrations increased phosphorylation of STAT3.
Butein treatment suppressed the phosphorylation of
STAT3 induced by IL-6 (25 ng/mL) at a concentration
of 10 µmol/L (Figure 6).

Statistical analysis
Statistical analysis was performed using Student’s t-test or the
Mann-Whitney U test. Results are expressed as mean ± SE.

RESULTS

DISCUSSION

Butein treatment ameliorates colitis in IL-10-/- mice
It has been established that induction with piroxicam
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The objective of this study was to examine whether
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Figure 2 Butein treatment ameliorates colitis. A and B: Body weight and colon length between the two groups revealed a significant difference; C: Hematoxylin
and eosin stain of Swiss rolls showing ulcers and inflammation; D: Histologic score of mice treated with butein or phosphate-buffered saline (n = 9 per group). PBS:
Phosphate-buffered saline.

butein, a naturally derived substance, had therapeutic
effects in IL-10-/- mice, an IBD model. The occurrence
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of IBD significantly decreased in mice injected with
butein; butein blocked the IL-6/STAT3 signal trans-

469

January 14, 2015|Volume 21|Issue 2|

-/-

Relative amount of MMP9

0.00045
0.00040
0.00035
0.00030
0.00025
0.00020
0.00015
0.00010
0.00005
0.00000

Control

IL-10

-/-

-/-

IL-10 + Butein

Relative amount of IL-17a

0.00000

Control

IL-10

-/-

-/-

IL-10 + Butein

0.0003

0.0002

0.0001

0.0000

0.00045
0.00040
0.00035
0.00030
0.00025
0.00020
0.00015
0.00010
0.00005
0.00000

Control

IL-10

-/-

-/-

IL-10 + Butein

0.0050
a
0.0025
0.0000

Control

IL-10

-/-

-/-

IL-10 + Butein

0.000125
0.000100
0.000075
0.000050
0.000025
0.000000

Control

IL-10

-/-

-/-

IL-10 + Butein

0.00006
0.00005
0.00004
0.00003
0.00002
0.00001
0.00000

Relative amount of IL-6

0.00005

0.0075

Relative amount of IL-21

a

0.0100

Relative amount of MMP2

0.00010

Relative amount of IL-1b

0.00015

Relative amount of IL-23R

Relative amount of IL-22

Relative amount of IL-12B

Relative amount of IFN-g

Lee SD et al . Butein ameliorates colitis in IL-10 mice

Control

IL-10

-/-

-/-

IL-10 + Butein

0.00045
0.00040
0.00035
0.00030
0.00025
0.00020
0.00015
0.00010
0.00005
0.00000

a

Control

IL-10

-/-

-/-

IL-10 + Butein

0.00006
0.00005
0.00004
0.00003
0.00002
0.00001
0.00000

Control

IL-10

-/-

-/-

IL-10 + Butein

0.05

0.01

0.00

Control

IL-10

-/-

-/-

IL-10 + Butein

a

Control

IL-10

-/-

-/-

IL-10 + Butein
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mission pathway and suppressed MMP-9 activation.
Butein, a major constituent of Toxicodendron vernicifluum,
can also be found in the stems of Semecarpus anacardium
and in the heartwood of Dalbergia odorifera, as well as
other plants. Previous studies have reported that butein
has anti-oxidant, anti-inflammatory and antitumor effects,
and that it suppresses angiogenesis[26-29]. Butein is known
to suppress cell proliferation and promote apoptosis in
both solid and hematologic tumors; it is also less toxic
than urushiol, another constituent of Toxicodendron
vernicifluum[30,31]. Butein’s effects on tumor cells arise as a
result of suppressing c-Src and JAK1/JAK2 activation,
thus inhibiting the IL-6/STAT3 pathway. Butein also
directly inhibits the expression of Bcl-xL, Bcl-2 and
cyclin D1, the target genes of STAT3[31]. STAT3 plays an
important role in cytokine receptor transmission, which
is a system that connects a membrane receptor to nuclear
transcription and is principally activated by gp130-related
cytokines, the most representative of which is IL-6.
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STAT3, a principal mechanism of the inflammatory
reaction and inflammation-related malignant tumors, is
involved in the inflammatory reaction and inflammationrelated malignant changes from the initial stage to tumor
progression. STAT3 modulates the activity of NF-κB
and is activated by the IL-6/JAK signal pathway[32-34].
The IL-6/JAK/STAT3 signal system promotes tumorigenesis by inducing cellular or epigenetic changes that
follow intracellular inflammation. IL-6/JAK/STAT3,
activated by gp130-related IL-6, IL-22, cytokines, and
other growth factors, is found to be active in multiple
malignant tumors, such as multiple myeloma, lymphoma,
hematologic malignancies, breast cancer and prostate
cancer.
In this study, IL-6 mRNA expression was increased
in IL-10-/- mice with bowel inflammation, and STAT3
activation was also observed in colonic epithelial cells
with inflammation and ulcers following the inflammation.
Butein inhibited the expression of STAT3 in epithelial
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Figure 4 Butein treatment decreased mucosal expression of phosphorylated signal transducer and activator of transcription 3 and matrix metalloproteinase-9 expression in interleukin-10-/- mice. A: Immunohistochemical staining for phosphorylated signal transducer and activator of transcription 3 (pSTAT3)
and matrix metalloproteinase (MMP)-9 detected nuclei of epithelial cells or stromal cells of interleukin (IL)-10-/- mice (black arrows); B: Western blot analysis revealed
reduced pSTAT3 protein expression in intestinal epithelial cells of butein-treated IL-10-/- mice (n = 3). PBS: Phosphate-buffered saline.

cells, which was demonstrated by immunohistochemical
staining and Western blot analysis. We also found that
MMP-9 expression in the colonic tissues was blocked by
butein. In vitro experiments showed that IL-6-activated
MMP-9 was highly concentrated, and this activity was
blocked by butein. MMP-9 is closely connected with
tissue remodeling and tumor metastasis, and is secreted
with MMP-2 from tumor cells, inflammatory cells and
cell matrix cells[35]. In a previous in vitro study, butein was
reported to inhibit the activation of MMP-9[36]. Similarly,
we found that butein blocked the increased expression
of MMP-9 in inflammatory cells, and infiltration of the
muscle layer in bowel inflammation or inflammationinduced ulcers.
Here, we present the first in vivo study examining the
therapeutic effects of butein in an animal model of bowel
inflammation. There were a few limitations to our study.
First, there was no confirmatory analysis of MMP-9
with zymography for analyzing MMP-9 activation after
butein treatment. Second, we did not determine whether
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the protein expression of IL-6 matched mRNA levels.
Third, we had other limitations related to our experiment
methods. These shortcomings will be further modified
in future studies. Finally, no quantitative analysis of
inflammatory cytokine activation was undertaken,
and the analysis of the signal transmission system was
limited to epithelial cells. It is reasonable to state that
IL-10-/- mice are not an appropriate model to study the
proliferation and recovery of epithelial cells, as they are a
model principally defined by the degree of inflammatory
cytokine expression. This limitation could be overcome
by conducting additional experiments with other study
models. In doing so, the therapeutic effects of butein
could be evaluated more accurately.
The results of this study regarding the interfering
effects of butein on the IL-6/STAT3-MMP-9 pathway
are similar to those of an in vitro study that used established malignant tumor cells. Considering that the
suppression of bowel inflammation and the recovery
capability of the injured mucous membrane are critical
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Our results point to the possibility of applying butein
to bowel inflammation-induced colon cancer, as butein
suppressed bowel inflammation and interfered with the
IL-6/STAT3 and MMP-9 pathways in IL-10-/- mice. It is
therefore important to further investigate the effects of
butein on the occurrence of bowel inflammation-related
colon cancer.

for IBD treatment, the findings obtained from the BrdU
analysis indicating that the cell proliferation necessary
for the recovery of the mucous is not affected by butein
treatment further supports the clinical applicability of
butein in treating IBD.
Chronic inflammation is a major mechanism of
malignant tumors. The incidence of malignant tumors in
the colon and the small intestine is significantly increased
with IBD such as ulcerative colitis and CD. The IL-6/
STAT3 pathway is an important pathway for the initiation
of inflammation-mediated malignant tumors, and
MMP-9 is an essential signal transmission system related
to the metastasis of malignant tumors. In IBD patients,
the expression of IL-6 is increased, and the expression of
MMP-9 is known to serve a critical role in pathogenesis.
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aims to evaluate the interfering effects of butein on inflammatory cytokines and
MMP-9 in interleukin (IL)-10-/- mice, an inflammatory bowel disease model, and
ultimately to examine the therapeutic effects of butein.
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Innovations and breakthroughs
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The results suggest that butein could be used to treat bowel inflammationinduced colon cancer, as it suppressed bowel inflammation and interfered with
the IL-6/signal transducer and activator of transcription 3 (STAT3) and MMP-9
pathways in IL-10-/- mice. To our knowledge, while there have been several in
vitro studies on tumor cells, this is the first in vivo study to show the effect of
butein in mice with colitis.
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Applications

The study results suggest that it is important to represent the inhibitory effects
of butein on the occurrence of bowel inflammation-related colon cancer by
regulating IL-6/STAT3 and MMP-9 activation.
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Peer review

The authors examined whether butein, a naturally derived substance, had
therapeutic effects in IL-10-/- mice, a model of inflammatory bowel disease.
Butein blocked the IL-6/STAT3 signal transmission pathway and suppressed
MMP-9 activation. The results are interesting and may represent the effects of
butein on the occurrence of bowel inflammation-related colon cancer.
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Chemokine ligand 20 enhances progression of hepatocellular
carcinoma via epithelial-mesenchymal transition
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epithelial-mesenchymal transition (EMT)-and signaling
pathway-related proteins were evaluated by Western
blotting and immunocytochemistry. The effects of CCL20
on HCC cell proliferation and migration were analyzed
by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenoltetrazolium
bromide (MTT) and Transwell assays.
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RESULTS: CCL20 immunoreactivity was detected in all
62 patient specimens. CCL20 expression was associated
with preoperative alpha-fetoprotein level (P = 0.043),
tumor size (P = 0.000), tumor number (P = 0.008),
vascular invasion (P = 0.014), and tumor differentiation
(P = 0.007). Patients with high CCL20 expression had
poorer recurrence-free and overall survivals compared
to those with low CCL20 expression (both P < 0.001).
CCL20 induced EMT-like changes in HCC cells and
increased their proliferation and migration ability (P
< 0.05). Western blotting and immunofluorescence
staining showed that CCL20 induced an EMT-like
phenotype in HCC cells, and increased expression
of phosphorylated AKT, β-catenin and vimentin, and
decreased E-cadherin expression (P < 0.05). The
correlation analysis revealed that high CCL20 expression in HCC tissue specimens was negatively correlated
with E-cadherin expression (13.33%, 4/30), and
positively correlated with vimentin (90.0%, 27/30),
β-catenin (96.67%, 29/30) and p-AKT (76.67%, 23/30)
expression.

Abstract

CONCLUSION: CCL20 expression is associated with
HCC recurrence and patient survival and promotes HCC
cell proliferation and migration by inducing EMT-like
changes via PI3K/AKT and Wnt/β-catenin pathways.

AIM: To identify the mechanisms of chemokine ligand
20 (CCL20)-induced hepatocellular carcinoma (HCC)
metastasis and evaluate it as a prognostic marker.
METHODS: Expression of CCL20 was evaluated by
immunohistochemistry in HCC tissues from 62 patients
who underwent curative resection. The relationship
between CCL20 expression and clinicopathologic features
was analyzed. Univariate and multivariate analyses were
performed to evaluate its predictive value for recurrence
and survival of HCC patients. The expression levels of
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in all cases. All primary tumor tissues were preserved
in paraffin for immunohistochemical analyses. None
of the patients received preoperative anticancer treatment. Preoperative liver function was evaluated using
the Child-Pugh scoring system. Tumor stage was
determined according to the tumor-node-metastasis
(TNM) classification system of the American Joint
Cancer Committee/Union for International Cancer
Control (2002). Tumor differentiation was graded using
the Edmondson-Steiner classification system. Data
was censored at the last follow-up for patients without
recurrence or death. Recurrence-free survival (RFS) and
overall survival (OS) was defined as the interval between
the time of surgery to that of recurrence or death,
respectively. This study was approved by the Ethics
Committee of our hospital. Written informed consent
was obtained from all patients.

Core tip: This study examined the expression and
prognostic value of chemokine ligand 20 in hepatocellular
carcinoma. The results indicate that increased expression of this protein regulates the growth and migration
of hepatocellular carcinoma cells and epithelial-mesenchymal transition via phosphoinositide kinase-3/AKT,
and Wnt/β-catenin signaling pathways and is therefore
a potential treatment target.
Hou KZ, Fu ZQ, Gong H. Chemokine ligand 20 enhances
progression of hepatocellular carcinoma via epithelialmesenchymal transition. World J Gastroenterol 2015;
21(2): 475-483 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i2/475.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i2.475

Cell culture and treatment
Human HCC cell lines Hep3B and Huh7 were
maintained in Dulbecco’s Modified Eagle’s Medium
(Gibco of Thermo Fisher Scientific Inc., Waltham,
MA, United States) supplemented with 10% fetal calf
serum and 100 IU/mL penicillin and 100 mg/mL
streptomycin in a 5% CO2 incubator at 37 ℃. CCL20 (Cat.
360-MP-025; R&D Systems, Minneapolis, MN, United
States) was added to the media, which was changed every
other day.

INTRODUCTION
Hepatocellular carcinoma (HCC) is the sixth most
common cancer and third leading cause of cancer death
worldwide[1-3]. HCC is associated with a poor outcome
and a high rate of mortality due to the high rate of
recurrence and metastasis [4-6]. Thus, it is essential to
identify novel predictors of recurrence and metastasis.
The risk factors for HCC include hepatitis B or C virus
infection, alcohol consumption, and non-alcoholic fatty
liver disease[7-10]. Moreover, the tumor microenvironment
contains various cytokines, chemokines and growth
factors that are produced by tumor or stromal cells, which
promote tumor initiation, progression and metastasis[11,12].
Chemokine ligand 20 (CCL20), also known as liver
activation regulated chemokine or macrophage inflammatory protein-3, is a small cytokine that is strongly
chemotactic for lymphocytes and weakly attracts neutrophils[13]. Increasing evidence indicates that CCL20 is
related to tumor formation, progression or metastatic
processes in many malignancies, including breast and
colorectal cancer[14,15]. The proliferation and migration
of tumor cells are considered a foundation of cancer
survival and development. Tumor progression and
metastasis are associated with the induction of epithelialmesenchymal transition (EMT)[16,17]. In this study, CCL20
expression was examined in HCC patient samples and
the relationships with clinicopathologic features and
recurrence and patient survival were examined. Moreover,
the effects of CCL20 expression on HCC cell EMT,
proliferation and migration and involvement of relevant
signaling pathways were investigated.

Cell proliferation assay
Cell proliferation was assessed with the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenoltetrazolium bromide (MTT)
assay. Cells were plated in 96-well culture plates at 5 × 103
cells per well containing 0.2 mL of culture media. After
treatment with CCL20 (5 µg/mL) for 24 or 48 h, 0.02 mL
of 5 mg/mL MTT was added to each well and incubated
for 4 h at 37 ℃. The absorbance was measured at 570
nm. Each assay was performed three times independently.
Invasion assay
Cell invasion was assessed using Transwell chambers
(8 µm pore size; EMD Millipore, Billerica, MA, United
States) according to the manufacturer’s instructions.
ECM (Sigma-Aldrich, St. Louis, MO, United States) was
added to the chamber to form a gel layer, and cells (5 ×
104) were added to the upper chamber in the presence of
CCL20 at a concentration of 5 µg/mL for 24 or 48 h.
The cells migrating to the membrane were enumerated
with Giemsa staining. The assay was performed three
times independently.
Primary antibodies
The following primary antibodies used in the experiments
were obtained from Santa Cruz Biotechnologies Inc.,
Dallas, TX, United States: anti-E-cadherin (sc-21791),
anti-vimentin (sc-53464), anti-AKT (sc-5298), antiphospho(p)-AKT (sc-33437), anti-β-catenin (sc-7963)
and anti-GAPDH (sc-25778).

MATERIALS AND METHODS
Patients and specimens
From January 2002 to October 2008, 62 consecutive
patients with primary HCC who underwent radical
resection at our hospital were enrolled in the study.
The diagnosis was confirmed by histologic examination
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(1:1000), p-AKT (1:1000), β-catenin (1:1000) or GAPDH
(1:5000). Signals were detected by using enhanced ECL
chemiluminescence (MultiScience Biotech Co., Shanghai,
China) and analyzed using Quantity One (Bio-Rad,
Hercules, CA, United States).

Table 1 Relationship between chemokine ligand 20 expression and clinicopathologic features
Clinicopathologic
features

Number of
patients

Age (yr)
35
≤ 57
> 57
27
Gender
Male
47
Female
15
Etiology
HBV infection
46
HCV infection
11
Alcohol
5
Background liver pathology
Normal liver
3
Chronic hepatitis
20
Liver cirrhosis
39
AFP (ng/mL)
33
≤ 197
> 197
29
ALT (U/L)
28
≤ 66
> 66
34
Child-Pugh
A
44
B
18
Tumor size (cm)
41
≤5
>5
21
Tumor number
Single
43
Multiple
19
Vascular invasion
No
51
Yes
11
Tumor encapsulation
Yes
24
No
38
Tumor differentiation
45
Ⅰ+Ⅱ
17
Ⅲ+Ⅳ
TNM stage
40
Ⅰ
22
Ⅱ+Ⅲ

CCL20 expression

P value

Low (n = 32) High (n = 30)
19
13

16
14

0.632

26
6

21
9

0.301

26
2
4

20
9
1

2
11
19

1
9
20

21
11

12
18

0.043

17
15

11
19

0.193

21
11

23
7

0.338

29
3

12
18

0.000

27
5

16
14

0.008

30
2

21
9

0.014

14
18

10
20

0.400

28
4

17
13

0.007

22
10

18
12

0.472

Immunohistochemistry
Immunohistochemical detection of E-cadherin (1:100),
vimentin (1:500), p-AKT (1:100) and β-catenin (1:100)
was performed on 4 µm-thick sections of specimens
which had been fixed in formalin, embedded in paraffin
and mounted on slides. Replacement of the primary
antibody with mouse- or rabbit-isotype control antibody
served as a negative control. Counterstaining of the
nucleus was performed using hematoxylin. The staining
intensity was scored in four levels (0 = negative, 1 =
weak, 2 = moderate, 3 = strong), and the percentages
of stained cells at each intensity level were counted. The
total immunostaining score was calculated as the sum
of each intensity score multiplied by the corresponding
percentage. The slides were independently evaluated
and scored by three pathologists without knowledge of
clinical data.

0.167

0.122

Immunocytochemistry
After reaching confluency, cells plated on coverslips
in 6-well dishes were washed twice, fixed with 2%
(w/v) formaldehyde and permeabilized with 1% (v/v)
Triton X-100. Coverslips were blocked with 10% (w/
v) normal goat serum in phosphate-buffered saline at
room temperature for 1 h and then incubated in primary
antibodies against E-cadherin (1:200), vimentin (1:500),
p-AKT (1:200) or β-catenin (1:400) at 4 ℃ overnight.
Cells were washed and incubated with Cy3-labeled
secondary antibody (Beyotime) at room temperature for 1
h, and co-stained with DAPI (Sigma-Aldrich) to visualize
nuclei. Images were obtained using a fluorescence
microscope at magnification × 200.
Statistical analyses
All analyses in the study were performed using SPSS
version 16.0 software (SPSS Inc., Chicago, IL, United
States). One-way analyses of variance and Student’s t-tests
were used for intergroup comparisons. The correlation
between CCL20 expression and clinicopathologic features
was examined by the χ 2 test. RFS and OS were calculated
by the Kaplan-Meier method. Univariate analyses for
factors of recurrence and survival were performed using
the χ 2 test and the log-rank test, respectively. Data are
presented as mean ± SD, with P < 0.05 considered as
statistically significant.

AFP: Alpha fetoprotein; CCL20: Chemokine ligand 20; HBV: Hepatitis B
virus; HCV: Hepatitis C virus; OS: Overall survival; RFS: Recurrence-free
survival; TNM: Tumor-node-metastasis; ALT: Alanine aminotransferase.

Western blotting analysis
Lysates were extracted from cells treated with CCL20 at
a concentration of 5 µg/mL for 48 h using lysis buffer
with phenylmethylsulfonyl fluoride, and the protein
concentration was measured with a BCA protein assay
kit (Beyotime, Shanghai, China). Total protein extracts
(20 µ g) were separated by sodium dodecyl sulfatepolyacrylamide gel electrophoresis and transferred to
polyvinylidene difluoride membranes. The membranes
were blocked with 5% non-fat dried milk in Tris-buffered
saline (20 mmol/L Tris-HCl, 150 mmol/L NaCl and
0.1% Tween-20, pH 7.5) for 1 h at room temperature and
individually incubated overnight at 4 ℃ with antibodies
against E-cadherin (1:1000), vimentin (1:1000), AKT

WJG|www.wjgnet.com

RESULTS
Clinical data and follow-up
Of the HCC patient samples, 75.8% (47/62) were from
men and 24.2% (15/62) were from women (Table 1).
The average age of the patients was 57 years (range:
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32), lung (n = 4), lymph node (n = 5) and bone (n = 2).
OS and RFS were 88.7% (55/62) and 83.9% (52/62) at
1 year, 74.2% (46/62) and 66.1% (41/62) at 3 years, and
53.2% (33/62) and 33.9% (21/62) at 5 years, respectively.

Table 2 Univariate analyses for factors associated with recurrence and survivals
Factor

Recurrence P value
Yes

No

Age (yr)
19
16
≤ 57
> 57
18
9
Gender
Male
26
21
Female
9
6
Etiology
HBV infection
27
19
HCV infection
7
4
Alcohol
2
3
Background liver pathology
Normal liver
2
1
Chronic hepatitis 13
7
Liver cirrhosis
22
17
AFP (ng/mL)
15
18
≤ 197
> 197
19
10
ALT (U/L)
15
13
≤ 66
> 66
19
15
Child-Pugh
A
24
20
B
11
7
Tumor size (cm)
21
20
≤5
>5
14
7
Tumor number
Single
25
18
Multiple
13
6
Vascular invasion
No
31
20
Yes
8
3
Tumor encapsulation
Yes
14
10
No
23
15
Tumor differentiation
21
24
Ⅰ+Ⅱ
11
6
Ⅲ+Ⅳ
TNM stage
19
21
Ⅰ
18
4
Ⅱ+Ⅲ
CCL20
Low
13
19
High
27
3

RFS P value

OS

(%)

(%)

P value

0.184

53.2
38.1

0.211

66.7
50.6

0.135

0.469

58.9
42.3

0.192

55.4
64.8

0.633

0.235

0.659
45.7
39.2
58.4

0.953

Correlation between CCL20 expression and
clinicopathologic factors
The expression of CCL20 was examined in all 62 HCC
samples, and was mainly located in the cytoplasm of
HCC cells (Figure 1). The average immunohistochemistry
score was 165.0 (range: 85-260). All HCC samples were
subsequently divided into low CCL20 group (n = 32)
and high CCL20 group (n = 30) by using the average
value. The relationships between CCL20 expression and
clinicopathologic factors are presented in Table 1. Our
findings revealed that CCL20 expression was significantly
related to preoperative AFP level (P = 0.043), tumor size
(P = 0.000), tumor number (P = 0.008), vascular invasion
(P = 0.014), and tumor differentiation (P = 0.007).

0.835
56.3
54.5
61.7

0.784
55.3
45.6
40.9

0.947
63.5
57.4
50.2

0.084

58.3
29.6

0.038

65.5
42.8

0.074

0.371

45.6
41.5

0.881

55.3
52.9

0.942

0.774

40.2
38.8

0.695

54.1
44.3

0.133

0.417

52.9
31.7

0.024

68.3
44.8

0.014

0.217

47.1
30.2

0.052

58.3
46.5

0.233

0.042

54.6
31.8

0.019

62.8
40.9

0.008

0.649

47.6
38.2

0.443

65.3
43.1

0.032

0.241

45.3
41.8

0.695

59.6
40.1

0.047

< 0.001

56.8
20.4

< 0.001 66.4
35.7

< 0.001

< 0.001

60.9
21.4

< 0.001 70.1
30.6

< 0.001

Correlations between CCL20 expression and HCC
recurrence and patient survival
Univariate analyses indicated that HCC recurrence was
related with vascular invasion (P = 0.042), TNM stage
(P < 0.001), and CCL20 expression (P < 0.001) (Table
2). RFS was significantly related with preoperative AFP
(P = 0.038), tumor size (P = 0.024), vascular invasion
(P = 0.019), TNM stage (P < 0.001), and expression of
CCL20 (P < 0.001). OS significantly related with tumor
size (P = 0.014), vascular invasion (P = 0.008), tumor
encapsulation (P = 0.032), tumor differentiation (P =
0.047), TNM stage (P < 0.001), and CCL20 expression (P
< 0.001). There were no significant correlations among
the other clinicopathologic factors and recurrence or
survivals.
CCL20 promotes in vitro proliferation and invasion of
HCC cells
The proliferation of Hep3B and Huh7 HCC cells was
significantly enhanced by CCL20 after 24 and 48 h (both
P < 0.05) (Figure 2A). Similarly, results of the invasion
assay indicated that CCL20 treatment significantly
increased invasion of Hep3B and Huh7 HCC cells (both
P < 0.05) (Figure 2B).

AFP: Alpha fetoprotein; ALT: Alanine aminotransferase; CCL20:
Chemokine ligand 20; HBV: Hepatitis B virus; HCV: Hepatitis C virus;
OS: Overall survival; RFS: Recurrence-free survival; TNM: Tumor-nodemetastasis.

CCL20 induces EMT-like phenotype and activates PI3K/
AKT and Wnt/β -catenin pathways in HCC cells
Western blotting results showed that CCL20 at a
concentration of 5 µg/mL for 48 h induced an EMTlike phenotype in Hep3B and Huh7 HCC cells. The
expression of the epithelial marker E-cadherin was
decreased and the mesenchymal marker vimentin was
increased significantly by CCL20 (P < 0.05) (Figure 3).
Moreover, β-catenin levels and phosphorylation of AKT
were also increased compared with controls (P < 0.05).
Treatment with CCL20 (5 µg/mL) for 48 h induced
an EMT-like phenotype in Hep3B and Huh7 cells
(Figure 4A). The detection of β-catenin and p-AKT by

32-79 years), with 91.9% (57/62) of the patients having
Hepatitis B or C viral infections, and 95.2% (59/62)
presenting with chronic hepatitis history or liver cirrhosis.
The average values of alpha-fetoprotein (AFP) and
alanine aminotransferase before surgery were 197 ng/
ml and 66 U/L, respectively. TNM stages of all HCC
samples were divided into a stage Ⅰ group (40/62;
64.5%) or a stage Ⅱ and Ⅲ group (22/62; 35.5%). The
average follow-up period was 42.6 ± 19.8 mo (range: 8-65
mo), and 66.1% (41/62) of patients presented recurrence
after surgery. The recurrence sites included the liver (n =
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HCC tissue

Non-cancerous liver tissue

B

C

D

E

F

G

H

I

J

p-AKT

b-catenin

Vimentin

E-Cadherin

CCL20

A

Figure 1 Immunohistochemical analysis of
hepatocellular carcinoma tissues. Expression of A, B: Chemokine ligand 20 (CCL20); C,
D: E-cadherin; E, F: Vimentin; G, H: β-catenin;
I, J: Phosphorylated AKT (p-AKT) in HCC and
non-cancerous liver tissues (magnification ×
200). HCC: Hepatocellular carcinoma.
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a

a

-

+
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0

t-AKT
Con 24 h 48 h

Con 24 h 48 h
GAPDH

CCL20 (5 mg/mL)
120

Hep3B
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B

a
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a

Relative protein level (%GAPDH)

Number of invasive cells (per field)

Huh7
+

E-Cadherin

40

B

Hep3B
-

80
60

a
a

40
20
0

Con 24 h 48 h

Con 24 h 48 h

a

1.0

a
a
0.5
a

0.0
CCL20

CCL20 (5 mg/mL)

-

+

E-Cadherin

Figure 2 Effects of chemokine ligand 20 on proliferation and invasion
of hepatocellular carcinoma cells. Hep3B and Huh7 cells were treated with
chemokine ligand 20 (CCL20) (5 µg/mL) for 24 h and 48 h. A: Cell proliferation
was analyzed using 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenoltetrazolium
bromide (MTT assay); B: Invasion was assessed using a Transwell chamber; aP
< 0.05 vs Control. Con: Control.

Relative protein level (%GAPDH)

C

immunofluorescence was enhanced by CCL20 treatment
(Figure 4B).
High expression of CCL20 is associated with the
changes of EMT markers in HCC specimens
EMT markers E-cadherin and vimentin, and cell-signaling
pathway-related proteins β-catenin and p-AKT were also
measured by immunohistochemistry in patient specimens
(Figure 1). Results showed that vimentin, β-catenin and
p-AKT levels were much higher and E-cadherin level
was lower in samples identified as having high CCL20
expression compared to those with low expression and
non-cancerous liver tissues. The correlation analysis
revealed that high-CCL20 expression was negatively
correlated with E-cadherin expression (4/30; 13.33%),
and positively correlated with vimentin (27/30; 90.0%),
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Figure 3 Effects of chemokine ligand 20 on expression of epithelialmesenchymal transition-related proteins. A: Representative Western
blots for epithelial marker E-cadherin, mesenchymal marker vimentin, total
and phosphorylated AKT (t-AKT and p-AKT), and β-catenin in Hep3B and
Huh7 cells after treatment with chemokine ligand 20 (CCL20) for 48 h. B:
Quantification of Western blotting by gray value analysis; aP < 0.05 vs Control.
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A

Hep3B

CCL20

B

-

b-catenin

-

Overlay

DAPI

+

b-catenin

Overlay

CCL20(+)

Huh7

CCL20(-)

CCL20(+)

Hep3B

CCL20(-)

DAPI

Huh7
+

Figure 4 Epithelial-mesenchymal transition-like phenotype and upregulation of related markers in hepatocellular carcinoma cells with chemokine ligand
20. A: Morphologic changes in Hep3B and Huh7 cells after treatment with chemokine ligand 20 (CCL20) for 48 h (most cells exhibited an elongated, spindle-shape
mesenchymal morphology with treatment); B: Immunocytochemistry for phosphorylated AKT (p-AKT) and β-catenin in Hep3B and Huh7 cells after treatment with
CCL20 for 48 h (magnification × 200).

kinds of tumors, including HCC. Li et al [18] found a
much higher expression of the CXCL12-CXCR4 axis
in HCC specimens than in adjacent, cirrhosis, liver
adenocarcinoma, and normal liver tissues. Fujii et al[19]
performed in vitro experiments showing that the CCL20CCR6 axis promotes the growth of Huh7 cells through
phosphorylation of mitogen-activated protein kinase.
Rubie et al [20] reported that CCL20 was significantly
upregulated in HCC specimens. Zheng et al[21] found
that CXCR7 expression was increased in HCC tissues
and was associated with HCC invasion, adhesion and
angiogenesis. Zhou et al[22] found that CXCL5 promotes
HCC cell proliferation, invasion and intratumoral neu-

β-catenin (29/30; 96.67%) and p-AKT (23/30; 76.67%)
expression (Table 3).

DISCUSSION
Chemokines play a critical role in various biologic
events, such as the role of inflammatory responses in
regulating the transfer of white blood cells, embryonic
development, wound healing, angiogenesis, Th1/Th2
development, leukocyte homeostasis, and lymphatic
organ development. Recent studies have suggested that
chemokines and their receptors are associated with
the pathogenesis, progression and metastasis of many
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Table 3 Correlation of chemokine ligand 20 expression with different markers
E-cadherin
CCL20

χ2

P value

Vimentin

β-catenin

p-AKT

Positive

Negative

Positive

Negative

Positive

Negative

Positive

4

26

27

3

23

7

29

13.285
< 0.001

14.754
< 0.001

9.589
< 0.001

Negative
1
17.796
< 0.001

CCL20: Chemokine ligand 20; p-AKT: phosphorylated AKT.

trophil infiltration and could be a novel prognostic
predictor of HCC.
Our results revealed that high expression of CCL20 in
HCC tissues was correlated with poor outcome in HCC
patients undergoing resection surgery. Our results also
indicated that the expression of CCL20 was associated
with tumor size, number and tumor differentiation, and
with vascular invasion. Results of in vitro experiments
indicated that CCL20 can induce EMT-like morphologic
changes and promote the proliferation and invasion in
HCC cells. Interestingly, CCL20 induced expression
of vimentin and downregulated the expression of
E-cadherin. These results extend the role of CCL20
in HCC to the context of chemokine-mediated EMT.
Several chemokines have been shown to induce EMT
in various tumors. Biswas et al[23] found that CXCL13CXCR5 co-expression regulates EMT of breast cancer
cells. Ploenes et al[24] reported that CCL18 induces EMT
in lung cancer cells and elevates the invasive potential.
Albert et al [25] found that CXCR4 induces EMT in
patients with squamous cells carcinoma. Li et al[26] found
that SDF-1/CXCR4 signaling induces pancreatic cancer
cell invasion and EMT in vitro through non-canonical
activation of hedgehog pathway. Matsushita et al [27]
showed that CXCL16 plays an important role in liver
metastasis of colorectal cancer through the induction of
EMT. Our study provides another model of chemokinemediated EMT, in which CCL20 may play a significant
role in HCC progression and metastasis.
A variety of cell signaling pathways have been
implicated in the process of EMT. Chang et al[28] found
that EMT is associated with activation of the PI3K/
AKT/mTOR pathway in prostate cancer radio-resistance.
Tsai et al[29] reported that downregulation of PI3K/AKT
and Wnt/β-catenin signaling cascades reverses EMT
and inhibits breast cancer cell invasiveness. Choi et al[30]
demonstrated that PI3K/AKT, ERK1/2 and Smad2/3
pathways are associated with transforming growth factor
β1-induced EMT in human lung carcinoma cells. By
examining protein expression in patient specimens and
in HCC cells in vitro in our study, we showed that CCL20
expression was negatively associated with E-cadherin and
positively associated with vimentin, p-AKT, and β-catenin
expression. These results suggest that CCL20 expression
is involved with the EMT process in HCC and there
might be crosstalk between the PI3K/AKT and Wnt/
β-catenin signaling pathways.
In conclusion, the present findings indicate that
CCL20 expression is correlated with clinicopathologic
WJG|www.wjgnet.com

factors, recurrence and survival in HCC patients, as well
as the proliferation, migration and invasion of HCC cells.
CCL20 induces EMT-like changes in HCC cells through
activation of PI3K/AKT and Wnt/β-catenin signaling
pathways. CCL20 may therefore represent a promising
molecular marker for predicting outcomes and treatment
of HCC patients undergoing resection surgery.
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progression and metastatic processes in many malignancies, including breast
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hepatocellular carcinoma (HCC) tissues. Thus far, no studies have described
the underlying mechanism by which CCL20 regulates the growth and
metastasis of HCC cells. The results of this study provide new targets and a
theoretical basis for the therapy of HCC.
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This study demonstrates that CCL20 plays an important role in the proliferation
and migration of HCC cells. CCL20 expression could induce an epithelialmesenchymal transition (EMT)-like change in HCC cells via crosstalk between
phosphoinositide kinase-3 (PI3K)/AKT and Wnt/β-catenin signaling pathways.
CCL20 may be useful as a molecular monitor of metastasis and recurrence in
HCC patients.

Applications

CCL20 induces EMT-like changes in HCC cells via crosstalk between PI3K/
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METHODS: Thirty-six Sprague-Dawley rats were randomly divided into a sham operation group, an obstructive jaundice group, and a GLP-2 group; each group
consisted of 12 rats. The GLP-2 group was treated with
GLP-2 after the day of surgery, whereas the other two
groups were treated with the same concentration of
normal saline. Alanine aminotransferase (ALT), total
bilirubin, and endotoxin levels were recorded at 1, 3, 7,
th
10 and 14 d. Furthermore, on the 14 day, body weight,
the wet weight of the small intestine, pathological
changes of the small intestine and the immunoglobulin
A (IgA) expressed by plasma cells located in the small
intestinal lamina propria were recorded for each group.
RESULTS: In the rat model, jaundice was obvious,
and the rats’ activity decreased 4-6 d post bile duct
ligation. Compared with the sham operation group, the
obstructive jaundice group displayed increased yellow
staining of abdominal visceral serosa, decreased small
intestine wet weight, thinning of the intestinal muscle
layer and villi, villous atrophy, uneven height, fusion,
partial villous epithelial cell shedding, substantial
inflammatory cell infiltration and significantly reduced
IgA expression. However, no significant gross changes
were noted between the GLP-2 and sham groups. With
time, the levels of ALT, endotoxin and bilirubin in the
GLP-2 group were significantly increased compared
with the sham group (P < 0.01). The increasing levels
of the aforementioned markers were more significant
in the obstructive jaundice group than in the GLP-2
group (P < 0.01).
CONCLUSION: GLP-2 reduces intestinal mucosal injuries
in obstructive jaundice rats, which might be attributed
to increased intestinal IgA and reduced bilirubin and
endotoxin.

Abstract
AIM: To observe the protective effect of glucagon-
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Based on the aforementioned comments, we designed a
study to observe whether GLP-2 acts on the damaged
intestinal mucosa of rats with obstructive jaundice.

peptide-2; Obstructive jaundice
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

MATERIALS AND METHODS

Core tip: It has recently been demonstrated that glucagon-like peptide-2 (GLP-2) has a highly tissue-specific trophic effect on the small intestine. However,
whether GLP-2 also functions as an adapter for rats
with obstructive jaundice is unknown. Studies on this
topic are rare, and our research clearly illustrates that
exogenous GLP-2 reduces intestinal mucosal injuries
in an obstructive jaundice rat model. The next step of
our study is to continue focusing on the details of this
research as further studies are needed.

Animals and experimental design
Male Sprague-Dawley rats, weighing 200-250 g, were
housed under controlled temperature, humidity and 12-h
dark/light cycles; the rats were housed in stainless-steel
cages and provided free access to water and rat chow
before and after the operation. The rats were randomized
into three groups (n = 12 in each group). Group 1
(Control; C) underwent sham operation, whereas Group
2 [obstructive jaundice (OB)] underwent common bile
duct ligation. Both of the groups were given simultaneous
treatment with the same amount of normal saline after
the surgeries. Group 3 [obstructive jaundice with GLP-2
(OBGLP-2)] underwent common bile duct ligation and
simultaneous treatment with GLP-2 [0.2 μg/(g•d)]. Either
normal saline or GLP-2 was administered by peritoneal
injection daily.

Chen J, Dong JT, Li XJ, Gu Y, Cheng ZJ, Cai YK. Glucagonlike peptide-2 protects impaired intestinal mucosal barriers
in obstructive jaundice rats. World J Gastroenterol 2015;
21(2): 484-490 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i2/484.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i2.484

Operative procedures
Using sterile techniques, a midline incision was created.
The common bile duct was identified, double ligated
with 5-0 silk and divided between the two ligatures. In
sham-operated animals, the common bile duct was freed
from the surrounding soft tissue without ligation and
transection. The operation was performed using 100 g/L
chloral hydrate (3 mL/kg) for intraperitoneal anesthesia.

INTRODUCTION
Glucagon-like peptide-2 (GLP-2) is a 33-amino acid
peptide encoded by the carboxy terminal of GLP-1 in
proglucagon. It was first reported and introduced as a
specific adapter of the intestinal mucosa by Drucker et
al[1] in 1996. GLP-2 is co-secreted with GLP-1, oxyntomodulin and glicentin from enteroendocrine L cells,
which are primarily located in the ileum and proximal
colon. It has recently been demonstrated that GLP-2
has a highly tissue-specific trophic effect on the small
intestine and augments the adaptive response to intestinal
resection in the rat. Additionally, GLP-2 inhibits gastric acid
secretion, enhances intestinal sugar transport and slows
gastric emptying[2-5]. Halaçlar et al[6] reported that bacterial
translocation in samples of the liver, spleen, mesenteric
lymph nodes and portal and systemic blood obtained
from the GLP-2 treated group was reduced compared
with samples obtained from the colitis group. In addition,
the Chinese scholars Li et al[7] discovered that the rate of
bacterial translocation and the level of endotoxin in rats
with gut ischemia-reperfusion injury were significantly
increased compared with those treated by GLP-2. Above all, the most important property of GLP-2 in the
gastrointestinal (GI) tract is its enterotrophic effect[1,8-10].
Therefore, its potential therapeutic role in patients with
intestinal insufficiency secondary to extensive disease or
resection of the small bowel is of interest[4,9].
Intestinal barrier function is damaged in patients
with obstructive jaundice, potentially leading to bacteria
translocation, endotoxemia and increased mortality within
the peri-operative period. An increasing number of
scientists and doctors have attempted to improve intestinal
function in patients or rats with obstructive jaundice.

WJG|www.wjgnet.com

Blood biochemistry
Serum samples were obtained and analyzed on postoperative days 1, 3, 7, 10 and 14. All serum samples were
measured using a Hitachi 7600 modular chemistry
analyzer (Hitachi High-Technologies Corporation, Tokyo,
Japan) to determine the levels of alanine aminotransferase
(ALT) and total bilirubin (Tbil) using kits from Jiancheng
Bioengineering Institute. The endotoxin levels in
plasma were measured according to the manufacturer’s
instructions with the kits (Horseshoe Crab Reagent, Xiamen, China).
Tissue harvest and histopathological evaluation
After 2 wk, the animals were anesthetized, and repeat
laparotomy was performed. Segments of the small
bowel, approximately 3 cm long, were harvested from
the terminal ileum, embedded in Optimal Cutting
Temperature (OCT) compound (Sakura Finetechnical,
Tokyo, Japan) and immediately snap-frozen in liquid
nitrogen for immunohistochemistry. Then, the samples
were fixed in 400 g/L of paraformaldehyde solution.
Sections of 5 μm were cut and stained with hematoxylin
and eosin (HE). The pathological changes and injuries
to the intestinal mucosa were evaluated under a light
microscope by an independent observer who was blinded
to the experimental protocol. Additionally, secretory
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Figure 1 Glucagon-like peptide-2 protects impaired intestinal mucosa on day 14. A: Mesentery anatomy of the three groups; B: Body weights of the rats in three
groups on day 14; C: Wet intestinal weights of the rats in the three groups on day 14. aP < 0.05 vs control, cP < 0.05, dP < 0.01, OB vs OBGLP-2;. C: Control; OB:
Obstructive jaundice; OBGLP-2: Obstructive jaundice with GLP-2.

Gross mesentery observation
Unlike the sham group, the organ serosa of the jaundiced
rats exhibited yellow discoloration, and the root mesenteric
lymph nodes displayed beadlike enlargement. However,
on the 14th day, the GLP-2 group exhibited no parietal
peritoneum changes (Figure 1A). The mean body weight
and wet intestinal weight were reduced in the jaundiced
group compared with the sham group (Figure 1B and
C); however, GLP-2 reduced the reduction in both body
weight and wet intestinal weight, indicating that GLP-2
protects the intestinal mucosa from damage.

immunoglobulin A (sIgA) expression in the tissue samples
was assessed by immunohistochemical analysis.
Statistical analysis
Experimental data were analyzed with the SPSS 13.0
statistical program (statistical product and service solutions, © 1999 to 2003; SPSS Institute Inc., Armonk, NY,
United States). The results are expressed as mean ± SD.
The differences among groups were evaluated by the
homogeneity test of variance analysis. The means of
independent samples were analyzed and compared with
the independent sample t-test. Differences were considered significant at P < 0.05.

Small intestinal pathology and alterations in sIgA
expression
The sham group exhibited normal villous formation
in the intestine tissue with equal height (Figure 2A).
However, the jaundiced group displayed intestinal
muscularis layer thinning with villous thinning, atrophy,
uneven height, villous fusion, partial villous epithelium
shedding and considerable lymphocyte infiltration (Figure
2B). The GLP-2 group displayed villi that were more
equal in height compared with the jaundiced group as
well as slight villous edema with no epithelial shedding
(Figure 2C). In the sham group, the intestinal crypts
exhibited minimal sIgA-stained cells (Figure 2D). The
jaundiced group had shallow and disorganized intestinal

RESULTS
Rat observations
Two to three days after bile duct ligation, the ears and tails
started to exhibit jaundice, and the urine turned yellow.
After 4-6 d, the jaundice was obvious, the stools were pale,
and the activity of the rats decreased. Four rats (1 in group
C, 1 in group OBGLP-2 and 2 in group OB) died of
complications, including abdominal infection, malnutrition,
liver function failure and water and electrolyte disorders.
The remaining rats survived until they were sacrificed at
the end of the experiments.
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Figure 2 Intestinal mucosal pathological alterations as assessed by HE staining and sIgA immunohistochemical appearance on day 14. C: Control; OB:
Obstructive jaundice; OBGLP-2: Obstructive jaundice with GLP-2.

crypts with almost no IgA-stained cells (Figure 2E).
The GLP-2 group exhibited deeper and more organized
intestinal tissue crypts than the jaundiced group with
localized positive sIgA staining (Figure 2F).

exhibited an obvious increase in the serum bilirubin
compared with the sham group. However, on postoperative days 10 and 14, the GLP-2 group exhibited a
significantly lower level of serum bilirubin compared with
the jaundiced group (Figure 3C, P < 0.05).

Alterations in serum Tbil, ALT and endotoxin levels
The jaundiced and GLP-2 groups exhibited obvious ALT
elevations compared with the sham group. However on
postoperative days 3, 7, 10, and 14, the GLP-2 group had
reduced ALT levels compared with the jaundiced group
(Figure 3A, P < 0.05). The jaundiced and GLP-2 groups
showed obvious elevations in endotoxin levels compared
with the sham group, and the level continued to rise as
time passed. However, on days 10 and 14, the endotoxin
level in the GLP-2 group was significantly reduced
compared with the jaundiced group on the same days
(Figure 3B, P < 0.05). The jaundiced and GLP-2 groups

WJG|www.wjgnet.com

DISCUSSION
Obstructive jaundice can cause a host of complex
and severe pathological and physiological changes to
various organs. Intestinal mucosal barrier dysfunction
and intestinal immune function decline might result in
endotoxemia and intestinal bacterial translocation, which
are important contributors to disease progression or death
in patients[11-13]. Under normal circumstances, the large
number of bacteria in the intestinal tract cannot enter the
body tissue or blood circulation due to the mechanical,
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biological, chemical and immunological barriers of the
intestine. When the intestinal mechanical barrier is damaged, endotoxins enter the blood circulation, causing
endotoxemia. Then, the intestinal bacteria can migrate
into the intestinal lymph nodes, blood, liver or spleen,
causing bacterial translocation[14-20].
In this study, we observed that rats with obstructive
jaundice exhibit circular muscularis thinning and decreased
mucosal thickness and villous height. Obstructive jaundice
is associated with intestine mucosal structural changes and
a decline in protein synthesis in the liver. These effects
are coupled with a lack of proteins for gastrointestinal
epithelium regeneration and renewal, leading to intestinal
mechanical barrier damage and bacterial translocation.
GLP-2 is an intestinal epithelial specific growth factor,
and its main role is to stimulate intestinal crypt cell proliferation and inhibit cell apoptosis, promoting the growth
of the intestinal mucosa and regeneration after injury[18].
GLP-2 also inhibits gastric acid secretion and gastric
motility, increases the intestinal blood supply, improves
intestinal barrier function and promotes the intestinal
absorption of nutrients[19,20]. However, studies regarding
the use of rhGLP-2 in obstructive jaundice to improve
the intestinal barrier function and immune function are
rare. As seen from the 14-d results of this experiment,
rats receiving subcutaneous exogenous GLP-2 exhibited
less structural damage to the intestinal mucosa and tall
intestinal villi that were neat and relatively intact compared

WJG|www.wjgnet.com

with the jaundiced group. This indicates that exogenously administered GLP-2 aids in the protection and
improvement of the intestinal mechanical barrier in rats
with obstructive jaundice.
Additionally, when obstructive jaundice occurs, the
impaired local intestinal immune function is also one
of the factors responsible for bacterial translocation.
The local intestinal mucosal immune system primarily
consists of intestinal lymphocytes, lymphoid tissue,
plasma cells and immunoglobulins [21,22]. Among the
immunoglobulins, sIgA plays an important role. sIgA
neutralizes viruses, toxins and the biological activity of
antigen enzymes and prevents bacterial adhesion on
the surface of intestinal epithelial cells. sIgA displays a
synergistic bactericidal effect with the complement system
and lysozymes. Therefore, sIgA is an important factor
facilitating the protection of the intestinal barrier function
that prevents bacterial translocation [23]. In this study,
ileal biopsy immuno-histochemistry indicated that rats
with obstructive jaundice display significantly decreased
expression of ileal sIgA compared with the control
group. However, the GLP-2 group exhibited significantly
increased IgA expression compared with the obstructive
jaundice group. These results indicate that by repairing
damage to the integrity of intestinal epithelial cells and
increasing sIgA synthesis in ileal epithelial cells, GLP-2
can protect rats with obstructive jaundice from intestinal
barrier dysfunction and immune system damage. As an
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injuries to the intestinal mucosal barrier and result in intestinal immune function
decline, endotoxemia and intestinal bacterial translocation, which are important
factors in disease progression or death in patients. Many recent studies have
demonstrated that glucagon-like peptide-2 (GLP-2) can help protect and
improve intestinal mechanical barrier function in rats. However, few direct
studies on whether GLP-2 has a protective role in obstructive jaundice animal
models are available.

intestinal epithelium-specific growth factor, GLP-2 has a
strong effect on the recovery of intestinal epithelial injury,
and it is stronger than any other non-specific intestinal
epithelial growth factor[24-27]. These advantages of GLP-2
suggest that it might have useful clinical applications.
With respect to its mechanism of action on the intestinal mucosa, a large number of studies have demonstrated that GLP-2 exerts its actions via a G proteincoupled receptor (GLP-2R). The human GLP-2R gene is
located on chromosome 17p13.3[28,29]. GLP-2R is a member
of the G protein-coupled receptor superfamily and has
7 transmembrane domains. GLP-2R and glucagon as
well as GLP-1 and the glucose-dependent insulinotropic
polypeptide receptor are highly homologous. GLP-2R
is widely distributed in intestinal epithelial cells, gastric
epithelial cells, enteric neurons, intestinal endocrine cells[29],
intestinal submucosal myofibroblasts, islet A cells, the
brain and lungs[30,31]. New research findings demonstrate
that GLP-2 promotes the growth of normal small bowel
and the recovery of pathologic intestinal mucosa through
multiple pathways. On one hand, GLP-2 promotes proliferation of the intestinal mucosa by binding to GLP2R, which is distributed in intestinal epithelial cells. On
the other hand, GLP-2 protects the intestinal function
indirectly by binding to the GLP-2R, which is distributed
in other regions. The effects of GLP-2 involve many cell
signal transduction pathways, mainly the cAMP/PKA,
PI3K/Akt and Wnt/β-catenin pathways, of which the
cAMP/PKA pathway is the main one. These pathways
coordinate and regulate intestinal epithelial cells, promoting
steady development and intestinal adaptation. However,
the mechanism(s) by which these pathways coordinate and
integrate key control points and feedback inhibition are
not entirely clear, and further studies are required[32-35].
Above all, GLP-2 has widely been accepted as an
adapter of the intestinal mucosa. In this study, we also
observed its protective function in an obstructive jaundice
rat model. This effect might be attributed to increased
intestinal IgA and reduced bilirubin and endotoxin.
In December 2012, the United States Food and Drug
Administration approved the use of Teduglutide, a GLP-2
analog, to treat adults with short bowel syndrome who
need additional nutrition from intravenous feeding (parenteral nutrition). Will the drug’s application expand if more
experiments clarify the protection of the intestinal mucosa
in rats or humans with obstructive jaundice?

Research frontiers

Many researchers have discussed the mechanism by which GLP-2 acts on
the intestinal mucosa and signal pathways. Many scientists are attempting to
determine whether GLP-2 is related to neoplastic development. In addition, the
new GLP-2 analog Teduglutide was approved by the United States Food and
Drug Administration to treat adults with short bowel syndrome. Unfortunately, to
date, few studies have discussed the relationship between GLP-2 and injuries
caused by obstructive jaundice.

Innovations and breakthroughs

Recent reports have highlighted the function of GLP-2 as an adapter of
intestinal mucosa. Almost no direct studies evaluating whether GLP-2 has a
protective function on obstructive jaundice rats were identified from a PubMed
search. This study is the first to report that GLP-2 efficiently prevents intestinal
mucosa injury after bile duct ligation operations in a rat model. These effects
might be attributed to an increase in intestinal IgA, reduced bilirubin and
endotoxin and improved liver function.

Applications

Due to its specific protective function in the intestinal mucosa, GLP-2 can be
widely used in patients with intestinal barrier injury despite the cause.

Terminology

GLP-2 is a pleiotropic hormone that affects multiple facets of intestinal
physiology, including growth, barrier function, digestion, absorption, motility
and blood flow. The mechanisms through which GLP-2 produces these actions
are complex, involving unique signaling mechanisms and multiple indirect
mediators. However, few studies have investigated its function in rats or
humans with obstructive jaundice. This study was designed to fill this gap in
knowledge.

Peer review

This paper demonstrates the usefulness of GLP-2 in rats with obstructive
jaundice. The study is well designed, and the manuscript is interesting and
clearly described.
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AIM: To evaluate the influence of E2F-1 on the growth
of human gastric cancer (GC) cells in vivo and the
mechanism involved.
METHODS: E2F-1 recombinant lentiviral vectors were
injected into xenograft tumors of MGC-803 cells in
nude mice, and then tumor growth was investigated.
Overexpression of transcription factor E2F-1 was
assessed by reverse transcription-polymerase chain
reaction (RT-PCR) and Western blotting analysis.
Apoptosis rates were determined using a terminal
deoxynucleotidyl transferase-mediated dUTP-biotin nick
end labeling (TUNEL) assay. Expression levels of certain
cell cycle regulators and apoptosis-related proteins,
such as Bax, survivin, Bcl-2, cyclin D1, S-phase kinaseassociated protein 2, and c-Myc were examined by
Western blotting and RT-PCR.
RESULTS: Xenograft tumors of MGC-803 cells in nude
mice injected with E2F-1 recombinant lentiviral vectors
stably overexpressed the E2F-1 gene as measured by
semi-quantitative RT-PCR (relative mRNA expression:
0.10 ± 0.02 vs 0.05 ± 0.02 for control vector and 0.06
± 0.03 for no infection; both P < 0.01) and Western
blotting (relative protein expression: 1.90 ± 0.05 vs
1.10 ± 0.03 in control vector infected and 1.11 ± 0.02
for no infection; both P < 0.01). The growth-curve
of tumor volumes revealed that infection with E2F-1
recombinant lentiviral vectors significantly inhibited the
growth of human GC xenografts (2.81 ± 1.02 vs 6.18
± 1.15 in control vector infected and 5.87 ± 1.23 with
no infection; both P < 0.05) at 15 d after treatment.
TUNEL analysis demonstrated that E2F-1 overexpression
promoted tumor cell apoptosis (18.6% ± 2.3% vs
6.7% ± 1.2% in control vector infected 6.3% ± 1.2%
for no infection; both P < 0.05). Furthermore, lentiviral
vector-mediated E2F-1 overexpression increased the
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of the E2F family, with the ability to induce apoptosis
independently[8]. E2F-1 is also a key regulator for the
G1/S phase transition[9]. On the one hand, a number of
researchers have shown that high expression of E2F-1
is a risk factor for malignant tumors[10,11]. On the other
hand, E2F-1 overexpression may play an important
role in suppressing tumor growth in lung cancer, breast
cancer and osteosarcoma[12-14]. These findings indicate
that the E2F-1 gene has a dual effect in promoting
cell proliferation and apoptosis. However, few studies
have been reported concerning E2F-1 expression in
GC. In particular, the functional mechanism of E2F-1
overexpression has not been determined. Our previous
study indicated that E2F-1 overexpression had a significant influence on cell cycle progression and proliferation in an in vitro GC cell model[15,16], but the molecular
mechanisms underlying inhibition of cell growth and
increase of apoptosis by E2F-1 overexpression remain
unclear.
It is widely known that undifferentiated cells and
differentiated cells can be efficiently infected with lentivirus, and lentivirus-carrying genes are stably integrated
into the host genome[17,18]. Therefore, transfer of recombinant lentiviral vectors is the best transgene method
in various animals. Accordingly, we constructed E2F-1
recombinant lentiviral vectors and evaluated the influence
of E2F-1 overexpression on the biologic behavior of
MGC-803 cells in vivo using a xenograft tumor model. To
explore the potential mechanism, we also examined the
influence of E2F-1 overexpression on the expression of
survivin, Bax, Bcl-2, cyclin D1, S-phase kinase-associated
protein (Skp)2, and c-Myc in MGC-803 cells in vivo.

expression of Bax and suppressed survivin, Bcl-2, cyclin
D1, Skp2, and c-Myc expression in tumor tissue.
CONCLUSION: E2F-1 inhibits growth of GC cells via
regulating multiple signaling pathways, and may play
an important role in targeted therapy for GC.
Key words: E2F-1; Gastric cancer; Lentiviral vector;
Mouse model
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Transcription factor E2F-1 is the prototypical
E2F and is often implicated in DNA synthesis and repair,
cell proliferation, and apoptosis. Our preliminary study
revealed that high expression of E2F-1 significantly
suppressed gastric cancer (GC) cell line progression
in vitro . However, the role of E2F-1 overexpression in
GC in vivo remains unknown. Our results showed that
overexpression of E2F-1 significantly inhibited tumor
growth and promoted tumor cell apoptosis in vivo .
Survivin, Bcl-2, cyclin D1, S-phase kinase-associated
protein 2 and c-Myc were upregulated, and Bax was
downregulated by E2F-1. E2F-1 inhibits growth of GC
cells via regulating multiple signaling pathways.
Wei WY, Yan LH, Wang XT, Li L, Cao WL, Zhang XS, Zhan
ZX, Yu H, Xie YB, Xiao Q. E2F-1 overexpression inhibits
human gastric cancer MGC-803 cell growth in vivo. World J
Gastroenterol 2015; 21(2): 491-501 Available from: URL: http://
www.wjgnet.com/1007-9327/full/v21/i2/491.htm DOI: http://
dx.doi.org/10.3748/wjg.v21.i2.491

MATERIALS AND METHODS
Cell culture
The human GC MGC-803 cells and human kidney 293T
cells were purchased from the Cell Bank of the Chinese
Academy of Sciences (Shanghai, China). The cells were
incubated in Dulbecco’s modified eagle medium (HyClone
of Thermo Fisher Scientific Inc., Waltham, MA, United
States), supplemented with 2 mmol/L glutamine, 0.05 g/
L penicillin, 0.1 g/L streptomycin, and 10% fetal bovine
serum at 37 ℃ in a humidified atmosphere containing 5%
CO2. Culture media were replaced once every two days.

INTRODUCTION
Although the incidence rate of gastric cancer (GC)
has gradually decreased recently, it remains the second
leading cause of cancer-related death worldwide[1]. Of all
GC cases, > 70% occur in developing countries and half
of the total cases worldwide occur in Eastern Asia (mainly
China)[2]. Despite improvements in surgical techniques
and the development of new chemotherapeutic regimens,
patient outcome is often disappointing. Patients are
mostly diagnosed at advanced stages, typically with
a poor prognosis, with a five-year survival rate of <
30%[3]. Because of the patient’s own reasons, they lose
the opportunity to receive surgery and chemotherapy[4].
Thus, it is necessary to find new therapies. Gene therapy
as a novel strategy has been shown to have a therapeutic
advantage for treating several types of tumors, including
gastric carcinoma, and promises to be a new therapeutic
approach to inhibit the proliferation of tumor cells, and
avoids the side effects of drug therapy[5,6].
Since the E2F family factors have been reported,
they have been considered as main regulators of cell
growth and proliferation[7]. E2F-1 gene is one member

WJG|www.wjgnet.com

Antibodies
Specific rabbit anti-human antibodies to E2F-1, c-Myc,
Skp2, Bax, Bcl-2, cyclin D1, survivin and glyceraldehyde3-phosphate dehydrogenase (GAPDH) were obtained
from Abcam (Cambridge, United Kingdom). Infraredlabeled secondary goat anti-rabbit antibodies to IRDye
800 were obtained from Li-Cor Biosciences (Lincoln,
NE, United States).
Construction of E2F-1 recombinant lentiviral vectors
Lentiviral vectors with green fluorescent protein (GFP)
were provided by Genechem (Shanghai, China). The
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Table 1 Sequences of primers used for semi-quantitative real-time polymerase chain reaction
Gene

Primer

E2F-1

Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse

Survivin
Bax
Bcl-2
Cyclin D1
Skp2
c-Myc
GAPDH

Base sequence

PCR product (bp)

5'-CCCAACTCCCTCTACCCT-3'
5'-CTCCCATCTCATATCCATCCTG-3'
5'-AAATGCACTCCAGCCTCTGT-3'
5'-TGTCGAGGAAGCTTTCAGGT-3'
5'-CCAAGAAGCTGAGCGAGTGT-3'
5'-CCGGAGGAAGTCCAATGTC-3'
5'-GACTTCGCCGAGATGTCCAG-3'
5'-CATCCCAGCCTCCGTTATCC-3'
5'-CCCTCGGTGTCCTACTTCAA-3'
5'-GGGGATGGTCTCCTTCATCT-3'
5'-GCTGCTAAAGGTCTCTGGTGT-3'
5'-AGGCTTAGATTCTGCAACTTG-3'
5'-TTCTCTCCGTCCTCGGATTC-3'
5'-GTAGTTGTGCTGATGTGTGG-3'
5'-ACCACAGTCCATGCCATCAC-3'
5'-TCACCACCCTGTTGCTGTA-3'

217
311
269
259
237
291
282
450

GAPDH: Glyceraldehyde-3-phosphate dehydrogenase; PCR: Polymerase chain reaction; Skp2: S-phase kinaseassociated protein 2.

lentiviral vector system was comprised of the vectors
pGCL-GFP, pHelper 1.0 and pHelper 2.0. The fulllength human E2F-1 gene (NM_0005225.2) was encoded
by the pGCL-GFP-E2F-1 plasmid. The E2F-1 cDNA
was accurately inserted into the plasmid, which was
verified by DNA sequencing and PCR technology. The
three plasmids (pHelper 1.0, pHelper 2.0, and pGCLGFP or pGCL-GFP-E2F-1) were co-transfected into
293T cells using Lipofectamine 2000[19]. After a 12-h
transfection, the medium was replaced with fresh
medium supplemented with 10% fetal bovine serum. The
lentivirus containing the E2F-1 gene was collected at 48
h after the transfection. The product was concentrated by
ultracentrifugation (12000× g) and diluted in a series of
gradients from 10-2 to 10-5. Various dilutions of lentivirus
were used to transfect 293T cells. Then the cells were
observed under a fluorescence microscope after 72
h. The cells with GFP expression were positive cells,
and the number of positive cells was counted in each
transfection. The lentiviral titer was calculated by the
formula: lentiviral titer (TU/mL) = number of positive
cells × dilution times/volume of lentivirus used.

to as a human GC xenograft.
Treatment of human GC xenografts in nude mice
When tumors reached a diameter of approximately 6
mm, mice were randomized into three groups (n = 8
each): LV-GFP-E2F-1, LV-GFP-NC, and PBS. The
tumors of nude mice were injected with LV-GFP-E2F-1
or LV-GFP-NC at a concentration of 5 × 106 TU in
200 μL PBS, while the control group received an equal
volume of PBS. The tumors of animals were injected
in each group once every 2 d. Animals and tumors were
observed daily. Tumor size was monitored every 2 d with
a digital caliper and tumor volume (TV) was estimated by
the equation: TV = a × b2/2, where a is the longest
diameter and b the shortest diameter. The relative tumor
volume (RTV) was calculated by the formula: RTV =
Vt/V0 (V0 was the initial TV of the first day of treatment
and Vt was the following TV measured)[20]. After a total
of 15 d of treatment, nude mice were suffocated and
tumors were assessed.
Semi-quantitative reverse transcriptase-PCR
Total RNA was extracted from MGC-803 tumor tissues
and GC xenografts with TRI Reagent (Sigma-Aldrich,
St Louis, MO, United States). cDNA was generated
from DNase-1-treated RNA template with 0.2 μg random hexamer primers and 200 U RevertAid H-Minus
M-MuLV reverse transcriptase enzyme (Roche, Switzerland). All the PCR primer sequences used in this study,
including for c-Myc, Skp2, Bax, Bcl-2, cyclin D1,
surviving and GAPDH are shown in Table 1. The
PCR products were used for electrophoresis in 1.5%
agarose gel stained with ethidium bromide (0.5 μ g/
mL). The mRNA expression levels of each gene were
measured using GAPDH mRNA as a reference. Reverse
transcriptase (RT)-PCR product bands were analyzed by

Xenograft tumor model
Athymic nude male BALBC/c mice, aged 4-5 wk, were
purchased from Guangxi Animal Center (Nanning,
China). The mice were maintained in specific pathogenfree, temperature-controlled isolation conditions and
fed with sterilized food and autoclaved water according
to the experimental animal guidelines. All animal
procedures were conducted to follow the provisions of
the Ethics Committee of Guangxi Medical University in
the research. Xenografted tumor models were prepared
by subcutaneous injection of 3 × 106 MGC-803 cells
suspended in phosphate-buffered saline (PBS) into male
athymic nude mice. The xenografted tumor was referred
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Optical microscope (× 100)

Fluorescence microscope (× 100)

Figure 1 Determination of lentiviral titers. Recombinant lentivirus was transfected into 293T cells to determine viral titer by the method of end-point dilution, which
involves counting the numbers of infected green cells under fluorescence microscopy (original magnification x 100). The viral dilution factor was 1:1000.

Gastric tumor cell apoptosis was observed under microscopy. The primary antibody was replaced by phosphate
buffer on the positive specimens in the negative controls.
The brown particles in the nucleus were considered
as apoptosis-positive cells. Eight fields were randomly
selected in each slice under a high-power field (×400).
The percentage of TUNEL-positive cells was calculated
from a total of 200 cells in each field.

densitometry using Quantity One 1-D gel image analysis
software (BioRad, Hercules, CA, United States).
Western blot analysis
Protein was extracted in accordance with the kit instructions (OriGene, Rockville, MD, United States) in
tumor tissue. Proteins were separated by 10% polyacrylamide-gel electrophoresis and then transferred onto
polyvinylidene fluoride membranes (Roche) at 100 mA
for 3 h, and later soaked for 2 h in a blocking solution
(Tris-buffered saline containing 5% nonfat dry milk
and 0.1% Tween-20), and immersed in a 1:1000 antiE2F-1 antibody diluent, or anti-GAPDH monoclonal
antibody used as an internal control, then incubated at
4 ℃ overnight. The membrane was washed with PBS
with Tween 20 and immersed in a 1:10000 infraredlabeled secondary goat anti-rabbit antibody diluent for
30 min. The membranes were analyzed by densitometry
using Odyssey version 3.0 (Li-Cor). Then the protein
expression levels of each gene were measured using
GAPDH protein as a reference.

Statistical analysis
Data analyses were performed using SPSS version 16.0
(SPSS Inc., Chicago, IL, United States). Numerical data
are reported as the mean ± SD. Group comparisons
were evaluated by one-way analysis of variance. Twosided tests were used to evaluate comparisons. Data were
determined to have significant differences when P < 0.05.

RESULTS
Evaluation of pGCL-GFP-E2F-1 lentiviral vector
Positive clones were screened by restriction enzyme
analysis, and were verified by DNA sequencing (data
not displayed). Positive clone sequencing was consistent
with the target sequence of E2F-1 reported in Genebank
indicating that the pGCL-GFP-E2F-1 had been
constructed successfully.

Analyses of GC xenograft tissue apoptosis by terminal
deoxynucleotidyl transferase-mediated dUTP-biotin nick
end labeling
Paraffin sections of GC xenografts were processed with
a terminal deoxynucleotidyl transferase-mediated dUTPbiotin nick end labeling (TUNEL) assay kit (Roche)
treated according to the manufacturer’s instructions.
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Determination of lentiviral titers
As displayed in Figure 1, lentiviral vectors of LV-GFP-
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Figure 2 Overexpression of E2F-1 inhibits MGC-803 tumor growth. A: Tumor growth curve shows the growth tendency in the LV-GFP-E2F-1 group is suppressed
in comparison to the control groups; B: Relative tumor volume (TV) in LV-GFP-E2F-1-treated mice was significantly smaller than in the control groups at 12 d after
tumor injection (n = 8 animals for each condition). 1, phosphate-buffered saline (PBS) control group; 2, LV-GFP-NC group; 3, LV-GFP-E2F-1 group; comparisons made
using analysis of variance and Student-Newman-Keuls analyses; aP < 0.05 vs control.
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Figure 3 Overexpression of E2F-1 mRNA with LV-GFP-E2F-1. A: Agarose gel analysis of E2F-1 and glyceraldehyde-3-phosphate dehydrogenase (GAPDH) realtime polymerase chain reaction products amplified from MGC-803 tumor tissues (M, 500 bp marker); B: Expression of E2F-1 mRNA was measured in the three groups
and normalized to GAPDH (n = 8 animals for each condition). 1, LV-GFP-E2F-1 group; 2, LV-GFP-NC group; 3, phosphate buffered saline control group. aP < 0.05
using analysis of variance and Student-Newman-Keuls analyses.

Protein and mRNA of E2F-1 gene were highly expressed
in GC xenograft tissue
Compared with the LV-GFP-NC and PBS groups,
mRNA and protein expressions of E2F-1 gene were
significantly higher in the LV-E2F-1-GFP group by gray
value analysis (P < 0.05), and there was no statistically
significant difference between LV-GFP-NC and PBS
groups (Figures 3 and 4). The results suggest that a
nude mouse model with overexpression of E2F-1
was constructed successfully by injecting with E2F-1
recombinant lentiviral vectors.

E2F-1 or LV-GFP-NC were mixed into 293T cell
culture medium, and more than 90% of the cells were
transfected. The concentration of the virus was greater
than 6 × 108 TU/mL by GFP expression assay.
Overexpression of E2F-1 inhibited GC xenograft tumor
growth
The tumors of the GC xenograft model were injected
with E2F-1 recombinant lentiviral vectors. Compared
with the LV-GFP-NC and PBS groups, the growth-curve
of tumor volumes (Figure 2A) revealed that the growth
of xenografts infected with E2F-1 recombinant lentiviral
vectors had was significantly inhibited (P < 0.05). After a
total of 15 d of treatment, GC xenograft tumor volume
in the LV-GFP-E2F-1 group was significantly smaller than
in the LV-GFP-NC and PBS groups (both P < 0.05), and
there was no statistically significant difference between
LV-GFP-NC and PBS groups (Figure 2B). The results
indicated that overexpression of E2F-1 could effectively
suppress gastric cancer xenograft tumor growth in vivo.

WJG|www.wjgnet.com

Overexpression of E2F-1 induced GC xenograft tissue
cell apoptosis
Cell apoptosis was detected by the TUNEL staining
in the GC xenograft tissue (Figure 5). The rate of cell
apoptosis in the LV-GFP-NC, LV-GFP-NC and PBS
groups were 18.6% ± 2.3%, 6.7% ± 1.2% and 6.3% ±
1.2%, respectively. Compared with LV-GFP-NC and PBS
groups, the apoptosis rate of the LV-E2F-1-GFP group
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Figure 4 Overexpression of E2F-1 protein with LV-GFP-E2F-1. A: Western blot analysis of E2F-1 and glyceraldehyde-3-phosphate dehydrogenase (GAPDH;
internal control) in MGC-803 tumor tissue; B: Expression of E2F-1 protein was measured in the three groups normalized to GAPDH (n = 8 animals for each condition).
1, LV-GFP-E2F-1 group; 2, LV-GFP-NC group; 3, PBS group. aP < 0.05 using analysis of variance and Student-Newman-Keuls analyses.
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Figure 5 Overexpression of E2F-1 induces in situ MGC-803 tumor cell apoptosis. Apoptosis was assessed by terminal deoxynucleotidyl transferase-mediated
dUTP-biotin nick end labeling (TUNEL) and hematoxylin and eosin staining. More apoptotic MGC-803 tumor cells were observed in the LV-GFP-E2F-1 group than in
the LV-GFP-NC and phosphate buffered saline (PBS) groups (original magnification, × 400).

Skp2, Bcl-2, cyclin D1 and survivin were lower in the LVGFP-E2F-1 group, whereas Bax levels were higher in the
LV-GFP-E2F-1 group (all Ps < 0.05), and there was no
statistically significant difference between LV-GFP-NC
and PBS groups (Figure 6). Compared with LV-GFP-NC
and PBS groups, densitometry showed that the protein
levels of c-Myc, Skp2, Bcl-2, cyclin D1 and survivin
were significantly lower, and the levels of Bax was
significantly higher, in the LV-GFP-E2F-1 group (all P <
0.05), and there was no statistically significant difference
between LV-GFP-NC and PBS groups (Figure 7). The
results suggest that overexpression of E2F-1 decreases

was significantly higher (P < 0.05). The results suggest
that overexpression of E2F-1 effectively promotes GC
xenograft tumor cell apoptosis in vivo.
Overexpression of E2F-1 decreases expression of
c-Myc, Skp2, Bcl-2, cyclin D1and survivin, and increases
Bax expression
To probe the principles of E2F-1-induced cell apoptosis
in GC xenografts, semiquantitative RT-PCR and Western
blot were used to detect expression of apoptosis-related
genes. Compared with the LV-GFP-NC and PBS groups,
densitometry displayed that the mRNA levels of c-Myc,
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Figure 6 Overexpression of E2F-1 alters mRNA expression of apoptosis regulators. A: Agarose gel analysis of semiquantitative real-time polymerase chain
reactions for c-Myc, S-phase kinase-associated protein 2 (Skp2), Bcl-2, cyclin D1, survivin, Bax and glyceraldehydes-3-phosphate dehydrogenase (GAPDH) in
the MGC-803 tumor tissues. Lanes: 1, LV-GFP-E2F-1 group; 2, LV-GFP-NC group; 3, phosphate-buffered saline (PBS) group; M, 500 bp marker; B: Quantification
showing downregulation of c-Myc, Skp2, Bcl-2, cyclin D1, survivin and upregulation of Bax mRNA levels (n = 8 animals for each condition). aP < 0.05 using analysis of
variance and Student-Newman-Keuls analyses.
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Figure 7 Overexpression of E2F-1 alters protein expression of apoptosis regulators. A: Western blot analysis of c-Myc, S-phase kinase-associated protein 2
(Skp2), Bcl-2, cyclin D1, survivin, Bax and glyceraldehyde-3-phosphate dehydrogenase (GAPDH; internal control) in the MGC-803 tumor tissues. Lanes: 1, LV-GFPE2F-1 group; 2, LV-GFP-NC group; 3, phosphate-buffered saline (PBS) group; B: Quantification showing downregulation c-Myc, Skp2, Bcl-2, cyclin D1, survivin and
upregulation of Bax protein levels (n = 8 animals for each condition). aP < 0.05 using analysis of variance and Student-Newman-Keuls analysis.

phase transition[27]. According to Conner et al[28], E2F-1
overexpression in the liver causes dysplasia and tumors.
E2F-1 overexpression also enhances cell proliferation
in epithelial ovarian cancer and may provide a useful
prognostic indicator[29]. Expression of E2F-1 has been
found in many human malignancies where it has two
contrasting functions, including both inhibiting and
promoting tumor growth. In addition, our previous
studies have shown that downregulation of E2F-1 using
RNAi successfully inhibits GC cell proliferation in vivo
and in vitro[30,31]. It seems that E2F-1 is pleiotropic, and its
functions are based on the dominant signaling pathway
and cancer cell type.
In this study, MGC-803 cells were successfully inhibited by E2F-1 overexpression in vivo. This is consistent
with our previous studies in vitro[15,16]. Therefore, lentiviral
vector-mediated E2F-1 overexpression can be a new and
effective treatment of GC. In this study, E2F-1 overexpression also decreased survivin, Bcl-2, cyclin D1,
Skp2, and c-Myc expression, while Bax expression was
increased. Thus, the E2F-1 gene might affect GC growth

expression of c-Myc, Skp2, Bcl-2, cyclin D1 and survivin
and increases Bax expression in MGC-803 tumors in vivo.

DISCUSSION
Cancer is a disease with dysregulation of the cell cycle
and uncontrolled growth due to the combined effects of
hereditary and environmental factors. The mechanism
of cell cycle dysregulation is an important cause of the
cell proliferation dropout that leads to cancer. Normally,
each period of cell division and proliferation are strictly
regulated by a variety of specific proteins.
The E2Fs are one of the most important cell cycle
regulatory protein families[21]. Cell survival, mitosis, and
apoptosis can be regulated by E2F family proteins[22].
E2F-1 is the most representative factor of this family,
and it is generally considered to have the ability to induce
apoptosis[23]. Many studies have shown that E2F-1 has
anti-tumor effects in tumors such as colonic adenocarcinoma, glioma, and breast carcinoma[24-26]. However,
E2F-1 also enhanced DNA replication and G1-to-S
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by modifying signaling pathways involving these genes.
The activation of mitochondrion-dependent processes is an effective approach for inducing apoptosis,
which is regulated by the Bcl-2 family member. However, the proteins Bax and Bcl-2 have opposing roles
in initiating mitochondrial apoptotic events and modulating apoptosis. Bcl-2 is associated with the outer mitochondrial membrane, where it plays a pivotal and
important part in protecting mitochondrial structure and
action, and prevents enzyme proteins from being released
into the cytosol, thereby maintaining a stable intracellular
environment[32]. In contrast, Bax, a dominant-negative
inhibitor of Bcl-2, induces a mitochondrial permeability
transition and promotes apoptosis. In this study, E2F-1
upregulated Bax and downregulated antiapoptotic Bcl-2,
thereby elevating the ratio of Bax/Bcl-2 in MGC-803
cells. This suggests that cell apoptosis can be induced by
a mitochondrion-dependent pathway, thereby activating
caspase-9 and caspase-3 [33]. Our current results are
in good agreement with other recent studies, which
demonstrated that E2F-1 induces apoptosis with Bax
upregulation or Bcl-2 downregulation in melanoma
cells[34] and human esophageal cancer cells[35].
Overexpression of E2F-1 downregulated the expression of c-Myc and Skp2, which are overexpressed in GC
and promote tumor growth[36,37]. c-Myc is also involve
in cell transcription and mitosis by management of cell
cycle-related genes[38-41]. Zhang et al[42] confirmed that
overexpression of c-Myc could enhance normal gastric
cell growth and proliferation, as GC cell proliferation
was inhibited by RNA interference targeting c-Myc
gene silencing. Skp2 belongs to the family of F-box
proteins. It has been known for a long time that Skp2
undergoes phosphorylation during cell cycle progression
and growth factor stimulation[43,44]. Wei et al[45] reported
that downregulation of Skp2 inhibited the growth and
metastasis of GC cells in vitro and in vivo. Skp2 depletion
also increased caspase-3 activity and impeded formation
of filopodia and locomotion. Skp2 is associated with
c-Myc transcription and degradation, and thus regulates
Myc protein stability [46]. This establishes an unusual
structured network that is the E2F-1/Skp2/c-Myc
signaling pathway, by which E2F-1 suppresses MGC-803
cell growth in vivo.
Cyclin D1 is one of the most important proteins for
cell cycle regulation, and is related to the development of
many cancers and cancer cell growth. Cyclin D1 binds
to and activates CDK4/6, which subsequently phosphorylates tumor-inhibiting protein Rb and promotes
G1/S transition in the cell cycle[47,48]. So far, survivin
is the strongest anti-apoptotic factor with the smallest
molecular weight[49]. Survivin can also prevent tubulin
from binding with spindle microtubules, and inhibit
apoptosis in cell mitosis[50]. Furthermore, the proportion
of cells in the G2/M phase were increased, while the
number of cells in the G0/G1 phase decreased after
transfecting survivin-specific siRNA into MGC-803
cells[51]. Thus, the proliferation of GC cells was inhibited,
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and apoptosis induced by survivin RNA interference.
Dar et al[52] have shown that the proliferative capacity
of melanoma cells is mediated by E2F-regulated Akt
phosphorylation. Furthermore, the PTEN-Akt-p53-miR365-Cyclin D1/cdc25A axis serves as a new mechanism
underlying gastric tumorigenesis [53] . Akt signaling
translationally regulates survivin expression for metastatic
progression of colorectal cancer and GC[54,55].
Our present study has shown that E2F-1 overexpression
significantly inhibited the growth of transplanted tumors
and promoted cell apoptosis. E2F-1 overexpression
also inhibited cyclin D1 and survivin expression, either
directly or indirectly via the Akt signaling pathway, and
suppressed MGC-803 cell growth in vivo. Therefore,
E2F-1 plays an important role in GC cell survival,
apoptosis, and mitosis. This research provides a basis for
treatment of GC via regulation of E2F-1 expression.
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AIM: To identify possible risk factors and their synergism for cholangiocarcinoma development.
METHODS: A hospital-based, case-control study in
which we included 276 cholangiocarcinoma patients
[193 extrahepatic cholangiocarcinoma (ECC) and 83
intrahepatic cholangiocarcinoma (ICC)], diagnosed at
a training hospital in Korea between 2007 and 2013,
and 552 healthy controls matched 2:1 for age, sex, and
date of diagnosis. Risk factors for cholangiocarcinoma
and possible synergism between those factors were
evaluated using conditional logistic regression and
synergism index, respectively.
RESULTS: There was an association between
cholangiocarcinoma and hepatitis B virus (HBV)
infection, diabetes mellitus (DM), cholecystolithiasis,
choledocholithiasis, and hepatolithiasis, with the
adjusted odds ratios (AORs) of 4.1, 2.6, 1.7, 12.4, and
39.9, respectively. Synergistic interaction on the additive
model was investigated between HBV infection and
DM (AOR = 12.2; 95%CI: 1.9-80.1). In the subgroup
analyses, cholecystolithiasis, choledocholithiasis,
hepatolithiasis, and DM were significant risk factors for
ECC (AOR = 2.0, 18.1, 14.9, and 2.0, respectively),
whereas choledocholithiasis, hepatolithiasis, HBV
infection, and DM were risk factors for ICC (AOR = 8.6,
157.4, 5.3 and 4.9, respectively). Synergistic interaction
was also observed between HBV infection and DM (OR
= 22.7; 95%CI: 2.4-214.1). However, there was no
synergistic interaction between other significant risk
factors for cholangiocarcinoma.
CONCLUSION: In this Korean study, HBV infection
and DM were found to exert independent and synergistic effects on the risk for cholangiocarcinoma, including ICC. Exploring the underlying mechanisms
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For the other primary liver cancer such as hepatocellular carcinoma, several synergistic effects between
risk factors have been identified[12,13]. However, there
have been little studies to focus on analyzing interactions between risk factors for CCA. Because of the
multifactorial nature of biliary tract carcinogenesis,
possible interactions between risk factors may exist.
Therefore, we conducted a hospital-based case-control
study to assess potential risk factors for CCA in Korea,
and further evaluate possible synergisms between the risk
factors identified.

for such synergy may lead to the development of
cholangiocarcinoma prevention strategies in high-risk
individuals.
Key words: Cholangiocarcinoma; Risk factor; Hepatitis;
Synergism; Diabetes mellitus
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Although several risk factors for cholangiocarcinoma were identified in previous studies,
details on their interactions or the influence of disease
duration on the risk of cholangiocarcinoma are still
unclear. Moreover, epidemiologic studies about cholangiocarcinoma in Korea are scarce. The present study in a Korean population showed that the impact of
diabetes mellitus on the risk of cholangiocarcinoma
was greater when diabetic complications were present.
Further, it indicated that there was a synergistic effect
between Hepatitis B virus infection and diabetes
mellitus on the risk of cholangiocarcinoma, and that the
synergistic effect was enhanced in cases of complicated
diabetes.

MATERIALS AND METHODS
Study population
All patients diagnosed with CCA through pathological
findings at the Cheju Halla General Hospital between
January 2007 and April 2013 were reviewed for study
enrollment. Pathological confirmation was based on
definite cytology, small biopsy, or surgical pathology.
Individuals diagnosed with other cancers before the date
of CCA diagnosis were excluded from enrollment.
Control subjects, matched 2:1 with cases for age
(± 3 years), sex, and date of diagnosis (± 3 mo), were
randomly chosen among individuals who had visited
the health screening center of the Cheju Halla General
Hospital for a routine checkup during the same period
as the CCA cases. We excluded subjects with diagnoses
of cancers or who were missing any data regarding
risk factors and cancers. Subjects without radiologic
informations were also excluded. Finally, 276 cases and
552 controls were included for the analysis. The study
protocol was approved by the Institutional Review Board
of Cheju Halla General Hospital.

Lee BS, Park EC, Park SW, Nam CM, Roh J. Hepatitis B
virus infection, diabetes mellitus, and their synergism for
cholangiocarcinoma development: A case-control study in Korea.
World J Gastroenterol 2015; 21(2): 502-510 Available from:
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INTRODUCTION

Data collection
Cases and controls were interviewed at the initial visit
on their medical history, smoking, and alcohol use.
Structured data collection sheets were routinely used in
health screening center to obtain data on demographic
and clinical characteristics. All eligible participants
underwent radiological evaluations (abdominal ultrasound, computed tomography, and/or magnetic resonance cholangiopancreatography). Blood samples were
also collected from all subjects at the time of initial
examination.
All variables investigated for CCA risk evaluation
were divided into 4 broad categories: biliary tract conditions, infectious etiologies, non-infectious liver
diseases, and miscellaneous potential risk factors. Biliary tract conditions included cholecystolithiasis, choledocholithiasis, hepatolithiasis, cholecystectomy, primary
sclerosing cholangitis, choledochal cyst, and liver fluke
infestation. Non-infectious liver diseases included nonspecific liver cirrhosis and alcoholic hepatitis. The
infectious diseases group included HBV infection and
hepatitis C virus (HCV) infection. The miscellaneous
potential risk factors included smoking, alcohol, obesity,

Cholangiocarcinomas (CCAs) are highly fatal cancers
of the biliary tract epithelium, which arise from intrahepatic [intrahepatic cholangiocarcinoma (ICC)] or
extrahepatic bile ducts [extrahepatic cholangiocarcinoma
(ECC)]. Although a rare malignancy, CCA is the second
most common cancer of the liver[1]. Furthermore, the
incidence of CCA has reportedly been increasing in
several areas worldwide, especially the incidence of
intrahepatic CCA[2-4]. Most CCAs are unresectable at
presentation. Even after curative resection, 5-year survival rates of only 11%-44% have been reported[1]. Considering the poor prognosis and increasing incidence, it
is crucial to recognize risk factors for CCA in order to
decrease its incidence.
Several risk factors, including liver fluke infestation[5]
and hepatolithiasis [6,7], were identified in East Asia
including Korea, where CCA is more prevalent than in
Western countries[8]. However, those account for < 30%
of all CCA cases[1]. Recently, hepatitis B virus (HBV)
infection [9] and diabetes mellitus (DM) [10] have been
reported to be additional possible risk factors, but it has
been estimated that only < 25% of CCA cases are related
to these factors[7,11].
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Statistical analysis
Statistical analyses were performed by using SPSS 20.0
(SPSS incorporated, Chicago, IL, United States). The
Mann-Whitney U test and the Pearson χ 2 with Fisher
exact test were used to compare continuous and discrete
variables, respectively. Univariate and multivariate analyses
of correlation were carried out by using conditional
logistic regression with maximum likelihood estimates of
parameter values for assessing the risk for CCA. Among
all variables investigated, primary sclerosing cholangitis,
choledochal cyst, and nonspecific liver cirrhosis were
not tested because cases were too few to be analyzed
(n < 3 in whole study population including controls).
All other variables were evaluated in the univariable
conditional logistic regression analysis, and the variables
with P < 0.1 in the univariate analysis were included in
the multivariable models. The adjusted odds ratio (AOR)
and 95%CI for each variable were estimated by using the
logistic regression coefficient. In all analyses, P < 0.05 for
two-sided tests was considered statistically significant.
The synergisms between risk factors were evaluated
by including them in the additive regression model
using an interaction term, since it is more appropriate
to assess biological interactions and public health
concerns. Multiple logistic regression models were used
to evaluate departure from additivity. By crossing two
independent risk factors for CCA, dummy variables of
4 categories were obtained; 2 for the presence of each
risk factor alone, 1 for the presence of both risk factors,
and 1 for the absence of both risk factors. The last of
these categories was used as the reference category in
the regression models. To assess the deviation from
the additive model of no interaction between variables,
the Synergism index (S) and its 95%CI, as proposed
by Rothman, was calculated[17]; S = (OR11 - 1)/(OR01 +
OR10 - 2). OR10 and OR01 mean the OR for the presence
of each risk factor in the absence of the other, whereas
OR 11 means the OR of the joint effect of two risk
factors. A value of S equal to unity was interpreted as
indicative of additivity, whereas a value greater than unity
was indicative of superadditivity and synergism.

DM, thyroid disease, chronic pancreatitis, hypertension,
and ulcerative colitis.
All data were obtained retrospectively from patient
records. We only included information up to 1 year
before the diagnosis of CCA for cases and 1 year before
the cancer diagnosis of the index case for the matched
controls.
Definitions of events
CCA was classified as either intrahepatic or extrahepatic
CCA. Hilar CCA was included in ECC, and ampulla
of Vater cancer was excluded in this analysis. A heavy
drinker was defined as an individual currently drinking
alcoholic beverages in a daily amount of ≥ 80 g (male)
or ≥ 40 g (female)[14]. Obesity was defined as a body
mass index of 25.0 kg/m2 or greater, according to the
Asian-Pacific criteria for obesity[15].
Blood samples were collected from cases and controls at the time of initial examination. Serum HBV
surface antigen (HBsAg) and HCV antibody (antiHCV) were assessed by using enzyme immunoassay
(Abbott Laboratories, North Chicago, IL, United
States), and anti-HCV-positive participants were tested
for HCV RNA by using COBAS® Ampliprep (Roche
Molecular Systems, Inc., CA, United States). HBV
infection was defined as a positive hepatitis B surface
antigen, and HCV infection was defined as a positive
HCV RNA. The diagnostic criteria for cirrhosis were
as follows: clinical manifestations of chronic hepatitis
with portal hypertension (e.g., collateral varices, varices,
thrombocytopenia, or splenomegaly) and/or hepatic
decompensation (e.g., jaundice, prolonged prothrombin
time, and ascites), laboratory tests, and radiologic studies.
In patients undergoing surgical treatment, cirrhosis was
also confirmed pathologically. Nonspecific cirrhosis was
defined by the presence of cirrhosis without the presence
of HCV, HBV, or alcoholic liver disease.
The diagnosis of liver fluke infestation was made
on the basis of detection of ova or worms in feces, or
radiologic finding of diffuse, uniform dilatation of the
small intrahepatic bile ducts with no or minimal dilatation
of larger bile ducts and with no focal obstructing lesion.
Choledochal cysts were considered to be present if there
was a characteristic cystic or fusiform dilatation of the
extrahepatic or intrahepatic duct on radiologic findings.
Choledocholithiasis was defined as the presence of at
least one stone in the extrahepatic bile duct, whereas
hepatolithiasis as the presence of stone in the intrahepatic
bile duct. The presence of cystic duct stone was classified
as cholecystolithiasis.
Diabetes was diagnosed according to the World
Health Organization Criteria[16], and categorized into
two groups: (1) complicated diabetes (presence of any
stage of retinopathy, nephropathy or macrovascular
complications); and (2) uncomplicated diabetes. Thyroid
disease included hyperthyroidism and hypothyroidism.

WJG|www.wjgnet.com

RESULTS
Patient characteristics
There were 276 patients with CCA eligible for this study.
Out of these, 83 (30.1%) were ICC and 193 (69.9%)
were ECC. The CCA patients and controls had a similar
mean age (67.8 ± 12.5 vs 67.5 ± 12.5, P = 0.818) and
proportion of men (50.4% vs 50.4%, male to female ratio,
1.02:1), suggesting that pairing was effective.
CCA population
The multivariate conditional logistic analysis showed
that cholecystolithiasis (AOR = 1.74; 95%CI: 1.04-2.90),
choledocholithiasis (AOR = 12.35; 95%CI: 4.31-35.38),
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Table 1 Comparison of risk factors in patients with cholangiocarcinoma and matched controls n (%)
CCA patient (n = 276)

Variable
Cigarette smoking
< 20 pack-years1
≥ 20 pack-years
Heavy alcohol consumption2
Obesity3
Cholecystolithiasis
Choledocholithiasis
Hepatolithiasis
Cholecystectomy
Ulcerative colitis
Alcoholic liver disease
Thyroid disease
Chronic pancreatitis
Hypertension
Diabetes mellitus
Without complications
With complications4
HBV infection
HCV infection
Liver fluke infestation

84 (30.4)
35 (12.7)
49 (17.8)
35 (12.7)
64 (23.2)
47 (17.0)
34 (12.3)
20 (7.2)
17 (6.2)
2 (0.7)
14 (5.1)
6 (2.2)
1 (0.4)
113 (40.9)
65 (23.6)
36 (13.0)
29 (10.5)
28 (10.1)
11 (4.0)
6 (2.2)

Control (n = 552)
157 (28.4)
53 (9.6)
104 (18.8)
50 (9.1)
134 (24.3)
42 (7.6)
7 (1.3)
1 (0.2)
23 (4.2)
3 (0.5)
26 (4.7)
22 (4.0)
5 (0.9)
254 (46.0)
69 (12.5)
47 (8.5)
22 (4.0)
18 (3.3)
13 (2.4)
4 (0.7)

Univariable analysis

Multivariable analysis

OR (95%CI)

P value

AOR (95%CI)

P value

1.14 (0.79-1.66)
1.39 (0.85-2.27)
1.01 (0.66-1.55)
1.53 (0.94-2.51)
0.94 (0.66-1.33)
2.34 (1.52-3.61)
13.31 (5.20-34.07)
20.00 (4.68-85.57)
1.49 (0.79-2.82)
1.33 (0.22-7.98)
1.08 (0.55-2.13)
0.51 (0.20-1.31)
0.40 (0.05-3.42)
0.80 (0.59-1.08)
2.22 (1.51-3.28)
1.82 (1.12-2.96)
2.98 (1.67-5.32)
3.34 (1.80-6.19)
1.69 (0.76-3.78)
3.00 (0.85-10.63)

0.487
0.191
0.972
0.088
0.722
< 0.001
< 0.001
< 0.001
0.216
0.753
0.816
0.164
0.403
0.150
< 0.001
0.015
< 0.001
< 0.001
0.199
0.089

1.45 (0.82-2.55)
1.74 (1.04-2.90)
12.35 (4.31-35.38)
39.87 (7.25-219.17)
2.55 (1.66-3.91)
2.20 (1.30-3.70)
3.25 (1.69-6.25)
4.12 (2.01-8.44)
3.49 (0.86-14.07)

0.199
0.035
< 0.001
< 0.001
< 0.001
0.003
< 0.001
< 0.001
0.079

1

One pack-year = 1 pack per day for a year; 2Daily amount of ≥ 80 g (male) or ≥ 40 g (female); 3Obesity was defined as a body mass index > 25 kg/m2
according to the Asian-Pacific criteria for obesity; 4Any stage of retinopathy, nephropathy or macrovascular complications. CCA: Cholangiocarcinoma;
HBV: Hepatitis B virus; HCV: Hepatitis C virus; AOR: Adjusted odds ratio.

hepatolithiasis (AOR = 39.87; 95%CI: 7.25-219.17), HBV
infection (AOR = 4.12; 95%CI: 2.01-8.44), and DM (AOR
= 2.55; 95%CI: 1.66-3.91) were the significant risk factors
for CCA (Table 1). HCV infection and heavy alcohol
consumption were not significantly associated with
development of CCA. When DM was dichotomized into
complicated and uncomplicated DM, complicated DM
resulted in a greater risk of CCA than uncomplicated
DM (AOR = 3.25 and 2.20, respectively) (Table 1).
However, there is no significant correlation between
estimated AOR and duration of DM (AOR = 1.42 and
0.75 for 5-10 years and > 10 years, respectively, P = 0.5).

the ECC population (P = 0.055) (Tables 2 and 3).
Interaction between risk factors
After evaluating the independent effects of each significant risk factor on CCA development, the inter-actions
and synergism of those factors were investigated. Of
all significant factors, hepatolithiasis was not included in
this analysis because of the small number of cases and
lack of controls, with hepatolithiasis and other significant
risk factors together. Every pair of other significant risk
factors was analyzed with adjustment for the rest of
the significant factors. When investigating interactions
between diabetes and HBV infection on the risk of CCA,
the relative excess risk of developing CCA in patients
having DM and HBV infection together exceeded the
sum of the relative excess risks for each risk factor alone:
12.2-1.0 > (2.5-1.0) + (3.5-1.0). The estimated synergism
index (S) was 2.80 (95%CI: 1.54-5.08), indicating the joint
effect of DM and HBV infection is superadditive (Table
4, Figure 1A). When including only complicated diabetes
instead of the entire diabetic cases in this analysis, the
synergistic effect on the risk of CCA was greater than the
effect between DM and HBV infection. The estimated
synergism index (S) was 8.12 (95%CI: 4.92-13.38) (Table
4). These superadditivities of the joint effect between
DM and HBV infection, or complicated DM and HBV
infection were also investigated in the ICC subgroup
population. The estimated synergism index (S) between
DM and HBV infection, and complicated DM and
HBV infection was 2.44 and 5.45, respectively (Table 5,
Figure 1B). However, there was no synergistic interaction
between other significant risk factors for CCA and ICC.
Similarly, no significant interaction was observed between

Subgroup analysis- ECC and ICC population
Subgroup analysis was performed to investigate risk
factors for ECC and ICC development. We included
193 ECC patients and 386 controls, and 83 ICC patients
and 166 controls in the conditional logistic regression
model. When ECC and ICC cases were compared to
their respective control participants, cholecystolithiasis,
choledocholithiasis, hepatolithiasis, and DM were the
significant risk factors for ECC (AOR = 2.01, 18.08,
14.87 and 1.99, respectively) (Table 2), whereas choledocholithiasis, hepatolithiasis, HBV infection, and DM
were the significant risk factors for ICC development
(AOR = 8.63, 157.37, 5.27, and 4.87, respectively) (Table
3). Cholecystolithiasis was the significant risk factor for
ECC but not ICC development. However, DM was
significantly associated with both ECC and ICC. As with
the results in the entire CCA population, complicated DM
also resulted in a greater risk of CCA than uncomplicated
DM in both subgroup analyses, although AOR for
uncomplicated DM did not reach statistical significance in
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Table 2 Comparison of risk factors in patients with extrahepatic cholangiocarcinoma and matched controls n (%)
ECC patient (n = 193)

Variable
Cigarette smoking
< 20 pack-years
≥ 20 pack-years
Heavy alcohol consumption
Obesity
Cholecystolithiasis
Choledocholithiasis
Hepatolithiasis
Cholecystectomy
Ulcerative colitis
Alcoholic liver disease
Thyroid disease
Chronic pancreatitis
Hypertension
Diabetes mellitus
Without complications
With complications
HBV infection
HCV infection
Liver fluke infestation

53 (27.5)
20 (10.4)
33 (17.1)
18 (9.3)
42 (21.8)
33 (17.1)
24 (12.4)
9 (4.7)
13 (6.7)
2 (1.0)
7 (3.6)
5 (2.6)
1 (0.5)
84 (43.5)
44 (22.8)
27 (14.0)
17 (8.8)
9 (4.7)
6 (3.1)
3 (1.6)

Control (n = 386)
91 (23.6)
30 (7.8)
61 (15.8)
24 (6.2)
90 (23.3)
28 (7.3)
2 (0.5)
1 (0.3)
19 (4.9)
1 (0.3)
13 (3.4)
15 (3.9)
5 (1.3)
185 (47.9)
54 (14.0)
38 (9.8)
16 (4.1)
9 (2.3)
10 (2.6)
2 (0.5)

Univariable analysis

Multivariable analysis

OR (95%CI)

P value

AOR (95%CI)

P value

1.32 (0.83-2.10)
1.51 (0.79-2.87)
1.23 (0.73-2.08)
1.62 (0.83-3.17)
0.91 (0.59-1.40)
2.49 (1.48-4.20)
24.00 (5.67-101.55)
18.00 (2.28-142.08)
1.38 (0.67-2.84)
4.00 (0.36-44.11)
1.08 (0.42-2.78)
0.64 (0.22-1.84)
0.40 (0.05-3.42)
0.83 (0.58-1.19)
1.88 (1.19-2.98)
1.64 (0.95-2.85)
2.43 (1.18-5.00)
2.10 (0.80-5.49)
1.20 (0.44-3.30)
3.00 (0.50-17.95)

0.240
0.212
0.444
0.161
0.658
0.001
< 0.001
0.006
0.376
0.258
0.871
0.408
0.403
0.301
0.007
0.077
0.016
0.131
0.724
0.229

2.01 (1.12-3.58)
18.08 (4.18-78.19)
14.87 (1.79-123.74)
1.99 (1.22-3.27)
1.78 (0.99-3.19)
2.48 (1.16-5.32)
-

0.019
< 0.001
0.013
0.006
0.055
0.020
-

HBV: Hepatitis B virus; HCV: Hepatitis C virus; ECC: Extrahepatic cholangiocarcinoma.

Table 3 Comparison of risk factors in patients with intrahepatic cholangiocarcinoma and matched controls n (%)
ICC patient (n = 83)

Variable
Cigarette smoking
< 20 pack-years
≥ 20 pack-years
Heavy alcohol consumption
Obesity
Cholecystolithiasis
Choledocholithiasis
Hepatolithiasis
Cholecystectomy
Ulcerative colitis
Alcoholic liver disease
Thyroid disease
Chronic pancreatitis
Hypertension
Diabetes mellitus
Without complications
With complications
HBV infection
HCV infection
Liver fluke infestation

31 (37.3)
15 (18.1)
16 (19.3)
17 (20.5)
22 (26.5)
14 (16.9)
10 (12.0)
11 (13.3)
4 (4.8)
0 (0.0)
7 (8.4)
1 (1.2)
0 (0.0)
29 (34.9)
21 (25.3)
9 (10.8)
12 (14.5)
19 (22.9)
5 (6.0)
3 (3.6)

Control (n =166)

Univariable analysis

66 (39.8)
23 (13.9)
43 (25.9)
26 (15.7)
44 (26.5)
14 (8.4)
4 (2.4)
1 (0.6)
4 (2.4)
2 (1.2)
13 (7.8)
7 (4.2)
0 (0.0)
69 (41.6)
15 (9.0)
9 (5.4)
6 (3.6)
9 (5.4)
3 (1.8)
2 (1.2)

Multivariable analysis

OR (95%CI)

P value

AOR (95%CI)

P value

0.87 (0.47-1.63)
1.17 (0.54-2.51)
0.68 (0.33-1.44)
1.44 (0.70-2.97)
1.00 (0.56-1.80)
2.06 (0.96-4.41)
6.20 (1.70-22.71)
22.00 (2.84-170.40)
2.00 (0.50-8.00)
0.03 (0.0-5748.1)
1.09 (0.41-2.87)
0.25 (0.03-2.19)
0.73 (0.41-1.31)
3.34 (1.60-7.01)
2.52 (0.90-7.03)
4.28 (1.59-11.49)
4.58 (2.00-10.50)
3.33 (0.80-13.95)
3.00 (0.50-17.95)

0.670
0.689
0.318
0.319
0.999
0.062
0.006
0.003
0.327
0.561
0.868
0.211
0.291
0.001
0.078
0.004
< 0.001
0.099
0.229

1.04 (0.33-3.29)
8.63 (1.30-57.33)
157.37 (9.36-2646)
4.87 (1.88-12.59)
4.00 (1.18-13.61)
6.13 (1.57-24.00)
5.27 (1.93-14.38)
1.71 (0.25-11.45)
-

0.941
0.026
< 0.001
0.001
0.027
0.009
0.001
0.582
-

HBV: Hepatitis B virus; HCV: Hepatitis C virus; ICC: Intrahepatic cholangiocarcinoma.

significant risk factors for ECC. Only one ECC patient
had DM and HBV infection, simultaneously.

lopment, and found that there was a synergistic interaction between these factors regarding the risk of CCA.
In the multivariate conditional logistic regression analysis,
choledocholithiasis, hepatolithiasis, and DM were
significantly associated with both ECC and ICC, whereas
HBV infection and cholecystolithiasis were risk factors
only for ICC and ECC development, respectively.
Our investigation of positive association between
HBV infection and ICC was consistent with previous
reports[7,18]. Previous studies demonstrated that both

DISCUSSION
The etiology and carcinogenesis of CCA remains
obscure despite several established risk factors. In the
present hospital based case-control study in Korea,
we confirmed that HBV infection and DM were independent risk factors for CCA, particularly for ICC deve-
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Table 4 Interaction between diabetes mellitus and hepatitis B virus infection for cholangiocarcinoma: logistic regression analysis
with adjusted odds ratio

DM
Negative
Positive
Negative
Positive
Complicated DM
Negative
Positive
Negative
Positive

HBV
Negative
Negative
Positive
Positive
HBV
Negative
Negative
Positive
Positive

1

2

n

β Coefficient (± SE)

P value

AOR (95%CI)

S (95%CI)

658
124
36
10

0.909 (0.22)
1.259 (0.39)
2.502 (0.96)

< 0.001
0.001
0.009

1
2.5 (1.6-3.8)
3.5 (1.6-7.6)
12.2 (1.9-80.1)

2.80 (1.54-5.08)

740
42
37
9

0.967 (0.34)
1.107 (0.38)
3.423 (1.32)

0.005
0.004
0.009

1
2.6 (1.3-5.1)
3.0 (1.4-6.4)
30.7 (2.3-403.4)

8.12 (4.92-13.38)

Interaction variables

1

AOR: Odds ratio adjusted for the other significant risk factors for cholangiocarcinoma; 2S = Synergy index described by Rothman = (OR11 - 1)/(OR01 + OR10
- 2), where OR11 = OR of the joint effect of 2 risk factors; OR01 and OR10 = OR of each risk factor in the absence of the other. DM: Diabetes mellitus; HBV:
Hepatitis B virus; AOR: Adjusted odds ratio.

A

B

14
12

20
HBV and DM
Odds ratio

HBV and DM

10
Odds ratio

25

8
6

DM

15
10

DM

4
DM

2
0

R

R

HBV

HBV

R

R

5
0

DM
R

R

HBV

HBV

R

R

Figure 1 Risk of cholangiocarcinoma in subjects with diabetes mellitus, hepatitis B virus infection, or both. A: Whole cholangiocarcinoma population; B:
Intrahepatic cholangiocarcinoma population. DM: Diabetes mellitus; HBV: Hepatitis B virus infection; R: Common reference category.

growth of numerous cancer cell lines[24]. In addition,
upregulated insulin-like growth factor 1 may stimulate
liver cell proliferation, consequently leading to carcinogenesis of CCA[25,26].
For a more precise assessment, analyses were repeated after subclassifying all diabetic cases according to
duration and the presence of complications. Although
the duration of DM was not significantly correlated
with the CCA risk, the impact of DM on the risk of
CCA was greater when DM complications were present.
Considering long time interval between actual DM
onset and its clinical diagnosis[27], disease duration from
diagnosis does not reflect the exact duration of illness.
Moreover, control of DM and severity of the disease may
be more crucial predictors than mere disease duration.
Notably, occurrence of DM complications depends on
glucose control and actual disease duration[28]. To clearly
elucidate the impact of the duration of DM on the risk
of CCA development, a future well-designed study with
more detailed information is needed.
In this study, there were several interesting findings
regarding the association between cholelithiasis and
CCA: (1) cholecystolithiasis was a risk factor for ECC,
but not ICC; (2) choledocholithiasis was a risk factor for
both ECC and ICC; and (3) hepatolithiasis was a risk
factor not only for ICC, but also for ECC. These results

hepatocytes and cholangiocytes differentiate from the
same hepatic progenitor cells; therefore, it is possible that
HBV induces carcinogenesis in cholangiocytes through
a similar mechanism as in hepatocytes[19,20]. In addition,
HBV may be involved in the pathogenesis of ICC
through a chronic inflammatory process[21,22]. Chronic
inflammation of the biliary epithelium evoked by HBV
infection can render it vulnerable to immunologic attack,
leading to genetic alterations and subsequent malignant
transformations of cells[23].
In contrast with HBV infection, HCV infection was
not a significant risk factor for ICC in this investigation.
This finding is in accordance with a previous Korean
study[7]. Similarly, a recent meta-analysis did not identify
a significant association between ICC development and
HCV infection when analyzed in relation to East-Asian
populations, whereas it did indicate a strong association
(OR = 6.91) in relation to Western populations [18].
However, considering the small number of studies and
participants analyzed, an additional large-scale study of
Eastern regions is warranted to confirm the geographic
variation.
Our results also indicated significant association
between DM and CCA development, which is compatible with previous studies[7,18]. Insulin resistance and
hyperinsulinemia have been shown to stimulate the
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Table 5 Interaction between diabetes mellitus and hepatitis B virus infection for intrahepatic cholangiocarcinoma: logistic regression
analysis with adjusted odds ratio
Interaction variables
DM
Negative
Positive
Negative
Positive
Complicated DM
Negative
Positive
Negative
Positive

HBV
Negative
Negative
Positive
Positive
HBV
Negative
Negative
Positive
Positive

1

n

β Coefficient (± SE)

P value

AOR (95%CI)

S (95%CI)

194
27
19
9

1.670 (0.51)
1.718 (0.58)
3.120 (1.15)

0.001
0.003
0.006

1
5.3 (2.0-14.3)
5.6 (1.8-17.4)
22.7 (2.4-214.1)

2.44 (1.30-4.58)

211
10
20
8

1.660 (0.77)
1.528 (0.56)
3.782 (1.51)

0.031
0.006
0.012

1
5.3 (1.2-23.8)
4.6 (1.5-13.7)
43.9 (2.3-849.5)

5.45 (3.16-9.42)

1

AOR: Odds ratio adjusted for the other significant risk factors for intrahepatic cholangiocarcinoma. DM: Diabetes mellitus; HBV: Hepatitis B virus; AOR:
Adjusted odds ratio; S: Synergism index.

incidence of occult HBV infection[37,38]. Furthermore, the
prevalence of HBV observed in the present study was
comparable with the previous HBV prevalence estimates
in Korea[39]; and (4) DM was not classified according
to type; considering the absence of young-onset (≤ 30
years) DM in our cohort and extremely lower incidence
of type Ⅰ DM in Asia[40], most of the DM cases in this
study were thought to be type 2 DM.
Despite these limitations, our study has several noteworthy strengths: (1) this is the first analysis of risk factors
for ECC in Korea that was conducted after adjustment
for possible confounding risk factors in a multivariable
model. A previous Korean study [41] focused only on
Clonorchis sinensis parasitosis as a risk factor for ECC without adjustment for confounders; (2) the prevalence of
the significant risk factors in the control subjects was
comparable with the prevalence in the general population
of Korea[42,43] or other Asian country[44]; (3) we stratified
biliary lithiasis and DM according to the location and the
presence of the complication, respectively. To the best
of our knowledge, this is the first study to investigate the
impact of complicated and uncomplicated DM on CCA
risk, after stratification of DM; and (4) most importantly,
this is the first study to investigate the synergistic effect
between DM and HBV infection on the risk of CCA
development. This “new” finding may help stratify
patients at risk for CCA and design CCA surveillance
algorithms depending on the stratification.
In conclusion, besides the biliary lithiasis, HBV
infection and DM were independent risk factors for
CCA, especially for ICC development. In addition, there
was synergistic interaction between the two factors on the
risk for CCA development. A further large-scale study is
warranted to confirm this synergistic interaction and to
clarify possible underlying mechanisms. Exploring the
underlying mechanisms for such synergy may lead to the
development of CCA prevention strategies in high-risk
individuals.

may be explained by the effects of cholestasis, altered
bile composition, and chronic proliferative inflammation
near the stone-bearing ducts. Among the 9 patients with
ECC who had hepatolithiasis in our study population, 7
patients had hilar cholangiocarcinoma, which supports
this explanation. Previous Chinese studies showed the
association between hepatolithiasis and ECC as well[29,30],
which also supports our results.
The most noteworthy finding of this study is the
synergistic effect between DM and HBV infection on
the risk of CCA development. Although the definite
mechanism is uncertain, there is a possible explanation
for the interaction. Hyperglycemia could stimulate
glucose oxidation, lipid peroxidation, and glycosylation
of proteins, which leads to production of free radicals
causing oxidative stress[31]. Oxidative stress subsequently
may promote HBV gene expression, reactivation of
viral replication, and liver disease chronicity, leading to
DNA damage and CCA development[32,33]. Considering
that oxidative stress is a widely accepted key mediator
in the progression of DM and its complications[31,34],
our finding of greater synergism between complicated
DM and HBV infection support this explanation. It is
considered that CCA and HCC share common etiologic
factors, and a previous study on the risk factors for HCC
also indicated the synergistic interaction between DM and
HBV infection on cancer development[35,36], supporting
our finding as well.
The present study has several potential limitations: (1)
diagnostic bias cannot be excluded because cancer patients
undergo additional testing, and thus may have more
diagnoses than individuals without cancer; (2) this was a
hospital-based study performed in a single institution, not
a population-based design, therefore there is a possibility
of selection bias caused by differential referral patterns;
however, hospital-based design may be more appropriate
for CCA in view of the low incidence and short survival
of CCA patients; (3) hepatitis B core antibody (antiHBc) and occult HBV infection were not investigated
in this study; however, recent studies demonstrated very
low levels of HBV DNA in subjects with anti-HBc alone
(without surface antigen/antibody), and extremely low
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miRNA-103: Molecular link between insulin resistance and
nonalcoholic fatty liver disease
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chain reaction was used to detect expression of miR103. Fasting plasma glucose, fasting insulin, and
triglyceride (TG) levels were measured. Homeostasis
model assessment was used to evaluate basal insulin
resistance (HOMA-IR). Patient height and weight were
measured to calculate body mass index (BMI).
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RESULTS: Compared with the normal control group,
higher serum levels of miR-103 were expressed in
the NAFLD group (8.18 ± 0.73 vs 4.23 ± 0.81, P
= 0.000). When P = 0.01 (bilateral), miR-103 was
positively correlated with HOMA-IR (r = 0.881), TG (r
= 0.774) and BMI (r = 0.878), respectively. miR-103,
TG and BMI were all independent factors for HOMAIR (β = 0.438/0.657/0.251, P = 0.000/0.007/0.001).
miR-103, TG, BMI and HOMA-IR were all risk factors
for NAFLD (odds ratio = 2.411/16.196/1.574/19.11, P
= 0.009/0.022/0.01/0.014).
CONCLUSION: miR-103 is involved in insulin resistance
and NAFLD, and may be a molecular link between
insulin resistance and NAFLD and a therapeutic target
for these disorders.
Key words: miRNA-103; Insulin resistance; Nonalcoholic
fatty liver disease
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Insulin resistance activates development of
nonalcoholic fatty liver disease (NAFLD), however,
the molecular mechanism is not fully understood. We
determined fasting plasma glucose, fasting insulin,
triglyceride (TG) and the levels of miRNA-103 (miR-103)
in the serum of patients with NAFLD. We found
that higher levels of miR-103 were expressed in the
serum of patients with NAFLD. miR-103 was positively
correlated with homeostasis model assessment and was
used to evaluate basal insulin resistance (HOMA-IR),

Abstract
AIM: To investigate the associations between miRNA-103
(miR-103) and insulin resistance and nonalcoholic fatty
liver disease (NAFLD).
METHODS: Serum samples were collected from 50
NAFLD patients who were overweight or obese (NAFLD
group) and from 30 healthy subjects who served as
controls (normal control group). Quantitative polymerase
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TG and BMI, respectively. miR-103 was an independent
factor for HOMA-IR and a risk factor for NAFLD. We
conclude that miR-103 is involved in insulin resistance
and NAFLD.

MATERIALS AND METHODS
Subjects
This study enrolled a cohort of 50 patients with NAFLD
who were treated at the Department of Endocrinology
of the Second Affiliated Hospital of Medical College of
Qingdao University, China from November 2011 to April
2013. Thirty age-matched healthy subjects were selected
as controls. Blood pressure and electrocardiogram findings
were normal in all patients. Patients with NAFLD were
newly diagnosed and had not received any treatment.
The diagnosis of NAFLD was based on the presence
of an ultrasonographic pattern consistent with ‘‘bright
liver’’ (brightness and posterior attenuation) with stronger
echoes in the hepatic parenchyma than in the renal
parenchyma, vessel blurring, and narrowing of the lumen
of the hepatic veins in the absence of findings suggestive
of other chronic liver disease. All cases of fatty liver were
in accordance with the Chinese diagnostic criteria for
NAFLD (alcohol consumption < 40 g per week and
without consideration of alteration in liver enzymes).
Body mass index (BMI) was calculated based on the
following formula: BMI = weight/height2. The study
was approved by the Ethics Committee of the Second
Affiliated Hospital of Medical College of Qingdao
University.

Xu Q, Li Y, Shang YF, Wang HL, Yao MX. miRNA-103:
Molecular link between insulin resistance and nonalcoholic
fatty liver disease. World J Gastroenterol 2015; 21(2): 511-516
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i2/511.htm DOI: http://dx.doi.org/10.3748/wjg.v21.i2.511

INTRODUCTION
Nonalcoholic fatty liver disease (NAFLD) is a clinical
syndrome characterized by hepatic steatosis and fat
deposition in hepatocytes in the absence of significant
alcohol use. The incidence of NAFLD in the general
Chinese population has almost doubled over the last
10-15 years and is highly prevalent in obese populations[1].
Obesity-associated insulin resistance is regarded as a
factor that critically contributes to the development of
NAFLD[2]. Insulin resistance resulting in a hyperinsulinemic
state increases de novo lipogenesis, which further exacerbates
hepatic lipid deposition and boosts the development of the
disease.
miRNAs are endogenously expressed RNAs consisting of 20-24 nucleotides that affect the expression of
hundreds of genes involved in numerous biological
processes, including lipid metabolism, organ development,
differentiation, brain morphogenesis, and apoptosis.
miRNAs are potent intracellular post-transcriptional
regulators and are also selectively secreted into the circulation
in a cell-specific fashion. miRNAs are now known to
be stably expressed in serum[3], blood[4,5] and plasma[6].
Moreover, the unique expression patterns of these circulating miRNAs are related to specific human diseases[7].
miRNA-103 (miR-103) regulates insulin sensitivity and
glucose homeostasis and is highly expressed in the liver
of patients with NAFLD. Furthermore, there is a positive
correlation between the patient’s homeostatic model
assessment (HOMA) index and miR-103 expression
levels[8].
The clinical spectrum of NAFLD varies between
steatosis with a benign clinical course and cirrhosis with
serious complications, including hepatocellular carcinoma
and liver failure, therefore, it is important to identify
the molecular mechanisms and therapeutic targets of
NAFLD. A “two-hit” mechanism has been proposed,
however, the underlying molecular mechanism is not fully
understood. In this study, we aimed to determine the
levels of miR-103 expressed in the serum of patients with
NAFLD to explore the associations between miR-103 and
insulin resistance and NAFLD in order to identify new
molecular therapeutic targets for these disorders.

WJG|www.wjgnet.com

Measurements
Fasting plasma glucose (FPG), fasting insulin (Fins),
triglyceride (TG), and miR-103 levels were measured.
Blood samples were obtained after an 8-h fasting period.
Fins was measured by radioimmunoassay (RuiQi Biotechnology Corporation, Shanghai, China) with a sensitivity of 2 mU/L (normal range 0.5-25 mU/L). The
insulin resistance index [homeostasis model assessmentinsulin resistance (HOMA-IR)] was calculated using the
HOMA model: (fasting insulin × fasting glucose)/22.5[9].
The expression of miR-103 was detected using real-time
PCR.
Microarray profiling of serum miRNA
Total RNA was extracted from normal controls and
patients with NAFLD (Biological Technology Co. Ltd.,
Chengdu, China). miRNA microarray analyses were
carried out by Biological Technology using an ABI3730
Sequencer (Applied Biosystems, United States).
Statistical analysis
All statistical analyses were performed using SPSS
version 18.0 (SPSS Inc., Chicago, IL, United States).
Normally distributed data were expressed as mean ±
SD. The t test was used to compare groups in the study.
Pearson correlation analysis and stepwise regression
analysis were used for simple correlation and multivariate
analysis, respectively. P < 0.05 was considered statistically
significant.
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A

Table 1 Clinical characteristics of the study subjects (mean
± SD)

Age (yr)
Gender (male/female)
BMI (kg/m2)
ln (HOMA-IR)
Fins (IU/mL)
TG (mmol/L)
TC (mmol/L)
FPG (mmol/L)
ALT (U/L)

50 ± 6.70
28/22
28.70 ± 3.12b
1.72 ± 0.35b
16.3 ± 3.06b
2.67 ± 1.23b
5.01 ± 0.89a
5.95 ± 0.93b
38.10 ± 19.80b

Normal control group
(n = 30)

4.00

50 ± 6.81
16/14
22.80 ± 3.07
0.38 ± 0.31
8.55 ± 3.21
1.58 ± 1.19
4.61 ± 0.97
4.85 ± 0.87
26.30 ± 20.14

3.00
TG

NAFLD group
(n = 50)

5.00

2.00
1.00
0.00
2.00

P < 0.05, bP < 0.01 vs the control group (unpaired Student t test and χ 2
test). NAFLD: Nonalcoholic fatty liver disease; BMI: Body mass index;
Fins: Fasting insulin; ln (HOMA-IR): Homeostasis model assessmentinsulin resistance was log-transformed before analysis as it was not
normally distributed; FPG: Fasting plasma glucose; TC: Total cholesterol;
TG: Triglycerides; ALT: Alanine transaminase.

4.00

a

6.00

8.00

miR-103

B
10.00
8.00

a
HOMAIR

10.00

Ln miR-103

8.00
6.00
4.00

6.00
4.00
2.00

2.00

0.00

0.00

NAFLD group

2.00

Normal control group

4.00

6.00

8.00

miR-103

Figure 1 Differential expression of microRNA-103 levels in the serum of
patients with nonalcoholic fatty liver disease. microRNA (miR)-103 was logtransformed before analysis because it was not normally distributed. aP < 0.05
vs normal control group (unpaired Student t test). NAFLD: Nonalcoholic fatty
liver disease.

C
32.00
30.00
28.00

RESULTS

BMI

26.00

General characteristics
A total of 80 cases were included in this study. With the
exception of age and gender (P > 0.05), BMI, HOMAIR, Fins, TG, total cholesterol (TC), FPG, and alanine
aminotransferase (ALT) in patients with NAFLD were
higher than those in healthy controls (P < 0.05) (Table 1).

22.00
20.00
18.00
2.00

4.00

6.00

8.00

miR-103

Differential expression of miR-103 levels in serum of
patients with NAFLD
The levels of miR-103 expressed in the serum of NAFLD
patients were higher than those in healthy controls (8.18 ±
0.73 vs 4.23 ± 0.81, P < 0.05) (Figure 1).

Figure 2 Correlation between microRNA-103 and Triglycerides (A),
Homeostasis model assessment-insulin resistance (B), and body mass
index (C). A: microRNA (miR)-103 was positively correlated with Triglycerides
(TG) (r = 0.774, P = 0.01, bilateral); B: miR-103 was positively correlated with
Homeostasis model assessment-insulin resistance (HOMA-IR) (r = 0.881, P =
0.01, bilateral); C: miR-103 was positively correlated with body mass index (BMI)
(r = 0.878, P = 0.01, bilateral).

Pearson correlation analysis of associations between
miR-103 and HOMA-IR, BMI and TG
Positive correlations were observed between miR-103
and HOMA-IR (r = 0.881), BMI (r = 0.878) and TG (r
= 0.774) (Figure 2).
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24.00

Multivariate analysis of miR-103, BMI, TG and HOMA-IR
HOMA-IR was a dependent variable and miR-103,
TG and BMI were independent variables. Multivariate
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Table 2 Linear regression analysis of factors affecting homeostasis model assessment-insulin resistance
Independent variables

Independent variables

SE standard regression

t value

P value

0.251
0.438
0.657

0.072
0.113
0.236

0.431
0.302
0.258

3.510
3.890
2.779

0.001
0.000
0.007

BMI
miR-103
TG

BMI: Body mass index; miR-103: MicroRNA-103; TG: Triglyceride; HOMA-IR: Homeostasis model assessment-insulin resistance.

et al[12] found that hypertriglyceridemia and liver steatosis
were associated with increased microsomal triglyceride
transfer protein expression. Another study reported that
phospholipid ω-3 polyunsaturated fatty acids may play
an important role in the development of NAFLD[13].
Therefore, many of the mechanisms underlying this
association are still unclear.
Insulin resistance, described as the inability of insulin
to stimulate glucose uptake, is a risk factor for the development of NAFLD [14]. Insulin resistance results
in a reduction in lipolysis inhibition by insulin, which
leads to fatty acid accumulation contributing to altered
mitochondrial function, increased lipid intermediates
and hepatic steatosis[15]. Insulin activates sterol regulatory
element-binding protein (SREBP)1c, a master regulatory
transcription factor in lipid synthesis, through stimulation
of the mammalian target of rapamycin complex 1,
which leads to increased lipogenesis[16]. Therefore, insulin resistance characterized by a hyperinsulinemic
state as observed in patients with NAFLD increases de
novo lipogenesis, which further exacerbates hepatic lipid
deposition and accelerates development of the disease.
Recent studies have indicated that miRNAs are involved in the development of NAFLD, and serum levels
of miRNAs are correlated with the severity of liver
steatosis[17,18] and may represent novel, noninvasive biomarkers of diagnosis and histological disease severity
in patients with NAFLD[19,20]. Hoekstra et al[21] reported
that fatty liver development in low-density lipoprotein
receptor knockout mice was associated with a significant
change in the hepatocyte miRNA profile, a fivefold
decrease in miR-302a expression was reported, which
predisposed the liver to insulin resistance.
miR-103 results in insulin resistance. Trajkovski et
al[8] reported that silencing of miR-103 led to improved
insulin resistance. In contrast, gain of miR-103 function
in either liver or fat was sufficient to induce insulin
resistance. Further studies confirmed that high expression
of miR-103 led to insulin resistance by downregulating
caveolin-1, which is the direct target gene of miR-103
and a critical regulator of the insulin receptor. In addition,
silencing of miR-103 decreased total fat by reducing
adipocyte size. Furthermore, adiponectin levels were
increased in anti-miR-103-injected ob/ob mice. Smaller
adipocytes were associated with increased insulin sensitivity
in human and rodent models[22], and adiponectin levels
were positively correlated with insulin sensitivity[23]. In
our study, we also found that miR-103 was positively
correlated with HOMA-IR and was an independent

Table 3 Binary logistic regression analysis of factors affecting
nonalcoholic fatty liver disease
Variables

P value

OR

0.009
0.022
0.010
0.014

2.411
16.196
1.574
19.11

miR-103
TG
BMI
HOMA-IR

95%CI
1.25-4.652
1.507-174.013
1.117-20.219
1.808-202.001

BMI: Body mass index; miR-103: MicroRNA-103; TG: Triglyceride;
HOMA-IR: Homeostasis model assessment-insulin resistance.

linear regression analyses showed that miR-103, TG and
BMI were all independent factors for HOMA-IR (β =
0.438/0.657/0.251, P = 0.000/0.007/0.001) (Table 2).
Binary logistic regression analysis of miR-103, BMI, TG,
HOMA-IR and NAFLD
NAFLD was a dependent variable and miR-103, TG,
BMI and HOMA-IR were independent variables. Binary
logistic regression analysis showed that miR-103, TG,
BMI and HOMA-IR were all risk factors for NAFLD (OR
= 2.411/16.196/1.574/19.11, P = 0.009/0.022/0.01/
0.014) (Table 3).

DISCUSSION
In this study, we found that HOMA-IR, Fins, TG, and
FPG levels in patients with NAFLD were higher than
those in healthy controls. These results suggest that these
higher levels exist in patients with insulin resistance,
and lipid and glucose abnormalities. To date, despite
significant efforts, the accurate pathogenesis of NAFLD
is not fully understood.
NAFLD, the prevalence of which is increasing in
obesity, is one of the most frequent causes of chronic
liver diseases and is characterized by the accumulation
of lipids in hepatic cells. It is closely associated with
hypertriglyceridemia, insulin resistance and intestinal
microbiota changes[10,11]. More specifically, the input of
lipid exceeds the output of lipid from the liver, which
induces storage of lipid in the liver contributing to the
development of hepatic steatosis. According to the twohit hypothesis, insulin resistance results in increased
intrahepatic triglyceride accumulation and this is the first
hit, followed by the second step. The latter likely involves
cytochrome P450 activation, oxidative stress, increased
inflammatory cytokine production, lipid peroxidation,
activation of hepatic stellate cells, and apoptosis. França
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Innovations and breakthroughs

factor in overweight or obese patients with NAFLD.
These data indicate that miR-103 is indirectly involved in
the development of NAFLD due to insulin resistance.
Increased hepatic expression of miR-103 is directly
involved in the development of NAFLD. NAFLD is
highly associated with obesity and insulin resistance and
is accompanied by hypertriglyceridemia, histologically
characterized by hepatic TG accumulation of > 5%,
resulting in steatosis. Xie et al[24] reported that miR-103
accelerates adipogenesis when expressed ectopically.
miR-103 was increased in the liver of patients with
NAFLD[8]. Our results showed that NAFLD patients had
higher levels of miR-103 expression in serum compared
with normal controls, and miR-103 was positively correlated with TG. Taken together, these results indicate that
high expression of miR-103 may be directly involved in
the development of NAFLD by increasing adipogenesis
in hepatocytes leading to ectopic lipid deposition, thus
contributing to hepatic steatosis.
miR-103 links insulin resistance and NAFLD. It has
been reported that BMI and TG are the main factors
related to the severity of NAFLD[25] and TG is regarded
as an independent parameter associated with NAFLD[26].
Our results showed that miR-103 was positively correlated
with HOMA-IR, TG and BMI, respectively, and miR-103,
TG and BMI were all independent factors associated with
HOMA-IR. MiR-103, TG, BMI and HOMA-IR were all
risk factors for NAFLD. Therefore, miR-103 may be a
potential molecular link between insulin resistance and
NAFLD.
In conclusion, our results indicated that high expression of miR-103 directly increases adipogenesis in
hepa-tocytes and indirectly results in hypertriglyceridemia
due to insulin resistance, thus contributing to the
development of NAFLD. Therefore, miR-103 is involved
in insulin resistance and NAFLD, and may be regarded as
a potential molecular link between them and a therapeutic
target of these disorders. However, miR-103 as the bridge
between insulin resistance and NAFLD requires further
evidence. As our study included a small sample size and
no liver biopsies were obtained, the above results require
to be confirmed in a larger study which includes liver
biopsies.

Previous studies have shown that miR-103 regulates insulin sensitivity in
obese mice and is increased in the liver of patients with NAFLD. In this study,
the authors determined fasting plasma glucose, fasting insulin, triglyceride
(TG) and expressed miR-103 levels in the serum of patients with NAFLD. The
levels of miR-103 expressed in serum were higher in patients with NAFLD
than in controls. miR-103 was positively correlated with homeostasis model
assessment-insulin resistance (HOMA-IR), TG and body mass index (BMI),
respectively. miR-103 was an independent factor of HOMA-IR and a risk factor
for NAFLD. Therefore, miR-103 is involved in insulin resistance and NAFLD
and may be regarded as the link between them and a therapeutic target in both
disorders.

Applications

The study results suggest that high expression of miR-103 directly increases
adipogenesis in hepatocytes and indirectly results in hypertriglyceridemia due to
insulin resistance, thus contributing to the development of NAFLD. miR-103 is
involved in insulin resistance and NAFLD, and may be regarded as a potential
molecular link between them and a therapeutic target in both disorders.

Terminology

Insulin resistance is a physiological condition in which cells fail to respond
to the normal actions of the hormone insulin. The body produces insulin,
but the cells in the body become resistant to insulin and are unable to use it
effectively, leading to hyperglycemia. Pancreatic β cells subsequently increase
their production of insulin, further contributing to hyperinsulinemia, which is
involved in the development of type 2 diabetes, hypertension, NAFLD and
cancer. miR-103 belongs to the family of miRNAs, which are noncoding, highly
conserved regulatory RNAs, which help to regulate gene expression at the
post-transcription level. miR-103 is involved in the development of insulin
resistance, cancer, and other diseases.

Peer review

This was an interesting study showing the relationship between miR-103,
insulin resistance and NAFLD and an interesting paper reporting novel findings
regarding the role of miR-103 in the pathogenesis of NAFLD, but miR-103 as
the bridge of insulin resistance and NAFLD, may need more evidence.
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Assessment of liver ablation using cone beam computed
tomography
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METHODS: Twenty-three patients (17 men and 6
women, range: 45-85 years old, mean age 65 years)
with malignant liver tumors underwent ultrasoundguided percutaneous tumor ablation [radiofrequency
(n = 14), microwave (n = 9)] followed by intravenous
contrast-enhanced CBCT. Baseline multidetector
computed tomography (MDCT) and peri-procedural
CBCT images were compared. CBCT image quality
was assessed as poor, good, or excellent. Image
fusion was performed to assess tumor coverage, and
quality of fusion was rated as bad, good, or excellent.
Ablation zone volumes on peri-procedural CBCT and
post-procedural MDCT were compared using the nonparametric paired Wilcoxon t -test.
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RESULTS: Rate of primary ablation effectiveness was
100%. There were no complications related to ablation.
Local tumor recurrence and new liver tumors were
found 3 mo after initial treatment in one patient (4%).
The ablation zone was identified in 21/23 (91.3%)
patients on CBCT. The fusion of baseline MDCT and
peri-procedural CBCT images was feasible in all
patients and showed satisfactory tumor coverage (at
least 5-mm margin). CBCT image quality was poor,
good, and excellent in 2 (9%), 8 (35%), and 13 (56%),
patients respectively. Registration quality between periprocedural CBCT and post-procedural MDCT images
was good to excellent in 17/23 (74%) patients. The
median ablation volume on peri-procedural CBCT and
3
3
post-procedural MDCT was 30 cm (range: 4-95 cm )
3
3
and 30 cm (range: 4-124 cm ), respectively (P -value >
0.2). There was a good correlation (r = 0.79) between
the volumes of the two techniques.
CONCLUSION: Contrast-enhanced CBCT after tumor
ablation of the liver allows early assessment of the
ablation zone.

Abstract
AIM: To investigate the feasibility and accuracy of cone
beam computed tomography (CBCT) in assessing the
ablation zone after liver tumor ablation.
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enhanced CT in assessing ablation margins. The authors
concluded that the techniques were nearly equivalent.
Because of the advantages of US-guided procedures
and limitations of these techniques in monitoring tumor
coverage, we hypothesized that CBCT could be used to
assess effective ablation, especially in centers without CT
dedicated to interventional radiology.
Thus, the purpose of this study was to evaluate
the feasibility and accuracy of CBCT in assessing the
ablation zone immediately after US-guided percutaneous
tumor ablation with either RFA or MWA compared to
pre-procedural CT and post-procedural CT 1-2 mo after
ablation.

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Immediate intravenous contrast-enhanced
cone beam computed tomography after percutaneous
tumor ablation of the liver provides early assessment
of the ablation zone and may provide the same
information as multidetector computed tomography
(MDCT) performed 1-2 mo after ablation. This is
particularly interesting for centers that do not have
MDCT in interventional rooms.
Abdel-Rehim M, Ronot M, Sibert A, Vilgrain V. Assessment of
liver ablation using cone beam computed tomography. World J
Gastroenterol 2015; 21(2): 517-524 Available from: URL: http://
www.wjgnet.com/1007-9327/full/v21/i2/517.htm DOI: http://
dx.doi.org/10.3748/wjg.v21.i2.517

MATERIALS AND METHODS
Patients and tumor characteristics
Institutional review board approval was obtained for
this retrospective study and informed consent was
waived. Inclusion criteria were: (1) the presence of a
solitary malignant liver tumor treated percutaneously <
40 mm in diameter; (2) RFA or MWA performed in the
interventional radiology room with CBCT acquisition
immediately after tumor ablation; and (3) available preand 1-2 mo post-procedural contrast-enhanced CT scan
examinations.
Between June 2009 and September 2012, 29 patients
were identified. Six of these patients were excluded:
three were lost to follow-up and another three could
not receive iodine intravenous contrast agents. Thus, the
final patient population included 23 patients (17 men
and 6 women, range 45-85 years old, mean age 65 years
old). There were 17 patients with HCC. Twelve patients
presented with treatment-naïve HCC while five others
had new tumors following either liver resection (n = 2),
or transarterial chemoembolization (n = 3). Four patients
had recurrent liver metastases following liver resection
(3 colorectal and 1 breast). Two patients had recurrent
intrahepatic cholangiocarcinoma following liver resection.
The median tumor size was 20 mm (range: 8-40 mm).
The median follow-up was 10.8 mo (range: 2-33 mo).
The routine protocol included a baseline multidetector
CT (MDCT) scan examination performed before
percutaneous tumor ablation for future comparison. A
CT scan examination was performed between 1-2 mo
after tumor ablation, every 3 mo for 1 year, and every 6
mo thereafter.
Helical multiphasic CT examinations were performed
using a 64-section MDCT scan (CT Light-Speed Ultra;
GE Healthcare, Milwaukee, WI, United States). All
examinations included an unenhanced liver acquisition,
and arterial, portal venous, and delayed phase images at
30-35, 70, and 180 s, respectively, after an intravenous
injection of a 2 mL/kg dose of non-ionic contrast material
(Iobitridol; Xenetix®, Guerbet, Aulnay-sous-bois, France),
administered at a rate of 4 mL/s with a mechanical
power injector (Medrad; Pittsburgh, PA, United States).
Reconstruction slice thickness was 1.25 mm.

INTRODUCTION
Local ablative techniques have become increasingly
popular for the treatment of small malignant tumors of
the liver, especially hepatocellular carcinoma (HCC) and
liver metastases. Radiofrequency ablation (RFA) is the
most widely used of these methods[1]. Microwave ablation
(MWA) is another technique that has become increasingly
popular since it does not require the conduction of
electricity into tissue and it is not limited by charring[2].
Its efficacy has been shown to be similar to RFA in local
tumor control[3,4].
One of the main drawbacks of local ablation is local
intrahepatic recurrence. The most common risk factors
for local tumor progression are tumor size, proximity to
a major vessel, subcapsular location, and an insufficient
ablative safety margin[5-7]. The latter factor seems to play
a major role because significant agreement (86.8%) was
found between the exact sites of local tumor progression
and an insufficient ablative margin[8].
Procedure guidance methods include ultrasound,
computed tomography (CT) scan and, more rarely, magnetic resonance imaging[9-11]. Depending on the institution, the patient characteristics, and the experience
of the interventional radiologists, percutaneous tumor
ablation can be guided by ultrasound only, CT scan only,
or both. In the latter case, ultrasound is usually used for
initial probe placement and CT to assess tumor coverage.
Cone beam computed tomography (CBCT) has
been mainly evaluated for vascular applications such as
transarterial chemoembolization[12-14], but also for nonvascular applications, such as image-guided procedures
of the spine and pelvis[15]. Morimoto et al[16] described
their initial experience in the liver in five patients who
underwent radiofrequency ablation for malignant tumors,
in which CBCT was used for needle placement but not
to assess tumor coverage. More recently, Iwazawa et
al[17,18] compared the effectiveness of CBCT and contrast-
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A

B

Figure 1 Illustration of a poor quality cone beam computed tomography image obtained in a 65-year-old man with hepatocellular carcinoma on hepatitis
C virus cirrhosis background. A: Visibility of the ablation zone is poor (arrow); B: Post-ablation multi-detector computed tomography performed at 6 wk showed
complete ablation.

Tumor ablation
For each procedure, coagulation parameters were within
the normal values. All RF (n = 14) and microwave (n =
9) ablations were performed percutaneously by one of
two radiologists (8 and 10 years of experience) in the
angiography room using real-time ultrasound guidance
on an inpatient basis. Patients received conscious sedation
with fentanyl citrate and propofol. Local anesthesia
was achieved by injecting 5 mL of 1% lidocaine
hydrochloride.
RF procedures were performed with a 15-gauge
expandable electrode (Talon-Star-Burst; RITA Medical
System, Mountain View, CA, United States) for
monopolar (n = 5), and with internally cooled electrodes
(Prosurge; Celon/Olympus, Berlin, Germany) for
multiprobe (n = 9) procedures. Microwave procedures
were performed with a 14-gauge cooled-shaft antenna
(Aculis; Microsulis Medical Limited, Denmead,
Hampshire, United Kingdom) in the remaining patients.
Single-session ablations were performed depending on
the tumor size and manufacturer’s recommendations, and
included a 5-mm margin of normal-appearing hepatic
tissue surrounding the tumor.

administered at a rate of 3 mL/s with a mechanical
power injector (Medrad; Pittsburgh, PA, United States).
No arterial phase acquisitions were obtained.
Reconstructed images were automatically forwarded
to a specific workstation (Innova3DXR software and
Advantage Workstation; GE Healthcare, Chalfont St
Giles, United Kingdom) through the local network for
analysis using various renderings of 3D images, such as
volume rendering, maximum intensity projection, and
multi-planar reformations.
Image analysis
The following analysis of images was retrospectively
performed by two experienced radiologists blinded to the
results, and a consensus was obtained: (1) evaluation of
CBCT image quality; (2) assessment of technical success,
i.e., tumor coverage at the end of tumor ablation; and (3)
comparison of ablation zones with CBCT with 1-2 mo
post-procedural MDCT data.
Image quality of cone beam CT: The quality of
CBCT images was evaluated on a semi-quantitative scale
ranging from 1-3 based on detection of the ablation zone
and the presence of artifacts as follows: (1) poor: no
visible ablation; (2) good: detection of ablation but the
presence of artifacts preventing a clear definition of the
zone; and (3) excellent: detection of the ablation zone
and no artifacts. Figure 1 illustrates a poor image quality.

Cone beam CT acquisition technique
CBCT was performed at the end of the tumor ablation
procedure. Electrodes were retracted to avoid metallic
artifacts. If tumor coverage was satisfactory on 3D
images, electrodes were removed and the needle track
was treated by thermocoagulation.
CBCT was performed during breath holding, after
elevating the patients’ arms above the head on a large
format digital flat-panel angiographic system (GEHealthcare Innova™ 4100IQ; Chalfont St Giles, United
Kingdom). In the first 14 patients, the CBCT acquisitions
took 10 seconds (10 s group) while in the remaining
9 patients CBCT rotation speed was decreased and
acquisitions were obtained during a 20-s rotation protocol
(20 s group). Acquisition started 70 s after intravenous
administration of 90 mL of a non-ionic contrast agent
(Iobitridol; Xenetix®, Guerbet, Aulnay-sous-bois, France),

WJG|www.wjgnet.com

Assessment of tumor coverage: Baseline MDCT
and peri-procedural CBCT images were compared and
tumor coverage was assessed using multimodality image
fusion performed with commercially available software
(Integrated Registration; GE Healthcare, Chalfont St
Giles, United Kingdom). The quality of image fusion
was rated in relation to the contours of the liver and
vessels by an experienced radiologist as follows: (1)
bad registration (> 20 mm for liver contours); (2) good
registration (between 5-20 mm for both liver vessels and
contours); and (3) excellent registration for both liver
vessels and contours (< 5 mm for both liver vessels and
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contours). Tumor coverage was defined as partial if
portions of the tumors could be seen outside the hypoattenuating ablation zone, complete if the entire tumor
was located within the hypo-attenuating ablation zone,
and satisfactory if at least 5 mm margin of normalappearing hepatic tissue surrounded the tumor in the
hypo-attenuating ablation area. The margins were
assessed in the three spatial dimensions by measuring the
distance between the border of the treated lesion and the
outer border of the ablation zone.

were no complications related to ablation. Local tumor
recurrence and new liver tumors were found 3 mo after
initial treatment in one patient (4%).
In this study, the delay between preoperative CT and
tumor ablation ranged from 1 to 58 d (median, 7 d) and
the delay between tumor ablation and post-operative CT
ranged from 28 to 63 d (median, 47 d).
Image quality of cone beam CT
Image quality was poor, good, and excellent in 2 (9%),
8 (35%), and 13 (56%), patients respectively (Table 1).
The best image quality was observed in the 20 s group
[8/9 excellent examinations (89%) vs 5/14 (36%) in
the 10 s group, P = 0.04]. In the 2 patients with poor
quality CBCT images, the ablation volume could not be
visualized because of the very peripheral position of the
tumor (n = 1) and artifacts from significant movement
during acquisition (n = 1).

Comparison of ablation zones with cone beam CT
and 1-2 mo MDCT: The effectiveness of the technique
was evaluated 1-2 mo after treatment with contrastenhanced MDCT using standard, previously described
terminology [19]. Peri-procedural CBCT images were
compared to MDCT images. The ablation zone volume
was calculated and compared for both sets of images
using specific semi-automatic software (Volume Viewer;
GE Healthcare, Waukesha, WI, United States).

Comparison of CBCT with baseline MDCT, and 1-2 mo
MDCT
For patients with visible ablation zones (21/23, 91%),
the fusion of baseline MDCT and peri-procedural CBCT
images showed satisfactory tumor coverage (Figure 2).
The minimal margin ablation of 5 mm was achieved in
all cases.
Registration quality between peri-procedural CBCT
and baseline MDCT images was excellent in 13 (57%)
patients, good in 4 (17%) patients, and bad in 6 (26%)
patients (Table 1). The median registration time was 5
min (range: 3-8 min). The best registration was observed
in the 20 s group [6/9 excellent registrations (67%) vs
6/14 (43%) in the 10 s group, P = 0.04]. Figure 2 shows
a comparison between peri-procedural CBCT and both
baseline and 1-2 mo post-procedural MDCT images.
The median ablation zone volumes of peri-procedural
CBCT and 1-2 mo post-procedural MDCT images
were 30 cm3 (range: 4-95 cm3) and 30 cm3 (range: 4-124
cm3), respectively (P-value > 0.2) (Table 1). There was
a good correlation (r = 0.79) between the volumes of
the two techniques. Figure 3 shows the distribution of
the ablation zone volumes assessed by both CBCT and
1-2 mo post-procedural MDCT images, and the BlandAltman limits of agreement.

Radiation dose: Dose area product (DAP) of each 3D
acquisition performed on CBCT was initially stored and
the mean DAP was calculated. We also recorded the
radiation dose of 1-2 mo post-procedural multiphasic
MDCT. In order to compare the radiation dose between
CBCT and CT, conversion factors were used to obtain
effective dose estimation in milliSievert (mSv). For CT,
we used the conversion factor of 0.015 mSv/mGy per
centimeter which is commonly used. The issue of patient
dose in C-arm CBCT is complex. No conversion factor
has been yet broadly adopted for 3D acquisitions with
CBCT. Researchers estimated a DAP to effective dose
coefficient for hepatic interventions of 0.16 mSv/mGy
per square centimeter. We extrapolated this result to
calculate a mean effective dose.
Statistical analysis
Numerical variables were expressed as medians and ranges. Categorical variables were summarized as numbers
and percentages. Ablation zone volumes ob-tained from
peri-procedural CBCT and from 1-2 mo post-procedural
MDCT were compared using the non-parametric
paired Wilcoxon t-test (P < 0.05 was considered to be
significant). Ablation zone volumes measured on periprocedural CBCT and 1-2 mo post-procedural MDCT
were compared with the Bland and Altman plot and
Pearson’s correlation coefficient. Statistical analyses were
performed using SAS software (SAS Institute, Cary, NC,
United States).

Radiation dose
The median DAP of 3D acquisitions performed on
CBCT was 43.8 Gy.cm 2 (range: 21-74 Gy.cm 2). The
median effective dose was 7.0 mSv (range: 3.3-11.8 mSv)
for CBCT. The median effective dose was 36 mSv (range:
20-52 mSv) for all CT phases and 14.7 mSv (range: 6-27
mSv) for one CT acquisition.

RESULTS
Ablation procedures
All tumors were treated according to protocol and covered completely as confirmed by ultrasound. Complete
ablation was confirmed 1-2 mo post-CBCT on MDCT.
Thus the rate of primary effectiveness was 100%. There
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DISCUSSION
This study evaluated a combination of ultrasound and
contrast-enhanced CBCT for the assessment of hepatic
tumor ablation. Results show that this combination is
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Table 1 Patients and ablation characteristics
Patient
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23

Sex
M
M
M
M
M
M
M
M
M
M
M
F
M
F
F
M
M
F
F
M
M
F
M

Age
(yr)

Tumor size (mm)

71
63
74
74
55
46
46
46
68
65
86
68
60
56
84
54
81
76
76
77
77
50
57

30
25
32
35
40
15
30
12
30
14
8
20
15
30
22
35
24
13
14
18
11
13
14

3

Tumor volume (cm )
13.0
8.5
16.0
22.0
36.0
3.0
14.0
2.5
13.5
3.0
0.5
5.0
3.5
13.0
6.0
27.0
8.5
3.0
3.5
4.0
2.5
3.0
3.5

3

Ablation volume (cm )
CBCT

MDCT

40
10
37
77
58.5
12
38
30
33
10
58
4
47
32
10
95
8
8
10
31
13
27
7

32
12
55
69
46
7.5
30
32
59
17
38
13
34
38
12
124
9
6
11
29
30
19
4

Registration
Quality
2
1
3
3
2
3
3
3
3
1
1
1
1
3
3
3
3
3
2
3
3
2
1

CBCT image quality

Time (mo)
3.9
3.3
3.4
3.3
6.3
5
8
8
4.2
4
7
5
8
7
4
5
5
3
3
5
5
6
8

3
2
1
3
3
3
2
2
2
1
2
2
2
3
3
3
3
3
3
3
3
3
2

Registration quality of the liver contours was rated as follows: (1) poor registration (> 20 mm for liver contours); (2) good registration (between 5-20
mm for both liver vessels and liver contours); and (3) excellent registration for both liver vessels and liver contours (< 5 mm for both liver vessels
and liver contours). Cone beam computed tomography (CBCT) image quality was evaluated as follows: (1) poor quality: no visible ablation; (2) good
quality: detection of ablation but presence of artifacts which hamper clear delineation; and (3) excellent quality: detection of ablation and no artifacts.
Registration time corresponds to the duration of the software manipulation to achieve the best image fusion between baseline computed tomography and
periprocedural CBCT. MDCT: Multidetector computed tomography.

feasible, effective in assessing tumor coverage, and can
provide immediate information on the ablation zone,
which is well correlated to the reference CT performed
one to two months after the procedure.
The goal of monitoring is to identify changes
that occur during tumor ablation and deter mine
tumor coverage, which is a key factor in local tumor
progression[15]. Ultrasound, which is effective for tumor
targeting, is limited for ablation monitoring, mainly due
to the production of gas during the procedure. However,
during ultrasound guided-ablation, the addition of a
contrast agent (CEUS) provides important information
for immediate treatment assessment, to detect and
remove residual viable tumor areas [20]. The first aim
of this study was to determine whether contrast-enhanced CBCT could be a useful tool and an interesting
alternative to CEUS or MDCT for assessing the technical
success of treatment. The use of intravenous contrastenhanced acquisitions provided significant attenuation
differences between the treated area and the adjacent liver
parenchyma. In this study, the reliability of this technique
was very good, since the contrast-enhanced CBCT
images visualized the targeted area in all patients except
two (9%). Moreover, limited results were observed in the
first patients and were due to the learning curve.
Protocol optimization including a decrease in the
CBCT rotation speed and patient positioning clearly
improved the quality of images. Tumor coverage was
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satisfactory in all cases with at least a 5-mm margin
of normal-appearing hepatic tissue around the tumor
within the hypo-attenuating ablated area on fusion
images. Tumor coverage is even more important in large
tumors treated by a multiprobe technique or other tumor
ablation techniques requiring careful needle placement. In
these cases, immediate visualization of tumor coverage
can be used to reposition the needles and perform an
additional ablation. In the present series, tumor coverage
was satisfactory so that electrode needle replacement was
not necessary. Indeed, combining the CBCT technology
and integrated navigation software can also help guide
needles during percutaneous tumor ablation[16].
The second aim of this study was to determine whether contrast-enhanced CBCT could predict the ablation
volume immediately after the ablative procedure. Thus,
peri-procedural CBCT images were compared with
1-2 mo post-procedural MDCT used as the reference
imaging modality. There was an excellent correlation
between ablation zone volumes. Interestingly, besides
the quantitative results, image registration of the two
approaches matched very well in most cases, confirming
that immediate assessment of the ablation zone was
highly reliable. These results are similar to those published
by Iwazawa et al[18] indicating that the combination of
ultrasound and peri-procedural CBCT provides an
interesting alternative to MDCT. This combination
could become the standard of care in centers in which
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Figure 2 A 53-year-old man with small hepatocellular carcinoma in the right liver. On baseline arterial phase axial and coronal contrast-enhanced multidetector
computed tomography (MDCT) (A and B), the tumor was hypervascular (arrow). On axial and coronal contrast-enhanced cone beam computed tomography (CBCT)
immediately after radiofrequency ablation (C and D), the ablation zone was clear and markedly hypoattenuating. Image fusion performed between baseline arterial
phase contrast-enhanced MDCT and contrast-enhanced CBCT showed satisfactory tumor coverage (E). The ablation zone is clearly visible on 1-mo post-procedural
axial and coronal contrast-enhanced MDCT (F and G). The volume of necrosis obtained from contrast-enhanced CBCT and 1-mo post-procedural contrast-enhanced
MDCT was similar.

interventional radiology CT is not available. In these
centers, the use of CBCT rather than diagnostic CT
could be more cost-effective, and make diagnostic CT
available to other patients. Further study is needed on
this issue.
Indeed, despite the advantages of CBCT in interventional radiology rooms, the quality of images with
this technology is not as good as that of conventional
MDCT. The increased scattered radiation generated by
CBCT results in image artifacts, decreased contrast-tonoise, and inaccuracies in CT calculations[13]. Although
this new technique will not replace MDCT to detect local
tumor progression in the near future, it can provide periprocedural information to identify incomplete treatment.
CBCT requires increased doses of radiation. How-
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ever, this is difficult to evaluate because there is no
standard dose metric. For instance, the CT dose index
and the dose length product do not correctly apply to
cone beam geometries in a flat panel detector. Recently,
Strocchi et al[21] compared the dose of cone beam CT
and MDCT in thoracic biopsy procedures. The authors
concluded that although the differences were not always
statistically significant, the general distribution of organ
doses showed that the MDCT-guided doses were higher
than CBCT-guided doses.
We also wanted to compare the radiation dose of
CBCT acquisition and CT. This task is rather difficult
because there is a lack of a universally accepted common
dose metric. For instance, CT dose index and the dose
length product do not correctly apply to cone beam geo-
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Figure 3 Comparison of cone beam computed tomography with baseline multidetector computed tomography, and 1-2 mo multidetector computed
tomography. A: Correlation between ablation zone volumes calculated from cone beam computed tomography (CBCT) images and those from 1-2 mo postprocedural multidetector computed tomography (MDCT) images; B: Bland and Altman limits of agreement for the ablation zone volumes measured on CBCT and
MDCT.

metries of a flat panel detector and the dose is non-linear
with the central slice getting the highest dose. However
imperfect and indirect, we have found that the median
effective dose of CBCT acquisition was inferior to that
of MDCT acquisition. Our results are in agreement with
recent publications[22,23].
Besides its monocentric, retrospective design, the
present study has certain limitations. Firstly, CBCT
acquisitions were obtained during the portal venous phase
to maximize the contrast between the ablation zone and
the liver parenchyma. Nevertheless, the value of arterialphase CBCT acquisitions for detecting residual arterial
enhancement was not assessed. Secondly, an acquisition
field of view of 40 cm provides a reconstruction field of
view of 23.2 cm due to the magnification effect caused
by source image distance. Therefore, patient positioning
is important, especially in obese patients. Indeed,
positioning should be planned before the procedure, so
that the ablation zone is in the center of the acquired
volume. In addition, the study population was fairly
small. Finally, post-procedural MDCT was performed at
different times after the ablation (1-2 mo). This might
create a potential bias due to the progressive modification
of the ablation zone. Nevertheless, a significant
correlation was observed between ablation volume on
peri-procedural CBCT and post-procedural MDCT. This
suggests that these modifications are limited and do not
affect assessment of the ablation volume.
In conclusion, this study shows that immediate
intravenous contrast-enhanced CBCT following
percutaneous tumor ablation of the liver is feasible and
could provide early assessment of the ablation zone and
margins.

ablation, and especially the presence of peritumoral safety margins. Early
assessment of the ablation volume is therefore very important.
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Early evaluation of ablation area can be performed with immediate contrastenhanced cross-sectional imaging such as computed tomography (CT) or
magnetic resonance (MR). However, many teams use ultrasound guidance
for liver ablation. In this setting, ablation volume is not easily evaluated. The
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performed immediately after ablation may help in visualizing of the ablation
volume.
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Recent studies have demonstrated the clinical value of cone beam computed
tomography (CBCT) for the guidance, monitoring and evaluation of numerous
vascular and non-vascular interventional radiology procedures such as biopsies
or intra-arterial therapies. This study enlarges the field of application of contrastenhanced CBCT to liver ablation procedures.

Applications

By showing ablation volume immediately after ablation, these results may lead
to a more confident ablation procedure, avoiding the use of CT or MR which
can therefore be dedicated to diagnostic purposes, and hopefully decrease the
rate of local tumoral progression.

Terminology

CBCT refers to a recently developed imaging technique using X-ray. During
the image acquisition, an X-ray source rotates around the patient and enables
the acquisition of a volume of interest. The technology resembles that of CT,
but is performed in interventional radiology rooms using a flat panel detector. It
provides three-dimensional rendering of tissues and is very useful for catheter
vascular and non-vascular procedure guidance, monitoring and evaluation.
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The authors examined the feasibility, image quality and immediate interest
of contrast-enhanced CBCT for the evaluation of ablation volume after liver
ablation. They showed that contrast-enhanced CBCT is feasible and could
provide early assessment of the ablation zone and margins. They also showed
that CBCT images are well correlated with the reference CT performed one to
two months after the procedure. These results are interesting and may indicate
that CBCT can provide early additional information for the management of the
patients.
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Patient age and duration of colonoscopy are predictors for
adenoma detection in both proximal and distal colon
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which factors may be capable to predict the localization
of adenomatous lesions.
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METHODS: We used the data base of a prospective
randomized colonoscopy study (The ColoCap trial)
to identify patients being diagnosed with colon
adenoma. Logistic regression analysis was conducted
to reveal predictors for adenoma detection in the
entire colon and also with respect to the proximal and
distal part. Covariates including age, gender, duration
of colonoscopy and comorbidities were defined to
determine association between predictors and adenoma
detection.
RESULTS: Equal numbers of adenomas were detected
in the proximal and distal side of the splenic flexure
[126 (57%) vs 94 (43%), P = 0.104]. Simultaneous
occurrence of adenomas in both sides of the colon
was rare. The appearance of both proximal and distal
adenoma was associated with increasing age (P = 0.008
and P = 0.024) and increasing duration of colonoscopy
(P < 0.001 and P = 0.001). Male gender was a
predictor for adenoma detection in the proximal colon (P
= 0.008) but statistical significance was slightly missed
with respect to the distal colon (P = 0.089). Alcohol
abuse was found to be a predictor for the detection of
distal adenoma (P = 0.041).
CONCLUSION: Increasing age and longer duration
of colonoscopy are factors with a strong impact on
adenoma detection both in the proximal and distal
colon. Since proximal adenomas occurred in absence
of distal adenomas, complete colonoscopy should be
performed for screening.
Key words: Adenoma; Colorectal carcinoma; distal;
Colonoscopy; proximal

Abstract
AIM: To investigate the relation of patient characteristics and procedural parameters to the endoscopic
detection rate of colonic adenomas. Further to study,
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patient characteristics as well as procedural measurements,
which affect the detection of proximal and distal colon
adenomas. As we conducted a post-hoc analysis of a
former patient safety study another focus was placed on
sedation related variables.

Core tip: In this post-hoc study of a prospective randomized trial we analysed the impact of predefined
patients and procedural characteristics on adenoma
detection. Proximal lesions are at risk for being missed
during colonoscopy but data is sparse regarding the
existence of specific predictors for the detection of
proximal and distal adenomas. Therefore, in our analysis we computed side specific regression analysis in
order to define those predictors. Male gender, longer
duration of colonoscopy procedure and increasing age
were predictors for both proximal and distal adenomas.
Proximal adenomas frequently occurred in the absence
of distal adenomatous lesions. We therefore suggest
total colonoscopy instead of sigmoidoscopy for colorectal cancer screening.

MATERIALS AND METHODS
We used the database of a large prospective randomized
trial (ColoCap Study) which was conducted at three
centers in Germany between January 2010 and January
2011[12]. The aim of the ColoCap Study was to determine
the value of capnography as a tool for detection and
monitoring apnea during colonoscopy under propofol
sedation[12]. For a post-hoc analysis pathological data of
patients and resected lesions were abstracted by reviewing
patient medical records and the institutional electronic
charting system.
Procedures were done with standard white light
video-colonoscopes. All polyps were resected by forceps
biopsy or snare polypectomy according to national
guidelines[7] and sent for pathological investigation.
According to histopathological findings lesions
were divided in the following categories: no pathology,
hyperplastic polyp, adenoma (tubular, villous, serrated)
and carcinoma. We defined adenocarcinoma as well as
adenoma which presented villous histology as “advanced
lesions”. An advanced lesion was also registered in case
if adenoma were greater than or equal 10 mm in size
regardless of further histopathological findings. Lesions
were divided into two groups depending on the area of
detection. We defined the right colon to begin with the
cecum reaching up to (and including) the splenic flexure.
All polyps which were found in this part were grouped
under the term “right sided” or “proximal lesions”.
Lesions that were harvested further down were assigned
to the left (or distal) colon.
We summarized variables dealing with patient safety and monitoring under the category “procedural
characteristics”. These included the amount of sedatives
used, occurrence of hypoxemia and bradycardia but also
duration of colonoscopy. Patient characteristics as well
as colonoscopy findings were grouped into two other
categories of variables. Variables of all three categories
were analyzed in order to reveal possible predictors for
the detection of colonic lesions. The post-hoc analysis
was approved by the Ethics Committee of the Technical
University of Munich (project number: 5793/13).

Klare P, Ascher S, Hapfelmeier A, Wolf P, Beitz A, Schmid
RM, von Delius S. Patient age and duration of colonoscopy are
predictors for adenoma detection in both proximal and distal
colon. World J Gastroenterol 2015; 21(2): 525-532 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v21/i2/525.
htm DOI: http://dx.doi.org/10.3748/wjg.v21.i2.525

INTRODUCTION
The endoscopic detection and resection of adenomatous
polyps in the colon is the gold standard for colorectal
cancer (CRC) prevention. Many countries have established screening colonoscopy programs, which has lead
to a decrease in CRC incidence[1]. However, there is
controversial, whether both distal and proximal colonic
malignancies can sufficiently be prevented by screening
colonoscopy. Lesions located in the cecum, ascending and
transverse colon and splenic flexure are usually assigned
to the right (or proximal) colon, whereas the left colon
includes the descending and sigmoid colon as well as the
rectum[2]. Some studies have suggested that benefits from
colorectal cancer screenings are stronger for the left than
for the right side of the colon[3,4]. This fact has led to a
new debate on the significance of flexible sigmoidoscopy
as the primary screening method [5,6]. In fact, little is
known about the local distribution of adenomas in the
large intestine. The adenoma detection rate is an essential
colonoscopy quality indicator and is applied for the
entire colon[7,8]. So far, it has not been investigated if
the acquisition of separate adenoma detection rates for
both proximal and distal colon sections may be useful.
If the frequency or appearance of proximal adenoma
was different from distal lesions, one would also have to
ask which factors may influence the respective pattern.
Until now, no side-specific risk factors have been established. Only few studies have focused on a possible
heterogeneity between proximal and distal adenomatous
lesions and emphasized the impact of epidemiological
factors on the local distribution[9-11].
The aim of this study therefore was to determine
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Statistical analysis
Descriptive statistics of continuous and categorical
data are given by mean, range, and absolute and
relative frequencies. Uni- and multivariate analysis were
performed by logistic regression. In case of semicomplete separation, Firth’s penalized-likelihood logistic
regression was used for a robust estimation of the odds
ratio. 95%Ci are presented for the latter. For categorical
data the odds ratio describes the ratio of odds of a
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Table 1 Patient and procedural characteristics of 551 cases
included in the analysis

Table 2 Colonoscopy outcome and Procedural findings (n =
551) n (%)

Patients
Age (yr)
62 (18-90)
Gender: male/female
285 (52)/266 (48)
Setting: in-patient/out-patient
298 (54)/249 (46)
BMI
24.8 (15.1-41.5)
Sleep apnea syndrome: yes/no
17 (3)/528 (97)
Previously known sedation related
540 (99)/7 (1)
complications: no/yes
160 (29)/215 (39)/173 (32)
ASA classification: Ⅰ/Ⅱ/Ⅲ
Lung disease: yes/no
59 (11)/489 (89)
Heart disease: yes/no
132 (24)/416 (76)
Procedural measurements and safety monitoring
Using capnography
267 (50)
Investigation time (min)
32 (2-126)
Hypoxemia (at least one episode)
241 (44)
Hypoxemia
71 (13)
(p02 < 90%; at least one episode)
Hypoxemia
23 (4)
(p02 < 85%, at least one episode)
Hypotension (at least one episode)
10 (2)
Bradycardia (at least one episode)
50 (9)
Using midazolam
57 (10)
Using propofol
526 (95)
Propofol dose (mg)
140 (0-800)

Finding

430
412
220
41
18
37%
22%
121
46
19 (3)
4 (1)
14 (3)
53 (10)
5 (1)
86 (16)

1
Detection rates were defined as number of colonoscopies in which
one or more lesion was found divided by the number of colonoscopies
performed.

was distributed evenly (285 male, 266 female). Patient
characteristics including use of drink and tobacco and
medical history are shown in Table 1.
Colonoscopy took at mean 32 min. Almost all patients
(526, 95%) received propofol whereas midazolam was
administered in only 57 cases (10%). Mean propofol dose
was 140 mg per session (range: 0-800 mg). Episodes of
hypoxemia (at least one episode of decrease of oxygen
saturation ≥ 5 percentage points or oxygen saturation <
90%) were observed in 241 cases (44%). Frequency was
much lower when only the latter definition of hypoxemia
(oxygen saturation < 90%) was considered (71 cases,
13%). Patient monitoring data is shown in Table 1.

Numbers are mean values (range: minimum-maximum) or frequencies
(percentages). BMI: Body mass index.

category and the reference category. In continuous data it
describes the ratio of odds of a subject with value x + 1
and a subject with value x. In detail, odds ratio describes
the quotient of chances to reveal one characteristic (e.g.,
“adenoma”) dependent whether one predefined factor is
present or not. For example, this factor might be patient
age. x + 1 would mean to increase age by one unit (year).
Likewise, for categorical data the odds ratio describes the
ratio of odds of a category and the reference category.
Dichotomization of continuous variables was not done
due to the potential loss of information. All analyses were
performed in an explorative manner on a 5% significance
level. IBM SPSS Statistics 20 (SPSS inc., Chicago, IL,
United States) and the statistical software package R 2.15.1
(The R Foundation for Statistical Computing, Vienna,
Austria) were used for computation.

Pathology
A total of 430 colonic lesions were detected including
220 adenomas. Among them were 41 advanced lesions
(19%) including 18 adenocarcinomas. Polyp and adenoma
detection rates (defined as numbers of colonoscopies
with at least one lesion divided by total amount of
records) were 37% and 22%, respectively. More than one
adenomatous lesion was found in 8% of all colonoscopies.
We found at least one advanced adenoma in 36 (7%)
cases.
In 104 of 121 cases (86%) in which adenomas were
found, lesions were resected immediately after detection.
Resection was performed using biopsy forceps in 53
(44%) and polypectomy snare in 49 cases (40%). In 2
cases no data on the mode of resection was available.
In 17 cases (14%) lesions were not resected in the same
session when they were detected. Besides polypoid lesions
and carcinoma colonoscopies revealed further findings
which are listed in Table 2. The most frequent pathology
was mucosal inflammation, which was described in 16%
of all cases.

RESULTS
Patient and procedural characteristics
Complete data were available from 610 in- and outpatient
patients. Fifty-nine colonoscopies were excluded because
of indications referred to as “polypectomy”, “evaluation
of known CRC”, “inflammatory bowel disease” and
“polyposis syndrome”. Thus, a total of 551 records were
analyzed. Ninety-nine patients (18%) were admitted
to colonoscopy for screening. Additionally, 39 (7%)
were investigated because of former polypectomy
(surveillance). Rectal bleeding or anemia and abdominal
discomfort comprised 167 (30%) and 155 (28%) of
all cases. Patients had a mean age of 62 years, gender
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Total/detection rate

Colonic lesions (entire colon)
Lesions total (polyps, adenomas, carcinomas)
Polyps
Adenomas
Advanced adenomas
Carcinomas
Polyp detection rate1
Adenoma detection rate1
Cases with at least 1 adenoma
Cases with 2 or more adenomas
Other colonic pathology
Hemorrhoids
Stenosis
Angiodysplasia
Diverticula
Mucosal Bleeding
Mucosal inflammation
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Global adenoma detection rate
Univariate analysis: Increasing age and male gender
were significantly associated with adenoma detection
(p < 0.001, OR = 1.026, 95%CI: 1.012-1.1041 and P =
0.003, OR = 0.535, 95%CI: 0.353-0.812). The definition
of odds ratio is described in the statistical section of
“Materials and Methods”. Therefore, regarding age,
an OR of 1026 can be interpreted as meaning that
every additional patient year increased the risk (odds)
of detecting at least one adenoma by 2.6%. For the
categorical parameter sex the abovementioned odds ratio
of 0.535 means that female gender decreased the risk for
harvesting adenoma by 53%. Regarding lifestyle both, the
use of tobacco and alcohol intake significantly predicted
adenoma detection (P = 0.019, OR = 0.610, 95%CI:
0.404-0.921 and respectively P = 0.050, OR = 0.538,
95%CI: 0.290-1.000). Body composition or comorbidities
were not associated with adenoma detection.
Increasing investigation time was a significant factor
for detecting adenoma. Every additional minute increased
the chance to detect at least one adenomatous polyp
by 2.7% (p < 0.001, OR = 1.027, 95%CI: 1.018-1.037).
Furthermore, patients who had suffered from sedation
problems during endoscopic procedures in the past were
at higher risk for revealing adenoma (P = 0.041, OR =
0.207, 95%CI: 0.046-0.940). The amount of propofol
used in one session predicted the detection of adenomas
but missed statistical significance slightly. Indication for
colonoscopy was a predictor for adenoma detection (p <
0.001). Odds ratio for the indication “suspected tumor”
was 3.676 (95%CI: 1.118-12.018). Other procedural
characteristics like colonoscopy time schedule (earlier/
later in the day) or sedation related complications (hypoxemia, hypotension and others) had no impact on adenoma detection.
The occurrence of inflammation (at least one inflamed area described during colonoscopy) was significantly associated with lower adenoma detection (p <
0.001, OR = 9.408, 95%CI: 2.918-30.333).

Advanced lesions
We found 41 advanced adenomas. Among these, 18
lesions were classified as adenocarcinomas. Advanced
adenoma detection rate was 7%. In univariate analysis
increasing age (P = 0.004, OR = 1.040, 95%CI:
1.013-1.067), male gender (P = 0.014, OR = 0.389,
95%CI: 0.184-0.823), longer duration of colonoscopy
(p < 0.001, OR = 1.032, 95%CI: 1.018-1.045), inpatient
setting (P = 0.001, OR = 0.190, 95%CI: 0.072-0.499),
colonoscopy performed later in the day (p < 0.001, OR
= 1.412, 95%CI: 1.189-1.678) and higher propofol doses
(P = 0.024, OR = 1.003, 95%CI: 1.000-1.005) were
predictors for the detection of advanced lesions. Every
additional hour that endoscopy started later, the chance
to detect an advanced lesion rose by 40%. Indication for
colonoscopy was also a predictor for the detection of
advanced adenomas (p < 0.001). Odds for the indication
“suspected tumor” was 6.942 (95%CI: 0.869-55.480). No
multivariate regression analysis was performed in this subsetting of the analysis due to the rarity of the outcome.
Serrated adenoma
Pathologic investigation revealed a serrated phenotype
in six out of 220 adenomas. Five of these six serrated
lesions were located in the distal colon. Only one serrated
adenoma (SA) located in the distal colon was assessed
as an advanced lesion. Predictors for SA detection was
indication for colonoscopy [(anemia/bleeding), P = 0.002,
OR = 0.063, 95%CI: 0.000-0.603] and higher propofol
dose (P = 0.037, OR = 1.004, 95%CI: 1.000-1.009).
Multivariate regression analysis was again not performed
in this sub-setting due to the rarity of the outcome.
Comparing lesions in the proximal and distal colon
Side-specific adenoma detection rates: The total
count of adenoma was not significantly different in
the right and in the left colon [126 (57%) vs 94 (43%),
P = 0.104]. Twenty-three proximal and eighteen distal
adenomas were classified as advanced lesions. The local
distribution of carcinomas was equal between both
sides (9 vs 9). Adenoma detection rates were similar
in the proximal and distal colon (13% respectively).
Furthermore we found no difference with respect to the
detection of advanced lesions (3% both). Simultaneous
occurrence of adenoma in both parts of the colon was
noticed in only 4% (22/551) of all cases. In no case
advanced lesions were found simultaneously on both
sides of the colon. Descriptive data regarding site-specific
detection rates of colon lesions is given in Table 3.

Multivariate analysis: Regarding the whole colon both
increasing age and male gender were stable variables
to predict adenoma detection (P = 0.002, OR = 1.032,
95%CI: 1.012-1.053 and P = 0.007, OR = 0.507, 95%CI:
0.309-0.832). In contrast, lifestyle factors (drink and
tobacco) were no longer significant predictors after
controlling for confounders.
Longer investigation time remained significantly
associated with increased detection of adenomatous
lesion in multivariate analysis (p < 0.001, OR = 1.033,
95%CI: 1.019-1.048). Indication for colonoscopy
also predicted adenoma detection (p < 0.001). Odds
ratio for the indication “suspected tumor” was 3.399
(95%CI: 0.859-12.914). All other procedural and safety
measurements failed statistical significance. Similarly,
mucosal inflammation as an endoscopic finding was
no longer evident after adjusting for confounders by
regression analysis.
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Predictors for proximal adenoma detection: In the
proximal colon increasing age (p < 0.001, OR = 1.034,
95%CI: 1.015-1.053), male gender (P = 0.002, OR =
0.434, 95%CI: 0.255-0.741), increasing duration of
colonoscopy (p < 0.001, OR = 1.030, 95%CI: 1.019-1.041),
indication for procedure [p < 0.001, OR = 1.949
(“Suspected tumor”), 95%CI: 0.510-7.445], tobacco
abuse (P = 0.005, OR = 0.470, 95%CI: 0.279-0.792)
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DISCUSSION

Table 3 Local distribution of colon adenomas in 551 cases

n (%)

Finding

The adenoma detection rate is an established quality
indicator for colonoscopy [13]. A total detection rate
of 20% has been defined as a landmark in screening
colonoscopy[14,15]. Adenomatous lesions can occur both in
the proximal and distal part of the colon but information
is sparse regarding the local distribution[16]. In the past
the focus was placed on distal malignancies [17] with
flexible sigmoidoscopy propagated as a sufficient tool
for detection and surveillance. Advocators of flexible
sigmoidoscopy argue that screening colonoscopy has not
met expectations insofar as proximal cancer has not been
prevented sufficiently[3,4,18,19]. Moreover, sigmoidoscopy
has been shown to be effective in reducing cancer in
several countries[20-22]. However, there are also some hints
that premalignant polypoid lesions might be missed
on the left side[23,24]. Little is known about possible risk
factors for proximal or distal adenomas respectively.
In this study we sought to describe characteristics
of adenomatous lesions separated by the splenic flexure
and to reveal factors which affect side-specific adenoma
detection. As we considered data from a former patient
safety study another focus laid on sedation-related and
procedural measurements as well as on available patient
characteristics.

Total/detection rate

Adenomatous lesion in the right colon
Adenomas
126
Adenoma detection rate1
13%
Advanced adenomas
23
Advanced adenoma deletion rate
19 (3)
Adenomatous lesion in the left colon
Adenomas
94
Adenoma detection rate1
13%
Advanced adenomas
18
Advanced adenoma deletion rate
17 (3)
Simultaneous detection of lesions
(Cases with at least one adenoma in both right and left colon)
Adenomas
22 (4)
Advanced adenomas
0
1

Detection rates were defined as number of colonoscopies in which
one or more lesion was found divided by the number of colonoscopies
performed.

and mucosal inflammation (P = 0.010, OR = 4.763,
95%CI: 1.463-15.504) predicted adenoma detection in
univariate analysis. However, only age (P = 0.008, OR =
1.036, 95%CI: 1.010-1.064), gender (P = 0.008, OR =
0.425, 95%CI: 0.227-0.797) and duration of endoscopy
(p < 0.001, OR = 1.039, 95%CI: 1.022-1.056) remained
significant factors after controlling for confounders.

Simultaneous occurrence of proximal and distal
adenoma is rare
We found a total of 220 adenomatous lesions and
determined a total adenoma detection rate of 22%. As
the main finding of this study, the amount of adenoma
harvested from the proximal colon did not differ
significantly from the count harvested from the distal
part (57% vs 43%). Furthermore, advanced lesions
and carcinomas were found with an almost similar
distribution on both sides. In a recent study Boroff et
al[16] found a significantly higher adenoma detection rate
in the right colon. Diminutive proximal adenomas are of
special interest since a remarkable miss-rate is suspected
regarding these lesions [25]. Worthy to note, serrated
adenomas, especially the sessile serrated subtype, may
present as such small and difficult to detect polyps[26].
Some data suggest that missing these premalignancies
may contribute to an increasing risk of developing proximal colon cancer[27,28]. In our investigation six out of
220 adenomas (3%) were serrated lesions. This quota is
in agreement with the range reported in the literature[29].
Contrary to the knowledge that serrated lesions frequently occur in the proximal part of the colon, our
results revealed a surplus of serrated adenomas in the
distal part. This finding might be due to the low number
of serrated lesions detected in our study.
Most importantly, simultaneous occurrence of any
kind of adenomas in both the proximal and distal colon
was rare. Moreover, we did not detect advanced lesions
on both sides of the splenic flexure in any patient.
This finding underlines the importance of screening

Predictors for distal adenoma detection: In the
distal colon increasing age (P = 0.024, OR = 1.029,
95%CI: 1.004-1.054) and increasing investigation time
(P = 0.001, OR = 1.027, 95%CI: 1.011-1.044) were
also associated with improved adenoma detection in
the multivariate setting. Male gender was a significant
factor in the univariate analysis (P = 0.026, OR = 0.553,
95%CI: 0.329-0.931) but missed the level of statistical
significance slightly after controlling for confounders (P
= 0.089). Alcohol intake was a predictor for adenoma
detection (P = 0.041, OR = 0.438, 95%CI: 0.198-0.967).
After adjusting for confounders, patients rated as alcohol abusers were at a 44% higher risk for revealing
adenoma compared to abstainers. Regarding procedural
measurements a history of previously sedation problems
(P = 0.032, OR = 0.190, 95%CI: 0.042-0.866), increasing
propofol dose (P = 0.011, OR = 1.002, 95%CI:
1.001-1.004) and indication for colonoscopy [p < 0.001,
OR = 7.560 (“suspected tumor”), 95%CI: 0.947-60.343]
predicted adenoma detection in the left colon. However,
only indication for colonoscopy (P = 0.013) was statistically significant in multivariate analysis [OD = 6.599
(“suspected tumor”), 95%CI: 0.756-75.586]. Two
colonoscopy findings (absence of diverticula and mucosal
inflammation) were significant factors in univariate
analysis (P = 0.037, OR = 8.403, 95%CI: 1.143-61.779
and P = 0.035, OR = 0.032, 95%CI: 0.001-0.227). As
these two variables were not predefined as relevant
confounders, they were not subject to multivariate testing.
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the whole colon instead of performing sigmoidoscopy.
Inspecting only the distal part of the colon would mean
to accept the risk of missing a relevant number of cancer
precursors in the right colon.

the data is not capable to prove unambiguously that
observation time and not polypectomy itself explain our
results. Interestingly, duration of procedure had a strong
impact on both proximal and distal adenoma detection.
To investigate whether independent observation times
may lead to differences in segment-specific adenoma
detection further studies should be conducted.
As expected, indication for colonoscopy was a
predictor for adenoma detection in our study. As odds
were high in cases where tumors were suspected prior
to the investigation this finding is comprehensible and
noncritical. Regarding the safety of colonoscopy we
could not find an association between sedation problems
such as hypoxemia or hypotension and a lower adenoma
detection rate. However, some other sedation-related
measurements were noticeable. We found that a history
of former sedation-related complications as well as
increasing dose of propofol were predictors of increased
adenoma detection in the distal colon but not in the
proximal part. The required amount of propofol varies
highly between patients and in part depends on age,
indication of colonoscopy and physical condition[36-38].
It might be argued that age and comorbidities affect the
occurrence of adenoma as well as sedation problems.
Until now, no sedation-induced effect on adenoma
detection has been verified[39].

Male gender and advanced age are risk factors for both
proximal and distal adenomas
We found that older patients and males were exposed
to increased risk for revealing adenoma. This relation
is already well known with regard for the whole
colon[7,8]. Although male gender did not reach statistical
significance in multivariate analysis for the left colon
still a clear trend was obvious. Therefore, age and
gender seem to influence the probability of revealing
adenoma similarly in both the proximal and distal colon.
Furthermore, in univariate analysis we found smoking
to be associated with the occurrence of proximal colon
adenoma. Coincidence between use of tobacco and
colorectal findings has been studied repeatedly and in
most cases smoking was assessed to be a predictor for
premalignant neoplasia or carcinoma[30-32]. In a recent
study smoking was deemed to bear the risk for proximal
CRC[33]. These data are supported by our findings. In
contrast there are also publications in which smoking
was rather suggested to promote distal lesions [11] .
Concerning alcohol consumption we found drinker to
be at a 40% higher risk of revealing distal adenomas
than abstainers. This influence was stable in both uniand multivariate analysis. Alcohol intake as a risk factor
for colorectal neoplasia was studied before. In most
of these trials the effect of alcohol was week or only
observed in subgroups[30]. Regarding adenoma locality
one study showed that regular intake of spirit drinks
was associated with left sided adenoma[34]. However,
no increased risk (nor for proximal neither for distal
adenoma) was observed in a newer case-control study
containing 628 adenoma cases[11]. In summary, data seems
to be inconsistent and sparse. Further studies should be
conducted to specify the relevance of alcohol drinking in
colorectal (pre)neoplastic lesions.

Limitations
Our study is subject to some limitations. First, since we
conducted a post hoc analysis of a former colonoscopy
study the retrospective view implies a major restriction.
Second, due to the rarity of advanced and serrated
adenomas only univariate analysis was performed
with respect to these lesions. These results should
be interpreted with caution as possible confounders
might not be eliminated. In particular, predictors for
advanced lesions like inpatient setting and colonoscopy
scheduled later in the day must be interpreted with
caution since inpatients are investigated later in the
day for organizational reasons. Third, in our setting we
were faced with a mixed patient population undergoing
colonoscopy for a multitude of indications which
prevents transferring the results to a cancer screening
scenario and procedures were conducted at a single
tertiary referral center which might explain the high
proportion of advanced lesions and carcinoma that were
detected. Finally, in our data we were not able to provide
information about quality of bowel preparation, a factor
which influences adenoma detection.
In summary, our data support the assumption that
male gender, advanced age and a longer duration of
colonoscopy are related with increasing rates of adenoma
detection. This finding applies to both proximal and
distal adenomatous lesions. We found no evidence
that sedation related complications influence adenoma
detection. Furthermore, our data reveal that proximal
lesions often occur in the absence of distal adenomas.
Therefore, total colonoscopy should be preferred to

Procedural measurements: duration of colonoscopy
has impact on adenoma detection
At present, a withdrawal time of at least 6 min is classified
as a quality indicator in colonoscopy[7,35]. Due to the
retrospective study design we were not able to measure
the withdrawal time and no data was available regarding
the length of mucosal observation in each particular
colon segment. In addition, one major limitation of this
analysis derives from the fact that we were not able to
subtract expenditure of time which was needed for the
conduction of polypectomy itself. This fact may have
resulted in a bias. In 14% of all cases in which adenomas
were found polypectomy was not conducted during the
same session and in further 44% resection was carried
out immediately using the biopsy forceps which suggests
that in the majority of cases bias might have been rather
low. Anyway, due to the retrospective design of our study
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sigmoidoscopy in case of colorectal cancer screening.
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Thrombomodulin in the management of acute cholangitisinduced disseminated intravascular coagulation
Keigo Suetani, Chiaki Okuse, Kazunari Nakahara, Yosuke Michikawa, Yohei Noguchi, Midori Suzuki, Ryo Morita,
Nozomi Sato, Masaki Kato, Fumio Itoh
with AC-induced DIC and who were treated at our
hospital were enrolled in this study. The diagnoses
of AC and DIC were made based on the 2013 Tokyo
Guidelines and the DIC diagnostic criteria as defined by
the Japanese Association for Acute Medicine, respectively. Thirty consecutive patients who were treated
with rTM between April 2010 and September 2013 (rTM
group) were compared to 36 patients who were treated
without rTM (before the introduction of rTM therapy
at our hospital) between January 2005 and January
2010 (control group). The two groups were compared
in terms of patient characteristics at the time of DIC
diagnosis (including age, sex, primary disease, severity
of cholangitis, DIC score, biliary drainage, and anti-DIC
drugs), the DIC resolution rate, DIC score, the systemic
inflammatory response syndrome (SIRS) score,
hematological values, and outcomes. Using logistic
regression analysis based on multivariate analyses, we
also examined factors that contributed to persistent
DIC.
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RESULTS: There were no differences between the rTM
group and the control group in terms of the patients’
backgrounds other than administration. DIC resolution
rates on day 9 were higher in the rTM group than in
the control group (83.3% vs 52.8%, P < 0.01). The
mean DIC scores on day 7 were lower in the rTM
group than in the control group (2.1 ± 2.1 vs 3.5 ±
2.3, P = 0.02). The mean SIRS scores on day 3 were
significantly lower in the rTM group than in the control
group (1.1 ± 1.1 vs 1.8 ± 1.1, P = 0.03). Mortality
on day 28 was 13.3% in the rTM group and 27.8% in
the control group; these rates were not significantly
different (P = 0.26). Multivariate analysis identified
only the absence of biliary drainage as significantly
associated with persistent DIC (P < 0.01, OR = 12,
95%CI: 2.3-60). Although the difference did not reach
statistical significance, primary diseases (malignancies)
(P = 0.055, OR = 3.9, 95%CI: 0.97-16) and the non-

Abstract
AIM: To evaluate the need for thrombomodulin (rTM)
therapy for disseminated intravascular coagulation (DIC)
in patients with acute cholangitis (AC)-induced DIC.
METHODS: Sixty-six patients who were diagnosed
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remains unclear. Our PubMed search on rTM therapy
for AC-induced DIC, using terms such as “disseminated
intravascular coagulation”, “acute cholangitis”, and
“thrombomodulin”, yielded only a single-arm case series
that we previously reported[6]. We had reported favorable
outcomes in patients who received a therapeutic regimen
of rTM for AC-induced DIC. However, the prior series
had a small sample size; in this study, we therefore
compared a larger group of patients who were treated
with and without rTM to evaluate the role of anti-DIC
therapy with rTM for AC-induced DIC. This is the first
comparative study of rTM in the treatment of ACinduced DIC.

use of rTM had a tendency to be associated with
persistent DIC (P = 0.08, OR = 4.3, 95%CI: 0.84-22).
CONCLUSION: The add-on effects of rTM are anticipated in the treatment of AC-induced DIC, although
biliary drainage for AC remains crucial.
Key words: Disseminated intravascular coagulation;
Acute cholangitis; Thrombomodulin; Biliary drainage;
Anticoagulant therapy
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: To evaluate the need for thrombomodulin
(rTM) in the management of acute cholangitis (AC)induced disseminated intravascular coagulation (DIC),
we retrospectively compared patients treated with
rTM (rTM group) and without rTM (control group). DIC
resolution rates were higher in the rTM group (P <
0.01). Multivariate analysis identified only the absence
of biliary drainage as significantly associated with
persistent DIC (P < 0.01), while there was a trend
towards an association between persistent DIC and a
lack of rTM (P = 0.08). Therefore, the add-on effects
of rTM are anticipated in the treatment of AC-induced
DIC, although biliary drainage remains crucial.

MATERIALS AND METHODS
Patients
Thirty consecutive patients who were diagnosed as
having AC-induced DIC and who were treated with
rTM at St. Marianna University School of Medicine
Hospital between April 2010 and September 2013 were
enrolled in this study (rTM group). They were compared
to 36 patients with AC-induced DIC who were treated
without rTM (before the introduction of rTM therapy
at our hospital) between January 2005 and January 2010.
Detailed data were available from medical records, which
allowed these 36 patients to serve as historical controls
for the analysis (control group).
The rTM group included 22 men and 8 women with
a mean age ± SD of 77.0 ± 7.7 years. AC was diagnosed
and graded according to the 2013 Tokyo Guidelines[7] for
the management of AC. AC was severe in 28 patients and
moderate in 2 patients, while no patients had mild AC.
The primary diseases causing AC were choledocholithiasis
in 20 patients, malignant biliary stricture in 9 (pancreatic
carcinoma in 5 patients, cholangiocarcinoma in 2, lymph
node metastasis of gastric cancer in 1, and malignant
lymphoma in 1), and primary sclerosing cholangitis in
1. Based on the DIC diagnostic criteria defined by the
Japanese Association for Acute Medicine[8] (Table 1),
DIC was diagnosed when the DIC score was 4 or above.
The mean DIC score ± SD at the time of DIC diagnosis
was 5.4 ± 1.4. The dose of rTM was 380 units/kg per
day in 26 patients, while 4 patients received rTM at
a reduced dose of 130 units/kg per day, due to renal
dysfunction. The duration of rTM treatment was 6 d
in all patients. Other anti-DIC drugs used (besides TM)
were antithrombin (AT) in 26 patients, gabexate mesilate
(GM) in 14 patients, and nafamostat mesilate (NM) in 4
patients (including duplicate counts). The antibiotics used
were meropenem (MEPM) in 19 patients, sulbactam/
cefoperazone (CPZ/SBT) in 5 patients, doripenem in 5
patients, and tazobactam/piperacilin (TAZ/PIPC) in 1
patient. Biliary drainage was performed in 25 patients but
not in 5 patients. Of the patients who did not undergo
biliary drainage, 4 patients did not consent, and the
presence of cholangitis after the clearance of bile duct
stones precluded this procedure in 1 patient.

Suetani K, Okuse C, Nakahara K, Michikawa Y, Noguchi Y,
Suzuki M, Morita R, Sato N, Kato M, Itoh F. Thrombomodulin
in the management of acute cholangitis-induced disseminated
intravascular coagulation. World J Gastroenterol 2015;
21(2): 533-540 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i2/533.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i2.533

INTRODUCTION
In recent years, there have been several reports on the
efficacy of recombinant human soluble thrombomodulin
(rTM) for the treatment of disseminated intravascular
coagulation (DIC) associated with infection[1-4]. Various
disorders that cause infections were described in these
reports, but none of the studies focused on a single
disease. Treatment of the primary disease causing DIC
remains the most important factor in the resolution of
the pathological conditions that underlie infectious DIC[5],
and the prognosis of patients with DIC may be markedly
affected by the outcome of treatment of the primary
disease. Thus, it is crucial to focus on the primary disease
to accurately assess the treatment outcomes of patients
with infectious DIC.
In acute cholangitis (AC)-induced DIC, the treatment
for AC, including biliary drainage, can immediate
resolve DIC. However, some patients still have poor
outcomes, and further improvements in therapy are
needed. The utility of rTM for the treatment of DIC
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9. Moreover, DIC resolution was defined as a decrease
in the DIC score to 3 or less. The DIC and SIRS scores
were expressed as mean ± SD, and hematological data
were expressed as median values (quartiles).
A multinomial logistic regression analysis based on
the univariate and multivariate analyses was used to
identify factors that contributed to the failure of DIC
resolution in patients with AC-induced DIC.
Written informed consent was obtained from all
patients. This study was approved by the ethics committee of our hospital.

Table 1 Diagnostic criteria for disseminated intravascular
coagulation as defined by the Japanese Association for Acute
Medicine
Score
Systemic inflammatory response syndrome criteria1
≥3
0-2
Platelet count (× 103/L)
< 80 or > 50% decrease within 24 h
≥ 80 and < 120; or > 30% decrease within 24 h
≥ 120
Prothrombin time (Value of patient/Normal value)
≥ 1.2
< 1.2
Fibrin/fibrinogen degradation products (mg/L)
≥ 25
≥ 10 and < 25
< 10
Diagnosis
≥ 4 points

1
0
3
1
0
1
0

Statistical analysis
Statistical analyses were performed using the χ 2 test,
Fisher’s exact test, Welch’s t test, the Mann-Whitney U
test or the Wilcoxon single rank test, as appropriate.
Variables that were found to have a potentially significant
association with persistent DIC (P < 0.2) by univariate
analysis were selected for entry into a multiple logistic
regression model. P values < 0.05 were regarded as
statistically significant. Statistical analyses were performed
using the Prism 5 program (Graph Pad Software, Inc.,
CA, United States) and SPSS (version 19; SPSS, Chicago,
IL, United States).

3
1
0
DIC

1
Systemic inflammatory response syndrome criteria: Fever of more
than 38 ℃ or less than 36 ℃; Heart rate of more than 90 beats per min;
Respiratory rate of more than 20 breaths per minute or a PaCO2 level of
less than 32 mmHg; Abnormal white blood cell count (> 12000/mL or <
4000/mL or > 10% bands). DIC: Disseminated intravascular coagulation.

The control group included 21 men and 15 women
with a mean age ± SD of 75.7 ± 9.4 years. AC was
severe in 32 patients and moderate in 4 patients, while
no patients had mild AC. The primary diseases causing
AC were choledocholithiasis in 19 patients, malignant
biliary stricture in 15 patients (pancreatic carcinoma in
6, cholangiocarcinoma in 5, gallbladder cancer in 2, and
hepatocellular carcinoma in 2), bilio-jejunal anastomotic
stricture in 1, and bile duct stricture due to a hepatic
cyst in 1 patient. The mean DIC score ± SD at the time
of DIC diagnosis was 5.2 ± 1.2. The anti-DIC drugs
used were GM in 30 patients, NM in 18, AT in 16, and
danaparoid sodium (DS) in 6 (including duplicate counts).
The antibiotics used were MEPM in 14 patients, SBT/
CPZ in 14, imipenem/cilastatin in 7, and TAZ/PIPC in 1.
Biliary drainage was performed in 24 patients.

RESULTS
Patient characteristics
There were no significant differences between the rTM
group and the control group with respect to age, sex,
primary disease, severity of cholangitis, DIC score, SIRS
score, or the proportion of patients who underwent
biliary drainage at the time of DIC diagnosis. With
regards to anti-DIC agents other than rTM that were
used, the proportion of patients who received AT was
significantly higher in the rTM group, while a higher
proportion of patients in the control group received GM,
NM and DS were higher (Table 2).
DIC resolution rate
The DIC resolution rate on day 9 was 83.3% (25/30) in
the rTM group and 52.8% (19/36) in the control group
(significantly higher in the rTM group; P = 0.009). The
DIC resolution rates on day 7 were 76.7% (23/30) and
50.0% (18/36), respectively, and again, were significantly
higher in the rTM group (P = 0.041).

Measurements
The rTM group of 30 patients and the control group
of 36 patients were compared in terms of patient characteristics [including age, sex, primary disease (malignant/benign)], severity of cholangitis at the time of
diagnosis, DIC score at the time of diagnosis, proportion of patients undergoing biliary drainage, and
anti-DIC drugs, the DIC resolution rate, the DIC score,
the systemic inflammatory response syndrome (SIRS)
score, hematological values [platelet count (Plt), fibrin/
fibrinogen degradation products (FDP), prothrombin
time-international normalized ratio (PT-INR), fibrinogen
(Fib), C-reactive protein (CRP), total bilirubin (T-bil)],
and treatment outcomes. The day of DIC diagnosis
and treatment initiation was designated as day 1, and
hematological values were assessed on days 1, 3, 5, 7, and
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DIC scores
Both the rTM and control groups showed a significant
decrease in DIC scores from day 3 onward, compared to
those on day 1. The comparison between the rTM and
control groups revealed no difference in the mean DIC
scores at the time of diagnosis, which were 5.4 ± 1.4 in
the rTM group and 5.2 ± 1.2 in the control group (P =
0.524). However, the mean DIC scores on day 7 were
2.1 ± 2.1 and 3.5 ± 2.3 (P = 0.018), and the mean DIC
scores on day 9 were 1.8 ± 1.9 and 3.3 ± 2.4, respectively
(P = 0.009). The mean DIC scores on days 7 and 9 were
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FDP, 35.4 (14.0-51.5)/21.0 (11.2-36.5) µg/mL (P = 0.155);
PT-INR, 1.34 (1.24-1.67)/1.21 (1.08-1.47) (P = 0.054);
Fib, 399.0 (243.0-464.0)/302.0 (219.0-445.5) mg/dL (P
= 0.180); CRP, 13.6 (9.8-18.2)/4.8 (2.1-8.1) mg/dL (P <
0.001); and T-bil, 4.0 (1.9-6.7)/1.7 (1.1-4.7) mg/dL (P =
0.021). The Plt, CRP and T-bil values on day 9 showed
significant improvement compared to the Day 1 values. A
comparison of the median hematological values between
the rTM and control groups showed that, although the
levels of Plt on day 1 were significantly lower in the
rTM group (P = 0.023), the levels of Plt on day 9 were
higher in the rTM group; this difference did not reach
statistical significance (P = 0.699). Although there was
no difference in FDP on day 1 (P = 0.157) between the
two groups, from day 3 onward (P = 0.045), the level
of FDP was significantly lower in the rTM group. The
fluctuations in median hematological values are shown in
Figure 1C.

Table 2 Comparison of patient characteristics between the
recombinant human soluble thrombomodulin and control
groups
rTM group
(n = 30)
Age (yr)
Sex (Male/Female)
Primary disease
(Benign/Malignant)
Severity of cholangitis
(Severe/Moderate)
DIC score
SIRS score
Biliary drainage
Anticoagulant drug
AT
GM
NM
DS
Antibiotics
MEPM
IPM/CS
DRPM
SBT/CPZ
TAZ/PIPC

Control group P value
(n = 36)

77.0 ± 7.7
22/8
21/9

75.7 ± 9.4
21/15
21/15

0.554
0.203
0.327

28/2

32/4

0.845

5.4 ± 1.4
2.4 ± 1.3
25

5.2 ± 1.2
2.6 ± 1.0
24

0.523
0.599
0.123

26
14
4
0

16
30
18
6

< 0.001
0.002
0.004
0.019

19
0
5
5
1

14
7
0
14
1

0.048
0.031
0.037
0.047
0.556

Outcomes
The mortality rate on day 28 was 13.3% (4/30) in the
rTM group and 27.8% (10/36) in the control group;
although mortality was higher in the control group,
the difference did not reach statistical significance (P =
0.260). In the rTM group, all 4 deaths were classified as
due to malignant tumors. Of the 10 deceased patients in
the control group, cancer deaths occurred in 7 patients,
and deaths due to worsening DIC were observed in the
remaining 3 patients.

DIC: Disseminated intravascular coagulation; SIRS: Systemic inflammatory
response syndrome; rTM: Recombinant human soluble thrombomodulin;
AT: Antithrombin; GM: Gabexate mesilate; NM: Nafamostat mesilate; DS:
Danaparoid sodium; MEPN: Meropenem; IPM/CS: Imipenem/Cilastatin;
DRPM: Doripenem; SBT/CPZ: Sulbactam/Cefoperazone; TAZ/PIPC:
Tazobactam/Piperacilin.

significantly lower in the rTM group (Figure 1A).

Factors contributing to the failure of DIC resolution
The univariate analysis identified primary disease (malignancy) (P = 0.003, OR = 5.3, 95%CI: 1.8-16), absence
of biliary drainage (P < 0.001, OR = 16, 95%CI: 3.9-66),
non-use of rTM (P = 0.010, OR = 4.5, 95%CI: 1.5-14),
and non-use of NM (P = 0.016, OR = 0.26, 95%CI:
0.088-0.76) as factors that significantly contributed to
persistent DIC (Table 3). A multivariate analysis was
performed, incorporating the factors that were identified
by univariate analysis, as well as the non-use of GM (P
= 0.107) and Fib < 200 mg/dL (P = 0.186), both of
which were factors with P values < 0.2 in the univariate
analysis; the absence of biliary drainage (P = 0.003, OR
= 12, 95%CI: 2.3-60) was the only factor that was found
to contribute to persistent DIC (Table 4). Although the
difference did not reach statistical significance, it was
observed that primary disease (malignancies) (P = 0.055,
OR = 3.9, 95%CI: 0.97-16) and non-use of rTM (P =
0.080, OR = 4.3, 95%CI: 0.84-22) tended to be associated
with persistent DIC.

SIRS scores
Compared to day 1, both the rTM and control groups
showed a significant decrease in SIRS scores from day
3 onward. There were no differences between the rTM
and control groups in terms of the mean SIRS scores at
the time of diagnosis, which were 2.4 ± 1.3 in the rTM
group and 2.6 ± 1.0 in the control group (P = 0.599).
However, the scores on day 3 were 1.1 ± 1.1 and 1.8 ±
1.1 (P = 0.027), respectively, and were significantly lower
in the rTM group. Subsequently, the mean SIRS scores in
the rTM group remained significantly lower (Figure 1B).
Hematological values
The median hematological values (day 1/day 9) in the
rTM group were as follows: Plt, 70.5 (58.8-94.0)/182.0
(80.5-266.5) × 10 3 / µ L (P < 0.001); FDP, 20.8
(10.8-43.2)/8.8 (5.9-17.9) µg/mL (P = 0.010); PT-INR,
1.27 (1.21-1.52)/1.18 (1.14-1.24) (P = 0.024); Fib, 293.5
(203.5-449.3)/373.0 (284.8-452.3) mg/dL (P = 0.092);
CRP, 8.9 (5.9-15.1)/3.6 (2.0-7.8) mg/dL (P < 0.001);
and T-bil, 3.8 (1.8-5.4)/1.9 (1.2-3.1) mg/dL (P = 0.023).
The Plt, FDP, PT-INR, CRP, and T-bil values on day 9
showed significant improvement compared to those on
day 1. In contrast, the median hematological values (day
1/day 9) in the control group were as follows: Plt, 88.5
(70.3-134.5)/155.0 (73.3-249.0) × 103/µL (P = 0.024);
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DISCUSSION
Since May 2008, rTM has been available in Japan as a
novel therapeutic agent for DIC. In recent years, there
have been several reports on the efficacy of rTM, which
binds to thrombin and activates protein C to exert an
anticoagulant effect[9,10], for the treatment of infectious
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Figure 1 Comparison of the mean values of the disseminated intravascular coagulation scores (A), the systemic inflammatory response syndrome scores
(B) and serum parameters between the recombinant human soluble thrombomodulin group and the control group (C). aP < 0.05 vs control group; cP < 0.05
vs baseline. DIC: Disseminated intravascular coagulation; rTM: Recombinant human soluble thrombomodulin; SIRS: Systemic inflammatory response syndrome;
FDP: Fibrin/fibrinogen degradation products; PT-INR: Prothrombin time-international normalized ratio; Fib: Fibrinogen; CRP: C-reactive protein; T-Bil: Total bilirubin.

DIC[1-4]. In addition to this anticoagulant effect, rTM
also elicits an indirect anti-inflammatory effect through
activated protein C [9,11-13] and thrombin-activatable
fibrinolysis[14,15]. Moreover, rTM exerting a direct antiinflammatory effect by deactivating high mobility group
box 1[16-18] and lipopolysaccharide[19] by binding to these
molecules with the lectin-like domain of rTM. Thus,
rTM has great potential as a drug for the treatment of
infectious DIC.
However, the treatment of the underlying disease
causing DIC is essential to achieve resolution of the
pathological conditions that are associated with infectious
DIC[5]. This is especially relevant in AC-induced DIC,
where immediate biliary drainage can lead to prompt
resolution of the DIC. Better therapies are needed, as
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there are still some DIC patients with poor outcomes;
however, the usefulness of anti-DIC therapy with rTM
remains unclear. Thus, we conducted the present study
in patients with AC-induced DIC to evaluate the role
of anti-DIC therapy with rTM by comparing outcomes
between patients who did and did not receive rTM
treatment.
Although there were no differences between the two
groups in terms of age, sex, primary disease, severity
of cholangitis, DIC score, or in the proportion of
patients who underwent biliary drainage, the proportion
of patients who received AT was significantly larger in
the rTM group. However, the possibility of bias due
to the therapeutic effects of AT must be taken into
consideration when interpreting therapeutic outcomes in

537

January 14, 2015|Volume 21|Issue 2|

Suetani K et al . Thrombomodulin for acute cholangitis-induced DIC
Table 3 Factors associated with persistent disseminated intravascular coagulation (univariate analysis)
Persistent DIC (n = 25)

Resolved DIC (n = 41)

P value

OR (95%CI)

9
7
15
23
12
11
14
19
12
5
12
22
12
17
10
7
7
4

18
16
9
37
15
24
3
17
13
17
32
37
24
20
12
5
14
3

0.610
0.431
0.003
1.000
0.442
0.313
< 0.001
0.010
0.203
0.107
0.016
1.000
0.452
0.201
0.426
0.186
0.786
0.412

0.72 (0.26-2.0)
0. 61 (0.21-1.8)
5.3 (1.8-16)
1.2 (0.21-7.3)
1.6 (0.58-4.4)
0.56 (0.20-1.5)
16 (3.9-66)
4.5 (1.5-14)
2.0 (0.71-5.5)
0.35 (0.11-1.1)
0.26 (0.088-0.76)
0.79 (0.16-3.9)
0.65 (0.24-1.8)
2.2 (0.79-6.3)
1.6 (0.57-4.6)
2.8 (0.78-10)
0.75 (0.25-2.2)
0.49 (0.35-12)

Age (> 80 yr)
Female
Primary disease (Malignant)
Severity of cholangitis (Severe)
DIC score (> 6)
SIRS score (> 3)
Without biliary drainage
Without rTM
Without AT
Without GM
Without NM
Without DS
Plt (< 80 × 103/μL)
FDP (> 25 μg/mL)
PT-INR
Fib (< 200 mg/dL)
CRP (> 15 mg/dL)
T-Bil (> 10 mg/dL)

DIC: Disseminated intravascular coagulation; SIRS: Systemic inflammatory response syndrome; rTM: Recombinant human soluble thrombomodulin;
AT: Antithrombin; GM: Gabexate mesilate; NM: Nafamostat mesilate; DS: Danaparoid sodium; Plt: Platelet count; FDP: Fibrin/fibrinogen degradation
products; PT-INR: Prothrombin time-international normalized ratio; CRP: C-reactive protein; Fib: Fibrinogen; T-Bil: Total bilirubin.

The DIC resolution rate was significantly higher in
the rTM group than in the control group, suggesting that
rTM is highly effective for the treatment of AC-induced
DIC. Although significant decreases in the DIC and
SIRS scores from day 1 to day 3 were observed in both
the rTM group and in the control group, a comparison
between these two groups revealed that the DIC and
SIRS scores had been significantly lower since days 7
and 3, respectively, in the rTM group and that greater
improvements in the scores were observed in this group.
The SIRS scores in particular were significantly improved
in the early phase of treatment in the rTM group, which
may be attributable to the anti-inflammatory effect of
rTM[9,11-19]. With respect to the hematological findings,
the control group showed significant improvements
in Plt, CRP, and T-bil from day 1 to day 9, whereas
the rTM group showed significant improvements in
coagulation markers, such as FDP and PT-INR, in
addition to Plt, CRP and T-bil. Although Plt levels on
day 1 were significantly lower in the rTM group than in
the control group, the Plt values on day 9 were higher in
the rTM group. However, these differences did not reach
statistical significance. Although there was no difference
in FDP between the two groups on day 1, the levels
of FDP were significantly lower from day 3 onward in
the rTM group. These results suggest that rTM exerts a
favorable anticoagulant effect. Thus, it is possible that in
patients with AC-induced DIC, earlier and more marked
resolution of the pathological condition may occur with
the use of rTM.
There was no statistically significant difference in
the mortality rate on day 28 between the two groups.
However, the causes of death in all 4 patients in the
rTM group were classified as malignant tumors, but
the causes of death in 3 of the 10 deceased patients in

Table 4 Factors associated with persistent disseminated
intravascular coagulation (multivariate analysis)

Primary disease (Malignant)
Without biliary drainage
Without rTM
Without GM
Without NM
Fib (< 200 mg/dL)

P value

OR (95%CI)

0.055
0.003
0.080
0.680
0.188
0.403

3.9 (0.97-16)
12 (2.3-60)
4.3 (0.84-22)
1.5 (0.25-8.5)
0.37 (0.083-1.6)
2.2 (0.35-14)

rTM: Recombinant human soluble thrombomodulin; GM: Gabexate
mesilate; NM: Nafamostat mesilate; Fib: Fibrinogen.

the rTM group. According to the Japanese guidelines for
DIC treatment, which were prepared in 2009[5], AT is the
most strongly recommended of all anti-DIC drugs. In the
rTM group, which included patients who were treated in
2010 and thereafter, a higher frequency of AT use can be
expected as a background condition. Because only a short
time has elapsed since rTM became available, it is not
included in the Japanese guidelines for DIC treatment.
There have been many reports on the effectiveness of
AT for the treatment of infectious DIC[20]. However, the
KyberSept trial, reported in 2001[21], showed that the use
of AT is not associated with decreased mortality, and
the European guidelines for DIC treatment recommend
restraint in the use of AT for the treatment of infectious
DIC[22,23]. Our present univariate analysis identified only
the use of rTM as a contributory factor in the successful
treatment of DIC, while AT was not identified as such a
factor. However, further studies are needed to determine
the usefulness of AT for the treatment of AC-induced
DIC; due to the retrospective nature of this study, we
were unable to evaluate serum AT Ⅲ values in our
patients.
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identified only the absence of biliary drainage as a contributor to the failure of
DIC resolution (P < 0.01), and the non-use of rTM also tended to contribute to
failure of DIC resolution (P = 0.08).

the control group were classified as being DIC-related.
Based on these results, we can reasonably speculate that
the resolution of DIC by rTM administration may have
contributed to improved outcomes. In fact, there are
reports on septic DIC describing reduced mortality at 28
d after the initiation of treatment with rTM[2,24,25]. In the
present study, there were only 3 DIC-related deaths. To
examine the effects of rTM on the improvement of the
outcomes of patients with AC-induced DIC, multicenter
studies with a larger sample size are needed.
In the present study, a multivariate analysis was performed to identify factors that contributed to persistent DIC. The absence of biliary drainage was identified
as the only factor that contributed to persistent DIC.
The treatment of the underlying disease causing DIC
is considered to be the most important aspect of the
treatment of infectious DIC[5], and the results of our
study support this concept. Specifically, in patients
with AC, a complete response is often achieved by
biliary drainage[26,27], which is clearly the most important
procedure for the clinical management of DIC. We
advocate that biliary drainage be performed whenever
possible. Furthermore, although the difference was not
statistically significant, we observed that the non-use of
rTM also tended to be associated with persistent DIC
(P = 0.080, OR = 4.3, 95%CI: 0.84-22). It appears that
treatment can be optimized by a combination of biliary
drainage and the use of rTM. Moreover, our multivariate
analysis revealed that the presence of malignant tumors
also tended to be associated with persistent DIC,
presumably because neoplastic as well as infectious DIC
influenced the outcomes of patients in our study. Future
studies are eagerly anticipated regarding the effects of
rTM on neoplastic DIC due to solid cancers.
In conclusion, although biliary drainage for acute
cholangitis is the most important treatment for ACinduced DIC, the use of rTM can lead to an earlier and
more marked improvement in DIC and SIRS scores,
which may improve clinical outcomes. However, to
further examine the effects of rTM on the improvement
of the outcomes of patients with AC-induced DIC,
additional multicenter studies with a larger sample size
are needed.

Applications

The add-on effects of rTM are anticipated in the treatment of AC-induced DIC,
although biliary drainage for AC remains crucial.

Peer review

This paper is the first to demonstrate the effectiveness of rTM in cases of DIC
due to acute cholangitis. Biliary drainage is the most effective procedure for
the control of DIC, but rTM improves outcomes for patients. This retrospective
study is original with solid data that is well analyzed.
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METHODS: The proportion of pre-core (G1896A) and
basal core promoter (A1762T and G1764A) mutant viruses and serum levels of hepatitis B virus (HBV) DNA,
hepatitis B surface antigen (HBsAg), and HB core-related
antigen were analyzed in chronic hepatitis B patients
before and after HBeAg seroconversion (n = 25), in
those who were persistently HBeAg positive (n = 18),
and in those who were persistently anti-HBe positive (n
= 43). All patients were infected with HBV genotype C
and were followed for a median of 9 years.
RESULTS: Although the pre-core mutant became
predominant (24% to 65%, P = 0.022) in the HBeAg
seroconversion group during follow-up, the proportion
of the basal core promoter mutation did not change.
Median HBV viral markers were significantly higher
in patients without the mutations in an HBeAg positive status (HBV DNA: P = 0.003; HBsAg: P < 0.001;
HB core-related antigen: P = 0.001). In contrast, HBV
DNA (P = 0.012) and HBsAg (P = 0.041) levels were
significantly higher in patients with the pre-core mutation in an anti-HBe positive status.
CONCLUSION: There is an opposite association of
the pre-core mutation with viral load before and after
HBeAg seroconversion in patients with HBV infection.
Key words: Seroconversion; Hepatitis B core-related
antigen; pre-core; Basal core promoter; Mutation; Hepatitis
B surface antigen; Hepatitis B virus DNA
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Abstract

Core tip: The exact roles of pre-core (pre-C) and basal
core promoter (BCP) mutations remain unclear before
and after hepatitis B e antigen (HBeAg) seroconversion.

AIM: To investigate the role of pre-core and basal core
promoter (BCP) mutations before and after hepatitis B
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such patients. Since the follow-up duration of these
previous reports was limited, this study analyzed the
changes in pre-C and BCP mutations among patients who
were followed over a longer time course. Furthermore,
we assessed the mutations not only in patients who
seroconverted from HBeAg to anti-HBe, but also in those
whose HBeAg or anti-HBe positive status did not change
during follow-up.

Here, although the pre-C mutant became predominant
in the HBeAg seroconversion group during follow-up,
the proportion of the BCP mutation did not change.
Hepatitis B virus (HBV) viral markers were significantly
higher in patients without the mutations in an HBeAg
positive status. HBV DNA and hepatitis B surface antigen
levels were higher in patients with the pre-C mutation
in an anti-HBe positive status. Taken together, the
association of the pre-C mutation on viral load appears
to be opposite before and after HBeAg seroconversion
in patients with HBV infection.

MATERIALS AND METHODS
Patients
Three groups of patients with chronic hepatitis B who
were categorized according to HBeAg/anti-HBe positive
status were enrolled between 1985 and 2000. The
subjects were selected retrospectively from a database of
patients who had been followed for at least two years,
had not received anti-viral therapy, such as nucleos(t)ide
analogues, and whose stored serum samples were available from both the start and end of follow-up. We recruited only patients with HBV genotype C since this
genotype is predominant in Japan and because the clinical
significance of pre-C and BCP mutations differs among
genotypes. The first group consisted of 18 patients whose HBeAg was persistently positive throughout the study
period. The second group contained 25 patients in whom
HBeAg seroconverted to anti-HBe. The third group was
made up of 43 patients whose anti-HBe was persistently
positive.
Hepatitis B surface antigen (HBsAg) was confirmed
to be positive on at least two occasions a minimum of
6 mo apart in all patients before the start of follow-up.
Tests for hepatitis C and human immunodeficiency virus
antibodies were negative in all subjects. Patients who
demonstrated accompanying hepatocellular carcinoma
or signs of hepatic failure at the initial follow-up were
excluded from the study.
Stored serum samples were kept frozen at -20 ℃ or
below until assayed. This study was approved by the Ethics
Committee of Shinshu University School of Medicine.

Kamijo N, Matsumoto A, Umemura T, Shibata S, Ichikawa
Y, Kimura T, Komatsu M, Tanaka E. Mutations of pre-core
and basal core promoter before and after hepatitis B e antigen
seroconversion. World J Gastroenterol 2015; 21(2): 541-548
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i2/541.htm DOI: http://dx.doi.org/10.3748/wjg.v21.i2.541

INTRODUCTION
Hepatitis B virus (HBV) infection is a major health concern that has an estimated 350 to 400 million carriers
worldwide. Chronic infection with HBV can cause chronic
hepatitis, which may eventually develop into liver cirrhosis
and hepatocellular carcinoma[1-4].
In the natural history of chronic HBV infection, seroconversion from hepatitis B e antigen (HBeAg) to its
antibody (anti-HBe) is usually accompanied by a decrease
in HBV replication and the remission of hepatitis[5-7]. Thus,
HBeAg seroconversion is a favorable sign for patients with
chronic hepatitis B. However, there are some patients who
persistently exhibit elevated HBV DNA levels in the serum
and active liver disease, even after seroconversion[8,9].
Several mutations in the HBV genome have been
reported to associate with HBeAg seroconversion. When
the pre-core (pre-C) and core genes in the HBV genome are
transcribed and translated in tandem, HBeAg is produced
and secreted into the circulation[10,11]. The G to A mutation
at nucleotide (nt) 1896 in the pre-C region (G1896A),
which converts codon 28 for tryptophan to a stop codon,
is associated with the loss of detectable HBeAg[12,13]. The
double mutations of A1762T and G1764A in the basal
core promoter (BCP) of the HBV genome have also been
shown to reduce HBeAg synthesis by suppressing the
transcription of pre-C mRNA[14-16]. However, the detailed
mechanisms of HBeAg seroconversion, including the
involvement of mutations that decrease the production
of HBeAg, have not been fully clarified. Orito et al[17]
reported that a predominance of the pre-C mutation
was correlated with anti-HBe, while BCP mutations
were not associated with either anti-HBe or HBeAg. We
previously uncovered that the pre-C and BCP mutations
were frequently seen in patients with active replication
after HBeAg seroconversion, but not in those with inactive replication[18], which suggested that HBeAg seroconversion was not associated with either mutation in
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Conventional hepatitis B viral markers
Serological markers for HBV, including HBsAg, HBeAg,
and anti-HBe, were tested using commercially available
enzyme immunoassay kits (Fujirebio Inc., Tokyo, Japan)[19].
HBsAg was quantified [20] using a chemiluminescence
enzyme immunoassay (CLEIA)-based HISCL HBsAg
assay manufactured by Sysmex Corporation (Kobe, Japan). The assay had a quantitative range of -1.5 to 3.3 log
IU/ml. End titer was determined by diluting samples
with normal human serum when initial results exceeded
the upper limit of the assay range.
Serum HBV DNA was determined using a COBAS
TaqMan HBV kit (Roche, Tokyo, Japan)[21] with a quantitative range of 2.1 to 8.9 log copies/ml. According to
the manufacturer’s instructions, detection of a positive
signal below the quantitative range was described as a
positive signal and no signal detection was considered
to be a negative signal. Six HBV genotypes (A-F) were
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Table 1 Clinical and virological backgrounds among 3 groups of patients classified according to changes in hepatitis B e antigen/
anti-hepatitis B e
Characteristic
Continuously +/(n = 18)
Age (yr)1
Gender (M:F)
Follow-up period (yr)1
Genotype C2
Viral markers at first follow-up
HBV DNA (log copies/mL)1
HBsAg (log IU/mL)1
HBcrAg (log U/mL)1
Viral markers at final follow-up
HBV DNA (log copies/mL)1
HBsAg (log IU/mL)1
HBcrAg (log U/mL)1

P value

HBeAg/anti-HBe status
From +/- to -/+
(n = 25)

44 (24-63)
11:7
6.3 (2.1-14.6)
18 (100)

37 (18-53)
14:11
10.8 (2.0-23.7)
25 (100)

8.6 (5.7-> 8.9)
4.6 (1.6-5.5)
> 6.8 (5.5->6.8)

6.1 (< 2.1-> 8.9)
3.6 (-0.9-4.6)
6.8 (3.1-> 6.8)

7.1 (< 2.1-> 8.9)
3.3 (1.0-5.1)
6.7 (4.4-> 6.8)

3.3 (neg.-6.2)
2.8 (< 0.05-2.8)
< 3.0 (< 3.0-6.2)

Continuously -/+
(n = 43)
51 (25-77)
24:19
8.5 (2.2-16.6)
43 (100)

< 0.001
> 0.2
0.006
1

< 2.1 (< 2.1-8.2)
2.6 (< 0.05-4.3)
3.0 (< 3.0-6.8)

< 0.001
< 0.001
< 0.001

< 2.1 (neg.-7.0)
1.3 (< 0.05-4.2)
< 3.0 (< 3.0-5.3)

< 0.001
< 0.001
< 0.001

Data are expressed as the median (range); 2Data are expressed as a positive number (%). HBeAg: Hepatitis B e antigen; HBV: Hepatitis B virus; HBsAg:
Hepatitis B surface antigen; HBcrAg: Hepatitis B core-related antigen.
1

evaluated according to the restriction patterns of DNA
fragments from the method reported by Mizokami et
al[22]. Serum hepatitis B core-related antigen (HBcrAg)
levels were measured using a CLEIA HBcrAg assay
kit with a fully automated Lumipulse System analyzer
(Fujirebio Inc.) as described previously[23,24]. The HBcrAg
assay simultaneously measured all antigens (e, core, and
p22cr) encoded by the pre-C/core genes of HBV. The
immunoreactivity of pro-HBeAg at 10 fg/ml was defined
as 1 U/ml. We expressed HBcrAg in terms of log U/ml
with a quantitative range of 3.0 to 6.8 log U/ml.

established detection limits of 1000 copies/mL.
Full HBV genome sequencing
The nucleotide sequences of full-length HBV genomes
were determined by a method reported previously [27].
Briefly, two overlapping fragments of an HBV genome
were amplified by PCR, and then eight overlapping HBV
DNA fragments were amplified by nested PCR. All
necessary precautions to prevent cross-contamination were
taken and negative controls were included in each assay.
The sequencing reaction was performed according to the
manufacturer’s instructions (ABI Prism BigDye Terminator
Cycle Sequencing Ready Reaction Kits, Version 3.1; Foster
City, CA) with an automated ABI DNA sequencer (Model
3100, Applied Biosystems Carlsbad, CA).

Determination of pre-C and BCP mutations
The pre-C and BCP mutations were determined using
nucleic acid samples extracted from 100 μL of serum
with a DNA/RNA extraction kit (Smitest EX-R and D;
Genome Science Laboratories Co., Ltd., Tokyo, Japan).
The stop codon mutation in the pre-C region (A1896)
was detected with an enzyme-linked mini-sequence assay
kit (Smitest; Genome Science Laboratories). In principle,
G1896 in wild type HBV and A1896 in the mutant were
determined by mini-sequence reactions using labeled
nucleotides that were complementary to either the wild
type or mutant[25]. The results were expressed as percent
mutation rates according to the definition by Aritomi
et al[26] Samples were judged as positive for the pre-C
mutation when the mutation rate exceeded 50% in the
present study since the mutation rate was found to steadily
increase to 100% once surpassing 50%[25].
The double mutation in the BCP was detected using
an HBV core promoter detection kit (Smitest; Genome
Science Laboratories)[25,26]. This kit detected T1762 and/
or A1764 using the polymerase chain reaction (PCR)
with primers specific for either wild type or mutant BCP.
Results were recorded as wild, mixed, or mutant type.
The pre-C and BCP mutations were tested at the start
and end of follow-up with kits having manufacturer-
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Statistical analyses
The proportions of clinical factors were compared among groups using the χ 2 and Fisher’s exact probability
tests. Group medians were compared by means of the
Mann-Whitney U test and Kruskal-Wallis test. The
changes in proportions of the pre-C and BCP mutations
between the study start and end points were compared
using McNemar’s test. All tests were performed using
the IBM SPSS Statistics Desktop for Japan ver. 19.0 (IBM
Japan Inc., Tokyo, Japan). P values of less than 0.05 were
considered to be statistically significant.

RESULTS
Patients
The clinical and virological backgrounds of the 3 groups
are summarized in Table 1. Median age was lowest in
patients with seroconversion, intermediate in those with
persistent HBeAg, and highest in those with persistent
anti-HBe. Gender ratio was similar among the 3 groups.
Following our study design, all patients had HBV ge-
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notype C.

HBsAg, and HBcrAg according to pre-C and BCP mutation and HBeAg and anti-HBe positive status (Figure
2). Both pre-C and BCP mutations could be evaluated in
57 (93%) of 61 HBeAg positive samples and 86 (77%)
of 111 HBeAg negative samples. HBV DNA levels were
significantly higher in an HBeAg positive status than in
an anti-HBe positive status (P < 0.001) and significantly
higher in patients without the mutations than in those
with at least one mutation in an HBeAg positive status
(P < 0.01). On the other hand, HBV DNA levels were
significantly lower in patients without the pre-C mutation
than in those with it in an anti-HBe positive status (P =
0.012).
A similar tendency to HBV DNA levels was observed
for HBsAg levels. HBsAg levels were significantly higher in an HBeAg positive status than in an anti-HBe
positive status (P < 0.001) and significantly higher in
patients without the mutations than in those with at least
one mutation in an HBeAg positive status (P < 0.001).
HBsAg levels were significantly higher in patients with
the pre-C mutation than in those without it irrespectively
of the existence of the BCP mutation (P = 0.041).
HBcrAg levels were significantly lower with presence
of pre-C and/or BCP mutations in an HBeAg positive
status (P < 0.05, respectively). HBcrAg levels were
uniformly low regardless of the presence of mutations
in anti-HBe positive status subjects.

Changes in pre-C and BCP mutations
The presence of the pre-C mutation could be evaluated
in 60 (98%) of 61 HBeAg positive samples and 94 (85%)
of 111 HBeAg negative samples. We were able to assess
the existence of the BCP mutation in 57 (93%) of 61
HBeAg positive samples and 86 (77%) of 111 HBeAg
negative samples.
The changes in the proportion of the pre-C mutation
between the start and end of follow-up are shown
in Figure 1A. Wild type pre-C accounted for 94% of
patients whose HBeAg was continuously positive at
study onset and remained constant. Wild type pre-C was
also predominant at the start of follow-up (76%, 19/25)
in patients who experienced HBeAg seroconversion, but
the mutant type had become predominant (P = 0.022)
by the end of follow-up (65%, 15/23); 11 of 19 wild
type pre-C patients converted to mutant type, while 2 of
6 patients with mutant type pre-C reverted to wild type.
Mutant type pre-C accounted for 62% of the patients
who were continuously positive for anti-HBe at study
onset. Such patients with wild type pre-C at the start of
follow-up tended to maintain this status (78%), although
22% of initially mutant type pre-C subjects had changed
to wild type by the study end point (P = 0.687).
Of the 143 samples with determined BCP mutations,
34 (24%) were wild, 11 (8%) were mixed, and 98 (69%)
were mutant types. Because few patients with mixed
type BCP reverted to wild type in the present and past
studies[18], samples were considered to be positive for the
BCP mutation when they were either mixed or mutant
type.
The changes in the proportion of the BCP mutation
between the start and end of follow-up are shown in
Figure 1B. Mutant type BCP accounted for 61% of patients
whose HBeAg was continuously positive at study onset and
remained constant. In patients who experienced HBeAg
seroconversion, mutant type BCP was predominant at
the start of follow-up (84%, 21/25) and remained so
(80%, 16/20) until final follow-up; 3 of 4 patients with
wild type BCP and 15 of 16 patients with mutant type
BCP maintained their status throughout the study period.
Mutant type BCP initially accounted for 82% of patients
who were continuously positive for anti-HBe. Both wild
(60%) and mutant (84%) types tended to remain constant
until the study end point. When all points of measurement
were counted for which both pre-C and BCP mutations
were evaluated, the prevalence of the pre-C mutation
(18%, 9/57) was significantly lower than that of the BCP
mutation (82%, 42/57) in patients with persistent HBeAg
(P < 0.001), as well as in subjects with persistent anti-HBe
[62% (53/86) vs 78% (67/86), P = 0.030], albeit to a lesser
degree.

Full genome sequences in patients with and without
appearance of the pre-C mutation
Full HBV genome sequences were determined after
HBeAg seroconversion in 6 patients who seroconverted
without the appearance of the pre-C mutation. All patients
were positive for BCP mutations: 1 subject had T1753G
and C1766T mutations, although the other mutations
reported by Okamoto et al[14] were not identified.

DISCUSSION
Although both pre-C and BCP mutations have been
associated with HBeAg seroconversion by reducing the
production of HBeAg[13-15], their manifestation patterns
appear to be different[17]. In the present study, the BCP
mutation was already prevalent during the HBeAg
positive chronic hepatitis phase and approached 80%
around the time of HBeAg seroconversion. On the other
hand, the pre-C mutation clearly manifested following
the time of seroconversion. These results indicate that
the appearance of the pre-C mutation, but not the BCP
mutation, is directly associated with seroconversion. It
is noteworthy that a considerable number of patients
experienced HBeAg seroconversion without evidence
of the pre-C G1896A mutation. Furthermore, wild type
pre-C remained unchanged in almost all patients whose
anti-HBe was continuously positive. Thus, two types
of HBeAg seroconversion may exist for chronic HBV
in terms of the appearance or absence of the G1896A
pre-C mutation. We previously speculated on the possible

Comparison of viral loads according to pre-C/BCP
mutation and HBeAg/anti-HBe positive status
We next compared the serum levels of HBV DNA,
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A

B

HBeAg/anti-HBe
status

Start of follow-up

End of follow-up
88%

Continuously +/(n = 18)

94%

P = 0.500
6%
Determined/total
18/18

Determined/total
16/17

12%
100%

HBeAg/anti-HBe
status

Start of follow-up

57%
Continuously +/(n = 18)

Determined/total
1/1

39%

P = 0.250

Seroconverted
from +/- to -/+
(n = 25)

76%

P = 0.022

24%
Determined/total
25/25

38%
Continuously -/+
(n = 43)

P = 0.687
62%
Determined/total
42/43

33%
67%

Determined/total
6/6

80% Determined/total
10/16
20%
22%

43%

Determined/total
18/18

100%

67%
16%
Seroconverted
from +/- to -/+
(n = 25)

P = 1.000
84%

33%

Determined/total
4/4

92% Determined/total
16/21

60%
18%

Determined/total
78%
18/26

Determined/total
7/11

8%

Determined/total
25/25

Continuously -/+
(n = 43)

Determined/total
7/7

61%

35%

Determined/total
65%
17/19

End of follow-up

P = 1.000
82%

40%

Determined/total
5/7

16%

Determined/total
40/43

84%

Determined/total
19/33

Figure 1 Comparison of changes in pre-core (A) and basal core promoter (B) mutation type among 3 groups of patients classified according to hepatitis B e
antigen /anti-hepatitis B e positive status. A: A significant difference was seen in patients with hepatitis B e antigen (HBeAg) seroconversion (P = 0.022). One patient
whose pre-core (pre-C) mutation was undetermined at the start of follow-up was wild type at the end point; B: Of the 3 patients whose basal core promoter (BCP)
mutation was undetermined at the start of follow-up, 2 were wild type and 1 was undetermined at the end point. HBeAg: hepatitis B e antigen.

pressure [14]. Contrary to the HBeAg positive phase,
HBV DNA was significantly higher in subjects with the
pre-C mutation in an anti-HBe positive phase. Kawabe
et al[28] have reported that patients with wild type pre-C
demonstrate significantly lower viral loads and ALT levels
than those with mutant pre-C among HBeAg negative
patients with HBV genotype C infection. Collectively,
these results imply that patients with the pre-C mutant
have a higher potential to progress to hepa-titis after
HBeAg seroconversion. This is consistent with the fact
that HBeAg negative hepatitis is usually caused by HBeAg non-producing mutant strains of HBV. Indeed,
viral replication seems to be considerably suppressed in
patients with wild type HBV after achieving HBeAg seroconversion since this strain has the ability to produce
HBeAg when actively replicated.
We adopted serum levels of HBsAg, HBcrAg, and
HBV DNA in the present study as markers to estimate
HBV replication activity. HBsAg and HBcrAg levels
have been reported to reflect HBV cccDNA levels in
hepatocytes[20,24,29]. HBsAg has also attracted attention as a
useful predictor of treatment outcome by interferon and
others[30]. Furthermore, the loss of HBsAg is an important
indicator in the treatment of HBV carriers. HBcrAg
assays simultaneously measure all antigens encoded by
the pre-C/core genome, which include the HB core, e,
and p22cr antigens, and have been reported to predict
the clinical outcome of patients treated with nucleotide
or nucleoside analogues[31]. HBsAg patterns according

existence of two seroconversion types in an analysis of
HBV patients who experienced seroconversion[18]. Here,
we were able to strengthen this notion by including
patients who maintained an HBeAg or anti-HBe positive
status in a study of longer duration. It should be noted
that the absence of the pre-C G1896A mutation does
not necessarily indicate the absence of mutations that
halt HBeAg production; several patterns of mutations
apart from G1896A have been associated with an HBeAg
negative phenotype, such as point mutations in the ATG
initiation region and deletion/insertion of nucleotides
leading to premature termination [13]. Accordingly, we
analyzed full genome sequences in 6 patients who seroconverted without the appearance of the pre-C mutation
and uncovered T1753G and C1766T mutations in one
subject[14] that might be associated with seroconversion.
We observed that several patients reverted from mutant
pre-C to wild type in the present report. As this important
finding has not been confirmed by sequence analysis, we
are planning to determine and compare entire genomic
sequences using paired samples before and after HBeAg
seroconversion in a future study.
We witnessed that serum HBV DNA was significantly
lower in patients with the pre-C and/or BCP mutation in
an HBeAg positive phase, which indicated that immune
processes from the host to eliminate HBV were stronger
in individuals with the mutations than in those without.
This also supported the generally held belief that pre-C
and BCP mutations appear as a result of host immune
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HBeAg positive status

Anti-HBe positive status

P = 0.012

8.9

8.9

8

8

HBV DNA
(log copies/mL)

HBV DNA
(log copies/mL)

P = 0.003
P = 0.007

7
6
5
4
3
2.1

7
6
5
4
3
2.1

-/-/+
+/+/+
(n = 15) (n = 33) (n = 0) (n = 9)

-/-/+
+/+/+
(n = 11) (n = 22) (n = 8) (n = 45)

P = 0.041

5

5

4

4

3

3

HBsAg
(log IU/mL)

HBsAg
(log IU/mL)

P < 0.001
P < 0.001

2
1
0

2
1
0

-1

-1

-1.5

-1.5
-/-/+
+/+/+
(n = 15) (n = 33) (n = 0) (n = 9)

-/-/+
+/+/+
(n = 11) (n = 22) (n = 8) (n = 45)

6.8

6.8

6

6

HBcrAg
(log U/mL)

HBcrAg
(log U/mL)

P = 0.001
P = 0.020 P = 0.038

5
4
3

5
4
3

-/-/+
+/+/+
(n = 15) (n = 33) (n = 0) (n = 9)

-/-/+
+/+/+
(n = 11) (n = 22) (n = 8) (n = 45)
Pre-C/BCP status

Figure 2 Comparison of serum hepatitis B virus DNA, hepatitis B surface antigen, and hepatitis core-related antigen levels among patients with wild (-/-)
and mutant types of the pre-core and basal core promoter mutations. Fifty-seven of 61 samples obtained from HBeAg positive cases and 86 of 111 samples
obtained from anti-HBeAg positive cases were eligible for analysis. HBV: Hepatitis B virus; HBeAg: hepatitis B e antigen; HBsAg: Hepatitis B surface antigen; HBcrAg:
Hepatitis core-related antigen; pre-C: Pre-core; BCP: Basal core promoter.

to HBeAg/anti-HBe and pre-C/BCP status were similar
to HBV DNA patterns both in HBeAg and anti-HBe
positive states; HBsAg was significantly lower in patients
with pre-C and/or BCP mutations than in those with
wild type pre-C but was significantly higher in patients
with the pre-C mutation than in those without it in an
anti-HBe positive state. These results confirmed that the
pre-C mutation was oppositely associated with viral load
in patients before and after HBeAg seroconversion. Since
elevated levels of HBV DNA and HBsAg are related to
a higher rate of hepatocarcinogenesis, pre-C mutation
patterns appear to be clinically important, at least in the
context of HBV genotype C patients. We witnessed that
the patterns of HBcrAg were similar to those of HBV
DNA in the HBeAg positive state but different in the
anti-HBe positive state. This difference may reflect the
fact that the main antigen measured by the HBcrAg assay
is HBeAg.
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In conclusion, our findings indicate that the association
of the pre-C G1896A mutation on viral load is opposite
before and after HBeAg seroconversion in patients with
HBV infection in that its presence results in a higher viral
load after seroconversion. These observations may shed
light on the pathology and treatment of chronic hepatitis B,
especially that of an anti-HBe positive status.
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METHODS: We analyzed 446 patients who underwent
curative gastrectomy for stage Ⅰ gastric cancer between
1999 and 2009. The patients were divided into two
groups: those with differentiated or undifferentiated
cancer (non-mixed-type, n = 333) and those with a
mixture of differentiated and undifferentiated cancers
(mixed-type, n = 113).

Abstract

Core tip: Little is known about the clinical outcome
of the histological mixed-type gastric cancer, which
consists of differentiated and undifferentiated components. We evaluated the clinicopathological features
of this cancer and their influences on the prognosis of

RESULTS: The overall prevalence of mixed-type gastric
cancer was 25.3% (113/446). Compared with patients
with non-mixed-type gastric cancer, those with mixedtype gastric cancer tended to be older at onset (P =
0.1252) and have a higher incidence of lymph node
metastasis (P = 0.1476). They also had significantly
larger tumors (P < 0.0001), more aggressive lymphatic
invasion (P = 0.0011), and deeper tumor invasion (P <
0.0001). In addition, they exhibited significantly worse
overall survival rates than did patients with non-mixedtype gastric cancer (P = 0.0026). Furthermore, mixedtype gastric cancer was independently associated with
a worse outcome in multivariate analysis [P = 0.0300,
hazard ratio = 11.4 (1.265-102.7)].
CONCLUSION: Histological mixed-type of gastric
cancer contributes to malignant outcomes and highlight
its usefulness as a prognostic indicator in stage Ⅰ gastric
cancer.
Key words: Mixed-type gastric cancer; Histological type;
Prognosis; Early gastric cancer
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

AIM: To evaluate the clinicopathological features
of mixed-type gastric cancer and their influence on
prognosis of mixed-type stage Ⅰ gastric cancer.
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Our results suggest that the presence of mixed-type gastric cancer serves as an indicator of poor prognosis in
patients with stage Ⅰ disease and needs meticulous followup with clinical satisfaction.

patients with mixed-type stage Ⅰ gastric cancer.
Komatsu S, Ichikawa D, Miyamae M, Shimizu H, Konishi H,
Shiozaki A, Fujiwara H, Okamoto K, Kishimoto M, Otsuji E.
Histological mixed-type as an independent prognostic factor in
stage Ⅰ gastric carcinoma. World J Gastroenterol 2015; 21(2):
549-555 Available from: URL: http://www.wjgnet.com/1007-9327/
full/v21/i2/549.htm DOI: http://dx.doi.org/10.3748/wjg.v21.i2.549

MATERIALS AND METHODS
Patients and samples
Four hundred and forty-six patients with stage Ⅰ gastric
cancer diagnosed according to the criteria of the 14th
JCGC[10] and the 7th TNM classiﬁcation[11] were enrolled
in this study. All patients underwent curative gastrectomy
with radical lymphadenectomy in the Department
of Digestive Surgery, Kyoto Prefectural University of
Medicine, Japan between 1999 and 2009. Patients who
underwent chemotherapy prior to surgery, had multiple
lesions of gastric cancer, or both were excluded from this
study. Median follow-up time was 63.0 mo. All patients
were examined in the outpatient clinic by blood tests
for carcinoembryonic antigen (CEA) and carbohydrate
antigen (CA)19-9 every 3-6 mo after surgery, and annual
computed tomography (CT) scans.
The resected stomach was opened and then placed
on a ﬂat board with the mucosal side up and was ﬁxed in
10% buffered formalin solution. After ﬁxation, tumors
in the resected stomach were generally sectioned on the
maximum cross-sectional plane parallel to the lesser
curvature line based on the rules of the JCGC[10]. Tumors
were sectioned in their entirety parallel to the reference
line at intervals of 5 mm. The resected specimens were
embedded in parafﬁn, and stained with hematoxylin and
eosin. The clinicopathological features of these patients
were obtained from hospital records based on the 14th
JCGC[10] and the 7th TNM classiﬁcation[11], excluding the
definition of the histological type.
The histological types of resected tumor specimens
were categorized into two major types: (1) expanding,
intestinal or differentiated type; and (2) inﬁltrative, diffuse
or undifferentiated type[12,13], based on the Japanese gastric
cancer treatment guidelines 2010 [1]. These state that
the differentiated cancer includes papillary and tubular
adenocarcinomas, which arise from the gastric mucosa
with intestinal metaplasia, whereas the undifferentiated
cancer includes poorly differentiated adenocarcinoma,
signet ring cell carcinoma, and mucinous adenocarcinoma,
which arise from ordinary gastric mucosa without
intestinal metaplasia [14]. Quantitation of the relative
extent of differentiated and undifferentiated components
in resected specimens was determined by histological
analysis by at least two pathologists in our hospital.

INTRODUCTION
Gastric cancer presents a variety of histological types,
each of which shows different features. It is well known
that the histological type is defined as one of the crucial
factors for endoscopic treatment and lymphadenectomy
in the treatment guidelines [1,2] and chemotherapy for
advanced gastric cancer. In the early stage of gastric
cancer, the histological type influences the extent of lymph
node metastasis; the undifferentiated type, in particular,
is one of the independent risk factors of lymph node
metastasis[3-5]. In the advanced stage of gastric cancer,
the histological type is an important factor that predicts
prognosis, recurrence patterns, and chemosensitivity in
patients[6-9]. Thus, the histological type of gastric cancer
has been regarded as a crucial factor that may have a
potentially useful role in determining treatment strategies.
However, gastric cancer tissues often present with
histological heterogeneity; a cancer tissue does not always
consist of a single histological type of tumor cell but
sometimes consists of a mixture of several different
types. Therefore, it is difficult for pathologists to diagnose
accurately the histological differentiation state of the
tissues of mixed-type gastric cancer due to the restricted
tumor volume, even from several biopsy specimens.
Moreover, there are some differences in the definitions
of the histological type described by the 14th Japanese
classification of gastric carcinoma (JCGC)[10] and the
7th tumour-node-metastasis (TNM) classification[11]. For
example, mixed-type gastric cancer is classiﬁed based
on the predominant component by the JCGC, whereas
it is classiﬁed based on the weakest differentiated
component by the TNM classiﬁcation. Such differences
in the definitions could give rise to disagreement about
the recognition of the histological types, particularly of
mixed-type gastric cancer.
In this study, therefore, we hypothesized that a mixture
of differentiated and undifferentiated components itself
might be associated with malignant clinical outcomes
and poorer prognosis in patients undergoing curative
gastrectomy for stage Ⅰ gastric cancer. To verify this
hypothesis, we evaluated prognosis relative to the extent of
differentiated or undifferentiated components by comparing
the clinicopathological features between two groups: the
non-mixed-type, which consists of either differentiated or
undifferentiated cancers; and the mixed-type, which is a
mixture of differentiated and undifferentiated cancers.
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Subgroups based on histological differentiation state
No universal standard has existed regarding the definition
of the histological type, particularly in mixed-type gastric
cancer. To define histological type according to both the
JCGC and the TNM classification, all of the gastric cancers
were divided into four subgroups: (1) a group that consisted
solely of a differentiated component (pure D group); (2)
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A

B

Figure 1 Representative case of mixed-type gastric carcinoma. A 68-year-old man, who underwent curative gastrectomy with lymphadenectomy for mixed-type
gastric carcinoma (pT1bN0M0, 75 mm × 45 mm), died of peritoneal recurrence. A: Mixed-type gastric carcinoma consists predominantly of a differentiated component
and has < 50% of an undifferentiated component; B: At a higher magnification.

a group that consisted predominantly of a differentiated
component and has < 50% of an undifferentiated component (D > U group); (3) a group that consisted of >
50% of an undifferentiated component (U > D group);
and (4) a group that consisted solely of an undifferentiated
component (pure U group). According to the JCGC, the
pure D and the D > U groups were classified as the differentiated type of gastric cancer, whereas the U > D and the
pure U groups were classified as the undifferentiated type.
On the other hand, according to the TNM classification,
only the pure D group was classified as the differentiated
type, and the remaining three groups as the undifferentiated
type. Histological mixed-type gastric cancer consisted
of both differentiated and undifferentiated components
and belonged to the D > U or the U > D groups[15]. A
representative case of mixed-type gastric cancer is shown
in Figure 1.

patients (12%). According to the criteria of the JCGC,
251 of the 446 patients (56%) were diagnosed with
differentiated gastric cancer (the pure D and the D > U
groups), whereas 195 patients (44%) were diagnosed with
undifferentiated gastric cancer (the U > D and the pure
U groups). In contrast, according to the criteria of the
TNM classification, 191 of the 446 patients (43%) were
diagnosed with differentiated gastric cancer (the pure D
group), whereas 255 patients (57%) were diagnosed with
undifferentiated gastric cancer (the D > U, U > D, and
pure U groups). Moreover, the histological mixed-type
was made up of the D > U and the U > D groups of
113 patients (25%), and the non-mixed-type consisted of
the pure D and the pure U groups of 333 patients (75%).
Comparison of cause-specific survival rates of patients
in each of the histological subgroups
Cause-specific survival curves showed that the 5-year
survival rates of patients in the pure D, pure U, D > U,
and U > D groups were 99.0%, 100.0%, 96.3%, and
96.1%, respectively (Figure 2). There was no significant
difference in the cause-specific survival rates between the
differentiated and undifferentiated gastric cancer groups
as defined by the JCGC (P = 0.7256) and the TNM
classification (P = 0.3423). The prognosis of patients with
mixed-type gastric cancer was significantly worse than
that of patients with non-mixed-type gastric cancer (P
= 0.0026) (Figure 3). These data implied that a mixture
of differentiated and undifferentiated components was
associated with poor prognosis of patients with gastric
cancer. Indeed, in differentiated gastric cancer as defined
by the JCGC, the prognosis of patients in the D > U
group was significantly worse than that of patients in
the pure D group (P = 0.0391) (Figure 2). Similarly, in
undifferentiated gastric cancer as defined by the JCGC,
the prognosis of patients in the U > D group was
significantly worse than that of patients in the pure U
group (P = 0.0231) (Figure 2). These findings strongly
suggest that a mixture of these two components in each
histological type could be related to poor prognosis in

Statistical analysis
The Fisher’s exact probability test and χ 2 test were performed for categorical variables between two groups.
Cause-specific death was recorded when death resulted
from recurrent gastric cancer. The cumulative causespecific overall survival rates were calculated by using the
Kaplan-Meier method, and the log rank test was used to
assess differences between clinical factors. Multivariate
analysis using the Cox regression model was performed
in order to identify significant contributors that were
independently associated by univariate analysis. HRs
are presented with 95%CIs. For all tests, P < 0.05 was
considered to be statistically significant.

RESULTS
Distribution of gastric cancer patients among
histological subgroups
The four subgroups of histological differentiation state
consisted of the pure D group of 191 patients (43%),
the pure U group of 142 patients (32%), the D > U
group of 60 patients (13%), and the U > D group of 53
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Table 1 Association between clinicopathological characteristics
and histological mixed-type in pathological stage Ⅰ gastric
cancer n (%)

Cause-specific survival rate (%)

100
80

n

Pure D group (n = 191)

a

Pure U group (n = 142)

60

D > U group (n = 60)

Sex
Male
Female
Age (yr)
< 65
≥ 65
Location
Upper
Middle or Lower
Histological type
(JCGC)
Differentiated
Undifferentiated
Macroscopic appearance
(JCGC)
Type 0
Type 1-5
Tumor size (mm)
< 25
≥ 25
Venous invasion
0
1-3
Lymphatic invasion
0
1-3
TNM classification
pT categories
T1a
T1b
T2
pN categories
N0
N1

a

U > D group (n = 53)

40

a

P < 0.05, log-rank test
Median follow-up months: 63.0 mo

20
0
0

500

1000

1500

2000

2500

Days after surgery

Figure 2 Comparison of cause-specific survival rates of patients in each
of the histological subgroups. Four hundred and forty-six patients were
divided into four histological subgroups, pure D, pure U, D > U, and U > D
groups. Five-year cause-specific survival rates of the patients in each group
were analyzed with the Kaplan-Meier method and log rank test. P < 0.05 was
considered statistically significant. aP < 0.05 vs control; D: Differentiated; U:
Undifferentiated.

Cause-specific survival rate (%)

100
80
Non-mixed-type (n = 333) 5 yr. 99.5%
Mixed-type (n = 113)

60

5 yr. 96.5%

40

P < 0.005, log-rank test

20
0

Median follow-up months: 63.0 mo

0

500

1000

1500

2000

2500

P value

446
305
141

113
76 (67)
37 (33)

333
229 (69)
104 (31)

0.7651

233
213

52 (46)
61 (54)

181 (54)
152 (46)

0.1252

340
106

81 (72)
32 (28)

259 (78)
74 (22)

0.1883

251
195

60 (53)
53 (47)

191 (57)
142 (43)

0.4302

402
44

99 (88)
14 (12)

303 (91)
30 (9)

0.2977

214
232

36 (32)
77 (68)

178 (53)
155 (47)

< 0.00011

410
36

102 (90)
11 (10)

308 (92)
25 (8)

0.4526

370
76

82 (73)
31 (27)

288 (86)
45 (14)

0.00111

11
11
31

34 (30)
59 (52)
20 (18)

185 (56)
124 (37)
24 (7)

< 0.00011

427
19

105 (93)
8 (7)

322 (97)
11 (3)

0.1476

1

Statistically significant values (P < 0.05). P values were calculated by χ 2 or
Fisher’s exact test. JCGC: Japanese classification of gastric carcinoma.

Days after surgery

Figure 3 Comparison of cause-specific survival rates between the
histological mixed-type and non-mixed-type in stage Ⅰ gastric cancer.
Five-year cause-specific survival rates in two groups, the mixed-type and the
non-mixed-type, were analyzed with the Kaplan-Meier method and log rank
test. P < 0.05 was considered statistically significant. P < 0.05 vs control.

Investigation of the potential use of the histological
mixed-type as a prognostic factor in patients with
stage Ⅰ gastric cancer
Cause-specific sur vival rates of 446 patients with
stage Ⅰ gastric cancer were evaluated by univariate and
multivariate analyses (Table 2). By univariate analysis, the
presence of venous invasion (P < 0.0001) or histological
mixed-type cancer (P = 0.0026) was considered as a
significant prognostic factor. Multivariate analysis using Cox
regression procedures revealed that the presence of mixedtype cancer was an independent factor that could predict a
poor prognosis [P = 0.0300, HR = 11.4 (1.265-102.7)].

patients with stage Ⅰ gastric cancer.
Comparison of clinicopathological factors between
the histological mixed-type and non-mixed-type in
stage Ⅰ gastric cancer
Clinicopathological factors were compared between
the histological mixed-type and non-mixed-type of
stage Ⅰ gastric cancer (Table 1). Patients with the mixedtype cancer tended to be older at onset (P = 0.1252) and
have a higher incidence of lymph node metastasis (P =
0.1476). They also had significantly larger tumors (P <
0.0001), more aggressive lymphatic invasion (P = 0.0011),
and deeper tumor invasion (P < 0.0001).
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DISCUSSION
Several studies have identified clinical features associated
with the histological mixture of differentiated and
undifferentiated components in gastric cancer[14-25]. However,
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the histological mixed-type of signet ring cell carcinoma
was one of the independent risk factors of lymph node
metastasis, and patients with the mixed-type of this
carcinoma showed significantly lower survival rates
than those of patients with the non-mixed-type of the
same carcinoma[23]. That study also supports our finding
that the clinical aggressiveness of histological mixedtype components in undifferentiated gastric cancer is
independent of the predominance of the undifferentiated
component. Furthermore, from the viewpoint of molecular
pathology, mixed-type gastric cancer exhibited increased
expression of Ki-67, extracellular matrix metalloproteinase
inducer, and vascular endothelial growth factor proteins,
which are involved in angiogenesis and cell proliferation[24],
and enhanced the status of CpG island hypermethylation
in tumor suppressive genes[25]. These data also support
the idea that the histological mixed-type gastric cancer is
clinically aggressive. However, further studies are needed
to validate the detailed mechanisms by which histological
mixed-type gastric cancer is more aggressive than nonmixed-type gastric cancer.
The histological type has been deﬁned as one of the
factors that determine limited treatments according to
Japanese gastric cancer treatment guidelines[1]. Consequently,
endoscopic submucosal dissection with narrow-band
imaging magnifying endoscopy[26] and limited gastrectomy
with laparoscopic surgery[27,28] have emerged as new, lessinvasive technologies, and are widely accepted as limited
treatments for early gastric cancer. However, it is true that
there might be some problems in using the classification of
histological types in clinical settings, because it is difficult
for pathologists to diagnose accurately the histological
differentiation, particularly in the histological mixedtype gastric cancer, let alone to diagnose the histological
differentiation in biopsy specimens. Therefore, in order to
apply histological differentiation to clinical settings, whether
the histological mixed-type or not itself may also be a
better factor to determine limited treatments, as proposed
by recent studies and our results[15-18,20]. Indeed, it is not
so difficult for pathologists to diagnose whether tumor
specimens are histological mixed-type gastric cancer or not.
In conclusion, this is believed to be the first report to
demonstrate that histological mixed-type cancer is related
to malignant outcomes and poor prognosis in the early
stage of gastric cancer, and to highlight its usefulness as
an indicator of poor prognosis. Therefore, for patients
with mixed-type gastric cancer, meticulous follow-up
should be performed after curative gastrectomy, even at
the early stage of this disease.

Table 2 Univariate and multivariate survival analyses using
Cox’s proportional hazard model in pathological stage Ⅰ gastric
cancer
Variables

Univariate
P value

Sex
Male vs female
Age (yr)
≥ 65 vs < 65
Location
U vs ML
Histological type (JCGC)
Undiff vs Diff
Tumor size (mm)
≥ 25 vs < 25
Venous invasion
Positive vs Negative
Lymphatic invasion
Positive vs Negative
pT-stage
T2 vs T1
pN-stage
N1 vs N0
Histological type
Mixed vs Non-mixed

1

HR

Multivariate
95%CI

2

P value

0.5618
0.1001
0.8450
0.7256
0.1918
< 0.00013

83.33 0.00443

13.513

2.252

11.402

1.265 102.74 0.03003

0.1796
0.4781
0.6373
0.00263

1

Kaplan-Meier method, and statistical significance was determined by
log-rank test; 2multivariate survival analysis was performed using Cox’s
proportional hazard model; 3Statistically significant values (P < 0.05). Diff:
Differentiated; Undiff: Undifferentiated.

the prognostic effects of these components in patients
with gastric cancer remain little known, particularly in the
early stages. In the present study, we demonstrated that
the presence of histological mixed-type gastric cancer was
associated with old-age onset, large tumor, deep tumor
invasion, lymphatic invasion, and lymph node metastasis
in stage Ⅰ gastric cancer. Furthermore, mixed-type cancer
was observed to be an independent prognostic factor in
stage Ⅰ gastric cancer. These results clearly suggest that
patients with mixed-type stage Ⅰ gastric cancer should
receive more careful attention.
With respect to clinical outcomes of mixed-type gastric
cancer, only a few studies have reported that mixed-type
cancer is associated with lymph node metastasis[16,17,20]
and larger tumors[18]. Regarding the prognostic effects of
the differentiation state, we previously demonstrated that
mixed-type cancer was associated with poor prognosis in
differentiated T1/T2 cancer, as defined by the JCGC[15].
On the other hand, we did not clarify the relevance of this
factor in undifferentiated cancer, as defined by the JCGC.
In this study, however, we elucidated that the prognosis
of patients in the U > D group was significantly worse
than that of patients in the pure U group (P = 0.0231).
Including other results, our data suggest that a mixture of
histologically differentiated and undifferentiated components
itself contributes to malignant clinical outcomes and poor
prognosis of patients with gastric cancer, whether or not
undifferentiated components predominate.
Consistent with our results, Huh et al[23] demonstrated
the significance of the histological mixed-type in the
undifferentiated type of early gastric cancer. Specifically,
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type cancer is related to malignant outcomes and poor prognosis in the early
stage of gastric cancer, and to highlight its usefulness as an indicator of poor
prognosis. Therefore, for patients with mixed-type gastric cancer, meticulous
follow-up should be performed after curative gastrectomy, even at the early
stage of this disease.

9

10

Innovations and breakthroughs

Four hundred and forty-six patients, who underwent curative gastrectomy for
stage Ⅰ gastric cancer between 1999 and 2009, were enrolled in this study.
The patients were divided into two groups: patients with either differentiated or
undifferentiated cancer (non-mixed-type, n = 333) and patients with a mixture
of differentiated and undifferentiated cancers (mixed-type, n = 113). The overall
prevalence of mixed-type gastric cancer was 25.3% (113/446). Compared with
patients with non-mixed-type gastric cancer, those with mixed-type gastric
cancer tended to be older at onset (P = 0.1252) and have a higher incidence of
lymph node metastasis (P = 0.1476). They also had significantly larger tumors
(P < 0.0001), more aggressive lymphatic invasion (P = 0.0011), and deeper
tumor invasion (P < 0.0001). In addition, they exhibited significantly worse
overall survival rates than did patients with non-mixed-type gastric cancer (P =
0.0026). Furthermore, mixed-type gastric cancer was independently associated
with a worse outcome in multivariate analysis [P = 0.0300, hazard ratio = 11.4
(1.265-102.7)].
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Applications

These findings suggest that the histological mixed-type of gastric cancer
contributes to malignant outcomes and highlight its usefulness as an indicator
of poor prognosis in stage Ⅰ gastric cancer.

Terminology

Histological mixed-type gastric cancer: gastric cancer consists of both
differentiated and undifferentiated components.
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Peer review

This was a good descriptive study showing that the presence of mixedtype gastric cancer serves as an indicator of poor prognosis in patients with
stage Ⅰ disease and requires meticulous follow-up with clinical satisfaction.
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AIM: To assess the role of computed tomography (CT)
and magnetic resonance imaging (MRI) and establish
imaging criteria of lymph node metastasis in early
colorectal cancer.
METHODS: One hundred and sixty patients with early
colorectal cancer were evaluated for tumor location,
clinical history of polypectomy, depth of tumor invasion, and lymph node metastasis. Two radiologists
assessed preoperative CT and/or MRI for the primary
tumor site detectability, the presence or absence of
regional lymph node, and the size of the largest lymph
node. Demographic, imaging, and pathologic findings
were compared between the two groups of patients
based on pathologic lymph node metastasis and optimal
size criterion was obtained.
RESULTS: The locations of tumor were ascending,
transverse, descending, sigmoid colon, and rectum.
One hundred and sixty early colorectal cancers were
classified into 3 groups based on the pathological
depth of tumor invasion; mucosa, submucosa, and
depth unavailable. A total of 20 (12.5%) cancers with
submucosal invasion showed lymph node metastasis. Lymph nodes were detected on CT or MRI in 53
patients. The detection rate and size of lymph nodes
were significantly higher (P = 0.000, P = 0.044, respectively) in patients with pathologic nodal metastasis
than in patients without nodal metastasis. Receiver operating curve analysis showed that a cut-off value of 4.1
mm is optimal with a sensitivity of 78.6% and specificity of 75%.
CONCLUSION: The short diameter size criterion of
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≥ 4.1 mm for metastatic lymph nodes was optimal for

MATERIALS AND METHODS

nodal staging in early colorectal cancer.

Participants
This study received study-specific institutional review
board approval and a waiver of informed consent was
obtained. Patients with surgically proven early colorectal
cancer who underwent CT and/or MRI before radical
resection (surgical excision of tumor mass and regional
lymph node dissection) were retrospectively analyzed.
We enrolled 160 patients (age range: 20-85 years; mean
age: 59.7 years, male: 90, female: 70) for this study. Out
of 160 patients, 141 patients underwent CT, 61 patients
underwent MR examination and 42 patients underwent
CT and MR examination before surgery. Lymph node
size on MR was used for subjects who underwent both
exams.

Key words: Early colon cancer; Lymph node metastasis;
Computed tomography; Magnetic resonance imaging;
Lymph node size
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This study is the first study on the imaging
criterion of lymph node metastasis in early colorectal
cancer. The results suggest that the detection rate and
the size of lymph nodes (LNs) were significantly higher
in patients with pathologic nodal metastasis. The
optimal size criterion for LN metastasis was ≥ 4.1 mm
in early colorectal cancer.

CT
All CT scans were obtained with one of the following
commercially available multidetector CT scanners (Sensation 64; Siemens Medical Solutions, Erlangen, Germany), LightSpeed VCT; (GE Medical Systems, Milwaukee, Wisconsin). Each patient received 120 mL of
nonionic contrast agent (iopromide, Ultravist 300; Bayer
Schering Healthcare, Berlin, Germany) at a rate of 3 mL/s.
Single-phase contrast-enhanced scans were obtained with
a scanning delay of 75 s after Ⅳ administration of the
contrast agent with 5 mm section thickness. The scanning
parameters using Sensation 64 and LightSpeed VCT
were: detector configuration, 0.6 × 32 mm/0.625 × 64
mm; nominal section thickness, 0.75/0.625 mm; beam
pitch, 1/1; gantry rotation time, 0.5/0.5 s; reconstruction
interval, 0.75/0.625 mm; tube voltage, 120/120 kV(p).
Automated tube current modulation was routinely used
for all patients and performed with a 64-detector row
CT scanner (CareDose 4D, Siemens Medical Solutions
with 210 image quality reference milliampere-s/AutomA,
GE Healthcare with a noise index of 14). The data
were reformatted in the axial and coronal planes with
a 5-mm section thickness and a 5-mm interval. All the
CT images were reviewed with a picture archiving and
communication system workstation (Marotech 5.4, Seoul,
South Korea).

Choi J, Oh SN, Yeo DM, Kang WK, Jung CK, Kim SW, Park
MY. Computed tomography and magnetic resonance imaging
evaluation of lymph node metastasis in early colorectal cancer.
World J Gastroenterol 2015; 21(2): 556-562 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v21/i2/556.htm
DOI: http://dx.doi.org/10.3748/wjg.v21.i2.556

INTRODUCTION
Early colorectal carcinoma is defined as invasive carcinoma that has not spread in the direction continuity
beyond the submucosal layer[1]. Recent advances in endoscopic instruments and techniques have increased the
detection of small colorectal lesions, early colon cancers
and adenomas[2]. The accurate assessment of lymph node
(LN) metastasis in early colorectal cancer (CRC) is crucial
for deciding appropriate treatment strategies such as
endoscopic resection or surgery as well as for a prognostic
factor [3]. Mucosal colorectal carcinoma is believed to
have no potential for lymph node metastasis; however,
reported incidences of lymph node metastasis in patients
with submucosal carcinoma vary from 3.5% to 38%[4].
Risk factors for the lymph node metastasis of early
colorectal cancers are deep invasion of depth, invasion
of polyp stalk, poorly differentiated adenocarcinoma and
presence of lymphovascular invasion[5-8]. However, these
risk factors can be assessed only after the endoscopic
removal of tumors and preoperative or pre-procedural
diagnosis of lymph node metastasis with computed
tomography (CT) or magnetic resonance imaging (MRI)
is difficult. There have been a number of different
imaging criteria for lymph node metastasis in colorectal
carcinomas[9-22]; however, to the best of our knowledge,
there have only been limited studies on early colorectal
carcinoma. This study evaluates the imaging risk factors
for LN metastasis in early CRCs and develops adequate
diagnostic size criteria for LN metastasis in patients with
early CRC.

WJG|www.wjgnet.com

MRI
MRI was performed using a 3T MR scanner (Magnetom
Verio; Siemens Medical Solutions, Erlangen, Germany)
with a phased-array multi-coil. Before MR scanning,
approximately 50-100 mL of sonography transmission
gel was administered for an appropriate distension of
the rectum. The MR images were performed with the
following sequences: A sagittal image was obtained with a
T2-weighted fast spin-echo sequence. The perpendicular
plane to the long axis of the rectal cancer was selected
for axial scanning: oblique axial T1-weighted fast spinecho sequence [TR/TE of 750/10; flip angle of 150;
field of view (FOV) of 200 × 200 mm; matrix size of
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320 × 224; 2 NEX; slice thickness of 5 mm with no gap;
and acquisition time of 4 min 31 s] and oblique axial T2weighted fast spin echo sequence (TR/TE of 4000/118;
flip angle of 140; FOV of 200 × 200 mm; matrix size
of 320 × 224; 2 NEX; slice thickness of 5 mm with no
gap; acquisition time of 3 min 27 s). Diffusion-weighted
MR images were acquired in the sagittal and oblique axial
plane using a single shot-echo planar imaging technique
with b of 0, 500 and 1000 s/mm2; TR/TE of 6100/83;
FOV of 200 mm; matrix size of 104 × 73; 2 NEX; slice
thickness of 5 mm with no slice gap; and an acquisition
time of 2 min 30 s. The contrast-enhanced T1-weighted
image with fat suppression on the axial plane with TR/
TE of 640/13; flip angle of 150; and slice thickness of
5 mm was obtained after an intravenous bolus injection
of 0.1 mmol/kg Gadobutrol (Gadovist, Schering, Berlin,
Germany) at a rate of 3 mL/s followed by a 25 mL saline
flush.

site, detectability of regional lymph node, and lymph
node size between those with lymph node metastasis
and those without lymph node metastasis were tested.
Univariate analysis was performed with Student’s t-test
for numerical data or the χ 2 test and Fisher’s exact test for
categorical data. Differences were considered significant
when the P-value was less than 0.05. Receiver operating
characteristic (ROC) analysis was used to obtain optimal
lymph node size criterion. The area under the ROC curve
was evaluated for diagnostic performance.

RESULTS
A total of 52 patients underwent CT or MRI after
preoperative polypectomy and 17 endoscopic tumor
resection sites were detected on CT or MRI among 52
patients. Out of 160 primary colonic masses, 77 tumors
(mean size 2.7 cm; range: 0.8-8 cm) were detected on CT
or MRI. The tumor location was divided into 5 groups;
ascending (n = 17), transverse (n = 15), descending (n
= 8), sigmoid colon (n = 50), and rectum (n = 70). A
total of 160 early colorectal cancers were divided into
3 groups based on the pathological depth of tumor
invasion; mucosa (n = 17), submucosa (n = 133) and
depth unavailable (n = 10). A total of 20 (12.5%)
cancers with submucosal invasion showed lymph node
metastasis; however, there was no lymph node metastasis
in any patients with mucosal cancer or with early cancer
with unavailable depth. Recognizable lymph nodes were
detected in 53 patients on CT or MRI near the primary
tumor (Figures 1 and 2) or corresponding colonic segment of endoscopic finding (mean short diameter of
lymph node; 4.5 mm, range: 3-14 mm). The average short
diameter of 20 pathologic metastatic lymph nodes was 4.8
mm (range: 1.9-8.5 mm).
Only the detectability of regional lymph nodes and
lymph node size showed a significant difference between
nodal metastatic and non-metastatic groups (Table 1).
The detection rate of lymph nodes was significantly
higher (P = 0.000) in the pathologic nodal metastatic
group (15/20) than in the non-metastatic group (38/140).
The mean short axis diameter of the largest regional
lymph nodes was significantly higher (P = 0.044) in the
nodal metastatic group (5.686 mm) than in the nonmetastatic group (4.121 mm).
ROC analysis was performed on the lymph node
size parameter to obtain optimal diagnostic criterion
to diagnose lymph node metastasis. The area under the
ROC curve was 0.809 and the ROC curve showed that a
criterion of 4.1 mm was optimal to diagnose lymph node
metastasis, with a sensitivity of 78.6% and specificity of
75% (Figure 3).

Image interpretation
Two experienced board-certified radiologists (with
10- and 2-year experience in abdominal CT and MRI,
respectively) were blinded for histological results and
assessed preoperative CT and/or MR images for this
study by consensus with access to the endoscopic findings of tumor location. Radiologists recorded the
location and size of the mass, detectability of regional
LNs 3 mm or larger and the size of regional LNs, when
tumors were viewed on CT or MRI. Suspicious lymph
nodes less than 3 mm were ignored because they cannot
be differentiated from vascular structures or other nonspecific soft tissue densities. The corresponding segment mentioned on endoscopy was evaluated for the
evaluation of regional LNs, if the primary tumors were
not visible; subsequently, radiologists evaluated the
mesorectum for cases of rectal cancer and evaluated the
sigmoid mesocolon for cases of sigmoid colon cancer.
Two readers assessed primary tumor site detectability
and the presence or absence of regional lymph nodes.
They also measured the largest diameter of primary
mass and short diameter of regional lymph nodes. A 3rd
radiologist reviewed medical records for a clinical history
of polypectomy (or endoscopic mucosal/submucosal
resection) when patients were imaged and reviewed
colonoscopic and histopathologic reports.
Pathology
A 3rd radiologist reviewed the pathologic reports for
tumor depth of invasion, the presence or absence of
lymph node metastasis and the number of metastatic
lymph node. A 10-year experienced pathologist measured the size of 20 metastatic lymph nodes in short
diameter.

DISCUSSION

Statistical analysis
Patients were divided into two groups based on pathologic
lymph node metastasis. Differences in sex, age, tumor
depth, tumor location, detectability of primary tumor

WJG|www.wjgnet.com

The incidence of lymph node metastasis in early colon
cancer is 7%-15% and the risk of lymph node metastases
rises with advancing mural invasion into submucosa, up
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A

B

C

Figure 1 Early rectal carcinoma and lymph node metastasis on computed tomography and magnetic resonance imaging. A: Axial T2-weighted image shows
polypoid rectal carcinoma (arrows); B: Axial T1-weighted image shows regional lymph node with 4.5 mm in short axis diameter (black arrow); C: Axial computed
tomography scan shows the same regional lymph node (white arrow) as in B.

A

B

C

D

Figure 2 Early rectal carcinoma and lymph node metastasis on computed tomography and magnetic resonance imaging. A: Axial T2-weighted image shows
polypoid rectal carcinoma (black arrow); B: Axial T2-weighted image shows perirectal lymph node (white arrow); C: Coronal computed tomography scan shows the
same lymph node (white arrow); D: Axial T2-weighted image shows an enlarged left obturator lymph node (black arrow). These metastatic lymph nodes were one-toone correlated pathologically.
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Table 1 Demographic, imaging, and pathologic variables and lymph node metastasis

Sex (n)
M
F
Age (yr)
Tumor depth (n)
Mucosa
Submucosa
Tumor location (n)
Ascending
Transverse
Descending
Sigmoid
Rectum
Detectability of primary tumor site (n)
Yes
No
Detectability of regional lymph node (n)
Yes
No
Lymph node size (mm)

P value

Non-metastasis

Metastasis

80
60
59.89 (20-85)

10
10
58.75 (38-81)

17
113

0
20

15
13
6
45
61

2
2
2
5
9

82
58

12
8

1.000

38
102
4.121 (3-6.5)

15
5
5.686 (4-14)

0.0001

0.547

0.672
0.129

0.756

0.0442

1

The detection rate of lymph nodes was significantly higher (P = 0.000) in the pathologic nodal metastatic group (15/20) than in the non-metastatic group
(38/140); 2The mean short axis diameter of the largest regional lymph nodes was significantly higher (P = 0.044) in the nodal metastatic group (5.686 mm)
than in the non-metastatic group (4.121 mm).

for rectal cancer presented 5 mm as an optimal size
criterion, which showed moderate sensitivity (68%) and
specificity (78%)[14-16,21,22]. However, a 5 mm cut-off value
for LN metastasis in our early CRC group resulted in
a sensitivity of 50% and a specificity of 81.6%. This
too low sensitivity was caused by small-sized metastatic
LNs. According to the pathologic reports, 30%-50%
of metastatic lymph nodes in rectal cancer including
both advanced and early cancer were smaller than 5 mm
in size[21,22]. In the review of pathologic reports of our
early CRCs, the average short diameter of metastatic
lymph nodes was 4.8 mm and 56% of metastatic LN
was less than 5 mm. Consequently, we need a modified
size criterion for early colorectal cancer. The ROC curve
analysis of short axis diameter of LNs in our study
showed that a criterion of 4.1 mm or larger was optimal
to diagnose LN metastasis in early CRC.
One obstacle to a smaller cut-off value of LN diameter was the ability of imaging modalities to detect
small lymph nodes. Previous studies indicated that the
smallest lymph nodes that can be detected were 5 mm
for CT, and 3 mm for MR with using a spiral CT and a
1.5-T MRI[16,22]. Our study differentiated lymph nodes
as small as 3 mm from other structures (such as blood
vessels) due to the improved resolution of a 64 channel
multi-detector row CT.
Unlike our study, a prior study showed no significant
difference in the MRI detectability of LNs between nodal
metastatic and non-metastatic groups[9]. The difference in
findings also can be explained by the different incidence
of enlarged reactive LNs between advanced and early
cancers. The reactive LNs are usually not visible on
imaging studies, but some enlarged reactive LNs can be

Lymph node size
100

Sensitivity

80
60
40
20
0
0

20

40

60

80

100

100-specificity

Figure 3 Receiver operating characteristic curve of short axis diameter. A
criterion of 4.1 mm (star) showed optimal sensitivity (78.6%) and specificity (75%).

to 23%-38.5% in cases with the tumor depth of invasion
over two thirds of submucosa[23]. Our study showed a
12.5% lymph node metastasis in early CRC patients,
which is compatible with previous studies.
Conventional radiologic lymph node metastasis
evaluation is traditionally based on nodal size and shape.
There have been significant efforts to assess lymph node
metastasis by size or other criteria. In previous reports,
one of the general size criteria for nodal metastasis was
1cm in the short diameter[24]. Continuous technological
advancements in CT and MR equipment made it possible to detect LNs as small as 5 mm on CT and MRI due
to improved image resolution. Additionally, a higher
rate of nodal micro metastases smaller than 5 mm has
been reported in pathologic reports. Recent studies
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detected on CT/MRI. The prior study included mostly
advanced stage rectal cancers (46/49) unlike our study
which consisted of only early stage cancers. Therefore, we can presume that advanced cancers have a
higher incidence of enlarged reactive LNs, which can
be visualized on imaging, on the contrary to the lower
incidence of enlarged reactive LNs in patients with
early CRC. Consequently, we should pay more attention
to lymph node detection for patients with early CRCs,
because detectable LNs associated with early cancer are
more likely metastatic rather than reactive LNs.
There are several limitations to our study. It was a
retrospective study that may have various biases. Of
particular note, most of metastatic LNs could not be
correlated with the CT or MRI due to retrospective
design. Nevertheless, our study showed significant
difference in LN detectability of CT and MRI between
metastatic and non-metastatic group. Therefore, our
findings imply that LNs around early cancer on CT and
MRI require attention in clinical practice. The number
of metastatic lymph nodes were relatively small (n = 20);
and may not reveal a real difference between the two
groups. Selection bias is another inevitable component in
a retrospective study. Although our study did not show
significant difference among demographic data between
nodal metastatic and non-metastatic groups, measurement
error or inconsistent sensitivity of radiologists can be
a confounding factor. To overcome this limitation, we
need further prospective studies. In addition, we did
not apply morphologic criteria, because morphologic
evaluation was difficult in early CRC due to the small size
of the lymph nodes. This study included patients without
detectable primary tumors, and a limited evaluation
of the corresponding mesocolon of primary tumor.
However, our results indicated that the detectability of
the primary tumor did not affect the pathologic LN
metastasis. In clinical practice, radiologists should evaluate
nodal status even in cases blinded to the exact location of
the primary colon mass or when not visible due to small
size, incomplete colon distention or post removal state.
Our results indicated that a careful observation of the
corresponding mesocolon segment is still important even
in cases without detectable primary colon mass. The final
limitation to our study was that the CT scanners used in
our study were the most state-of-the-art equipment; 64
channel multi-detector CTs. Further studies are required
for the reproducibility of small LN detection of 3 mm
in lower-powered 8 or 16 channel CTs.
In conclusion, the advancement in imaging modalities
will enable the detection of smaller lymph nodes and the
establishment of more accurate size criteria for lymph
node metastasis. Lymph node detectability and size
of visible lymph nodes on CT/MR were significantly
different between pathologic nodal metastatic and nonmetastatic groups of patients with early colorectal
carcinomas. A 4.1 mm short axis diameter criterion is
believed optimal in the CT/MR evaluation of regional
lymph node metastasis in patients with early colorectal
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carcinoma.
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Continuous development of computed tomography (CT) and magnetic
resonance imaging (MRI) made it possible to detect small LNs by CT and MRI
due to improved image resolution. This study evaluates the radiologic risk
factors for LN metastasis in early CRCs and develops adequate diagnostic size
criteria for LN metastasis in patients with early CRC.

Innovations and breakthroughs

Most of previous studies for evaluation of radiologic criteria included both
advanced and early colorectal cancer, but the portion of included early cancer
was very small. The size criteria (approximately 0.5-1 cm) for diagnosing
metastatic LNs in previous study showed low to intermediate sensitivity,
because the ranges of sizes of metastatic and non-metastatic LNs were
overlapped. However, the sizes of LNs in the metastatic group and the nonmetastatic group were as significantly different in this study. Authors presumed
that this different result from previous study was because their study included
only early CRCs. They concluded that the differentiated criteria for early CRC
is needed and evaluated optimal size criteria for LN metastasis. The newly
suggested size criterion for metastatic LNs in early CRC is 4.1 mm, slightly
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Applications

For the CT or MRI evaluation of early colorectal cancer, an application of a
differentiated size criterion from advanced cancer for LN metastasis could be
helpful in management planning for early CRC.
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METHODS: Patients with mid- and low rectal carcinoma
(magnetic resonance imaging - based clinical stage
Ⅱ or Ⅲ) between 2000 and 2009 and treated with
curative radical resection were identified. Patients
were divided into two groups: PCRT and No-PCRT.
Recurrence-free survival (RFS) was examined according
to pathologic stage and addition of adjuvant treatment.
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RESULTS: Overall, 894 patients were identified. Of
these, 500 patients received PCRT. Adjuvant chemotherapy was delivered to 81.5% of the No-PCRT and
94.8% of the PCRT patients. Adjuvant radiotherapy was
given to 29.4% of the patients in the No PCRT group.
The 5-year RFS for the No-PCRT group was 92.6% for
Stage Ⅰ, 83.3% for Stage Ⅱ, and 72.9% for Stage Ⅲ.
The 5-year RFS for the PCRT group was 95.2% for yp
Stage 0, 91.7% for yp Stage Ⅰ, 73.9% for yp Stage Ⅱ,
and 50.7% for yp Stage Ⅲ.
CONCLUSION: Pathologic stage can predict prognosis
in PCRT patients. Five-year RFS is significantly lower
among PCRT patients than No-PCRT patients in pathologic stage Ⅱ and Ⅲ. These results should be taken
into account when considering adjuvant treatment for
patients treated with PCRT.
Key words: Preoperative; Chemoradiotherapy; Rectal
cancer; Pathologic stage; Prognosis
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Strictly speaking, there is no common objective
guideline to predict prognosis and give adjuvant
treatment according to risk stratification. Patients
who show good response were thought to have good
prognosis. However, expected value of recurrencefree survival or recurrence rate was not suggested

Abstract
AIM: to ascertain pathologic stage as a prognostic indicator for rectal cancer patients receiving preoperative
chemoradiotherapy (PCRT).
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especially in patients who did not show good response
to patients receiving preoperative chemoradiotherapy
(PCRT). In addition, how to measure the response level
was variable. The present study suggests impression of
prognosis based on pathologic stage, which is objective,
after PCRT and radical resection and show stage-bystage comparison with those without PCRT to give
impression of prognosis by using familiar stage-based
prognosis.

or degree of down-staging[7,11,18-20]. Thus, it appears plausible to use pathologic stage as a criterion for adjuvant
chemotherapy and for formulating a prognosis.
In the present study we compared the prognosis
(based on pathologic stage) of patients with advanced
rectal cancer who received PCRT with that of patients
not treated with PCRT, and evaluated the usefulness
of yp stage as an outcome predictor and guideline for
adjuvant treatment.

Hwang K, Park IJ, Yu CS, Lim SB, Lee JL, Yoon YS, Kim CW,
Kim JC. Impression of prognosis regarding pathologic stage
after preoperative chemoradiotherapy in rectal cancer. World J
Gastroenterol 2015; 21(2): 563-570 Available from: URL: http://
www.wjgnet.com/1007-9327/full/v21/i2/563.htm DOI: http://
dx.doi.org/10.3748/wjg.v21.i2.563

MATERIALS AND METHODS
Patient identification
Patients with biopsy-proven mid- and low rectal cancer
who were treated with curative surgery at Asan Medical
Center between 2000 and 2009 were identified from the
institutional colorectal cancer patient database and tumor
registry. Cases in which the lower border of the tumor
was located ≤ 5 cm from the anal verge (as assessed by
proctoscopy or digital rectal examination) were defined
as low rectum, and those located > 5 cm, ≤ 10 cm from
the anal verge were defined as mid-rectum. Patients with
concurrent distant metastasis, concurrent inflammatory
bowel disease, hereditary colorectal cancer syndromes, or
concurrent malignancy, or those requiring urgent surgery,
or with a prior history of immunotherapy or radiotherapy
to the pelvis or a prior history of malignancy other
than non-skin melanoma or in situ cervical cancer, were
excluded. Patients with no identifiable exact clinical stage
and pathologic stage were also excluded. The study was
approved by the Asan Institutional Review Board.

INTRODUCTION
Pathologic staging is used to select high-risk patients
for adjuvant treatment to reduce disease recurrence and
improve survival [1]. Preoperative chemoradiotherapy
(PCRT) followed by radical resection is the standard
treatment for patients with clinical stage Ⅱ-Ⅲ rectal
cancer. A tumor down-staging rate of 40%-80% and a
pathologic complete response (pCR) rate of 10%-25%
can be achieved after PCRT [2-6] . Patients achieving
tumor down-staging after preoperative therapy tend to
have better local control and increased survival. Conversely, patients with persistent nodal disease after chemoradiation have a very poor prognosis[7-9]. However,
there is uncertainty concerning the difference in prognosis according to pathologic stage for patients treated
with PCRT. In addition, although several studies have
shown that pathologic stage after PCRT (yp stage)
followed by radical resection is a significant prognostic
indicator, prognostic information is not usually used to
inform post-surgical clinical practice for PCRT patients
in contrast to patients with rectal cancer who are not
treated with PCRT[10-12].
The National Comprehensive Cancer Network guidelines recommend that all patients undergoing PCRT
receive postoperative chemotherapy regardless of the
pathologic results[13]. This recommendation is based on
preoperative clinical staging. Although adjuvant chemotherapy is regarded as the standard treatment[11,14-17]
irrespective of the final pathologic stage[11,14-17], evidence
supporting the routine use of adjuvant chemotherapy
(according to pretreatment clinical stage) for patients with
advanced rectal cancer after PCRT is lacking.
In addition, though it has been suggested that patients
who do not respond to PCRT have a poor prognosis, the
extent of this effect is not clear.
Some studies have indicated that the final pathologic
stage is more predictive of long-term outcome (e.g.,
disease-free survival) than the preoperative clinical stage

WJG|www.wjgnet.com

Clinical staging, pathologic evaluation, and treatment
Preoperative clinical staging was based on magnetic
resonance imaging (MRI). MRI diagnosis of T3 lesions
was based on the presence of an tumor signal intensity
extending through the muscle layers into the perirectal fat,
with a broad-based bulging configuration, and continuous
with the intramural portion of the tumor. A clinical T4
lesion was defined as direct invasion to an adjacent organ.
Positive lymph node (LN) status was ascertained from
signal intensity, border characteristics, irregular contour,
or heterogeneous texture. In addition, diameter larger
than 5 mm was used as a predictor of LN positivity.
Upfront resection was recommended for patients with
obstructive lesion. For patients with cT3-4 and/or N+,
tumor involvement to mesorectal fascia was checked using
MRI or CT. When it is possible to get clear mesorectal
margin by upfront surgery, the current disease status,
possible advantage of PCRT, and expected response rate
was explained to patient, and patient involve in selection
of treatment plan. If mesorectal fascia involvement was
suspected, PCRT was recommended primarily. The PCRT
regimen comprised pelvic external beam radiation (45 Gy
given in 25 fractions over 5 wk) followed, in most cases,
by a boost of 5.4 Gy (in 5 fractions) applied directly to
the tumor. This boost was delivered as a second daily
fraction during the final week of treatment, taking the
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5 years. Colonoscopy was performed at 6-12 mo after
surgery and then every 2-3 years thereafter.
Recurrence-free survival (RFS) was used as the cancer
recurrence end point. RFS was defined as the time from
surgery to any type of tumor recurrence. Patients who
died without evidence of confirmed tumor recurrence
were censored at the time of death.

Table 1 Characteristics of patients receiving and not receiving preoperative chemoradiotherapy n (%)

Age (yr), median (range)
< 50
50-65
> 65
Gender
Male
Female
Location
Mid-rectum
Low rectum
Sphincter preservation
Among patients with low
rectum
Clinical stage
Ⅱ
Ⅲ

Pathologic stage1
0
Ⅰ
Ⅱ
Ⅲ

Number of harvested lymph
nodes
Length of distal resection margin
(cm)
Adjuvant chemotherapy1
Adjuvant radiotherapy
Follow-up duration (mo)

No-PCRT
(n = 394)

PCRT
(n = 500)

P value

60 (52-68)
72 (18.3)
183 (46.4)
139 (35.3)

57 (49-64)
124 (24.8)
269 (53.8)
107 (21.4)

< 0.001

236 (59.9)
158 (40.1)

335 (67.0)
165 (33.0)

277 (70.3)
117 (29.7)
358 (90.9)
83 (70.9)

175 (35.0)
325 (65.0)
372 (74.4)
203 (62.5)

21 (5.3)
373 (94.7)

28 (5.6)
472 (94.4)

97 (24.6)
145 (36.8)
152 (38.6)
16 (11-22)

83 (16.6)
128 (25.6)
135 (27.0)
154 (30.8)
13 (9-17)

2.2 (1.4-3.3)

2.4 (1.4-3.8)

321 (81.5)
116 (29.4)
60 (39-80)

474 (94.8)

Statistical analysis
Non-parametric data were compared using the Wilcoxon
rank sum test. Categorical data were summarized according to frequency within each cohort and compared
using the χ 2 test. Kaplan-Meier survival analysis was
used to determine 5 year RFS, and the log rank test was
used to compare RFS with pathologic tumor stage. Cox
proportional hazards regression analysis was employed
to examine the relationship between various factors
and treatment effects. P values < 0.05 were considered
statistically significant. All statistical analyses were performed with SPSS (Version 21.0; IBM statistics, New
York, NY).

0.028

< 0.001

< 0.001
0.053
0.86

56 (43-68)

< 0.001

RESULTS

0.64

Patient characteristics
A total of 894 patients who underwent curative resection
for cT3-4 or N+ (MRI based) mid- and low-rectal cancer
during the study period were eligible. Of these, 500
(55.9%) received PCRT. The median patient age was 59
[interquartile range (IQR): 50-66] years, and the majority
(63.9%) was male. The median distance of the tumor
from the anal verge was 5 (IQR: 3-8) cm, and 49.4% of
the patients had low rectal cancer. The median radiation
dose was 50.4 (IQR: 45-52.5) Gy. Sphincter-preserving
resection was performed for 730 (81.7%) of the patients.
The patients in the PCRT group were younger than those
in the No-PCRT group, there were more males, and most
had a low rectum tumor (Table 1). Sphincter-sparing
surgery was performed more frequently in the No-PCRT
group. Taking into account only those patients with a
low rectal tumor, the sphincter-sparing surgery rates were
62.5% for the PCRT group and 70.9% for the No-PCRT
group (p = 0.05; Table 1). Fewer lymph nodes were
excised from patients in the PCRT group than from those
in the No-PCRT group (median, 13 vs 16, p < 0.001).
Adjuvant chemotherapy was administered to 81.5%
of the patients in the No-PCRT group and to 94.8% of
those in the PCRT group. The adjuvant chemotherapy
regimen administered to the PCRT group comprised FL
(25.7%) or capecitabine (63.4%).

< 0.001
0.54

1

The pathologic stage for the PCRT group was based on yp stage. PCRT:
Preoperative chemoradiotherapy.

cumulative radiation dose to 50.4 Gy. Most of the patients
were treated with concurrent chemotherapy comprising
5-fluorouracil and leucovorin (FL) and capecitabine and
were included in the PCRT group. FL was delivered via
two intravenous bolus injections of 5-fluorouracil (375
mg/m 2 per day) and leucovorin (20 mg/m 2 per day)
for 3 d during the first and fifth weeks of radiotherapy.
Capecitabine (825 mg/m2) was given twice daily (orally)
during radiotherapy. Surgery was performed 6-8 wk after
the completion of radiotherapy according to principle of
total mesorectal excision.
Adjuvant chemotherapy is recommended for all NoPCRT patients with pathologic stage Ⅲ disease and those
with stage Ⅱ with risk factors such as lymphovascular
invasion, perineural invasion, preoperative obstruction,
and perforation. Adjuvant chemotherapy followed by
radical resection is recommended for all medically-fit
PCRT patients. The usual adjuvant treatment comprised
FL for 4 cycles monthly or capecitabine for 6 cycles.
Oxaliplatin regimens were delivered at the discretion
of the attending physician. In some cases protocolbased concurrent chemotherapy included the addition
of irinotecan or bevacizumab. Postoperative followup comprised routine physical examination and carcinoembryonic antigen (CEA) assays every 3-6 mo, and
cross-sectional imaging every 6-12 mo over a period of

WJG|www.wjgnet.com

Recurrence and survival
Overall, 5-year RFS was higher in the No-PCRT (80.8%)
than the PCRT (74.9%) group (p = 0.01). According
to clinical stage, 5-year RFS did not differ between the
No-PCRT and PCRT group. In clinical stage Ⅱ, 5-year
RFS was 79.4% with PCRT and 81% with No-PCRT
(p = 0.66). In clinical stage Ⅲ we evaluated 5-year RFS
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Figure 1 Recurrence-free survival according to pathologic stage. A: p Stage 0; B: p Stage Ⅰ vs yp Stage Ⅰ; C: p Stage Ⅱ vs yp Stage Ⅱ; D: p Stage Ⅲ vs yp
Stage Ⅲ. PCRT: Preoperative chemoradiotherapy.

according to cT category. For cT3N+, 5-year RFS was
75.3% with PCRT and 80.7% with No-PCRT (p = 0.1).
For cT4N+, it was 61% with PCRT and 63.4% with NoPCRT (p = 0.51).
5-year RFS rates (stratified according to yp stage and
p stage) were: 95.2% for yp stage 0; 91.7% for yp stage
I; 92.6% for p stage Ⅰ; 73.8% for yp stage Ⅱ; 83.3% for
p stage Ⅱ; 50.7% for yp stage Ⅲ; and 72.9% for p Stage
Ⅲ (Figure 1).

preoperative concurrent regimen was 56.7%. Thus, changing the adjuvant chemotherapy regimen did not affect
the 3-year RFS of patients with yp Stage Ⅲ disease (Figure
2). Nevertheless the hazards ratio was more favor-able
when a 2nd-line regimen was delivered. The risk of recurrence for patients with yp Stage Ⅲ disease who received
second-line chemotherapy was 21% lower than that for
patients receiving first-line chemotherapy (HR = 0.79,
95%CI: 0.39-1.63; p = 0.53; Table 2).

Recurrence-free survival and adjuvant chemotherapy for
patients treated with PCRT
Forty patients in the PCRT group received second-line
adjuvant chemotherapy: 37 received oxaliplatin-based
chemotherapy, 2 received irinotecan-based chemotherapy,
and one had target agent. Twenty-three patients with yp
Stage Ⅲ (14.9%) among the patients who received 1st
line chemotherapy-based PCRT received a second-line
adjuvant chemotherapeutic regimen that was different
from the preoperative concurrent chemotherapeutic
regimen. 3-year RFS for patients receiving second-line
adjuvant chemotherapy was 70.2%, and that for patients
receiving the same chemotherapeutic regimen as the
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DISCUSSION
In the present study we stratified 5-year RFS according
to the final pathologic stage in patients with rectal cancer
treated by PCRT followed by radical resection. The AJCC
TNM staging system is widely used for prognosis and for
predicting the risk of recurrence in rectal cancer patients
after surgical resection. However, the TNM staging
system was originally based on pathologic findings in
patients who did not receive neoadjuvant therapy prior
to surgical resection. At present, the applicability and
prognostic significance of the TNM staging system for
patients that have undergone PCRT is not clear.
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those patients achieving a pCR, or those that were downstaged to ypT1-2 after preoperative radiation, would
benefit from adjuvant chemotherapy; those with residual
ypT3-4 disease would not[21]. The study suggested that
adjuvant chemotherapy had a beneficial effect when its
administration was based on pathologic stage; however,
the results for the ypT and ypN stages were analyzed
separately. Adjuvant chemotherapy appeared to benefit
patients that were down-staged (in terms of ypT stage)
but had no effect according to ypN status [21]. Other
studies did not confirm these results, particularly regarding
the effect of adjuvant chemotherapy on patients that
achieved pCR[15,18]. In view of the favorable outcomes for
patients showing complete remission, it may be difficult
to improve survival with adjuvant chemotherapy over and
above that achieved without adjuvant chemotherapy.
In the present study we were not able to assess the
benefits of adjuvant chemotherapy for patients showing
complete remission because the number of such patients
not receiving adjuvant chemotherapy was too small.
However, we did examine the influence of adjuvant
chemotherapeutic regimens on the RFS of the patients
in the PCRT group with ypN+ disease (who had much
poorer oncologic outcomes than those in the nonPCRT group). Those patients in the PRCT group that
received changed adjuvant chemotherapy had a more
favorable outcome than those who did not, although the
difference was not statistically significant.
We also examined the effect of changing the adjuvant
chemotherapy regimen used to treat patients with ypT3-4
stage disease. We found that 3-year RFS was higher
when second-line chemotherapy was provided, although
the difference was smaller (76.5% for patients with an
altered second-line regimen vs 69.6% for those with
the same regimen as mentioned used preoperatively)
than that observed for the ypN+ patients (70.2% for
patients with an altered second-line regimen vs 56.7% for
those with a same regimen). A previous study reported
higher rates of relapse despite adjuvant chemotherapy in
patients who did not respond to preoperative treatment,
and suggested that FOLFOX (oxaliplatin plus FL) be
used for high-risk patients[4].
The 5-year RFS for patients showing complete
remission after PCRT was comparable to that for patients
with tumors confined within the rectal mucosa, which can
be successfully treated by endoscopic resection or local
excision. Therefore, organ-preserving treatments may
be useful for patients showing complete remission after
PCRT. In the present study, however, 90.2% of the latter
received adjuvant chemotherapy, and all underwent radical
resection. Great care should be taken when adopting an
organ-preserving strategy in clinical practice.
The present study has several limitations. First, it was
retrospective in nature, which may cause a bias towards
the identification of metastasis/recurrence. However,
we chose RFS as the outcome measure as it is less likely
to be subject to selection bias or to be confounded by
other parameters. We also used multivariate regression
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Figure 2 Recurrence-free survival of patients with yp Stage Ⅲ disease
treated with different adjuvant chemotherapy regimens. Patients with yp
Stage Ⅲ that received a different second-line chemotherapy regimen had
longer recurrence-free survival than patients receiving a regimen that was the
same as the preoperative concurrent regimen.

Some studies have found that patients showing a good
response after PCRT have a more favorable prognosis,
even in those patients with initially clinically nodepositive disease[7-9,15,18]. On the other hand, patients with
persistent nodal disease after chemoradiation have a poorer
prognosis[7-9]. Thus, it is important to ascertain whether the
use of postoperative chemotherapy should be decided by
clinical stage, or by the definitive pathological surgical stage
(ypTNM) following chemoradiotherapy.
The risk of recurrence is high for patients with clinical stage Ⅱ or Ⅲ rectal cancer; however, theoretically
at least, the risk is not influenced by PCRT because
the latter is a local treatment. However, data from this
and other studies suggest that the risk of distant and
local failure is, in fact, closely associated with the final
pathologic stage. Typically a full course of adjuvant
chemotherapy is recommended, regardless of the final
pathologic stage. There are several reasons for this: preoperative chemotherapy uses a radiosensitizing agent
rather than a definitive chemotherapy drug; the seminal
randomized trials conducted for PCRT therapy included
the use of routine adjuvant chemotherapy; and there
may be a presumption that pathological stage is an
unreliable prognostic indicator in patients treated with
chemoradiotherapy. However, several studies show that
pathological stage is in fact a reliable prognostic indicator,
and that it may be more accurate than the preoperative
clinical stage[7,18-20].
We found that, based on the pathologic stage, 5-year
RFS in pathologic stage Ⅱ and Ⅲ was lower for the
PCRT patients than for the No-PCRT patients. This
suggests that the adjuvant chemotherapy for patients with
pathologically-proven metastatic lymph nodes after PCRT
should be different from that for No-PCRT patients. The
authors of the EORTC 22921 study reported benefits
of adjuvant chemotherapy for the subgroup showing
down-staging after PCRT[21]. They proposed that only
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Table 2 Univariate and multivariate cox proportional hazards regression models of the clinical factors associated with recurrencefree survival in preoperative chemoradiotherapy patients with pathologically- proven metastatic lymph nodes
Factor

Univariate analysis
HR

Sex
Male
Female
Age (yr)
Lymphovascular invasion
None
Present
Perineural invasion
None
Present
Sphincter preservation
No
Yes
Tumor grade
G1, G2
G3, G4
Preoperative CEA
Normal
Increased
Location of tumor
Mid-rectum
Lower rectum
Number of retrieved lymph node
Adjuvant chemotherapy1
Same1
Altered

Multivariate analysis

P value

95%CI

HR

95%CI

P value

0.41
1.00
0.85
1.00

0.57-1.25
0.98-1.02

1.00
1.28

0.83-1.98

0.89
0.54

0.01
1.00
1.89

0.02
1.00
1.82

1.22-2.95

1.15-2.87

0.01
1.00
0.60

0.93
1.00
0.96

0.40-0.89

0.35-2.59

0.34
1.00
1.31

0.75-2.31
0.45

1.00
1.22

0.73-2.05
0.25

1.00
1.26
0.97
1.00
0.72

0.85-1.87
0.95-1.01

0.89
1.03

0.66-1.62

0.14
0.36

0.46
1.00
0.76

0.35-1.47

0.36-1.58

1

Same: same regimen as that used for preoperative concurrent chemoradiotherapy. Altered: Second-line regimen was different from that used for
preoperative chemotherapy; CEA: Carcinoembryonic antigen.

to adjust for other potential confounders. In addition,
we included patients diagnosed as cT3-4 or N+ based
only on MRI in order to compensate for selection bias
because of the variable accuracy of imaging modalities
in the local staging of rectal cancer.
Second, very few of the patients treated with PCRT
followed by radical resection received an altered secondline adjuvant chemotherapy regimen. Because of this
(and the retrospective nature of this study) it would be
inappropriate to conclude that using the same adjuvant
chemotherapy with concurrent preoperative chemotherapeutic regimen based on clinical stage conferred
no survival benefit. In addition, oxaliplatin was used as
the adjuvant chemotherapeutic regimen since 2007. The
number of patients receiving oxaliplatin, along with the
shorter follow-up times for these patients, may have
affected the final oncologic outcomes.
In conclusion, the final pathologic stage of patients
with advanced rectal cancer treated by PCRT can be used
to predict oncologic outcome. Thus, we suggest that
intensive adjuvant chemotherapy might be considered
for patients showing much poorer outcomes than those
who are not treated with PCRT. Further large-scale
studies should be performed to examine the reliability of
pathologic stage as a prognostic indicator and guideline
for adjuvant treatment in patients with rectal cancer
treated by PCRT based on pathologic stage. It will be
important to establish a standard to compare prognoses
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and to conduct clinical trials with the hope of influencing
prognosis.
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Clinicopathologic factors and molecular markers related to
lymph node metastasis in early gastric cancer
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Hyuk Yoon, Hyun Chae Jung
METHODS: We analyzed 1104 patients with early
gastric cancer (EGC) who underwent a gastrectomy
with lymph-node dissection from May 2003 through
July 2011. The clinicopathologic factors and molecular
markers were assessed as predictors for lymph node
metastasis. Molecular markers such as microsatellite
instability, human mutL homolog 1, p53, epidermal
growth factor receptor (EGFR) and human epidermal
growth factor receptor 2 (HER2) were included. The
χ 2 test and logistic regression analysis were used to
determine clinicopathologic parameters.
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RESULTS: Lymph node metastasis was observed in 104
(9.4%) of 1104 patients. Among 104 cases of lymph node
positive patients, 24 patients (3.8%) were mucosal cancers
and 80 patients (16.7%) were submucosal. According
to histologic evaluation, the number of lymph node
metastasis found was 4 (1.7%) for well differentiated
tubular adenocarcinoma, 45 (11.3%) for moderately
differentiated tubular adenocarcinoma, 36 (14.8%) for
poorly differentiated tubular adenocarcinoma, and 19
(8.4%) for signet ring cell carcinoma. Of 690 EGC cases,
77 cases (11.2%) showed EGFR overexpression. HER2
overexpression was present in 110 cases (27.1%) of 406
EGC patients. With multivariate analysis, female gender
(OR = 2.281, P = 0.009), presence of lymphovascular
invasion (OR = 10.950, P < 0.0001), diameter (≥ 20
mm, OR = 3.173, P = 0.01), and EGFR overexpression
(OR = 2.185, P = 0.044) were independent risk factors
for lymph node involvement.
CONCLUSION: Female gender, tumor size, lymphovascular
invasion and EGFR overexpression were predictive risk
factors for lymph node metastasis in EGC.

Abstract

Key words: Receptor; Epidermal growth factor; Stomach
neoplasms; Carcinoma; Neoplasm metastasis; Lymph
node

AIM: To analyze predictive factors for lymph node
metastasis in early gastric cancer.
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progression[11]. In addition, mutation of the p53 gene is
one of the most frequent genetic abnormalities associated
with gastric cancer; it is associated with lymph node
metastasis in EGC[12]. Moreover, epidermal growth factor
receptor (EGFR) and human epidermal growth factor
receptor 2 (HER2) overexpression were associated with
disease recurrence and poor prognosis in gastric cancer
patients[13,14]. Thus, the aim of this study was to identify
the clinicopathologic factors and molecular markers
related lymph node metastasis and to identify high risk
patients for minimal invasive therapy.

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We analyzed the factors related lymph node
metastasis in early gastric cancer. The factors were
not only clinicopathologic finding but also molecular
biomarkers. It is unique because of the first study
about biomarker related with metastatic lymph node in
early gastric cancer.
Jin EH, Lee DH, Jung SA, Shim KN, Seo JY, Kim N, Shin CM,
Yoon H, Jung HC. Clinicopathologic factors and molecular
markers related to lymph node metastasis in early gastric
cancer. World J Gastroenterol 2015; 21(2): 571-577 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v21/i2/571.
htm DOI: http://dx.doi.org/10.3748/wjg.v21.i2.571

MATERIALS AND METHODS
Patients
A retrospective review identified 1104 patients with EGC
who underwent a radical gastrectomy with regional lymphnode dissection from May 2003 through July 2011 at
Seoul National University Bundang Hospital (Seoul, South
Korea). This study was approved by the Institutional
Review Board of Seoul National University Bundang
Hospital (IRB No. B-1308-214-101). Patients were
excluded if they had a recurrence or multifocal gastric
cancer. The Histologic type was classified according to
the World Health Organization classification for gastric
cancer. Undifferentiated gastric carcinoma included poorly
differentiated tubular adenocarcinoma (PD) and signet
ring cell carcinoma (SRC). Well-differentiated (WD) and
moderately-differentiated tubular adenocarcinoma (MD)
were classified as the differentiated type. The relationship
between the various clinicopathologic factors, molecular
markers and lymph node metastasis were analyzed to
identify the risk factors that were predictive of lymph
node metastasis. These factors included: age (< 60 years
or ≥ 60 years), sex, tumor size, location (upper third,
middle third, or lower third), gross type of lesion (elevated,
depressed, flat, or mixed), depth of invasion, lymphaticvascular involvement, and histological type. Molecular
markers such as MSI, hMLH1, p53, EGFR and HER2
were analyzed.
The Japanese classification of gastric carcinoma was used
to designate the gross type of tumor: type Ⅰ (protruded),
type Ⅱa (superficial elevated), type Ⅱb (flat), type Ⅱc
(superficial depressed), and type Ⅲ (excavated)[15]. Type Ⅰ,
type Ⅱa, and a combination of these two types with
Ⅱb were classified as the elevated type. Type Ⅱb was
defined as a flat type. Type Ⅱc and Ⅲ lesions, as well as
the combined lesions, were defined as the depressed type.
Both the elevated and depressed types, such as type Ⅱa
and Ⅱc, were classified as mixed types.

INTRODUCTION
Early gastric cancer (EGC) is deﬁned as cancer invasion
conﬁned to the mucosa or submucosa, irrespective of
lymph node metastasis [1,2]. Radical gastrectomy with
lymph node dissection is the procedure of choice for
EGC. Because the prognosis of patients with EGC has
improved, the treatment strategies for EGC now include
the improvement of quality of life.
Recently, endoscopic mucosal resection (EMR) has
been widely accepted as an alternative treatment to open
surgery for early gastric cancer without lymph node
metastasis (LNM)[3,4]. EMR preserves gastric function
and maintains a high quality of life, while extensive
surgery carries a significant risk of morbidity and mortality. However, the indications for EMR are limited
to EGC with elevated lesions < 2 cm in diameter and
differentiated mucosal cancer without ulceration[4]. An
endoscopic technique has included endoscopic submucosal dissection (ESD) that can be used to remove
a larger amount of tumor en bloc with a negative safety
margin[5]. In order to apply endoscopic techniques such
as EMR/ESD to treat EGC, the absence of lymph node
metastasis must be confirmed. Identifying patients at
high risk for LNM is important for the application of a
minimally-invasive endoscopic technique.
Several molecular markers have been reported to be
useful predictors for prognosis of gastric cancer. Microsatellite instability (MSI) is a form of genomic instability
that is associated with defective DNA mismatch repair in
tumors[6]. In gastric cancer, the frequency of a microsatellite
instability-high (MSI-H) phenotype was reported to range
from 8.2% to 37%[7,8]. Several studies have shown that MSI
in gastric cancers was an independent predictive factor
of lower LNM and improved survival [9]. In addition,
MSI was directly associated with the function of a
mismatch repair gene such as human mutL homolog 1
(hMLH1)[10]. A study showed that hMLH1 methylation
plays a probable role in the advanced stages of tumor
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Microsatellite instability analysis
DNA was obtained from formalin-fixed, paraffinembedded surgical sections. DNA was extracted from
harvested tumor cells by standard proteinase-K digestion
and phenol/chloroform extraction. Normal DNA was
extracted from the surrounding normal tissue. Five
microsatellite markers originally recommended by a NCI
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separate core samples per tumor were obtained to counter
the effects of tumor heterogeneity. Sections (4 mm) were
cut from each tissue microarray block, deparaffinized, and
dehydrated. Immunohistochemical staining for hMLH1,
p53, EGFR, HER-2 was performed as previously described[16,17]. Immunohistochemical expression of HER-2
was scored using DAKO-Hercep Test kits as follows:
score 0, no membrane staining at all or membrane staining in < 10% of tumor cells; score 1+, faint/barely
perceptible partial membrane staining in > 10% of tumor
cells; score 2+, weak to moderate staining of entire
membrane in > 10% of tumor cells; and score 3+, strong
staining of entire membrane in > 10% of tumor cells.
Scores of 0 and 1+ were considered negative for HER-2
overexpression, and scores of 2+ and 3+ were considered
positive. EGFR immunopositivity was scored by using
the instructions supplied with the EGFR PharmDx kits;
scores of 2+ and 3+ indicated overexpression.

Table 1 Baseline characteristics of patients with early gastric
cancer (n = 1104)
Characteristics
Age (yr)
< 60
≥ 60
mean ± SD
Gender
Male
Female
Size of tumor (mm)
< 20 mm
≥ 20 mm
mean ± SD
Location
Upper third
Middle third
Lower third
Macroscopic type
Elevated (Ⅰ, Ⅱa, Ⅰ + Ⅱa, Ⅱa + Ⅱb)
Flat (Ⅱb)
Depressed (Ⅱc, Ⅲ, Ⅱb + Ⅲ)
Mixed
Depth of invasion
Mucosa
Submucosa
Sm 1
Sm 2
Sm 3
Ulcer
Absent
Present
Lymphovascular invasion
Absent
Present
Histological type
Well differentiated
Moderate differentiated
Poorly differentiated
Signet ring cell
Lymph-node metastasis
Negative
Positive

Value
546 (49.5)
558 (50.5)
58.49 ± 11.63
709 (64.2)
395 (35.8)
397 (34.3)
725 (65.7)
27.8 ± 17.8
125 (11.3)
325 (29.4)
654 (59.2)
86 (7.8)
81 (7.3)
815 (73.8)
122 (11.1)

Statistical analysis
To identify the predictive factors of lymph node metastasis, the data were analyzed by using Pearson’s χ 2 test
and an unpaired Student’s t-test. Multivariate logistic
regression analysis was then performed to evaluate
the risk factors for LNM. P < 0.05 was considered to
be statistically significant. Statistical calculations were
performed using IBM SPSS (version 19).

625 (56.6)
150 (13.6)
157 (14.2)
172 (15.6)
958 (86.8)
146 (13.2)

RESULTS

955 (86.5)
149 (13.5)

Of the 1104 patients with EGC evaluation, the mean
age was 58.5 years (range: 25-86 years). This study
included 709 men and 395 women. The mean tumor
size was 27.8 mm. Mucosal cancers were 625 (56.6%)
and submucosal cancers were 479 (43.4%). According
histologic classification, WD was 236 (21.4%), MD was
398 (36.1%), PD was 243 (22.0%), and SRCC was 227
(20.6%). In 104 of 1104 (9.4%) patients, pathologic
specimens contained LNM (Table 1).
With molecular marker analysis, 909 (90.1%) of 1,009
EGCs showed MSS. MSI-L was observed in 3.1% and
MSI-H was observed in 6.8% of EGCs. Of 764 patients,
48 (6.3%) were deemed to have loss of hMLH1, while
716 (93.7%) had expression of hMLH1. Loss of p53
was seen in 651 (62.2%) of 716 patients. Of 690 EGC
cases, 77 cases (11.2%) showed EGFR overexpression.
In addition, HER2 overexpression was found in 110
cases (27.1%) of 406 EGC patients (Table 2).
The respective rate of LNM was 3.8% among lesions
confined to the mucosa and 16.7% among those infiltrating the submucosa (sm1 cancer, 7.3%; sm2 cancer,
21.6%; sm3 cancer, 20.3%). According to histologic
evaluation, the number of lymph node metastasis found
was 4 (1.7%) for WD cancer, 45 (11.3%) for MD cancer,
36 (14.8%) for PD cancer, and 19 (8.4%) for SRC cancer.
Lymph node metastasis was more frequent in MD than
SRC cancers.
With univariate analysis, lymph node metastasis was

236 (21.4)
398 (36.1)
243 (22.0)
227 (20.6)
1000 (90.6)
104 (9.4)

Data are expressed as absolute numbers (percentage) or mean ± SD. Sm1:
Upper third; Sm2: Middle third; Sm3: Lower third.

workshop on MSI (BAT-25, BAT-26, D2S123, D5S346
and D17S250) were used to analyze paired normal
and tumor DNA for MSI. According to the guidelines
of the international workshop of NCI, tumors were
classified as MSI-H when at least 2 of the 5 markers
displayed novel bands, MSI-low (MSI-L) when additional
alleles were found with one of the five markers, and
microsatellite stable (MSS) when all microsatellite
markers examined displayed identical patterns in both
tumor and normal tissue.
Immunohistochemistry
Core tissue biopsy specimens (2 mm in greatest dimension)
were obtained from individual paraffin-embedded tumors
(donor blocks) and arranged in new recipient blocks
(tissue microarray blocks), using a trephine apparatus
(Superbiochips Laboratories, Seoul, South Korea). Three
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Table 2 Molecular markers of patients with early gastric
cancer n (%)

Table 3 Univariate analysis of potential risk factors for lymph
node metastasis n (%)

Molecular markers

Factor for lymph node
metastasis

Microsatellite instability
MSS
MSI-L
MSI-H
hMLH1
Loss
Expression
p53
Negative
Positive
EGFR overexpression
Negative
Positive
HER2 overexpression
Negative
Positive

Value

Age (yr)
< 60
≥ 60
Gender
Male
Female
Size of tumor (mm)
< 20 mm
≥ 20 mm
Location
Upper third
Middle third
Lower third
Macroscopic type
Elevated
Flat
Depressed
Mixed
Depth of invasion
Mucosa
Submucosa
Sm1
Sm2
Sm3
Ulceration
Absent
Present
Lymphovascular invasion
Absent
Present
Histological type
Well differentiated
Moderate differentiated
Poorly differentiated
Signet ring cell

909 (90.1)
31 (3.1)
69 (6.8)
48 (6.3)
716 (93.7)
651 (62.2)
396 (37.8)
613 (88.8)
77 (11.2)
296 (72.9)
110 (27.1)

MSS: Microsatellite stable; MSI-L: Microsatellite instability-low; MSI-H:
Microsatellite instability-high; hMLH1: Human mutL homolog 1; EGFR:
Epidermal growth factor receptor; HER2: Human epidermal growth factor
receptor 2.

associated with age (≥ 60 years), female gender, tumor
size (≥ 20 mm), macroscopic type, depth of invasion,
lymphovascular invasion, and histological type (Table 3).
Among molecular markers, EGFR overexpression was
significantly associated with lymph node metastasis in
early gastric cancer (Table 4). Of these factors, female
gender, large tumor size (≥ 20 mm), lymphovascular
invasion, and EGFR overexpression were independently
associated with lymph node metastasis by multivariate
logistic regression analysis (Table 5).

DISCUSSION

Absence
(n = 1000)

61 (58.7)
43 (41.3)

485 (48.5)
515 (51.5)

53 (51.0)
51 (49.0)

656 (65.6)
344 (34.4)

9 (8.7)
95 (91.3)

370 (37.0)
630 (63.0)

9 (8.7)
36 (34.6)
59 (56.7)

116 (11.6)
289 (28.9)
595 (59.5)

7 (6.7)
1 (1.0)
72 (69.2)
24 (23.1)

78 (7.8)
80 (8)
743 (74.3)
98 (9.8)

24 (23.1)
80 (77.0)
11 (10.6)
34 (32.7)
35 (33.7)

601 (60.1)
399 (39.9)
139 (13.9)
123 (12.3)
137 (13.7)

86 (9.0)
18 (12.1)

872 (91.0)
128 (85.9)

44 (42.3)
60 (57.7)

911 (91.1)
89 (8.9)

4 (3.8)
45 (43.3)
36 (34.6)
19 (18.3)

232 (23.2)
352 (35.2)
208 (20.8)
208 (20.8)

P value
0.049

0.003

< 0.0001

0.389

< 0.0001

< 0.0001

0.222

< 0.0001

< 0.0001

Sm1: Upper third; Sm2: Middle third; Sm3: Lower third.

Gastric cancer is the second leading cause of cancerrelated deaths worldwide[18], and the highest mortality
rates of AGC have been reported in East Asia including
Japan and South Korea[19,20]. In contrast, EGC has a good
prognosis with surgical treatment[21]. In South Korea, the
proportion of EGC increased to 47.4% of all diagnosed
gastric cancers in 2004[22]. This was attributed to widelyperformed upper gastrointestinal endoscopy screening
programs. Because the prognosis of patients with EGC
has improved with radical gastrectomy, the treatment
strategies for EGC now include the improvement of
quality of life. Endoscopic resection such as EMR/ESD
can be applied to EGC without lymph node metastasis
instead of a radical gastrectomy[3,4].
Preoperative evaluation of for lymph node metastasis
is the most important consideration, when deciding on
a treatment strategy for EGC[23]. A number of researchers have attempted to identify factors predictive of
LNM in EGC. The size of the primary tumor, histologic type, lymphatic or venous invasion, and depth
of invasion are known to be associated with regional
lymph node metastases in EGC[24-27]. In addition, multi-
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Presence
(n = 104)

detector computerized tomography (MDCT) and/or
endoscopic ultrasound (EUS) were generally employed
to detect metastatic lymphadenopathy. However, the
overall diagnostic accuracy of MDCT imaging for LNM
in EGC has been reported to range from 37% to 70%,
whereas that of EUS was reported to range from 39%
to 90%[28-30]. Reported sensitivity and specificity of EUS
to detect LNM in gastric cancer varies widely: sensitivity
from 59.5% to 97.2% and specificity from 40.0% to
100% [1]. Using MDCT, studies showed a sensitivity
of 84.2% and a specificity of 84.0%[1]. Preoperational
accuracy of LNM staging using EUS or CT was inadequate for the prediction of the pathological N stage in
order to determine the treatment plan.
Not only clinicopathologic factors but also molecular
markers can be predictors for lymph node metastasis in
gastric cancer patients[13,14]. The human epidermal growth
factor receptor (HER) consists of four transmembrane
tyrosine kinase receptors, which have a similar structure,
are named ErbB1 (HER1, also known as EGFR),
ErbB2 (HER2), ErbB3 (HER3) and ErbB4 (HER4)[31].
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compared to a previous report. Male to female gender
ratio was 1:1.08 among young patients (age < 40 years)
and 2.5:1 in older patients (age > 40 years) [34]. Agestandardized and cumulative incidence rates of gastric
cancer in males are approximately double those of
females. This predominance of gastric cancer in males is
related to a 10-to-15 year delay in female gastric cancer.
The prevalence of gastric cancer in females is similar
to that of males only after menopause[35]. This finding
suggested that sex hormones (estrogens) protect woman
from gastric cancer. In previous studies in South Korea,
the incidence of lymph node metastasis in female EGC
was higher than in male EGC and female gender is a
predictive risk factor for lymph node metastasis[36,37].
However, this gender difference of lymph node metastasis in EGC was not shown in other populations. It
is extremely difficult to generalize risk factors in all
populations.
Some studies have reported a lower rate of LNM
and better prognosis in EGC with SRC histology than
cancer with PD[38,39]. Previous studies have reported a
rate of LNM with SRC histology to range from 5.7%
to 15%[23,38,40]. Our study found that the rate of LNM
with SRC histology was lower than PD cancer and even
MD (18.3% vs 34.6% and 18.3% vs 43.3%). However,
the frequency of LNM in mucosal cancer with SRC
histology was much higher than mucosal cancer with
differentiated histology (0.0% in WD, 2.9% in MD,
10.6% in PD, and 9.6% in SRC). Based on our study,
mucosal EGC with SRC histology still had a higher
risk of LNM than differentiated EGC. We suggest that
the application of EMR/ESD in EGC with SRC was
inadequate (Table 6).
This study had some limitations. First, it was a
retrospective study based on medical records in a single
center. Because of its retrospective nature, we could not
collect additional data such as family history, comorbidity,
or life style. Second, we analyzed pathologic findings
based on postoperative examination of the resected
specimen. At the time of endoscopy, the endoscopist
subjectively estimated tumor size and reported gross
findings and the presence of ulceration; this may have
caused a discrepancy between endoscopic findings and
pathologic findings. Considering that the preoperative
clinical decision was made by endoscopic findings, it
may be difficult to apply our pathologic characteristics
to determine treatment plans. However, endoscopic
resection criteria including tumor size, presence of
ulceration and gross finding were based on pathologic
evaluation of a surgical specimen that was fixed in
formalin[41]. In addition, endoscopic findings had an interobserver variability. Third, not all surgical specimens
underwent immunohistochemical staining. Finally, there
is the problem of selection bias. To perform immunohistochemical staining on all the postoperative specimens in EGC is not cost effective. However, EGFR
overexpression correlated with LNM and a poorer prognosis; therefore, EGFR targeted therapy may be considered as adjuvant therapy postoperatively for high risk

Table 4 Univariate analysis of predictive molecular markers
for lymph node metastasis n (%)
Lymph node metastasis
Microsatellite instability
MSS
MSI-L
MSI-H
hMLH1
Negative
Positive
p53
Negative
Positive
EGFR overexpression
Negative
Positive
HER2 overexpression
Negative
Positive

Presence

Absence

89 (90.8)
1 (1.0)
8 (8.2)

820 (90.0)
30 (3.3)
61 (6.7)

5 (7.4)
63 (92.6)

43 (6.2)
653 (93.8)

59 (60.8)
38 (39.2)

592 (62.3)
358 (37.7)

55 (77.5)
16 (22.5)

558 (90.1)
61 (9.9)

33 (84.6)
6 (15.4)

263 (71.7)
104 (28.3)

P value
0.412

0.703

0.773

0.001

0.084

MSS: Microsatellite stable; MSI-L: Microsatellite instability-low; MSI-H:
Microsatellite instability-high; hMLH1: Human mutL homolog 1; EGFR:
Epidermal growth factor receptor; HER2: Human epidermal growth factor
receptor 2.

Table 5 Multivariate analysis of potential risk characteristics
for lymph node metastasis
Characteristics
Gender (female)
Lymphovascular invasion
Diameter (≥ 20 mm)
EGFR

Odds ratio

95%CI

P value

2.281
10.950
3.173
2.185

1.228-4.235
5.418-22.134
1.324-7.603
1.020-4.683

0.009
< 0.0001
0.010
0.044

EGFR: Epidermal growth factor receptor.

Alterations in the expression of receptor tyrosine
kinases pathways including EGFR, HER2 were proven
to be critical factors for cancer cell survival[32]. EGFR
expression correlated with disease recurrence and poorer
survival in gastric cancer patients [13,14]. Furthermore,
HER2 has predictive ability for estimating overall
survival in gastric cancer patients and may be useful for
determining their prognosis[14]. However, EGFR positivity,
but not HER2 positivity, was associated with poor patient
outcomes after a curative resection of stage Ⅱ/Ⅲ gastric
cancer[33]. In our study, EGFR overexpression was an
independent risk factor for lymph node metastasis in
EGC patients. However, HER2 overexpression was not
associated with lymph node metastasis. Previous studies
have reported EGFR or HER2 overexpression in gastric
cancer regardless of stage. Only a handful of studies
were limited to early gastric cancer for EGFR or HER2
overexpression.
In this study, the clinicopathologic risk factors for
lymph node metastasis were found to be female gender,
the presence of lymph-vascular involvement, and tumor
size > 2 cm. Lymph-vascular involvement and tumor
size were consistent to those reported by previous
studies. Interestingly, female gender was an independent
predictive factor for LNM; this was a unique finding
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AIM: To evaluate the safety and efficacy of submucosal
tunneling and endoscopic resection (STER) for treating
submucosal tumors (SMTs).
METHODS: Between August 2012 and October 2013,
21 patients with SMTs originating from the muscularis
propria (MP) layer at the esophagogastric junction
were treated by STER of their tumors. Key steps of
the procedure include: (1) mucosal incision: a 2-cm
longitudinal mucosal incision was made 5 cm proximal
to the tumor; (2) submucosal tunneling: a submucosal
tunnel was created 5 cm proximal to and 1 to 2 cm distal
to the tumor; (3) tumor resection: the SMT was resected
under direct endoscopic viewing; (4) hemostasis: while
finishing the tumor resection, careful hemostasis of
the MP defect and the tunnel was performed; and (5)
mucosal closure: the mucosal incision site was closed by
using hemostatic clips. During the operation, equipment
used included a cap-fitted endoscope, an insulatedtip knife, a hook knife, hemostatic forceps, an injection
needle, a snare, an endoclip, and a high-frequency
generator. Carbon dioxide (CO 2 ) insufflation was
achieved by using a CO2 insufflator.
RESULTS: The median age of the patients was 46.2
years (range, 35-59 years), and the majority were
male (18 male vs 3 female). Complete resection rate
was 100% (21/21). Eighteen lesions were resected en
bloc . Mean tumor size was 23 mm (range, 10-40 mm),
and mean procedure time was 62.9 min (range, 45-90
min). Pathological diagnosis of these tumors included
leiomyoma (15 out of 21) and gastrointestinal stromal
tumor (6 out of 21). Full-thickness MP resection was
performed in 9 of 21 patients (42.9%), with mediastinal
and subcutaneous emphysema occurring in all nine. At
the completion of the procedure, all patients received
closure of the incision with hemoclips. One patient
required percutaneous drainage. The remaining 20
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as a new technique for resecting upper gastrointestinal
SETs[5-7]. This new endoscopic technique has advantages
over endoscopic submucosal dissection (ESD) in terms
of maintaining the integrity of the digestive tract mucosa
and submucosa, promoting rapid wound healing, and
reducing the risk of pleural/abdominal infection. The
present study was conducted to evaluate the safety
and efficacy of STER for SETs at the esophagogastric
junction originating from the MP layer.

patients required no further endoscopic or surgical
intervention. There were no incidents of massive or
delayed bleeding. The median follow-up period after the
procedure was 6 mo (range, 2-14 mo). During followup, no patients were found to have residual or recurrent
tumor or esophageal stricture.
CONCLUSION: STER is safe, effective and feasible,
which provides accurate histopathologic evaluation and
curative treatment for SMTs originating from the MP
layer at the esophagogastric junction.

MATERIALS AND METHODS

Key words: Submucosal tunneling and endoscopic resection; Esophagogastric junction; Subepithelial tumor;
Muscularis propria layer; Submucosal tunneling

Participants
The current study was a retrospective study conducted
at a single center in China. The study protocol was
approved by the hospital’s Internal Review Board and
Ethics Committee. Informed consent was obtained for
all procedures. Between August 2012 and October 2013,
21 patients with SETs originating from the MP layer
at the esophagogastric junction were treated by STER.
Endoscopic ultrasound (EUS) using an echoendoscope
(UM 240; Olympus Optical Co. Ltd., Tokyo, Japan)
and esophageal air-insufflation CT were performed
to determine the size, layer of origin, margin, interval
growth pattern of SETs, and the anatomical features of
the adjacent structures (Figure 1B).

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Submucosal tunneling and endoscopic resection
(STER) has emerged as a new technique for resecting
upper gastrointestinal subepithelial tumors (SETs).
This new endoscopic technique has advantages over
conventional endoscopic muscularis excavation in terms
of maintaining the integrity of the digestive tract mucosa
and submucosa, promoting rapid wound healing, and
reducing the risk of pleural/abdominal infection. The
present study was conducted to evaluate the safety
and efficacy of STER for SETs at the esophagogastric
junction originating from the muscularis propria layer.

STER procedure
Patients were sedated with intravenous propofol (2
mg/kg). Endotracheal intubation was performed for
positive pressure ventilation. Endoscopic equipment and
accessories were sterilized in a standard manner. The
esophagus and stomach were lavaged with levofloxacin
(0.6 g/200 mL). Equipment used included a cap-fitted
endoscope (GIF-H260, D-201-11802; Olympus, Tokyo,
Japan), an insulated-tip knife (KD-611L, IT2; Olympus),
a hook knife (KD-620LR, Olympus), hemostatic forceps
(FD-410LR, Olympus), an injection needle (NM-4L-1,
Olympus), a snare (SD-9L-1, Olympus), an endoclip
(HX-600-135, Olympus), and a high-frequency generator
(ICC-200, Erbe, Tu¨bing en, Ger many). Carbon
dioxide (CO2) insufflation was achieved by using a CO2
insufflator (UCR; Olympus, Tokyo, Japan).
The STER procedure was performed as follows. The
lesion and potential location of the submucosal tunnel
were injected with methylene blue or indigo carmine. A
fluid cushion was created 5 cm proximal to the SET by
injecting several milliliters of a solution containing 100
mL saline, 2 mL indigo carmine, and 1 mL epinephrine.
A 2 cm longitudinal mucosal incision was made and
a submucosal tunnel between the submucosal and
muscular layers was created. Endoscopic resection of
the SET was then performed through the created tunnel.
When the lesion was completely resected, it was removed
with a snare or forceps. All visible blood vessels were
coagulated with hot biopsy forceps or by argon plasma
coagulation. The mucosal incision site was closed with
hemoclips (Figure 1).

Zhou DJ, Dai ZB, Wells MM, Yu DL, Zhang J, Zhang L.
Submucosal tunneling and endoscopic resection of submucosal
tumors at the esophagogastric junction. World J Gastroenterol
2015; 21(2): 578-583 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i2/578.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i2.578

INTRODUCTION
Most esophageal and gastric cardia subepithelial tumors
(SETs) are benign, but the possibility of transformation
to malignancy considerably influences the attitude
towards the entire group, especially when SETs originate
from the muscularis propria (MP) layer[1-3]. Asymptomatic
gastrointestinal submucosal tumors (SMTs) which are <
3 cm could be followed by periodic endoscopy and/or
EUS or resection[4]. Conventional endoscopic muscularis
excavation of tumors originating from the MP layer has
been reported to be feasible and safe. However, SETs
at the esophagogastric junction are often irregular and
lobulated. Therefore, conventional endoscopic muscularis
excavation results in larger mucosal defects which are
difficult to close. Moreover, perforation is the common
complication when SETs originating from the MP
layer are treated by endoscopic resection. Submucosal
tunneling and endoscopic resection (STER) has emerged
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Figure 1 Submucosal tunneling and endoscopic resection of subepithelial tumors at the esophagogastric junction originating from the muscularis propria
layer. A: Endoscopic view of subepithelial tumors; B: Endoscopic ultrasonographic evaluation of the same lesion; C: Submucosal tunnel to the lesion (with a hook
knife); D: The exposed tumor; E: Annular growth of the tumor; F: The resected specimen; G: The mucosal entry incision; H: The closure of the mucosal entry incision
(with several clips).

Postoperative management
If there were no complications, an oral diet was restarted
1-2 d after the STER. Esomeprazole 40 mg twice daily (Astra
Zeneca, Soderalje, Sweden) was administered intravenously
during the patient’s hospital stay, and then orally for another
4 wk. When pneumothorax, pneumoperitoneum, or
subcutaneous emphysema occurred, patients were treated
by gastrointestinal decompression, intravenous infusion of
esomeprazole, intravenous antibiotics and suspension of
oral diet for 2-3 d. When the patient had no abdominal pain
and their vital signs were stabilized, they were progressed to
a full fluid diet.

Definitions
During the procedure, any bleeding affecting the field
of view and that could not be managed by endoscopic
methods is considered a complication[8]. Delayed bleeding is defined as active post-procedure bleeding diagnosed by endoscopy[9]. Perforation is considered to be
present if there is: endoscopic visualization of an extragastric structure during the procedure, subcutaneous
emphysema, pneumothorax, pneumoperitoneum, or
retroperitoneal gas with signs of peritonitis[10]. Resection is
deemed incomplete when negative margins could not be
established[10]. En bloc resection refers to resection in one
piece. Procedure time is calculated from the beginning
of the mucosal incision until the withdrawal of the
endoscope.

WJG|www.wjgnet.com

Pathological evaluation
Paraffin-embedded tissue sections were immunohistochemically
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(range, 3-7 d). The median follow-up period after the
procedure was 6 mo (range, 2-14 mo). No patients had
residual or recurrent tumors detected and no patients
had esophageal or gastric strictures during the follow-up
period (Table 1).

Table 1 Conditions of patients and effects of submucosal
tunneling and endoscopic resection
Variable

Value

Age (yr)
Sex
Male
Female
Tumor size (mm)
Pathological diagnosis
Leiomyoma
GIST
Methods of resection
Partial-thickness MP resection
Full-thickness MP resection
Complications
Perforation
Bleeding
Delayed bleeding
Hospital stay (d)
Follow-up period (mo)

46.2 yr (range, 35-59 yr)
18
3
23 mm (range, 10-40 mm)

DISCUSSION
Management of submucosal gastrointestinal tract lesions
continues to be a challenging and controversial topic.
Recent studies have reported that gastric SETs originating
from the MP layer could be successfully removed by
endoscopic full-thickness resection[11,12]. Management
of SETs at the esophagogastric junction provides further difficulties. First, the esophagogastric junction is
adjacent to the diaphragm, complicating the endoscopic
resection with movement from breathing as well as
esophageal peristalsis. Second, the shape of SETs of the
esophagogastric junction is often irregular and lobulated.
Moreover, SETs at the esophagogastric junction originating from the MP layer always grow annularly. Conventional endoscopic muscularis excavation causes large
mucosal defects which are difficult to close and often
result in strictures. Although conventional endoscopic
submucosal excavation (ESE) and endoscopic fullthickness resection (EFR) are very effective methods for
the removal of esophageal or cardial SETs originating
from the MP, they are found to have difficulty in closing
the mucosal incision site by using hemostatic clips and
have the possibility of resulting in strictures after the
formation of scar.
The submucosal tunneling technique was originally
described by Sumiyama as an access for natural orifice
transluminal endoscopic surgery[13]. This technique was
later modified by Pasricha and Inoue, who started to use
the submucosal tunnel as a working space for endoscopic
myotomy in patients with achalasia[14,15]. Motivated and
encouraged by this technique, Xu et al[6] used a similar
submucosal tunnel as a working space for endoscopic
muscularis dissection to resect esophageal or cardial SETs
involving the MP layer, and named it STER.
Compared with the other conventional ESD techniques,
the STER procedure differs in some aspects, although
resection could be performed completely by both ESD and
STER. First, a submucosal tunnel to the lesion is created
between the submucosal and muscular layers. There is a
certain distance between proximal mucosal incision and
SETs, so the mucosal incision is regular and closed easily.
Second, the gastroscope enters into the tunnel, providing
an improved endoscopic view for the resection. Last but
not least, when SETs originating from the MP layer are
successfully removed, part of the MP layer is resected at
the same time without harming the mucosa at the lesion,
which reduces the risk of post-procedure stricture in
theory.
In the present study, 21 patients with SETs at the
esophagogastric junction originating from the MP layer
underwent STER, and complete resection was achieved

15
6
12
9
9
0
0
4.3 (range, 3-7)
6 (range, 2-14)

MP: Muscularis propria.

stained with DAKO antibodies (Dako Poland LTD, Gdynia,
Poland). Tumors with positive staining for CD117 or
DOG-1, as well as CD34 were considered diagnostic of a
gastrointestinal stromal tumor. Tumors that were positive
for smooth muscle actin and desmin were diagnosed as
leiomyomas[7].
Follow-up
Surveillance endoscopy was performed to observe healing
of the wound at 1, 3, and 6 mo. Surveillance EUS was
performed at 3 mo.

RESULTS
The median age of the patients was 46.2 years (range,
35-59 years), and the male/female ratio was 6 (18 male
vs 3 female). Complete resection rate was 100% (21/21).
Eighteen lesions were resected en bloc. The mean size of
tumors was 23 mm (range, 10-40 mm). Mean procedure
time was 62.9 min (range, 45-90 min). Pathological
diagnosis of these tumors included leiomyoma (15 out
of 21) and gastrointestinal stromal tumor (6 out of
21). All patients had successful closure with hemoclips,
which maintained the integrity of the digestive tract
mucosa and submucosa. Full-thickness MP resection was
performed in 9 of 21 patients (42.9%), with mediastinal
and subcutaneous emphysema occurring in all nine. Nine
patients receiving full-thickness MP resection were treated
with anti-inflammatory therapy as well as fasting. Eight
of nine patients had successful closure with hemoclips
and required no further treatment. Mediastinal effusions
were found in one patient, with obvious fever occurring.
After treatment with anti-inflammatory therapy as well
as percutaneous drainage, the patient was discharged 7 d
later with normal temperature. There were no episodes of
massive or delayed bleeding.
The median hospital stay after procedure was 4.3 d
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junction originating from the MP layer always grow annularly. Conventional
endoscopic muscularis excavation causes large mucosal defects which are
difficult to close and often result in strictures. Therefore, the development of
new technique for resecting upper gastrointestinal SETs remains attractive.

in all 21 cases. Eighteen lesions were resected en bloc.
Results have shown no significant difference in complete
resection rate between ESE/EFR and STER. However,
when endoscope enters submucosal tunnel, it has little
effect on respiration during the procedure. What’s more,
a good field of view during the procedure contributes to
more accurate operation.
Although conventional endoscopic muscularis excavation
is a very effective method for the removal of esophageal
or cardial SETs originating from the MP, perforation is
frequently observed, especially in patients who have a fullthickness MP resection. In this study, considering that
submucosal tumors were irregular and lobulated, and
there was a close relationship between submucosal tumors
and deep longitudinal muscle, 9 patients were treated by
full-thickness MP resection. Of the 9 patients who had
a full-thickness MP resection, the mucosal entry site was
completely closed with endoscopic clips at the end of
the procedure, preventing leakage of the gastrointestnal
contents into the mediastinum or thoracoabdominal
cavity. Although the mucosal layer becomes the only
barrier between the gastrointestinal lumen and the visceral
cavity, a similar situation is observed after the widely used
Heller myotomy for achalasia, where a full-thickness
myotomy is covered only by the esophageal mucosal layer[16].
All 21 patients recovered with conservative treatment
without further endoscopic or surgical intervention. In this
study, it was observed that all patients were diagnosed with
mediastinum and subcutaneous emphysema. However,
mediastinal effusions were found in only one patient,
with obvious fever occurring. After treatment with antiinflammatory therapy as well as percutaneous drainage, the
patient was discharged 7 d later with normal temperature.
No massive bleeding, delayed bleeding, or other severe
complications occurred during or after the procedure.
When it comes to recurrence after resection, it should
be attached great importance to, especially for invasive
tumors like gastrointestinal stromal tumors. In this study,
no residual or recurrent tumors were detected and no
strictures were identified during the follow-up period
(median, 6 mo; range, 2-14 mo). Due to the limitation
of short follow-up period, it requires further clinical
observation. All in all, STER may provide a feasible, safe,
and effective treatment strategy for providing accurate
histopathologic evaluation and curative treatment for
SETs at the esophagogastric junction originating from the
MP layer.
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The submucosal tunneling technique was originally described by Sumiyama as
an access for natural orifice transluminal endoscopic surgery. This technique
was later modified by Pasricha and Inoue, who started to use the submucosal
tunnel as a working space for endoscopic myotomy in patients with achalasia.
Motivated and encouraged by this technique, Xu used a similar submucosal
tunnel as a working space for endoscopic muscularis dissection to resect
esophageal or cardial SETs involving the MP layer, and named it submucosal
tunneling and endoscopic resection (STER).
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Conventional endoscopic muscularis excavation results in larger mucosal
defects which are difficult to close. Moreover, perforation is the common
complication when SETs originating from the MP layer are treated by
endoscopic resection. However, STER has emerged as a new technique
for resecting upper gastrointestinal SETs. This new endoscopic technique
has advantages over endoscopic submucosal dissection (ESD) in terms
of maintaining the integrity of the digestive tract mucosa and submucosa,
promoting rapid wound healing, and reducing the risk of pleural/abdominal
infection.

Applications

Submucosal tunneling and endoscopic resection is a safe, effective and
feasible method, which provides accurate histopathologic evaluation and
curative treatment for submucosal tumors (SMTs) originating from the MP layer
at the esophagogastric junction.

Terminology

ESD is known as a kind of treatment modality for gastrointestinal epithelial
lesions.

Peer review

This paper describes the whole procedure of STER for treating SMTs. The main
thrust of the paper is that the authors aim to demonstrate its clinical efficacy
for the treatment of SMTs at the esophagogastric junction. This paper is well
written and reports an important study.

REFERENCES
1
2
3

4

5

COMMENTS
COMMENTS
Background

Management of submucosal gastrointestinal tract lesions continues to be a
challenging and controversial topic. Recent studies have reported that gastric
subepithelial tumors (SETs) originating from the muscularis propria (MP)
layer could be successfully removed by endoscopic full-thickness resection.
Management of SETs at the esophagogastric junction provides further
difficulties. First, the esophagogastric junction is adjacent to the diaphragm,
complicating the endoscopic resection with movement from breathing as well
as esophageal peristalsis. Second, the shape of SETs of the esophagogastric
junction is often irregular and lobulated. Moreover, SETs at the esophagogastric

WJG|www.wjgnet.com

6

582

Connolly EM, Gaffney E, Reynolds JV. Gastrointestinal
stromal tumours. Br J Surg 2003; 90: 1178-1186 [PMID:
14515284 DOI: 10.1002/bjs.4352]
Polkowski M, Butruk E. Submucosal lesions. Gastrointest
Endosc Clin N Am 2005; 15: 33-54, viii [PMID: 15555950 DOI:
10.1016/j.giec.2004.07.005]
Gill KR, Camellini L, Conigliaro R, Sassatelli R, Azzolini
F, Messerotti A, Woodward TA, Wallace MB, Jamil LH,
Raimondo M. The natural history of upper gastrointestinal
subepithelial tumors: a multicenter endoscopic ultrasound
survey. J Clin Gastroenterol 2009; 43: 723-726 [PMID: 19238092
DOI: 10.1097/MCG.0b013e31818a8457]
American Gastroenterological Association Institute. American Gastroenterological Association Institute medical
position statement on the management of gastric subepithelial
masses. Gastroenterology 2006; 130: 2215-2216 [PMID: 16762643
DOI: 10.1053/j.gastro.2006.04.032]
Khashab MA, Saxena P, Valeshabad AK, Chavez YH, Zhang
F, Akshintala V, Aguila G, Inoue H, Pasricha PJ, Neuhaus H,
Kalloo AN. Novel technique for submucosal tunneling and
endoscopic resection of submucosal tumors (with video).
Gastrointest Endosc 2013; 77: 646-648 [PMID: 23352498 DOI:
10.1016/j.gie.2012.11.011]
Xu MD, Cai MY, Zhou PH, Qin XY, Zhong YS, Chen WF,
Hu JW, Zhang YQ, Ma LL, Qin WZ, Yao LQ. Submucosal
tunneling endoscopic resection: a new technique for treating
upper GI submucosal tumors originating from the muscularis
propria layer (with videos). Gastrointest Endosc 2012; 75:
195-199 [PMID: 22056087 DOI: 10.1016/j.gie.2011.08.018]

January 14, 2015|Volume 21|Issue 2|

Zhou DJ et al . STER of submucosal tumors
7

8
9

10

11

Ye LP, Zhang Y, Mao XL, Zhu LH, Zhou XB, He SQ, Chen
JY, Jin X. Submucosal tunnelling endoscopic resection for the
treatment of esophageal submucosal tumours originating
from the muscularis propria layer: an analysis of 15 cases. Dig
Liver Dis 2013; 45: 119-123 [PMID: 22989470 DOI: 10.1016/
j.dld.2012.08.010]
Hoda KM, Rodriguez SA, Faigel DO. EUS-guided sampling
of suspected GI stromal tumors. Gastrointest Endosc 2009; 69:
1218-1223 [PMID: 19394006 DOI: 10.1016/j.gie.2008.09.045]
Mukai S, Cho S, Kotachi T, Shimizu A, Matuura G, Nonaka
M, Hamada T, Hirata K, Nakanishi T. Analysis of delayed
bleeding after endoscopic submucosal dissection for gastric
epithelial neoplasms. Gastroenterol Res Pract 2012; 2012: 875323
[PMID: 22536221 DOI: 10.1155/2012/875323]
Lee TH, Cho JY, Chang YW, Kim JO, Lee JS, Cho WY, Kim
HG, Kim WJ, Park YS, Jin SY. Appropriate indications for
endoscopic submucosal dissection of early gastric cancer
according to tumor size and histologic type. Gastrointest
Endosc 2010; 71: 920-926 [PMID: 20338564 DOI: 10.1016/
j.gie.2009.12.005]
Walz B, von Renteln D, Schmidt A, Caca K. Endoscopic fullthickness resection of subepithelial tumors with the use of
resorbable sutures (with video). Gastrointest Endosc 2011; 73:
1288-1291 [PMID: 21481864 DOI: 10.1016/j.gie.2011.01.052]

12

13

14

15

16

Zhou PH, Yao LQ, Qin XY, Cai MY, Xu MD, Zhong YS, Chen
WF, Zhang YQ, Qin WZ, Hu JW, Liu JZ. Endoscopic fullthickness resection without laparoscopic assistance for gastric
submucosal tumors originated from the muscularis propria.
Surg Endosc 2011; 25: 2926-2931 [PMID: 21424195 DOI:
10.1007/s00464-011-1644-y]
Sumiyama K, Gostout CJ, Rajan E, Bakken TA, Knipschield
MA, Marler RJ. Submucosal endoscopy with mucosal flap
safety valve. Gastrointest Endosc 2007; 65: 688-694 [PMID:
17324411 DOI: 10.1016/j.gie.2006.07.030]
Pasricha PJ, Hawari R, Ahmed I, Chen J, Cotton PB, Hawes
RH, Kalloo AN, Kantsevoy SV, Gostout CJ. Submucosal
endoscopic esophageal myotomy: a novel experimental
approach for the treatment of achalasia. Endoscopy 2007; 39:
761-764 [PMID: 17703382 DOI: 10.1055/s-2007-966764]
Inoue H, Minami H, Kobayashi Y, Sato Y, Kaga M, Suzuki M,
Satodate H, Odaka N, Itoh H, Kudo S. Peroral endoscopic
myotomy (POEM) for esophageal achalasia. Endoscopy 2010;
42: 265-271 [PMID: 20354937 DOI: 10.1055/s-0029-1244080]
Smith CD, Stival A, Howell DL, Swafford V. Endoscopic
therapy for achalasia before Heller myotomy results in
worse outcomes than heller myotomy alone. Ann Surg 2006;
243: 579-584; discussion 584-586 [PMID: 16632991 DOI:
10.1097/01.sla.0000217524.75529.2d]
P- Reviewer: Mou YP, Oka S, Wang BM
S- Editor: Qi Y L- Editor: Wang TQ E- Editor: Liu XM

WJG|www.wjgnet.com

583

January 14, 2015|Volume 21|Issue 2|

World J Gastroenterol 2015 January 14; 21(2): 584-592
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v21.i2.584

© 2015 Baishideng Publishing Group Inc. All rights reserved.

ORIGINAL ARTICLE
Retrospective Study

Prophylaxis against hepatitis B virus recurrence after liver
transplantation: A registry study
Shu Shen, Li Jiang, Guang-Qin Xiao, Lu-Nan Yan, Jia-Yin Yang, Tian-Fu Wen, Bo Li, Wen-Tao Wang,
Ming-Qing Xu, Yong-Gang Wei
positive patients from the China Liver Transplant
Registry database were enrolled between January 2000
and December 2009. Low-dose intramuscular (im)
HBIG combined with one nucleos(t)ide analogue has
been shown to be very cost-effective in recent reports.
Hepatitis B virus (HBV) prophylactic outcomes were
compared based on their posttransplant prophylactic
protocols [group A (n = 4684): im HBIG plus lamivudine; group B (n = 491): im HBIG plus entecavir;
group C (n = 158): im HBIG plus adefovir dipivoxil]. We
compared the related baseline characteristics among
the three groups, including the age, male sex, Meld
score at the time of transplantation, Child-Pugh score
at the time of transplantation, HCC, pre-transplantation
hepatitis B e antigen positivity, pre-transplantation HBV
deoxyribonucleic acid (HBV DNA) positivity, HBV DNA at
the time of transplantation, pre-transplantation antiviral
therapy, and the duration of antiviral therapy before
transplantation of the patients. We also calculated the
1-, 3- and 5-year survival rates and HBV recurrence
rates according to the different groups. All potential risk
factors were analyzed using univariate and multivariate
analyses.
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RESULTS: The mean follow-up duration was 42.1 ±
30.3 mo. The 1-, 3- and 5-year survival rates were
lower in group A than in groups B (86.2% vs 94.4%,
76.9% vs 86.6%, 73.7% vs 82.4%, respectively, P
< 0.001) and C (86.2% vs 92.5%, 76.9% vs 73.7%,
87.0% vs 81.6%, respectively, P < 0.001). The 1-, 3and 5-year posttransplant HBV recurrence rates were
significantly higher in group A than in group B (1.7%
vs 0.5%, 3.5% vs 1.5%, 4.7% vs 1.5%, respectively,
P = 0.023). No significant difference existed between
groups A and C and between groups B and C with
respect to the 1-, 3- and 5-year HBV recurrence rates.
Pretransplant hepatocellular carcinoma, high viral load
and posttransplant prophylactic protocol (lamivudine
and HBIG vs entecavir and HBIG) were associated with
HBV recurrence.

Abstract
AIM: To evaluate the prophylactic efficacy of hepatitis
B immunoglobulin (HBIG) in combination with different
nucleos(t)ide analogues.
METHODS: A total of 5333 hepatitis B surface antigen-
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CONCLUSION: Low-dose intramuscular HBIG in combination with a nucleos(t)ide analogue provides effective prophylaxis against posttransplant HBV recurrence,
especially for HBIG plus entecavir.

including high cost, inconvenient administration and
adverse effects. Currently, HBIG monotherapy is seldom
used for prophylaxis against HBV recurrence after LT.
Lamivudine (LAM) was subsequently considered a
potential prophylactic agent in LT because it is inexpensive and well tolerated. However, the initial enthusiasm
was tempered by the realization that long-term LAM
monotherapy is associated with drug resistance leading to
increased HBV reinfection[6,7].
Compared with the monotherapy, combination
therapy with LAM and high-dose intravenous (iv)
HBIG has shown encouraging outcomes with an HBV
recurrence rate of less than 10% in 1-2 years of followup[8]. However, the major limitation of this regimen is
its high cost, and other factors, including inconvenient
administration and unavailability of iv HBIG in some
countries. In China, many centers accept the prophylactic
protocol with LAM and low-dose intramuscular (im)
HBIG due to the national conditions and unavailability
of iv HBIG. With the introduction of new nucleos(t)ide
analogues, such as adefovir dipivoxil (ADV), telbivudine
and entecavir (ETV), some centers also chose the protocol with another nucleos(t)ide analogue and im HBIG to
prevent HBV reinfection after LT.
Using data from the China Liver Transplant Registry
database, the aim of this study was to evaluate the longterm prophylactic efficacy of HBIG in conjunction with
different nucleos(t)ide analogues in China and identify
the risk factors for posttransplant HBV recurrence.

Key words: Viral hepatitis; Recurrence; Hepatitis B
immunoglobulin; Liver transplantation; Nucleos(t)ide
analogue
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Little is known about which protocol has the
optimal prophylactic effects against hepatitis B virus
(HBV) recurrence. In this study, we used data from the
China Liver Transplant Registry database to evaluate
the long-term prophylactic efficacy of hepatitis B
immunoglobulin (HBIG) in combination with different
nucleos(t)ide analogues and determine the risk factors
for HBV recurrence. This nationwide multicenter study
demonstrated that low-dose intramuscular HBIG in
combination with a nucleos(t)ide analogue provides
effective prophylaxis against recurrent HBV infection
posttransplantation at approximately 5% of the cost
of conventional high-dose intravenous HBIG regimens.
Among them, low-dose intramuscular HBIG combined
with entecavir has better prophylactic efficacy than
the combination of low-dose intramuscular HBIG and
lamivudine.
Shen S, Jiang L, Xiao GQ, Yan LN, Yang JY, Wen TF, Li B,
Wang WT, Xu MQ, Wei YG. Prophylaxis against hepatitis B
virus recurrence after liver transplantation: A registry study.
World J Gastroenterol 2015; 21(2): 584-592 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v21/i2/584.htm
DOI: http://dx.doi.org/10.3748/wjg.v21.i2.584

MATERIALS AND METHODS
Patient cohort
Figure 1 shows the inclusion and exclusion criteria for
the cohort from the China Liver Transplant Registry
database (https://www.cltr.org/). A total of 13273 adult
HBsAg-positive patients were initially enrolled between
January 2000 and December 2009; however, 168 patients
with suspect data or with oral antiviral drug resistance
before LT were excluded. After excluding 7727 patients
who had incomplete data for analysis or did not use
the prophylactic protocol with low-dose im HBIG and
one nucleos(t)ide analogue, 5378 patients remained. We
excluded an additional 45 patients with low-dose im
HBIG and telbivudine because of the small size sample.
Finally, 5333 patients were included. The patients were
divided into the following three groups based on the
nucleos(t)ide analogues used for the prophylaxis protocol:
group A (n = 4684), which consisted of patients with
HBIG and LAM; group B (n = 491), which consisted
of those with HBIG and ETV; and group C (n = 158),
which consisted of those with HBIG and ADV. The
patients were monitored until September 2012 or until
they were deceased, and their medical records were
retrospectively reviewed. Living and deceased donations
were voluntary and altruistic in all cases, approved by
Ethics Committee of West China Hospital of Sichuan
University, and in accordance with the ethical guidelines

INTRODUCTION
Globally, chronic hepatitis B remains the leading cause
of liver-related mortality and accounts for more than one
million deaths per annum. Hepatitis B virus (HBV)-related
liver diseases account for approximately 78% of all adult
liver transplant recipients[1]. In selected patients with endstage HBV-related liver diseases, liver transplantation (LT)
offers a life-saving treatment with a 5-year survival rate
of approximately 70%-80%. However, the main problem
in hepatitis B surface antigen (HBsAg)-positive recipients
is the risk of HBV recurrence posttransplantation, which
may lead to rapid disease progression or even death[2,3].
Before the availability of antiviral prophylaxis, HBVrelated liver disease was considered a relative contraindication for LT because of a high HBV recurrence rate
(80%)[4]. In 1987, hepatitis B immunoglobulin (HBIG)
became available and its long-term use reduced the 3-year
actuarial risk of HBV reinfection from 74% to 36%[5].
However, HBIG monotherapy has several disadvantages,
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13273 HBsAg-positivc patients enrolled from 2000 to 2009

168 excluded for suspect data or with antiviral drug
resistance before LT
13105 HBsAg-positive patients

7727 excluded (incomplete data or did not use the
prophylactic protocol with low-dose im HBIG and one
nucleos(t)ide analogue)

5378 HBsAg-positive patients with low-dose im
HBIG and one nucleos(t)ide analogue

45 patients with low-dose im HBIG and telbivudine
excluded because of the small size sample

5333 HBsAg-positive patients with low-dose im
HBIG and LAM or ETV or ADV

Group A (4684 patients
with HBIG and LAM)

Group B (491 patients
with HBIG and ETV)

Group C (158 patients
with HBIG and ADV)

Figure 1 Flow of enrollment of study participants. HBsAg: Hepatitis B surface antigen; LT: Liver transplantation; im: Intramuscular; HBIG: Hepatitis B
immunoglobulin; LAM: Lamivudine; ETV: Entecavir; ADV: Adefovir dipivoxil.

of the Declaration of Helsinki. Written informed consent
was given by participants for their clinical records to be
used in this study.

and donors. Serum HBV DNA was determined using
quantitative polymerase chain reaction method, with a
limit of detection of 1000 copies/mL. After LT, liver
function profiles were checked daily for the first week and
then weekly for the first month, and monthly thereafter.
Serum HBV markers were monitored weekly for the first
month and monthly thereafter, and HBV DNA levels
were evaluated monthly. HBV recurrence was defined as
the reappearance of either HBsAg or HBV DNA in the
serum. Liver biopsies were performed when clinically
indicated by an elevation in serum liver enzyme levels.

HBV prophylaxis protocol
Prior to LT, patients with detectable serum HBV DNA
received one nucleos(t)ide analogue daily, such as
LAM, ETV or ADV, and the same nucleos(t)ide analogue was administered posttransplantation. HBIG
was administered intramuscularly using a fixed dosing
schedule, which consisted of 2000 IU of HBIG in the
anhepatic phase, followed by 800 IU daily for the next 6 d,
followed by weekly for 3 wk, and monthly thereafter.

Statistical analysis
SAS 9.2 statistical software was used to analyze the relevant data. Categorical data were presented as a number
(percent) and compared using a χ 2 test. Continuous
variables were expressed as mean ± SD, and analyzed
using the Wilcoxon test. Survival curves and HBV recurrence were estimated using the Kaplan-Meier method and
differences among ordered categories were determined
by log-rank test. The Cox proportional hazards model
was used to test potential predictors of HBV recurrence
after LT. Univariate results were reported as hazard ratios
with 95%CI. The variables reaching statistical significance
(P < 0.10) by univariate analysis were then included for
multivariate analysis with proportional hazard regression.
P < 0.05 was considered statistically significant.

Immunosuppression
Maintenance immunosuppression consisted of a tripledrug regimen that included tacrolimus or cyclosporine,
mycophenolate and prednisone. Prednisone was generally
discontinued within 3 to 6 mo after LT.
HBV evaluation
Prior to LT, viral markers including HBsAg, hepatitis B
surface antibody (HBsAb), hepatitis B e antigen (HBeAg),
hepatitis B e antibody, hepatitis B core antibody (HBcAb)
and antibody to hepatitis C virus were routinely measured
using standard commercial assays (Abbott Laboratories,
Chicago, IL) as part of the Pre-LT workup for recipients
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Table 1 Baseline characteristics of the recipients and their donors n (%)
Group A

Group B

P value

Group C

A <-> B A <-> C B <-> C
Number of patients
Age, mean ± SD (range) (yr)
Male sex
MELD score at LT, mean ± SD (range)
Child-Pugh score at LT, mean ± SD (range)
With HCC
Pre-LT HBeAg positivity
Pre-LT HBV DNA positivity
HBV DNA ≥ 105 copies/mL at LT
Pre-LT antiviral therapy
Duration of antiviral therapy before LT,
mean ± SD (range) (d)
Number of donors
Age, mean ± SD (range) (yr)
Male sex
Deceased donor
Living donor
BMI, mean ± SD (range)
HBsAb positivity
HBcAb positivity

4684
48.2 ± 9.3 (19-76)
4136 (88.3)
18.0 ± 9.5 (6-84)
8.9 ± 2.5 (5-15)
2146 (45.8)
1169 (25.0)
2248 (48.0)
1024 (21.9)
2604 (55.6)
233.4 ± 604.4 (1-7633)

491
48.3 ± 9.5 (19-73)
436 (88.8)
17.6 ± 10.1 (6-65)
8.7 ± 2.8 (5-15)
251 (51.1)
171 (34.8)
168 (34.2)
40 (8.1)
272 (55.4)
92.8 ± 299.3 (1-3280)

158
48.4 ± 8 (26-71)
142 (89.9)
16.8 ± 9.2 (6-50)
8.7 ± 2.7 (5-14)
76 (48.1)
58 (36.7)
62 (39.2)
17 (10.8)
104 (65.8)
347.1 ± 899.0 (2-7766)

0.892
0.744
0.205
0.391
0.025
< 0.001
< 0.001
< 0.001
0.934
0.804

0.998
0.544
0.250
0.771
0.571
0.001
0.030
0.001
0.011
< 0.001

0.956
0.707
0.847
0.999
0.509
0.667
0.251
0.313
0.021
< 0.001

4684
28.8 ± 6.2 (18-62)
4495 (96.0)
4373 (93.4)
311 (6.6)
22.4 ± 2.7 (15.5-52.1)
606 (12.9)
160 (3.4)

491
29.1 ± 6.9 (19-61)
467 (95.1)
424 (86.4)
67 (13.7)
23.2 ± 2.7 (17.6-30.5)
68 (13.8)
21 (4.3)

158
29.3 ± 6.3 (20-51)
147 (93.0)
129 (81.7)
29 (18.3)
22.6 ± 2.9 (15.8-28.4)
27 (17.1)
2 (1.3)

0.997
0.365
< 0.001
< 0.001
0.069
0.568
0.323

0.700
0.069
< 0.001
< 0.001
0.895
0.128
0.139

0.737
0.315
0.147
0.147
0.646
0.316
0.075

MELD: Model for end-stage liver disease; LT: Liver transplantation; HCC: Hepatocellular carcinoma; HBeAg: Hepatitis B e antigen; HBV DNA: Hepatitis B
virus deoxyribonucleic acid; BMI: Body mass index; HBsAb: Hepatitis B surface antibody; HBcAb: Hepatitis B core antibody.

Table 2 Posttransplant survival of the recipients
Group A
Recipients (n)
Death during the follow-up (n)
Cumulative survival rate
1-yr
3-yr
5-yr
Duration of follow-up,
mean ± SD (range) (mo)

Group B

4684
939

491
57

158
18

86.2%
76.9%
73.7%
45.8 ± 33.7 (0-141.8)

94.4%
86.6%
82.4%
30.2 ± 17.2 (0.1-77.1)

92.5%
87.0%
81.6%
35.1 ± 20.5 (0.2-84.2)

A <-> B

A <-> C

B <-> C

---

---

---

< 0.001

< 0.001

0.137

--

--

--

characteristics with respect to age, gender, body mass
index, percentage of donors with serum positive HBsAb
and HBcAb.

RESULTS
Baseline characteristics
Table 1 shows the baseline characteristics of the 5333
HBsAg-positive recipients using the prophylactic
protocol with one nucleos(t)ide analogue and low-dose
im HBIG. No differences existed among the recipients
in groups A, B and C with respect to age, gender, preLT model for end-stage liver disease and pre-LT ChildPugh score. However, group A had more recipients with
positive HBV DNA and with high viral load (HBV DNA
5
≥ 10 copies/mL) before transplantation than groups B
and C. group C had more patients using antiviral therapy
and longer duration of antiviral therapy before LT than
groups A and B. group B had more patients combined
with hepatocellular carcinoma (HCC) than groups A and
C. In addition, both groups B and C had more patients
with positive HBeAg before LT than group A.
Table 1 also lists the baseline characteristics of the
donors. The donors in the three groups had similar
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P value

Group C

Patient survival
As shown in Table 2, 939 recipients died during the
follow-up in group A, 57 in group B and 18 in group C.
The survival curve for each group is shown in Figure
2A. The 1-, 3- and 5-year survival rates were significantly
lower in group A than in groups B (86.2% vs 94.4%,
76.9% vs 86.6%, 73.7% vs 82.4%, respectively, P < 0.001)
and C (86.2% vs 92.5%, 76.9% vs 87.0%, and 73.7% vs
81.6%, respectively, P < 0.001). In addition, the 1-, 3and 5-year survival rates were 94.4%, 86.6% and 82.4%,
respectively, in group B vs 92.5%, 87.0% and 81.6%,
respectively, in group C (P = 0.137).
HBV recurrence
During the follow-up period, 179 patients experienced
HBV recurrence in group A, 5 in group B and 3 in group
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Posttransplant HBV recurrence rate (%)
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Posttransplant survival (%)
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Figure 2 Cumulative posttransplant survival and hepatitis B virus recurrence rates for each group. A: Cumulative posttransplant survival; B: Cumulative
posttransplant hepatitis B virus recurrence. HBIG: Hepatitis B immunoglobulin; LAM: Lamivudine; ETV: Entecavir; ADV: Adefovir dipivoxil.

Table 3 Posttransplant hepatitis B virus recurrence of the recipients
Group A
Recipients (n)
HBV recurrence during the follow-up (n)
Death in patients with HBV recurrence (n)
Cumulative HBV recurrence rate
1-yr
3-yr
5-yr

Group B

A <-> B

A <-> C

B <-> C

4684
179
47

491
5
2

158
3
1

-

-

-

1.7%
3.5%
4.7%

0.5%
1.5%
1.5%

0.7%
1.5%
4.4%

0.023

0.060

0.234

C (Table 3). As shown in Figure 2B, the 1-, 3- and 5-year
HBV recurrence rates were significantly higher in group
A than in group B (1.7% vs 0.5%, 3.5% vs 1.5%, 4.7% vs
1.5%, respectively, P = 0.023). No significant difference
existed between groups A and C with respect to the 1-, 3and 5-year HBV recurrence rates (1.7% vs 0.7%, 3.5% vs
1.5%, 4.7% vs 4.4%, respectively, P = 0.060) and between
groups B and C with respect to the 1-, 3- and 5-year
HBV recurrence rates (0.5% vs 0.7%, 1.5% vs 1.5%, 1.5%
vs 4.4%, respectively, P = 0.234).

group B, and $4544 and $2918 for group C.

DISCUSSION
One goal of this study was to evaluate the prophylactic
effects of low-dose im HBIG and different nucleos(t)ide
analogues on posttransplant HBV recurrence in China.
Presently, several nucleos(t)ide analogues are available
for the treatment of chronic hepatitis B. Of these, ETV,
which is a very potent anti-HBV selective guanosine
analog, has higher efficacy than LAM or ADV in patients
with chronic hepatitis B, therefore resulting in earlier and
superior reduction in HBV DNA[9-11]. In addition, ETV
is associated with a high genetic barrier to resistance that
requires multiple mutations for resistance to emerge. In
nucleoside-naive patients, the probability of developing
resistance to ETV remained consistently low (< 1.2%)
after 96 wk of therapy[12]. In view of the satisfactory
outcomes of ETV in the non-transplant setting, ETV
and HBIG may be a more effective prophylaxis protocol
in transplant recipients than HBIG plus LAM or ADV.
However, there are limited data on the use of ETV
and HBIG in the transplant setting. To the best of our
knowledge, there are three studies on patients receiving
ETV and HBIG after LT[13-15]. One representative research was from Ueda et al[13] in 2013, in which ETV and
HBIG resulted in no HBV recurrence during the median
follow-up period of 25.1 mo in 26 patients. However,

Risk factors for posttransplant HBV recurrence
As shown in Table 4, pre-LT recipient with HCC, serum
HBV DNA ≥ 105 copies/mL, not using ETV before
transplantation, post-LT HBV prophylactic protocol
(LAM and HBIG vs ETV and HBIG), female donor
and donor with negative serum HBsAb were significant
risk factors for HBV recurrence by univariate analysis
(P < 0.10). In multivariate analysis, pre-LT HCC, serum
HBV DNA ≥ 105 copies/mL and posttransplant HBV
prophylactic protocol (LAM and HBIG vs ETV and
HBIG) were found to be independent predictive factors
for posttransplant HBV recurrence (P < 0.05) (Table 5).
Cost for the prophylaxis protocols
The cost for group A was approximately $4367 in the
first year posttransplantation and $2741 yearly thereafter,
and the corresponding figures were $5485 and $3860 for

WJG|www.wjgnet.com

P value

Group C

588

January 14, 2015|Volume 21|Issue 2|

Shen S et al . Prevention of HBV reinfection posttransplantation
Table 4 Univariate Cox proportional hazards analysis for posttransplant hepatitis B virus recurrence
Hazard ratio

95%CI

P value

18-29 vs ≥ 65
30-39 vs ≥ 65
40-49 vs ≥ 65
50-64 vs ≥ 65
Male vs Female
6-9 vs 30-40
10-19 vs 30-40
20-29 vs 30-40
5-6 vs 10-15
7-9 vs 10-15
Yes vs No
Positive vs Negative

2.281
1.441
1.910
1.657
1.092
1.347
1.226
1.034
0.921
1.029
1.438
1.176

0.589-8.831
0.438-4.736
0.603-6.057
0.522-5.262
0.687-1.737
0.789-2.300
0.767-1.958
0.613-1.744
0.584-1.452
0.710-1.492
1.078-1.919
0.956-1.772

0.232
0.547
0.272
0.392
0.710
0.276
0.395
0.899
0.723
0.879
0.014
0.325

Positive vs Negative
Yes vs No

1.185
1.395

0.805-1.743
1.012-1.921

0.389
0.042

Yes vs No
Yes vs No
Yes vs No
HBIG + LAM vs HBIG + ETV
HBIG + ADV vs HBIG + ETV

0.930
0.133
0.328
2.949
1.714

0.697-1.241
0.019-0.949
0.046-2.333
1.210-7.188
0.410-7.171

0.622
0.044
0.265
0.017
0.461

Living donor vs Deceased donor
Male vs Female
Positive vs Negative
Positive vs Negative

0.900
0.564
0.481
1.598

0.500-1.621
0.298-1.067
0.267-0.864
0.786-3.247

0.726
0.078
0.014
0.195

Factor
Age (yr)

Gender
Pre-LT MELD score

Pre-LT Child-Pugh score
Pre-LT with HCC
Pre-LT HBeAg status
Pre-LT serum HBV DNA level
HBV DNA
HBV DNA ≥ 105 copies/mL
Pre-LT antiviral therapy
Using LAM
Using ETV
Using ADV
Post-LT HBV prophylactic protocol
Donor profiles
Donor source
Donor gender
Donor HBsAb positivity
Donor HBcAb positivity

LT: Liver transplantation; MELD: Model for end-stage liver disease; HCC: Hepatocellular carcinoma; HBeAg: Hepatitis B e antigen; HBV DNA: Hepatitis B
virus deoxyribonucleic acid; LAM: Lamivudine; ETV: Entecavir; ADV: Adefovir dipivoxil; HBIG: Hepatitis B immunoglobulin; HBsAb: Hepatitis B surface
antibody; HBcAb: Hepatitis B core antibody.

Table 5 Multivariate Cox proportional hazards analysis for posttransplant hepatitis B virus recurrence
Hazard ratio

95%CI

P value

Yes vs No
Yes vs No
Yes vs No
HBIG + LAM vs HBIG + ETV

1.718
1.370
0.166
2.127

1.243-2.375
0.989-1.897
0.019-1.484
0.416-3.055

0.001
0.048
0.108
0.046

Male vs Female
Positive vs Negative

0.632
0.526

0.156-1.144
0.265-1.045

0.201
0.066

Factor
Pre-LT with HCC
Pre-LT serum HBV DNA ≥ 105 copies/mL
Pre-LT using ETV
Post-LT HBV prophylactic protocol
Donor profiles
Donor gender
Donor HBsAb positivity

LT: Liver transplantation; HCC: Hepatocellular carcinoma; HBV DNA: Hepatitis B virus deoxyribonucleic acid; ETV: Entecavir; HBIG: Hepatitis B
immunoglobulin; LAM: Lamivudine; HBsAb: Hepatitis B surface antibody.

these studies were limited due to small size and short
follow-up. It is difficult to draw a definite conclusion.
Recently, Cholongitas et al[16] have published a systematic
review about ETV and HBIG after LT. Their findings
favor the use of HBIG and an hgbNA such as ETV
instead of HBIG combined with LAM for prophylaxis
against HBV recurrence after LT. In the nationwide
multicenter study, combination prophylaxis with ETV
and low-dose im HBIG resulted in 1-, 3- and 5-year HBV
recurrence rates of 0.5%, 1.5% and 1.5%, respectively,
which were significantly lower than those in group B with
LAM and low-dose im HBIG (1-, 3- and 5-year HBV
recurrence rates of 1.7%, 3.5% and 4.7%, respectively, P
= 0.023). Our result definitely reinforces the role of ETV
in HBV prophylaxis after LT.
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Another goal of this study was to identify the risk
factors for posttransplant HBV recurrence. Three factors
[pre-LT HCC, serum HBV DNA ≥ 10 5 copies/mL
and posttransplant HBV prophylactic protocol (LAM
plus HBIG vs ETV plus HBIG)] were associated with
posttransplant HBV recurrence in our study.
Currently, the role of HCC in posttransplant HBV
recurrence remains unclear. Some studies have reported
that pre-LT HCC is an important risk factor for HBV
recurrence in patients undergoing transplantation[17,18],
while others found no association between them[19,20].
In 2008, Faria et al [17] found that pre-LT HCC was
associated with an increased risk of HBV reinfection
after transplantation. Eleven of the 31 patients with
HCC at the time of transplantation presented with HBV
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recurrence, and 3 of the 68 patients without HCC had
HBV recurrence (P < 0.001). Recently, Xu et al[18] also
reported a similar relationship between pre-LT HCC
and post-LT HBV recurrence, one potential theoretical
explanation for which may be that a large tumor burden
on the explants may indicate the presence of extrahepatic,
micrometastatic sites, which may serve as a source for
HBV replication. The large cohort and long follow-up of
this study are enough to evaluate the role of pre-LT HCC
in posttransplant HBV recurrence, and our results further
verify the close connection between pre-LT HCC and
post-LT HBV reinfection. To reduce the impact of this
risk factor, potent prophylactic protocols, such as ETV
and low-dose im HBIG, may be recommended after LT
in patients with pre-LT HCC.
As shown in the literature, positive HBV DNA or high
pre-LT viral load has always been an important predictor
of HBV reinfection posttransplantation[21-24]. Consistent
with previous studies, the present data indicated that a
pre-LT viral load greater than 105 copies/mL was an
independent risk factor for hepatitis B relapse after LT.
To reduce the impact of this risk factor, effective antiviral
therapy is necessary. However, in practice the duration of
antiviral therapy before LT varies among patients because
it largely depends on the predictability of transplant
timing. Therefore, the goal of reducing the HBV DNA
level sufficiently prior to LT may not be achieved in every
recipient.
As mentioned before, combination therapy with
ETV and low-dose im HBIG has been proven to be a
potent prophylactic protocol. In contrast, the regimen
with LAM and low-dose im HBIG resulted in a higher
rate of HBV recurrence. The relative weak prophylactic
efficacy of LAM and HBIG compared with that of
ETV and HBIG was also proven by both univariate and
multivariate analyses. Therefore, ETV and HBIG may
be considered an efficient therapy for the prevention of
HBV recurrence after transplantation.
In addition, the predictive value of the pre-LT HBeAg status on HBV relapse posttransplantation remains
controversial. Steinmüller et al[25] found that post-LT
HBV recurrence rate was associated significantly with
the preoperative HBeAg status. Patients in the positive
HBeAg group showed a significantly higher recurrence
rate than HBeAg-negative patients. In contrast, other
studies reported negative results[24,26]. In this study, no
significant difference was observed between the recipients
with serum positive HBeAg and those with negative
HBeAg (Table 4). It appears that preoperative HBeAg
status is less valuable than the HBV DNA in predicting
HBV recurrence.
The present study has several limitations, mainly
based on its retrospective nature. We could not evaluate
the prophylactic efficacy of the regimen with telbivudine
and low-dose im HBIG because of the small size sample
(45 cases), which could not reach a statistical significance.
We also could not acquire detailed data on the posttransplant resistance of oral antiviral drugs. However, the
large size (5333 cases) and long follow-up (mean, 42.1
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± 30.3 mo) of this current study has enabled accurate
evaluation of prophylactic efficacy of different regimens
and potential predictors of posttransplantation HBV
recurrence.
In conclusion, this nationwide multicenter study
demonstrated that low-dose im HBIG and one nucleos(t)ide analogue provides an effective prophylaxis against
recurrent HBV infection posttransplantation at approximately 5% of the cost of conventional high-dose iv
HBIG regimens. Among them, low-dose im HBIG
combined with ETV has better prophylactic efficacy than
the combination therapy with low-dose im HBIG and
LAM. Thus, we suggest that ETV and low-dose HBIG
should be considered an efficient therapy in our country
instead of LAM and low-dose HBIG. In addition, three
factors [pre-LT HCC, serum positive HBV DNA ≥
105 copies/mL and posttransplant HBV prophylactic
protocol (LAM and HBIG vs ETV and HBIG)] were
associated with posttransplant HBV recurrence in our
study.
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Background

Hepatitis B virus (HBV)-related liver diseases account for approximately 78%
of all adult liver transplant recipients. However, the main issue in hepatitis
B surface antigen (HBsAg)-positive recipients is the risk of HBV recurrence
posttransplantation, which may lead to rapid disease progression or even
death. With the introduce of new nucleos(t)ide analogues, such as adefovir
dipivoxil, telbivudine and entecavir (ETV), some centers also chose the
protocol with another nucleos(t)ide analogue and intramuscular (im) hepatitis
B immunoglobulin (HBIG) to prevent HBV reinfection after liver transplantation
(LT).

Research frontiers

Currently, little is known about which protocol has the optimal prophylactic
effects against HBV recurrence. Authors use the data from China Liver
Transplant Registry database to evaluate the long-term prophylactic efficacy
of HBIG plus different nucleos(t)ide analogue and find the risk factors for HBV
recurrence. Among them, low-dose intramuscular HBIG combined with ETV
has better prophylactic effect than the combination therapy with low-dose
intramuscular HBIG and lamivudine (LAM).

Innovations and breakthroughs

The results suggest that low-dose intramuscular HBIG combined with ETV
has better prophylactic effect than the combination therapy with low-dose
intramuscular HBIG and LAM.

Applications

Authors suggest that ETV plus low-dose HBIG should be considered an
efficient therapy in their country instead of LAM and low-dose HBIG.

Terminology

LT is the replacement of a diseased liver with part or all of a healthy liver from
another person. In patients with end-stage HBV-related liver diseases, LT offers
a life-saving treatment. However, the main issue in HBsAg-positive recipients
is the risk of HBV recurrence posttransplantation, which may lead to rapid
disease.

Peer review

The paper reports on the results of the China Liver Transplant Registry on HBV
prophylaxis in patients receiving liver transplantation. They conclude that a
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lower dose of HBIG plus adefovir or entecavir or lamivudine results in excellent
treatment response, especially the combination HBIG/entecavir. The paper is
well written and of highly clinical implications.
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Short turn radius colonoscope in an anatomical model:
Retroflexed withdrawal and detection of hidden polyps
Sarah K McGill, Shivangi Kothari, Shai Friedland, Ann Chen, Walter G Park, Subhas Banerjee
with twelve simulated polyps “hidden” behind haustral
folds and five placed in easily viewed locations in
each model. Five blinded endoscopists examined two
colon models in random order with the conventional or
RetroView™ colonoscope, utilizing standard withdrawal
technique. The third colon model was then examined
with the RetroView™ colonoscope withdrawn initially
in retroflexion and then in standard withdrawal. Polyp
detection rates during standard and retroflexed withdrawal
of the conventional and RetroView™ colonoscopes were
determined. Polyp detection rates for combined standard
and retroflexed withdrawal (combination withdrawal) with
the RetroView™ colonoscope were also determined.
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RESULTS: For hidden polyps, retroflexed withdrawal
using the RetroView™ colonoscope detected more
polyps than the conventional colonoscope in standard
withdrawal (85% vs 12%, P = 0.0001). For hidden
polyps, combination withdrawal with the RetroView™
colonoscope detected more polyps than the conventional
colonoscope in standard withdrawal (93% vs 12%, P ≤
0.0001). The RetroView™ colonoscope in “combination
withdrawal” was superior to other methods in detecting
all (hidden + easily visible) polyps, with successful
detection of 80 of 85 polyps (94%) compared to 28
(32%) polyps detected by the conventional colonoscope
in standard withdrawal (P < 0.0001) and 67 (79%)
polyps detected by the RetroView™ colonoscope in
retroflexed withdrawal alone (P < 0.01). Continuous
withdrawal of the colonoscope through the colon model
while retroflexed was achieved by all endoscopists. In a
post-test survey, four out of five colonoscopists reported
that manipulation of the colonoscope was easy or very
easy.

Abstract
AIM: To evaluate the new RetroView™ colonoscope
and compare its ability to detect simulated polyps
“hidden” behind colonic folds with that of a conventional
colonoscope, utilizing anatomic colon models.

CONCLUSION: In simulated testing, the RetroView™
colonoscope increased detection of hidden polyps.
Combining standard withdrawal with retroflexed withdrawal may become the new paradigm for “complete
screening colonoscopy”.

METHODS: Three anatomic colon models were prepared,
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Core tip: Polyps located on the proximal side of colon
folds can be challenging to detect. The new RetroView™
colonoscope has a short turning radius that allows a
retroflexed view of the colon during withdrawal. In this
bench colon model study, the RetroView™ colonoscope
detected more proximally-located, “hidden” polyps
during retroflexed withdrawal, than a conventional
colonoscope withdrawn in standard fashion. The highest polyp detection rate was achieved when the
RetroView™ colonoscope was withdrawn in retroflexion
followed by standard withdrawal. This combination of
standard and retroflexed withdrawal holds promise
for optimizing polyp detection in patients undergoing
screening colonoscopy.

Figure 1 RetroView™ colonoscope being withdrawn in retroflexion
through a patient’s descending colon.

using conventional colonoscopes and standard withdrawal
techniques[11,12]. When used in conjunction with standard
withdrawal, retroflexion of a conventional colonoscope
in the right colon with withdrawal in retroflexion up to
the hepatic flexure (allowing visualization of the proximal
aspect of colonic folds), was shown to detect additional
polyps in 5.8% of patients undergoing screening or surveillance colonoscopy[13].
Colonoscope technology has evolved mainly on
the optical front, with incorporation of high definition
imaging, wide angled lenses and electronic chromoendoscopy such as narrow band imaging (NBI, Olympus
America, Center Valley, PA), i-SCAN™ (PENTAX of
America, Montvale, NJ) and Fuji Intelligent ChromoEndoscopy (FICE™, Fujinon Endoscopy, Wayne, NJ).
However, there has been no significant evolution of the
mechanical ability of colonoscopes over the last two
decades and visualizing the proximal aspects of folds,
flexures and valves remains a challenge. Although use of
a disposable retrograde viewing device advanced via the
accessory channel of a standard colonoscope was shown
to increase adenoma detection[14-17], this device has not been
widely adopted due to technical, cost and payer issues.
The PENTAX EC-3490TLi RetroView™ is a new
slim colonoscope with a short turn radius (STR) at the
colonoscope’s tip, allowing easy retroflexion in the right
colon or transverse colon (Video 1). In addition, it has
a relatively narrow retroflexed profile, which potentially
allows complete withdrawal in full retroflexion from
the cecum to the rectum in many patients (Figure 1).
This may allow for detection of polyps hidden behind
flexures, folds and valves, which may not be seen during
a standard “forward viewing” withdrawal.
Our objective was to compare the ability of the PENTAX RetroView™ colonoscope with that of a conventional slim colonoscope in detecting simulated hidden
polyps in an anatomic colonic model, particularly those
situated behind flexures and folds. In this study, the
polyp detection rate of the RetroView™ colonoscope on
retroflexed withdrawal, standard withdrawal and “combination” withdrawal (retroflexed + standard withdrawal)
was compared to that of the conventional colonoscope

McGill SK, Kothari S, Friedland S, Chen A, Park WG, Banerjee
S. Short turn radius colonoscope in an anatomical model:
Retroflexed withdrawal and detection of hidden polyps. World
J Gastroenterol 2015; 21(2): 593-599 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i2/593.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i2.593

INTRODUCTION
Colorectal cancer is the second most common cause of
cancer related mortality in the United States with over
50000 deaths reported annually[1]. Colonoscopy is widely
considered the optimal screening modality for colorectal
cancer[2], and has been widely adopted for this purpose
since Medicare coverage for screening colonoscopy
was initiated in 2001. However, interval colorectal cancers following colonoscopy do occur, indicating that
colonoscopy offers incomplete protection, particularly
in the right colon [3-7]. Interval cancers may arise as a
consequence of differential tumor biology, incompletely
resected polyps or polyps that are entirely missed at
colonoscopy. That polyps are missed at colonoscopy has
long been evident. Three tandem colonoscopy studies
performed over the last two decades have indicated
that colonoscopy is associated with a significant polyp
miss rate, with around 6%-27% of adenomas missed at
colonoscopy, with the higher miss rates noted for smaller
polyps[8-10].
Multiple factors may contribute to polyps being
missed at colonoscopy, including suboptimal bowel
preparation, inadequate colonic distension, unrecognized
flat polyps, and inadequate endoscopy technique, particularly rapid colonoscope withdrawal. A significant additional factor is that polyps located on the proximal aspect
of colonic haustral folds, flexures and valves may be
missed due to the difficulties in visualizing these areas
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is visually identical to a conventional slim colonoscope. It
is however unique in that it has a short turning radius and
in the fully retroflexed position, the maximal width of the
bending section (i.e., distance including main scope shaft
and retroflexed shaft) is only 40 mm (Figure 3).
Five endoscopists with varying levels of experience
participated in the study. A technical team prepared each
model by advancing the selected colonoscopes to the
cecum. The conventional colonoscope was advanced
to the cecum in one model and the RetroView™ colonoscope was advanced to the cecum in two of the
models. Each endoscopist first examined two models
sequentially in random order with either the conventional
colonoscope or the RetroView™ colonoscope utilizing
standard withdrawal technique. They were blinded as to
the type of colonoscope being used for these two colon
models. They were asked to describe the unique color of
each simulated polyp seen. Endoscopists were requested
to limit their withdrawal time to 6 min.
The third model was then examined with the RetroView™ colonoscope initially in complete retroflexion
by the endoscopist, and the number of simulated polyps
detected was noted. This was followed by a standard
withdrawal using the same colonoscope. Blinding to the
colonoscope used for the third model was not possible,
given the RetroView™ colonoscope’s unique ability to
retroflex easily and need to be withdrawn in retroflexion
for this study. The total number of polyps found by
standard withdrawal and retroflexed withdrawal using the
RetroView™ colonoscope were summed to determine
the polyp detection rate with a “combination withdrawal”.
The RetroView™ colonoscope’s ability to be withdrawn
in complete retroflexion by each endoscopist all the way
from the cecum to rectum in these models was noted.
Following the examination, endoscopists filled out
a “post-test” questionnaire that asked about the overall
ease of use of the RetroView™ colonoscope, the ease
of manipulating and withdrawing the colonoscope in
retroflexion and the ease of re-orientating to retroflexed
views during colonoscope withdrawal. Optional responses
to these questions were: very easy, easy, somewhat difficult,
difficult or very difficult. At the time of this study, the
RetroView™ colonoscope was not commercially available
and the endoscopists were also were asked whether they
would consider performing additional routine retroflexed
withdrawal at colonoscopy when the colonoscope became
commercially available.
Statistical comparisons were performed with use of
the Cochran-Mantel-Haenszel test, stratifying the data by
endoscopist.

Figure 2 Colonic model with two simulated polyps on the proximal aspect
of a fold, visualized using the RetroView™ colonoscope in retroflexed
withdrawal.

Figure 3 Retroflexed RetroView™ colonoscope.

on standard withdrawal.

MATERIALS AND METHODS
Three identical, realistic colon models constructed of
silicone (DeLegge Medical, Mt. Pleasant, SC) incorporating
anatomically correct haustral folds and flexures, with
a colonic length of 127 cm were utilized for this study
(Figure 2).
Simulated polyps comprised of beads of various
colors measuring 4 mm wide and 3 mm high, held in
place by metal pins. Seventeen polyps were placed in each
of the three colon models; 12 (79%) were positioned on
the proximal aspects of folds or flexures and 5 (21%)
were positioned in “obvious” locations, where they would
be expected to be seen on standard withdrawal. A “perfect
score” would occur if the five endoscopists identified all
17 polyps in the colon model, for a total of 85 polyps.
The location of bead placement, the order of colors and
number of beads of each color were different for each
model, to avoid a learning effect as the endoscopists
evaluated the models sequentially.
Two colonoscopes were used in this study: a conventional
slim colonoscope (EC 3490K, PENTAX, Montvale,
NJ) and the RetroView™ colonoscope (EC-3490TLi,
PENTAX, Montvale, NJ). The RetroView™ colonoscope
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RESULTS
The results were summed among the five endoscopists,
and are shown in Table 1.
Hidden polyps
The RetroView™ colonoscope on retroflexed withdrawal
detected more hidden polyps located on the proximal
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Table 1 Cumulative polyp detection rates by colonoscope and withdrawal method n (%)
P values

A

B

C

D

Conventional
colonoscope,
Standard
Withdrawal

RetroView™
colonoscope,
Standard
Withdrawal

RetroView™
colonoscope,
Retroflexed
Withdrawal

RetroView™
colonoscope,
Combination
Withdrawal
(Standard + Retroflexed)

Hidden polyps
(n = 60)

7 (12)

11 (18)

51 (85)

56 (93)

Obvious polyps
(n =25)

21 (84)

19 (76)

16 (64)

24 (96)

All polyps
(n =85)

28 (32)

30 (35)

67 (79)

80 (94)

19 polyps of the total 25 (76%) vs 21 polyps (84%) detected
by the conventional colonoscope (P = 0.5). Combination
withdrawal with the RetroView™ colonoscope found
similar numbers of obvious polyps as the conventional
colonoscope, finding 24 (96%) of such polyps (P = 0.36).
The RetroView™ colonoscope had a lower detection rate
for obvious polyps when retroflexed than when used in
combination withdrawal-16 (64%) vs 24 (96%) (P = 0.01).

Standard colonoscope
STR colonoscope, combination withdrawal

Endoscopist 5
Endoscopist 4
Endoscopist 3

All polyps
The RetroView™ colonoscope in “combination withdrawal” was superior to other methods in detecting all
(hidden + easily visible) polyps, with successful detection
of 80 of 85 polyps (94%) compared to 28 (32%) polyps
detected by the conventional colonoscope in standard
withdrawal (P < 0.0001) and 67 (79%) polyps detected by
the RetroView™ colonoscope in retroflexed withdrawal
alone (P < 0.01).

Endoscopist 2

0%
10
%
20
%
30
%
40
%
50
%
60
%
70
%
80
%
90
10 %
0%

Endoscopist 1

Figure 4 Detection rates for hidden polyps by endoscopist, comparing the
conventional colonoscope in standard withdrawal and the RetroView™
colonoscope in combination withdrawal.

Ability to retroflex and withdrawal time: Complete
retroflexed withdrawal with the RetroView™ colonoscope in the realistic anatomical colon model was
achieved by all endosocopists. Average withdrawal time
with the conventional colonoscope was 4 min 30 s. For
the RetroView™ colonoscope, average withdrawal time
was 4 min 24 s for standard withdrawal, 3 min 50 s for
retroflexed withdrawal and 8 min and 8 s for combination
withdrawal.
There was no individual polyp that was never detected
by all of the examiners, indicating that misses were not
the result of inadequate visualization.

aspects of folds compared to the conventional colonoscope on standard withdrawal, finding 51 of 60 (85%)
such polyps, compared to just seven (12%) detected by
the conventional colonoscope on standard withdrawal (P
< 0.0001). Combination withdrawal yielded the highest
detection rate, finding 56 (93%) of hidden polyps (P <
0.0001 vs conventional colonoscope). The RetroView
™ colonoscope and conventional colonoscope detected
similar numbers of polyps on standard withdrawal, 11
(18%) vs 7 (12%), (P = 0.5).
Endoscopists’ individual detection rates for hidden
polyps ranged from 8%-17% using the conventional
colonoscope, from 83%-92% using the RetroView™ colonoscope in retroflexion, and from 83%-100% for the
RetroView™ colonoscope using combination withdrawal (Figure 4).

Post-test questionnaire: On the post-test questionnaire,
all participants indicated that overall, the RetroView™
colonoscope was either easy or very easy to use. Four
endoscopists described manipulation of the RetroView™
colonoscope during retroflexed withdrawal as easy
or very easy, while one described this as difficult. All
endoscopists indicated that they would perform additional
routine retroflexed withdrawal at colonoscopy when the
RetroView™ colonoscope became commercially available.

Obvious polyps
The RetroView™ colonoscope had a similar detection
rate for obvious polyps in standard withdrawal as the
conventional colonoscope in standard withdrawal, finding

WJG|www.wjgnet.com

A vs B, P = 0.5
A vs C, P < 0.0001
A vs D, P < 0.0001
A vs B, P = 0.4
A vs C, P = 0.7
A vs D, P < 0.0001
C vs D, P = 0.01
A vs C, P < 0.001
A vs D, P < 0.0001
C vs D, P < 0.01
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(Avantis Medical Systems, Sunnyvale, CA), an auxiliary
viewing device which allows retrograde views behind
colonic folds and flexures. The device is advanced
through the accessory channel of a standard colonoscope
and when used in conjunction with the colonoscope, allows
the endoscopist simultaneous forward and retrograde facing
views of the colon[14,16,17].
The Third Eye Retroscope increased adenoma detection
rates by 11%-25%[14-17], but has failed to be widely adopted
due to several cost and technical issues. Utilizing this
technology requires the purchase of a separate processor
and of a new disposable device for each colonoscopy
procedure, the cost of which is not reimbursed by most
payers. The device occupies the working channel of the
colonoscope which limits the ability to suction. This
necessitates washing and suctioning of the colon during
the colonoscope insertion phase, in cases of suboptimal
bowel preparation. If a polyp is seen on the proximal
aspect of a colonic fold, the viewing device has to be
removed in order that a polypectomy device may be
advanced. This may result in loss of visualization of the
hidden polyp. The optics of the device are standard rather
than high definition and are further impaired by the glare
consequent upon the two light sources and lens systems,
of the device and colonoscope, that face each other.
Finally, the endoscopist has to get used to visualizing
and processing two simultaneous video streams from the
colonoscope and from the retroscope device.
In contrast, the RetroView™ colonoscope that we
tested offers many advantages. It offers the ability to
provide high definition views of the proximal aspects
of colonic folds, flexures and valves with no additional
equipment or device costs. The image is high definition
and the colonoscope also incorporates zoom and electronic
chromoendoscopy (i-SCAN) abilities. The suction/
work channel of the colonoscope is unimpaired and
available for use and detected polyps remain in view while
polypectomy devices are advanced. Polypectomy can be
performed with the colonoscope in retroflexion, without
losing views of the polyp[35]. The main “cost” of using the
colonoscope in both standard and retroflexed withdrawal,
is the additional time necessary for colonoscope reinsertion and retroflexed withdrawal, which will result in a
longer overall procedure time.
The results showed that the RetroView™ colonoscope
in retroflexion detected fewer obvious polyps than
combination withdrawal. As a small portion of the colon is
obscured by the shaft of the colonoscope in retroflexion,
full visualization of the colonic mucosa requires continuous
back and forth torque during withdrawal. Not all of the
study endoscopists performed this maneuver. The reduced
detection rate of obvious polyps in retroflexion may have
reflected this fact.
There are limitations to the current study. The anatomic colon model is stiff and its folds may not be “ironed
out” with the colonoscope like the folds of a human
colon, possibly making the detection of hidden polyps
more difficult than in real life situations.
In conclusion, the RetroView™ colonoscope allowed

DISCUSSION
Our study indicates that the RetroView™ colonoscope,
in simulated testing using retroflexed or combination
withdrawal, significantly improves the detection of
“hidden” polyps located on the proximal aspect of
colonic folds, compared to standard withdrawal using a
conventional colonoscope. The highest detection rates
for all polyps, both those that were hidden and placed
in obvious locations, were achieved with combination
withdrawal of the RetroView™ colonoscope.
Missed adenomas may lead to interval colon cancers and
diminish the efficacy of colonoscopy[7], and prior studies
suggest that the proximal aspects of colonic folds, flexures
and valves are a common site for missed polyps[11,12]. An
early study that appraised polyps that were identified by
barium enema but missed at endoscopy demonstrated that
missed lesions had a tendency to be located on the proximal
aspects of haustral folds and valves[11]. More recently,
Pickhardt et al[12] also demonstrated that 71.4% of nonrectal adenomas ≥ 6 mm in size missed at colonoscopy but
detected at CT colonography, were located on the proximal
side of colonic folds.
Thus visualization of the proximal aspects of colonic
folds is desirable. Indeed, retroflexion of standard colonoscopes in the right colon was shown to increase the
adenoma yield in a large study[13]. Potentially, this additional yield of “missed polyps” might be higher if the
entire colon could be viewed in retroflexed withdrawal,
in addition to the standard forward viewing withdrawal.
However, with standard colonoscopes, retroflexed
withdrawal is typically only possible in the right colon,
due to their larger turn radius and width of the bending
section when retroflexed. There has been no significant
evolution in the mechanical ability of colonoscopes
over the last two decades to address this issue. As a
consequence, other techniques and technologies have
emerged to address this unmet need, with variable results.
Colonoscopes incorporating a 170 degree wide
angled lens rather than the standard 140 degree lens were
introduced with the hope of improving polyp detection.
However, clinical studies indicate that this colonoscope
did not improve adenoma detection[18,19] or miss rates[20]
in trials but only increased the discovery of small hyperplastic polyps[18]. Translucent caps have been fitted to the
tip of colonoscopes to assist with depressing haustral
folds to potentially improve colonic visualization and
polyp detection. Again, studies evaluating adenoma
detection rates with cap fitted colonoscopy have yielded
mixed results[21-26], and it is unclear if this technique is
beneficial. Similarly studies have indicated that high
definition colonoscopes did not improve adenoma
detection rates compared to older standard definition
colonoscopes[27,28]. Finally, several studies comparing
NBI and FICE with white light colonoscopy did not
show any increase in adenoma detection rates[29-34].
The largest increase in the detection of additional
polyps, over those detected by standard colonoscopy,
have been reported with the Third Eye Retroscope
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withdrawal in complete retroflexion over the entire length
of the anatomic colon model. It increased detection
of polyps that were hidden behind folds and flexures.
Combining standard withdrawal with retroflexed withdrawal promises to increase polyp detection rates and
may become the new paradigm for “complete screening
colonoscopy”. Studies are currently underway at our
institution evaluating the RetroView™ colonoscope in
human subjects.

4

5

6

COMMENTS
COMMENTS
Background

7

Colonoscopy cancer is widely considered the optimal screening modality for
colorectal cancer. However, polyps may be missed at colonoscopy, and these
missed polyps can, in turn, potentially evolve into cancer. Polyps located on the
proximal aspect of colonic folds, flexures and valves may be particularly difficult
to visualize with conventional colonoscopes and using standard colonoscope
withdrawal techniques.

8

Research frontiers

Colonoscope and device innovations have emerged to address the issue of
missed polyps. The Retroview™ colonoscope has a short turn radius that
allows for easier retroflexion, to better visualize polyps located behind folds
and flexures. This complements other advances in colonoscope and device
technologies that improve polyp detection.

9

Innovations and breakthroughs

10

Compared to conventional colonoscopes, the tip of the RetroView™ colonoscope
has a short turning radius, allowing for a narrow retroflexed profile and the
potential to withdraw the colonoscope in retroflexion across most or all of the
colon, in addition to a standard forward looking withdrawal. This combination
of standard forward looking and retroflexed withdrawals allows visualization
of both sides of colonic folds and flexures and may therefore improve polyp
detection at colonoscopy. In the first known study to evaluate this new
colonoscope, the authors describe its performance in a colon model.

11
12

Applications

The study suggests that the RetroView™ colonoscope can enhance polyp
detection and thus may potentially improve colon cancer prevention by
colonoscopy.

13

A “retroflexed view” is one in which the colonoscope tip is turned 180 degrees
in order to look backwards. This allows excellent visualization of the proximal
aspect of colonic folds.

14

Terminology

Peer review

This study is a first step in evaluating the RetroView™ colonoscope and its
potential to improve colon polyp detection in humans. The authors evaluated
the new colonoscope in finding “hidden” simulated colon polyps in a colon
model, and found its performance to be excellent. Use of the RetroView™
colonoscope, utilizing a combination of standard forward looking and retroflexed
withdrawals, holds the potential to improve polyp detection in patients
undergoing screening colonoscopy.
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AIM: To assess the long-term effects of physical
activity on irritable bowel syndrome (IBS) symptoms
and on quality of life, fatigue, depression and anxiety.
METHODS: Seventy-six patients from a previous
randomized controlled interventional study on increased
physical activity in IBS were asked to participate
in this long-term follow-up study. The included
patients attended one visit in which they filled out
questionnaires and they underwent a submaximal
cycle ergometer test. The primary end point was the
change in the IBS Severity Scoring System (IBS-SSS) at
baseline, i.e. , before the intervention and at follow-up.
The secondary endpoints were changes in quality of
life, fatigue, depression and anxiety.
RESULTS: A total of 39 [32 women, median age 45
(28-61) years] patients were included in this followup. Median follow-up time was 5.2 (range: 3.8-6.2)
years. The IBS symptoms were improved compared
with baseline [IBS-SSS: 276 (169-360) vs 218 (82-328),
P = 0.001]. This was also true for the majority of the
dimensions of psychological symptoms such as disease
specific quality of life, fatigue, depression and anxiety.
The reported time of physical activity during the week
before the visit had increased from 3.2 (0.0-10.0)
h at baseline to 5.2 (0.0-15.0) h at follow-up, P =
0.019. The most common activities reported were
walking, aerobics and cycling. There was no significant
difference in the oxygen uptake 31.8 (19.7-45.8) mL
per min per kg at baseline vs 34.6 (19.0-54.6) mL/min
per kg at follow-up.
CONCLUSION: An intervention to increase physical
activity has positive long-term effects on IBS symptoms
and psychological symptoms.
Key words: Gastrointestinal diseases; Irritable bowel
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physical activity group or to a control group. The physical
activity group were instructed by a physiotherapist to
increase their physical activity and the control group
were instructed to maintain their lifestyle[1]. Patients in
the physical activity group were given individual advice
depending on their previous level of physical activity and
experience of exercise. The activities suggested could be
any activity depending on individual factors, such as time,
opportunities, or costs. After 12 wk the control group
was also instructed by a physiotherapist to increase their
physical activity as in the intervention group and they
followed the same protocol as the intervention group
during the next 12 wk. Both the intervention group and
the control group in the previous study were therefore
instructed to increase their physical activity before the
end of the previous study. Thus all patients completing
the previous study had an inter vention and were
evaluated at the end of the intervention.
In the present study all eligible patients from the
previous study were invited to participate in this longterm follow-up. The inclusion criterion was that the
patients had baseline data. Baseline data was the data
from the first visit of each patient in the previous study
before the start of the 12 wk intervention or control
period. The exclusion criteria were pregnancy, organic
GI disorders or other organic disease hindering physical
activity. Seventy-six patients had baseline data and were
invited to participate as shown in the flow chart (Figure 1).
The patients were invited by mail in July 2011 and
by telephone in August and September 2011. The visits
were conducted at the Sahlgrenska University Hospital
in Gothenburg, Sweden, during September and October
2011. The subjects attended one visit in which they
filled out questionnaires, underwent a submaximal cycle
ergometer test and their body weight was registered. The
week before the visit the patients registered their bowel
movements and physical activities in a paper diary. They
were also asked about other IBS related treatments in the
years between the baseline visit and the follow-up. The
results were compared with the baseline data and the
data from the end of the intervention, i.e., at 12 wk. All
the subjects gave informed consent, and the study was
approved by the Regional Ethical Review Board of the
University of Gothenburg, Dnr 091-05.

syndrome; Exercise; Follow-up; Physical activity
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Increased physical activity for 12 wk has
been shown to improve irritable bowel syndrome (IBS)
symptoms. This follow-up study found that the patients
included in an intervention to increase physical activity
show improvements in IBS symptoms, as well as
different aspects of the disease specific quality of life,
fatigue, depression and anxiety on the long term. The
study supports the evidence for the positive effects of
physical activity in IBS and defends physical activity as
a treatment option for IBS.
Johannesson E, Ringström G, Abrahamsson H, Sadik R.
Intervention to increase physical activity in irritable bowel
syndrome shows long-term positive effects. World J Gastroenterol
2015; 21(2): 600-608 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i2/600.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i2.600

INTRODUCTION
In a recent randomized controlled study moderately
increased physical activity for 12 wk was tested as
an intervention in irritable bowel syndrome (IBS)[1].
Improvements in IBS symptoms as well as in some
aspects of the disease specific quality of life were observed in the intervention group. However, there were no
significant improvements in fatigue, depression or anxiety.
These data demonstrated that moderately increased
physical activity for 12 wk improves IBS symptoms
without a general improvement of other associated
symptoms.
Physical activity has been found to improve a
wide range of diseases like fibromyalgia, depression,
hypertension and diabetes mellitus. In general these
conditions were improved in the short-term but the
level of physical activity usually decreases after 12 mo
and the benefits of the intervention may be difficult
to maintain[2-4]. In some patient groups it is difficult to
motivate the patients to change their life style[2,4].
The aim of this study was to assess the long-term
effects of the previous intervention to increase physical
activity in IBS patients. The primary end point was to
assess the change in the IBS Severity Scoring System
(IBS-SSS). The secondary endpoints were changes in
quality of life, fatigue, depression and anxiety. Moreover,
assessments of the level of physical activity and oxygen
uptake at follow-up were included.

Questionnaires
IBS-SSS: The IBS-SSS[5] consists of visual analogue
scales and is divided into two subscales, an overall IBS
score and an extra colonic score. The IBS score contains
questions regarding pain severity, pain frequency,
abdominal bloating, bowel habit dissatisfaction, and life
interference. The extra colonic score contains questions
regarding vomiting, gas, belching, satiety, headache,
fatigue, musculoskeletal pain, heartburn, dysuria and
urgency. Each subscale ranges from 0 to 500, with higher
scores meaning more severe symptoms. A reduction of
50 in the IBS-score is considered to be adequate to detect
a clinical improvement[5].

MATERIALS AND METHODS
Patients
In the previous study the patients were randomized to a
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Median time to
follow-up 5.2 yr
Previous study

Inclusion in the follow-up study

162 patients were referred
to the first study

102 patients were included
in the first study

76 patients with baseline
data were invited

75 patients completed the
first study
37 patients were not included
16 due to lack of time, inconveniency with
work or with the travel to the hospital
12 patients gave no reason
2 patients choose not to participate in the
follow-up due to osteoarthritis and thyroid
disease
7 lost to follow-up

16 patients did not fulfill the inclusion
criteria, they did not have baseline data
10 patients had exclusion criteria
5 patients developed other GI-disorders
(1 crohn’s disease, 3 ulcerous proctitis, 1
celiac disease)
1 had other diagnosis (chronic obstructive
pulmonary disease)
4 were pregnant

39 patients were included
in the follow-up

Figure 1 Inclusion of patients in the previous study and the follow-up study. GI: Gastrointestinal.

Bristol stool form scale: Bristol stool form scale was
used to record bowel movements during the week before
the visits to the laboratory. The patients recorded all
bowel movements and its consistency according to the
Bristol stool form scale[6]. The scale ranges from 1 to 7,
where type 1 and 2 is hard and lumpy stools and type 6
and 7 is loose and watery stools.

quality of life (HRQOL). It consists of 30 items which
measures nine QOL dimensions: emotional functioning,
mental health, sleep, energy, physical functioning, diet,
social role, physical role and sexual relations. For each
subscale the scores are transformed to range from 0 to
100; 100 representing the best possible disease specific
quality of life[8,9].

The hospital anxiety and depression scale: The
hospital anxiety and depression scale (HADS) is a reliable
instrument that was developed for medical outpatients[7]
and consists of 14 items, each using a 4-graded Likert
scale (0-3). The scale is divided into two subscales,
anxiety and depression. Each subscale ranges from 0 to
21, where high score indicates more severe symptoms.
Cut-off scores can be used to identify cases of clinically
significant mood disorder for both subscales. A score of
up to 7 indicates no mood disorder while scores of 8-10
show a borderline mood disorder and a score above 10
shows a case of mood disorder. In our analysis scores of
8 and above are considered to indicate clinical symptoms
of depression and anxiety.

Short form-36: Short form-36 (SF-36) was used to assess
the general HRQOL. SF-36 includes 36 items which are
divided into eight subscales: physical functioning, physical
role, bodily pain, general health perceptions, vitality,
social functioning, emotional role and mental health. For
each subscale the raw scores are transformed into a scale
from 0 to 100, with 100 representing the best possible
HRQOL[10].
Fatigue impact scale: This scale was initially developed
for patients with chronic fatigue syndrome[11] and has
previously been used in studies in IBS patients [12,13].
The scale consists of 40 questions divided into three
subscales: physical functioning (10 items), cognitive
functioning (10 items) and psychosocial functioning (20
items). The subjects are asked to rate to which extent
fatigue has caused problems for them during the previous

IBS-quality of life: The IBS-quality of life (IBS-QOL)
is a disease specific instrument measuring health-related
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11 were classified as constipation-predominant IBS and
15 as alternating IBS. Patients who were not included in
the follow-up are reported in Figure 1. In total 33 patients
attended the follow-up visit while six patients participated
by completing the questionnaires due to inconveniency
for them to come to the visit.
Thirty-seven of the included patients participated
in the previous intervention either as a part of the
intervention group (19 patients) or as a control group
and were then included in the intervention (18 patients).
One control discontinued the previous intervention
because of pregnancy and one due to lack of time. These
two patients received instructions to increase their level
of physical activity at their last visit. In the study group
30 patients were married or cohabitant and 9 were single.
Seventeen patients (44%) stated that they had a physically
demanding work. The median follow-up time was 5.2
years and the total range of time between baseline and
follow-up was 3.8-6.2 years.

Table 1 Medications used by the patients only at follow-up
Patients (n )

Drug
Antacids
Neuroleptic drug
Drug against neuropathic pain
Anti epileptic drug
Acetaminophen
Antidepressant
B12 vitamine
Post climacteric hormone
Anticonceptive
NSAIDs
Sedative

1
1
1
1
3
3
3
1
2
2
1

NSAIDs: Non-steroidal anti-inflammatory drugs.

month. Each item consists of a statement and the subject
should rate 0 to 4 where 0 means “no problem” and 4
means “extreme problem”.
Physical activity and weight
Weight was measured to the nearest 0.1 kg and oxygen
uptake was calculated from a submaximal cycle (Monark
Ergomedic 839) ergometer test according to Astrand
et al[14,15]. A training diary was used to register physical
activity for one week before the visit. The patients
reported the type of physical activity and the duration
and intensity of the activity. The patients were instructed
to record the time they started the activity and the time
they finished. The intensity was rated on Borgs rating of
perceived exertion scale[16] which starts at 6, no exertion
at all and goes to 20, maximal exertion.

Pharmacological treatment and other IBS related
interventions
Between the end of the previous intervention and the
follow-up seven of the included patients participated in
one or two other IBS related interventions. Four patients
participated in a short IBS school, three sessions[18]. Three
patients underwent treatment with nurse-administered
gut-directed hypnotherapy. One of these patients also
had one consultation visit to a dietitian. Medications that
were used by the patients only at the follow-up and not at
the start of the previous study are presented in Table 1.
IBS symptoms
The IBS-score (IBS-SSS) improved significantly as
illustrated in Figure 2. Fifty-four percent of the patients
had an improvement of more than 50 points, which is
considered a clinically significant improvement[5]. Ten
percent of the patients had their symptoms worsened
with more than 50 points according to the IBS-score.
The extra colonic score showed no significant changes
(Figure 2).
A separate analysis of the IBS-SSS in the 24 [19 women, median age 50.5 (30.5-62.5) years] patients who had
had no change in medication and had received no other
IBS related intervention detected also an improvement
in IBS-SSS, IBS-score 282 (184-379) vs 218 (85-342), P
= 0.002. There was no significant change in the Extra
colonic score.
The stool consistency had become firmer, from 4.5
(2.3-5.8) at baseline to 3.8 (1.5-4.8) at follow-up, P = 0.004.
There was no significant change in the stool frequency
per week at baseline 11 (5-21) compared with follow-up 9
(4-25), P = NS.

Statistical analysis
The primary endpoint was changes in IBS-SSS, at baseline
compared with follow-up. The secondary endpoints were
to assess changes in other questionnaires assessing QOL,
anxiety, depression, fatigue and bowel movements and
changes in oxygen uptake, weight, and time of physical
activity reported in the training diary.
As an exploratory endpoint, changes in the abovementioned parameters in the period between the end of
the intervention and the follow-up visit were assessed.
The results are presented as median, percentile 10
and 90. Paired t test was only used for oxygen uptake and
body weight. The results from the questionnaires were
considered as ordinal data, and analyses were performed
using Wilcoxon’s signed rank test. Significance was
accepted at the 5% level (P < 0.05). For statistical analysis
we used SPSS version 20 (SPSS, IBM; Corporation, NY).

RESULTS
Patients
A total of 39 [32 women, median age 45 (28-61) years]
patients were included in the follow-up as shown in the
flow chart (Figure 1). According to the Rome Ⅱ criteria[17]
13 patients were classified as diarrhea-predominant IBS,
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Psychological symptoms
The group demonstrated low levels of anxiety and
depression in HADS at baseline, these low levels were
reduced further at follow-up, and this was true for both
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500

P = 0.001

P = NS

Table 2 Irritable bowel syndrome quality of life at baseline
and at follow-up

400
Dimension
Emotional functioning
Mental health
Sleep
Energy
Physical functioning
Diet
Social role
Physical role
Sexual relations

300
200
100
0
Baseline

Follow-up

IBS Score

Baseline

Baseline

P = 0.003

Follow-up

P value

69 (44-100)
90 (45-100)
83 (42-100)
75 (50-100)
92 (49-100)
73 (40-93)
81 (50-100)
81 (38-100)
60 (20-80)

0.001
NS
0.008
0.005
0.002
NS
0.009
NS
NS

Values are median (10th-90th percentile). NS: Not significant.

Extra Colonic Score

Figure 2 Irritable bowel syndrome severity scoring system at baseline
and follow-up. IBS: Irritable bowel syndrome; NS: Not significant.
20

Baseline
56 (31-88)
80 (50-100)
67 (33-100)
50 (38-88)
67 (33-100)
60 (47-87)
69 (43-94)
69 (31-100)
60 (18-80)

Table 3 Short form 36 at baseline and at follow-up
Subscale

P = 0.001

Physical functioning
Physical role
Bodily pain
General health perceptions
Vitality
Social functioning
Emotional role
Mental health

15

10

Baseline

Follow-up

P value

90 (65-100)
50 (0-100)
51 (31-84)
54 (25-83)
45 (20-80)
75 (38-100)
67 (0-100)
72 (32-92)

95 (64-100)
100 (0-100)
51 (22-100)
67 (32-97)
55 (25-85)
75 (49-100)
100 (0-100)
74 (52-96)

NS
NS
NS
0.006
NS
NS
0.027
0.016

Values are median (10th-90th percentile). NS: Not significant.

5

during the week before the follow-up visit, P = 0.019. The
range of intensity was rated from 9, very light exertion
to 18, very hard exertion. The most common activity
was walking followed by aerobics and cycling. The body
weight had increased significantly from 66.6 (53.7-97.9) kg
at baseline to 73.3 (52.6-95.7) kg at follow-up, P = 0.037.

0
Baseline

Follow-up

Baseline

Depression

Follow-up

Anxiety

Figure 3 Hospital anxiety and depression scale at baseline and follow-up.

Changes between the end of the previous intervention
and follow-up
This analysis includes 33 patients [26 women, median age
47 (28-62) years] who participated in the total 12 wk of
intervention and completed the last visit in the first study.
Significant improvements were detected on HADS on
both subscales between the end of intervention and the
follow-up. When the intervention was ended the results
of the depression subscale was 5 (1-9) compared with 2
(0-7) at follow-up, P = 0.004. For anxiety the results were
8 (1.4-12.6) at end of intervention and 5 (1-11) at followup, P = 0.004.
The HRQOL was improved in four subscales of
SF-36 namely bodily pain, general health perceptions,
vitality and mental health (Table 4).
The stool consistency had become firmer, from
4.4 (3.1-5.5) at the end of intervention to 3.8 (1.8-4.8)
at follow-up, P = 0.001. The body weight increased
significantly from 66.3 (51.8-97) kg at end of intervention
to 72.9 (53.2-96.5) kg at follow-up, P = 0.015. No other
significant changes were observed on the other parameters
(data not shown).

the depression and the anxiety subscale (Figure 3). At
baseline 10 patients had depressive symptoms and 20
patients had anxiety as indicated by their scores. At
follow-up this was reduced to 3 patients with depressive
symptoms and 8 patients with anxiety.
There were significant improvements in five out of
nine dimensions in the disease specific quality of life
(IBS-QOL) (Table 2). Improved quality of life was also
demonstrated on the subscales general health perceptions,
emotional role and mental health in the SF-36 (Table 3).
Fatigue was significantly reduced according to two out
of three subscales on the fatigue impact scale, namely the
physical and the cognitive subscale, whereas there was no
change on the psychosocial subscale (Figure 4).
Physical activity and weight
There was no significant difference in the oxygen uptake
31.8 (19.7-45.8) mL/min per kg at baseline and 34.6
(19.0-54.6) mL/min per kg at follow-up, P value is not
significant. In the training diary the patients reported 3.2
(0.0-10.0) h of physical activity during the week before
the baseline visit and 5.2 (0.0-15.0) h of physical activity
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P = 0.006

P = 0.016

P = NS

Table 4 Short form 36 at the end of intervention and at
follow-up

60

Subscale
Physical function
Physical role
Bodily pain
General health perceptions
Vitality
Social function
Emotional role
Mental health

40

20

End of intervention

Follow-up

P value

90 (47-100)
75 (0-100)
51 (26-72)
60 (22-85)
45 (15-78)
75 (43-100)
100 (0-100)
64 (35-92)

95 (56-100)
100 (0-100)
61 (22-100)
63 (30-97)
55 (22-83)
88 (50-100)
100 (0-100)
76 (52-94)

NS
NS
0.030
0.013
0.012
NS
NS
0.006

Values are median (10th-90th percentile). NS: Not significant.

0
Baseline

Follow-up

Physical

Baseline

Follow-up

Cognitive

Baseline

Follow-up

changes compared with elderly patients, which may be an
additional explanation behind our results.
There are probably multiple mechanisms involved in
the improvement of symptoms. Both physical factors as
well as psychological factors are likely to play a role. The
change of gas transit and colonic transit due to increased
physical activity may contribute to these improvements.
Villoria et al[21] showed that mild physical activity enhances
intestinal gas clearance and reduces symptoms in patients
complaining of abdominal bloating. The same group[22]
showed earlier that physical activity improves gas transit
as well as abdominal distension in healthy subjects, but
not the perception of bloating. This may contribute to
the improvement of symptoms shown in the present
study. The improvement in patients with constipationpredominant IBS can be due to the positive effects of
physical activity on symptoms of constipation[23,24].
The present work shows that 54% of the patients had
a clinically significant improvement of the IBS symptoms
compared with 43% in the previous study after a 12 wk
intervention. This implies that the effects of physical
activity cannot be explained only by a placebo effect.
A pure placebo effect should have declined at the time
of follow-up. However, a placebo effect is probably
also involved. Brain-gut interactions may play a role
in the processes leading to our results. Stress induces
exaggeration of the neuroendocrine response and visceral
perceptual alterations[25]. Physical activity counteracts the
effects of stress and can therefore favourably influence
brain plasticity[26]. General effects seem to be detected
first after a longer period of increased physical activity
and may explain the improvements in fatigue, depression
and anxiety and quality of life. Factors like high levels
of illness behavior, anxiety, sleep problems, and somatic
symptoms are independent predictors of IBS onset[27].
Physical activity has a protective effect on depressive
symptoms and may therefore protect against IBS symptom deterioration[1,28].
Our data also demonstrate a significant improvement
in five aspects of the disease specific quality of life. In the
previous study only two aspects of the IBS-QOL were
improved after a 12 wk intervention. Earlier studies have
shown that long term physical activity is an important
determinant of health related quality of life in women[29].

Psychosocial

Figure 4 Fatigue impact scale at baseline and follow-up. NS: Not significant.

DISCUSSION
In a previous study the novel finding was described
that a moderate increase in physical activity improves
IBS symptoms and some aspects of the disease specific
quality of life. However, there were no significant
effects on fatigue, depression or anxiety directly after a
12 wk increase of physical activity[1]. The present work
demonstrates that a 12 wk intervention followed by a
continued moderate increase in physical activity, shows
long term positive effects on IBS symptoms, quality of
life, fatigue, anxiety and depression.
Our results are encouraging and confirm that a
moderate increase of physical activity could be included
in the initial management of patients with IBS. The
mechanisms behind the improvement are probably
complex and are not merely related to the level of
maximum oxygen uptake. The maximal oxygen uptake
declines with about 1% per year in normally active
people[19]. The findings of maintained oxygen uptake and
increased duration of physical activity per week in our
group after 5 years is positive. The results are in contrast
to results from patients with obesity, diabetes mellitus
type 2 and hypertension showing that these groups
are not easily motivated to increase and maintain their
physical activity over a long period of time[2-4]. The reason
for IBS patients to maintain a relatively stable oxygen
uptake after 5 years can be due to the increase in the
duration of physical activity per week. We may speculate
that IBS patients may be well motivated to internalize
and adopt the acquired experience of feeling better
when they are physically active. The discomfort or pain
these patients otherwise experience may enhance their
motivation. Being physically active in order to improve
the disease may also generate a feeling of control over
the disease. A questionnaire study has shown a higher
acceptance for lifestyle changes among IBS patients
younger than 55 years [20]. Our patient group had a
median age of 45 years and may easier adapt to lifestyle
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Therefore it is important to consider the aspect of time
when studies to assess the effect of physical activity on
HRQOL are designed.
The physical and cognitive aspects of fatigue were
improved in this study while fatigue was not affected in
the previous study. Chronic fatigue and IBS often occur
together[30] and fatigue is a symptom that is difficult to
influence in other chronic diseases like liver disease[31].
Therefore the finding that fatigue in IBS can be affected
by increased physical activity on the long-term is important. According to the review article by Puetz[32], there
is an agreement among studies suggesting a strong, doseresponse relationship between physical activity and the
reduction of feelings of low energy and fatigue. This
knowledge as well as our data may be used to motivate
patients suffering from fatigue to be more active.
Clinically significant improvement was shown in
depression and anxiety although the group had low
scores at baseline. Studies on depression have previously
demonstrated reduced symptoms secondary to increased
physical activity [28]. The data presented in this study
confirms previous data and reveals that a time with
increased physical activity longer than 12 wk is needed to
improve low levels of anxiety and depression[29].
One clear limitation in our study is that we do not
have a control group in this part of the study. This is due
to ethical concerns expressed by the ethics committee.
The original design of the previous study was an
intervention of 12 mo to improve physical activity. The
committee did not accept a longer intervention than 12
wk because the control group would wait too long for the
intervention.
Thirty-nine patients out of 76 were assessed on the
follow-up after about five years. Given the long time to
follow-up and given the fact that the patients were not
compensated for loss of income during the visit, this is an
expected proportion of patients. Fifty one percent have
therefore participated. A larger proportion would have
strengthen the study even more. However, the majority
of patients not participating gave plausible reasons not
to participate. The general impression when the patients
were contacted was that their participation was related
to their practical ability to participate and not to positive
or negative experience on physical activity in IBS. One
included patient expressed spontaneously the impression
that physical activity was not effective for her and she
stated that this was the reason for her to participate. A
negative impression from the previous interventions
seems not to stop the patients from participating.
There are some studies addressing the long term
natural history of IBS or functional gastrointestinal
disorders. Halder et al[33] studied the long term changes in
functional gastrointestinal disorders and noticed that the
prevalence is stable over time but there was a turnover
of symptoms over time rather than total symptom
resolution. Agréus et al[34] conducted a population based
study demonstrating that more than 50% of the patients
with IBS reported the same symptom profile after one
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and seven years. Symptom resolution in IBS was not
observed in these studies indicating that physical activity
in the present study had a positive influence on the
course of the disease.
One of the findings in this study is that patients
with IBS included in the previous study on increased
physical activity had maintained an increased level of
physical activity at follow-up. The patients reported a
longer duration of physical activities in the training diary
during the week before the follow up visit compared with
baseline. This reflects the ambition of these patients to
be physically active. We hypothesized that the increase of
the physical activity would increase the oxygen uptake. At
the time of the follow-up the most common activity was
walking. Walking is in most cases not challenging enough
to increase cardiorespiratory fitness. When designing
future studies we would consider using a pedometer as
a complement to the ergometer cycle test to measure
physical activity. There is also a need of more studies
on physical activity in IBS investigating the effect of
different types of activities. Duration, intensity and
frequency of the physical activity also have to be analyzed
with a dose-response perspective considering the fact that
endurance athletes report GI symptoms[35-37].
An important observation in the present study is the
wide spectrum of positive clinical effects shown after a
long time of follow up of about 5 years, which is unusual
for interventional studies.
In conclusion, an intervention to increase physical
activity improves IBS symptoms, as well as different
aspects of the disease specific quality of life, fatigue,
depression and anxiety on the long term. The present
study supports the evidence for the positive effects of
physical activity in IBS and defends physical activity as
a treatment option for IBS. However, further research
and larger studies are needed to elucidate the effects of
different physical activities in the IBS subgroups.
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Background

Irritable bowel syndrome (IBS) is a common functional gastrointestinal disease.
There is no overall treatment for IBS know today. In a recent randomized
controlled study moderately increased physical activity for 12 wk was tested
as an intervention in IBS. Improvements in IBS symptoms as well as in some
aspects of the disease specific quality of life were observed in the intervention
group but not in the control group.

Research frontiers

In IBS several other non-pharmacological treatments has been studied such
as patient education, hypnotherapy and other psychological treatments. These
treatments often show good results however they are not available to the
majority of patients.

Innovations and breakthroughs

A moderate increase of physical activity has been shown to improve
gastrointestinal symptoms in IBS. This long-term follow-up shows that there is
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an enhanced improvement about 5 years after participating in an intervention
to increase physical activity. At follow-up there was an improvement in IBS
symptoms, quality of life, fatigue, depression and anxiety, some of these
improvements were not as evident in the previous study.
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The study supports the evidence for the positive effects of physical activity
in IBS and defends physical activity as a treatment option for IBS. Advice on
increased physical activity can be given to patients with IBS in both primary
care and secondary care.
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Applications

Terminology

IBS is a very common functional bowel disorder. The patients suffer from
diarrhea, constipation or both. Abdominal pain or discomfort and bloating
are common symptoms of IBS. Other symptoms as impaired quality of life,
depression and fatigue can accompany the gastrointestinal symptoms. Physical
activity is used in medical care in both treatment and prevention of diseases.
Physical activity has been found to improve a wide range of diseases like
fibromyalgia, depression, hypertension and diabetes mellitus.
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Peer review

The physical activity intervention is manageable in a clinical setting in both
primary and secondary care, with low costs and a low risk of potential harmful
effects. The authors have chosen an adequate set of questionnaires to evaluate
their participants.
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METHODS: Patients treated for GS with CBDS were
included. LC and intraoperative transcystic cholangiogram (TCC) were performed in most of the cases.
Intraoperative ERCP was done for cases with proven
CBDS.
RESULTS: Eighty patients who had GS with CBDS
were included. LC was successful in all cases. Intraoperative TCC revealed passed CBD stones in 4 cases
so intraoperative ERCP was performed only in 76
patients. Intraoperative ERCP showed dilated CBD with
stones in 64 cases (84.2%) where removal of stones
were successful; passed stones in 6 cases (7.9%);
short lower end stricture with small stones present in
two cases (2.6%) which were treated by removal of
stones with stent insertion; long stricture lower 1/3
CBD in one case (1.3%) which was treated by open
hepaticojejunostomy; and one case (1.3%) was proved
to be ampullary carcinoma and whipple’s operation was
scheduled.
CONCLUSION: The hepatobiliary surgeon should be
trained on ERCP as the third hand to expand his field of
therapeutic options.
Key words: Obstructive jaundice; Endoscopic retrograde
cholangio-pancreatography; Gall stones
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Abstract
AIM: To evaluate the efficacy of intraoperative endoscopic retrograde cholangio-pancreatography (ERCP)
combined with laparoscopic cholecystectomy (LC) for
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Core tip: The incidence of common bile duct stones
(CBDS) in patents with gall bladder stones (GS) varies
between 7% and 20%. Management of CBDS is
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This study was planned to evaluate intraoperative
ERCP combined with LC for patients with GS and
CBDS as regards the success rate and safety, and to show
the importance of ERCP for the hepatobiliary surgeon.

changing with advances in endoscopic techniques in
many regards. Laparoscopic cholecystectomy is the gold
standard in treating GS. This has created controversies
in the management of CBDS. The hepatobiliary surgeon
should be trained in endoscopic retrograde cholangiopancreatography as the third hand to expand his field
of therapeutic options.

MATERIALS AND METHODS
Patients
Consecutive patients with GS and CBDS at the Gastroenterology Surgical Center, Mansoura University, Mansoura, Egypt, during the period from August 2011
through April 2013, were managed by a single step treatment combining laparoscopic cholecystectomy and
intraoperative ERCP. After completion of LC in the
same set, exclusion criteria included age older than 80
years, pregnancy, previous history of gastrectomy, or
coagulopathy.
Informed consent was obtained from all patients to
be included in the study, after explanation of the nature
of the disease and possible treatment. The study was
approved by the local ethical committee of our hospital.

El Nakeeb A, Sultan AM, Hamdy E, El Hanafy E, Atef E, Salah T,
El Geidie AA, Kandil T, El Shobari M, El Ebidy G. Intraoperative
endoscopic retrograde cholangio-pancreatography: A useful tool
in the hands of the hepatobiliary surgeon. World J Gastroenterol
2015; 21(2): 609-615 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i2/609.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i2.609

INTRODUCTION
The incidence of common bile duct stones (CBDS) in
patients with gall bladder stones (GS) is 7 to 20%[1,2].
Laparoscopic cholecystectomy (LC) is the gold standard
in treating GS (3). This has produced debates in the
treatment of CBDS[3,4]. Many authors have tried to find
an optimal option to manage combined CBDS and GS.
Different options are available. All CBDS existing at
the time of cholecystectomy should be extracted, since
residual stones in the common bile duct (CBD) may cause
subsequent hepatobiliary and pancreatic complications[4].
There are different options that exist for removal of
CBDS, including preoperative endoscopic retrograde
cholangiopan-creatography (ERCP) before LC, laparoscopic common bile duct exploration, open CBD
exploration and postoperative ERCP[2,5,6]. The use of
preoperative ERCP has been argumentative[4]. Many
studies found that 40%-90% performed a useless procedure due to passed stones, failed clearance of CBD,
and retained stones despite its complications[7-13]. Postoperative ERCP avoids unnecessary examination but has
a failure rate of 7%-14%[2,8,10]. LC with intraoperative
ERCP and endoscopic sphincterotomy (ES) is an alternative technique for management of GS and CBDS[2,11,14].
Laparoscopic common bile duct exploration (LCBDE)
is successful in removing the CBD stones in 80%-95% of
cases but it is time consuming with a morbidity rate about
4%-16%[15,16]. However, the limitation of this technique is
when there are multiple large or impacted ductal stones. It
needs more laparoscopic skill and a longer learning curve
is required for LCBDE[17-21].
ERCP is done mainly by physicians and radiologists,
and rarely by surgeons. The wide use of laparoscopic
surgery and the advances in technology and training
made ERCP and intraoperative US important aids in the
hands of experienced hepatobiliary surgeons [1-3]. The
optimal treatment of CBDS is dependent on the skills of
the surgical team and the availability of instruments and
endoscopies at the hospital. The single procedure has
advantages over the two step procedure[2].

WJG|www.wjgnet.com

Study procedure
All patients were subjected to careful history taking, clinical examination, and laboratory investigation including
total serum bilirubin, aspartate aminotransferase (AST),
alanine aminotransferase (ALT). Abdominal ultrasound
was done for all cases to assess GB and CBD dilation
and stones. Magnetic resonance cholangiography (MRCP)
was done in some cases where US could not confirm the
diagnosis. A preoperative and intraoperative prophylactic
antibiotic (cefotax 1 g, iv) was given to all patients.
Somatostatin was given routinely to all patients one hour
before surgery (1 mL, sc) to prevent development of
post ERCP pancreatitis.
Laparoscopic cholecystectomy was started in all
cases using the standard 4-ports technique under general
anesthesia. Intraoperative cholangiogram was performed
by the transcystic route in all cases. When laparoscopic
cholecystectomy was finished, we temporarily put in an
intraabdominal drain and closed the ports and prepared
for ERCP. ERCP was performed in the supine position
or the semiprone position. Endoscopic sphincterotomy
was done in all cases using an endoflex type double
lumen sphincterotomy and both Terumo and Hydrajag
wires. Removal of stones was done by balloon, dormia
basket or mechanical lithotripsy in difficult cases. A
completion cholangiogram was done to confirm freedom
of the CBD from stones. Electrocautery probes were
used to ensure haemostasis if there was suspicion of
bleeding from the papillotomy.
Assessment
The following items were recorded: difficulty of cannulation of the biliary tract using Freeman score [1 = one
to five attempts (easy), 2 = six to 15 attempts (moderate
difficult), 3 = more than 15 attempts (difficult), 4 =
failed] [22]; the need for precut for cannulation; total
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Table 1 Demographic data
Variables

Data

Age (yr)
Sex
Male
Female
Bilirubin (mg)
AST (IU)
ALT (IU)
CBD diameter (mm)
Size of stones in CBD
Mean size (mm)

32 (18-59)
20 (25)
60 (75)
3.8 (0.4-10)
99 (21-468)
93 (24-1000)
11 (6-15)
8 (5-17)

Data are expressed as absolute numbers (percentage) or median (range).
CBD: Common bile duct stone.

Figure 1 Short stricture at lower third common bile duct stone with small
stone above the stricture.

using SPSS software, version 17. For continuous variables, descriptive statistics were calculated and were
reported as median. Categorical variables were described
using frequency distributions

Table 2 Results
Variables

Data

Duration of operation (min)
Hospital stay (h)
Time to reach papilla (s)
ERCP done
ERCP not done (passed stone by TCC)
Difficulty in cannulation
Grade 1
Grade 2
Failure of cannulation
Precut papillotomy
Results
ERCP with stone extraction
Passed stone
Short stricture lower end CBD with stone ES with stent
Long stricture lower 1/3 CBD...treated by open
hepaticojejunostomy
Filling defect at the lower end biopsied...
adenocarcinoma
Failure of cannulation
Method of stone extraction
Balloon
Basket
Combined basket and balloon
lithotripsy

95 (75-200)
19 (18-24)
25 (20-45)
76 (95)
4 (5)

RESULTS
Preoperative data
Eighty patients seen during the recruiting period, (20
men and 60 women) were eligible and entered the study.
The median age was 32 years. All patients presented with
abdominal pain and jaundice. The median preoperative
bilirubin was 3.8 (range 0.4-10) mg (Table 1).
Abdominal ultrasound revealed the presence of multiple GS in all patients. The median diameter of the CBD
was 11 (6-15) mm (Table 1).

50/76 (65.8)
24/76 (31.58)
2 (2.6)
8/76 (10.52)
64 (84.2)
6 (7.9)
2 (2.6)
1 (1.3)
1 (1.3)

Operative data
Laparoscopic cholecystectomy was successful in 79/80
cases (98.8%). Intraoperative transcystic cholangiogram
(IOTC) was performed in 78 cases. IOTC was not
performed in two cases due to failure of cannulation of
the narrow cystic duct. It showed passed stones in four
cases so ERCP was unnecessary for these cases.
ERCP was performed in 76 cases and was successful
in 74 cases (97.3%). Failure of cannulation occurred in
two cases (one case due to atrophic papilla, and another
one due to juxta-diverticulum papilla). The cannulation
was easy in 50/76 cases (65.8%) while precut was needed
in 8 cases (10.5%) (Table 2).
Intraoperative ERCP showed a dilated CBD with
stones in 64 cases (84.2%) where removal of stones were
successful. Six cases (7.9%) showed passed stones. A
short lower end stricture with small stones presented in 2
cases (2.6%) who were treated by removal of stones with
stent insertion and follow up CT (Figure 1). Postoperative
CT was free and removal of the stent was done 1 mo
later. Long stricture lower 1/3 CBD was found in 1
case (1.3%) and treated by open hepaticojejunostomy
(Figure 2), and 1 case (1.3%) was proved to be ampullary
carcinoma and whipple’s operation was scheduled (Figure
3, Table 2). Failure of cannulation occurred in 2 cases,
(1 case due to atrophic papilla, and another case due to

2 (2.6)
52/66 (78.8)
4/66 (6.1)
8/66 (12.1)
2/66 (3.1)

Data are expressed as absolute numbers (percentage) or median (range).
ERCP; Endoscopic retrograde cholangio-pancreatography; CBD: Common
bile duct stone; TCC: Transcystic cholangiogram.

operative time; hospital stay; and cost. Any complications
of the procedure were assessed using Cotton’s criteria:
mild (2-3 d spent in hospital); moderate (4-10 d in hospital; or serious (more than 10 d in hospital or need
surgical or radiological interference)[23].
Follow up
The patients were followed up on postoperative day 7,
and then at 1 mo and 3 mo after the operation. Patients
were also seen at our clinic if they developed symptoms
between follow-up visits. Follow up was done by clinical
examination, serum bilirubin and abdominal ultrasound.
Statistical analysis
Statistical analysis of the data in this study was performed
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Figure 2 Long stricture at lower third common bile duct stone (Open hepaticojejunostomy was done).

Figure 3 Filling defect in lower part of common bile duct stone. Biopsied-Ampullary carcinoma.

juxta-diverticulum papilla) and the decision was made to
complete the two cases by laparoscopic CBD exploration.
Stone extraction was done by balloon in 56/66 cases
(78.8%), by basket in 4/66 cases (6.1%), by combined
balloon and basket in 8/66 cases (12.1%), and mechanical
lithotripsy was needed in 2 cases (3.1%) that had large
hard stones.
The median operative time was calculated for both
maneuvers and found to be 95 (75-200) min. The
postoperative course was smooth in all cases with no
mortality. Melena occurred in 1 case due to peptic ulcer.

DISCUSSION
The most popular methods of detecting CBDS include
intraoperative cholangiography (IOC), intraoperative
ultrasonography, ERCP, endoscopic ultrasonography,
and MRC[4]. ERCP had its beginning in the late 1960s,
with its introduction in the United States by McCune[24].
Endoscopic papillotomy and stone removal is successful
in more than 90% of cases, with 5% morbidity and less
than 1% mortality rate in expert hands[25]. Preoperative
ERCP and ES is an effective option for removing
CBDS in most cases, but only 10%-60% of patients will
have stones on ERCP[1,6,8,9,26]. Even with strict selection
criteria more than 10% of the preoperative ERCP are
normal, and the possibility of occurrence of postERCP pancreatitis varies between 1%-13.5%[10,27-30]. Postoperative ERCP avoids undue trial but has a failure rate
of 7%-14%[2,8,10].
Up till now ERCP has been mastered by either physicians or radiologists. The hepatobiliary surgical teams
in our center have mastered ERCP, with more than 7000
procedures performed since 1991. So, we continuously
have the availability to perform intraoperative ERCP (IOERCP) maneuvers.
ElGeidie et al[11] reported that LC and IO-ERCP is
an available treatment for managing CBDS but it needs
a well equipped hospital as regards endoscopies and a

Postoperative data
The complication rate after ERCP was 5/76 (6.6%)
and took the form of bleeding papillotomy in 2 cases
managed by side view endoscopy using electrocautery
probe, hyperamylasemia in 2 cases and passed conservatively, and pancreatitis in 1 patient which was managed
conservatively
The median hospital stay was 19 (18-24) h. The
average net cost was $850 ($700-1350) for both maneuvers
(Table 2).
Follow up
All patients were followed up on postoperative day 7, 1
mo, and 3 mo postoperatively. No recurrent or residual
stones were detected at these times.
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skillful surgical team. The success rate for IO-ERCP was
97.8%, the mean surgical time was 112 min, postoperative
stay was 1.3 d and the morbidity rate was 4.5%.
LC and IO-ERCP is a single procedure for management of CBDS that decreases the hospital stay and costs.
It also reduces unnecessary ERCP and decreases the
need to return to the operating room following technical
failure of ERCP. Ghazal et al[2] performed a study of 45
cases with GS and with a suspected or confirmed CBDS.
Cholecystectomy was completed laparoscopically in 44
patients. The conversion rate was 1/45 due to marked
adhesions at the Calot’s triangle. IOC was done in all
cases and revealed CBDS in 36 cases. IO-ERCP with ES
was performed successfully in 73.2% of patients. The
mean surgical time was 119 min (ranging from 100 to
150 min). There was no postoperative morbidity related
to the procedure and no evidence of retained CBDS on
follow up[2].
DePalma et al[31] reported a 100% success rate in stone
clearance with IO-ERCP in 15 cases, with a mean surgical time of 97.7 ± 30.4 min[31,32]. However, it needs
organization to overcome the technical problems and
to encourage the spread of this single procedure LC/
ERCP[33]. It is difficult to assure the immediate availability
of an endoscopist if stones are detected unexpectedly
on IOC. This situation is time consuming and prolongs
the operative times. The technical difficulties of the
combined approach are related to both the supine
position as more experience is required for successful
cannulation of the papilla, and insufflation of gases[33].
In the present study the authors are surgeons who
are experienced in both laparoscopy and ERCP; thus it
is easy to secure an endoscopist if stones are detected
unexpectedly on IOC immediately so the operative time
in our study was shorter than other studies. Patients in
our study were discharged after a mean hospital stay of
19 h (range 18-120 h). Williams and Vellacot[8] reported
a hospital stay of 2.5 d, ranging from 1 to 5 d. Ghazal et
al[2] reported that the mean hospital stay was 2.55 ± 0.89 d.
In our study some settings had been performed
to solve the difficulties of IO-ERCP. It is technically
more difficult to do ERCP in the supine position but it
improves fluoroscopic visualization of hilar anatomy.
We found that the position of the endoscope required
for facing the papilla in the duodenum was somewhat
different and was overcome by using specific techniques,
such as clockwise rotation of the head of the endoscope
or clockwise body rotation. To overcome the issue of
intestinal distension, we perform LC and IOC first then
after completion of LC we perform ERCP.
Single-stage LC/ERCP provides effective management for CBDS and may be helpful in selected patients
who may not afford a second anesthetic maneuver [7].
Also, to increase the success rate of IO-ERCP, various
rendezvous techniques were developed through the cystic
duct[34]. Rabago et al[35] presented a prospective randomized
study of LC with two different approaches: preoperative
ERCP vs IO-ERCP for CBDS. Intraoperative ERCP was
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performed using a rendezvous technique.
A Swedish registry shows successful bile duct cannulation was achieved in 92% of the ERCPs performed. The
presence of CBDS was seen in 36.8% of examinations.
Perioperative and postoperative morbidities were 2.5%
and 9.8%, respectively. The rate of ERCP-induced pancreatitis was 2.7%, and the hospital mortality rate was
5.9%[36].
In conclusion, hepatobiliary surgery is an expanding
field of surgery. The hepatobiliary surgeon should be
acquainted with operative ultrasound, endoscopy and
ERCP as the third hand to expand his field of therapeutic
options. This will limit the time loss in difficult biliary
situations.
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Abstract
AIM: To evaluate the association of known copy number
variations (CNVs) in ulcerative colitis (UC) progressing to
colorectal cancer.
METHODS: Microsatellite instability analysis using the
National Cancer Institute’s panel of markers, and CNV
association studies using Agilent 2 × 105 k arrays were
done in tissue samples from four patient groups with
UC: those at low risk (LR) or high risk of developing
colorectal cancer, those with premalignant dysplastic
lesions, and those with colitis-associated colorectal
cancer (CAC). DNA from tissue samples of these
groups were independently hybridized on arrays and
analyzed. The data obtained were further subjected
to downstream bioinformatics enrichment analysis to
examine the correlation with CAC progression.
RESULTS: Microarray analysis highlighted a progressive
increase in the total number of CNVs [LR (n = 178) vs
CAC (n = 958), 5.3-fold], gains and losses [LR (n = 37
and 141) vs CAC (n = 495 and 463), 13.4- and 3.3-fold,
respectively], size [LR (964.2 kb) vs CAC (10540 kb),
10.9-fold] and the number of genes in such regions [LR
(n = 119) vs CAC (n = 455), 3.8-fold]. Chromosomewise analysis of CNVs also showed an increase in the
number of CNVs across each chromosome. There were
38 genes common to all four groups in the study; 13 of
these were common to cancer genes from the Genetic
Disease Association dataset. The gene set enrichment
analysis and ontology analysis highlighted many cancerassociated genes. All the samples in the different groups
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health and disease. CNVs can lead to altered expression
of genes thereby contributing to cancer development.
Profiling these can help in identifying tumor suppressor
genes and oncogenes[18]. In the past decade, studies have
established that even though common CNVs with low
penetrance levels contribute only minimally or modestly
to the causation of cancer, their collective impact on
the predisposition to cancer must be considered while
estimating the cancer risk[19]. CNVs constitute important
genetic changes in various cancers including sporadic
CRC, but their association with neoplasia in UC is not
well described[20-23].
Copy number alterations detected by array-based
Comparative Genomic Hybridization (aCGH) can be
directly related to discovery of the underlying genes and/
or molecular mechanisms involved with tumorigenesis,
especially so with high or moderate penetrant CNVs[24,25].
Such discovery of altered regions associated with cancer
may help in classifying the cancer patient at the molecular
level along with the clinico-pathological features. With this
background, the present study was aimed at elucidating
the CNVs associated with the pathogenesis of CAC, a
complex disease.

were microsatellite stable.
CONCLUSION: Increasing numbers of CNVs are associated with the progression of UC to CAC, and warrant
further detailed exploration.
Key words: Ulcerative colitis; Colorectal cancer; Molecular
analysis; Microsatellite instability; Copy number variations
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Ulcerative colitis (UC) confers an increased risk
of colorectal cancer (CRC). The role of copy number
variations (CNVs) in different cancers including sporadic
CRC has been established but their association in the
development of colitis-associated neoplasia is not
well described. Reports to date are limited to only
a particular stage (e.g. , dysplasia or cancer) in the
development of colitis-associated cancer. In this first
study of its kind, we report the association of increased
numbers of known CNVs with the progression of UC to
colitis-associated cancer.
Shivakumar BM, Rotti H, Vasudevan TG, Balakrishnan A,
Chakrabarty S, Bhat G, Rao L, Pai CG, Satyamoorthy K.
Copy number variations are progressively associated with the
pathogenesis of colorectal cancer in ulcerative colitis. World J
Gastroenterol 2015; 21(2): 616-622 Available from: URL: http://
www.wjgnet.com/1007-9327/full/v21/i2/616.htm DOI: http://
dx.doi.org/10.3748/wjg.v21.i2.616

MATERIALS AND METHODS
Ethics
This study was approved by the Ethics Committee of
Kasturba Hospital, Manipal. All the patients provided
informed consent before participation.
Patient tissue and DNA Extraction
Patients with UC were recruited into 4 groups: UC-low
risk (LR): UC patients with disease duration less than
7 years; UC-high risk (HR): UC patients with disease
duration more than 7 years in case of extensive colitis or
more than 10 years for left sided colitis; UC-premalignant
(PM): UC patients who had any type of dysplasia (low
grade or high grade); and UC-CAC: UC patients who
were found to have cancer. Fresh biopsy specimens were
immediately digested with proteinase K (0.1 mg/mL) in
the presence of 1% sodium dodecyl sulphate (SigmaAldrich, United States). DNA was extracted using phenolchloroform, followed by ethanol precipitation. DNA
was checked for purity and stored at -20 ℃ until further
analysis.

INTRODUCTION
Longstanding ulcerative colitis (UC) confers an increased
risk of colorectal cancer (CRC)[1-6]. The frequency of
colitis-associated colorectal cancer (CAC) in the AsiaPacific region has been variously reported to be similar
to or lower than that reported from the West, mostly
based on retrospective studies[6-12]. Recent data from this
low prevalence region suggest that premalignant lesions
may not be uncommon in patients with longstanding
UC, if dysplasia is methodically looked for[13].
The inflammation-dysplasia-carcinoma sequence
defines carcinogenesis in UC and is accompanied by a series
of molecular changes[14]. The major molecular pathways
in the development of CRC involve chromosomal
instability (CIN) and microsatellite instability (MSI), which
are associated with an increase in the range of gene
expression and phenotypic changes[15,16]. Studies have
found that around 80% of the tumors with MSI have a
near-diploid karyotype and a distinct genetic alteration
distinguishable from those of microsatellite stable
cancers[17].
Copy number variations (CNVs), a source of genetic
diversity in humans under CIN and affecting gene dosage, are also believed to play a major role in human
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Microsatellite instability analysis
MSI status was examined using 5 microsatellite markers
[National Cancer Institute (NCI), Bethesda Panel]. The
assay was carried out using appropriate primer sequences
and the corresponding fluorescent dyes and polymerase
chain reaction as described elsewhere[26].
2 × 105 k CNV association microarray analysis
DNA from appropriate colonic tissue samples in these
groups were independently hybridized on 2 × 105 k
CNV association microarray slides (Agilent Techn-
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Table 1 Characteristics of colitis-associated colorectal cancer
association analysis using 2 × 105 k in different groups
of samples during the progression of ulcerative colitis with
respect to copy number variations

Total number of CNVs
Number of CNVs with gain
Number of CNVs with loss
Overall CNV coverage (in kb)
Number of genes within CNVs

UC-LR

UC-HR

UC-PM

CAC

178
37
141
964.2
119

271
190
81
2368.5
141

616
465
151
4875
318

958
495
463
10540.1
455

Table 2 2 × 105 k CNV analysis of all the samples and gene
list analysis using gene set enrichment analysis for functionally
significant families of genes

Cytokines and growth factors
Transcription factors
Cell differentiation markers
Protein kinases
Translocated cancer genes
Oncogenes
Tumor suppressor

CNVs: Copy number variations; UC: Ulcerative colitis; CAC: Colitisassociated colorectal cancer; LR: Low risk; HR: High risk; PM: Premalignant.

UC-HR

UC-PM

CAC

0
7
2
7
1
2
0

0
8
2
8
4
5
0

2
18
6
9
5
7
0

2
25
8
8
11
11
1

UC: Ulcerative colitis; CAC: Colitis-associated colorectal cancer; LR: Low
risk; HR: High risk; PM: Premalignant.

ologies, CA, United States) and analyzed according to
the manufacturer’s protocol. Briefly, genomic DNA
samples were sheared using a cycle of 15 s “on” and 15
s “off ” for 15 min in an ultrasonic processor (Thomas
Scientific, NJ, United States) with a 2 mm probe with
amplitude set at 40. The purified sheared DNA samples
were differentially labeled; test DNA (test genome)
with fluorescent Cy5 and the pooled normal reference
DNA (reference genome) with Cy3 dyes. Hybridization,
washing and scanning of the arrays were performed
according to the manufacturer’s protocol. Feature extracted data were analyzed with Genomic Workbench v5.0
software (Agilent Technologies, CA, United States) using
the ADM-2 aberration detection algorithm (threshold
5.0) and the log2 ratios (± 0.25) as cut-off values with
genomic boundaries switched on as track file of 022837.
All genomic data reported in the present study were
based on NCBI build 36 (hg18) of the human genome[27].

MSI analysis
Samples in all the groups did not show any instability in
the microsatellites analyzed and all were microsatellite
stable.
2 × 105 k CNV analysis
The number of CNV regions progressively increased
by up to 5-fold with advancing stages of disease (LR to
CAC): 178 in LR, 271 in HR, 616 in PM and 958 in CAC.
CNV coverage (size) was found to increase 10-fold with
progressive stages from LR (total of 964 kb) to CAC
(10540 kb). While the number of CNV regions showing
gains increased with the advancing stages of disease,
regions showing loss did not follow any particular pattern
(Table 1). The number of genes encompassed within the
CNV regions in each group increased substantially from
119 (LR) to 455 (CAC).
The chromosome-wise distribution of gains and
losses of CNVs also showed an increase in number
and size with disease progression (Figure 1A and D).
The average number of CNVs per chromosome was <
5 in LR, increasing to > 30 in CAC. In addition, only
two chromosomes (1 and 6) had altered CNVs > 100
kb in length in LR, while in CAC all but chromosomes
14, 18 and 21 harbored CNVs > 100 kb in length. LR
showed individual CNVs up to 5 kb in size, but in the
premalignant and malignant samples most CNVs were
above the 5 kb range (Figure 1B).

Bioinformatics enrichment analysis
Bioinformatics scanning approaches such as DAVID,
Gene Set Enrichment Analysis (GSEA), Genetic Disease
Association dataset (GAD), etc., were used to explore the
significance of a large variety of biological mechanisms
and functional importance including associations with
various cancer datasets in order to find the important set
of enriched genes with significant functions in developing
CRC.

RESULTS

Enrichment of gene sets by bioinformatics
To gain further insight of these CNV regions and their
functional significance, we analyzed chromosomal gains
and losses across all 4 sample groups using various computational tools and databases. By using Venny tool
analysis, 38 genes were found common to LR, HR, PM
and CAC (Figure 1C). Common genes analysis using
Venny for our 4 groups of genes with the reported human
GAD genes specific to cancer yielded 13 genes. GSEA
analysis for genes from the CNV regions showed an
increase in the functionally significant families of genes,
such as transcription factors, oncogenes and other cancerrelated genes (Table 2). Gene ontology analysis also

Patient sample details
Samples were included from the following patient groups:
UC-LR: n = 20; 10 male, 10 female, median age: 42 years;
UC-HR: n = 20; 10 male, 10 female, median age: 45 years;
UC-PM: n = 6; 4 male, 2 female, median age: 41 years;
UC-CAC: n = 2; 1 male, 1 female, median age: 38 years.
Subjects undergoing colonoscopy and found to have a
normal examination and normal histology (n = 20; 10
male, 10 female, median age: 49 years) were included as
controls. There was no statistically significant difference
between the different groups in terms of age and sex in
the study.
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Figure 1 Size distribution and overlap analysis of copy number variable regions and associated genes. A: Each chromosome wide copy number variation (CNV)
size distribution across samples from ulcerative colitis (UC) to colitis associated colorectal cancer (CAC); B: Histogram representation of distribution of CNV sizes on
all 4 samples analyzed by CNV association microarrays; C: Venn diagram showing the number of unique and common genes in different groups from UC to CAC. D:
CIRCOS plot highlighting progressive CNV association analysis during UC progression to CRC using 2×105 k arrays (UC-LR, UC-HR, UC-PM and UC-CRC or CAC:
in the order from outer circle to inner circle). LR: Low risk; HR: High risk; PM: Premalignant.

showed an increased enrichment of the genes involved in
extracellular biological processes among the 4 groups of
samples (Figure 2).

involvement of CNVs at different levels as the disease
progresses from UC to CAC. Increasing numbers of
CNVs were found to be associated with the progression
of the disease from earlier stages to cancer. Other factors
such as the size of CNVs and number of genes from
these CNV regions were similarly found to be correlated
with neoplastic progression. Bioinformatics enrichment
analysis of CNV genes also enumerated putative functionally important cancer-associated genes. Hence, the
study highlights the importance of classifying UC patients into subgroups at various stages of progression
using clinical details in the evaluation of molecular pathomechanisms involved in CAC.

DISCUSSION
The major aim of this study was to analyze the comprehensive association of known CNVs during various
stages of UC progressing to CRC and thereby to understand the role of CNVs in inflammation-associated
cancer development. The study, one of the first of its
kind using 2 × 105 k CNV association arrays on DNA
extracted from tissue samples has shown a progressive
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Figure 2 Summary results of gene ontology analysis carried out on 2 × 105 k data from different ulcerative colitis sample groups. X-axis: Molecular function
and Y-axis: Number of genes involved. UC: Ulcerative colitis; CAC: Colitis-associated colorectal cancer; LR: Low risk; HR: High risk; PM: Premalignant.

The 2 × 105 k array has been successfully used in large
sample-based studies for CNV association in common
diseases[28]. A population-specific array (2 × 105 k CNV
association array) with a target of analyzing the association
of CNVs has shown promising results albeit with a
limited number of inflammation-related and cancercoordinating genes in the study. Being a tissue based study,
the cells, and the CNVs therein being heterogeneous
because of the pooling of the samples, could probably
have affected the assessment of CNVs[29]. In this aspect,
our results from tissue DNA samples have identified the
CNV regions and the important genes situated in them
that are associated with various stages of progression of
UC to CAC. Unlike the present report, earlier studies on
colitis-associated neoplasia used conventional methods
(chromosomal genomic hybridization or bacterial artificial
chromosome arrays) and were limited to only one stage
of progression[21-23].
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In another important observation, the genes encompassing
these CNV regions matched with the cancer gene sets from
various databases such as GAD or GSEA, and highlight
the importance of these CNVs in carcinogenesis. Genes
from amplified or gain CNV regions may act as oncogenes
while the loss regions are likely to be embedded with
tumor suppressor regions [18]. Gene ontology analysis
further highlighted the significant number of genes
involved in various molecular and biological functions
from these CNV regions, increasing as the disease
progressed to CAC. Thus, our data can also be used in
future research to determine their definitive contribution
to colorectal carcinogenesis, upon functional validation of
genes from these CNV regions.
MSI is believed to play a role in the pathways of
UC-associated and sporadic CRCs, contributing at a
frequency of approximately 15%-20% compared to 80%
CIN in the case of CRC[14]. The present study using the
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balanced translocations or inversions, are altogether universally referred to
as CNVs. MSI: Microsatellites are repeated sequences of DNA and instability
is the result of defective mismatch repair in the cells which is more commonly
found in cancerous cells.

NCI panel of Bethesda markers found no instability in
any of the samples. One reason for this difference could
be the use of a cancer-specific panel and recruiting only
2 patients with CAC in the study[26]. Reports suggest that
CIN is greater in microsatellite stable samples[17,30].
The study of CNVs and cancer is in its infancy, but
recent advancements in and the availability of technology
is ensuring that more studies are being reported in this
area. There is tremendous scope for further studies
considering the effect of this form of genetic variation
on cancer predisposition and the association with cancer
genes. To our knowledge, this is the only study available
till now on the association of CNVs with UC stratified
into different stages of evolution to CAC. In a first
study of its kind, using the association arrays of higher
resolution on tissue samples we have demonstrated the
progressive changes in CNVs as UC advances to cancer,
establishing the importance of such genomic alterations
in the pathogenesis of CAC. These results clearly indicate
a major role for CNVs in the pathogenesis of CAC,
warranting further focused studies on the regions and
genes identified.

Peer review

In this study, the authors reported CNVs in the tissue samples from various
stages of progression of UC through to CAC, and known CNVs were found to
be increasingly associated with the progression of UC to CAC. Overall, these
findings are well written with interests.
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ORIGINAL ARTICLE
Clinical Trials Study

Use of disposable graduated biopsy forceps improves
accuracy of polyp size measurements during endoscopy
Hei-Ying Jin, Qiang Leng
ssed with the wire of disposable graduated biopsy
forceps. When a polyp was noted, endoscopists determined the width of the polyp; then, the graduated
biopsy forceps was inserted and the largest diameter
of the tumor was measured. After excision, during
surgery or endoscopy, the polyp was measured using
the vernier caliper.
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RESULTS: One hundred and thirty-three colorectal
polyps from 119 patients were studied. The mean
diameter, by post-polypectomy measurement, was
0.92 ± 0.69 cm; 83 were < 1 cm, 36 were between 1
and 2 cm, and 14 were > 2 cm. The mean diameter,
by visual estimation, was 1.15 ± 0.88 cm; compared
to the actual size measured using vernier calipers,
the difference was statistically significant. The mean
diameter measured using the DGBF was 0.93 ± 0.68
cm; compared to the actual size measured using vernier
calipers, this difference was not statistically significant.
The ratio between the mean size estimated by visual
estimation and the actual size was significantly different
from that between the mean size estimated using the
DGBF and the actual size (1.26 ± 0.30 vs 1.02 ± 0.11).
CONCLUSION: The accuracy of polyp size estimation
was low by visual assessment; however, it improved
when the DGBF was used.
Key words: Disposable graduated biopsy forceps; Polyp
size measurement; Colonoscopy; Accuracy
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: In this study, we designed a disposable
graduated biopsy forceps and used the forceps as “scale
plate” to measure the polyp size. We enrolled 133
polyps from 119 patients and found that the accuracy
of the visual estimation for a polyp size was low but
could be improved if the disposable graduated biopsy
forceps were used as a scale. Though some slight

Abstract
AIM: To determine the accuracy of endoscopic polyp
size measurements using disposable graduated biopsy
forceps (DGBF).
METHODS: Gradations accurate to 1 mm were asse-
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deviation still existed for estimation of polyps over 2
cm, the difference was not significant and did not affect
treatment.

MATERIALS AND METHODS
Ethics
The study was approved by the Ethics Committee of
the Third Affiliated Hospital of Nanjing University of
Traditional Chinese Medicine. All patients signed an
informed consent form.

Jin HY, Leng Q. Use of disposable graduated biopsy forceps
improves accuracy of polyp size measurements during endoscopy.
World J Gastroenterol 2015; 21(2): 623-628 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v21/i2/623.htm
DOI: http://dx.doi.org/10.3748/wjg.v21.i2.623

Study subjects
The graduated biopsy forceps was developed based on
the traditional disposable biopsy forceps. At the beginning of the steel wire of the traditional disposable biopsy
forceps, gradations were drawn every 1 mm along a 3-cm
total length, using medical pigment. This was used as a
scale plate for estimating the size of the tumors. From
April to September 2013, patients with polyps were
enrolled from the National Center of Colorectal Surgery,
Nanjing University of Traditional Chinese Medicine.
First, when the endoscopists discovered a polyp or tumor,
they assessed the largest diameter of the tumor; then,
they inserted a graduated biopsy forceps and measured
the largest diameter of the tumor from the vertical view;
lastly, the “gold standard” for the largest diameter of the
tumor was accurately measured using a vernier caliper,
after excising the tumor by surgery or endoscopy (Figure
1). A correct measurement was defined as a variation of
less than 10% between the size evaluated and the actual
size as measured using a vernier caliper. The accuracy
rate was defined as the number of polyps accurately
evaluated divided by the total number of polyps. Five
endoscopists who had an experience of over 2000 cases
of colonoscopy were involved in the study.

INTRODUCTION
The size of a tumor, detected at colonoscopy, is associated with the subsequent management of patients. If
the size of a colon polyp is less than 3 cm, endoscopic
mucosal resection (EMR) or endoscopic submucosal
dissection (ESD) could achieve complete resection with
few complications[1,2]. If a colon polyp is greater than 3
cm, the bowel would need to be resected by endoscopic
resection; these cases have been associated with a high
risk of complications. However, for colon polyps less
than 3 cm, the methods used and risks associated with
endoscopic resection are different; that is, for polyps
2-3, 1-2 cm and those less than 1 cm[3,4]. Several clinical
guidelines include the size and extent of the tumor as an
important factor for deciding on the use of endoscopy
for resection of colon polyps. Therefore, accurate measurement of colon polyps, during colonoscopy, is crucial
for the appropriate management of patients with colon
polyps[5-7]. However, there are no standard criteria for
measuring the size of a colon polyp during colonoscopy.
Many endoscopists evaluate the size of a polyp based
on their personal experience, which may be inconsistent
with the actual size of the colon tumor. Eichenseer et al[8]
compared the estimated size of 10 to 25-mm polyps, as
determined during endoscopy, with the size determined
by post-fixation histopathology of the polyps by 15
different endoscopists; they found that the mean size
variation between the polyp size estimation at endoscopy
and the size determined by histopathology of the polyps
was 73.6% (range of mean size variation, 13%-127%).
In addition, 62.6% (range, 0%-91%) included polyps
that were clinically sized incorrectly; overestimation of
the polyp size, during endoscopy, was more common
than underestimation. Furthermore, some endoscopists
inaccurately estimated the size of adenomas, and this led
to inappropriate surveillance recommendations. In order
to evaluate the differences between the size estimated
by endoscopists and the actual size, as determined by
histopathology, we developed a system using disposable
graduated biopsy forceps to evaluate the size of colon
polyps and compared this to both the estimation
reported by endoscopists and the final size determined
by histopathology.

WJG|www.wjgnet.com

Statistical analysis
Data were analyzed using SPSS 17.0 software for
Windows. The paired Student’s t-test was used to compare
the ratio of the estimated size, by the endoscopists, to the
actual size measured using the vernier caliper, with the
ratio of the size measured using the graduated biopsy
forceps to the actual size measured using the vernier
caliper. Analysis of variance was used to compare the
differences among the three groups. A P-value < 0.05
was considered statistically significant.

RESULTS
Basic clinical characteristics of the polyps
One hundred and thirty-three colon polyps from 119
patients (76 males and 43 females; average age, 58.29 ±
11.45 years; range, 28-82 years) were included. Among
the polyps, 40 were rectal polyps, 43 sigmoid colon
polyps, seven descending colon polyps, 12 transverse
colon polyps, and 31 cecum or ascending colon polyps.
Among the patients, two underwent laparoscopic
colectomy, and all others had endoscopic mucosal
resection. One hundred and seven were adenomas, while
four were villous adenomas (of which, one was mucosal
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A

B

C

D

Figure 1 Comparison of measurements using the graduated biopsy forceps and the vernier caliper. A: 0.6 cm, measured using the graduated biopsy forceps; B:
0.6 cm, measured using the vernier caliper; C: 1.4 cm, measured using the graduated biopsy forceps; D: 1.4 cm, measured using the vernier caliper.
The largest diameter of polyps measured by different methods (n = 133)

Polyp size (cm)

6
5

The largest diameter of polyps measured by endoscopists

4

The largest diameter of polyps measured by the
graduated biopsy forceps
The largest diameter of polyps measured by the vernier
caliper

3
2
1
0

1

12

23

34

45
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78

89

100

111
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Figure 2 Comparison of the largest diameter measured using the three different methods.

cancer, two were tubulovillous adenomas and one was a
neuroendocrine tumor, a carcinoid tumor).

0.2-1.5 cm); this was significantly different from the
actual size measured using the vernier caliper (0.57 ± 0.17
cm) (P = 0.000). The mean largest diameter measured
using the graduated biopsy forceps was 0.58 ± 0.17 cm;
this was not significantly different from the actual size as
measured using the vernier caliper (P = 0.096).
For polyps 1 to 2 cm, the mean largest diameter
measured using the vernier caliper was 1.31 ± 0.34 cm,
while the mean largest diameter by the endoscopists
was 1.77 ± 0.71 cm (range, 0.6-3.0 cm); the difference
was statistically significant (P = 0.000). The mean largest

Influence of different tumor sizes on tumor size
evaluation
The mean largest diameter of the resected polyps, measured using a vernier caliper, was 0.92 ± 0.69 cm (range,
0.1-4.0 cm); among the polyps, 83 were < 1 cm, 36 were
between 1 and 2 cm and 14 were > 2 cm (Figure 2).
For those polyps < 1 cm, the mean largest diameter
evaluated by the endoscopists was 0.70 ± 0.23 cm (range,
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diameter measured using the graduated biopsy forceps
was 1.323 ± 0.43 cm (range, 0.9-2.1 cm); this was not
significantly different from the mean largest diameter
measured using the vernier caliper (P = 0.688).
For polyps that were > 2 cm, the mean largest
diameter measured using the vernier caliper was 2.70 ±
0.58 cm, while the mean largest diameter evaluated by the
endoscopists was 3.12 ± 0.91 cm (range, 2.0-5.0 cm); this
difference was statistically significant (P = 0.006), which
implied that the endoscopists tend to overestimate the
polyp size. The mean largest diameter measured using the
graduated biopsy forceps was 2.64 ± 0.59 cm; this was
not significantly different from the mean largest diameter
measured using the vernier caliper (P = 0.223).

size of the colon polyps; however, the size estimated by
those endoscopists who were less experienced varied
from the actual size. The accuracy of size estimation
was improved by using the graduated biopsy forceps
during endoscopy[11]. Morales et al[12] used an open biopsy
forceps as a guide to measuring the colon polyp size
during colonoscopy; however, there were significant
differences between the endoscopic estimates and the
post-polypectomy measurements for three-quarters of
the polyps. Gopalswamy et al[13] compared the accuracy
of a linear probe, visual estimation and forceps for
estimating polyp size during colonoscopy; they found
that the measurement of the polyp size using a linear
probe had the best agreement with the actual polyp size,
followed closely by visual estimation. The open biopsy
forceps method was the least accurate. However, the
linear probe requires special software to estimate size,
which adds to the examination time and cost of the
procedure. In recent years, the computed tomography
(CT) colonoscopy has been used to estimate the size of
colon polyps with a high degree of accuracy. However,
the patients required bowel preparation before a CT
colonoscopy and the procedure was very costly[14-16].
To estimate the size of colon polyps, we developed
a graduated biopsy forceps based on the traditional
disposable biopsy forceps. Gradations were drawn
every 1 mm along the 3-cm total length using medical
pigment. The accuracy of estimating the size of the
colon polyps increased when using the graduated biopsy
forceps. In this study, the mean estimated size, by the
endoscopists, was 1.15 cm; this was different from the
actual size measured using the vernier caliper (0.92 cm)
and the difference was statistically significant. However,
the mean size measured using the graduated biopsy
forceps was 1.02 cm, which was statistically similar to
the actual size measured using the vernier caliper (0.93
cm). Therefore, the size measured using the graduated
biopsy forceps was consistent with the actual size as
measured using the vernier caliper. The ratio of the size
estimated by the endoscopists to the actual size measured
using the vernier caliper was 1.26, while the ratio of the
size measured using the graduated biopsy forceps to the
actual size measured using the vernier caliper was 1.02;
the difference between these two ratios was statistically
significant (P = 0.000). These findings show that the
graduated biopsy forceps could improve the accuracy of
size estimation of colon polyps.
Different polyp sizes affected the accuracy of size
estimation. The bigger the tumor size was, the less
accurately the tumor was estimated. From our study, the
polyp size by endoscopist tends to be overestimated,
and the polyp size tends to be more accurately estimated
when we used the graduated biopsy forceps. For polyps
less than 1 cm, 86.7% could be accurately measured.
For polyps between 1 and 2 cm, only 11.1% could be
accurately estimated by the endoscopists, while 66.7%
were accurately measured using the graduated biopsy
forceps. These findings indicate that using the graduated

Influence of different tumor sizes on the accuracy of
tumor size estimation
For 83 polyps less than 1 cm, only 22.2% (8/36) could
be accurately estimated by the endoscopists, while 86.7%
(72/83) could be accurately measured using the graduated
biopsy forceps; this difference was statistically significant
(P = 0.000).
For 36 polyps between 1 and 2 cm, only 11.1% (4/36)
could be accurately estimated by the endoscopists, while
66.7% (24/36) were accurately measured using the graduated biopsy forceps; this difference was statistically
significant (P = 0.009).
For polyps over 2 cm, none were accurately estimated
by endoscopist assessment, while 57.1% were accurately
measured using the graduated biopsy forceps.

DISCUSSION
The size of a colon polyp, assessed at colonoscopy,
is crucial for determining patient management. Many
clinical guidelines use the size and extent of the tumor
as an important factor for determining whether to resect
colon polyps using endoscopy[5-7]. However, accurate
estimation of the size of a polyp, during colonoscopy, is
not guaranteed. Currently, the size of a polyp is evaluated
by endoscopists based on their personal experience;
however, there is great variation among endoscopists
with regard to the evaluated size and actual size of a
colon polyp. In some studies, the oncological potential
of a colon polyp has been related to its size and shape,
indicating that the measurement of the colon polyp size
was an important factor for determination of the risk
associated with the colon polyp[9,10]. In this study, the
difference between the actual size of the colon polyp
and the size assessed by the endoscopists was significant.
The actual size measured using the vernier caliper varied
from the size estimated by the endoscopists, and this
difference was statistically significant, especially for
polyps greater than 1 cm. The reason for the variation
in size estimation via endoscopy was the absence of a
“scale plate”. All size estimations were done based on
the endoscopists’ experience. Those endoscopists who
were more experienced could accurately evaluate the

WJG|www.wjgnet.com

626

January 14, 2015|Volume 21|Issue 2|

Jin HY et al . Graduated biopsy forceps for polyp measurements
enterologist. It is a very interesting paper and presents an original view of the
problem.

biopsy forceps improved the accuracy of size estimation
and decreased the variation of measurements.
However, this type of graduated biopsy forceps could
only measure polyps along the longitudinal axis of the
bowel; polyps that surrounded the enteric cavity could
not be directly measured with the graduated biopsy
forceps. In such cases, estimations by the endoscopists
were needed; they identified polyps that surrounded the
enteric cavity. In this study, for 14 polyps that were >
2 cm, variation existed in 42.9% (6/14) of the polyps,
especially for the lateral spread of the polyps. The size
measurement could not be determined in one view, and
in such cases the assessment might be different from the
actual size.
In conclusion, the estimation of colon polyp size
during endoscopy based on endoscopists’ experience
had lower accuracy; use of the graduated biopsy forceps
during endoscopy improved the accuracy of size
estimation. Although there were variations in laterally
spreading colon polyps that were > 2 cm, the variations
were significantly decreased and they did not affect
treatment and follow-up.
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Abstract
AIM: To survey the detailed analyses for Helicobacter
pylori (H. pylori ) infection and gastric mucosal status
in Myanmar.

METHODS: A total of 252 volunteers with dyspeptic
symptoms (155 female and 97 male; mean age of 43.6
± 14.2 years) was participated in Yangon and Mandalay.
The status of H. pylori infection was determined based
on 5 different tests including rapid urease test, culture, histology, immunohistochemistry and serology.
Histological scores were evaluated according to the
update Sydney system and the Operative Link for
Gastritis Assessment system. Pepsinogen (PG) Ⅰ and PG
Ⅱ were measured using enzyme-linked immunosorbent
assays.
RESULTS: The overall prevalence of H. pylori infection
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rate[4]. In fact, H. pylori strains isolated in India are Western-type strains, on the other hand, those of Chinese
are East-Asian-type strains [5,6]. In Thailand, H. pylori
strains isolated from Chinese-Thai showed East-Asiantype whereas those from Thai-Thai showed Western-type
strains[7].
Myanmar is located in Southeast Asia bordered by
China, Thailand, India, Laos and Bangladesh. The agestandardized incidence rate (ASR) of gastric cancer in
Myanmar was reported to be 11.2/100000 per year [8]
(http://globocan.iarc.fr/), which is higher than that of
India and Thailand, and lower than that of China (6.1,
3.1 and 22.7/100000, respectively). To our knowledge,
there is no previous study published focusing on the H.
pylori infection in Myanmar. To understand the reason
for higher incidence of gastric cancer in Myanmar than
India or Thailand, it is important to elucidate of H. pylori
infection rate in Myanmar. In addition, phylogeographic
analyses with genomic difference of H. pylori strains can
assume the migration of human populations[9]. Therefore, analyses of H. pylori strains isolated from Myanmar
might be contributed to the exploration of human
migration pattern in south Asian countries.
Furthermore, the gastric cancer risk can be assessed
by the status of gastric atrophy[10]. Not only endoscopic
and histological examination but also the measurements
of serum pepsinogen (PG) Ⅰ and PG Ⅰ/Ⅱ levels can
be available to examine the status of gastric mucosal
atrophy. A meta-analysis showed that a PG Ⅰ level ≤
70 ng/mL and a PG Ⅰ/Ⅱ ratio ≤ 3 had a sensitivity
of 57%, specificity of 80%, positive predictive value of
15%, and negative predictive value of 83% in screening
for atrophic gastritis to detect gastric cancer[11]. However,
the proper cut-off value can be various according to the
geographic difference.
In this study, we first disclosed the infection rate of H.
pylori in Myanmar by multiple tests including rapid urease
test, culture, histology, immunohistochemistry and
serology. In addition, we examined the status of gastric
mucosa based on histology and serology.

was 48.0%. There was no relationship between age
and infection rate. Even in young group (less than 29
years old), the H. pylori infection rate was relatively
high (41.9%). The prevalence of H. pylori infection was
significantly higher in Yangon than that of Mandalay.
H. pylori infection was significantly associated with the
presence of gastric mucosal atrophy. All 7 subjects with
peptic ulcer were infected with H. pylori . Although H.
pylori -positive subjects showed stronger gastritis than H.
pylori -negative subjects, most cases had mild gastritis.
CONCLUSION: We revealed the prevalence of H.
pylori infection in patients with dyspeptic symptoms in
Myanmar. The H. pylori infection was a risk factor for
peptic ulcer and stronger gastritis.

Key words: Helicobacter pylori ; Myanmar; Pepsinogen;
Atrophy
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The prevalence of Helicobacter pylori (H.
pylori ) infection in Myanmar has not been elucidated.
Our study revealed that the overall prevalence of H.
pylori infection was 48.0% in patients with dyspeptic
symptoms. Even among young group (less than 29
years old), the H. pylori infection rate was relatively
high (41.9%). Nevertheless, most cases showed mild
gastritis, which suggests that the moderate of the
incidence of gastric cancer might be attributed to the
mild atrophy. All 7 subjects with peptic ulcer were
infected with H. pylori .

Myint T, Shiota S, Vilaichone RK, Ni N, Aye TT, Matsuda M,
Tran TTH, Uchida T, Mahachai V, Yamaoka Y. Prevalence of
Helicobacter pylori infection and atrophic gastritis in patients
with dyspeptic symptoms in Myanmar. World J Gastroenterol
2015; 21(2): 629-636 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i2/629.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i2.629

MATERIALS AND METHODS

INTRODUCTION

Study population
We consecutively recruited a total of 252 volunteers with
dyspeptic symptoms (155 female and 97 male; mean age
of 43.6 ± 14.2 years, range 13 to 85 years old) in our
prospective study in 2012. The survey took place in the
largest city, Yangon (n = 182) and the second largest
city, Mandalay (n = 70). Subjects with a history of partial
gastric resection were excluded. Total of 252 subjects
were consisted of 43 at ≤ 29 years old, 65 at 30-39
years old, 56 at 40-49 years old, 55 at 50-59 years old,
and 33 at ≥ 60 years old. Peripheral blood was collected
from each subject after overnight fasting. Samples were
collected into serum tubes and centrifuged within 1 h
after collection. Separated sera were used for serological
identification of H. pylori and measurement of the PG

Helicobacter pylori (H. pylori) infection is strongly related with
the development of gastroduodenal diseases including
peptic ulcer and functional dyspepsia [1]. Although H.
pylori infection is also a major factor to development of
gastric cancer[2], the difference of H. pylori infection rate is
not enough to explain the difference of the incidence of
gastric cancer in the world. For example, despite the high
prevalence of H. pylori infection in India, the incidence
of gastric cancer in India is much lower than in other
countries, the so-called Asian enigmas[3]. In addition to
host and environmental factors, as a part, the difference
of the incidence of gastric cancer irrespective of H.
pylori infection rate can be explained by the difference of
virulence factors of H. pylori rather than H. pylori infection
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levels. All reagents for H. pylori cultures (e.g., disposable
forceps, transport mediums) were brought from Thailand
and Japan. We performed endoscopy on the same day
with blood collection. Written informed consent was
obtained from all participants, and the protocol was approved by the Ethics and Research Committee of University of Medicine (1), Myanmar, that of Mandalay General
Hospital, that of Thammasat University Hospital as well
as that of Oita University Faculty of Medicine, Japan.
During each endoscopy session, 4 gastric biopsy
specimens were obtained (three from the lesser curvature
of the antrum approximately three cm from the pyloric
ring and one from the greater curvature of the corpus).
Three specimens from the antrum were used for H. pylori
culture, rapid urease test and histological examination.
One specimen from the corpus was used for histological
examination. Peptic ulcers and gastric cancer were identified
by endoscopy. Gastritis was defined as H. pylori gastritis in
the absence of peptic ulcer or gastric malignancy.

classified as H. pylori-positive according to the manufacturer’s instructions; those with PG Ⅰ levels ≤ 70 ng/
mL and a PG Ⅰ/Ⅱ ratio ≤ 3.0 were classified as PGpositive according to the Japanese guidelines[13].
Immunohistochemistry
Immunohistochemistry was performed as described
previously[14]. Briefly, after antigen retrieval and inactivation of endogenous peroxidase activity, tissue sections
were incubated with α-H. pylori antibody (DAKO, Denmark) overnight at 4 ℃. After washing, the sections were
incubated with biotinylated goat antirabbit IgG (Nichirei
Co., Japan), followed by incubation with a solution of
avidin-conjugated horseradish peroxidase (Vectastain
Elite ABC kit; Vector Laboratories Inc., Burlingame, CA,
United States). Peroxidase activity was detected using
H2O2/diaminobenzidine substrate solution. For all cases,
we performed Giemsa staining using a serial section
to identify the presence of H. pylori. If the H. pylori
identified by Giemsa staining was found to be positively
immunostained, we judged the case as positive.

Status of H. pylori infection
To maximize the diagnostic accuracy, 5 different methods
were combined for the diagnosis of H. pylori infection
including rapid urease test, culture, histology, immunohistochemistry, and serology. Subjects were considered
to be H. pylori-negative when all 5 tests were negative,
whereas H. pylori-positive status required at least one positive test result.

Staging for gastritis
The degree of gastritis was classified using 4 grades: 0,
normal; 1, mild; 2, moderate; and 3, marked according to
the updated Sydney system[12]; samples of grade 1 or more
were considered atrophy-positive according to a previous
report[15]. In addition, on the basis of the topographic
locations (antrum and corpus), the gastritis stage (the
severity and topography of atrophy) was assessed according
to the Operative Link on Gastritis Assessment (OLGA)
system[16,17].

H. pylori culture
One biopsy specimen from the antrum was homogenized
in saline and inoculated onto Mueller Hinton Ⅱ Agar
medium (Becton Dickinson, NJ, United States) supplemented with 7% horse blood without antibiotics. The
plates were incubated for up to 10 days at 37 ℃ under
microaerophilic conditions (10% O 2 , 5% CO 2 and
85% N2). H. pylori was identified on the basis of colony
morphology, Gram staining and positive reactions for
oxidase, catalase, and urease. Isolated strains were stored
at -80 ℃ in Brucella Broth (Difco, NJ, United States)
containing 10% dimethylsulfoxide and 10% horse serum. For histology, all biopsy materials were fixed in
10% buffered formalin for 24 h, and then embedded in
paraffin. Serial sections were stained with hematoxylin
and eosin and with May-Giemsa stain. The degree of
bacterial load was classified into four grades: 0, “normal”;
1, “mild”; 2, “moderate”; and 3, “marked” according to
the updated Sydney system[12]. More than or equal of 1
grade of bacterial load was defined as H. pylori positive.

Statistical analysis
Data were analyzed using SPSS, version 19 (SPSS Inc.,
Chicago, IL, United States). Statistical evaluation was
performed by the χ 2 test to compare discrete variables
and the Mann-Whitney U-test and the t-test to compare
continuous variables. Differences in prevalence in
each group were analyzed using the Mantel-Haenszel
method. Spearman rank coefficients (r) were determined
to evaluate the association between the severity of
mucosal atrophy and PGs. Multiple backward stepwise
logistic regression analyses were performed to examine
the associations of atrophy with the main predictor
variables, such as age, sex, H. pylori infection. For each
variable, the OR and 95%CI were calculated. A twotailed P value < 0.05 was considered significant. Receiver
operating curves (ROC) were used to calculate the best
cut-off values for discriminating atrophic gastritis by
PG Ⅰ/Ⅱ.

Serological analysis of H. pylori infection and PG
Anti-H. pylori IgG levels were quantified using an enzyme-linked immunosorbent assay (ELISA) kit (Eiken
Co., Ltd., Tokyo, Japan) according to the manufacturer’
s instructions. Serum PG Ⅰ and PG Ⅱ levels were
measured using Pepsinogen ELISA (Eiken, Co. Ltd.)
according to the manufacturer’s instructions. Individuals
with a serum H. pylori antibody titer ≥ 10 U/mL were
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RESULTS
Prevalence of H. pylori infection in Myanmar
Table 1 showed H. pylori positive rate in each test. The
results of histology and immunohistochemistry were
identical. Among 5 tests, serological test showed higher
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27.3% (3/11) at ≥ 60 years old. The overall prevalence
of H. pylori infection in Yangon was significantly higher
than that of Mandalay even when the age was adjusted
by the Mantel-Haenszel method (52.2% vs 37.1%, P =
0.04).

Table 1 Prevalence of Helicobacter pylori infection in each
diagnostic test n (%)
Age (yr)
n
Serum
RUT
Culture
Histology
IHC
Final

-29

30-39

40-49

50-59

60-

Total

43
16
(37.2)
9
(20.9)
9
(20.9)
11
(25.6)
11
(25.6)
18
(41.9)

65
27
(41.5)
33
(50.8)
26
(40.0)
29
(44.6)
29
(44.6)
37
(56.9)

56
21
(37.5)
17
(30.4)
18
(32.1)
20
(35.7)
20
(35.7)
26
(46.4)

55
21
(38.2)
21
(38.2)
18
(32.7)
23
(41.8)
23
(41.8)
28
(50.9)

33
8
(24.2)
6
(18.2)
3
(9.1)
7
(21.2)
7
(21.2)
12
(36.4)

252
93
(36.9)
86
(34.1)
74
(29.4)
90
(35.7)
90
(35.7)
121
(48.0)

Endoscopic findings and H. pylori infection rate
In endoscopic diagnosis, gastritis was most common
findings (233/252, 92.4%). Gastric and duodenal ulcer was
found at 3 cases (1.1%) and 4 cases (1.5%), respectively.
Gastric cancer was found in 3 cases (1.1%). Other diagnosis
including submucosal tumor was found in 9 subjects.
Among 233 subjects with gastritis, 109 (46.8%) were
infected with H. pylori. On the other hand, all 7 subjects
with peptic ulcer were infected with H. pylori, which was
significantly higher than that of gastritis (100 vs 46.8%, P
= 0.006). Among 3 subjects with gastric cancer, 2 subjects
were infected with H. pylori.

Positive rate (%)

RUT: Rapid urease test; IHC: Immunohistochemistry.

100
90
80
70
60
50
40
30
20
10
0

-29

30-39

40-49

50-59

Status of gastric mucosa
According to the updated Sydney system, 114 subjects
(45.3%) were grade 0 for atrophy in the antrum, 131
subjects (51.9%) had grade 1 and 7 subjects (2.7%) had
grade 2. None had grade 3. In the corpus, 220 cases
(87.3%) were grade 0 for atrophy in the corpus and 27
and 5 cases (10.7% and 1.9%, respectively) were of grades
1, and 2 for atrophy, respectively. Therefore, 138 subjects
(54.7%) had gastric mucosal atrophy in the antrum, and
32 (12.6%) subjects had gastric mucosal atrophy in the
corpus when samples of grade 1 or more were considered
atrophy-positive. The OLGA system was also used to
assess the staging of gastritis; 109 (43.2%) was stages 0
and stage Ⅰ was found in 52.3% (132/252). Stage Ⅱ was
found in 3.9% (10/252). Stage Ⅲ was found only 1 (0.3%)
subject and Stage Ⅳ were not found. The differences
of histological scores according to the status of H. pylori
infection were shown in Table 2. The scores for activity,
inflammation, and atrophy both in antrum and corpus
were significantly higher in H. pylori-positive subjects
than negative subjects (all P < 0.0001). The score for
intestinal metaplasia in the antrum was significantly higher
in H. pylori-positive subjects than negative subjects (P =
0.02). Intestinal metaplasia in the antrum was found in
11.5% (14/121) in H. pylori-positive and 3.8% (5/131) in
-negative subjects; therefore, the prevalence of intestinal
metaplasia in the antrum was significantly higher in H.
pylori-positive subjects than that of negative subjects (P
= 0.01). OLGA score was also significantly higher in H.
pylori-positive subjects than negative subjects (0.84 ± 0.56
vs 0.40 ± 0.52, P < 0.0001).
To evaluate predictive factors for the presence of
atrophy, we performed a multivariate analysis. H. pylori
infection was an independent risk factor for the presence
of atrophy even after adjustment by age and gender (P <
0.0001, OR = 5.27, 95%CI: 3.02-9.18).

60-

Age (yr)

Figure 1 Prevalence of Helicobacter pylori infection by age group in
Myanmar. Helicobacter pylori (H. pylori) infection was examined by 5 different
methods including rapid urease test, culture, histology, immunohistochemistry,
and serology. Subjects were considered to be H. pylori-negative when all 5
tests were negative, whereas H. pylori-positive status required at least one
positive test result. Each bar shows the percentage of positive cases and the
standard error.

positive rate compared with culture, although it did not
reach a statistical significance (P = 0.07). When subjects
were considered to be H. pylori positive in case at least
one test showed positive, overall, the prevalence of H.
pylori infection in Myanmar was 48.0% (121/252). Figure
1 shows the prevalence of H. pylori infection according
to various range age groups. There was no statistical
difference in the positive rate with age (P = 0.31). Even
in younger age group, the prevalence of H. pylori infection was more than 40%. There was no difference of H.
pylori infection rate between male and female (P = 0.43).
The prevalence of H. pylori infection differed among
the 2 cities. The prevalence of H. pylori infection in
Yangon was 41.9% (13/31) at ≤ 29 years old, 62.2%
(28/45) at 30-39 years old, 55.8% (24/43) at 40-49 years
old, 51.2% (21/41) at 50-59 years old, and 40.9% (9/22)
at ≥ 60 years old. On the other hand, the prevalence of
H. pylori infection in Mandalay was 41.7% (5/12) at ≤ 29
years old, 45.0% (9/20) at 30-39 years old, 15.4% (2/13)
at 40-49 years old, 50.0% (7/14) at 50-59 years old, and

WJG|www.wjgnet.com

Gastric mucosal atrophy and PG in Myanmar
PG Ⅱ was significantly higher in H. pylori-positive than
-negative subjects (P < 0.001); whereas there was no
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examined the correlations between the severity of gastric
mucosal atrophy and PGs (Table 3). In case of the antrum,
PG Ⅰ and PG Ⅱ were significantly correlated with the
severity of atrophy (r = 0.13, P = 0.03 for PG Ⅰ, r =
0.34, P < 0.001 for PG Ⅱ). On the other hand, PG Ⅰ/
Ⅱ was significantly inversely correlated with the severity
of atrophy (r = -0.34, P < 0.001). In case of the corpus,
there was no correlation between PG Ⅰ and the severity
of atrophy. PG Ⅱ were also significantly correlated with
the severity of atrophy in the corpus (r = 0.22, P < 0.001).
PG Ⅰ/Ⅱ was also significantly inversely correlated
with the severity of atrophy in the corpus (r = -0.37,
P < 0.001). The correlation between OLGA score and
the severity of atrophy was also examined. PG Ⅱ were
significantly correlated with the OLGA score (r = 0.35, P
< 0.001). PG Ⅰ/Ⅱ was significantly inversely correlated
with OLGA score (r = -0.39, P < 0.001). There was no
correlation between PG Ⅰ and the OLGA score.
When we used the cut-off value of PG Ⅰ/Ⅱ as ≤
3.0 for more than stage Ⅰ in the OLGA score, sensitivity
and specificity were 8.3%, 99.0%, respectively. In case
more than stage Ⅱ in the OLGA score, they were 18.1%
and 95.4%, respectively. Therefore, we calculated the
best cut-off value of PG Ⅰ/Ⅱ from ROC curve. For
more than stage Ⅰ in OLGA score, the best cut-off
value of PG Ⅰ/Ⅱ was 6.25 (sensitivity 62.9%, specificity
76.1%) [area under the ROC was 0.720 (95%CI:
0.657-0.782)]. For more than stage Ⅱ in OLGA score,
the best cut-off value of PG Ⅰ/Ⅱ was 5.35 (sensitivity
81.8%, specificity 67.2%) [area under the ROC was 0.750
(95% CI: 0.610-0.889)].

Table 2 Differences of histological scores according to the
status of Helicobacter pylori infection

n
Age
Male
PG Ⅰ
PG Ⅱ
PG Ⅰ/Ⅱ
PG-positive
Antrum
Activity
Inflammation
Atrophy
Intestinal metaplasia
Corpus
Activity
Inflammation
Atrophy
Intestinal metaplasia
OLGA score

H. pylori (+)

H. pylori (-)

P value

121
42.5 ± 13.1
50
86.9 ± 72.0
17.3 ± 11.6
5.3 ± 2.0
8

131
44.7 ± 15.2
47
75.8 ± 77.0
9.8 ± 10.4
8.1 ± 2.6
4

0.22
0.37
0.006
< 0.001
< 0.001
0.18

1.22 ± 0.82
1.53 ± 0.65
0.78 ± 0.52
0.19 ± 0.59

0.08 ± 0.26
0.50 ± 0.54
0.39 ± 0.50
0.05 ± 0.31

< 0.0001
< 0.0001
< 0.0001
0.02

0.74 ± 0.65
0.99 ± 0.63
0.25 ± 0.50
0.04 ± 0.32
0.84 ± 0.56

0.08 ± 0.29
0.15 ± 0.42
0.05 ± 0.25
0.04 ± 0.28
0.40 ± 0.52

< 0.0001
< 0.0001
< 0.0001
0.72
< 0.0001

OLGA: Operative link on gastritis assessment; H. pylori: Helicobacter pylori;
PG: Pepsinogen.

Table 3 Levels of PG Ⅰ, PG
(mean ± SD)

Antrum

Corpus

OLGA

Ⅱ,

and PG Ⅰ/Ⅱ in atrophic gastritis

Grade

n

PG Ⅰ

PG Ⅱ

PG Ⅰ/Ⅱ

0
1
2
3
0
1
2
3
0

114
131
7
0
220
27
5
0
109
132
10
1
0

76.2 ± 82.0
85.1 ± 68.9
87.7 ± 57.4
NA
82.3 ± 77.1
65.4 ± 40.5
114.0 ± 105.1
NA
77.2 ± 83.6
82.6 ± 66.3
104.8 ± 84.1
67.8
NA

10.2 ± 10.2
15.7 ± 12.0
20.9 ± 14.6
NA
12.6 ± 11.4
17.6 ± 9.6
23.9 ± 22.0
NA
10.1 ± 10.3
15.3 ± 11.2
24.8 ± 17.7
8.7
NA

7.7 ± 2.4
6.0 ± 2.7
4.9 ± 2.2
NA
7.1 ± 2.5
4.0 ± 2.2
4.5 ± 2.4
NA
7.8 ± 2.3
6.0 ± 2.7
4.1 ± 1.8
7.8
NA

Ⅰ
Ⅱ
Ⅲ
Ⅳ

DISCUSSION
We revealed that the prevalence of H. pylori in patients
with dyspeptic symptoms in Myanmar was 48.0% by
different 5 tests. In contrast to developed countries, H.
pylori infections occur earlier in life and with a higher
frequency in the developing world[18]. For example, the
prevalence of H. pylori infection was decreasing according to the improvement of sanitary condition[19]. The
present study showed that high prevalence of H. pylori
infection was detected even in younger age group (41.9%
at ≤ 29 years old) in Myanmar. Sanitary conditions
such as a full equipment rate of water and sewage are
considered as important factor for H. pylori infection[18].
The percentage of improved sanitation facilities in 2011
was still 77% in Myanmar (UNICEF, http://www.unicef.
org/), which might be the reason for constant infection
rate in every age group. The improvement of sanitary
condition might be decreased H. pylori infection rate
in Myanmar in the future. In addition, we found that
higher prevalence of H. pylori infection was found in the
largest city, Yangon compared with the second largest
city, Mandalay. The percentage of usage of pit latrine is
higher in Mandalay than in Yangon (Myanmar Multiple
Indicator Cluster Survey 2009-2010, UNICEF, http://
www.unicef.org/myanmar). In addition, drinking water

OLGA: Operative link on gastritis assessment; PG: Pepsinogen.

difference of PG Ⅰ among two group (Table 2). On the
other hand, PG Ⅰ/Ⅱ was significantly lower in H. pyloripositive than -negative subjects (P < 0.001). When PGpositive was defined as the cutoff of PG Ⅰ levels ≤
70 ng/mL and a PG Ⅰ/Ⅱ ratio ≤ 3.0, the percentage
of PG-positive was higher in H. pylori-positive subjects
[6.6% (8/121)] than that of H. pylori-negative subjects
[3.0% (4/131)] although it did not reach the statistical
significance (P = 0.18).
The overall prevalence of the PG-positive was only
4.7% (12/252). PG-positive was also significantly correlated
with the presence of atrophy (P = 0.012). Among the 12
PG-positive subjects, 11 (91.6%) had atrophy. On the other
hand, 132 (55.0%) out of 240 PG-negative subjects showed
the presence of atrophy. Therefore, it means that when
PG has high positive predictive value for the presence of
atrophy; however it show high false-negative rate. Next, we
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sources is more improved in Yangon than in Mandalay
(http://www.unicef.org/myanmar). Therefore, it is
difficult to explain the difference of H. pylori infection
rate by the differences of sanitary condition. Unidentified
genetic or host factors may result in them being less
susceptible to H. pylori infection[20].
We found that 54.7% had mucosal atrophy in the
antrum, and 12.6% subjects also had gastric mucosal
atrophy in the corpus when samples of grade 1 or more
were considered atrophy-positive. We previously reported that gastric mucosal atrophy was found in 91.9% in
the antrum and 37.7% in the corpus in Bhutan where
the incidence of gastric cancer is high (17.2 cases per
100000 population per year)[21]. Our study showed that
another staging of gastritis (OLGA system) showed
that most of case was stage 0-Ⅱ in Myanmar. Only one
subject showed stage Ⅲ and none had stage Ⅳ. On the
other hand, stage Ⅲ and Ⅳ were found in approximately
40% in Japan where the incidence of gastric cancer is
quite high[22]. Furthermore, although it was significantly
higher in H. pylori-positive than that of -negative subjects, the score of intestinal metaplasia in the antrum
was lower in Myanmar than that of Japan (0.19 ± 0.59 in
Myanmar, 0.50 ± 0.07 in Japan)[23]. Milder gastritis might
be related with a moderate incidence of gastric cancer in
Myanmar in spite of high H. pylori infection rate.
In this study, when PG-positive was defined as the
cutoff of PG Ⅰ levels ≤ 70 ng/mL and a PG Ⅰ/Ⅱ
ratio ≤ 3.0, 55.0% of PG-negative subjects showed
the presence of atrophy in Myanmar. Therefore, PG
show high false-negative rate in Myanmar. The serum
PG level can be affected by the ethnic background. In
fact, the prevalence of low PG levels was the highest
in the Indian compared to the Chinese and Malay
populations even after adjustment for gender and H.
pylori prevalence [24]. This showed that the serum PG
criterion cannot be used in the Indian population for
gastric cancer screening[25]. Other factors, such as age,
gender, height, body weight, body surface area, smoking,
and drinking habits, might be related to PG Ⅰ and PG
[26]
Ⅱ levels . Therefore, different cutoff values used in
different studies might affect the sensitivity and specificity of the results[27,28]. For example, in the Chinese
population, the cutoff values for PG Ⅰ and the PG Ⅰ
/Ⅱ ratio used for the effective detection of atrophic
gastritis were 82.3 ng/mL and 6.05, respectively[29]. In
our study, we could not find any significant correlation
between PG Ⅰ and gastric mucosal atrophy in the corpus. On the other hand, PG Ⅰ/Ⅱ was significantly
inversely correlated with the severity of atrophy both
in the antrum and corpus. We found that the best cutoff value of PG Ⅰ/Ⅱ for more than stage Ⅰ in OLGA
score was 6.25 (sensitivity 62.9%, specificity 76.1%), and
5.35 (sensitivity 81.8%, specificity 67.2%) for more than
stage Ⅱ in OLGA score. Future studies are needed to
define the optimal PG cutoff values for gastric cancer
screening in Myanmar.
The difference of the incidence of gastric cancer
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between China, Myanmar, India, and Thailand might
be explain the difference of virulence factors of H.
pylori in addition to the host factor and diet. Indeed,
virulence factors of H. pylori have been revealed to be
the predictors of gastric atrophy, intestinal metaplasia
and severe clinical outcomes[4]. For example, CagA is the
most studied virulence factor of H. pylori[4]. Western-type
CagA is predominant in India, on the other hand, EastAsian-type CagA is predominant in China. It has been
reported that East-Asian-type CagA strains are more
virulent than Western-type CagA[4]. VacA is the second
most extensively studied H. pylori virulence factor[30].
vacA s1 or m1 H. pylori strains have an increased risk
of peptic ulcer or gastric cancer compared with those
with s2 or m2 strains[30]. The prevalence of vacA m1
genotype was 73% in Thailand and approximately 60%
in India[5,7,31]. Interestingly, recent study revealed that
although CagA was translocated into a host cell, it did
not persist for a long period by autophagy in response
to vacA m1 but not m2[32]. On the other hand, the CagA
expression was persisted in the CD44v9-expressing human gastric cancer cells[32]. A study to investigate virulence factors of H. pylori strains in Myanmar is now in
progress. The genetic diversity of H. pylori strains in
addition to environmental and host factors might be
associated with the difference of the incidence of gastric
cancer in Myanmar.
Another important finding was that the prevalence
of H. pylori in patients with peptic ulcer was significantly
higher than that of gastritis which consistent with
previous reports[33-35]. This suggests that H. pylori infection
can be a risk factor for the development of peptic ulcer
even in Myanmar. Furthermore, histological scores were
higher in H. pylori-positive subjects than negative subjects
consistent with other report[23]. Therefore, eradication
therapy for H. pylori infection can be contributed to the
decreasing peptic ulcer in Myanmar.
However, our study includes several limitations. We
obtained the samples from the patients living in Yangon
and Mandalay which are the largest and the second largest
cities in Myanmar. In general, the prevalence of H. pylori
infection is higher in country sides than that of cities
due to the difference of environmental factors including
sanitary condition[18]. Therefore, our results cannot be
generalized in Myanmar. In addition, we included only
the patients with dyspeptic symptoms but not general
population. The percentage of female was also higher
than that of male although there was no difference of H.
pylori infection rate between male and female. In general,
the dyspeptic symptom is more common in female
than in male [36]. In addition, we used the ELISA kit
manufactured by Eiken Company in Japan for serology.
It based on a Japanese H. pylori strain for the detection
of H. pylori infection[37,38]. H. pylori antibody titers varied
greatly depending on the test kit used[13,39]. It might be
preferable to develop a domestic ELISA kit using H.
pylori strains obtained in Myanmar for future studies.
In conclusion, the prevalence of H. pylori infection

634

January 14, 2015|Volume 21|Issue 2|

Myint T et al . H. pylori infection in Myanmar

in patients with dyspeptic symptoms in Myanmar was
high in spite of moderate incidence of gastric cancer.
On the other hand, most cases had mild gastritis. Strains
isolated from Myanmar might be less virulent than
those of East-Asian countries, but more virulent than
those of India and Thailand. Furthermore, the presence
of H. pylori was related with peptic ulcer and gastritis.
Therefore, eradication therapy of H. pylori can contribute
to decrease H. pylori-related diseases such as peptic ulcer
and gastric cancer.
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AIM: To evaluate adherence of primary care physicians
(PCPs) to international guidelines when referring
patients for upper-gastrointestinal endoscopy (UGE),
evaluate the importance of alarm symptoms and the
performance of the American Society for Gastrointestinal
Endoscopy (ASGE) guidelines in a Saudi population.
METHODS: A prospective, observational cross-sectional study on dyspeptic patients undergoing UGE who
were referred by PCPs over a 4 mo period. Refer-rals
were classified as appropriate or inappropriate according to adherence to ASGE guidelines.
RESULTS: Total of 221 dyspeptic patients was enrolled;
161 patients met our inclusion criteria. Mean age was
40.3 years (SD ± 18.1). Females comprised 70.1%.
Alarm symptoms included low hemoglobin level (39%),
weight loss (18%), vomiting (16%), loss of appetite
(16%), difficulty swallowing (3%), and gastrointestinal
bleeding (3%). Abnormal endoscopy findings included
gastritis (52%), duodenitis (10%), hiatus hernia (7.8%),
features suggestive of celiac disease (6.5%), ulcers
(3.9%), malignancy (2.6%) and gastroesophageal
reflux disease (GERD: 17%). Among patients who
underwent UGE, 63% met ASGE guidelines, and 50%
had abnormal endoscopic findings. Endoscopy was not
indicated in remaining 37% of patients. Among the
latter group, endoscopy was normal in 54% of patients.
There was no difference in proportion of abnormal
endoscopic findings between two groups (P = 0.639).
CONCLUSION: Dyspeptic patients had a low prevalence
of important endoscopic lesions, and none of the
alarm symptoms could significantly predict abnormal
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access endoscopy units that allow general practitioners
to request an endoscopic procedure without referral to
a specialist. Concerns include the high cost, unnecessary
burden on available resources and long waiting lists[18]. To
reduce these problems and increase the effectiveness of
endoscopy, adherence to treatment guidelines has been
recommended[19,20]. Despite variability in composition, the
recommendations of the majority of the guidelines are
similar[21]. All suggest that dyspeptic patients who are over
the age of 50 years and/or those with alarm symptoms
at any age need urgent referral for endoscopy as an initial
management strategy because endoscopy would change
the management of this subset of patients[22-24]. In young
patients without alarm symptoms, however, either a “test
or treat” for Helicobacter pylori (H. pylori) in high-prevalence
areas or an empirical acid-suppression trial are the initial
management strategies of choice [24]. Saudi Arabia is
considered to be a high prevalence area and estimated to
be around 50%[25].
At King Khalid University Hospital (KKUH), the
endoscopy unit is an open-access unit that receives a
large number of referrals from various general and
specialty clinics and from in-patient wards. Annually,
more than eight thousand procedures are completed
in the unit. The most common indication for UGE is
dyspepsia, accounting for thousands of referrals, with
approximately 50% from the primary care clinics[26]. This
creates a significant burden on the allocated resources
and negatively impacts waiting times. In this prospective
study, we aimed to evaluate the adherence of primary care
physicians (PCPs) to dyspepsia guidelines, to describe the
common endoscopic findings, to evaluate the importance
of “red flag” symptoms and to estimate the prevalence
of H. pylori in dyspeptic patients. To our knowledge, this
is the first study to evaluate such practices in an H. pylori
high-prevalence region.

endoscopic findings.
Key words: Dyspepsia; Primary care physician; American
Society for Gastrointestinal Endoscopy guideline; Upper
gastrointestinal endoscopy; Saudi population
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: A prospective study looking at the practice of
primary care physicians in referring dyspeptic patients
for endoscopy in Saudi Arabia, such study is the first
prospective study to evaluate such practice in high
Helicobacter pylori endemic area and the adherence of
general practitioners to the international guidelines for
a common gastroenterology disorder, and this will shed
light on the approach for such disease.
Azzam NA, Almadi MA, Alamar HH, Almalki LA, Alrashedi
RN, Alghamdi RS, Al-hamoudi W. Performance of American
Society for Gastrointestinal Endoscopy guidelines for dyspepsia
in Saudi population: Prospective observational study. World J
Gastroenterol 2015; 21(2): 637-643 Available from: URL: http://
www.wjgnet.com/1007-9327/full/v21/i2/637.htm DOI: http://
dx.doi.org/10.3748/wjg.v21.i2.637

INTRODUCTION
Dyspepsia is a complex condition comprising a spectrum
of chronic and recurrent symptoms related to the upper
gastrointestinal tract. The cardinal symptoms are epigastric
pain, discomfort, including postprandial fullness and
early satiety, which may overlap with heartburn and
regurgitation[1]. These symptoms could be the result of
underlying organic pathology, such as chronic peptic
ulcer disease, gastro-esophageal reflux or malignancy
(organic dyspepsia). Dyspepsia can also present without
evidence of organic cause (functional dyspepsia). Dyspepsia is a common condition that affects up to 80% of
the population at some point during an individual’s lifetime[2]. Multiple studies have shown that the condition
is experienced by approximately 20%-40% of the general adult population and accounts for 3%-4% of all
consultations in primary care[3-5]. In Western countries,
studies have suggested that dyspepsia affects approximately a one-fourth of the population[6,7]. In Japan,
India, and Turkey, the prevalence of dyspepsia has been
estimated to be 17%, 30.4%, and 28.4%, respectively[8-10].
Dyspepsia is the most common indication for upper
gastrointestinal endoscopy (UGE)[11-13]. It has been estimated that approximately 50% of all UGE referrals
are dyspepsia related[14]. In approximately half of all
dyspeptic cases, the endoscopic investigation reveals no
underlying organic lesion[15-17].
The overwhelming number of dyspeptic patients
referred for UGE has led to prolonged waiting times for
endoscopic procedures, especially in the setting of open-

WJG|www.wjgnet.com

MATERIALS AND METHODS
Prospective, cross-sectional study on dyspeptic patients
undergoing UGE in an open-access endoscopy unit
was conducted. Data on all adult patients referred from
PCPs to the Endoscopy Unit at KKUH, Riyadh, KSA,
were prospectively collected over a period of 4 mo, starting from December 2012 and ending in April 2013.
Dyspepsia was defined as chronic and recurrent epigastric
pain or discomfort (including postprandial fullness and
early satiety) with or without heartburn and regurgitation.
Patients who had gastroesophageal reflux disease (GERD)
-predominant symptoms such as heartburn or acid regurgitation alone, inflammatory bowel disease, a previously
diagnosed malignancy or advanced liver disease were
excluded from the study.
Upon presentation to the endoscopy unit, all patients
who met our inclusion criteria were enrolled in the study
and provided informed consent. The participants were
interviewed by an endoscopist using a pre-designed data
collection sheet (Table 1).
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used to examine the association between independent
variables and the dependent variable the presence of an
abnormality at endoscopy. Independent variables included;
age, gender, smoking status, the use of non-steroidal antiinflammatory medications (NSAIDs), history of weight
loss, vomiting, loss of appetite, dysphagia, gastrointestinal
bleeding, history of prior endoscopy, as well as the patients
hemoglobin level as well as if they were infected with
H. pylori. OR and 95%CI were calculated. Characteristics
of test procedure (sensitivity, specificity) were used to
evaluate the performance of the latest ASGE guidelines
in detecting abnormalities on endoscopy.
We used the software STATA 11.2 (Stata Corp, TX,
United States) in our analysis. A statistical significance
threshold of P = 0.05 was adopted. No attempt at
imputation was made for missing data.

Table 1 Study variables
Variable

Description

Age
Gender
Alarm symptoms

Other independent variables

< 50 yr of age
≥ 50 yr of age
Male or female
Anemia
Hemoglobin level
Male: < 13 g/dL
Female: < 12 g/dL
Weight loss of more than 4 kg
Vomiting
Loss of appetite
Dysphagia
Gastrointestinal bleeding
Palpable abdominal mass
Smoking
Use of NSAID
History of Helicobacter pylori treatment

NSAID: Non-steroidal anti-inflammatory medications.

RESULTS
A total of 221 patients were screened and 161 patients
met our inclusion criteria. The mean age was 40.3 years
(SD ± 18.1), and age ranged from 18 years to 98 years.
Females represented 70.1% of the patients, while males
represented 29.9%. The proportion of patients with
alarm symptoms in our study was 39%; 39% had a
low hemoglobin level, 18% had weight loss, 16% had
vomiting, 16% had loss of appetite, 3% had difficulty in
swallowing, 3% had gastrointestinal bleeding, and 2%
had an epigastric mass on physical examination (Table
2). At least one alarm feature was observed in 79.4%
of the females, and one alarm feature was observed in
only 20.6% of the males (P value < 0.01). A proportion
of the patients included in the study had incurred
prior endoscopic procedures (29%); 60% of those had
one prior endoscopy, 20% had two prior endoscopies,
6% had 3 prior endoscopies, and 12% had 4 previous
endoscopies.
The mean hemoglobin level was 12.89 ± 0.17 g/dL.
According to the ASGE guidelines, 63% of the
endoscopies were considered to be indicated; the results
were abnormal in 50%, while 50% were normal.
Although 37% of the endoscopies were considered
inappropriate, 54% had abnormal findings. There was
no difference in the proportion of abnormal endoscopic
findings between the two groups (P = 0.639; Table 3).
The most common endoscopic findings were gastritis
in 52%, duodenitis in 10%, hiatus hernia in 7.8%, ulcers
in 3.9% and malignancy in 2.6% of the patients; the
remaining 17% were found to have reflux esophagitis
signifying GERD. Furthermore, 6.5% had endoscopic
features suggestive of celiac disease (Figure 1).
The rapid urease test was positive in 22% of the patients. The majority (62%) of those was younger than 50
years of age, and 20% had a history of receiving eradication therapy for H. pylori.
All procedures were completed successfully, and no
adverse events occurred.

Endoscopic findings were noted, and gastric biopsies
were obtained to rule out H. pylori by utilizing the rapid
urease test (Lencomm trade international, Poland). The
biopsy samples were inoculated immediately into the
rapid urease test gel. If the gel color changed within
20 min up to a maximum of 60 min the sample was
considered positive for H. pylori.
Referrals were classified as appropriate or inappropriate
according to adherence to ASGE guidelines. These
included patients over the age of 50 years or those that
presented with alarm symptoms at any age. Alarm symptoms included anemia, vomiting, loss of appetite,
weight loss, gastrointestinal bleeding, dysphagia or the
presence of a palpable abdominal mass. The endoscopic
findings were categorized as normal or abnormal.
Abnormal findings included gastritis, duodenitis, peptic
ulcer, varices, features of celiac disease, hiatus hernia
malignancy and others. Endoscopic findings were defined
as important if the abnormalities included gastric or
duodenal ulcers, varices, duodenitis, adenomatous polyps
or malignancy[3].
Statistical analysis
Sample size calculation: Based on an a priori baseline
prevalence of abnormal findings on endoscopy of 60%[25],
Using the rule of 10 outcome events per predictor variable, and given we wished to include up to 9 variables in
our multivariable model, we estimated that 150 individuals
would be needed to provide sufficient accuracy within the
multivariable analysis.
Data analysis: included descriptive statistics computed
for continuous variables, including means, SD, minimum
and maximum values, as well as 95%CI. Frequencies are
used for categorical variables. We used hypothesis testing,
the t test with unequal variances, as well as Fisher’s exact
test where appropriate.
Univariable and multivariable logistic regressions were

WJG|www.wjgnet.com

639

January 14, 2015|Volume 21|Issue 2|

Azzam NA et al . ASGE dyspepsia guidelines performance in Saudis
Table 2 Clinical characteristics of patients stratified by presence and absence of the normal and abnormal endoscopic finding as well
as univariable analysis of all corresponding variables
Characteristics

Percentage of patients

Normal

Abnormal

P value

70.1%
29.9%
29%
12%
14%
18%
29%
16%
16%
3%
3%
2%
39%
22%

53%
45%
60%
42%
35%
47%
38%
46%
46%
20%
20%
0%
41%
36%

47%
55%
40%
58%
65%
53%
62%
54%
54%
80%
80%
100%
59%
64%

0.399
0.711
0.094
0.671
0.094
0.285
0.039
0.283
0.283
0.161
0.161
0.075
0.245
0.044

Univariable analysis
OR (95%CI)

Female
Male
Age ≥ 50
Smoker
Taking NSAID
Vomiting
Prior endoscopy
Weight loss
Loss of appetite
Dysphagia
GI bleeding
Epigastric mass
Low Hb
Presence of H. pylori

0.7 (0.37-1.47)
1.02 (0.97-1.56)
1.01 (0.99-1.04)
1.49 (0.56-3.94)
2.16 (0.86-5.44)
1.25 (0.54-2.91)
2.06 (1.02-4.13)
1.2 5(0.54-2.91)
1.25 (0.54-2.91)
4.32 (0.47-39.52)
4.32 (0.47-39.52)
1.08 (0.94-1.25)
2.2 (1.01-4.87)

H. pylori: Heliobacter pylori; GI: Gastrointestinal; NSAID: Non-steroidal anti-inflammatory medications.

Table 3 Findings of endoscopy according to American Society
for Gastrointestinal Endoscopy guidelines
Endoscopy finding

Normal
Abnormal
Important endoscopic
finding

ASGE
indicated

ASGE
not indicated

(63%)
50%
50%
8%

(37%)
54%
46%
3%

2.6%
17%

P value
3.9%
0.6390
0.7806

7.8%
6.5%

ASGE: American Society for Gastrointestinal Endoscopy.

Univariable and multivariable analysis
The only factors associated with the presence abnormal
endoscopy on univariable analysis were H. pylori OR =
2.2 (95%CI: 1.01-4.87) and having undergone a previous
endoscopy OR = 2.0 (95%CI: 1.02-4.13).
Using stepwise multivariable logistic regression, none
of the variables included in the study could predict the
finding of abnormalities at the time of endoscopy.

Gastritis
Hiatal hernia
Ulcer
Malignancy

Celiac
Duodenitis
Other

Figure 1 The distribution of abnormal endoscopic finding for the cohort.

finding according to the dyspepsia guidelines[20]. The
specialty of the referring physicians affects the presumed
etiology of upper gastrointestinal symptoms. The
sensitivity and specificity for the diagnosis of functional
dyspepsia was 61% and 84% for PCPs, respectively, while
it was 73% and 37% for gastroenterologists, respectively[31].
In a large Canadian study, 1040 patients were evaluated
for symptoms and underwent endoscopy within 10 d of
referral. In this study, the predominant symptom was not
predictive of the endoscopic findings, and the presence of
alarm symptoms did not correlate with the demonstration
of clinically significant endoscopic findings[16]. Another
study evaluated alarm symptoms in functional dyspepsia
and concluded that the value of symptoms in diagnosing
functional dyspepsia was poor[32]. These data suggest that
these symptoms are of limited value in the assessment of
dyspepsia.
Our study confirmed that the majority of patients

DISCUSSION
This prospective observational study found that overuse of
upper gastrointestinal endoscopy is common in dyspeptic
patients, between 25% and 40% of individuals with
dyspepsia will consult a PCP as a result of their symptoms[27].
With such high prevalence, dyspepsia is a diagnostic
and therapeutic challenge to physicians. Furthermore,
most patients with dyspepsia have no detectable organic
abnormality[22,28].Thus, endoscopic evaluation as an initial
step in management is not recommended[9,29]. Endoscopic
evaluation is recommended for older patients (older than 50
years), those with alarm symptoms, those taking NSAID,
and those with persistent symptoms after acid suppression
therapy and/or H. pylori eradication[18,30].
We found that approximately 40% of the patients
complaining of upper abdominal symptoms had a normal
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10%
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with dyspepsia referred by PCPs had no important
endoscopic lesion; approximately 40% were not indicated
per the guidelines. Endoscopic abnormalities were found
in only 48% of the patients; the majority had nonspecific
gastritis, while important findings were observed in
approximately 6%, with 2.6% of these patients having
gastrointestinal malignancy. These results were similar to
the findings of Choomsri et al[33] in which only important
endoscopic lesions were found in 7% of the patients
in the form of gastric ulcers and only 1% had gastric
cancer. Moreover, in the present study, there were no
clinical data such as age, smoking, NSAID use or alarm
symptoms that could be used to predict the presence
of important endoscopic lesions. This is in agreement
with studies that found a poor positive predictive value
for these symptoms[34,35]. It is thought that the presence
of these alarm features are often indicative of advanced
disease[36] and carry low diagnostic yield[37].
In young patients with uncomplicated dyspepsia, either
a “test and treat” for H. pylori approach[38] or an empirical
acid-suppression trial are recommended as first-line
management strategies by most guidelines[20,39], depending
on the prevalence of H. pylori.
The prevalence of H. pylori in the present study was
22%, and the majority of these patients were younger than
50 years (62%). Of interest, 20% of those testing positive
for H. pylori had a previous history of receiving eradication
therapy for H. pylori.
Abnormal endoscopic finding with important lesions
were observed in only a small proportion of our study
population, which is similar to a previous report[40]. The
most cost-effective strategy in treating H. pylori is either
empirical treatment or employment of a “test or treat”
approach with consideration of endoscopy in a stepwise
manner in dyspeptic patients, especially with the absence of
alarm symptoms[41]. There is low prevalence of important
endoscopic findings in H. pylori dyspeptic patients;
therefore, a noninvasive method for diagnosing H. pylori
would be the best modality rather than UGE because
endoscopy remains a relatively expensive procedure and
UGE is an invasive procedure that carries the risk of
potential complications that may have grave consequences
that exceed its benefit[42]. In our study, the presence of H.
pylori was one of the predictors of an abnormal endoscopic
finding. This has not been the case, however, according to
multivariable analysis, which suggests the presence of an
unmeasured confounder.
Gastroenterologists were found to be more likely
than PCPs to comply with best practices for dyspepsia
diagnosis and treatment, which could be due to PCPs
having more concerns regarding long-term proton pump
inhibitor use, which affects therapeutic decision making[26,43]. Studies showed an overall low dyspepsia guidelines compliance and such practice was observed in
both developed and developing countries[25,33,40,43]. It is
important to identify areas of disconnect between the
guidelines and practices and to understand the predictors
of low guideline compliance, which needs further studies
employing larger populations.

WJG|www.wjgnet.com

The limitations of the present study included a relatively
small sample size and the small number of important
endoscopic lesions that were found, resulting in a low
power to detect any clinically significant differences.
Nonetheless, this study is one of the first prospective
studies to address the appropriateness and diagnostic yield
of endoscopy and adherence of PCPs to the international
guidelines for dyspeptic patients in our region. We clearly
demonstrate in this study the importance on adhering to
the International dyspepsia guidelines when performing
upper gastrointestinal endoscopy. We also believe that our
hospital practices shed light on the medical approaches in
our country that necessitate further studies. We, therefore
advise the general practitioners to adopt these guidelines
when evaluating patients with dyspepsia. Such practice
would avoid unnecessary procedures and will result in an
efficient utilization of resources.
In conclusion, the findings of the present study
support selective UGE in patients with dyspepsia; a large
number of UGE procedures in dyspeptic patients could
be avoided. Further studies are needed to find prognostic
markers for the abnor mal findings in our patient
population.
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Abstract
AIM: To measure biochemical parameters in stomach
biopsies and test their suitability as diagnostic biomarkers
for gastritis and precancerous lesions.
METHODS: Biopsies were obtained from the stomachs
of two groups of patients (n = 40) undergoing fiberoptic endoscopy due to upper gastrointestinal symptoms.
In the first group (n = 17), only the corpus region was
examined. Biopsies were processed for microscopic
examination and measurement of mitochondrial O 2
consumption (cellular respiration), cellular adenosine
triphosphate (ATP), glutathione (GSH), and caspase
activity. In the second group of patients (n = 23), both
corpus and antral regions were studied. Some biopsies
were processed for microscopic examination, while the
others were used for measurements of cellular respiration
and GSH level.
RESULTS: Microscopic examinations of gastric corpus
biopsies from 17 patients revealed normal mucosae in
8 patients, superficial gastritis in 7 patients, and chronic
atrophic gastritis in 1 patient. In patients with normal
histology, the rate (mean ± SD) of cellular respiration
-1
-1
was 0.17 ± 0.02 μmol/L O2 min mg , ATP content was
487 ± 493 pmol/mg, and GSH was 469 ± 98 pmol/mg.
Caspase activity was detected in 3 out of 8 specimens.
The values of ATP and caspase activity were highly variable. The presence of superficial gastritis had insignificant effects on the measured biomarkers. In the patient
with atrophic gastritis, cellular respiration was high and
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important event in carcinogenesis, measurement of the
cellular bioenergetics of gastric mucosal biopsies would be
an emerging need.
Cellular bioenergetics reflects the biochemical processes involved in the energy metabolism (energy conversion or transformation). Cellular respiration implies
the delivery of O 2 and metabolic fuels to the mitochondria, the oxidation of reduced metabolic fuels with
passage of electrons to O2, and the synthesis of adenosine triphosphate (ATP) [4]. Impaired bioenergetics
therefore entails disturbances in these processes.
Cellular mitochondrial O2 consumption is a highly
sensitive biomarker for detecting tissue derangements[5].
Impairments in cellular membranes, mitochondria, or
metabolic enzymes are expected to disrupt energy kinetics
within the cell. Cells with intact bioenergetics are more
capable of repairing damage. Furthermore, apoptosis
with activation of caspases is more likely to result in cell
death if associated with impaired cellular bioenergetics[6].
Therefore, energy metabolism has a significant impact
on the fate of the cell. This notion stems from the dependency of human biological systems on aerobic metabolism. Cancer cells, on the other hand, may survive on
anaerobic metabolism, a phenomenon commonly referred
to as aerobic glycolysis or the Warburg effect[7].
Several human and animal studies have demonstrated
that bioenergetics of the gastric epithelium are affected
by various diseases (e.g., ischemia) and toxins (e.g., acetylsalicylic acid and non-steroidal anti-inflammatory
drugs)[8-11]. Similarly, gastric tissue deficient in superoxide
dismutase (a parietal cell enzyme that prevents the accumulation of superoxides) has mitochondrial dysfunction
and perturbed energy metabolism, which manifests via
reduced ATP and increased apoptosis[9].
Cellular bioenergetics has been used as a biomarker for
metabolic diseases[12]. In the present study, cells and tissues
obtained from patients were used to diagnose impaired
cellular bioenergetics. The main aim of the present study
was to show the feasibility of performing the same measurements [cellular respiration, ATP, glutathione (GSH),
and caspase activity] on small gastric mucosal biopsies.
The results here demonstrate the feasibility of measuring
cellular mitochondrial O2 consumption, ATP, GSH, and
apoptosis in small mucosal biopsies from the stomach of
patients.

ATP was relatively low, suggesting uncoupling oxidative
phosphorylation. In the second cohort of patients, the
examined biopsies showed either normal or superficial
gastritis. The rate of cellular respiration (O2. μmol/L
-1
-1
min mg ) was slightly higher in the corpus than the
antrum (0.18 ± 0.05 vs 0.15 ± 0.04, P = 0.019). The
value of GSH was about the same in both tissues (310
± 135 vs 322 ± 155, P = 0.692).
CONCLUSION: The corpus mucosa was metabolically
more active than the antrum tissue. The data in this
study will help in understanding the pathophysiology
of gastric mucosa.
Key words: Stomach; Gastritis; Mitochondria; Gastric
mucosa; Cellular respiration
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Using small gastric mucosal biopsies obtained
from patients with upper gastrointestinal symptoms,
several cellular bioenergetic and dynamic parameters
were measured and correlated with the histopathological
features of the gastric mucosa.
Alfazari AS, Al-Dabbagh B, Al-Dhaheri W, Taha MS, Chebli
AA, Fontagnier EM, Koutoubi Z, Kochiyi J, Karam SM,
Souid AK. Profiling cellular bioenergetics, glutathione levels,
and caspase activities in stomach biopsies of patients with
upper gastrointestinal symptoms. World J Gastroenterol 2015;
21(2): 644-652 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i2/644.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i2.644

INTRODUCTION
The gastric mucosa of the normal human stomach includes
numerous tubular epithelial glands. In the corpus region,
each gland is lined by a heterogeneous population of cells
secreting mucus, acid, pepsinogen, and various hormones
and peptides[1]. In the antrum, the glands produce mainly
mucus, hormones, and peptides. Analysis of gastric mucosal
tissues from patients undergoing endoscopic examination
(for recurrent upper gastrointestinal symptoms) and
comparing them with gastric cancer tissues obtained from
three different regions (safe margin, tumor edge, and tumor
center) revealed that these tissues represent the multistep
process of gastric carcinogenesis[2]. The sequential changes
in the morphology of the gastric glands coincide with
increased proliferating stem/progenitor cells during
progression from normal to gastritis, into metaplasia, and
finally into adenocarcinoma. Indeed when a stem cellspecific marker (Oct4) was used, the labeling pattern and
the measurement of Oct4 protein content supported
the central role of stem cells in driving precancerous and
cancerous changes[3]. Since proliferation of gastric stem/
progenitor cells and alteration of cellular dynamics is an
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MATERIALS AND METHODS
Materials
Pd(Ⅱ) complex of meso-tetra-(4-sulfonatophenyl)-tetrabenzoporphyrin (Pd phosphor) was purchased from
Porphyrin Products (Logan, UT). Monobromobimane
(mBBr, MW 271.111) was purchased from Molecular
Probes (Eugene, Oregon). A lyophilized powder of
caspase inhibitor Ⅰ [N-benzyloxycarbonyl-Val-Ala-Asp
(O-methyl)-fluoromethylketone; zVAD-fmk; MW 467.5;
pan-caspase inhibitor] was purchased from Calbiochem
(La Jolla, CA). Ac-DEVD-AMC (N-acetyl-Asp-Glu-ValAsp-7-amino-4-methylcoumarin; MW 675.64; caspase-3
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Table 1 Gastric corpus histology and measured biomarkers in the first cohort of patients (n = 17)
Medications

Clinical findings

H. pylori

Histology

kc

ATP

GSH

Mebeverine
PPI
Thyroxin
PPI
NSAID
Progesterone
PPI, Losartan, Prednisolone

Hysterectomy
Peptic ulcer
Thyroid cancer
IBS
Thyroid neoplasm

ND

Normal
Normal

0.18
0.19

1547 ± 5.6
13 ± 0.4

396
404

0
0

+

Normal

0.13

267 ± 0.3

517

0

Hiatal hernia
Acromegaly
Hypertension
Morbid obesity
Hypertension
Dyslipidemia
-

-

Normal
Normal

0.18
0.16

492 ± 5.0
336 ± 3.8

570
360

0
0

+
-

Normal
Normal

0.16
0.18

495 ± 7.0
14 ± 1.2

638
461

9
36

-

Normal

0.19

731 ± 5.2

403

63

Mesenteric cyst

-

0.17 ± 0.02
0.15

487 ± 493
1525 ± 8.7

469 ± 98
476

95

PPI

-

+

F

PPI

-

-

28

F

PPI

+

13

65

M

PPI

IBS
Hyperthyroidism
Depression
-

Superficial
gastritis
Superficial
gastritis
Superficial
gastritis
Superficial
gastritis

14

62

F

PPI

-

+

15

55

F

PPI
Tamoxifen

Breast cancer

-

47 ± 18
72

F

PPI

+

Atrophic
gastritis

36

M

-

Diabetes mellitus
Hypertension
Dyslipidemia
Breast cancer
Morbid obesity

+

Inadequate

Patients

Age (yr) Gender

1
2

48
38

F
F

3

52

F

4
5

20
50

F
M

6
7

34
23

M
M

8

52

F

40 ± 13
38

F

antacid

10

22

M

11

46

12

mean ± SD
9

mean ± SD
16

17

Morbid obesity
PPI
Aspirin
PPI
Calcium, vitamin D Atorvastatin

-

Superficial
gastritis
Superficial
gastritis
Superficial
gastritis

AMC

0.20

90 ± 4.1

347

14

0.18

949 ± 1.3

373

14

0.18

11 ± 0.2

830

13

0.21

14 ± 0.9

496

0

0.14

56 ± 2.0

366

0

ND

ND

0.17

ND

0.18 ± 0.04
0.27

370 ± 563
275 ± 4.2

481 ± 182
606

0.14

37 ± 0.1

1138

2

105

kc, in µmol/L O2 min-1 mg-1; GSH in pmol/mg; ATP in pmol/mg; AMC: Peak area in arbitrary unit/mg × 103. ND: Not detectable; IBS: Irritable bower
syndrome; NASID: Non-steroidal anti-inflammatory drugs; PPI: Proton pump inhibitors; H. pylori: Helicobacter pylori.

substrate) was purchased from Axxora LLC (San Diego,
CA). Recombinant human active caspase-3 was purchased from BD Pharmingen™ (Becton Dickinson
& Company, Franklin Lakes, NJ, United States). Glucose, 5,5’-dithio-bis(2-nitrobenzoic acid) [DTNB, MW
396.35, molar extinction coefficient at 412 nm 13.6 ×
10 3], GSH (MW 307.43; pK a 8.7), HPLC-grade methanol, dichloromethane, trifluoroacetic acid (TFA),
methanesulfonic acid (MSA), and remaining reagents
were purchased from Sigma-Aldrich (St. Louis, MO).
GSH was prepared in dH2O and its concentration
was measured by Ellman’s reagent[9]. The GS-bimane
derivative (GSH standard), sodium methane sulfonate
(NaMS), mBBr, and DTNB solutions were prepared and
stored as described[13-15]. DTNB working solution was 0.2
mmol/L DTNB in 100 mmol/L Tri-Cl (pH 8.0). GSH
standard (2 μmol/L) was used to generate a calibration
curve with each analytical run, which was linear from 10
to 200 picomoles (R ≥ 0.982).
zVAD-fmk (2.14 mmol/L) and Ac-DEVD-AMC
(7.4 mmol/L) were prepared in dimethyl sulfoxide and
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stored at -20 ℃. Pd phosphor (2.5 mg/mL = 2 mmol/L),
sodium cyanide (CN, 1.0 mol/L), and glucose oxidase (10
mg/mL) were prepared in dH2O and stored at -20 ℃.
Ethics
This work is compliant with the Declaration of Helsinki
(2000) of the World Medical Association. The study
was approved by the Institutional Review Board for the
protection of human subjects, Al Ain Medical District
Human Research Ethics Committee (Protocol No.
12/49 CRD 199). All patients provided informed written
consent.
Gastric biopsies
The first cohort involved 17 patients who were admitted
to the Endoscopy Unit of Tawam Hospital (Al Ain City,
Abu Dhabi) for diagnostic fiber-optic endoscopy due to
recurrent upper gastrointestinal symptoms (dyspepsia,
abdominal pain, and heartburn) (Table 1). After collecting
samples for standard patient care, five to eight additional
mucosal biopsies were collected for the purpose of this
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Table 2 Measured biomarkers in gastric corpus vs antrum in the second cohort of patients (n = 23)
Patients
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
mean ± SD

Age (yr)
27
71
22
18
30
34
24
66
69
22
30
46
21
49
44
34
18
81
62
40
26
39
32
40.4 ± 19.8

GI presentation

Gender

Liver lesion
Hypertension, diabetes, dyslipidemia, dyspepsia
Dyspepsia
Dyspepsia
Dyspepsia
Thyroidectomy, dyspepsia
Familial Mediterranean fever, dyspepsia
Diabetes, gastritis
Prostate cancer, aortic aneurysm, dyspepsia
Morbid obesity, dyspepsia
Dyspepsia
Obesity, dyspepsia
Dyspepsia
Hypertension, diabetes, ovarian, and cervical cancers, dyspepsia
Hypertension, diabetes, dyslipidemia, dyspepsia
Dyspepsia
Thalassemia major, s/p BMT, dyspepsia
GERD, esophagitis, hiatal hernia
Dyspepsia
Morbid obesity, dyslipidemia, chronic renal failure, dyspepsia
Data not available
Data not available
Data not available

F
M
M
F
M
F
M
M
M
M
M
F
F
F
F
F
F
M
F
F
F
M
F

Gastric corpus

Gastric antrum

kc

GSH

kc

GSH

0.11
0.13
0.13
0.14
0.16
0.14
0.17
0.15
0.22
0.15
0.15
0.22
0.15
0.18
0.18
0.20
0.15
0.19
0.28
0.13
0.30
0.23
0.21
0.18 ± 0.05

357
627
366
319
733
449
256
243
269
307
351
256
260
202
180
218
219
279
258
301
305
214
166
310 ± 135

0.12
0.16
0.25
0.19
0.21
0.18
0.14
0.12
0.13
0.13
0.17
0.14
0.12
0.10
0.17
0.11
0.12
0.11
0.19
0.11
0.18
0.13
0.12
0.15 ± 0.04

378
379
331
260
853
408
243
317
470
256
347
356
342
104
166
256
193
219
554
326
177
260
211
322 ± 155

kc, in µmol/L O2 min-1 mg-1; GSH: Glutathione, in pmol/mg; s/p. BMT: Status post bone marrow transplantation; GERD: Gastroesophageal reflux disease;
GI: Gastrointestinal.

study. The samples (7.7-30 mg) varied in dimensions from
1 mm × 1 mm to 2 mm × 3 mm. Tissue samples were
processed for histological examination and measurements
of cellular respiration, caspase activity, ATP, and GSH.
Values of the measured biomarkers were expressed per
specimen as wet weight (in mg). For consistency, studied
samples were obtained from the gastric corpus (body)
midway along the greater curvature. In a separate cohort
of 23 patients, samples were obtained from the corpus
and the antrum; these additional samples were processed
for histology, cellular respiration, and GSH only (due to
limited sample availability) (Table 2).
For histological examination, tissue samples were
processed as previously described [2]. Helicobacter pylori
(H. pylori) infection was detected using Warthin-Starry
stain[16] or urease-based test (campylobacter-like organism
test, Ptonto DryTM, Medical Instruments Corporation,
Brignais, France).
Within 20 min of sample collection, the specimens
were transferred to 1.0 mL RPMI containing 0.5% fat-free
bovine albumin and 3 μmol/L Pd phosphor and processed
for O2 measurements at 37 ℃ as previously described[17-19].
For measuring cellular ATP, a specimen from each
patient was immediately homogenized in 0.5 mL of ice-cold
2% trichloroacetic acid for 2 min. The supernatants were
collected by centrifugation (1000 g at 4 ℃ for 5 min) and
stored at -20 ℃ until analysis as previously described[17-19].
For GSH labeling with mBBr, the reaction solution
containing the gastric specimen (7.7-30 mg) was incubated
at 25 ℃ for 15 min. The reaction was stopped with
100 μL of 70% perchloric acid and diluted with 400
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μL of 10 mmol/L Tris-MSA. The tissue was vortexed,
homogenized, and centrifuged. The supernatant was
stored at -20 ℃ until HPLC analysis[13-15].
For measuring caspase activity, two specimens from
each patient were used. They were immediately placed in
1.0 mL RPMI containing 37 μmol/L Ac-DEVD-AMC
with and without 32 μmol/L zVAD-fmk as previously
described[17-19].
HPLC
The reversed-phase HPLC system (Waters, Milford,
MA, United States) was used. Ultrasphere IP column,
4.6 mm × 250 mm (Beckman, Fullerton, CA, United
States) was operated at 25 ℃ at 1.0 mL/min. For GSH
determination, solvent A was 0.1% (v/v) trifluoroacetic
acid/water and solvent B was HPLC-grade methanol. The
flow rate was 1.0 mL/min. The employed gradient was:
0 min, 10% B; 5 min 10% B; 13 min, 100% B; 15 min,
10% B; 20 min, re-inject. The excitation and emission
wavelengths were 390 nm and 480 nm, respectively. The
injection volume was 50 μL.
For AMC detection, the excitation wavelength was
380 nm and the emission wavelength 460 nm. Solvents
A and B was HPLC-grade methanol: dH2O 1:1 (isocratic).
The run time was 15 min and the injection volume was
50 μL.
Statistical analysis
Data were analyzed using SPSS statistical package (version
19). The nonparametric Mann-Whitney test (2 independent
variables) was used to compare samples.
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A

B

40 μm

C

Figure 1 Representative micrographs of gastric corpus mucosal sections showing normal mucosa (A), superficial gastritis (B), and chronic atrophic
gastritis (C). Note the mild infiltration of the gastric mucosa by lymphoid cells near the luminal surface in superficial gastritis (B) and the massive infiltration of the
mucosa by lymphoid cells in atrophic gastritis (C).

The addition of glucose oxidase (which catalyzes the
reaction of D-glucose + O2 to D-glucono-δ-lactone +
H2O2) depleted the remaining O2 in the solution.
The rates of cellular mitochondrial O2 consumption
(kc, μ mol/L O 2 mg -1 min -1) were 0.17 ± 0.02 for the
8 normal histology patients and 0.18 ± 0.03 for the 7
superficial gastritis patients (P = 0.867). The corresponding
values for cellular ATP were 487 ± 493 and 370 ± 563,
respectively (P = 0.573). The large variation in cellular
ATP was likely due to sample processing. Nevertheless,
the data show that superficial gastritis was not associated
with bioenergetic changes in the gastric mucosa.
Representative GSH standard HPLC run and GSH
standard curve are shown in Figure 2B; of note, GSH
labeling with mBBr was blocked by N-ethylmaleimide
(data not shown). Representative GSH run of acidsoluble supernatant of the stomach biopsy of Patient 10
(a patient with superficial gastritis) is shown in Figure 2C.
Cellular GSH for the 8 patients with normal histology was
469 ± 98, and 481 ± 182 for the 7 patients with superficial
gastritis (P = 0.662) (Table 1). Consistently, superficial
gastritis was not associated with GSH changes in the
gastric mucosa.
Ac-DEVD-AMC cleavage by the recombinant human
active caspase-3 is shown in Figure 2D. The reaction,
in 1.0 mL RPMI, contained 100 ng caspase-3 with and
without 32 μmol/L zVAD-fmk (pan-caspase inhibitor).
The mixtures were incubated at 37 ℃ for 10 min. AcDEVD-AMC (37 μmol/L) was then added and the incu-

RESULTS
Gastric corpus specimens were collected from the first
17 patients; their results are summarized in Table 1.
The patients’ age averaged 44 ± 16 years; 11 patients
(65%) were females. All patients had recurrent upper
gastrointestinal symptoms (dyspepsia, abdominal pain,
and heartburn). Twelve (71%) patients were receiving
proton pump inhibitors (PPI). Biopsies of 7 patients
(41%) tested positive for H. pylori (Table 1). Microscopic
examination of 5-micron-thick gastric mucosal sections
revealed that 8 patients had normal gastric mucosa (Figure
1A). The biopsies of 7 patients had chronic superficial
gastritis with infiltration of the luminal side of the mucosa
with some inflammatory cells (Figure 1B). The gastric
mucosa of only one patient (Patient 16) revealed evidence
of chronic atrophic gastritis with massive infiltration with
inflammatory cells (Figure 1C). The biopsy of one patient
was inadequate for microscopic examination.
O2 consumption by the stomach biopsy of Patient
16 (a patient with atrophic gastritis) is shown in Figure
2A. The rate of cellular respiration was the highest (0.27
-1
-1
μmol/L O2 mg min ), but cellular ATP was below the
average (275 pmol/mg) (Table 1). This result suggested
uncoupling oxidative phosphorylation (a state of high
mitochondrial O2 consumption with low cellular ATP) as
a mechanism of the enhanced respiration. O2 consumption
was completely inhibited by cyanide, confirming that the
oxidation occurred in the mitochondrial respiratory chain.
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Figure 2 Representative measurements of gastric corpus cellular respiration, glutathione, and caspase activity. A: A run of cellular mitochondrial O2
consumption by the gastric mucosa of Patient 16. The rate of respiration (k, μmo/L O2 min-1) was set as the negative of the slope of [O2] vs t. The value of kc (μmo/L
O2 min-1) and the additions of 10 mmo/L cyanide (a specific inhibitor of cytochrome oxidase) and 50 μg/mL glucose oxidase (catalyzes the reaction of D-glucose + O2
to D-glucono-δ-lactone + H2O2) are shown. O2 consumption was inhibited by cyanide, confirming the oxidation occurred in the mitochondrial respiratory chain. O2 was
depleted by the addition of glucose oxidase, confirming the presence of dissolved O2; B: A representative HPLC run of 150 pmol glutathione (GSH) standard (GSH
retention time = 14.2 min); GSH standard curve is also shown [insert; GSH (pmol) = 0.00000117 x GSH peak area]; C: A representative HPLC run of cellular GSH
in a stomach biopsy (23.9 mg mucosal fragment) from Patient 10. GSH peak area was 354508365 arbitrary units per 50 μL injection volume (reaction volume = 1.0
mL). Thus, cellular GSH content = 347 pmol mg-1 [(354508365 × 0.00000117 × 20)/23.9]; D: Representative HPLC runs for the Ac-DEVD-AMC cleavage reaction by
human active caspase-3 with and without the pan-caspase inhibitor zVAD-fmk. The caspase-3 substrate Ac-DEVD-AMC was detected by absorbance at 380 nm with
a retention time of about 3 min (insert). The product AMC was detected by fluorescence (380 nm excitation and 460 nm emission) with a retention time of about 4.8
min; E: Representative HPLC runs of caspase activities in the presence (solid line; 22.3 mg mucosal fragment) and absence (dashed line; 21.2 mg mucosal fragment)
of the pan-caspase inhibitor zVAD-fmk for Patient 12. The AMC peak area without zVAD-fmk was 16015 arbitrary units/mg and with zVAD-fmk 2810 arbitrary units/mg.
Intracellular caspase activity was set as AMC peak area without zVAD-fmk minus with zVAD-fmk, or 13205 (rounded down to 13 × 103) (Table 1); F: Representative
HPLC runs of caspase activities with (solid line; 23.3 mg mucosal fragment) and without (dashed line; 19.1 mg mucosal fragment) zVAD-fmk for Patient 11. The AMC
peak area without zVAD-fmk was 51207 arbitrary units/mg and with zVAD-fmk 37086 arbitrary unit mg-1. Intracellular caspase activity, thus, was about 14 × 103 (Table 1).
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bation continued at 37 ℃ for an additional 20 min. Ac
DEVD-AMC was detected by absorbance at 380 nm
with a retention time of approximately 3 min (Figure
2D). The product AMC was detected by fluorescence (380
nm excitation and 460 nm emission) with a retention
time of about 5 min (Figure 2D). The cleavage reaction
was inhibited by zVAD-fmk (Figure 2D). Caspase activity
was set as the AMC peak area without zVAD-fmk minus
the AMC peak area with zVAD-fmk. Representative
HPLC runs of caspase-3 activity in the gastric corpus
of Patients 12 and 11 are shown in Figure 2E and F,
respectively. Caspase activity was detected in 3 of 8 (38%)
patients with normal histology and 5 of 7 (71%) patients
with abnormal histology (Table 1).
H. pylori had no significant effect on the rate of
respiration, level of ATP, cellular GSH, or intracellular
caspase activity (P > 0.121). Non-significant effects were
also noted with respect to the use of PPI (P > 0.104).
The second cohort involved gastric corpus and antrum specimen collection from 23 additional patients.
Due to limited sample availability, these biopsies were
processed only for histology, cellular respiration, and
GSH measurements (Table 2). Tissue samples for histology, however, were only available for 7 out of 23
(30%) patients; all had either normal or varying degrees
of superficial (mild) gastritis. The patients’ age averaged
40.4 ± 19.8 years; 14 patients (61%) were females. The
rate of respiration (μmol/L O2 mg-1 min-1) was slightly
higher in the corpus than the antrum (0.18 ± 0.05 vs 0.15
± 0.04, P = 0.019). The value of GSH was about the
same in both tissues (310 ± 135 vs 322 ± 155, P = 0.692).

17%) and GSH content (CV ≤ 48%) were reasonably
consistent within the studied biopsies (Tables 1 and 2).
These results were noted despite the wide-spectrum of
clinical and histological variations among the patients
and samples. Thus, cellular O2 consumption and GSH are
relatively preserved in the gastric mucosa. Cellular ATP
(CV = 120%) and caspase activity (CV = 108%) were
markedly varied however, likely due sample processing
(Table 1).
We do identify that there are limitations to this study,
as the sample size is relatively small and includes patients
with minor gastric pathology. The clinical significance
of these measurable biomarkers needs to be explored in
future studies in patients with various pathologies, such
as H. pylori infection, and the use of PPI.
Patient 3 had the lowest rate of respiration (0.13
mol/L
O2 mg-1 min-1); she had benign thyroid neoplasm
μ
and was taking multiple medications, including thyroxin,
PPI, diclofenac, and medroxyprogesterone. Nevertheless,
the cellular ATP, GSH, and caspase activity were not
significantly different (Table 1).
Patient 16 had atrophic gastritis. Her rate of respiration
was the highest (0.27 μmol/L O2 mg-1 min-1). She also
had other complicated clinical problems (e.g., diabetes
mellitus, hypertension, dyslipidemia, and breast cancer)
and was on PPI. While the rate of cellular respiration was
the highest, the cellular ATP level was below average (275
pmol/mg) (Table 1), suggesting uncoupling oxidative
phosphorylation.
Bioenergetics of the gastric epithelium was investigated in specimens collected from animal and human
tissues[8,10,11,20]. In the bullfrog gastric mucosa, cellular
mitochondrial O2 consumption was increased and cellular
ATP was decreased in the presence of acetylsalicylic
acid[8]. Deficits in gastric cellular bioenergetics are also
documented in shock and ischemia[10]. Non-steroidal antiinflammatory drugs (NSAID) are shown to uncouple
mitochondrial oxidative phosphorylation (lowering cellular
ATP) in the gastric tissue[11]. Patient 6 was on aspirin and
his cellular ATP was low (14 pmol/mg) (Table 1).
Activation of the mitochondrial apoptotic pathway
is essential for H. pylori-induced apoptosis in gastric
epithelial cells[21]. The H. pylori vacuolating cytotoxin A
(vacA) causes direct mitochondrial disturbances and
alterations in the bioenergetics of gastric epithelial cells[24].
Here, H. pylori had no noticeable effects on kc, ATP, GSH,
or caspase activity. Nevertheless, the impact of H. pylori
on the studied biomarkers requires a much larger sample
size and appropriately selected control group.
Oxidative phosphorylation was measured in permeabilized corpus mucosal biopsies[22]. Cellular respiration
was about 2-fold lower in patients with atrophic gastritis
compared to non-atrophic gastritis. This effect was
attributed to a deficiency of complex Ⅰ of the respiratory
chain [22]. Furthermore, limiting cellular bioenergetics
was proposed to cause dysfunction of the zymogenic
mucosal cells[23]. These studies demonstrate that stomach
mucosal diseases can be associated with altered oxidative
phosphorylation[23].

DISCUSSION
Bioenergetic studies on the gastric epithelium are relatively limited, especially with respect to investigating
human stomach diseases and the use of compound biomarkers[8,10,11,20-30]. The main purpose of this study was to
examine the suitability of using biochemical parameters
(cellular respiration, ATP, GSH, and caspase activity)
as biomarkers for the gastric mucosa. The success of
these measurements relies on the appropriate processing
of the samples at the site of tissue collection. For O2
measurements, the tissue should be immediately placed
in ice-cold RPMI medium saturated with 95% O2 and
5% CO2. The sample should then be transferred to the
laboratory on wet-ice and processed for the O2 measurement within a few minutes of collection. For ATP, the
tissue should be immediately quenched (at the procedure
site) with acidic solution (freshly-made) to prevent ATP
hydrolysis by cellular ATPases. For GSH, the tissue
should be immediately immersed (at the procedure site)
in thiol derivatization reaction that contains a large excess
of mBBr (5 mmol/L). The GS-bimane derivatives are
stable and can be stored until HPLC analysis. For caspase
activity, the sample should be immediately placed in the
Ac-DEVD-AMC cleavage reaction at the procedure site.
Having adhered to these experimental procedures,
the values for the rate of cellular respiration (CV ≤
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Activation of caspases permeabilizes (uncouples) the
inner mitochondrial membrane, resulting in the collapse
of the proton motive force, loss of electrochemical
potential, and uncoupling of oxidative phosphorylation[25].
These processes lead to the rapid depletion of cellular
nutrients, metabolic fuels, and ATP. The gastric mucosa
is an intensely energy-consuming tissue. This demand
is met by the mitochondria-rich acid producing parietal
cells, which secrete the gastric acid and initiate the process
of digestion. To prevent self-destruction, the columnar
epithelium makes gastric mucosal barriers that resist the
highly acidic and proteolytic gastric juice[26]. It is believed
that mitochondrial dysfunctions impact gastric mucosal
integrity, and thus measuring cellular mitochondrial O2
consumption in gastric biopsies is justified.
Oxidative stress is induced in the stomach as a result
of gastric insults, including chronic infections. GSH is a
major detoxifying thiol which protects against oxidative
stress. In indomethacin-treated rats, cellular GSH and
mitochondrial enzymes are reduced. Esomeprazole, a
proton pump inhibitor, was able to reserve GSH levels and
mitochondrial enzyme activities[27]. Due to its γ-glutamyl
transpeptidase, H. pylori can also reduce gastric epithelial
GSH, exposing the bacterium, as well as the gastric
epithelium, to oxidative stress[28].
ATP is produced in the mitochondria via oxidative
phosphorylation by the proton-motive force that is used
by ATP synthase to catalyze ADP phosphorylation[29].
The mitochondria are also the target of self-generated
reactive oxygen species. Premalignant atrophic gastritis
and gastric carcinoma are both associated with decreased
respiratory capacity and mitochondrial complex Ⅰ defici
ency[22,30]. Therefore, investigating metabolic biomarkers
in the gastric mucosa is much needed and future studies
should determine whether they can be used to explore the
mechanisms of diseases involving the gastric mucosa.

This manuscript “Profiling cellular bioenergetics, glutathione levels, and
caspase activities in stomach biopsies of patients with upper gastrointestinal
symptoms” is very interesting study.
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Abstract
AIM: To observe the effect of response-guided add-on
therapy with adefovir (ADV) and lamivudine (LAM) in
cirrhotic hepatitis B (CHB) patients.
METHODS: A total of 100 patients with CHB and
cirrhosis were divided into three arms according to
hepatitis B virus (HBV) DNA level after 24 wk LAM
monotherapy: Arm A (complete response, HBV DNA
≤ 60 IU/mL, n = 49), Arm B (partial response, HBV
DNA: 60-2000 IU/mL, n = 31) and Arm C (inadequate
response, HBV DNA > 2000 IU/mL, n = 20). ADV was
added to LAM at week 48 in Arms A and B, but at week
24 in Arm C. Virological response, YMDD mutations,
biochemical response, and liver function were evaluated.
RESULTS: Comparison of the three arms demonstrated
that early complete virologic response at week 24
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HBV DNA was associated with disease progression
in patients with CHB, and antiviral therapy prevented
progression of liver disease [3,4]. Currently, there are
several choices of nucleos(t)ide analogs (NAs) in antiviral
treatment of CHB, including lamivudine (LAM), adefovir
dipivoxil (ADV), entecavir (ETV), telbivudine and
tenofovir disoproxil fumarate[5]. LAM was the first NA
introduced into clinical use and is still a common choice
for CHB patients in China as well as the Asia-Pacific
region. However, administration of LAM is limited by
its high rate of drug resistance, with a 3-year resistance
rate of approximately 50%[6,7]. For patients with CHB
and cirrhosis, the emergence of drug resistance and
resumption of viral replication might lead to hepatic
flares, exacerbation of liver function, or even death in
some liver failure cases. Add-on ADV can effectively
suppress viral replication and reduce the risk of drug
resistance to LAM[8,9].
The primary aim of antiviral therapy is to suppress
HBV replication and prevent disease progression. Many
studies have shown that the undetectable rate of HBV
DNA at week 24 was associated with reduced drugresistance-associated mutations [10], but its predictive
value for the treatment outcomes after long-term add-on
ADV-LAM combination therapy has not been clarified,
especially for the subgroup of CHB patients with liver
cirrhosis. We conducted this prospective cohort study to
explore an optimized strategy of adding ADV to LAM
at different time points according to the early virological
response, and to observe its association with long-term
treatment outcomes in CHB patients with compensated
cirrhosis.

was associated with maintained viral suppression
(undetectable rate of HBV DNA at week 144 was
95.96%, 66.67% and 35.29%, respectively, P =
0.000) and reduced YMDD mutations (mutation rate
at week 144 was 0%, 3.23% and 15%, respectively,
P = 0.015) after 144 wk treatment. For patients who
failed to achieve complete virological response at
week 24, switching to combination therapy further
decreased HBV DNA level by 1 log10 IU/mL. All three
arms obtained biochemical benefits including decline
of alanine aminotransferase and elevation of albumin.
In patients who developed HBV DNA breakthrough for
YMDD mutations, ADV add-on therapy did not induce
further multiple drug resistance to LAM or ADV.
CONCLUSION: Optimized response-guided add-on
therapy of ADV and LAM maintains long-term suppression of HBV DNA and improves liver function in CHB
patients with compensated liver cirrhosis.
Key words: Hepatitis B; Cirrhosis; Adefovir dipivoxil;
Lamivudine; Response-guided therapy
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We conducted this prospective cohort study to
explore an optimized strategy of adding adefovir (ADV)
and lamivudine (LAM) at different time points according
to the early virological response, and to observe its
association with long-term treatment outcomes in
cirrhotic hepatitis B (CHB) patients with compensated
cirrhosis. We found that optimized response-guided
add-on therapy of ADV and LAM maintains long-term
suppression of hepatitis B virus DNA and improves
liver function in CHB patients with compensated liver
cirrhosis.

MATERIALS AND METHODS
Study design
This prospective, multicenter cohort study was conducted
at eight medical centers in China. Hepatitis B e antigen
(HBeAg) positive or negative CHB patients with
compensated cirrhosis were enrolled from June 2007 to
Febrary 2009. All patients were given LAM 100 mg/d
(Heptodin; GlaxoSmithKline China Investment Co. Ltd.,
Beijng, China). Patients were assigned into three arms
according to serum HBV DNA levels at week 24, with
Arm A ≤ 60 IU/mL (complete virological response),
Arm B 60-2000 IU/mL (partial virological response), and
Arm C > 2000 IU/mL (inadequate virological response).
Patients in Arm C were treated with ADV 10 mg/d
(Hepsera; GlaxoSmithKline China Investment Co. Ltd.)
in addition to on-going LAM at week 24, while patients
in Arms A and B continued LAM monotherapy until
week 48, and at the end of 48 wk LAM monotherapy,
ADV was added in these two arms. All the patients
were monitored until week 144 (Figure 1). The study
was approved by the Ethics Review Committee of Jing’
an Central Hospital (Certification No. Ethic-07-05)
and all the patients gave their written informed consent
before enrolment in the study. The procedures were in

Gu EL, Yu YQ, Wang JL, Ji YY, Ma XY, Xie Q, Pan HY, Wu
SM, Li J, Chen CW, Xu XW, Wang YE, Yao GB, Wang H, Zhang
WH. Response-guided treatment of cirrhotic chronic hepatitis B
patients: Multicenter prospective study. World J Gastroenterol
2015; 21(2): 653-660 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i2/653.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i2.653

INTRODUCTION
Hepatitis B virus (HBV) remains a major public
health problem, with 350-400 million people infected
chronically worldwide[1]. In China, most HBV infection
occurs perinatally or in early childhood, usually with
a long period of immune tolerance before immune
clearance[2]. Patients with cirrhotic hepatitis B are at an
increased risk of major complications as disease duration
extends, including hepatic cirrhosis, liver failure, and
hepatocellular carcinoma (HCC). The REVEAL study
in Taiwan demonstrated that an elevated level of serum
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113 treatment naïve cirrhotic CHB
patients were enrolled
5 patients who failed the screening
were excluded
108 patients started with LAM
monotherapy
4 patients dropped out or died before
week 24 and were excluded
4 patients were excluded due to the
missing data of HBV DNA levels at
week 24

100 patients underwent allocation
according to serum HBV DNA
levels at week 24

≤ 60 IU/mL

60-2000 IU/mL

> 2000 IU/mL

ADV + LAM
combination
therapy since week
48

ADV + LAM
combination
therapy since week
48

ADV + LAM
combination
therapy since week
24

Arm A

Arm B

Arm C

Figure 1 Study design. ADV: Adefovir dipivoxil; HBV: Hepatitis B virus; LAM: Lamivudine; CHB: Chronic hepatitis B.

accordance with the Helsinki Declaration of 1975.

Ltd., Shanghai, China) testing as well as ultrasound
examination were performed every 12 wk within the first
48 wk and every 24 wk thereafter.

Patients
Patients eligible for the study were diagnosed with
compensated liver cirrhosis by clinical evidence, which
was defined as platelet count < 100000/L with ultrasonographical findings suggestive of cirrhosis, including a
blunted, nodular liver edge accompanied by splenomegaly
(> 12 cm), or by liver biopsy showing an Ishak fibrosis
score > 4[11]. Patients included in this study were ChildPugh class A. The inclusion criteria included hepatitis
B surface antigen (HBsAg) positivity for at least 6 mo;
baseline HBV DNA levels > 2000 IU/mL; compensated
liver cirrhosis (indicated by routine laboratory tests
together with ultrasound or computed tomography
results) with Child-Pugh class A; absence of co-infection
with hepatitis C virus, hepatitis D virus or HIV; no
previous NA treatment. Major exclusion criteria included
evidence of HCC; alanine aminotransferase (ALT) >
10 times upper limit of normal; decompensated liver
cirrhosis; comorbidity with other liver diseases, severe
physical or mental disorders; or pregnancy.

Definitions
Complete virological response or undetectable HBV
DNA was defined as serum HBV DNA levels no more
than 60 IU/mL. Virological breakthrough was defined as
any increase in serum HBV DNA by > 1 log10 IU/mL
from nadir, or redetection of serum HBV DNA at levels
10 times the LLOD after having an undetectable result[12].
Statistical analysis
Statistical analyses were performed by Stata version 11.
Continuous variables were expressed as median (25-75
percentile). Categorical variables were summarized as
counts and percentages. Continuous variables were
compared using two-tailed Student’s t test, analysis of
variance, Mann-Whitney test, or Kruskal-Wallis test,
depending on their distribution, while categorical variables were compared by χ 2 test or Fisher’s exact test.
Serum HBV DNA level was expressed as log10 IU/mL,
and we regarded an HBV DNA level as 10 IU/mL when
it was below LLOD for the sake of description and
statistical analysis.

Labortary assessment
Serum HBV DNA levels (Cobas Taqman; Roche Diagnostics Shanghai Co. Ltd., China) with the lower limit
of detection (LLOD) of 12 IU/mL, liver functions
[including platelet count (PLT), prothrombin time (PT),
albumin, total bilirubin, ALT, aspartate aminotransferase,
alkaline phosphatase and γ-glutamyl transpeptidase], and
HBV serological markers (HBsAg, anti-HBs, HBeAg,
anti-HBe; Abbott Architect System; Abbott China Co.

WJG|www.wjgnet.com

RESULTS
Study population
A cohort of 113 CHB patients with compensated
cirrhosis were enrolled at baseline, and 100 underwent
allocation according to serum HBV DNA levels at week
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Table 1 Demographic data and laboratory results of the three arms at baseline
Arm A (n = 49)
Median age (yr)
Male:Female
HBeAg-positive, n (%)
Median PLT (× 109/L)
Median PT (s)
Median albumin (g/L)
Median TB (μmol/L)
Median ALT (U/L)
Median AST (U/L)
Median HBV DNA (log10 IU/mL)

45 (38-52)
41:8
13 (26.53)
109 (73-150)
13.40 (12.6-14.3)
44 (39-46.8)
17.35 (14.5-23.35)
55 (43.2-87.5)
55 (41.05-68.5)
5.86 (5.16, 6.58)c

Arm B (n = 31)

Arm C (n = 20)

40 (36-50)
25:6
21 (67.74)a
109 (89-144)
12.75 (12-13.7)c
43 (40-47.6)
15.8 (13.1-20.1)
51 (34.5-82)
49 (30-57)
6.06 (5.77, 6.39)c

43.5 (40.5-55)
15:5
14 (70)a
98.25 (76.5-122)
14.30 (13-15.5)
43.5 (40.9-47.3)
18.35 (15.9-23.6)
64 (48.5-91.6)
54.15 (45.5-66.5)
6.7 (6.29, 7.17)

Statistics

P value

F = 0.8400
χ 2 = 0.6979
χ 2 = 17.7676
χ 2 = 2.4880
χ 2 = 10.1270
F = 0.0400
χ 2 = 2.1780
F = 0.400
F = 1.5100
F = 5.0300

0.4345
0.7050
0.0000
0.2882
0.0063
0.9600
0.3366
0.6730
0.2251
0.0084

P <0.05 vs Arm A; cP <0.05 vs Arm C. HBeAg: Hepatitis B e antigen; PLT: Platelet counts; PT: Prothrombin time; TB: Total bilirubin; ALT: Alanine
aminotransferase; AST: Aspartate aminotransferase; HBV: Hepatitis B virus.
a

and the suppression of viral replication was maintained
thereafter. However, in Arm B, further reduction of
HBV DNA was minimally observed after week 24 (week
24 vs week 48, P = 0.2059) with LAM monotherapy.
After adding ADV to LAM at week 48, a reduction of
approximately 1 log 10 IU/mL of serum HBV DNA
levels was resumed (week 48 vs week 72, P = 0.0001),
and median HBV DNA level below LLOD was achieved
at week 72. Serum HBV DNA level in Arm A was
significantly lower than that in Arm B at each time point
from weeks 12 to 144 (P < 0.05 at each time point). In
Arm C, serum HBV DNA levels decreased with slow
and fluctuating kinetics. After ADV was added to LAM
at week 24, further reduction of approximately 1 log10
IU/mL serum HBV DNA levels was observed, but the
median HBV DNA level of Arm C did not reach LLOD
throughout treatment. Serum HBV DNA levels at each
time point are depicted in Figure 2.

Patients in Arm A (n = 49) with HBV DNA ≤ 60 IU/mL at week 24
(added ADV at week 48)
Patients in Arm B (n = 31) with < 60 HBV DNA ≤ 2000 IU/mL at
week 24 (added ADV at week 48)
Patients in Arm C (n = 20) with HBV DNA > 2000 IU/mL at week 24
(added ADV at week 24)

Median of serum HBV DNA log10 IU/mL

7
6
5
4
3
2
1
Week

0

12

24

36

48

72

96

120

144

Undetectable HBV DNA and YMDD mutation rates at
week 144
The undetectable rate of HBV DNA (≤ 60 IU/mL) at
week 144 was 95.56%, 66.67% and 35.29% for Arm A,
B and C, respectively (P = 0.000), as shown in Figure 3.
At each time point during treatment, the differences in
undetectable HBV DNA rates among the three arms
were statistically significant (Figure 3). The YMDD
mutation rate at week 144 was 0%, 3.23% and 15% for
Arm A, B and C, respectively (P = 0.015), which is shown
in Figure 4. For patients with virological breakthrough
due to YMDD mutations, ADV add-on therapy did
not further induce multiple drug resistance to both
LAM and ADV. Early complete virological response at
week 24 seemed to be associated with maintained viral
suppression and reduced YMDD mutations at week 144.
None of the patients who achieved complete virological
response at week 24 (Arm A) developed YMDD mutation at week 144. For patients who failed to achieve
complete virological response at week 24, undetectable
rate of HBV DNA was increased after switching to
LAM and ADV combination therapy, but still far from

Figure 2 Pattern of hepatitis B virus DNA decline in three arms during 144
wk nucleos(t)ide analogue treatment. ADV: Adefovir dipivoxil; HBV: Hepatitis
B virus.

24 (Figure 1). Age, sex ratio, and liver function results
of the three arms were comparable at baseline. The
proportion of HBeAg-positive CHB in Arms B and C
was significantly higher than that in Arm A. Baseline
HBV DNA level in Arm C was significantly higher than
that in Arms A and B. The demographic characteristics
of the three arms, as well as their laboratory results at
baseline, are demonstrated in Table 1.
Virological response
Baseline HBV DNA levels of Arms A and B were comparable, while those in of Arm C were significantly higher
at baseline as well as each time point during treatment
(P < 0.05). Viral load of Arms A and B both decreased
sharply after initiation of LAM monotherapy. For Arm
A, serum HBV DNA levels progressively decreased until
median HBV DNA level was below LLOD at week 24,
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A

Patients in Arm A (n = 49) with HBV DNA ≤ 60 IU/mL at week 24
(added ADV at week 48)
Patients in Arm B (n = 31) with < 60 HBV DNA ≤ 2000 IU/mL at
week 24 (added ADV at week 48)
Patients in Arm C (n = 20) with HBV DNA > 2000 IU/mL at week 24
(added ADV at week 24)

Percentage of patients (%)
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Serological Responses of HBeAg-Positive Patients at week 144
100
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Figure 3 Undetectable rates of serum hepatitis B virus DNA at different
time points in three arms. ADV: Adefovir dipivoxil; HBV: Hepatitis B virus.

satisfactory when compared with Arm A.
HBeAg loss and HBeAg seroconversion
The number of patients with HBeAg-positive CHB
at baseline was 13, 21 and 14 for Arm A, B and C,
respectively. At week 144, HBeAg loss rate was 53.85%
(7/13), 47.62% (10/21) and 42.86 (6/14) (P = 0.993), and
HBeAg seroconversion rate was 23.08% (3/13), 47.62%
(10/21) and 21.43% (3/14) (P = 0.245) in the three arms,
respectively (Figure 4).

HBeAg loss
HBeAg seroconversion

80

60

53.85

47.62 47.62

42.86

40
23.08

21.43

20

0
HBeAg (+)

Arm A

Arm B

Arm C

n = 13

n = 21

n = 14

Figure 4 Undetectable rates of serum hepatitis B virus DNA levels,
YMDD mutation rates, hepatitis B e antigen loss and hepatitis B e antigen
seroconversion rates at week 144 in three arms. A: Virological response and
YMDD Mutation at week 144; B: Serological responses of hepatitis B e antigen
(HBeAg)-positive patients at week 144.

Biochemical response and changes in liver function
Biochemical response and improvement of liver function
were achieved after NA treatment, and no biochemical
breakthrough was observed during 144-wk follow-up.
There was no significant difference in PLT and PT at
week 48 compared to baseline in each arm (Figure 5A
and B). Serum ALT levels decreased significantly at week
48, which reduced from 55 (43.2-87.5) U/L to 31.75
(24.5-43.1) U/L (P = 0.0000) and from 51 (34.5-82)
U/L to 35.8 (26-50) U/L (P = 0.0092) in Arm A and B,
respectively. For Arm C, reduction of serum ALT levels
occurred after LAM and ADV combination therapy [week
0 vs 48: 64 (48.5-91.6) U/L vs 49.3 (29.5-82) U/L, P =
0.2471; week 0 vs 96: 64 (48.5-91.6) U/L vs 39.55 (26.9-52)
U/L, P = 0.0130] (Figure 5D). For the parameters of
liver function, the increase in serum levels of albumin
was the most remarkable. At week 48, serum levels of
albumin rose from 44 (39-46.75) g/L to 47 (43.9-48.65)
g/L in Arm A (P = 0.0006), 43 (40-47.6) g/L to 47
(43.4-49) g/L in Arm B (P = 0.0029), and 43.5 (40.9-47.3)
g/L to 46 (45.2-48.25) g/L in Arm C (P = 0.0045)
(Figure 5C). Biochemical results of the three arms were
comparable at each time point.
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DISCUSSION
Several clinical studies have suggested that ADV addon therapy is associated with a higher rate of virological
response and reduced antiviral resistance, compared with
sequential montherapy with LAM and ADV[8,9,13,14] in
patients with CHB. According to the roadmap concept
proposed by Keeffe et al[15], assessment of virological
response at week 24, which is predictive of long-term
treatment outcomes, is of significant importance for
further treatment decisions. However, no prospective
study has been reported to evaluate the responseguided strategy of ADV add-on therapy to LAM-based
treatment in CHB patients with compensated cirrhosis.
We conducted this multicenter, prospective cohort study
to explore the optimal strategy of ADV add-on LAM
combination therapy in the specified subgroup of CHB
patients with cirrhosis, using the roadmap concept.
All the patients started with LAM monotherapy
and had ADV added at different times, according to
the virological response at week 24. The total treatment
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Figure 5 Changes after nucleos(t)ide analogue treatment in three arms. A: Platelet counts; B: Prothrombin time; C: Albumin; D: Alanine aminotransferase.

duration of the study was 144 wk. Our findings
indicated that long-term antiviral therapy was effective in
suppressing HBV replication, achieving serological and
biochemical responses, and improving liver functions
in CHB patients with compensated cirrhosis. Early
virological response was associated with sustained viral
suppression and a lower rate of drug resistance during
long-term treatment[16,17].
Early ADV add-on can prevent the emergence of
resistance to LAM[18]. In this study, add-on therapy of
ADV to LAM was conducted even in patients with
complete response after week 48. In the Asia-Pacific
region, especially in economically undeveloped areas,
LAM is still the first option for CHB and HBV-related
cirrhosis. The resistance rate was 24% after 1 year LAM
treatment and rose to 70% after 5 years treatment[6,19].
Emergence of resistance may exacerbate disease, reduce
the benefit of antiviral therapy, and even threaten the life
of patients with liver cirrhosis. Therefore, add-on therapy
of ADV to LAM should be conducted even in patients
with a complete response. For patients with compensated
cirrhosis who achieved a complete virological response
at week 24, the risk of drug resistance was reduced
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significantly by prolonged treatment. ADV add-on LAM
combination therapy could maintain virological response
and prevent the emergence of drug resistance, with an
undetectable rate of HBV DNA of 95.96% and none of
the patients developed YMDD mutations at week 144.
The ADV add-on strategy was also considered
effective for patients with partial virological response at
week 24. Further reduction of HBV DNA levels was
observed and most of the patients with compensated
cirrhosis achieved sustained undetectable HBV DNA
after week 72. In addition, the YMDD mutation rate at
week 144 was only 3.23%. However, serum HBV DNA
levels did not further decrease with the continuation of
LAM monotherapy from weeks 24 to 48, which suggests
that immediate add-on of ADV at week 24 might be
beneficial for patients with partial response.
After long-term therapy, patients in Arm C with
inadequate virological response at week 24 achieved
significantly lower rates of undetectable HBV DNA at
week 144 than did patients in Arms A and B, even though
combination therapy was initiated at an earlier stage.
Despite a reduction of approximately 1 log10 IU/mL of
serum HBV DNA after combination therapy, the median
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LAM is still the first option for CHB and HBV-related cirrhosis. Nucleot(s)ide
analogs with a low-resistance barrier represent the first-line therapy for 65%
of patients in China. The study was of importance for choosing the optimal
strategy for response-guided treatment to avoid drug resistance in CHB patients
with compensated cirrhosis.

HBV DNA level did not reach LLOD throughout treatment. Moreover, the YMDD mutation rate at week
144 was 15%, which was significantly higher than that
of Arms A and B. Thus, for patients with inadequate
virological response at week 24, switching to more potent
antiviral agents with a high genetic barrier and without
cross-resistance to LAM would be a better choice[20].
In conclusion, most CHB patients with compensated
liver cirrhosis benefited from long-term antiviral
therapy. Significant improvement of liver function was
observed in all patients, regardless of the degree of
HBV DNA reduction. Early virological response at
week 24 was associated with satisfactory long-term treatment outcomes and was valuable for individualized
treatment decisions. To avoid HBV DNA breakthrough,
add-on therapy of ADV to LAM was effective in
maintaining viral suppression and reducing YMDD
mutations in patients with complete or partial virological
response. Meanwhile, switching to more potent antiviral
monotherapy or combination therapy was suggested for
patients with inadequate response at week 24.

Terminology

Complete virological response or undetectable HBV DNA was defined as serum
HBV DNA levels no more than 60 IU/mL. Virological breakthrough was defined
as any increase in serum HBV DNA by > 1 log10 IU/mL from nadir or redetection
of serum HBV DNA at levels 10 times the lower limit of detection after having
an undetectable result.

Peer review

This type of study may provide important information or guidelines to treat CHB
patients with compensated liver cirrhosis.
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METHODS: This prospective, open-label, randomized
controlled trial was a phase Ⅱ study conducted from
April 2011 to March 2012 at the Gastrointestinal and
Liver Diseases Research Center in Rasht, Iran. A total
of 208 patients with dyspepsia who failed previous H.
pylori eradication with a ten-day quadruple therapy
were enrolled. A random block method was used to
assign patients to one of two treatment groups. Patients
in the first group were treated with 240 mg bismuth
subcitrate, 20 mg omeprazole, 1000 mg amoxicillin,
500 mg clarithromycin and 500 mg tinidazole (BOACT
group). Patients in the second group received a regimen containing 240 mg bismuth subcitrate, 20 mg omeprazole, 500 mg tetracycline, 500 mg metronidazole
and 200 mg ofloxacin (BOTMO group). Both regimens
were given twice daily for a duration of seven days.
14
The eradication was confirmed by a C urea breath test
12 wk after completion of therapy. Patient compliance
and drug side effects were evaluated at the end of the
treatment period. The success rates were calculated by
intention-to-treat and per-protocol analyses.
RESULTS: A total of 205 patients completed the course of treatment, with three patients excluded due to
drug intolerance. The mean age of patients did not
differ between the BOACT and BOTMO groups (41.6
± 12.2 years vs 39.6 ± 11.8 years), and no significant
differences were found between the two groups
in terms of age, sex, smoking habits or the initial
eradication regimen. The intention-to-treat and perprotocol eradication rates were significantly higher
in the BOTMO group (86.5%, 95%CI: 0.85-0.87 and
86.7%, 95%CI: 0.80-0.89, respectively) compared with
the BOACT group (75.5%, 95%CI: 0.73-0.76 and 76%,
95%CI: 0.69-0.80, respectively) (P < 0.05). Univariate
analyses for both groups did not show any association
of sex, smoking and initial therapeutic regimen with

Abstract
AIM: To determine the efficacy of two quintuple
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eradiation rate (P > 0.05 for all). Significantly more
patients experienced side effects in the BOACT group
compared to the BOTMO group (77.4% vs 36.6%, P <
0.01). This difference was exemplified by increases in
headache and taste disturbance (P < 0.05).

but these methods are hindered by low sensitivity, high
cost, unavailability and their invasive nature[11,12]. Therefore,
designing a novel rescue regimen that achieves greater than
80% eradication rate is a target of current research[11,13].
Recently, several multidrug rescue regimens against
refractory H. pylori infection have been studied, though an
ideal therapeutic regimen has not yet been identified[12,14-18].
In Iran, the most common regimen for the first-line
treatment is a 14-d quadruple therapy containing bismuth subcitrate, omeprazole, metronidazole and either
tetracycline or amoxicillin[19]. Mousavi et al[20] showed
that a 14-d quadruple therapy (including amoxicillin)
resulted in an eradication rate of 70.4% based on an
intention-to-treat (ITT) analysis, and 75.7% based on a
per-protocol (PP) analysis. Similarly, Agah et al[5] reported
a 68% eradication rate using the same regimen. A higher
eradication rate of 84% by ITT analysis was reported
by Fakheri et al [21] with quadruple therapy including
bismuth subcitrate, omeprazole, amoxicillin and clarithromycin.
Despite the benefit, clarithromycin exhibits resistance
that varies over time and based on the geographic region.
In Iran, there is a high prevalence of clarithromycin
and metronidazole resistance, indicating that Western
eradication regimens are not ideal in this region[22]. Our
previous study in an antibiotic-sensitive area of Iran
using 7- and 14-d furazolidone-based quadruple regimens
failed to show acceptable eradication rates by ITT
analysis (71% and 65%, respectively)[23]. Therefore, rescue
regimens should be chosen based on the regional pattern
of antibiotic resistance, taking into account patient
compliance, drug efficacy and safety[5,22]. The aim of
this study was to compare two quintuple rescue therapy
regimens with regard to compliance, safety and efficacy
in patients who had failed an initial quadruple course of
therapy.

CONCLUSION: Quintuple therapy with a BOTMO
regimen is an alternative second-line rescue therapy
for Iranian patients with failed first-line eradication
treatment of H. pylori .
Key words: Antibiotic resistance; Rescue therapy;
Eradication; Helicobacter pylori ; Quintuple therapy
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Due to increasing antibiotic resistance,
eradication of Helicobacter pylori has become more
challenging. Antibiotic resistance exhibits a regional
pattern and treatments typically involve 14-d
medication periods, which are not always effective.
This study compared two 7-d quintuple regimens and
identified a regimen of bismuth subcitrate, omeprazole,
tetracycline, metronidazole, and ofloxacin as an
effective alternative second-line rescue therapy with
minimal side effects for Iranian patients who failed a
course of first-line treatment.
Mansour-Ghanaei F, Joukar F, Naghipour MR, Forouhari
A, Seyed Saadat SM. Seven-day quintuple regimen as a
rescue therapy for Helicobacter pylori eradication. World J
Gastroenterol 2015; 21(2): 661-666 Available from: URL: http://
www.wjgnet.com/1007-9327/full/v21/i2/661.htm DOI: http://
dx.doi.org/10.3748/wjg.v21.i2.661

MATERIALS AND METHODS

INTRODUCTION

Setting
This phase Ⅱ study was a prospective, open-label,
randomized controlled trial conducted from April 2011
to March 2012 at the Gastrointestinal and Liver Diseases
Research Center of Guilan University of Medical
Sciences, in Rasht, Iran. The study was approved by
the ethics committee of the research center, and was
in accordance with the Helsinki declaration for use of
human subjects. This study is registered in the Iranian
Registry of Clinical Trials (identification number:
IRCT201103011155N11, Available from: URL: http://
www.irct.ir).

Helicobacter pylori (H. pylori) infection is a global health
problem associated with chronic gastritis, peptic ulcer
disease and gastric cancer, which affects 20%-50%
of people in Western nations and up to 80% of the
population in developing countries[1,2]. Therefore, the
eradication of the pathogen is of great importance
to reduce H. pylori-related complications[3,4]. However,
treatment failures resulting from antimicrobial resistance
and poor compliance have become an increasing concern.
This is especially important in regions with a high
prevalence of H. pylori infection, such as Iran, where the
prevalence, re-infection rate and resistance to standard
therapeutic regimens are much higher than in Western
countries[4-7]. Treatment with triple therapy, which is
the most frequently recommended, fails to eradicate H.
pylori in approximately 20% of cases[8]. Treatment with
quadruple rescue therapy is still insufficient to reduce the
failure rate below 20%[9,10]. Bacterial culture and microbial
susceptibility tests are recommended by European
guidelines for selection of third-line treatment regimens,
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Participants
Patients with H. pylori infection who failed previous
eradication with a ten-day quadruple therapy comprised
of bismuth subcitrate, omeprazole, amoxicillin and
clarithromycin or bismuth subcitrate, omeprazole,
amoxicillin and metronidazole were consecutively
recruited for this study (n = 208). The patients were
referred from the outpatient gastroenterology clinics
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and private offices to our referral University center.
Twelve weeks after completion of therapy, the diagnosis
of H. pylori infection was made using a Heliprobe 14C
urea breath test (Kibion AB, Uppsala, Sweden), which
shows 94% sensitivity and 100% specificity[24]. Patients
under 15 or over 65 years of age, and those with coexisting serious illnesses such as liver cirrhosis, uremia
and gastrointestinal malignancies were excluded from the
study. Other exclusion criteria were pregnancy/lactation
and having contraindication or allergy to any of the
study drugs. The objectives of the study and potential
side effects of drugs were explained to each patient, and
informed written consent was obtained.

Random block

BOACT group
(n = 104)

Discontinued intervention
due to adverse reaction
(n = 1)

Discontinued intervention
due to adverse reaction
(n = 2)

Analyzed (n = 104 for
ITT, and n = 103 for
PP analysis)

Analyzed (n = 104 for
ITT, and n = 102 for
PP analysis)

Analysis

Randomization
Patients were randomized according to classification
guidelines of the Federal Drug Administration/World
Health Organization for individually randomized trials
for the testing of drugs or devices [25]. The random
block method was used to assign patients into randomly
permuted treatment blocks to ensure an equal number
of subjects for each treatment. The first group consisted
of 104 patients who received 240 mg bismuth subcitrate,
20 mg omeprazole, 1000 mg amoxicillin, 500 mg
clarithromycin and 500 mg tinidazole twice daily for
seven days (BOACT group). The second group of 104
patients was treated with 240 mg bismuth subcitrate,
20 mg omeprazole, 500 mg tetracycline, 500 mg
metronidazole and 200 mg ofloxacin twice daily for
seven days (BOTMO group). Demographic and clinical
variables, including age, sex, smoking status and type
of previous treatment regimen, were recorded. Patients
were instructed to take their prescribed medications
at the scheduled times and advised to avoid smoking,
drinking alcoholic or caffeinated beverages, eating spicy
foods or taking non-steroidal anti-inflammatory drugs or
medications containing a monoamine oxidase inhibitor.

ITTBOTMO vs BOACT

Treatment

90 (86.5%) vs 78 (75.5%)
P < 0.04, OR = 2, 95%CI: 1.014-4.3

PPBOTMO vs BOACT
89 (86.7%) vs 77 (76%)
P < 0.04, OR = 2, 95%CI: 1.014-4.3

Figure 1 Flow diagram of quintuple therapy comparisons. BOACT: Bismuth
subcitrate, omeprazole, amoxicillin, clarithromycin, tinidazole; BOTMO: Bismuth
subcitrate, omeprazole, tetracycline, metronidazole, ofloxacin; ITT: Intention-totreat; OR: Odds ratio; PP: Per-protocol.

each group. Demographic variables, previous treatments,
eradication rates, adverse events and patient compliance
were compared between the groups using χ 2 and
Student’s t analyses. Statistical analyses were performed
using SPSS, version 16.0 software (SPSS Inc., Chicago,
IL, United States), and P < 0.05 was considered to be
statistically significant.

Outcomes
The primary outcome measured was the H. pylori eradication rate as assessed by the 14C urea breath test. Successful eradication of H. pylori was confirmed by a negative result. The secondary outcomes were the incidence
of adverse effects and patient compliance. Adverse
effects from the treatments were assessed using a 0-10
scale system (mild: 0-3, moderate: 4-6, severe: 7-10), and
patient compliance was defined as a consumption of >
80% of the prescribed drugs.

RESULTS
A total of 208 patients with persistent H. pylori infection
were enrolled in this study. Of the 104 assigned to each
group, two patients (females with severe epigastric pain
and headache) in the BOACT group and one patient (male
with severe nausea) in the BOTMO group were excluded
from the study due to drug intolerance (Figure 1).
Basic demographic and clinical characteristics of the
study population and their initial eradication therapy
regimen are shown in Table 1. The mean age was 41.6
± 12.2 years for patients treated with BOACT and 39.6
± 11.8 years for those receiving the BOTMO regimen.
Most of the patients were female (BOACT: 72/104,
69.2%; BOTMO: 65/104, 62.5%). No significant
differences were found between the two groups in terms
of age, sex, smoking habits or initial regimen.

Statistical analysis
ITT and PP analyses were performed to assess the efficacy of the treatment regimens for H. pylori eradication.
The ITT analysis included all patients who were initially
randomized into one of the treatment groups and took
at least one treatment dose. The PP analysis excluded
patients who refused to continue the treatment, or those
with poor compliance to therapy. H. pylori eradication
percentages, odds ratios and 95%CI were assessed for
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BOTMO group
(n = 104)

Follow up

Assessed for eligibility
(n = 208)
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Table 1 Baseline demographic and clinical characteristics

Table 2 Reported side effects n (%)

Characteristic

BOACT
(n = 104)

BOTMO
(n = 104)

Side effect

32/72
41.6 ± 12.2

39/65
39.6 ± 11.8

28 (26.9)
76 (73.1)

27 (26.0)
77 (74.0)

82 (78.8)
22 (21.2)

75 (72.1)
29 (27.9)

Headache
Taste disturbance
Nausea
Epigastric pain
Diarrhea
Heartburn
Stool color change
Urine color change
Anorexia
Total

Male/Female
Age (yr)
Smoking, n (%)
Yes
No
Initial eradication regimen, n (%)
BOAC
BOAM

1

BOAC: Bismuth subcitrate, omeprazole, amoxicillin, clarithromycin;
BOACT: Bismuth subcitrate, omeprazole, amoxicillin, clarithromycin,
tinidazole; BOAM: Bismuth subcitrate, omeprazole, amoxicillin,
metronidazole; BOTMO: Bismuth subcitrate, omeprazole, tetracycline,
metronidazole, ofloxacin.

2

BOTMO (n = 103 )

17 (17.6)a
14 (15.7)a
5 (4.9)
4 (3.9)
4 (3.9)
3 (2.9)
3 (2.9)
2 (1.9)
3 (2.9)
55 (77.4)b

7 (7.8)
6 (5.8)
3 (2.9)
2 (1.9)
2 (1.9)
2 (1.9)
2 (1.9)
1 (0.9)
1 (0.9)
26 (36.6)

1
Two and 2one of the patients from the group discontinued treatment due
to severe adverse effects. aP < 0.05, bP < 0.01 vs control. BOACT: Bismuth
subcitrate, omeprazole, amoxicillin, clarithromycin, tinidazole; BOTMO:
Bismuth subcitrate, omeprazole, tetracycline, metronidazole, ofloxacin.

Eradication of H. pylori
On ITT analysis, the eradication rate was 75.5% (95%CI:
0.73-0.76) in the BOACT group and 86.5% (95%CI:
0.85-0.87) in the BOTMO group; the difference between
the two groups was statistically significant (OR = 2,
95%CI: 1.014-4.300; P < 0.04). In the PP analysis, H.
pylori was eradicated in 76% of patients in the BOACT
group (95%CI: 0.69-0.80) and 86.7% of patients in
the BOTMO group (95%CI: 0.80-0.89); the difference
between the two groups was statistically significant (OR
= 2, 95%CI: 1.014-4.300; P < 0.04).
Univariate analyses for both groups did not show
any association of sex, smoking and initial therapeutic
regimen with eradiation rate (P > 0.05 for all).

metronidazole, roxithromycin and lansoprazole, with
triple and quadruple treatment regimens[26]. In that study,
a significantly higher rate of H. pylori eradication was
found with the quintuple regimen, though the length of
treatment was 14 d and side effects were not evaluated.
At the present, triple therapy suggested by both
Canadian and European guidelines is the most preferred
first-line regimen in clinical practice[3,27]. However, the
success rate of this eradication regimen is decreasing[10,17].
Even the most commonly recommended quadruple
rescue therapy regimen fails to eradicate infection in more
than 20% of patients[6,28]. In one study of patients with
peptic ulcers who failed to respond to previous eradication
regimens, an eradication rate of 69% was obtained after
treatment with a 7-d course of therapy with bismuth
subcitrate, a high-dose of furazolidone (200 mg, b.i.d),
amoxicillin and a proton-pump inhibitor[29]. A similar
eradication rate (63% by ITT analysis) was achieved in
another study using a 7-d rescue quadruple regimen
containing bismuth subcitrate, omeprazole, tetracycline
and a high-dose of furazolidone (200 mg, b.i.d)[30].
Iranian patients show an increasing resistance to
metronidazole, clarithromycin[5,22,23] and furazolidone[23]. In
order to overcome the challenge of H. pylori eradication
failure, several maiden rescue regimens have recently been
proposed[14,16,18]. Furthermore, Sardarian et al[31] compared
the efficacy of a hybrid therapy (40 mg pantoprazole and
1000 mg amoxicillin for 14 d, with 500 mg clarithromycin
and 500 mg tinidazole for the last 7 d, b.i.d) with sequential
therapies (40 mg pantoprazole for 10 d with 1000 mg
amoxicillin for the first 5 d and 500 mg clarithromycin
and 500 mg tinidazole for the last 5 d, all twice daily) for
H. pylori eradication in 396 Iranian patients[31]. The rates
of compliance were 96.7% and 98.6% for the hybrid and
sequential groups, respectively. The eradication rate for
the hybrid group was significantly higher than that of
the sequential group by both ITT (89.5% vs 76.7%) and
PP (92.9% vs 79.9%) analyses. Severe side effects were
observed in 2.4% of patients in the hybrid group and 3.8%
of those in the sequential group.

Compliances and adverse effects
Despite the discontinuation of treatment by two patients
in the BOACT group and one patient in the BOTMO
group, both regimens were well-tolerated by the majority
of patients. A total of 71 side effects were reported in
59 patients (28.8%), which were rated as mild (Table 2).
A significantly greater proportion of patients reported
adverse side effects in the BOACT group compared to
the BOTMO group (77.4% vs 36.6%; P < 0.01). This
corresponded with 55 side effects in 35 BOACT patients
and 26 side effects in 20 BOTMO patients. Specifically,
significantly more reports of headache and taste
disturbance occurred in the BOACT group than in the
BOTMO group (P < 0.05).

DISCUSSION
The results of the present study show a higher H.
pylori eradication rate with a 7-d quintuple therapy with
BOTMO compared to BOACT in patients who initially
failed quadruple therapies. Although both regimens
demonstrated good patient compliance, fewer side
effects were reported in patients receiving BOTMO
therapy. These findings are consistent with those of the
only other study comparing the efficacy of a quintuple
regimen, comprised of bismuth subcitrate, tetracycline,
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Regimen
BOACT (n = 102 )
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regimens including bismuth subcitrate, omeprazole and either amoxicillin,
clarithromycin and tinidazole, or tetracycline, metronidazole and ofloxacin as a
second-line treatment for H. pylori following the failure of first-line regimens in
Iranian patients.

According to the results of our study, the quintuple
BOTMO regimen was successful in eradicating H. pylori
in 86.5% and 86.7% of patients by ITT and PP analyses,
respectively. Although a cure rate of > 80% was achieved,
which is acceptable by the standards of Maastricht and
other guidelines for successful eradication[32], none of
the regimens achieved the target threshold for an ideal
eradication regimen of more than 90%. It is possible that
the efficacy of the clarithromycin-based BOACT regimen
used in the present study was affected by the use of
clarithromycin in the failed initial eradication therapies.
In addition to being effective and compatible with
regional microbial resistance patterns, a suitable anti-H.
pylori regimen should be cost-effective, easy to administer
and well-tolerated[3,18]. In the present study, approximately
one-third of patients experienced adverse events, which
were reported as mild to moderate. Of the total study
population, only three patients discontinued treatment
due to severe side effects. Generally, both treatment
regimens were well-tolerated and had a good compliance
(98.7% vs 99.04% in BOACT and BOTMO regimens,
respectively).
A limitation of this study was the lack of regional
estimates of eradication rates with regard to antibiotic
resistance. Furthermore, the results of this study may not
be applicable to patients who failed other therapies. H.
pylori is an actively dividing spiral bacterium that assumes
a coccoid morphology under stressful conditions such
as antibiotic exposures[33-35], which could contribute to
treatment failures and relapse of infection[35-38]. Faghri et
al[35] suggested that a therapy must eradicate viable coccoids
in addition to the spiral forms, in order to be successful.
In conclusion, quintuple rescue therapy using a
BOTMO regimen provided higher eradication rates than
the BOACT regimen. Furthermore, the drugs used in
the BOTMO regimen induced fewer side effects and are
widely available in regions of Iran where culturing of H.
pylori is difficult. Thus, the BOTMO regimen could be an
alternative second-line rescue therapy for Iranian patients
who failed previous eradication treatment. However, the
regional pattern of antimicrobial resistance necessitates
that more studies in other populations be conducted.
Moreover, treatment regimens of longer than seven days
should also be evaluated.

Applications

This study indicates that quintuple therapy with bismuth subcitrate, omeprazole,
tetracycline, metronidazole and ofloxacin for seven days is an effective
alternative second-line rescue therapy for Iranian patients who failed first-line
treatment of H. pylori infection.

Terminology

Quintuple therapy for H. pylori eradication involves treatment with bismuth
subcitrate, three antibiotics and a proton-pump inhibitor.

Peer review

This study provides useful information and suggestions for future research
evaluating treatment regimens for H. pylori eradication. The authors show that
tetracycline-containing quintuple rescue therapy is highly effective in treating H.
pylori eradication failures of first-line regimens in Iran.
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AIM: To evaluate the biopathologic features and clinical
significance of nodal micrometastasis (MI) in early
gastric cancer (EGC).
METHODS: Among 1022 EGC patients who underwent
gastrectomy with lymphadenectomy of D1 + β or more
from March 2001 to December 2005 at the Korean
National Cancer Center, available nodal metastasis
was found in 90 pT1N1 patients. Nodal metastasis
was confirmed by immunohistochemistry (IHC) with
cytokeratin and patients were classified into MI and
macrometastasis (MA) groups based on the main tumor
th
burden according to the 6 International Union Against
Cancer/American Joint Committee on Cancer staging
system; the main tumor burden with a diameter of
greater than 0.2 mm but no greater than 2 mm as MI,
and greater than 2 mm as MA of the representative
metastatic node. Proliferative and apoptotic activities
of the primary tumor and the nodal metastasis were
measured by IHC with Ki-67 and terminal deoxynucleotidyl transferase dUTP nick end labeling, respectively. Biopathologic and clinical features of the patients were analyzed and compared between MI and
MA groups. Patients with recurrence were compared
with those without recurrence to identify risk factors for
recurrence.
RESULTS: Thirty-seven patients showed MI and the
other 53 patients revealed MA in the lymph node; the
incidence of patients with MI and MA was 41.1% and
58.9%. The main tumor burden was 0.9 and 4.6 mm
in the representative metastatic node, respectively.
Japanese N2 stations were more frequently involved
in MA group (20.9%) than in MI group (10.3%) but
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the difference was not statistically different (P =
0.338). Proliferative and apoptotic activities of MI were
decreased than those of MA (26.7% vs 40.5%, P = 0.004
and 1.0% vs 3.0%, P < 0.001, respectively). However,
nodal MI in the current study showed a relatively high
proliferative activity and an equivalent apoptotic activity
compared to other cancers in the previously published
studies. Recurrence was observed in 6 patients during the
mean follow up period of 87.6 ± 26.2 mo. The recurrence
was significantly associated with the presence of MA (P =
0.041) and lymphovascular invasion of the primary tumor
(P = 0.032).

vascular formation, but causing the recurrence after a
prolonged period [3,4]. This hypothesis was evident in
animal models and human melanoma and breast cancer[5-7].
However, such biologic information on gastric cancer is
very limited with data on proliferative activity only[8,9].
Even though SNB is now performed as a practice
for limited lymphadenectomy in melanoma and breast
cancer, it has not yet been applied to gastric cancer due
to unsatisfactory and heterogeneous sensitivity between
practicing surgeons with currently available techniques[10].
However, a recently presented prospective multicenter
feasibility trial of SNB in gastric cancer showed optimistic
results [11]. A single center’s observational study after
applying SNB in early gastric cancer (EGC) also showed
promising results in regard to short and long term
results[12]. Based on these results, multicenter phase Ⅲ
trial is now planning and quality control studies for it is
now underway[13,14]. One of the controversies of SNB
application in EGC is the decision of whether radical
gastrectomy with lymphadenectomy should be done
after detection of MI in the SN[15]. In breast cancer, this
issue was confirmed by clinical trials that no further
surgical treatment is needed in the case of MI in SNs[16,17].
Applying this approach to gastric cancer is controversial
and thus investigation on the clinical significance of MI
in EGC should be performed before commencing clinical
practice.
The aim of this study was to evaluate the biopathologic
features and clinical significance of nodal MI in EGC
patients and assess the surgical strategy in these patients
during application of SNB.

CONCLUSION: Lymphadenectomy of D1 + β or more
might be necessary in patients with MI in sentinel node
to prevent recurrence by clearing MI involving Japanese
N2 station.
Key words: Early gastric cancer; Sentinel node biopsy;
Lymphadenectomy; Micrometastasis; Macrometastasis
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Nodal micrometastasis in early gastric cancer
(EGC) has a relatively high proliferative and an equivalent
apoptotic activities compared to other cancers. The
incidence of Japanese N2 station micrometastasis
involvement is about 10%. Lymphadenectomy of
D1+β or more might be necessary if micrometastasis is
identified during sentinel node biopsy in EGC.
Jo MJ, Park JY, Song JS, Kook MC, Ryu KW, Cho SJ, Lee JH,
Nam BH, Hong EK, Choi IJ, Kim YW. Biopathologic features
and clinical significance of micrometatasis in the lymph node of
early gastric cancer. World J Gastroenterol 2015; 21(2): 667-674
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i2/667.htm DOI: http://dx.doi.org/10.3748/wjg.v21.i2.667

MATERIALS AND METHODS
Patients and eligibility
Gastrectomy with lymphadenectomy of D1 + β or more
was performed in 1022 EGC patients except for cases
with an absolute indication of endoscopic resection from
March 2001 to December 2005 at the Korean National
Cancer Center according to the Japanese guidelines[18].
The final pathology was pT1N0 in 896 (87.7%), pT1N1
in 107 (10.5%), pT1N2 in 16 (1.6%), and pT1N3 in 3
(0.3%) according to the 6th UICC/AJCC staging system[1].
For clinical similarity of metastatic SN, patients with
pT1N1 were enrolled in the study. However, tissues
of nodal metastasis and primary tumor were available
only in 90 of 107 pT1N1 EGC patients. The enrolled
patients were divided into MI and MA groups by pathologic findings of metastatic nodes according to the 6th
UICC/AJCC staging system, and the findings were
compared with each other. Adjuvant chemotherapy of
5-Fluorouracil (5-FU) based regimen was performed
in node-positive patients with agreement. The mean
follow up period of these 90 patients was 87.6 ± 26.2
mo. Patient recruitment and sample collections were
performed according to the study protocol approved by
the Institutional Review Board, and informed consent
was obtained from all patients (NCCNCS-09-231).

INTRODUCTION
Nodal metastasis is the one of the important prognostic
factors as along with the depth of invasion of the primary tumor and distant metastasis in solid cancers. Nodal
metastasis is classified into isolated tumor cell (ITC),
micrometastsis (MI) and macrometastasis (MA) depending on the size of metastatic deposit in the lymph
node according to the 6th edition of International Union
Against Cancer (UICC)/American Joint Committee on
Cancer (AJCC) staging system[1]. This classification system
was developed through histological examinations, such
as immunohistochemisty (IHC), of melanoma and breast
cancer during sentinel node biopsy (SNB). However, there
are still controversies regarding the clinical significance of
MI in a variety of tumors including gastric cancer even
though it was favored as a significant prognostic factor[2].
MI was considered as a state of dormancy, showing
a balance between proliferation and apoptosis without
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Immunohistochemical stain with cytokeratin and Ki-67
The presence of nodal metastasis was confirmed by IHC
for cytokeratin and proliferative activity was measured
by IHC for Ki-67 according the previous study [19] .
Briefly, primary tumor and metastatic lymph nodes
were stored in paraffin-embedded block and then tissue
sections of 3 μm in thickness were made. The sections
were deparaffinized in xylene, rehydrated through a
graded series of alcohol, washed in distillated water and
heated twice in a microwave oven for 15 min each at
700 W in 10 mmol/L citrate buffer, pH 6.0 or pH 9.0
to retrieve antigen. After this, it was cooled to room
temperature (15-30 min). The activity of endogenous
peroxidase was blocked by methanol containing 0.3%
H 2O 2 for 10 min and then washed with 0.01 mol/L
phosphate buffered saline (PBS). After blocking with
1% normal goat serum for 20 min at room temperature
in a humidified chamber, the sections were incubated
with primary antibody for 1.5 h at room temperature.
The following primary antibodies were used: mouse
monoclonal anti-human Ki-67 (clone MIB-1, 1:50) and
mouse monoclonal anti-human cytokeratin (clone AE1/
AE3, 1:100). After washing in PBS, the specimens were
incubated with a biotinylated conjugated-HRP polymer
Kit (Super picture, invitrogen, Carlsbad, California) for
30 min at room temperature. As the final step, the slides
were developed for 10 min with enzyme substrate 3 and
3-diaminobenzidine (DAB) solution (0.001 mol/L DAB,
0.05 mol/L Tris-HCI buffer, pH 7.6, 0.01 mol/L sodium
azide, and 0.006% hydrogen peroxidase). The slides
were counterstained with hematoxylin solution for 1 min
(DAKO, copenhagen, Denmark). After dehydration,
the tissue was sealed with a universal mount (Research
Genetics, Huntsville, AL). Controls were prepared in
the same manner as detailed for the experimental group,
except for the incubation process with primary antibody.

reaction was terminated by 2 × standard saline citrate.
The sections were washed three times in PBS and then
immersed for 10 min in 0.3% H2O2 to block endogenous
peroxidase at room temperature. After washing, the
sections were subsequently incubated with peroxidaselabeled streptavidin for 30 min at room temperature.
Peroxidase activity was visualized with a DAB color
reaction and the slides were counterstained with Mayers’
hematoxylin, dehydrated, and mounted. After mounting,
the sections were observed under a microscope. Positive
control sections were treated with 1 μg/mL DNase I
(Sigma, St. Louis, MO) for 10 min before treatment
with TdT buffer. Negative control sections were treated
by substituting distilled water for TdT in the reaction
mixture.
Pathologic evaluation
Classification of nodal metastasis was done according to
the 6th UICC/AJCC staging system[1]. The main tumor
burden with a diameter of no greater than 0.2 mm was
defined as ITC, greater than 0.2 mm but no greater than
2 mm as MI, and finally, greater than 2 mm as MA of
the representative metastatic node. The location and
pattern of nodal metastasis were classified according to
previous studies on melanoma and gastric cancer[20,21]. The
location of nodal tumor was classified as marginal sinus,
intermediate, parenchymal or diffuse type. The pattern
of nodal tumor was classified as single cluster, multiple
clusters, or diffuse type. Proliferative activity measured
by Ki-67 reactivity and apoptotic activity measured by
TUNEL assay were defined as the percentage of positive
tumor cells per 500 observed tumor cells in the most
intensively reacted area. If the number of tumor cells
was less than 500, the total tumor cell count itself was
used as the denominator.
Statistical analysis
Continuous variables were compared using the Student
t test or Mann-Whitney U test according to the sample
size of comparing groups. The χ 2 test or Fisher’s exact
test was used for comparing categorical variables as
the above principle. A scattered plot was created with
Pearson’s correlation coefficient for proliferative and
apoptotic activities of primary and metastatic nodal
tumors. P values were two sided and values of < 0.05
were considered statistically significant. All data were
analyzed using SAS version 9 (SAS Institute Inc., Cary,
NC) and interpreted by a biostatistics specialist.

Terminal deoxynucleotidyl transferase dUTP nick end
labeling assay
Apoptotic activity was determined in situ from the paraffin
embedded tissue sections by terminal deoxynucleotidyl
transferase dUTP nick end labeling (TUNEL) assay
using the DeadEnd™ Colorimetric TUNEL system
(Promega, Madison, WI, United States). The specimens
were deparaffinized and gradually hydrated, rinsed
with cold 1× PBS, and the sections were fixed in 4%
paraformaldehyde for 15 min, followed by incubation
with proteinase K (20 μ g/mL in 10 mmol/L TrisHCl, pH 8.0) for 20 min. After washing twice, the
sections were equilibrated at room temperature for 10
min in equilibration buffer (200 mmol/L potassium
cacodylate, 0.2 mmol/L dithiothreitol, 0.25 g/L bovine
serum albumin, and 2.5 mmol/L cobalt chloride in 25
mmol/L Tris-HCL, pH 6.6) and then the slides were
covered with the terminal deoxynucleotidyl transferase
(TdT) enzyme in a TdT labeling reaction mixture
(equilibration buffer, biotinylated nucleotide mix, rTdT
enzyme = 8:1:1) for 1 h at 37 ℃ in the dark. The tailing

WJG|www.wjgnet.com

RESULTS
Clinicopathologic features of enrolled patients
The incidence of patients with MI and MA was 41.1%
and 58.9% with the mean main tumor burden of 0.9
and 4.6 mm, respectively (P < 0.001) (Table 1). Japanese
N2 station involvement in MI and MA was 10.3% and
20.9%, respectively. The location of nodal tumor in the
MA group was mostly at the non marginal sinus and this
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Table 1 Clinicopathologic features according to the classification of lymph node metastasis (n = 90)

Table 2 Biologic features according to the classification of
lymph node metastasis (n = 90)

Micrometastasis Macrometastasis P value
Age (yr)
Sex
Male
Female
Depth of invasion
Mucosa
Submucosa
Tumor size (cm)
Histology
Differentiated
Undifferentiated
Lauren classification
Intestinal
Diffuse, mixed
Lymphovascular invasion
Absent
Present
Metastatic LNs (n)
Japanese N2 station
involvement 1
No
Yes
Main tumor burden in
LN (mm)
Pattern of metastasis in
LNs
Single cluster
Multiple cluster
Diffuse
Location of metastasis in
LNs
Marginal sinus
Non marginal sinus
Gastric resection
Open subtotal
Open total
LADG
Lymph node dissection
D1 + β
D2
Dissected LNs (n)
Adjuvant chemotherapy
No
Yes
Recurrence
Absent
Present

(n = 37)

(n = 53)

56.9 ± 12.9

59.2 ± 11.1

22 (59.5)
15 (40.5)

Micrometastasis Macrometastasis P value
Ki-67 (primary tumor)
Examed tissue
Positive cell
TUNEL (primary tumor)
Examed tissue
Positive cell
Ki-67 (lymph node)
Examed tissue
Positive cell
TUNEL (lymph node)
Examed tissue
Positive cell

0.377
0.665

34 (64.2)
19 (35.8)
0.966

5 (13.5)
32 (86.5)
4.7 ± 2.8

7 (13.2)
46 (86.8)
4.5 ± 2.0

18 (48.6)
19 (51.4)

30 (56.6)
23 (43.4)

0.652
0.522

0.162
19 (51.4)
18 (48.6)

35 (66.0)
18 (34.0)

17 (45.9)
20 (54.1)
1.7 ± 1.3

23 (43.4)
30 (56.6)
2.2 ± 1.3

26 (89.7)
3 (10.3)
0.9 ± 0.5

34 (79.1)
9 (20.9)
4.6 ± 4.6

33
59.3% ± 24.0%

51
62.3% ± 20.9%

0.553

30
2.4% ± 1.7%

51
4.5% ± 4.4%

0.004

33
26.7% ± 18.0%

50
40.5% ± 24.1%

0.004

25
1.0% ± 1.0%

51
3.0% ± 3.5%

< 0.001

Data are expressed as absolute numbers (percentage) or mean ± SD.
TUNEL: Terminal deoxynucleotidyl transferase dUTP nick end labeling.

0.832

Ki-67 and TUNEL assay are presented in Figure 1. Proliferative and apoptotic activities of MI were significantly
decreased than those of MA among the examined tissues
(26.7% vs 40.5%, P = 0.004 and 1.0% vs 3.0%, P < 0.001,
respectively) (Table 2). The proliferative activity of the
primary tumor was not different but the apoptotic activity
was different between the two groups. There was a significant correlation between proliferative and apoptotic
activities in both the primary tumor and nodal metastasis.
Furthermore, both the proliferative and apoptotic
activities of nodal metastasis were well correlated to those
of the primary tumor (Figure 2).

0.085
0.338

< 0.001
0.694

14 (37.8)
22 (59.5)
1 (2.7)

18 (34.0)
33 (62.3)
2 (3.8)
< 0.001

17 (45.9)
20 (54.1)

1 (1.9)
52 (98.1)

Recurrence and associated factors
All 6 recurrent cases had MA and lymphovascular invasion
(LVI) of the primary tumor. However, patients without
recurrence showed 56.0% MA and 52.4% positive LVI.
These factors were statistically significant for recurrence
(P = 0.041, P = 0.032, respectively) (Table 3). Biologic
features of proliferative and apoptotic activities in the
primary tumor and nodal metastasis were not significant.
The details of recurrent patients are shown in Table 4.
The sites of recurrence were locoregional, hematogenous
and peritoneal as well known patterns of gastric cancer.
The number of harvested lymph nodes was only 14 even
though D1 + β lymphadectomy was done in case 3.

0.423
27 (73.0)
2 (5.4)
8 (21.6)

40 (75.5)
6 (11.3)
7 (13.2)
0.261

15 (40.5)
22 (59.5)
36.2 ± 11.1

15 (28.3)
38 (71.7)
38.6 ± 15.6

11 (29.7)
26 (70.3)

20 (37.7)
33 (62.3)

37 (100)
0 (0)

47 (88.7)
6 (11.3)

0.424
0.503

0.041

1

Available data only. Data are expressed as absolute numbers (percentage)
or mean ± SD. LN: Lymph node; LADG: Laparoscopically assisted distal
gastrectomy.

DISCUSSION
The screening program of gastric cancer for early detection is well established in Asian countries, especially in
South Korea and Japan[22,23]. As the proportion of EGC
has increased, the biopathological and clinical features
of nodal MI in EGC patients have gained attention due
to the development of minimally invasive surgery, such
as endoscopic submucosal dissection, SNB oriented
tailored approach and laparoscopic surgery, in these
patients[13,24]. Even though SNB in EGC is not routinely
practiced, it is controversial whether lymphadenectomy
of D1 + β or more should be performed if MI is dete-

finding was significantly different with the MI group (P
< 0.001). The pathologic features regarding the primary
tumor was not different between the two groups. All
the clinical features were not different between the two
groups except recurrence which occurred in 6 patients
of the MA group (P < 0.001).
Biologic features of primary and metastatic nodal
tumors
Representative microscopic photos of IHC with cytokeratin,
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A

B

C

Figure 1 Representative microscopic photos of immunohistochemistry with cytokeratin (A), Ki-67 (B) and terminal deoxynucleotidyl transferase dUTP
nick end labeling assay (C).

A

B
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0.25

Correlation coefficient 0.288
P = 0.011

Apoptotic activity of nodal metastasis

Apoptotic activity of primary tumor
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C
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Apoptotic activity of nodal metastasis

1.00
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Proliferative activity of primary tumor
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0.25

0.30

Apoptotic activity of primary tumor

Figure 2 Correlation of proliferative and apoptotic activities in the primary tumor (A), nodal metastasis (B) and with each other (C, D).

cted in SNs [15] . Most nodal MIs in EGC have been
studied by comparing its prognostic significance in
pN0 patients, and the results are still controversial[15].
However, the present study compared nodal MIs with
MAs in pN1 patients to assess the therapeutic strategy.
In the present study, we revealed that the nodal MI of
EGC has a relatively high proliferative activity and an
equivalent apoptotic activity compared to other cancers.
Moreover, about 10% of nodal MIs were located at
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Japanese N2 station. Uncleared lymph nodes at Japanese
N2 station in MI, patients may progress to MA and recurrence because most of SNs were located along Japanese
N1 station.
The fate of MI in the lymph node is controversial as
to whether they will progress to overt metastasis or regress
spontaneously by the human immune system. Several
animal studies have been reported concerning this issue
but direct human evidence is scanty[25,26]. The biology of MI
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However, the present study showed inconsistent results
with melanoma or breast cancer due to high proliferative
activity and equivalent apoptotic activity of nodal MI in
EGC. The more aggressive biological nature of nodal
MI in gastric cancer is indirectly reflected as the survival
difference between various cancer types [27]. Most of
recurrence in gastric cancer occur within 2-3 postoperative
years representing the difference with hypothesis of
dormancy. The correlation of proliferative and apoptotic
activities in the primary tumor and nodal metastasis also
indirectly represents the different biology of gastric
cancer with melanoma and breast cancer. The meaning
of apoptosis does not only include cell loss but also
represents proliferative activity[28,29].
Most studies concerning proliferative and apoptotic
activities in gastric cancer were performed in primary
tumors rather than in nodal metastasis. Data regarding
the biopathologic findings of nodal metastasis are very
few in gastric cancer. Yonemura et al[8] reported that
the proliferative activity was 46.6% in ITC of EGC
and concluded that ITC has a poor prognosis. Yanagita
et al[9] reported that the proliferative activity was 29%
in ITC, 92% in MI, and 96% with MA and concluded
that ITC and MI should be removed during SNB. They
used IHC with anti Ki-67 antibody, as was the case this
study, but they did not measure apoptotic activity in
nodal metastasis. Apoptotic activity should be measured
to estimate the fate of nodal MI combined with the
proliferative activity. Variability of proliferative activity
measured by Ki-67 in nodal metastasis between these
studies and our study might be from several issues such
as different handling techniques of tissue samples,
subjective nature of IHC and technical diversity [30].
However, the common finding of all of these studies is
that a significant proliferative activity is present in nodal
MI, even in ITC.
Previous studies with melanoma reported that the tumor
burden in SNs is well correlated with the involvement of
non-SN and survival[31-33]. The Rotterdam criteria simply
measures SN tumor burden by the maximum diameter
(in any direction) of the largest lesion. In this study, the
main tumor burden in EGC had no clinical significance
in terms of recurrence unlike melanoma. However, recurrence was observed only in the MA group. Another important factor for recurrence was determined as LVI in
this study. LVI is a well known prognostic factor in gastric
cancer[34,35]. Recurrence was not observed in MI group
probably because the enrolled patients already received
lymphadenectomy of D1 + β or more and this finding
offer the indirect suggestion about the surgical strategy
when we identified the MI in SN.
Other important factor predicting non SN involvement
is the location of metastasis in SNs[20,21]. The location of
MI in the parenchyma of SN is significantly related with
non SN involvement in melanoma and EGC studies.
In this study, a similar finding of non SN involvement
could not be proven but the fact that MA had less marginal sinus location than MI indirectly implies disease

Table 3 Recurrence and associated factors (n = 90)
No recurred
(n = 84)

Recurred
(n = 6)

Age (yr)
57.8 ± 12.0
64.8 ± 7.4
Sex
Male
52 (61.9)
4 (66.7)
Female
32 (38.1)
2 (33.3)
Depth of invasion
Mucosa
12 (14.3)
0 (0)
Submucosa
72 (85.7)
6 (100)
Tumor size (cm)
4.7 ± 2.5
3.7 ± 1.27
Histology
Differentiated
44 (52.4)
4 (66.7)
Undifferentiated
40 (47.5)
2 (33.3)
Lauren
Intestinal
49 (58.3)
5 (83.3)
Diffuse, mixed
35 (41.7)
1 (16.7)
Lymphovascular invasion
Absent
40 (47.6)
0 (0)
Present
44 (52.4)
6 (100)
Metastatic LNs (n)
2.0 ± 1.3
2.2 ± 1.2
Classification of nodal metastasis
Micrometastasis
37 (44.0)
0 (0)
Macrometastasis
47 (56.0)
6 (100)
Japanese N2 station
involvement1
No
58 (85.3)
2 (50.0)
Yes
10 (14.7)
2 (50.0)
Main tumor burden in LN
3.0 ± 4.1
4.0 ± 1.5
(mm)
Pattern of metastasis in LNs
Single cluster
28 (33.3)
4 (66.7)
Multiple cluster
54 (64.3)
1 (16.7)
Diffuse
2 (2.4)
1 (16.7)
Location of metastasis in LNs
Marginal sinus
31 (36.9)
0 (0)
Non marginal sinus
53 (63.1)
6 (100)
Gastric resection
Open subtotal
63 (75.0)
4 (66.7)
Open total
7 (8.3)
1 (16.7)
LADG
14 (16.7)
1 (16.7)
Lymph node dissection
D1 + β
28 (33.3)
2 (33.3)
D2
56 (66.7)
4 (66.7)
Dissected LNs (n)
37.4 ± 13.8
41.0 ± 16.4
Adjuvant chemotherapy
No
30 (35.7)
1 (16.7)
Yes
54 (64.3)
5 (83.3)
Ki-67 (primary tumor)1
Positive cell
61.3% ± 22.1% 58.3% ± 24.6%
TUNEL (primary tumor)1
Positive cell
3.6% ± 3.9%
4.6% ± 2.2%
Ki-67 (lymph node)1
Positive cell
35.0% ± 23.5% 35.0% ± 10.8%
TUNEL (lymph node)1
Positive cell
2.3% ± 3.2%
2.8% ± 1.1%

P value
0.159
1.000

1.000

0.321
0.681

0.396

0.032

0.816
0.041

0.127

0.594
0.450

0.090

1.000

1.000

0.538
0.660

0.748
0.552
0.996
0.720

1

Available data only. Data are expressed as absolute numbers (percentage)
or mean ± SD. LN: Lymph node; LADG: Laparoscopically assisted distal
gastrectomy; TUNEL: Terminal deoxynucleotidyl transferase dUTP nick
end labeling.

in melanoma and breast cancer was interpreted as a concept
of being in a balanced dormant state between proliferation
and apoptosis before tumor vascularization[3,4]. Reported
proliferative and apoptotic activities were 2.4%-12% and
0.2%-0.7% in melanoma and breast cancer, respectively[5-7].
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Table 4 Details of recurrent cases with pT1N1 in gastric cancer
LVI

Number of Size of Pattern
metastatic metastasis
(mm)
LNs

Case Age Sex T
T Histology
(yr)
depth size

Lauren

1

62

M

Sm3

2.3

Undiff

Diffuse Present

2

2.3

2

62

M

Sm3

3.0

Diff

Intestinal Present

2

3.1

3
4

72
59

M
M

Sm3
Sm3

3.0
3.0

Diff
Diff

Intestinal Present
Intestinal Present

1
4

3.6
5.5

5

76

F

Sm2

5.0

Diff

Intestinal Present

1

6.0

6

58

F

Sm3

5.5

Undiff

Intestinal Present

3

3.2

Single
cluster
Single
cluster
Diffuse
Single
cluster
Single
cluster
Multiple
cluster

Location

Site of
Tumor Proportion Extent Number of
dissected recurrence
of
burden
LNs
LND
(mm)

Parenchyme

2.5

40.0%

D1 + β

31

N3 LN

Parenchyme

3.88

26.0%

D2

59

Liver

Diffuse
Parenchyme

9.62
10.8

65.0%
45.0%

D1 + β
D2

14
45

Peritoneum
Liver, lung

Parenchyme

6.0

67.0%

D2

54

Liver

Parenchyme

7.2

87.0%

D2

43

PALN

LVI: Lymphovascular invasion; LN: Lymph node; LND: Lymph node dissection; PALN: Para-aortic lymph node; Diff: Differentiate; Undiff: Undifferentiate.

finally, greater than 2 mm as macrometastasis of the representative metastatic
node according to the 6th International Union Against Cancer/American Joint
Committee on Cancer staging system.

progression in the lymph node from MI to MA.
For the evaluation of biopathologic and clinical
significance of nodal MI and assessment of surgical
strategy during SNB, we should have used tissues and
information of patients who experienced SNB with
EGC at our institution[36]. However, obtaining available
tissues from patients for SNB was very limited in our
study. Thus, as a second choice we used tissue of pT1N1
patients that simulated the positive SNB results. Therefore, the interpretation of the results of this study has
some limitations.
In conclusion, nodal MI in EGC patients has a
relatively high proliferative activity and an equivalent
apoptotic activity compared to other cancers. Also, not
a few patients had Japanese N2 station MI involvement.
Therefore, if MI is identified during SNB in EGC,
lymphadenectomy of D1 + β or more may be necessary
to prevent recurrence by clearing MI involving Japanese
N2 station.

Peer review

In this retrospective study, the authors assessed quite a large number of
gastrectomy cases to identify factors associated with nodal metastasis
for early gastric cancer. They classified nodal metastasis into 2 groups;
micrometastasis and macrometastasis based on the main tumor burden.
They assessed proliferative and apoptotic activities of the primary tumor by
immunohistochemical staining. From their results, nodal micrometastasis
showed a relatively high proliferative activity and an equivalent apoptotic
activity. They concluded that extensive lymphadenectomy might be necessary
in patients with micrometastasis to prevent recurrence. This is a carefully done
study and the findings are of considerable interest.
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RESULTS: The literature search yielded 73 articles on
idiopathic (primary) SEP published in 23 countries. The
four countries that published the greatest number of
articles were India (n = 21), Turkey (n = 14), China
(n = 8) and Nigeria (n = 3). The four countries that
reported the greatest number of cases were China (n
= 104; 53.88%), India (n = 35; 18.13%), Turkey (n =
17; 8.80%) and Nigeria (n = 5; 2.59%). The present
study included 193 patients. Data on age could be
obtained for 184 patients (range: 7-87 years; mean
± SD, 34.7 ± 19.2 years), but were unavailable for
nine patients. Of the 184 patients, 122 were male
and 62 were female; sex data could not be accessed
in the remaining nine patients. Of the 149 patients
whose preoperative diagnosis information could
be obtained, 65 (43.6%) underwent operations for
abdominal cocoon, while the majority of the remaining
patients underwent operations for a presumed
diagnosis of intestinal obstruction and/or abdominal
mass. Management information could be retrieved
for 115 patients. Of these, 68 underwent excision
+ adhesiolysis (one laparoscopic); 24 underwent
prophylactic appendectomy in addition to excision
+ adhesiolysis. Twenty patients underwent various
resection and repair techniques along with excision
+ adhesiolysis. The remaining three patients were
managed with antituberculosis therapy (n = 2) and
immunosuppressive therapy (n = 1).

Abstract
AIM: To review the literature on idiopathic sclerosing
encapsulating peritonitis (SEP), also known as abdominal cocoon syndrome.
METHODS: The PubMed, MEDLINE, Google Scholar,
and Google databases were searched using specific
key words to identify articles related to idiopathic
SEP. These key words were “sclerosing encapsulating
peritonitis,” “idiopathic sclerosing encapsulating
peritonitis,” “abdominal cocoon,” and “abdominal
cocoon syndrome.” The search included letters to
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CONCLUSION: Idiopathic SEP is a rare disorder characterized by frequently recurring bouts of intestinal
obstruction. Surgical therapy is the gold standard
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may develop postoperative small intestinal obstruction
and new adhesions[4]. The present study reviews and
discusses the previously published articles on SEP.

management strategy.
Key words: Primary; Idiopathic; Intestinal obstruction;
Sclerosisis encapsulation peritonitis; Abdominal cocoon
syndrome

MATERIALS AND METHODS

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

We reviewed nearly 200 previously published articles
on SEP. A serious contradiction was present between
selection and classification of cases, because many
authors used the term “abdominal cocoon” while
actually describing cases of secondary SEP. We therefore
aimed to resolve this conflict by establishing a proper
definition and classification of SEP before starting the
literature review. We divided SEP into primary (idiopathic;
abdominal cocoon syndrome) and secondary forms.
Patients with no factors explaining SEP after various
examinations (history taking, blood tests, radiological
imaging, and histopathological tests) performed during
the preoperative, perioperative, or postoperative periods
were determined to have primary SEP (idiopathic,
abdominal cocoon). Patients with SEP that developed
as a result of various conditions, including abdominal
surgery, abdominal tuberculosis, peritoneal dialysis
(PD), ventriculoperitoneal or peritoneovenous shunts,
liver transplantation, recurrent peritonitis, beta-blocker
treatment (practolol or propranolol), intraperitoneal
chemotherapy, intraperitoneal povidone-iodine use,
liver cirrhosis, gastrointestinal malignancy, fibrogenic
foreign material, systemic lupus erythematosus, or
parasitic infection (sometimes leading to granulomatous
peritonitis) were determined to have secondary SEP.
The main objective of the present study was to perform
a brief review of the literature to identify studies on
primary SEP (idiopathic; cocoon syndrome) published
from January 2000 to May 2014. To achieve this aim,
we scanned the PubMed, MEDLINE, Google Scholar,
and Google databases for the key words “sclerosing
encapsulating peritonitis,” “idiopathic sclerosing encapsulating peritonitis,” “abdominal cocoon,” and “abdominal cocoon syndrome” entered alone or in various
combinations. Only articles published in English were
included in the scanning process. Cases that met the
diagnostic criteria for idiopathic SEP (abdominal cocoon)
were included in the review, while cases with features
of secondary SEP were excluded. The corresponding
authors of some papers were e-mailed several times
regarding necessary information about their articles.
However, we received no effective responses from the
authors of the two largest studies. We created a table with
useful information about the reviewed articles, including
publication year, country, number of cases, patient age,
sex, history, white blood cell count, surgical approach,
complications, follow-up duration and other ancillary
information.

Core tip: Idiopathic sclerosing encapsulating peritonitis
(SEP) is a clinical entity characterized by partial or
complete encasement of the small intestines by a
thick fibrocollagenous membrane. While some patients
with idiopathic SEP are asymptomatic, the majority of
affected individuals develop acute, subacute or chronic
attacks of gastrointestinal obstruction. Preoperative
diagnosis of the disease is quite difficult, and many
cases are diagnosed intraoperatively. Nonetheless,
recent technological advances in imaging modalities,
particularly computed tomography, have made preoperative diagnosis of SEP possible. Surgery remains the
best management option for patients with severe signs
of intestinal obstruction.
Akbulut S. Accurate definition and management of idiopathic
sclerosing encapsulating peritonitis. World J Gastroenterol
2015; 21(2): 675-687 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i2/675.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i2.675

INTRODUCTION
Sclerosing encapsulating peritonitis (SEP) is a chronic
inflammatory process in which the small intestines are
encased by a dense fibrocollagenous membrane[1-32]. SEP
was first defined nearly 100 years ago, at which time it
was termed “peritonitis chronica fibrosa incapsulata”[1,6,7].
The disorder is divided into primary (idiopathic) and
secondary forms according to the underlying etiological
cause[1-5]. The primary form was termed “abdominal
cocoon syndrome” by Foo in 1978[1]. The clinical signs
and symptoms of SEP vary with the severity and duration
of the disease, underlying causes, and affected person’
s immunological status. SEP most commonly manifests
as recurrent acute, subacute, or chronic episodes of
intestinal obstruction[2,4]. However, some cases may also
manifest with more uncommon, but life-threatening,
complications including enterocutaneous fistula, small
intestinal necrosis, and malnutrition. Preoperative
diagnosis of SEP is quite difficult, and many cases are
diagnosed intraoperatively[4,6]. Fortunately, preoperative
diagnosis of SEP has become possible with recent
technological advances in imaging modalities, particularly
computed tomography (CT)[1,5-11]. Surgery remains the
most effective management option for SEP[4], although
controversy surrounds the indications, optimal timing,
and mode of surgical operation. This is because surgical
outcomes are far from satisfactory, and some patients
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RESULTS
A literature review using the above mentioned inclusion
criteria revealed 73 articles on idiopathic (primary) SEP
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tuberculosis. One patient was administered with steroids
and immunosuppressive therapy. The demographic
and clinical data of the 193 patients included in the
present study are summarized in Table 2. Two studies
were published from the same institution and used the
medical data of the same patient; despite meeting the
inclusion criteria for this review, one of these studies was
excluded[60,77].

Table 1 Distribution of articles and number of cases with
idiopathic sclerosing encapsulating peritonitis according to
countries n (%)
Countries
China
India
Turkey
Nigeria
Taiwan
Pakistan
Qatar
Saudi Arabia
Israel
Iran
Nepal
Brazil
Italy
United States
South Korea
Senegal
Iraq
Belgium
Bangladesh
Kuwait
Malaysia
New Zealand
Greece

Published articles

Published cases

8 (10.95)
21 (28.76)
14 (19.17)
3 (4.10)
2 (2.74)
2 (2.74)
2 (2.74)
2 (2.74)
2 (2.74)
2 (2.74)
2 (2.74)
2 (2.74)
1 (1.37)
1 (1.37)
1 (1.37)
1 (1.37)
1 (1.37)
1 (1.37)
1 (1.37)
1 (1.37)
1 (1.37)
1 (1.37)
1 (1.37)

104 (53.88)
35 (18.13)
17 (8.80)
5 (2.59)
2 (1.03)
2 (1.03)
3 (1.55)
2 (1.03)
3 (1.55)
2 (1.03)
2 (1.03)
3 (1.55)
1 (0.51)
2 (1.03)
2 (1.03)
1 (0.51)
1 (0.51)
1 (0.51)
1 (0.51)
1 (0.51)
1 (0.51)
1 (0.51)
1 (0.51)

DISCUSSION
Definitions and historical background
The definition of SEP is associated with confusion
and lack of information. The concepts of primary and
secondary SEP are erroneously used interchangeably in
many previously published articles on SEP[11,32]. Thus,
we aimed to emphasize the correct use of the definitions
of peritoneal encapsulation (PE), abdominal cocoon,
idiopathic SEP, and secondary SEP in the present review.
PE was first described by Cleland in 1868[32]. It is a
developmental anomaly characterized by the congenital
presence of an accessory peritoneal membrane, which
is believed to be derived from the yolk sac peritoneum
in the early stages of fetal life[10,15,29,32]. This peritoneal
membrane is classically found between the mesocolon
and omentum, and most of the small intestines lie
posterior to this membrane[21,27,39,48,75]. In other words,
PE is an anatomical anomaly unrelated to any inflammatory process. PE is typically asymptomatic and
incidentally detected during laparotomy performed for
other indications[29,32,62,73]. In one patient, we observed
anatomical features similar to those of PE during
laparotomy performed to treat a gunshot injury (Figure 1).
Unlike PE, SEP is an acquired condition resulting
from peritoneal inflammation that may be triggered
by various factors[32,38]. While the accessory peritoneal
membrane is covered by mesothelium in patients with
PE, the membrane that encases the intestines in patients with SEP has a dull, fibrous structure that includes inflammatory cells[33,38,39]. SEP is a clinical entity
characterized by partial or complete encasement of the
small intestines by a thick fibrocollagenous membrane
(Figure 2)[1,4,6,10,17,24]. This membrane often encapsulates
the small intestines, but it sometimes also encases other
intraperitoneal organs, such as the stomach, liver, and
colon[1,6,8,23,55]. This clinical entity was first defined in
1907 by Owtschinnikow, who described encasement
of the intestines by a fibrocollagenous membrane[1,50,55].
Considering the morphological and histological properties
of the membrane encasing the intestines, Owtschinnikow
termed this condition “peritonitis chronica fibrosa
incapsulata”[1,16,17,27]. Historically, SEP was classified as
primary (idiopathic) or secondary, depending on its
underlying cause and the pathogenetic properties of
the fibrocollagenous membrane[1,23,42,49]. The idiopathic
form of SEP has also been termed “abdominal cocoon
syndrome,” a term that was first used by Foo in 1978[1].
Abdominal cocoon is categorized into three types

China has reported the greatest number of cases, while India has
published the greatest number of articles.

from 23 countries[2-10,12-31,33-76]. The four countries with
the highest numbers of published articles were India (n
= 21; 28.76%), Turkey (n = 14; 19.17%), China (n = 8;
10.95%) and Nigeria (n = 3; 4.10%). The four countries
reporting the highest number of cases were China (n =
104; 53.88%), India (n = 35; 18.13%), Turkey (n = 17;
8.80%) and Nigeria (n = 5; 2.59%). Other data related
to the article distribution among countries are presented
in Table 1. In total, 193 patients were included in this
study. Their ages ranged from 7 to 87 years (mean ± SD,
34.7 ± 19.2 years) among 184 patients; this information
was unavailable for the remaining 9 patients. Of the
184 patients, 122 were male and 62 were female; no sex
data were available for the remaining 9 patients. The
symptom duration ranged from 8 h to 210 mo among
174 patients; this information was unavailable for the
remaining 19 patients. Of 149 patients with available
data on preoperative diagnosis, 65 (43.6%) underwent
operations for a presumed diagnosis of abdominal
cocoon syndrome, while the majority of the remaining
patients underwent operations for an initial diagnosis of
intestinal obstruction and/or abdominal mass. Patient
management data were available in 115 patients; 68
underwent excision + adhesiolysis, and 24 underwent
prophylactic appendectomy in addition to excision +
adhesiolysis. Twenty patients underwent various resection
and anastomosis techniques in addition to excision +
adhesiolysis. Two patients commenced antituberculous
therapy without antecedent surgical therapy. Those
patients had no signs or symptoms pertaining to
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Table 2 Demographic and clinical characteristics of 193 patients with idiopathic sclerosing encapsulating peritonitis
Ref.

Year

Country

Case
number

Age (yr)

Sex

Duration
symptom

Preoperative
diagnosis

Radiologic tools

Surgical approach

Rasihashemi et al[2]

2014

Iran

1

25

M

2 mo

Int Obst

E+A

Nanwadekar et al[3]

2014

India

1

17

F

4d

Int Obst

Li et al[4]

2014

China

65

3.9 ± 6.7 yr

Jovani et al[5]
Akbulut et al[6]

2014
2014

Italy
Turkey

1
1

US + CT + MR
X-ray + US

Sreevathsa et al[7]

2013

India

3

43
13
14

M
F
F

12 mo
12 mo
6 mo

NS
E + A + resection +
ileostomy
E+A
Ileocecal resection
Ileocecal resection

Singh et al[8]
Shah et al[9]
Serter et al[10]

2013
2013
2013

India
India
Turkey

9
1
2

Rahmati et al[12]
Patel et al[13]
Ozkan et al[14]
Hu et al[15]

2013
2013
2013
2013

Iran
India
Turkey
China

1
1
1
1

NS
14
32
49
50
45
48
29

NS
F
M
M
M
M
M
F

NS
6 mo
2d
1 wk
3 mo
6 mo
1 wk
Asympt.

ACS: 31
NS: 34
ACS
Int Obst +
perforation
ACS
Int Obst
Int Obst
(Subacute)
NS: 9
ACS
Int Hernia
ACS
ACS
Int Obst
ACS
Infertility

X-ray + Barium +
CT
X-ray + US +
Endosc.
NS

Gupta et al[16]
Gadhire et al[17]
Awe[18]
Al Thani et al[19]

2013
2013
2013
2013

India
India
Nigeria
Qatar

1
1
1
1

40
35
18
41

M
M
F
M

NS
1 mo
3d
7 mo

Thakur et al[20]
Taylor et al[21]
Solak et al[22]

2012
2012
2012

India
N Zealand
Turkey

1
1
1

14
42
58

F
M
M

6 mo
3d
24 mo

Shakya et al[23]

2012

Nepal

1

20

M

Ndiaye et al[24]

2012

Senegal

1

15

Meshikhes et al[25]

2012

1

Malik et al[26]
Kumar et al[27]

2012
2012

Saudi
Arabia
Pakistan
India

1
2

Kayastha et al[28]

2012

Pakistan

1

Kaur et al[29]

2012

India

2

Araujo Filho et al[30]
Chatura et al[31]

2012
2012

Brazil
India

1
1

Yeniay et al[33]

2011

Turkey

2

Kirshtein et al[34]

2011

Israel

Jayant et al[35]
Gupta et al[36]
Ertem et al[37]
Da Luz et al[38]

2011
2011
2011
2011

India
Nepal
Turkey
Brazil

39 (14-79) M: 57
F: 8
44
M
87
M

60 mo
3 mo

NS
Barium + CT
X-Ray + CT
CT
US + CT + Endosc.
X-ray + CT
X-ray + CT
US
X-ray + US + CT
X-ray + US + CT
X-ray
CT

12 mo

ACS
ACS
Int Obst
Int Obst
(subacute)
Abd Mass
Int Obst
ACS
(previously
operated)
Int Obst

F

2 mo

ACS

Barium + CT

45

M

6 mo

24
18
14
13

F
F
F
F

60 mo
24 mo
NS
2 mo

43
17
36
14

M
F
M
F

180 mo
4 mo
10 d
NS

1

26
71
82

F
M
M

2d
3 mo
4d

Int Obst + Abd
mass
Int Obst
ACS ?
ACS ?
Acute
appendicitis
ACS
ACS
ACS
Int Obst + Abd
mass
Int Obst
Int Obst
Int Obst

1
1
1
2

16
42
29
30

F
M
M
M

NS
4 mo
2d
NS

32

M

6 mo

Bassiouny et al[39]

2011

Qatar

2

7

M

48 mo

Wang et al[40]
Tombak et al[41]
Naik et al[42]

2010
2011
2010

China
Turkey
India

1
1
1

12
48
36
70

F
M
M
M

48 mo
3 mo
1 mo
48 mo
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X-ray + CT
X-ray
X-ray
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Int Obst
ACS
Int Obst
Int Obst + Int
Hernia
Int Obst +
Chron?
Int Obst + Abd
mass
Int Obst
ACS
ACS
Int Obst

E+A
NS

NS
E+A
E+A
E+A
E+A
E + A + ileal resection
E+A
E + A + suturing
(iatrogenic ileal injury)
E+A
E+A
E+A
E+A

US
X-ray + CT
X-ray + US + CT

E+A
E + A + appendectomy
Steroid +
mycophenolate mofetil

X-ray

CT

E + A + Ileostomy
(iatrogenic ileal injury)
E + A + Suturing
(iatrogenic ileal injury)
E + A + appendecectomy

X-ray
Barium + US + CT
CT + US
US

E+A
Antitubercular therapy
Antitubercular therapy
E+A

X-ray + US + CT
X-ray + US + CT
US + CT
US

E+A
E+A
E+A
E + A + ileocolectomy

X-ray + CT
X-ray + CT
X-Ray +
gastrografin
CT
X-ray + US + CT
X-ray + US + CT
X-ray + barium

E+A
E+A
E+A
E+A
E+A
E + A - laparoscopic
E + A + laparostomy

X-ray + barium

E+A

X-ray

E+A

X-ray + US
CT
CT
X-ray + US + CT +
Endosc.

E+A
E + A + appendectomy
E+A
E+A
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Lee et al[43]
Gurleyik et al[44]
Al Saied et al[45]

2010
2010
2010

Yang et al[46]
Yang et al[47]

1
1
1

57
30
24

F
M
M

2009
2009

Taiwan
Turkey
Saudi
Arabia
China
China

1
6

Wu et al[48]
Wei et al[49]

2009
2009

Taiwan
China

1
24

43
43.7
(39-48)
80
34 (15-57)

M
M: 4
F: 2
M
M: 9
F: 15

Tasdelen et al[50]

2009

Turkey

1

85

F

3d

Reynders et al[51]

2009

Belgium

1

40

M

36 mo

Mohanty et al[52]
Kumar et al[53]

2009
2009

India
India

1
3

Ibrahim et al[54]
Choudhury et al[55]

2009
2009

Nigeria
Bangladesh

1
1

15
45
63
16
14
15

F
M
M
F
M
F

24 mo
24 mo
216 mo
10 h
72 h
12 mo

Zheng et al[56]

2008

China

1

69

M

1d

Bas et al[57]
Singh et al[58]
Xu et al[59]

2008
2008
2007

Turkey
India
China

1
1
5

42
38
41

M
M
F

5 mo
12 mo
4 mo

49

F

120 mo

21

M

36 mo

41

M

1 mo

36

M

2 wk

36 mo
36 mo
NS
3-60 mo
24 mo
3 d-216 mo

ACS
Int Obst
ACS

2007
2007

Turkey
United
States

1
2

38
38

M
M

6-7 mo
2d

Basu et al[62]
Al-Ibrahim et al[63]
Serafimidis et al[64]

2007
2007
2006

India
Kuwait
Greece

1
1
1

45
47
33
56

M
M
M
M

8h
3 mo
1 mo
48 mo

Int Obst
Abd mass
Int Obst
Int Obst

Rokade et al[65]

2006

India

1

26

F

12 mo

Pillai et al[66]
Akca et al[67]

2006
2006

India
Turkey

1
1

13
57

F
M

NS
75 d

Yucel et al[68]

2004

Turkey

2

Hur et al[69]

2004

South
Korea

2

15
38
34

F
M
F

NS
72 mo
120 mo

ACS
(previously
operated)
ACS
Int Hernia +
mesenteritis
Int Obst
Int Obst
Int Obst

47

M

NS

Int Obst
ACS + Int
Hernia
Large ovarian
mass + ascites
Acute
abdomen
Int Obst

2003

India

1

12

F

3 mo

2003

Malaysia

1

25

F

3 mo

Hasan[72]

2002

Iraq

1

20

F

NS

Hamaloglu et al[73]

2002

Turkey

1

38

M

12 mo

Okobia et al[74]

2001

Nigeria

3

18

F

5 mo

12
10

F
F

1 wk
2 mo
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E+A
E+A
E+A

NS
X-ray + Endosc.
Resection (?)
Int Obst: 5
X-ray + CT
E + A: 5
ACS: 1
E + A + jejunal resection: 1
Int Obst
X-ray + US + CT
E+A
ACS: 4
X-ay + barium + US E + A + appendectomy: 17
Int Obst/mass:
E + A + enterotomy: 2
+ CT
E + A + cecofixation: 2
20
E + A: 3
Int Obst + Int
X-ray + CT
E + A + jejunoileal resection
Hernia
with anastomosis
Int Obst
X-ray + CT
E + A + Meckel's resection +
appendectomy
ACS
X-ray + US + CT
E+A
ACS
X-ray + CT
E+A
ACS
X-ray + US + CT
E+A
ACS
X-ray + US + CT
E+A
Int Obst
X-ray
E + A + appendectomy
Appendiceal
US
Partial ileocolic resection
mass
with anastomosis
ACS
X-ray + US + CT
E + A + ileal resection with
anastomosis
Int Obst
X-ray + CT
E+A
Int Obst
X-ray + US
E+A
Int Obst
X-ray + CT +
E+A
Endosc.
Int Obst
X-ray + CT +
E+A
Endosc.
Int Obst
X-ray + CT +
E+A
Endosc.
Int Obst
X-ray + CT +
Adhesiolysis + jejunal
Endosc.
resection with anastomosis
Int Obst
X-ray + CT +
E+A
Endosc.
ACS
CT
E+A
Int Obst
X-ray
E+A

Demir et al[60]
Cai et al[61]

Vijayaraghavan et
al[70]
Ranganathan et al[71]

X-ray + US + CT
X-ray + US + CT
X-ray + CT

CT
X-ray + US + barium
X-ray + US + CT
X-ray + US + CT +
Endosc.
US + CT

E+A
E+A
E+A
E+A

X-ray + US + CT
US + CT + Colonosc.

E+A
NS

X-ray + CT
X-ray + CT
X-ray + barium +
US + CT
X-ray + barium +
CT
US

E+A
E+A
NS

US + CT

E+A

Pregnant patient

E+A

X-ray + Barium +
US
US

E+A

Pelvic
collection
Mesenteric cyst
X-ray + US
Ovarian Tm + X-ray + Urography
Burkitt's Tm +
uterine mass

E+A

NS
E+A

E + A + appendectomy
E + A + appendectomy
E + A + appendectomy
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Mordehai et al[75]

2001

Israel

2

Kumar et al[76]

2000

India

1

14
15
12

F
F
F

1 mo
6 mo
24 h

Int Obst
Int Obst
Int Obst

X-ray + US + CT
X-ray + US
X-ray + US

E+A
E+A
E+A

CT: Computed tomography; US: Ultrasonography; X-Ray: Plain X-ray abdominal radiography; Endosc: Gastrointestinal endoscopy; Int Obst: Intestinal
obstruction; ACS: Abdominal cocoon syndrome; Abd mass: Abdominal mass; Int Hernia: Internal herniation; NS: Non-stated; E + A: Excision +
adhesiolysis.

A

B

Figure 1 Bowel encased in a membranous sac suggestive of peritoneal encapsulation. A: The overall appearance of the membranous sac is shown. All
intestines are localized behind the accessory peritoneal membrane; B: The appearance of the opened membranous sac is shown.

countries such as China, Malaysia, Singapore, Pakistan,
India, Nigeria, Kenya, Saudi Arabia, and South Africa,
although adult cases of idiopathic SEP in temperate
zones have also been reported[1,4,7,22,23,58,61]. The present
study showed that idiopathic SEP is twice as common in
men than in women. Our findings on the geographical
distribution of SEP coincide with those in the previously
published literature. Indeed, nearly all cases presented
herein occurred in tropical or subtropical regions of the
world.
Many hypotheses regarding the etiology of idiopathic SEP have been proposed[55,59,64]. Some of these
hypotheses involve retrograde menstruation with a
superimposed viral infection, retrograde peritonitis via the
fallopian tubes, and cell-mediated immunological tissue
damage secondary to gynecological infection[1,4,7,13,23,28,36,39].
However, SEP also develops in men, premenopausal
women, and children, reducing support for these
theories[1,4,7,28,61]. In total, 66 of 89 patients included in the
largest two studies on idiopathic SEP in the literature to
date were male[4,49]. Some authors have argued that the
fibrous membrane that encases the intestines is a result of
a developmental disorder, citing vascular anomalies and
omental hypoplasia as the basis of their hypothesis[1,49,59].
Secondary SEP is more common than idiopathic
SEP[22,45,52]. In secondary SEP, a local or systemic factor
triggers the inflammatory process in the peritoneum[52].
PD is the most common cause of secondary SEP[1].
In other words, secondary SEP is the leading cause of
the most severe complications of PD. This is because
once secondary SEP has developed, the ultrafiltration
capacity of the peritoneal surface decreases and the
risk of intestinal obstruction increases[1]. Studies have
shown a direct relationship between prolonged PD and

Figure 2 Intraoperative photograph showing the encapsulated small
bowel (dense, cocoon-like fibrous membrane).

according to the extent of the encasing membrane that
covers the intestine. Encasement of part of the intestine
by a fibrocollagenous membrane is called type 1 cocoon
syndrome. Complete coverage of the intestine by the
membrane is called type 2 abdominal cocoon syndrome.
Type 3 cocoon syndrome refers to encasement of the
whole intestine, as well as other intra-abdominal organs,
such as the appendix, cecum, ascending colon, and
ovaries[1,49].
Etiology
SEP is considered to be primary (idiopathic) or
secondary, depending on its underlying cause[1-10]. No
underlying cause can be demonstrated in primary
SEP, although the role of cytokines and fibroblasts in
development of peritoneal fibrosis and neoangiogenesis
is indisputable[40,58]. Idiopathic SEP classically presents
in young adolescent girls in tropical and subtropical
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SEP present to emergency departments with signs and
symptoms of intestinal obstruction, and many emergency
departments lack advanced radiological equipment and
adequate staff, and patients with this syndrome usually
undergo operations on an urgent basis[38]. In one large
case series, 52.3% to 100.0% of admitted patients were
diagnosed during surgery and 16.7% to 48.7% were
diagnosed during their preoperative examinations[4,8,50].
While some patients with SEP are asymptomatic, most
affected individuals develop acute, subacute, or chronic
attacks of gastrointestinal obstruction (incomplete or
complete); nausea; vomiting; anorexia; appetite loss;
weight loss; and malnutrition[1,4,8,10,11,26]. Although rare, a
painless, soft abdominal mass can be palpated in some
patients[1,4,8,29,30,76]. Additionally, abdominal ascites and
distention are detectable in some patients with severe
disease. Ascites may be massive enough to induce
suspicion of underlying hepatic disease. Primary SEP
may be considered in patients presenting with recurrent
attacks of abdominal pain who are free of any disease
explaining such attacks[1]. Gastrointestinal perforation
is quite rare in patients with SEP; of all reported cases
of SEP, only two (one secondary to tuberculosis and
the other idiopathic) were associated with spontaneous
perforation[6].

Table 3 Classification of sclerosing encapsulating peritonitis
according to underlying cause
Primary (idiopathic) sclerosing encapsulating peritonitis
Ⅰ Adolescent form
Ⅱ Adult form
Secondary sclerosing encapsulating peritonitis
Ⅰ Systemically induced by
Beta adrenergic blocking agents
Practolol
Timolol
Propanolol
Other drugs
Methotrexate
Protein S deficiency
Exposure to asbestosis
Ⅱ Induced by possible local and/or systemic irritants
Peritoneal dialysis
Abdominal trauma
Abdominal surgery
Liver transplantation
Peritoneovenous shunt
Ventriculoperitoneal shunt
Peritoneal sarcoidosis
Liver cirrhosis
Peritoneal tuberculosis
Sarcoidosis
Familial mediterranean fever
Systemic lupus erythematosus
Gastrointestinal malignancy
Intraperitoneal chemotherapy
Fibrogenic foreign body
Endometriosis
Dermoid cyst rupture
Luteinized ovarian thecomas
Cytomegalovirus peritonitis
Recurrent peritonitis
Granulomatous peritonitis related with parasitic infestation

Diagnostic approaches
The diagnosis of SEP is often made by a combination
of the medical history, a high clinical index of suspicion,
various biochemical parameters, and radiological
findings[18,23,26]. The patient’s medical history (tuberculosis,
PD, systemic lupus erythematosus, previous abdominal
operations, etc.) usually provides important clues regarding
the etiology of secondary SEP. The most commonly
used radiological techniques are abdominal X-rays, small
intestinal barium studies, ultrasonography, abdominal
CT, and occasionally contrast-enhanced magnetic
resonance (MR) imaging[5,6,28,30]. Abdominal X-rays may
show diffuse air-fluid levels and dilated small intestinal
loops[1,3,29,35]. However, X-ray findings are not specific
to idiopathic SEP; rather, they are common to many
conditions characterized by intestinal obstruction[22].
In patients with SEP, small intestinal barium studies
show the intestinal loops that are accumulated and
conglomerated at the center of the abdomen (Figure
3A)[1,9,24,29,76]. This appearance is termed the cauliflower
sign or accordion pattern and is a clue for the diagnosis
of SEP[9,24,29,64,66,69]. A prolonged transit time may also
aid in the diagnosis (Figure 3B) [1,23,24,38] . However,
barium studies may not be possible in patients with
prominent signs of intestinal obstruction. Abdominal
ultrasonography may show dilated bowel segments
encased by a dense fibrous membrane [1,44] or free
abdominal fluid and a thickened peritoneal layer[22,29,68].
Contrast-enhanced CT is the most helpful imaging
modality for the diagnosis of abdominal cocoon[3,29,36].
The characteristic sign on CT is the appearance of
small bowel segments that are conglomerated at the

the development of secondary SEP [1,11]. Considering
the number of patients undergoing PD worldwide,
the importance of the relationship between PD and
secondary SEP needs to be better understood. Abdominal
tuberculosis continues to be a major public health issue
and an important etiological agent of secondary SEP in
underdeveloped countries[8]. Among the less frequent
causes of secondary SEP are a history of abdominal
surgery, autoimmune disorders, some drugs, peritoneal
shunts, and recurrent episodes of peritonitis[1,4,7,10,17,28,32,34].
The classification and potential etiological factors of SEP
are listed in detail in Table 3.
Clinical presentation
Idiopathic SEP is an uncommon entity, and a great
majority of physicians either never encounter patients
with this condition or miss the diagnosis even when
they do. Achieving a correct preoperative diagnosis in
affected patients is extremely difficult and requires a high
index of clinical suspicion[1,4,25,38,51]. Recent advances in
radiological modalities have allowed physicians to achieve
a correct preoperative diagnosis of SEP in affected
patients [59,71,77]. Nevertheless, preoperative diagnosis
remains a clinical challenge because most patients with
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A

B

*
*

Figure 3 Small bowel transit. Procubitus image with localized compression. Liquid distension of the gastroduodenum (asterisks) and adhesion of the small intestinal
loops (arrows) are persistent despite localized compression, producing a “cauliflower” appearance[24]; B: Upper gastrointestinal images reveal dilatation of the
duodenum and jejunal loops, delayed bowel transit, and failure of the oral contrast to pass distally[38].

A

B

*
*

Figure 4 Contrast-enhanced abdominal computed tomography[24]. Small intestinal loops are encased in a sac of thick peritoneal membrane (continuous arrows)
with a small volume of peritoneal liquid effusion (discontinuous arrow). Gastroduodenal distension is also present (asterisks). A: Axial slice; B: Multiplanar coronal
reconstruction.

midline and encased by a dense capsule with a contrastfree periphery (Figure 4)[1,4,14,19,35,36]. CT may also show
intestinal obstruction, ascites, localized fluid collections,
peritoneal or mesenteric thickening, mural or peritoneal
calcifications, and lymphadenopathy[1,60]. Multidetector
CT technology has greater accuracy because it allows for
multiplanar (axial, sagittal, and coronal) reconstruction.
It thus provides valuable information about the severity
and level of intestinal obstruction[22,40,41]. Multiplanar
reformatted images provided by multidetector CT are
very helpful for both exclusion of other potential causes
of intestinal obstruction and planning of the surgical
operation[22,29,37,41,69]. To the best of our knowledge, only
one report to date has described the use of contrastenhanced MR imaging in a patient with idiopathic SEP.
Jovani et al [5] performed MR enterography of their
patients and compared MR images with CT images after
oral administration of 1.5 L of polyethylene glycol and
intravenous administration of gadolinium. The authors
concluded that MR-acquired images were similar to or
even better than CT-acquired images in patients with
SEP (Figure 5). In summary, contrast-enhanced CT
(multidetector CT with multiplanar reformation) is
the most helpful radiological tool for confirming the
diagnosis, planning therapy, and avoiding unnecessary

WJG|www.wjgnet.com

resection in patients with SEP.
Differential diagnosis
Most patients with symptomatic SEP present to an
emergency department or general surgery clinic with
recurrent acute, subacute, or chronic episodes of
gastrointestinal obstruction[8,34]. Postoperative adhesions
are detectable in approximately 60% to 80% of patients
who present with small intestinal obstruction, while
unusual conditions are diagnosed in about 6% of
affected individuals[1,26,31,34,36,43,50]. Idiopathic SEP is one
of the more unusual conditions that lead to intestinal
obstruction[36,52,53]. Internal herniation and congenital
PE are the two pathological conditions that should
be primarily considered as differential diagnoses in
such patients [10,16,29,43,70]. Less common conditions to
be considered as differential diagnoses are voluminous
invagination, intestinal malrotation, secondary peritonitis,
and other causes of peritoneal adhesion[1,10,60]. Tuberculous
peritonitis should be definitively excluded in patients who
live in tuberculosis-prevalent regions[17,23]. Tuberculosis
is so common in some regions that antituberculosis
therapy is empirically administered to some patients with
intestinal obstruction[23,25,27]. The medical history of the
patient (e.g., pulmonary or genital tuberculosis), adenosine
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A

B

C

D

Figure 5 Comparison of diagnostic features on computed tomography and magnetic resonance images[5]. A: Computed tomography scan in the axial plane
showing a subtotal conglomeration of small bowel loops coiled in a concertina-like fashion and encased by a thick membrane (yellow arrows); B: T2-weighted
magnetic resonance imaging sequence in the axial plane showing bowel loops aggregated in a festoon-like shape and encased by a thick membrane (yellow arrows); C:
Computed tomography scan in the coronal plane showing the conglomeration of small bowls loops (yellow arrows); a few free loops are present in the upper quadrant
(red arrow); D: T2-weighted magnetic resonance imaging sequence in the coronal plane showing the same conglomerated small bowel loops (yellow arrows) and a
few free bowel loops (red arrow).

deaminase level in ascitic fluid, culture of sputum and
ascitic fluid, and erythrocyte sedimentation rate should
be evaluated to avoid erroneous administration of clinical
therapies[17,65]. Laparoscopic or open surgical biopsy of
the peritoneum may be performed to rule in a diagnosis
of SEP[25]. An accurate preoperative diagnosis is vital
for both accurate treatment planning and prognosis
prediction[1,4]. The surgeon may avoid complications more
effectively when he or she knows what to expect during
laparotomy[1,4,10,22,43]. However, reaching a preoperative
diagnosis for many patients is a challenging task, despite
the performance of an extensive preoperative radiological and clinical workup; the correct diagnosis can
only be achieved by intraoperative observation and histopathological examination[36,47,57,65].

and the presence of a mononuclear inflammatory
infiltrate within the new fibrosing tissue[1,41]. Although
not pathognomonic, these findings are useful for the
diagnosis of SEP when combined with characteristic
surgical findings.
Management
There is no evidence-based consensus regarding the
optimal treatment approach in patients with idiopathic
SEP[8], because 97.7% of the papers on idiopathic SEP
to date are case reports (1 to 6 cases). Administration of
conservative treatment for as long as possible is the best
approach in patients with mild abdominal symptoms.
In such patients, bowel rest, nasogastric decompression,
and nutritional support (enteral or parenteral) are the
most appropriate treatment options[22,78]. Appetite loss,
malnutrition, and weight loss are the most common
symptoms in patients with idiopathic SEP[4,78]. This is
because recurrent bouts of intestinal obstruction, nausea,
and vomiting limit patients’ oral intake, leading to weight
loss and malnutrition. Li et al[4] showed that preoperative
nutritional support is a statistically significant independent
factor for preventing postoperative complications. Based
on the results of their study, the authors recommended
enteral nutritional support in patients who are able to
eat and parenteral nutritional support in those unable
to eat. Studies have indicated that enteral or parenteral

Histopathological features of SEP
The peritoneum of patients with SEP is characterized
histopathologically by fibroconnective tissue proliferation,
inflammatory infiltration, and dilated lymphatics. No
evidence of foreign body granulomas, giant cells, or
birefringent material is present. The term “sclerosing”
refers to the progressive formation of sheets of dense
collagenous tissue, the term “encapsulating” describes the
sheath of new fibrous tissue that covers and constricts
the small bowel and restricts its motility, and the term
“peritonitis” implies an ongoing inflammatory process
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nutritional support is key to avoiding complications
and malnutrition, as well as to guarantee satisfaction
among patients who undergo either medical or surgical
management[4,78]. Patients with symptoms resistant to
conservative therapy may be treated with drug therapies
comprising tamoxifen, steroids, colchicine, azathioprine
and mycophenolate mofetil [1,22,38,47,79]. Corticosteroids
are thought to inhibit collagen synthesis and maturation
by suppressing the inflammatory process within the
peritoneal membrane. They also completely eliminate
the thickened membrane[78,79]. Tamoxifen is a selective
estrogen receptor modulator that inhibits fibroblastic
production of transforming growth factor beta, a
probiotic cytokine. This drug is therefore commonly
used to treat certain fibrosclerotic disorders, such as
retroperitoneal fibrosis and Riedel’s thyroiditis[1,26,78,79].
Many articles have described the use of tamoxifen in
patients with SEP [1,26,78]. Colchicine inhibits mRNA
expression of transforming growth factor beta, thereby
exhibiting an anti-inflammatory action. It has a low
side effect profile and cost, but a strong antifibrogenic
effect[22]. Cornelis et al[79] reported that corticosteroids
and tamoxifen are useful in preventing and/or treating
SEP. However, the authors concluded that data on
other agents are quite limited. Many previous studies
have evaluated anti-inflammatory/antifibrogenic medical therapy in patients with SEP undergoing PD[38].
However, there are almost no data, apart from a few case
reports, on the use of such medications in patients with
idiopathic SEP[78,79]. Solak et al[22] reported the successful
use of a steroid+mycophenolate mofetil in a patient
with recurrent symptoms after a surgical operation
for idiopathic SEP. Malik et al[26] similarly administered
postoperative steroids. Based on the aforementioned
study data, we can conclude that medical therapy may
be of benefit in patients with type Ⅱ and Ⅲ cocoon
syndrome in whom adequate excision + adhesiolysis
cannot be achieved or in patients with recurrent
postoperative symptoms.
Unlike asymptomatic/mildly symptomatic patients,
those with severe signs of intestinal obstruction or
who have been intraoperatively diagnosed with SEP
may have several surgical options. Partial membrane
excision + adhesiolysis, resection + anastomosis, resection + anastomosis + protective enterostomy, and
explorative laparotomy may be used alone or in combination, depending on the patient-related factors involved[1,2,12,20,68,74]. In patients with idiopathic SEP, the most
suitable procedure includes peeling the membrane off
of the intestinal surface and excising the dense adhesions
between the intestinal loops[4,8,75]. Membrane excision +
adhesiolysis should be applied to all encased intestinal
segments when there are no other contraindications
for this procedure. The risk of recurrence is quite low
when the membrane on the intestinal surface can be
totally excised[4]. Instilling an antiadhesive substance with
between the intestinal loops before closing the abdomen
may prevent the development of postoperative adhesive
small bowel obstruction[25,49]. Whether administration
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of an antifibrogenic/anti-inflammatory agent during
the postoperative period is beneficial in patients in
whom the membrane that encapsulates the intestinal
loops cannot be completely excised is debatable. To
avoid complications, such as anastomosis leakage and
short bowel syndrome, in patients with idiopathic SEP,
bowel resection is indicated only when necrosis has
developed[1,2,4,8,63]. Resection is usually unnecessary, and,
when performed without a solid indication, may increase
patient morbidity and mortality[1,4,26].
The most common postoperative complications are
early postoperative small bowel obstruction (EPSBO),
intra-abdominal infection, enterocutaneous fistula,
short bowel syndrome, and bowel perforation[4,25,34,45,56].
EPSBO usually develops within 30 d postoperatively
in patients who have undergone extensive adhesiolysis
and excision [56] . EPSBO is secondary to excessive
manipulation of the intestinal loops, prolonged operation
times, and intestinal edema[4,17,56]. It is a temporary form
of intestinal obstruction that usually has no sequelae
after treatment with bowel rest and total parenteral
nutrition[4,17,56]. Some authors have recommended the
performance of small bowel intubation through the
orifice of the appendix in patients with type Ⅱ and
Ⅲ cocoon syndrome to reduce the risk of developing
postoperative EPBSO[4,49]. Li et al[4] reported that EPSBO
(P = 0.0001) and adhesive intestinal obstructions (P =
0.005) were less common in SEP patients undergoing
intestinal intubation. The same authors also reported that
they administered nutritional support combined with
somatostatin and, when necessary, low-dose steroids in
patients with EPSBO[4,56]. Such a treatment approach
both reduces intestinal edema and minimizes bacterial
translocation caused by stasis. Spontaneous development
of enterocutaneous fistulas and perforation are rare, and
only one such case has been reported to date; this case
was characterized by idiopathic SEP-induced spontaneous
perforation[6]. Postoperative fistula and perforation, on
the other hand, are secondary to iatrogenic injury or
anastomosis leakage. Long-term outcomes are quite
impressive in patients who have undergone appropriate
membrane excision + adhesiolysis[4,8,34].
Laparoscopy is not part of the standard surgical
approach in patients with SEP. A limited number of
case reports have described successful laparoscopic
membrane excision and adhesiolysis[37]. An advantage of
laparoscopy is that it can be used for both diagnostic and
therapeutic purposes in patients with an unclear diagnosis
after appropriate testing (Figure 6)[17,25]. However, Hu
et al[15] reported that when they attempted laparoscopic
exploration in one patient, the trocar directly entered the
bowel because of the presence of adhesions. According
to both our personal experience and impressions gained
from the literature, it is best to first insert the trocar into
the abdomen via the open technique when laparoscopy is
planned for treatment of intestinal obstruction or intraabdominal space-occupying lesions[36]. This rule also
applies to patients with peritoneal fibrosis secondary to
SEP or other causes, as well as to patients with a history
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(idiopathic) or secondary, according to its underlying cause.

Innovations and breakthroughs

The primary aim of this review was to screen the literature on idiopathic SEP,
also known as abdominal cocoon syndrome. To the best of our knowledge,
no studies on the use of correct terminology regarding SEP, primary SEP, and
secondary SEP have been performed.

Terminology

SEP is characterized by a thick, grayish-white fibrocollagenous membrane
that partially or totally encases the small bowel and that can extend to involve
other organs. Patients with no factors explaining the condition are considered
to have primary SEP, while patients with SEP that has developed as a result
of various surgical or medical conditions are considered to have secondary
SEP. Based on the extent of the encasing membrane that covers the intestine,
SEP is categorized into three types. Encasement of part of the intestine by
a fibrocollagenous membrane is called type 1 SEP. Complete coverage of
the intestine by the membrane is called type 2 SEP. Type 3 SEP refers to
encasement of the whole intestine as well as other intra-abdominal organs such
as the appendix, cecum, ascending colon, and ovaries.

Figure 6 Laparoscopic view of the entire bowel segment encased with a
fibrocollagenous membrane[37].

Peer review

of abdominal surgery. Moreover, it is vital that the
laparoscopic procedure is performed by an experienced
operator to avoid iatrogenic bowel perforation[15,37].
In conclusion, idiopathic SEP is a clinical entity of
unknown cause that is characterized by encasement
of the intestines by a fibrocollagenous cocoon-like
membrane. Most affected patients present to emergency
departments with frequently recurring signs and symptoms of intestinal obstruction. Although recent advances
in CT devices that allow for multiplanar imaging have
enabled preoperative diagnosis of SEP, most cases are
still incidentally diagnosed during laparotomy. Surgery
remains the gold standard treatment for symptomatic
idiopathic SEP. The most commonly used surgical
method is membrane excision coupled with adhesiolysis.
Minimally invasive management strategies help to avoid
complications. Bowel rest, nasogastric decompression,
and nutritional support may provide successful outcomes
in asymptomatic or minimally symptomatic patients.
Although various immunosuppressive, anti-inflammatory,
and antifibrogenic agents reportedly provide satisfactory
results in patients with secondary SEP, data on their use
in patients with idiopathic SEP are limited. How those
medications affect patients with idiopathic SEP remains
unclear.

The study is interesting, in which authors review the literature on idiopathic
SEP, also known as abdominal cocoon syndrome. The results are interesting
and suggest that idiopathic SEP is a rare disorder characterized by frequently
recurring bouts of intestinal obstruction.
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CASE REPORT

Rare case of intussusception in an adult with acute myeloid
leukemia
Man Fai Law, Cheuk Kei Wong, Chun Yin Pang, Hay Nun Chan, Ho Kei Lai, Chung Yin Ha, Celia Ng,
Yiu Ming Yeung, Sze Fai Yip
Physical examination showed tenderness and guarding
at the right lower quadrant of the abdomen. Abdominal
computed tomography (CT) showed distension of the
cecum and ascending colon, which were filled with
loops of small bowel, and herniation of the ileocecal
valve into the cecum. We proceeded to laparotomy and
revealed ileocecal intussusception with the ileocecal
valve as the leading point. The terminal ileum was
thickened and invaginated into the cecum, which
showed gangrenous changes. Right hemicolectomy
was performed and microscopic examination of the
colonic tissue showed infiltration of leukemic cells.
The patient recovered after the operation and was
subsequently able to continue treatment for AML. This
case demonstrates that the diagnosis of intussusception
is difficult because the presenting symptoms can be
non-specific, but abdominal CT can be informative
for preoperative diagnosis. Resection of the involved
bowel is recommended when malignancy is suspected
or confirmed. Intussusception should be considered in
any leukemia patients presenting with acute abdomen.
A high index of clinical suspicion is important for early
diagnosis.
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Core tip: Gastrointestinal complications are common
in patients with acute leukemia, but intussusception
is rarely reported in adult leukemia patients. Previous
reports have mainly been in children with leukemia.
We report a case of intussusception in an adult after
chemotherapy for acute myeloid leukemia (AML). A
29-year-old woman with AML presented with fever,
vomiting and right lower quadrant pain. Abdominal computed tomography showed features of
intussusception. Resection of the involved bowel was

Abstract
Intussusception is rarely reported in adult patients with
acute leukemia. We report a case of intussusception
in a 29-year-old woman with acute myeloid leukemia
(AML). She developed right lower quadrant pain, fever,
and vomiting on day 16 of induction chemotherapy.
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performed and the patient recovered from the operation. A high index of clinical suspicion is important for
early diagnosis.

A

Law MF, Wong CK, Pang CY, Chan HN, Lai HK, Ha CY,
Ng C, Yeung YM, Yip SF. Rare case of intussusception in an
adult with acute myeloid leukemia. World J Gastroenterol
2015; 21(2): 688-693 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i2/688.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i2.688
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INTRODUCTION
Gastrointestinal complications are common in patients
with acute leukemia. They can be due to leukemic
invasion of the bowel, an altered immune state, or
the toxicity of chemotherapy[1]. Intussusception is the
telescoping of one segment of the gastrointestinal tract
into an adjacent one, and it is more common in children
than in adults[2,3]. It is rarely reported in adult patients
with acute leukemia and there is only one other case
report of intussusception in an adult patient with AML,
confirmed by bone marrow examination[4].
We report a case of intussusception in an adult
with acute myeloid leukemia (AML). Although this
complication is rare in adults, it should be considered as
a differential diagnosis in patients with acute leukemia
presenting with abdominal pain.

Figure 1 Contrast-enhanced computed tomography image of the lower
abdomen. A: Axial image showed the terminal ileum (intussusceptum, arrow
with rugged line) invaginating into the cecum (intussusceptum, arrow with
straight line); B: Reformatted oblique coronal image of the iliac fossa showed
thickened terminal ileum invaginating into the caecum. The wall of the cecum
and ascending colon were thickened and edematous.

collapsed and the proximal small bowel was dilated with
increased air-fluid level. Intussusception was suspected
and emergency surgery was performed.
Laparotomy revealed ileocecal intussusception with
the ileocecal valve as the leading point. The terminal
ileum was thickened and invaginated into the cecum,
which showed gangrenous changes. Right hemicolectomy
was performed and a 5-cm long segment of ileum and a
5-cm long segment of ascending colon were examined.
Macroscopic examination showed a mass 2 cm from the
ileocecal junction. The mass had a whitish/brownish
cut surface and was firm in consistency. The mucosal
surface of the cecum and colon appeared edematous.
Microscopic examination of the mass and colonic
tissue showed that the submucosal and muscle layers
were extensively infiltrated by leukemic cells. The cells
were medium sized with irregular nuclear membranes
and scanty cytoplasm (Figure 2). The cells were immunoreactive to myeloperoxidase, which is a myeloid
marker.
The patient developed a wound infection after the
operation. She was treated with a course of antibiotics
and the wound infection improved. The patient was
subsequently able to continue treatment of AML.

CASE REPORT
A 29-year-old woman was diagnosed with AML,
confirmed by bone marrow examination, which showed
AML with maturation (WHO classification) and poorrisk cytogenetics. She was given induction chemotherapy
with daunorubicin 60 mg/m2 daily for 3 d and cytarabine
100 mg/m 2 daily for 7 d. On day 16 of induction
treatment, she developed right lower quadrant pain, fever,
and vomiting. There was no history of prior surgery.
Physical examination showed tenderness and guarding at
the right lower quadrant of the abdomen, but no palpable
abdominal mass. Bowel sounds were normal.
Blood tests showed that the patient’s white cell
count was 0.3 × 109/L (normal: 4.0 × 109-9.7 × 109/L),
hemoglobin 7.0 g/dL (normal: 11.9-15.1 g/dL), and
platelet count 15 × 109/L (normal: 150 × 109-384 ×
109/L). Liver and renal function tests were normal, and
testing for HIV antibody was negative. Blood cultures
were taken and the patient was given an intravenous
injection of empirical broad-spectrum antibiotic.
Abdominal computed tomography (CT) showed that
the cecum and ascending colon appeared distended and
filled with loops of small bowel (Figure 1). The ileocecal
valve was herniated into the cecum. The wall of the
ascending colon and cecum appeared thickened, and
adjacent stranding was noted around the cecum, likely
due to inflammation. The transverse colon appeared
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DISCUSSION
Intussusception is the telescoping of a proximal segment
of the gastrointestinal tract within the lumen of the
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Figure 2 Histological examination of the resected colonic specimen. A: Low-power examination showed infiltration of leukemic cells into the submucosa; B:
High-power examination showed that the leukemia cells were medium-sized with irregular nuclear membranes.

adjacent segment [2]. This condition is uncommon in
adults and the diagnosis is usually made at laparotomy[3].
Most cases of adult intussusception involve the small
or large bowel, but it sometimes occurs in the stomach
or a surgically created stoma[3,5]. Intussusception may
occur at sites of benign or malignant lesions, or may be
idiopathic[6].
Intussusception is rarely reported in adult patients
with acute leukemia, and previous reports have almost
exclusively been in pediatric leukemia patients[7-15]. We
identified only one other case report of intussusception
in an adult patient with AML, who presented with small
bowel obstruction [4]. Table 1 shows the features of
previously reported cases of intussusception in acute
leukemia in the literature and our present case. Adults
with acute leukemia who develop intussusception present
with abdominal pain or features of intestinal obstruction,
whereas in pediatric patients, the clinical features are
usually abdominal pain, vomiting, diarrhea and sometimes
fecal blood.
A metastatic intestinal mass may act as the leading
point of the intussusception[8]. Leukemia can produce
a tumor mass by leukemic infiltration and hyperplasia
of a polypoid nature or by intramural extravasation
of blood with the formation of hematomas [7]. An
intramural hematoma can be the leading point of each
intussusceptum. Patients with acute leukemia usually have
thrombocytopenia at presentation or after chemotherapy
and are prone to hematoma formation.
Enlarged lymph nodes may also provide a leading
point for intussusception in acute leukemia, because
lymph node enlargement is common in patients with
acute leukemia, particularly the lymphoblastic type [8].
Intussusception may also develop during induction
chemotherapy from a leading point formed by leukemic
filtrate, edema or necrosis[12].
The presenting symptoms of intussusception are
non-specific in adult patients, but are generally chronic
and consistent with partial obstruction[16]. Abdominal
pain is the most common presenting symptom, followed
by vomiting and bleeding from the rectum[6]. Patients
may also present with an abdominal mass or intestinal

WJG|www.wjgnet.com

obstruction[2,16].
Preoperative diagnosis of intussusception is difficult.
Plain abdominal films may demonstrate features of
intestinal obstruction and reveal the site of the obstruction[17]. Ultrasonography may show “pseudo-kidney” or
“hay-fork” signs in the longitudinal view and “doughnut”
or “target” signs in the transverse view[18]. The diagnostic
accuracy of ultrasonography is dependent on the
experience of the radiologist, and may be affected by
obesity or the presence of massive air in the distended
bowel loops.
Abdominal CT is the most useful investigation for
making a preoperative diagnosis, especially in patients
with non-specific abdominal pain, and it can help to
assess the site and nature of the mass and the relationship
to surrounding tissues. CT findings indicative of
intussusception may include an apparent mass lesion, a
crescent-like, eccentric, low-attenuation fatty mass or a rim
of contrast material encircling the intussusceptum[19,20].
Adult intussusception requires surgical intervention[16].
However, there is still controversy regarding the extent
of bowel resection, and whether reduction of the
intussuscepted lesion should be attempted at operation.
The potential risks of preliminary reduction of an
intussuscepted bowel include perforation and seeding of
tumor cells or microorganisms into the intra-abdominal
cavity, venous tumor dissemination, and anastomotic
complications of the edematous bowel tissue[21]. Therefore,
it is recommended that resection is performed without
attempting reduction when there are features of inflammation or ischemia of the bowel, or when malignancy
is suspected or confirmed[21]. Our patient had ileocecal
intussusception with underlying leukemia, and leukemic
infiltration was suspected, so resection of the involved
bowel was performed.
There have been several reports of successful surgical
outcomes using the laparoscopic approach for adult
intussusception [22-24]. The outcome of laparoscopic
surgery is affected by the location and extent of the
intussusception at diagnosis, the underlying cause, and
the laparoscopic expertise of the surgeons.
In conclusion, intussusception is a rare complication
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Table 1 Summary of intussusception in patients with leukemia
Number Age/sex

Underlying
leukemia

Clinical features

Imaging findings

1

5-yr/F

ALL

Abdominal pain,
abdominal distension
and constipation

2

7-yr/M

ALL

Abdominal distension

Not available

3

4-yr/M

ALL

Abdominal pain,
fever, vomiting and a
right lower quadrant
abdominal mass

Abdominal X-ray
demonstrated small
intestinal obstruction

4

14-yr/M

ALL

Vomiting, intermittent
abdominal pain

Barium enema
demonstrated an
intussusception in
descending colon reduced
to ileocecal valve

5

11-yr/M

AML

6

4-yr/F

ALL

7

7-yr/F

ALL

Abdominal pain,
Abdominal X-ray showed
vomiting and diarrhea
air-fluid levels
Abdominal pain and
Not available
vomiting
Fever and colicky
X-ray showed dilated loops
abdominal pain
of small bowel

8

13-yr/F

ALL

9

7-mo/M

ALL

10

8-mo/ F

ALL

Vomiting, blood and
mucus in stool

Abdominal X-ray showed
increased gas shadows in
small intestine

11

3-yr/M

ALL

Abdominal pain,
diarrhea, ileus

12

7-yr/F

ALL

Fever and colicky
abdominal pain

US showed thickened
bowel loops with target
lesion
X-ray showed a soft tissue
mass in right iliac fossa.
US revealed target lesion

13

7-yr/F

ALL

Fever, diarrhea and
colicky abdominal
pain

14

25-yr/M

AML

Epigastric pain and
vomiting, intestinal
obstruction

15

29-yr/F

AML

Abdominal distension,
abdominal pain,
vomiting, symptoms
of bowel obstruction
Abdominal distension,
small bowel
obstruction

Clinical outcome

X-ray showed fluid levels Gastric suction, antibiotic
in bowel
therapy and supportive
measures

Barium enema
showed small bowel
intussusception
CT scan showed small
bowel obstruction

US showed a targetshaped soft tissue mass in
descending colon

Not available, but
laparotomy was performed
and a segment of thickened
ileum which had led to ileoileal intussusception was
found
Right lower quadrant
CT scan showed that the
pain, fever, vomiting cecum and ascending colon
appeared distended and
filled with loops of small
bowel, and ileocecal valve
was herniated into the
cecum
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Treatment
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Patient died. Autopsy
showed most of the
intussuscepted small
bowel was gangrenous.
An intramural
hematoma was the
leading point of the
intussusceptum
No surgical intervention
Patient died and
intussusception was
diagnosed at autopsy
At laparotomy, necrotic
Patient died with
ileum and cecum were
perforation of ileocolic
resected. A primary
anastomosis with
ileocolic anastomosis
peritonitis
was performed.
Laparotomy showed
Patient died with
a necrotic ileo-ileal
perforation of ileocolic
intussusception. An ileal
anastomosis with
resection with primary
peritonitis
anastomosis was
performed.
Supportive treatment
Patient died of
intussusception
Resection of the involved
Patient died of
bowel
intussusception
Surgical reduction of
Recovered from
intussusception
operation and continued
treatment of acute
leukemia
Surgical excision of the
Recovered from
involved bowel
operation and continued
treatment of acute
leukemia
Surgical reduction of
Recovered from
intussusception with operation and continued
resection of leading edge
chemotherapy for
leukemia
Reduction of ileocolic
Recovered from
intussusception
operation and continued
treatment of acute
leukemia
Reduction of ileocolic
Patient died due
intussusception
to Escherischia coli
septicemia
Reduction of
Recovered from
intussusception
operation and continued
treatment of acute
leukemia
Right hemicolectomy
Recovered from
was performed
operation and continued
treatment of acute
leukemia
Ileo-ileal intussusception Patient died of leukemia
was resected to relieve
obstruction

Right hemicolectomy
was performed

Ref.
Feldman
et al[7]

Dudgeon
et al[8]
Dudgeon
et al[8]

Dudgeon
et al[8]

Karakousis
et al[9]
Karakousis
et al[9]
MicallefEynaud et al[10]

Seckl et al[11]

Manglani
et al[12]

Kumari et al[13]

Gavan et al[14]

Arestis et al[15]

Arestis et al[15]

Kini et al[4]

Recovered from
Present case
operation and continued
treatment of acute
leukemia
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16

66-yr/M

CLL

Left lower abdominal
pain

US showed a large
round mass in the right
mid- abdomen that had
alternating hypoechoic
and hyperechoic rings
surrounding an echogenic
center (doughnut sign)

There was no surgical
intervention

Patient died of leukemia

Shim et al[25]

ALL: Acute lymphoblastic leukemia; AML: Acute myeloid leukemia; CLL: Chronic lymphocytic leukemia; F: Female; M: Male; US: Ultrasound; CT:
Computed tomography.

in adult patients with acute leukemia. Diagnosis can be
difficult because the presenting symptoms are often nonspecific, but abdominal CT can be informative in making
a preoperative diagnosis. Resection of the involved bowel
is recommended. Intussusception should be considered
in any leukemia patients presenting with acute abdomen.
A high index of clinical suspicion is important for early
diagnosis.

2

3
4

COMMENTS
COMMENTS
Case characteristics

5
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CASE REPORT
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as well as superior mesenteric vein thrombosis. The
patient underwent a distal pancreatectomy with
splenectomy and partial colectomy, followed by four
cycles of gemcitabine chemotherapy. No evidence of
recurrence was detected after ten years. In addition to
this case, clinical information on other UCOGCP cases
reported in the English literature is summarized.
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Core tip: Undifferentiated carcinoma with osteoclastlike giant cells of the pancreas (UCOGCP) is an unusual
pancreatic neoplasm and the histogenesis and biologic
behavior of UCOGCP remain controversial. We report
a case of locally advanced UCOGCP with infiltration
of the adjacent colon and portal vein. Ten years after
extended distal pancreatectomy with splenectomy and
colectomy, the patient is still alive without any evidence
of recurrence.
Gao HQ, Yang YM, Zhuang Y, Liu P. Locally advanced
undifferentiated carcinoma with osteoclast-like giant cells of the
pancreas. World J Gastroenterol 2015; 21(2): 694-698 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v21/i2/694.
htm DOI: http://dx.doi.org/10.3748/wjg.v21.i2.694

Abstract
Undifferentiated carcinoma with osteoclast-like giant
cells of the pancreas (UCOGCP) is an unusual pancreatic
neoplasm that represents < 1% of all pancreatic
malignancies. Moreover, the giant cells of UCOGCP
morphologically resemble the benign giant cells of
bone tumors. Due to the rarity of this tumor type, the
histogenesis and biologic behavior of UCOGCP remain
controversial. Here, we report a case of UCOGCP that
exhibited an invasive growth pattern involving infiltration of the adjacent bowel loop and portal vein,
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INTRODUCTION
Extraskeletal tumors containing multinucleated osteoclastlike giant cells (OGCs), which morphologically resemble those found in giant cell tumors of the bone, are
uncommon. When they do develop, they are most
frequently found in the pancreas and breast. Undifferentiated carcinoma with osteoclast-like giant cells of
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A

B

Figure 1 Computed tomography findings. A: Abdominal computed tomography showing a large heterogenous lesion extending from the body and tail of the
pancreas with peripheral enhancement; B: Coronal section showing a thrombus or tumor thrombus in the portal vein and superior mesenteric vein.

the pancreas (UCOGCP) was first described by Rosai[1],
and this rare tumor currently accounts for < 1% of
all pancreatic malignancies[2]. UCOGCP was formerly
referred to as an OGC tumor, or pleomorphic carcinoma
of the pancreas with OGCs. However, UCOGCP is
now classified by the World Health Organization as a
rare variant of ductal pancreatic adenocarcinoma (PAC),
based on the epithelial origin of its OGCs[2]. Over the
last decade, the number of reports of UCOGCP has
increased. However, the clinical features of UCOGCP
remain obscure as many cases are already advanced when
detected. For example, at the time of diagnosis, > 80%
of UCOGCP tumors are > 5 cm, and 50% are > 10
cm[2]. To date, the largest UCOGCP reported was 24.5
cm[3]. In addition, UCOGCP typically includes various
degrees of hemorrhage and necrosis. Herein, we report
a case of UCOGCP and review the cases previously
published in the English literature in order to summarize
the clinicopathologic characteristics which currently
describe this rare neoplasm.

distant metastasis were not detected in preoperative examinations (Figure 1).
During laparotomy, a large cystic and solid mass was
found extending from the pancreatic body and tail, and
the mass was densely adherent to the splenic hilum. The
tumor had also invaded the transverse colon and partial
jejunum, and extensive vascularization was observed on
the surface of the tumor. The distal pancreas, spleen,
and adjacent transverse colon and jejunum with their
mesentery were resected en bloc. The splenic vein was also
simultaneously opened for embolectomy. The operation
time was 7 h and blood loss was 2000 mL in total.
Grossly, the resected mass was a multilocular cystic
lesion measuring 17 cm along its longest dimension. On
the cut surface, there was a cyst filled with necrotic and
hemorrhagic content. On the inner aspect of the cyst
wall, a firm nodule measuring 8 cm along its longest
dimension was found (Figure 2A). Microscopically,
the cyst was lined with mucinous epithelium with a
few areas of high-grade dysplasia. The mural nodule
consisted of variably pleomorphic cancer cells admixed
with abundant and diffusely distributed multinucleated
OGCs with a bland phenotype (Figure 2B). The pleomorphic cancer cells exhibited atypical, spindle-shaped,
giant, and bizarre features, and these cells had densely
proliferated in an inflammatory, necrotic stroma that
encompassed a hemorrhagic pool. The spindle and
giant cells had irregularly shaped nuclei, a thick nuclear
membrane, large eosinophilic nucleoli, and abundant
cytoplasm. Furthermore, these tumor cells had diffusely
infiltrated into adjacent organ tissues, including the
spleen, mesentery, and bowel. The OGCs lacked features
of atypia, and occasionally were observed to have
undergone phagocytosis of the atypical cells.
Immunohistologic examinations showed that the
OGCs were strongly positive for the histiocytic marker,
CD68, thereby confirming their origin from the mononuclear phagocytic system. In addition, OGCs were
negative for p53, while neoplastic cells were positive for
p53. No osteoid or lymph node metastasis was detected.
Taken together, these results were consistent with a
diagnosis of UCOGC, and according to the 6th edition of

CASE REPORT
A previously healthy, 71-year-old female patient was
admitted due to a one month history of epigastric pain
and anorexia. A 15 cm × 13 cm mass was palpated in the
left upper abdomen. Laboratory examination revealed
moderate anemia (Hb, 86 g/L). In addition, levels of
carbohydrate antigen (CA)19-9 were 42.9 U/mL (normal,
< 37.0 U/mL), CA24-2 was 22.8 U/mL (normal, <
20 U/mL), and carcinoembryonic antigen (CEA) was
2.2 ng/mL (normal, < 5.0 ng/mL). Abdominal ultrasonography and contrast-enhanced computed tomography (CECT) revealed an approximately 13 cm ×
11 cm irregular cystic and solid lesion in the left upper
quadrant of the abdomen. The tumor appeared to extend
from the body and tail of the pancreas, and exhibited
strong vascularization with peripheral enhancement that
was detected by CECT. The tumor had also infiltrated the
splenic hilum and adjacent bowel loop, with the splenic
vein obstructed by a thrombus or tumor thrombus.
Furthermore, regional lymphadenopathy, ascites, and
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A

B

Figure 2 Gross pathology. A: Gross pathologic examination revealed a 17 cm × 12 cm mass in the pancreatic body and tail. The cut surface of the tumor included
a cyst filled with necrotic and hemorrhagic content; B: Microscopically, a mixture of pleomorphic cancer cells and osteoclast-like giant cells were observed with
hematoxylin and eosin staining (magnification × 20). Arrows indicate an osteoclast-like giant cell.

A

B

Figure 3 Immunohistochemical findings. Immunohistochemical assays detected CD68 expression in osteoclast-like giant cells (A) (magnification × 20), and p53
expression in epithelial neoplastic cells (B) (magnification × 40).

the neoplasm were dispersed among infiltrating pleomorphic mononuclear or multinucleated cancer cells.
Immunohistologically, the OGCs were positive for the
histiomonocytic marker, CD68, and were negative for
the epithelial marker, p53. In addition, immunoreactivity
to p53 was strong in the cytoplasm of the pleomorphic
cancer cells, yet was not detected in the OGCs. These
findings confirm an epithelial origin for this UCOGCP,
and demonstrate that the giant cell component was not
neoplastic.
Based on a review of the English medical literature,
UCOGCP usually presents in the sixth or seventh decade of life, although a wide range of patient ages has
been reported (e.g., 32-82 years). Moreover, no gender
predilection is associated with UCOGCP. The main signs
and symptoms of UCOGCP include nonspecific upper
abdominal pain, abdominal distension, a palpable mass,
weight loss, fatigue, and anorexia. Patients with PAC also
frequently present with jaundice. UCOGCP can arise
from any portion of the pancreas, although it commonly
develops from the body and tail of the pancreas. In
contrast, ductal PAC usually involves the head of the
pancreas. Similar to giant cell tumors of bone, UCOGCP
is also an aggressive tumor that commonly invades
adjacent organs. However, lymph node involvement and

the TNM classification of the American Joint Committee
on Cancer (2010), the tumor was pT3, N0, M0, stage IIB
(Figure 3).
Overall, the patient remained stable throughout the
operation and postoperatively, and had an uneventful
recovery. The patient underwent adjuvant chemotherapy,
which included four cycles of gemcitabine (1 g/m2 on
days 1, 8, and 15). CECT was performed at least annually,
and cavernous transformation of the portal vein was
detected four months postoperatively. For the past ten
years, the patient has done well, and metastasis or any
other signs of tumor recurrence have not been detected.

DISCUSSION
Histologically, UCOGCP exhibits pathological features
that differ from those of common ductal PAC. In particular, UCOGCP includes highly pleomorphic, frequently
spindle-shaped neoplastic cells, and large multinucleated
non-neoplastic OGCs. OGCs may develop from bone
marrow-derived monocytes that are recruited into the
tumor by chemoattractants. Furthermore, the growth
pattern and cytologic features of OGCs closely resemble those of giant cell tumors of bone. In the present
report, multinucleated, benign-appearing OGCs in
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distant metastasis are rarely observed. UCOGCP also
tends to be more extensively vascularized than other
cystic neoplasms of the pancreas. The sensitivity of
abdominal ultrasonography, CECT, magnetic resonance
imaging (MRI), and endoscopic ultrasonography (EUS)
for the detection of UCOGCP are similar to those
for the detection of PAC. However, while ductal PAC
appears hypovascular on contrast computed tomography
(CT) scans, UCOGCP appears hypervascular, which is
possibly related to the rapid growth of UCOGCP, or the
associated inflammatory reaction. On CT scanning, an
irregular solid and cystic mass with strong enhancement
are typically observed for UCOGCP. With regard to
tumor markers, particularly CEA and CA19-9, elevated
levels are less common, or are not distinct, in cases of
UCOGCP compared with PAC. For OGCs, although they
rarely express epithelial markers, they do typically stain for
histomonocytic markers, especially CD68, as shown in the
present report. Levels of inflammatory markers, such as
white blood cell count, C-reactive protein level, and levels
of interleukins, have also been found to be elevated in >
50% of patients with UCOGCP.
An accurate pretreatment diagnosis is crucial to determine the most appropriate therapy and to obtain an
optimal prognosis. However, the differential diagnosis
of UCOGCP from other unusual pancreatic tumors is
difficult, particularly from pancreatic serous and mucinous
cystic tumors, pancreatic pseudocysts, ductal pancreatic
carcinomas, and neuroendocrine tumors. The presence
of non-neoplastic OGCs is a histological hallmark of
UCOGCP, and the diagnosis can be straightforward
when examining tissue sections. Moreover, although
there are limited data to support the differentiation of
pancreatic lesions by CT or MRI alone, an accurate
analysis of cross-sectional imaging in conjunction with
clinical data may provide valuable insight into a correct
diagnosis. For example, a cytologic/pathologic diagnosis
is often necessary. In some cases, EUS-guided fine needle
aspiration cytology (FNAC) was found to be an effective
and accurate means of achieving a cytological diagnosis.
For example, in a series of five patients reported by
Moore et al[4], EUS-guided FNAC was performed, and
the EUS appearance differed from that of typical ductal
PAC and neuroendocrine tumors. Cytological features
observed with FNAC can also distinguish primary giant
cell-containing neoplasms from non-neoplastic giant
cell-containing lesions of the pancreas, or giant cellcontaining neoplasms that do not arise from the pancreas.
For patients with unresectable UCOGCP, the overall
median survival period is 6.5 mo[5]. Therefore, the primary
treatment for UCOGCP includes en bloc surgical resection
when it is an option. However, it remains difficult to
determine the best treatment modality for this neoplasm
due to its rarity. An additional consideration is that more
than half of giant cell tumors are locally advanced at
the time of presentation, and are detected as a result of
their large size or local invasion. Consequently, a partial
or total pancreatectomy combined with the resection of
adjacent organs is often necessary. In a previous report, a
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patient underwent a total pancreatectomy, and survived an
additional 15 years[6]. However, an additional consideration
is that the extensive vascularization that can characterize
UCOGCP, as demonstrated in the present report, can
lead to significant blood loss during pancreatectomy.
Sporadic case reports have also demonstrated a reduction
in tumor mass and prolonged survival can be achieved
following treatment with 5-fluorouracil. In the present
case, a chemotherapy regimen including gemcitabine was
administered according to the treatment protocol of ductal
PAC. Thus, it may be reasonable to consider agents such
as gemcitabine for palliation. Furthermore, based on the
radiosensitivity exhibited by giant cell tumors of bone,
we hypothesize that radiation may also have benefits
in a neo-adjuvant setting for UCOGCP. However, this
remains to be evaluated in a larger cohort.
UCOGC may represent a distinct clinicopathologic
entity with a more favorable prognosis than an undifferentiated carcinoma without OGCs, possibly because it is
slower to metastasize and rarely metastasizes to the lymph
nodes. In the literature, the outcome of UCOGCP is
extremely variable, with the interval to death ranging from
4 mo to 10 years[5]. However, in a study of 35 patients,
29/35 patients did not survive, and the average survival
period was 5.2 mo[7]. In contrast, for three of the patients
still alive at the last follow-up, two had been disease-free
for 14.6 and 7.2 years, respectively, while tumor recurrence
was detected in the third patient after 14.7 years. Other
studies have also reported UCOGCP patients with
10-year survival periods[7]. For the patient in the present
report, she remains disease-free ten years after undergoing
surgery for locally advanced UCOGCP. Correspondingly,
a favorable prognosis is predicted for her long-term
follow-up.
Based on the present case and limited previous data,
UCOGCP is a rare malignant lesion of the pancreas
that has a more favorable prognosis than ductal PAC.
UCOGCP also often presents as a large cystic neoplasm
accompanied by invasion into adjacent organs, and
levels of tumor markers (e.g., CEA and CA19-9) are
usually normal or mildly elevated. For cases with advanced UCOGCP, en bloc resection of the pancreas and
other invaded organs may be an effective treatment. It
remains to be demonstrated whether the response of
UCOGCP to chemotherapy or radiotherapy will be
efficacious. Therefore, additional studies, preferably
with larger cohorts, are needed to further improve our
understanding of this rare and interesting tumor.
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CASE REPORT

Novel mutation in a Chinese patient with progressive
familial intrahepatic cholestasis type 3
Hao-Zhe Sun, Hong Shi, Shun-Cai Zhang, Xi-Zhong Shen
(p.N168N) mutation in exon 6, c.711A>T (p.I237I) mutation in exon 8, c.874A>T (p.K292X) in exon 9 and
a novel mutation, c.1804G>T (p.G602W) in exon 15.
Based on these findings, the patient was diagnosed
with PFIC3. The novel mutation p.G602W in exon 15
was predicted as probably damaging by PolyPhen-2
with a score of 0.986 (sensitivity: 0.54; specificity: 0.94)
and was predicted to affect protein function with a SIFT
score of 0.01.
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Core tip: This study described a 17-year-old Chinese
male patient with a 2 years history of intrahepatic
cholestasis of unknown etiology who was later
diagnosed with progressive familial intrahepatic
cholestasis type 3 through clinical findings and gene
analysis which revealed multiple mutations in the
ABCB4 gene. One novel mutation of the ABCB4 gene
p.G602W has also been identified. The novel mutation
p.G602W in exon 15 was predicted as probably
damaging by PolyPhen-2, with a score of 0.986, and
was predicted to affect protein function with a SIFT
score of 0.01.
Sun HZ, Shi H, Zhang SC, Shen XZ. Novel mutation in a
Chinese patient with progressive familial intrahepatic cholestasis
type 3. World J Gastroenterol 2015; 21(2): 699-703 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v21/i2/699.
htm DOI: http://dx.doi.org/10.3748/wjg.v21.i2.699

Abstract
Genotyping is conclusive for the diagnosis of progressive familial intrahepatic cholestasis type 3 (PFIC3).
Here we report a Chinese patient of PFIC3 with compound mutations in the ABCB4 gene. Liver biopsy
was performed on a 17-year-old male patient with
intrahepatic cholestasis of unknown etiology. Liver
histology findings are indicative of intrahepatic
cholestasis with extensive fibrosis. Genotyping revealed
c.175C>T (p.L59L) mutation in exon 4, c.504C>T
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INTRODUCTION
Progressive familial intrahepatic cholestasis (PFIC)
refers to a heterogeneous group of autosomal recessive
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anti-smooth muscle antibodies, anti-mitochondrial
antibody, anti-mitochondrial antibody M2 subtype, anticentromere antibody, anti-histone antibodies, anti-JO-1
antibody, anti-nucleosome antibodies, anti-ribosomal P
protein antibodies, anti-proliferating cell nuclear antigen
(anti-PCNA) antibody, anti-polymyositis-scleroderma
(anti-PM-Scl) antibody, anti-ribonucleo protein (anti-RNP)
antibodies, anti-topoisomerase Ⅰ (anti-SCL-70) antibodies,
anti-Sm antibodies, anti-Sjogren’s syndrome antigen A
(anti-SS-A) antibody, anti-Sjogren’s syndrome antigen B
(anti-SS-B) antibody, neutrophil cytoplasmic antibody,
anti-double-stranded DNA antibodies, anti-glomerular
basement membrane antibodies, anti-kidney microsomal
antibody type Ⅰ, anti-soluble liver/liver pancreas antigenantibody) was negative. The ceruloplasmin and tumor
marker panels were within normal limits. Abdominal
magnetic resonance imaging and magnetic resonance
cholangiopancreatography revealed nodules in segment
Ⅵ and segment Ⅷ of the liver, highly suspicious of
focal nodular hyperplasia. There was also evidence of
hepatosplenomegaly and portal hypertension. Liver
histology obtained from a biopsy exhibited disorganized
lobular structure and evidence of cholestasis, marked
dilation of bile canaliculi and in some ductules containing
bile plugs. Signs of chronic inflammation and fibrosis
were found in the portal area. Immunohistochemical
analysis with cytokeratin (CK) 7 and CK19 revealed
ductular proliferation in the portal area. Reticular stain
showed extensive portal fibrosis and the formation
of pseudolobules. These findings are indicative of
intrahepatic cholestasis with extensive fibrosis (stage 3).
Genomic DNA was purified from peripheral blood. All
of the 27 coding exons of ABCB4 together with at least
100 bp of the adjacent intronic sequence were amplified
by polymerase chain reaction and directly sequenced.
Based on the results of ABCB4 gene analysis (Table 1), a
diagnosis of PFIC3 was made.

Table 1 Results of ABCB4 gene analysis
Exon
Exon 4
Exon 6
Exon 8
Exon 9
Exon 15

Result

SNP No.

c.175 C>T (p.L59L) (heterozygous)
c.504 C>T (p.N168N) (heterozygous)
c.711 A>T (p.I237I) (heterozygous)
c.874 A>T (p.K292X) (heterozygous)
c.1804 G>T (p.G602W) (heterozygous)

rs2302387
rs1202283
rs2109505
CM072813

SNP: Single nucleotide polymorphism.

liver disorders in childhood that disrupt bile formation
and present with cholestasis of hepatocellular origin[1].
There are three types of PFIC, each caused by mutations
in different hepatocellular transport system genes
involved in bile formation. PFIC type 1 (PFIC1) is due
to mutations in the ATP8B1 gene; PFIC type 2 (PFIC2)
is due to mutations in the ABCB11 gene; and PFIC type
3 (PFIC3) is due to mutations in the ABCB4 gene [also
designated multidrug resistant 3 (MDR3)][2]. The nonspecific clinical signs and pathological findings of this
disease make the diagnosis of PFIC difficult without the
use of gene analysis.
In the present report, we describe a 17-year-old Chinese
male patient with a 2 years history of intrahepatic
cholestasis of unknown etiology who was later diagnosed
with PFIC3 through clinical findings and gene analysis
which revealed multiple mutations in the ABCB4 gene
consistent with the disease.

CASE REPORT
A 17-year-old Chinese male presented with a history of
pruritus and abnormal liver function for 2 years with
unknown etiology by the time of admission to our
hospital. No fever, weight loss, abdominal pain, rash, or
joint pain was documented. The patient denies a history
of hepatitis or use of any hepatotoxic drugs. He does not
smoke, consume alcohol and denies any family history of
hereditary or infectious disease.
On physical examination, the patient was notable for
jaundice. No palmar erythema or spider angioma was
noted. There was no enlargement of his superficial lymph
nodes. His respiratory system and cardiac examination
were normal. Abdominal examination revealed hepatosplenomegaly. Shifting dullness was absent. Examination
of the musculoskeletal system was within normal limits.
Lower extremity edema was negative.
Results of laboratory tests done during the time of
admission were as follows: total bilirubin: 63.6 μmol/L,
conjugated bilirubin: 47.9 μ mol/L, total protein: 61
g/L, albumin: 34 g/L, alanine aminotransferase: 330
U/L, aspartate aminotransferase: 220 U/L, alkaline
phosphatase: 495 U/L, gamma-glutamyltransferase
(GGT): 388 U/L, total bile acid: 198.2 μmol/L, lactate
dehydrogenase: 250 U/L. Hepatitis A, hepatitis B,
hepatitis C and hepatitis E viral markers: negative. An
autoantibody panel (including antinuclear antibodies,
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DISCUSSION
In this study, we present a 17-year-old Chinese male
patient with a novel mutation in ABCB4, who experienced a two years history of intrahepatic cholestasis of unknown etiology. Liver histology findings were
indicative of intrahepatic cholestasis with extensive
fibrosis (stage 3). We excluded other causes of cholestasis
such as primary biliary cirrhosis, sclerosing cholangitis,
drug induced liver injury, alpha-1 antitrypsin deficiency,
cystic fibrosis, etc. At this point, there was a high index
of suspicion of PFIC. Patients with PFIC1 and PFIC2
have normal serum GGT activity, while patients with
PFIC3 have high serum GGT activity. PFIC3 patients
can also be distinguished from patients with PFIC types
1-2 in that they rarely present with cholestatic jaundice
in the neonatal period, but do so later on in infancy,
childhood or young adulthood instead[3]. The patient’
s clinical features (present symptomatically at a later
age), biochemical results (markedly elevated GGT) and
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Figure 1 Location of the mutations relative to the respective domains in the multidrug resistant 3 protein sequence. NBD: Nucleotide binding domain.

histological findings (presence of ductular proliferation)
indicated the suspected diagnosis of PFIC3 and lead to
the genetic analysis of the ABCB4 gene accordingly. Liver
immunostaining of MDR3 was not considered in this
patient because patients with ABCB4 mutations exhibit
variable MDR3 canalicular immunostaining[4]. Normal
liver immunostaining does not preclude a gene defect,
as a mutation may induce loss of function, but indicates
normal synthesis and expression[3]. Furthermore, it is
reported that MDR3 immunostaining on frozen liver
biopsy samples is not a sensitive diagnostic tool for
the detection of heterozygous MDR3/ABCB4 gene
mutations[5]. Results of the gene analysis showed that
the patient is a compound heterozygote for multiple
mutations reported in literature predicted to impair
MDR3 function. Combined with his clinical features and
laboratory findings, the diagnosis of PFIC3 was reached.
PFIC3 is caused by a genetic defect in the ABCB4
gene located on chromosome 7 [3]. MDR3 in humans
are phospholipid translocators involved in biliary phosphatidylcholine excretion and are predominantly, if not
exclusively, expressed in the canalicular membrane of
the hepatocyte[4]. Cholestasis results from the toxicity
of bile in which detergent bile salts are not inactivated
by phospholipids, leading to bile canaliculi and biliary
epithelium injuries. The mechanism of liver damage in
PFIC3 patients is most likely related to the absence of
biliary phospholipids. Injury to bile canaliculi and biliary
epithelium is probably due to continuous exposure to
hydrophobic bile salts, the detergent effects of which
are no longer being countered by phospholipids, thereby
leading to cholangitis. In addition, the stability of
mixed micelles in bile is determined by a three-phase
system in which the proper proportion of bile salts and
phospholipids is necessary for maintaining solubility of
cholesterol. The absence of phospholipids in bile would
be expected to destabilize micelles and promote bile
lithogenicity through crystallization of cholesterol, which
might favor small bile duct obstruction[3].
According to the Human Genome Mutation Database
(http://www.hgmd.org/)[6], there are over 150 disease
associated mutations in the ABCB4 gene identified, 50
of them associated with PFIC3. These include missense
mutations, nonsense mutations, splice site mutations,
insertions and deletions. Among them, patients with
nonsense mutations and deletions of the ABCB4 gene
are associated with a more severe clinical course of the
disease[7].
As reported in the sequence annotations of Uniprot
database for ABCB4, accession P21439, the domains
essential for organic molecule efflux are arranged along
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the ABCB4 protein sequence in the amino acid ranges
57-359 (1st ABC transmembrane transporter), 394-630
(1st ABC transporter), 711-999 (2nd ABC transmembrane
transporter) and 1034-1279 (2nd ABC transporter). In
our patient, three heterozygous silent mutations p.L59L,
p.N168N and p.I237I were observed, all of which have
been previously reported [8,9]. Additionally, one heterozygous nonsense mutation p.K292X and a novel heterozygous missense mutation pG602W were also found.
Location of the mutations relative to their location to the
respective domains in the protein sequence can be found
in Figure 1.
In some patients with a PFIC3 phenotype, only
one mutated allele or no mutation is identified[4]. This
situation may be explained by mutations that map to the
regulatory sequences of the gene. It is also possible that
other unidentified genes involved in bile formation may
be responsible for the PFIC1-3 phenotypes[2,3]. Modifier
genes and environmental influences could also play a
role in the expression of PFIC[3]. Another interesting
possibility are heterozygous statuses, where a mutated
protein may have a dominant negative effect on MDR3
expression or function[4].
To evaluate the functional significance of the novel
mutation p.G602W, PolyPhen-2 (http://genetics.bwh.
harvard.edu/pph/) and SIFT (http://sift.jcvi.org/) were
used. PolyPhen-2 uses the Naïve Bayes classifier, trained
using supervised machine-learning to predict the impact
of an allele replacement from its individual features
and mutations are appraised qualitatively, as benign,
possibly damaging, or probably damaging[10]. Using the
HumVar model which distinguishes mutations with
drastic effects from all the remaining human variations
with a score range between 0 to 1 (values close to 0 are
benign, whereas those near 1 are probably damaging),
the novel mutation p.G602W was predicted as probably
damaging by PolyPhen-2 with a score of 0.986 (sensitivity:
0.54; specificity: 0.94). Furthermore, multiple sequence
alignment of sequences, derived from PolyPhen-2
and edited with the help of Jalview [11], showed that
the novel mutation p.G602W is at a location which is
physicochemically conserved in most mammals (Figure
2). Among the sequences aligned, none of them included
a tryptophan at the position corresponding to glycine
602 of MDR3. All other sequences mostly harbored a
glycine at the corresponding position depicting a highly
conserved amino acid.
SIFT is a sequence homology-based tool that sorts
intolerant from tolerant amino acid substitutions and
predicts whether an amino acid substitution in a protein
will have a phenotypic effect. SIFT is based on the
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H. sapiens/1-1286
O. cuniculus/1-1280
R. norvegicus/1-1278
A. melanoleuca/1-1279
Cricetulus/1-1280
L. africana/1-1280
N. leucogenys/1-1232
M. mulatta/1-1214
M. musculus/1-1276
C. lupus/1-1280

Conservation

Quality

Consensus

Figure 2 Multiple sequence alignment derived from PolyPhen-2 and edited by Jalview. Amino acids with similar physicochemical properties have the same
color. Aliphatic/hydrophobic residues (I, V, L, A, M) are colored pink, aromatic residues (F, W, Y) orange, positive charged residues (K, R, H) blue, negative charged
residues (D, E) red, hydrophilic residues (S, T, N, Q) green, conformationally special (P, G) magenta. I: Isoleucine; V: Valine; L: Leucine; A: Alanine; M: Methionine; F:
Phenylalanine; W: Tryptophan; Y: Tyrosine; K: Lysine; R: Arginine; H: Histidine; D: Aspartate; E: Glutamate; S: Serine; T: Threonine; N: Asparagine; Q: Glutamine; P:
Proline; G: Glycine.

premise that protein evolution is correlated with protein
function. Positions important for function should be
conserved in an alignment of the protein family, whereas
unimportant positions should appear diverse in an
alignment. SIFT predicts substitutions with scores less
than 0.05 as deleterious[12]. Results from SIFT showed
that the novel mutation p.G602W was predicted to affect
protein function with a SIFT score of 0.01.
The patient does not have any family history and
neither parent is symptomatic. With regard to clinical
features, a family history for diseases associated with
ABCB4 deficiency was observed in two thirds of patients
harboring ABCB4 mutations. Patients with mild genotypes, including single heterozygous mutations, have
variable expression of liver disease that may be influenced
by comorbidity or triggering factors and modulated by
still unknown genetic modifiers[9].
In conclusion, a diagnosis of PFIC should be suspected in patients with a clinical history of cholestasis of
unknown origin after exclusion of other common causes
of cholestasis. Genetic analysis remains an important
tool for a conclusive diagnosis of PFIC3 when combined
with clinical, biochemical, radiological and histological
studies. From our in silico analysis of the novel mutation
p.G602W in exon 15, the highly conserved glycine 602
of human MDR3 is predicted to be essential for proper
MDR3 function. This finding will be useful in future
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studies to further elucidate the pathogenic mechanisms
of ABCB4 mutations at the molecular level.

COMMENTS
COMMENTS
Case characteristics

A 17-year-old Chinese male presented with a history of pruritus and jaundice
for 2 years.

Clinical diagnosis

Abdominal examination revealed hepatosplenomegaly.

Differential diagnosis

The authors excluded other causes of cholestasis such as primary biliary
cirrhosis, sclerosing cholangitis, drug induced liver injury, alpha-1 antitrypsin
deficiency, cystic fibrosis, etc.

Laboratory diagnosis

Total bilirubin: 63.6 μmol/L, conjugated bilirubin: 47.9 μmol/L, total protein:
61 g/L, albumin: 34 g/L, alanine aminotransferase: 330 U/L, aspartate
aminotransferase: 220 U/L, alkaline phosphatase: 495 U/L, gamma-glutamyltransferase: 388 U/L, total bile acid: 198.2 μmol/L, lactate dehydrogenase: 250
U/L. hepatitis viral markers and autoantibody panel were all negative.

Imaging diagnosis

Abdominal magnetic resonance imaging and magnetic resonance cholangiopancreatography revealed focal nodular hyperplasia in segment Ⅵ and
segment Ⅷ of the liver, hepatosplenomegaly and portal hypertension.

Pathological diagnosis

Liver histology obtained from biopsy revealed ductular proliferation and portal
fibrosis.

Treatment

The patient was treated with ursodeoxycholic acid.
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Experiences and lessons

This case report a novel mutation in a Chinese patient with progressive familial
intrahepatic cholestasis type 3 (PFIC3); the novel mutation p.G602W in exon
15 was predicted as probably damaging by PolyPhen-2 with a score of 0.986
and was predicted to affect protein function with a SIFT score of 0.01.
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Peer review

The discovery and recording of a novel mutation in a Chinese patient with
PFIC3 is of high clinical importance and can contribute to the recording of
mutations.
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CASE REPORT

Inflammatory pseudotumor of the colon causing
intussusception: A case report and literature review
Yong Huang, Le-Ping Li, Jing Wang, Zeng-Jun Lun, Wei Li, Zhen Yang
hemicolectomy. Histopathology of the resected specimen
confirmed IPT of the colon. This patient was observed
to have abnormally elevated total leukocyte count and
platelets before and after surgery. In an adult with
intussusception associated with an abdominal mass,
the possibility of IPT of the colon should be considered.
Considering the abnormally high total leukocyte and
platelet counts and colonic IPT, it is necessary to prevent
postoperative adverse effects due to these changes.
Although IPT of the colon is usually a benign process,
controversy regarding its management still exists. We
consider hemicolectomy as a safe treatment approach
for colonic IPT and review the existing literature.
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Core tip: Inflammatory pseudotumor (IPT) is a rare
space-occupying lesion of unknown etiology that can
mimic malignancy on clinic-radiological and pathological
examination. We describe a rare case of ileocecal
intussusception from clinically suspected malignancy
of the right colon where the patient underwent
right hemicolectomy. Histopathology of the resected
specimen confirmed IPT of the colon. This patient was
observed to have abnormally elevated total leukocyte
count and platelets before and after surgery. We
consider hemicolectomy as a safe treatment approach
for colonic IPT and review the existing literature.

Abstract

Huang Y, Li LP, Wang J, Lun ZJ, Li W, Yang Z. Inflammatory
pseudotumor of the colon causing intussusception: A case
report and literature review. World J Gastroenterol 2015;
21(2): 704-710 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i2/704.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i2.704

Inflammatory pseudotumor (IPT) is a rare spaceoccupying lesion of unknown etiology that can mimic
malignancy on clinic-radiological and pathological
examination. We describe a rare case of ileocecal
intussusception from clinically suspected malignancy
of the right colon where the patient underwent right
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INTRODUCTION
Inflammatory pseudotumor (IPT) is a reactive condition
which occurs in many organs, including the lung which is
the most common site of occurrence. IPT is also found
in the central nervous system, major salivary glands,
kidney, liver, omentum, ovary, larynx, urinary bladder,
breast, pancreas, spleen, lymph nodes, skin, soft tissues,
and orbit[1]. IPT is a benign tumor and represents a rare
lesion with uncertain etiopathogenesis [2]. According
to the location of the lesion, the clinical symptoms of
IPT are diverse, and include a mass, fever, weight loss,
malaise, pain and site-specific symptoms[3]. However,
IPT of the colon is seldom found, and ileocecal intussusception is a rare complication of colonic IPT. We
describe a rare case of ileocecal intussusception from
clinically suspected malignancy of the right colon where
the patient underwent right hemicolectomy. Histopathology of the resected specimen subsequently confirmed IPT of the colon and the outcome was favorable.

Figure 1 Ultrasound examination of the abdomen showed an upper
abdominal solid mass and possible intussusception.

CASE REPORT
A 37-year-old Chinese male was referred to our Hospital
with a 7-d history of intermittent abdominal pain and
fever. He did not present any changes in his bowel
habits, nausea or vomiting. His past medical history was
unremarkable.
On admission, his axillary temperature was 37.2 ℃,
heart rate was 82 beats per minute, and blood pressure
was 140/90 mmHg. Physical examination showed right
lower quadrant tenderness, slight rebound tenderness
and localized muscle tension, no mass, shifting dullness
negative, bowel sounds slightly active and reduced
gurgling sounds.
His hemoglobin (HGB), total leukocyte count, platelet
count and neutrophils were 134 g/L (reference range:
130-175 g/L), 13.3 × 109/L (reference range: 3.5-9.5 ×
109/L), 533 × 109/L (reference range: 125-350 × 109/L)
and 86.4% (reference range: 40%-75%), respectively.
His random blood glucose was 7.10 mmol/L and his
liver and kidney function tests were within normal limits.
The patient had normal coagulation and no hepatitis B,
hepatitis C, syphilis or HIV. Ultrasound examination of
the abdomen showed an upper abdominal solid mass
and possible intussusception (Figure 1). Computerized
tomographic (CT) examination of the abdomen revealed
intussusception in the right lower quadrant, possible
colonic neoplasms and a right renal cyst (Figure 2). Chest
X-ray showed no heart or lung abnormalities.
The patient underwent an emergency exploratory
laparotomy with the presumptive diagnosis of intussusception, possible colonic neoplasms and localized peritonitis. Operative findings demonstrated a well-circumscribed, firm mass approximately 6 cm in diameter
arising from the central ascending colon, intussusception
and edema of the appendix. Intussusception was detected
in the right abdomen and involved the terminal ileum
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Figure 2 Abdominal computed tomography revealed an intussusception
in the right lower quadrant and possible colonic neoplasms.

Colonic inflammatory pseudotumor
Lymph node
Ileocecal intussusception

Figure 3 Schematic showing the inflammatory pseudotumor in the central
ascending colon, ileocecal intussusception and enlarged lymph nodes.

and cecum and it could not be reset although no bowel
necrosis was present. A few pieces of crisp lymph nodes
(maximum diameter approximately 1.5 cm) were detected
in the right mesocolon, the roots of the ileocolon and
superior colic artery (Figure 3). The patient underwent
right hemicolectomy with the intraoperative diagnosis
of ileocecal intussusception, colonic neoplasms and
localized peritonitis. Histological examination showed
that the mass section diameter was about 5 cm, and the
incisal surface was gray with a hard texture; microscopic
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A

B

Figure 4 Microscopic examination revealed a large number of fibroblasts, myofibroblast proliferation and inflammatory changes. HE staining, A:
magnification × 40; B: magnification × 400.
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Figure 5 Immunohistochemical staining of smooth muscle actin protein
was positive in the colonic mass (magnification × 400).
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examination revealed a large number of fibroblasts,
myofibroblast proliferation, inflammatory changes and
no tumor cells (Figure 4A and B). Immunohistochemical
staining for smooth muscle actin (SMA) was positive
in the colonic mass (Figure 5). The histopathologic
diagnosis was colonic IPT. Histopathologic examination
also showed enlarged lymph nodes, follicular hyperplasia,
and a significantly expanded germinal center; the histopathologic diagnosis was reactive lymphoid hyperplasia.
On postoperative day 2, HGB, total leukocyte count,
platelet count, and neutrophils were 146 g/L, 24.1 × 109/
L, 666 × 109/L and 90.0%, respectively. Considering the
high risk of thrombosis due to the abnormally elevated
platelet count, aspirin was administered to inhibit platelet
aggregation. The dynamic changes in routine blood
samples on postoperative day 6, 10 and 13 are shown
in Figure 6A and B. During the course of leukocytosis/
thrombocytosis, the patient did not have infectious signs
(fever, abscess formation, etc.) and had undetectable
C-reactive protein. Serology results showed that serum
immunoglobulin G4 (IgG4) was 0.349 g/L (reference
range: 0.03-2.01 g/L). Although the patient showed
abnormal routine blood samples, the postoperative course
was uneventful and he was discharged from hospital on
postoperative day 14 and given aspirin to inhibit platelet
aggregation. On postoperative day 33, his HGB, total

WJG|www.wjgnet.com

0
0

2

6

10

13

33

t /d

Figure 6 Dynamic changes in routine blood sample. A: Total leukocyte
count (× 109/L); B: Blood platelet count (× 109/L) before and after surgery.

leukocyte count, platelet count and neutrophils were 132
g/L, 11.1 × 109/L, 428 × 109/L and 61.4%, respectively.
The dynamic changes in routine blood before and after
surgery are shown in Figure 6 A and B. On postoperative
day 220, his HGB, total leukocyte count, platelet count
and neutrophils were 154 g/L, 7.6 × 10 9 /L, 312 ×
109/L and 50.3%, respectively. The patient was free of
symptoms 7 mo after surgery with normal laboratory
findings.

DISCUSSION
The etiology and pathogenesis of IPT are unknown[4].
The mechanism of IPT etiology may be due to infections,
intraparenchymal hemorrhage or an autoimmune
etiology[5]. Microorganisms including Bacteroides caccae,
Actinomyces, Klebsiella, Escherichia coli, Gram-positive cocci,
B-hemolytic Streptococcus[6] and Mycobacterium tuberculosis[7,8]
have been found in many reports of IPT. However,
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Table 1 Studies on colonic inflammatory pseudotumor in PubMed database from 1994 to 2014
Position of colonic IPT
Indefinite
Descending colon
Transverse and descending colon
Cecal and sigmoid flexure
A mass in the right iliac fossa, IPT infiltrating ileocecal valve
Sigmoid
Terminal ileum, cecum, and ascending colon
Urinary bladder and Sigmoid colon
Colon and rectum
Diverticular disease of the sigmoid
Transverse colon
Cecum

Patient number

Ref.

2
1
1
2
1
3
1
1
2
1
2
1

Aalbers et al[14], 1999; Velitchkov et al[15], 2000
Jeong et al[16], 2011
Fosi et al[17], 2014
Chetty et al[18], 2011
Salgado-Sánchez et al[19], 2003
Rosenbaum et al[20], 2000; De Monti et al[21], 1997; Wendum et al[22], 1994
Cviko et al[23], 1999
Saito et al[24], 1999
Sanders et al[25], 2001
Timofeev et al[26], 2000
Díaz Morant et al[27], 1999; Ohno et al[28], 1998
Yoshikawa et al[29], 1994

IPT: Inflammatory pseudotumor.

in other reports of IPT, no causative microorganisms
were found and an association between IPT and hepatopancreatobiliary autoimmune diseases, such as IgG4
sclerosing cholangitis was indicated[9]. In this case, the
past medical history of the patient was unremarkable
and serology results for serum IgG4 were within normal limits. Considering the abnormally elevated total
leukocyte count, the etiology of colonic IPT in this
patient may be associated with infection. It is regrettable
that the patient, who underwent emergency surgery,
did not also undergo tests for tuberculosis and other
infections during the preoperative examination.
As a quasi-neoplastic lesion, the histological characteristics of IPT include a heterogeneous population of
acute and chronic inflammatory cells, particularly plasma
cells, macrophages and fibroblasts, accompanied by areas
of fibrosis and necrosis[10]. The microscopic appearance
varies from case to case. This entity has been called
many different names, including plasma cell granuloma,
inflammatory myofibroblastic tumor and most commonly
inflammatory pseudotumor[11]. In this case, microscopic
examination revealed a large number of fibroblasts,
myofibroblast proliferation, inflammatory changes and
no tumor cells. Immunohistochemical staining of SMA
was positive in the colonic mass. The histopathologic
diagnosis was colonic IPT.
Early cases of lesions classified as IPTs focused on
pulmonary lesions[7,12] which were possibly more common
than extrapulmonary lesions. Over the years, IPTs have
also been reported at various other sites[3,13]. However,
an extensive review of the literature using the PubMed
database from 1994 to 2014 found only 18 cases of IPTs
originating from the colon[14-29] (Table 1) and only 1 case
of colonic IPT causing intussusception[16]. IPT of the
colon is an extremely rare process and this unexpected
lesion tends to arise from an erroneous impression of
malignancy[16].
IPT is often incidentally detected on imaging studies
without clinical symptoms or during diagnostic evaluation
for unexplained fever, weight loss or anemia [16]. The
clinical symptoms of IPT are diverse and depend on the
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location of the lesion. Patients with intra-abdominal tumor
most commonly present with abdominal pain, a palpable
mass or occasionally, with intestinal obstruction[3,13]. In this
case, the patient presented with intermittent abdominal
pain resulting from intussusception. In addition, due to
its rarity in adults, when intussusception is diagnosed, it
strongly suggests the presence of a malignant condition
of either primary or metastatic origin[16]. The probability
of malignancy, usually adenocarcinoma, is greater for
those cases occurring in the colon[30]. In this case, the
patient underwent acute exploratory laparotomy with
the presumptive diagnosis of intussusception, possible
colonic neoplasms and localized peritonitis. Due to cecum
and ascending colon of inter-peritoneal viscera and ileum
of intra-peritoneal viscera in this patient, the tumor in
the central ascending colon caused bowel disorders and
resulted in ileo-cecal intussusception instead of colo-colic
intussusception.
IPT often cannot be differentiated clinically or radiologically from other more aggressive neoplasms,
and the accurate diagnosis is based on histopathologic
examination. The general appearance of abdominal IPT
on ultrasound scan and tomographic scans is a wellcircumscribed mass of soft tissue density producing
displacement or invasion of the adjacent tissues with
a homogenous echo pattern[31]. Because the radiologic
findings are variable and nonspecific, it is difficult to
diagnose IPT before surgery. Inconsistent radiologic images
may be caused by the different degrees of inflammation
and various proportions of fibrotic content within the
tumor. Jeong et al[16] first reported 18F-FDG Positron
Emission Tomography/Computerized tomography (PET/
CT) in the detection of intussusception due to IPT in
the colon. PET/CT application in the clinic is limited
due to its high cost. In this case, CT examination of
the abdomen showed intussusception in the right lower
quadrant, possible colonic neoplasms and a renal cyst.
The diagnosis of IPT of the colon cannot be confirmed
by preoperative examination. The patient underwent acute
exploratory laparotomy with the presumptive diagnosis of
intussusception, possible colonic neoplasms and localized
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peritonitis. Due to the firm mass arising from the
central ascending colon and a few pieces of crisp lymph
nodes, the patient underwent right hemicolectomy. The
histopathologic diagnosis was IPT of the colon.
Patients who have IgG4-related mass lesions with
dysplastic and malignant tumors endoscopically and
radiographically, can undergo unnecessary invasive
therapy including resection[32]. IgG4-related IPT may
respond to conservative treatment with steroids [32].
However, the diagnosis of IPT is difficult due to its
rarity, and the clinical history and radiographic findings
lead to a high level of suspicion of a true neoplasm[5].
Generally, IPTs have a benign behavior with occasional
spontaneous regression, but occasionally they have been
reported to recur, metastasize, and undergo sarcomatous
transformation[5]. IPT of the spleen may be diagnosed
accurately by fine needle aspiration (FNA)[33]. Kawaguchi
et al[34] also reported IPTs of the liver and spleen diagnosed by percutaneous needle biopsy. However, careful
use of FNA biopsy is required in suspected intestinal
IPT, as this invasive examination may cause intestinal
perforation, and IPT is often misdiagnosed in pathology
due to its heterogeneity and diversity. In order to avoid
misdiagnosis, the patient with undiagnosed intestinal
IPT should undergo exploratory laparotomy to confirm
the diagnosis.
Dynamic changes in routine blood samples were
noted in our patient before and after surgery. It was
interesting that abnormally elevated total leukocyte count
and platelets were observed before and after surgery,
and these levels gradually returned to near normal with
postoperative recovery of the patient. When a patient
with a colon mass is observed to have abnormally elevated
total leukocyte count and platelets before surgery, the
diagnostic possibility of colonic IPT should be considered.
Considering the abnormally high total leukocyte count and
platelet count and colonic IPT, it is necessary to prevent
postoperative adverse effects due to these changes. The
reason for these changes is not clear. Cytokines are
possibly involved in the pathogenesis of IPT[35]. Cytokines
such as IL-6 and cyclin D1 probably have a paracrine
action and sustain myofibroblastic growth[35]. Preoperative
leukocytosis and thrombocytosis may be related to the
common stimulation by inflammatory cytokines (such
as IL-6) in IPT and the hematopoietic system, however,
early postoperative leukocytosis and thrombocytosis may
be related to surgery and anesthesia-induced trauma.
The decline in late postoperative total leukocyte count
and platelets is slow, late postoperative near-normal total
leukocyte count and platelets may be related to removal
of the IPT or the involvement of other factors. There is
another possibility, in that the abnormal laboratory data
is not related to IPT at all. Specific mechanisms related to
the abnormally high total leukocyte count, platelet count
and colonic IPT require further study.
IPT of the colon should be considered a diagnostic
possibility in an adult who has an intussusception asso-
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ciated with an abdominal mass and has an abnormally
elevated total leukocyte count and platelets before and
after surgery. IPT is a rare entity that can occur in the
colon in association with other inflammatory diseases.
The symptoms of IPT are nonspecific, and its diagnosis
is intriguing. Surgical resection is necessary and safe in
many patients with IPT of the colon. Considering the
abnormally high total leukocyte count and platelet changes
and colonic IPT, it is necessary to prevent postoperative
adverse effects due to these changes. This case report is
a significant contribution to the controversy surrounding
this medical problem.
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Case characteristics

A 37-year-old Chinese male presented with a 7-d history of intermittent
abdominal pain and fever.

Clinical diagnosis

Physical examination showed right lower quadrant tenderness, slight rebound
tenderness and localized muscle tension, no mass, shifting dullness negative,
bowel sounds slightly active and reduced gurgling sounds.

Differential diagnosis

The differential diagnosis included acute appendicitis, colonic neoplasms and
right iliac fossa neoplasms.

Laboratory diagnosis

HGB, total leukocyte count, platelet count and neutrophils were 134 g/L, 13.3 ×
109/L, 533 × 109/L and 86.4%, respectively: and liver and kidney function tests
were within normal limits.

Imaging diagnosis

Ultrasound examination of the abdomen showed an upper abdominal solid
mass and possible intussusception, and computed tomography examination
of the abdomen revealed intussusception in the right lower quadrant, possible
colonic neoplasms and a right renal cyst.

Pathological diagnosis

The histopathologic diagnosis was colonic inflammatory pseudotumor (IPT),
which was smooth muscle actin positive.

Treatment

The patient underwent acute right hemicolectomy with the intraoperative
diagnosis of ileocecal intussusception, colonic neoplasms and localized
peritonitis.

Related reports

IPT is a rare space-occupying lesion of unknown etiology that can mimic
malignancy on clinic-radiological and pathological examination, and its
diagnosis is intriguing. Surgical resection is necessary and safe in many
patients with IPT of the colon.

Term explanation

Fine needle aspiration is a method that is used for the diagnosis of solid tumors.

Experiences and lessons

This case report not only represents a rare case of ileocecal intussusception
induced by colonic IPT where the patient underwent right hemicolectomy, but
also revealed abnormally elevated total leukocyte count and platelets before
and after surgery.

Peer review

This article presents a rare case of ileocecal intussusception induced by colonic
IPT.
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Mario Tadic, Zagreb

Cuba
Damian Casadesus, Havana

Czech
Jan Bures, Hradec Kralove
Marcela Kopacova, Hradec Kralove
Otto Kucera, Hradec Kralove
Marek Minarik, Prague
Pavel Soucek, Prague
Miroslav Zavoral, Prague

Denmark
Vibeke Andersen, Odense
E Michael Danielsen, Copenhagen

Egypt
Mohamed MM Abdel-Latif, Assiut
Hussein Atta, Cairo
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Ashraf Elbahrawy, Cairo
Mortada Hassan El-Shabrawi, Cairo
Mona El Said El-Raziky, Cairo
Elrashdy M Redwan, New Borg Alrab
Zeinab Nabil Ahmed Said, Cairo
Ragaa HM Salama, Assiut
Maha Maher Shehata, Mansoura

Estonia
Margus Lember, Tartu
Tamara Vorobjova, Tartu

Finland
Marko Kalliomäki, Turku
Thomas Kietzmann, Oulu
Kaija-Leena Kolho, Helsinki
Eija Korkeila, Turku
Heikki Makisalo, Helsinki
Tanja Pessi, Tampere

France
Armando Abergel Clermont, Ferrand
Elie K Chouillard, Polssy
Pierre Cordelier, Toulouse
Pascal P Crenn, Garches
Catherine Daniel, Lille
Fanny Daniel, Paris
Cedric Dray, Toulouse
Benoit Foligne, Lille
Jean-Noel Freund, Strasbourg
Hervé Guillou, Toulouse
Nathalie Janel, Paris
Majid Khatib, Bordeaux
Jacques Marescaux, Strasbourg
Jean-Claude Marie, Paris
Driffa Moussata, Pierre Benite
Hang Nguyen, Clermont-Ferrand
Hugo Perazzo, Paris
Alain L Servin, Chatenay-Malabry
Chang Xian Zhang, Lyon

Germany
Stavros A Antoniou, Monchengladbach
Erwin Biecker, Siegburg
Hubert E Blum, Freiburg
Thomas Bock, Berlin
Katja Breitkopf-Heinlein, Mannheim
Elke Cario, Essen
Güralp Onur Ceyhan, Munich
Angel Cid-Arregui, Heidelberg
Michael Clemens Roggendorf, München
Christoph F Dietrich, Bad Mergentheim
Valentin Fuhrmann, Hamburg
Nikolaus Gassler, Aachen
Andreas Geier, Wuerzburg
Markus Gerhard, Munich
Anton Gillessen, Muenster
Thorsten Oliver Goetze, Offenbach
Daniel Nils Gotthardt, Heidelberg
Robert Grützmann, Dresden
Thilo Hackert, Heidelberg
Joerg Haier, Muenster
Claus Hellerbrand, Regensburg
Harald Peter Hoensch, Darmstadt

III

Jens Hoeppner, Freiburg
Richard Hummel, Muenster
Jakob Robert Izbicki, Hamburg
Gernot Maximilian Kaiser, Essen
Matthias Kapischke, Hamburg
Michael Keese, Frankfurt
Andrej Khandoga, Munich
Jorg Kleeff, Munich
Alfred Koenigsrainer, Tuebingen
Peter Christopher Konturek, Saalfeld
Michael Linnebacher, Rostock
Stefan Maier, Kaufbeuren
Oliver Mann, Hamburg
Marc E Martignoni, Munic
Thomas Minor, Bonn
Oliver Moeschler, Osnabrueck
Jonas Mudter, Eutin
Sebastian Mueller, Heidelberg
Matthias Ocker, Berlin
Andreas Ommer, Essen
Albrecht Piiper, Frankfurt
Esther Raskopf, Bonn
Christoph Reichel, Bad Brückenau
Elke Roeb, Giessen
Udo Rolle, Frankfurt
Karl-Herbert Schafer, Zweibrücken
Peter Schemmer, Heidelberg
Andreas G Schreyer, Regensburg
Manuel A Silva, Penzberg
Georgios C Sotiropoulos, Essen
Ulrike S Stein, Berlin
Dirk Uhlmann, Leipzig
Michael Weiss, Halle
Hong-Lei Weng, Mannheim
Karsten Wursthorn, Hamburg

Greece
Alexandra Alexopoulou, Athens
Nikolaos Antonakopoulos, Athens
Stelios F Assimakopoulos, Patras
Grigoris Chatzimavroudis, Thessaloniki
Evangelos Cholongitas, Thessaloniki
Gregory Christodoulidis, Larisa
George N Dalekos, Larissa
Maria Gazouli, Athens
Urania Georgopoulou, Athens
Eleni Gigi, Thessaloniki
Stavros Gourgiotis, Athens
Leontios J Hadjileontiadis, Thessaloniki
Thomas Hyphantis, Ioannina
Ioannis Kanellos, Thessaloniki
Stylianos Karatapanis, Rhodes
Michael Koutsilieris, Athens
Spiros D Ladas, Athens
Theodoros K Liakakos, Athens
Emanuel K Manesis, Athens
Spilios Manolakopoulos, Athens
Gerassimos John Mantzaris, Athens
Athanasios D Marinis, Piraeus
Nikolaos Ioannis Nikiteas, Athens
Konstantinos X Papamichael, Athens
George Sgourakis, Athens
Konstantinos C Thomopoulos, Patras
Konstantinos Triantafyllou, Athens
Christos Triantos, Patras
Georgios Zacharakis, Athens
Petros Zezos, Alexandroupolis
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Guatemala
Carlos Maria Parellada, Guatemala

Hungary
Mihaly Boros, Szeged
Tamás Decsi, Pécs
Gyula Farkas, Szeged
Andrea Furka, Debrecen
Y vette Mandi, Szeged
Peter L Lakatos, Budapest
Pal Miheller, Budapest
Tamás Molnar, Szeged
Attila Olah, Gyor
Maria Papp, Debrecen
Zoltan Rakonczay, Szeged
Ferenc Sipos, Budapest
Miklós Tanyi, Debrecen
Tibor Wittmann, Szeged

Iceland
Tryggvi Bjorn Stefánsson, Reykjavík

India
Brij B Agarwal, New Delhi
Deepak N Amarapurkar, Mumbai
Shams ul Bari, Srinagar
Sriparna Basu, Varanasi
Runu Chakravarty, Kolkata
Devendra C Desai, Mumbai
Nutan D Desai, Mumbai
Suneela Sunil Dhaneshwar, Pune
Radha K Dhiman, Chandigarh
Pankaj Garg, Mohali
Uday C Ghoshal, Lucknow
Kalpesh Jani, Vadodara
Premashis Kar, New Delhi
Jyotdeep Kaur, Chandigarh
Rakesh Kochhar, Chandigarh
Pradyumna K Mishra, Mumbai
Asish K Mukhopadhyay, Kolkata
Imtiyaz Murtaza, Srinagar
P Nagarajan, New Delhi
Samiran Nundy, Delhi
Gopal Pande, Hyderabad
Benjamin Perakath, Vellore
Arun Prasad, New Delhi
D Nageshwar Reddy, Hyderabad
Lekha Saha, Chandigarh
Sundeep Singh Saluja, New Delhi
Mahesh Prakash Sharma, New Delhi
Sadiq Saleem Sikora, Bangalore
Sarman Singh, New Delhi
Rajeev Sinha, Jhansi
Rupjyoti Talukdar, Hyderabad
Rakesh Kumar Tandon, New Delhi
Narayanan Thirumoorthy, Coimbatore

Indonesia
David Handojo Muljono, Jakarta
Andi Utama, Jakarta
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Iran
Arezoo Aghakhani, Tehran
Seyed Mohsen Dehghani, Shiraz
Ahad Eshraghian, Shiraz
Hossein Khedmat, Tehran
Sadegh Massarrat, Tehran
Marjan Mohammadi, Tehran
Roja Rahimi, Tehran
Farzaneh Sabahi, Tehran
Majid Sadeghizadeh, Tehran
Farideh Siavoshi, Tehran

Ireland
Gary Alan Bass, Dublin
David J Brayden, Dublin
Ronan A Cahill, Dublin
Glen A Doherty, Dublin
Liam J Fanning, Cork
Barry Philip McMahon, Dublin
RossMcManus, Dublin
Dervla O’Malley, Cork
Sinead M Smith, Dublin

Israel
Dan Carter, Ramat Gan
Jorge-Shmuel Delgado, Metar
Eli Magen, Ashdod
Nitsan Maharshak, Tel Aviv
Shaul Mordechai, Beer Sheva
Menachem Moshkowitz, Tel Aviv
William Bahij Nseir, Nazareth
Shimon Reif, Jerusalem
Ram Reifen, Rehovot
Ariella Bar-Gil Shitrit, Jerusalem
Noam Shussman, Jerusalem
Igor Sukhotnik, Haifa
Nir Wasserberg, Petach Tiqwa
Jacob Yahav, Rehovot
Doron Levi Zamir, Gedera
Shira Zelber-Sagi, Haifa
Romy Zemel, Petach-Tikva

Italy
Ludovico Abenavoli, Catanzaro
Luigi Elio Adinolfi, Naples
Carlo Virginio Agostoni, Milan
Anna Alisi, Rome
Piero Luigi Almasio, Palermo
Donato Francesco Altomare, Bari
Amedeo Amedei, Florence
Pietro Andreone, Bologna
Imerio Angriman, Padova
Vito Annese, Florence
Paolo Aurello, Rome
Salavtore Auricchio, Naples
Gian Luca Baiocchi, Brescia
Gianpaolo Balzano, Milan
Antonio Basoli, Rome
Gabrio Bassotti, San Sisto
Mauro Bernardi, Bologna
Alberto Biondi, Rome
Ennio Biscaldi, Genova

IV

Massimo Bolognesi, Padua
Luigi Bonavina, Milano
Aldo Bove, Chieti
Raffaele Bruno, Pavia
Luigi Brusciano, Napoli
Giuseppe Cabibbo, Palermo
Carlo Calabrese, Bologna
Daniele Calistri, Meldola
Vincenza Calvaruso, Palermo
Lorenzo Camellini, Reggio Emilia
Marco Candela, Bologna
Raffaele Capasso, Naples
Lucia Carulli, Modena
Renato David Caviglia, Rome
Luigina Cellini, Chieti
Giuseppe Chiarioni, Verona
Claudio Chiesa, Rome
Michele Cicala, Roma
Rachele Ciccocioppo, Pavia
Sandro Contini, Parma
Gaetano Corso, Foggia
Renato Costi, Parma
Alessandro Cucchetti, Bologna
Rosario Cuomo, Napoli
Giuseppe Currò, Messina
Paola De Nardi, Milano
Giovanni D De Palma, Naples
Raffaele De Palma, Napoli
Giuseppina De Petro, Brescia
Valli De Re, Aviano
Paolo De Simone, Pisa
Giuliana Decorti, Trieste
Emanuele Miraglia del Giudice, Napoli
Isidoro Di Carlo, Catania
Matteo Nicola Dario Di Minno, Naples
Massimo Donadelli, Verona
Mirko D’Onofrio, Verona
Maria Pina Dore, Sassari
Luca Elli, Milano
Massimiliano Fabozzi, Aosta
Massimo Falconi, Ancona
Ezio Falletto, Turin
Silvia Fargion, Milan
Matteo Fassan, Verona
Gianfranco Delle Fave, Roma
Alessandro Federico, Naples
Francesco Feo, Sassari
Davide Festi, Bologna
Natale Figura, Siena
Vincenzo Formica, Rome
Mirella Fraquelli, Milan
Marzio Frazzoni, Modena
Walter Fries, Messina
Gennaro Galizia, Naples
Andrea Galli, Florence
Matteo Garcovich, Rome
Eugenio Gaudio, Rome
Paola Ghiorzo, Genoa
Edoardo G Giannini, Genova
Luca Gianotti, Monza
Maria Cecilia Giron, Padova
Alberto Grassi, Rimini
Gabriele Grassi, Trieste
Francesco Greco, Bergamo
Luigi Greco, Naples
Antonio Grieco, Rome
Fabio Grizzi, Rozzano
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Laurino Grossi, Pescara
Simone Guglielmetti, Milan
Tiberiu Hershcovici, Jerusalem
Calogero Iacono, Verona
Enzo Ierardi, Bari
Amedeo Indriolo, Bergamo
Raffaele Iorio, Naples
Paola Iovino, Salerno
Angelo A Izzo, Naples
Loreta Kondili, Rome
Filippo La Torre, Rome
Giuseppe La Torre, Rome
Giovanni Latella, L’Aquila
Salvatore Leonardi, Catania
Massimo Libra, Catania
Anna Licata, Palermo
C armela Loguercio, Naples
Amedeo Lonardo, Modena
Carmelo Luigiano, Catania
Francesco Luzza, Catanzaro
Giovanni Maconi, Milano
Antonio Macrì, Messina
Mariano Malaguarnera, Catania
Francesco Manguso, Napoli
Tommaso Maria Manzia, Rome
Daniele Marrelli, Siena
Gabriele Masselli, Rome
Sara Massironi, Milan
Giuseppe Mazzarella, Avellino
Michele Milella, Rome
Giovanni Milito, Rome
Antonella d’Arminio Monforte, Milan
Fabrizio Montecucco, Genoa
Giovanni Monteleone, Rome
Mario Morino, Torino
Vincenzo La Mura, Milan
Gerardo Nardone, Naples
Riccardo Nascimbeni, Brescia
Gabriella Nesi, Florence
Giuseppe Nigri, Rome
Erica Novo, Turin
Veronica Ojetti, Rome
Michele Orditura, Naples
Fabio Pace, Seriate
Lucia Pacifico, Rome
Omero Alessandro Paoluzi, Rome
Valerio Pazienza, San Giovanni Rotondo
Rinaldo Pellicano, Turin
Adriano M Pellicelli, Rome
Nadia Peparini, Ciampino
Mario Pescatori, Rome
Antonio Picardi, Rome
Alberto Pilotto, Padova
Alberto Piperno, Monza
Anna Chiara Piscaglia, Rome
Maurizio Pompili, Rome
Francesca Romana Ponziani, Rome
Cosimo Prantera, Rome
Girolamo Ranieri, Bari
Carlo Ratto, Tome
Barbara Renga, Perugia
Alessandro Repici, Rozzano
Maria Elena Riccioni, Rome
Lucia Ricci-Vitiani, Rome
Luciana Rigoli, Messina
Mario Rizzetto, Torino
Ballarin Roberto, Modena
Roberto G Romanelli, Florence
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Claudio Romano, Messina
Luca Roncucci, Modena
Cesare Ruffolo, Treviso
L ucia Sacchetti, Napoli
Rodolfo Sacco, Pisa
Lapo Sali, Florence
Romina Salpini, Rome
Giulio Aniello, Santoro Treviso
Armando Santoro, Rozzano
Edoardo Savarino, Padua
Marco Senzolo, Padua
Annalucia Serafino, Rome
Giuseppe S Sica, Rome
Pierpaolo Sileri, Rome
Cosimo Sperti, Padua
Vincenzo Stanghellini, Bologna
Cristina Stasi, Florence
Gabriele Stocco, Trieste
Roberto Tarquini, Florence
Mario Testini, Bari
Guido Torzilli, Milan
Guido Alberto Massimo, Tiberio Brescia
Giuseppe Toffoli, Aviano
Alberto Tommasini, Trieste
Francesco Tonelli, Florence
Cesare Tosetti Porretta, Terme
Lucio Trevisani, Cona
Guglielmo M Trovato, Catania
Mariapia Vairetti, Pavia
Luca Vittorio Valenti, Milano
Mariateresa T Ventura, Bari
Giuseppe Verlato, Verona
Alessandro Vitale, Padova
Marco Vivarelli, Ancona
Giovanni Li Volti, Catania
Giuseppe Zanotti, Padua
Vincenzo Zara, Lecce
Gianguglielmo Zehender, Milan
Anna Linda Zignego, Florence
Rocco Antonio Zoccali, Messina
Angelo Zullo, Rome

Japan
Yasushi Adachi, Sapporo
Takafumi Ando, Nagoya
Masahiro Arai, Tokyo
Makoto Arai, Chiba
Takaaki Arigami, Kagoshima
Itaru Endo,Yokohama
Munechika Enjoji, Fukuoka
Shunji Fujimori, Tokyo
Yasuhiro Fujino, Akashi
Toshiyoshi Fujiwara, Okayama
Yosuke Fukunaga, Tokyo
Toshio Fukusato, Tokyo
Takahisa Furuta, Hamamatsu
Osamu Handa, Kyoto
Naoki Hashimoto, Osaka
Yoichi Hiasa, Toon
Masatsugu Hiraki, Saga
Satoshi Hirano, Sapporo
Keiji Hirata, Fukuoka
Toru Hiyama, Higashihiroshima
Akira Hokama, Nishihara
Shu Hoteya, Tokyo
Masao Ichinose, Wakayama
Tatsuya Ide, Kurume



Masahiro Iizuka, Akita
Toshiro Iizuka, Tokyo
Kenichi Ikejima, Tokyo
Tetsuya Ikemoto, Tokushima
Hiroyuki Imaeda, Saitama
Atsushi Imagawa, Kan-onji
Hiroo Imazu, Tokyo
Shuji Isaji, Tsu
Toru Ishikawa, Niigata
Toshiyuki Ishiwata, Tokyo
Soichi Itaba, Kitakyushu
Yoshiaki Iwasaki, Okayama
Tatehiro Kagawa, Isehara
Satoru Kakizaki, Maebashi
Naomi Kakushima, Shizuoka
Terumi Kamisawa, Tokyo
Akihide Kamiya, Isehara
Osamu Kanauchi, Tokyo
Tatsuo Kanda, Chiba
Shin Kariya, Okayama
Shigeyuki Kawa, Matsumoto
Takumi Kawaguchi, Kurume
Takashi Kawai, Tokyo
Soo Ryang Kim, Kobe
Shinsuke Kiriyama, Gunma
Tsuneo Kitamura, Urayasu
Masayuki Kitano, Osakasayama
Hirotoshi Kobayashi, Tokyo
Hironori Koga, Kurume
Takashi Kojima, Sapporo
Satoshi Kokura, Kyoto
Shuhei Komatsu, Kyoto
Tadashi Kondo, Tokyo
Yasuteru Kondo, Sendai
Yasuhiro Kuramitsu, Yamaguchi
Yukinori Kurokawa, Osaka
Shin Maeda, Yokohama
Koutarou Maeda, Toyoake
Hitoshi Maruyama, Chiba
Atsushi Masamune, Sendai
Hiroyuki Matsubayashi, Suntogun
Akihisa Matsuda, Inzai
Hirofumi Matsui, Tsukuba
Akira Matsumori, Kyoto
Yoichi Matsuo, Nagoya
Y Matsuzaki, Ami
Toshihiro Mitaka, Sapporo
Kouichi Miura, Akita
Shinichi Miyagawa, Matumoto
Eiji Miyoshi, Suita
Toru Mizuguchi, Sapporo
Nobumasa Mizuno, Nagoya
Zenichi Morise, Nagoya
Tomohiko Moriyama, Fukuoka
Kunihiko Murase, Tusima
Michihiro Mutoh, Tsukiji
Akihito Nagahara, Tokyo
Hikaru Nagahara, Tokyo
Hidenari Nagai, Tokyo
Koichi Nagata, Shimotsuke-shi
Masaki Nagaya, Kawasaki
Hisato Nakajima, Nishi-Shinbashi
Toshifusa Nakajima, Tokyo
Hiroshi Nakano, Kawasaki
Hiroshi Nakase, Kyoto
Toshiyuki Nakayama, Nagasaki
Takahiro Nakazawa, Nagoya
Shoji Natsugoe, Kagoshima City
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Tsutomu Nishida, Suita
Shuji Nomoto, Naogya
Sachiyo Nomura, Tokyo
Takeshi Ogura, Takatsukishi
Nobuhiro Ohkohchi, Tsukuba
Toshifumi Ohkusa, Kashiwa
Hirohide Ohnishi, Akita
Teruo Okano, Tokyo
Satoshi Osawa, Hamamatsu
Motoyuki Otsuka, Tokyo
Michitaka Ozaki, Sapporo
Satoru Saito, Yokohama
Chouhei Sakakura, Kyoto
Naoaki Sakata, Sendai
Ken Sato, Maebashi
Toshiro Sato, Tokyo
Tomoyuki Shibata, Toyoake
H Shimada, Tokyo
Tomohiko Shimatani, Kure
Yukihiro Shimizu, Nanto
Tadashi Shimoyama, Hirosaki
Masayuki Sho, Nara
Ikuo Shoji, Kobe
Atsushi Sofuni, Tokyo
Takeshi Suda, Niigata
M Sugimoto, Hamamatsu
Ken Sugimoto, Hamamatsu
Haruhiko Sugimura, Hamamatsu
Shoichiro Sumi, Kyoto
Hidekazu Suzuki, Tokyo
Masahiro Tajika, Nagoya
Hitoshi Takagi, Takasaki
Toru Takahashi, Niigata
Yoshihisa Takahashi, Tokyo
Shinsuke Takeno, Fukuoka
Akihiro Tamori, Osaka
Kyosuke Tanaka, Tsu
Shinji Tanaka, Hiroshima
Atsushi Tanaka, Tokyo
Yasuhito Tanaka, Nagoya
Shinji Tanaka, Tokyo
Minoru Tomizawa, Yotsukaido City
Kyoko Tsukiyama-Kohara, Kagoshima
Takuya Watanabe, Niigata
Kazuhiro Watanabe, Sendai
Satoshi Yamagiwa, Niigata
Takayuki Yamamoto, Yokkaichi
Hiroshi Yamamoto, Otsu
Kosho Yamanouchi, Nagasaki
Ichiro Yasuda, Gifu
Yutaka Yata, Maebashi-city
Shin-ichi Yokota, Sapporo
Norimasa Yoshida, Kyoto
Hiroshi Yoshida, Tama-City
Hitoshi Yoshiji, Kashihara
Kazuhiko Yoshimatsu, Tokyo
Kentaro Yoshioka, Toyoake
Nobuhiro Zaima, Nara

Jordan
Khaled Ali Jadallah, Irbid

Kuwait
Islam Khan, Kuwait
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Lebanon
Bassam N Abboud, Beirut
Kassem A Barada, Beirut
Marwan Ghosn, Beirut
Iyad A Issa, Beirut
Fadi H Mourad, Beirut
AIa Sharara, Beirut
Rita Slim, Beirut

Lithuania
Antanas Mickevicius, Kaunas

Malaysia
Huck Joo Tan, Petaling Jaya

Mexico
Richard A Awad, Mexico City
Carlos R Camara-Lemarroy, Monterrey
Norberto C Chavez-Tapia, Mexico City
Wolfgang Gaertner, Mexico City
Diego Garcia-Compean, Monterrey
Arturo Panduro, Guadalajara
OT Teramoto-Matsubara, Mexico City
Felix Tellez-Avila, Mexico City
Omar Vergara-Fernandez, Mexico City
Saúl Villa-Trevino, Cuidad de México

Morocco
Samir Ahboucha, Khouribga

Netherlands
Robert J de Knegt, Rotterdam
Tom Johannes Gerardus Gevers, Nijmegen
Menno Hoekstra, Leiden
BW Marcel Spanier, Arnhem
Karel van Erpecum, Utrecht

New Zealand
Leo K Cheng, Auckland
Andrew Stewart Day, Christchurch
Jonathan Barnes Koea, Auckland
Max Petrov, Auckland

Nigeria
Olufunmilayo Adenike Lesi, Lagos
Jesse Abiodun Otegbayo, Ibadan
Stella Ifeanyi Smith, Lagos

Norway
Trond Berg, Oslo
Trond Arnulf Buanes, Krokkleiva
Thomas de Lange, Rud
Magdy El-Salhy, Stord
Rasmus Goll, Tromso
Dag Arne Lihaug Hoff, Aalesund

VI

Pakistan
Zaigham Abbas, Karachi
Usman A Ashfaq, Faisalabad
Muhammad Adnan Bawany, Hyderabad
Muhammad Idrees, Lahore
Saeed Sadiq Hamid, Karachi
Yasir Waheed, Islamabad

Poland
Thomas Brzozowski, Cracow
Magdalena Chmiela, Lodz
Krzysztof Jonderko, Sosnowiec
Anna Kasicka-Jonderko, Sosnowiec
Michal Kukla, Katowice
Tomasz Hubert Mach, Krakow
Agata Mulak, Wroclaw
Danuta Owczarek, Kraków
Piotr Socha, Warsaw
Piotr Stalke, Gdansk
Julian Teodor Swierczynski, Gdansk
Anna M Zawilak-Pawlik, Wroclaw

Portugal
Marie Isabelle Cremers, Setubal
Ceu Figueiredo, Porto
Ana Isabel Lopes, LIsbon
M Paula Macedo, Lisboa
Ricardo Marcos, Porto
Rui T Marinho, Lisboa
Guida Portela-Gomes, Estoril
Filipa F Vale, Lisbon

Puerto Rico
Caroline B Appleyard, Ponce

Qatar
Abdulbari Bener, Doha

Romania
Mihai Ciocirlan, Bucharest
Dan LucianDumitrascu, Cluj-Napoca
Carmen Fierbinteanu-Braticevici, Bucharest
Romeo G Mihaila, Sibiu
Lucian Negreanu, Bucharest
Adrian Saftoiu, Craiova
Andrada Seicean, Cluj-Napoca
Ioan Sporea, Timisoara
Letiţia Adela Maria Streba, Craiova
Anca Trifan, Iasi

Russia
Victor Pasechnikov, Stavropol
Vasiliy Ivanovich Reshetnyak, Moscow
Vitaly Skoropad, Obninsk

Saudi Arabia
Abdul-Wahed N Meshikhes, Dammam
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Singapore
Brian KP Goh, Singapore
Richie Soong, Singapore
Ker-Kan Tan, Singapore
Kok-Yang Tan, Singapore
Yee-Joo Tan, Singapore
Mark Wong, Singapore
Hong Ping Xia, Singapore

Slovenia
Matjaz Homan, Ljubljana
Martina Perse, Ljubljana

South Korea
Sang Hoon Ahn, Seoul
Seung Hyuk Baik, Seoul
Soon Koo Baik, Wonju
Soo-Cheon Chae, Iksan
Byung-Ho Choe, Daegu
Suck Chei Choi, Iksan
Hoon Jai Chun, Seoul
Yeun-Jun Chung, Seoul
Young-Hwa Chung, Seoul
Ki-Baik Hahm, Seongnam
Sang Young Han, Busan
Seok Joo Han, Seoul
Seung-Heon Hong, Iksan
Jin-Hyeok Hwang, Seoungnam
Jeong Won Jang, Seoul
Jin-Young Jang, Seoul
Dae-Won Jun, Seoul
Young Do Jung, Kwangju
Gyeong Hoon Kang, Seoul
Sung-Bum Kang, Seoul
Koo Jeong Kang, Daegu
Ki Mun Kang, Jinju
Chang Moo Kang, Seodaemun-gu
Gwang Ha Kim, Busan
Sang Soo Kim, Goyang-si
Jin Cheon Kim, Seoul
Tae Il Kim, Seoul
Jin Hong Kim, Suwon
Kyung Mo Kim, Seoul
Kyongmin Kim, Suwon
Hyung-Ho Kim, Seongnam
Seoung Hoon Kim, Goyang
Sang Il Kim, Seoul
Hyun-Soo Kim, Wonju
Jung Mogg Kim, Seoul
Dong Yi Kim, Gwangju
Kyun-Hwan Kim, Seoul
Jong-Han Kim, Ansan
Sang Wun Kim, Seoul
Ja-Lok Ku, Seoul
Kyu Taek Lee, Seoul
Hae-Wan Lee, Chuncheon
Inchul Lee, Seoul
Jung Eun Lee, Seoul
Sang Chul Lee, Daejeon
Song Woo Lee, Ansan-si
Hyuk-Joon Lee, Seoul
Seong-Wook Lee, Yongin
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Kil Yeon Lee, Seoul
Jong-Inn Lee, Seoul
Kyung A Lee, Seoul
Jong-Baeck Lim, Seoul
Eun-Yi Moon, Seoul
SH Noh, Seoul
Seung Woon Paik, Seoul
Won Sang Park, Seoul
Sung-Joo Park, Iksan
Kyung Sik Park, Daegu
Se Hoon Park, Seoul
Yoonkyung Park, Gwangju
Seung-Wan Ryu, Daegu
Dong Wan Seo, Seoul
Il Han Song, Cheonan
Myeong Jun Song, Daejeon
Yun Kyoung Yim, Daejeon
Dae-Yeul Yu Daejeon

Spain
Mariam Aguas, Valencia
Raul J Andrade, Málaga
Antonio Arroyo, Elche
Josep M Bordas, Barcelona
Lisardo Boscá, Madrid
Ricardo Robles Campos, Murcia
Jordi Camps, Reus
Carlos Cervera Barcelona
Alfonso Clemente, Granada
Pilar Codoner-Franch, Valencia
Fernando J Corrales, Pamplona
Fermin Sánchez de Medina, Granada
Alberto Herreros de Tejada,
Majadahonda
Enrique de-Madaria, Alicante
JE Dominguez-Munoz, Santiago de Compostela
Vicente Felipo, Valencia
CM Fernandez-Rodriguez, Madrid
Carmen Frontela-Saseta, Murcia
Julio Galvez, Granada
Maria Teresa García, Vigo
MI Garcia-Fernandez, Málaga
Emilio Gonzalez-Reimers, La Laguna
Marcel Jimenez, Bellaterra
Angel Lanas, Zaragoza
Juan Ramón Larrubia, Guadalajara
Antonio Lopez-Sanroman, Madrid
Vicente Lorenzo-Zuniga, Badalona
Alfredo J Lucendo, Tomelloso
Vicenta Soledad Martinez-Zorzano, Vigo
José Manuel Martin-Villa, Madrid
Julio Mayol, Madrid
Manuel Morales-Ruiz, Barcelona
Alfredo Moreno-Egea, Murcia
Albert Pares, Barcelona
Maria Pellise, Barcelona
José Perea, Madrid
Miguel Angel Plaza, Zaragoza
María J Pozo, Cáceres
Enrique Quintero, La Laguna
Jose M Ramia, Madrid
Francisco Rodriguez-Frias, Barcelona
Silvia Ruiz-Gaspa, Barcelona
Xavier Serra-Aracil, Barcelona
Vincent Soriano, Madrid
Javier Suarez, Pamplona

VII

Carlos Taxonera, Madrid
M Isabel Torres, Jaén
Manuel Vazquez-Carrera, Barcelona
Benito Velayos, Valladolid
Silvia Vidal, Barcelona

Sri Lanka
Arjuna Priyadarsin De Silva, Colombo

Sudan
Ishag Adam, Khartoum

Sweden
Roland G Andersson, Lund
Bergthor Björnsson, Linkoping
Johan Christopher Bohr, Örebro
Mauro D’Amato, Stockholm
Thomas Franzen, Norrkoping
Evangelos Kalaitzakis, Lund
Riadh Sadik, Gothenburg
Per Anders Sandstrom, Linkoping
Ervin Toth, Malmö
Konstantinos Tsimogiannis, Vasteras
Apostolos V Tsolakis, Uppsala

Switzerland
Gieri Cathomas, Liestal
Jean Louis Frossard, Geneve
Christian Toso, Geneva
Stephan Robert Vavricka, Zurich
Dominique Velin, Lausanne

Thailand
Thawatchai Akaraviputh, Bangkok
P Yoysungnoen Chintana, Pathumthani
Veerapol Kukongviriyapan, Muang
Vijittra Leardkamolkarn, Bangkok
Varut Lohsiriwat, Bangkok
Somchai Pinlaor, Khaon Kaen
D Wattanasirichaigoon, Bangkok

Trinidad and Tobago
B Shivananda Nayak, Mount Hope

Tunisia
Ibtissem Ghedira, Sousse
Lilia Zouiten-Mekki, Tunis

Turkey
Sami Akbulut, Diyarbakir
Inci Alican, Istanbul
Mustafa Altindis, Sakarya
Mutay Aslan, Antalya
Oktar Asoglu, Istanbul
Yasemin Hatice Balaban, Istanbul
Metin Basaranoglu, Ankara
Yusuf Bayraktar, Ankara
Süleyman Bayram, Adiyaman
Ahmet Bilici, Istanbul

January 12, 2015

Ahmet Sedat Boyacioglu, Ankara
Züleyha Akkan Cetinkaya, Kocaeli
Cavit Col, Bolu
Yasar Colak, Istanbul
Cagatay Erden Daphan, Kirikkale
Mehmet Demir, Hatay
Ahmet Merih Dobrucali, Istanbul
Gülsüm Ozlem Elpek, Antalya
Ayse Basak Engin, Ankara
Eren Ersoy, Ankara
Osman Ersoy, Ankara
Yusuf Ziya Erzin, Istanbul
Mukaddes Esrefoglu, Istanbul
Levent Filik, Ankara
Ozgur Harmanci, Ankara
Koray Hekimoglu, Ankara
Abdurrahman Kadayifci, Gaziantep
Cem Kalayci, Istanbul
Selin Kapan, Istanbul
Huseyin Kayadibi, Adana
Sabahattin Kaymakoglu, Istanbul
Metin Kement, Istanbul
Mevlut Kurt, Bolu
Resat Ozaras, Istanbul
Elvan Ozbek, Adapazari
Cengiz Ozcan, Mersin
Hasan Ozen, Ankara
Halil Ozguc, Bursa
Mehmet Ozturk, Izmir
Orhan V Ozkan, Sakarya
Semra Paydas, Adana
Ozlem Durmaz Suoglu, Istanbul
Ilker Tasci, Ankara
Müge Tecder-ünal, Ankara
Mesut Tez, Ankara
Serdar Topaloglu, Trabzon
Murat Toruner, Ankara
Gokhan Tumgor, Adana
Oguz Uskudar, Adana
Mehmet Yalniz, Elazig
Mehmet Yaman, Elazig
Veli Yazisiz, Antalya
Yusuf Yilmaz, Istanbul
Ozlem Yilmaz, Izmir
Oya Yucel, Istanbul
Ilhami Yuksel, Ankara

United Kingdom
Nadeem Ahmad Afzal, Southampton
Navneet K Ahluwalia, Stockport
Yeng S Ang, Lancashire
Ramesh P Arasaradnam, Coventry
Ian Leonard Phillip Beales, Norwich
John Beynon, Swansea
Barbara Braden, Oxford
Simon Bramhall, Birmingham
Geoffrey Burnstock, London
Ian Chau, Sutton
Thean Soon Chew, London
Helen G Coleman, Belfast
Anil Dhawan, London
Sunil Dolwani, Cardiff
Piers Gatenby, London
Anil T George, London
Pasquale Giordano, London
Paul Henderson, Edinburgh

WJG|www.wjgnet.com

Georgina Louise Hold, Aberdeen
Stefan Hubscher, Birmingham
Robin D Hughes, London
Nusrat Husain, Manchester
Matt W Johnson, Luton
Konrad Koss, Macclesfield
Anastasios Koulaouzidis, Edinburgh
Simon Lal, Salford
John S Leeds, Aberdeen
JK K Limdi, Manchester
Hongxiang Liu, Cambridge
Michael Joseph McGarvey, London
Michael Anthony Mendall, London
Alexander H Mirnezami, Southampton
J Bernadette Moore, Guildford
Claudio Nicoletti, Norwich
Savvas Papagrigoriadis, London
Sylvia LF Pender, Southampton
David Mark Pritchard, Liverpool
James A Ross, Edinburgh
Kamran Rostami, Worcester
Xiong Z Ruan, London
Dina Tiniakos, Newcastle upon Tyne
Frank I Tovey, London
Dhiraj Tripathi, Birmingham
Vamsi R Velchuru, Great Yarmouth
Nicholas T Ventham, Edinburgh
Diego Vergani, London
Jack Westwood Winter, Glasgow
Terence Wong, London
Ling Yang, Oxford

United States
Daniel E Abbott, Cincinnati
Ghassan K Abou-Alfa, New York
Julian Abrams, New York
David William Adelson, Los Angeles
Jonathan Steven Alexander, Shreveport
Tauseef Ali, Oklahoma City
Mohamed R Ali, Sacramento
Rajagopal N Aravalli, Minneapolis
Hassan Ashktorab, Washington
Shashi Bala, Worcester
Charles F Barish, Raleigh
P Patrick Basu, New York
Robert L Bell, Berkeley Heights
David Bentrem, Chicago
Henry J Binder, New Haven
Joshua Bleier, Philadelphia
Wojciech Blonski, Johnson City
Kenneth Boorom, Corvallis
Brian Boulay, Chicago
Carla W Brady, Durham
Kyle E Brown, Iowa City
Adeel A Butt, Pittsburgh
Weibiao Cao, Providence
Andrea Castillo, Cheney
Fernando J Castro, Weston
Adam S Cheifetz, Boston
Xiaoxin Luke Chen, Durham
Ramsey Cheung, Palo Alto
Parimal Chowdhury, Little Rock
Edward John Ciaccio, New York
Dahn L Clemens, Omaha
Yingzi Cong, Galveston
Laura Iris Cosen-Binker, Boston

VIII

Joseph John Cullen, Lowa
Mark J Czaja, Bronx
Mariana D Dabeva, Bronx
Christopher James Damman, Seattle
Isabelle G De Plaen, Chicago
Punita Dhawan, Nashville
Hui Dong, La Jolla
Wael El-Rifai, Nashville
Sukru H Emre, New Haven
Paul Feuerstadt, Hamden
Josef E Fischer, Boston
Laurie N Fishman, Boston
Joseph Che Forbi, Atlanta
Temitope Foster, Atlanta
Amy E Foxx-Orenstein, Scottsdale
Daniel E Freedberg, New York
Shai Friedland, Palo Alto
Virgilio George, Indianapolis
Ajay Goel, Dallas
Oliver Grundmann, Gainesville
Stefano Guandalini, Chicago
Chakshu Gupta, St. Joseph
Grigoriy E Gurvits, New York
Xiaonan Han, Cincinnati
Mohamed Hassan, Jackson
Martin Hauer-Jensen, Little Rock
Koichi Hayano, Boston
Yingli Hee, Atlanta
Samuel B Ho, San Diego
Jason Ken Hou, Houston
Lifang Hou, Chicago
K-Qin Hu, Orange
Jamal A Ibdah, Columbia
Robert Thomas Jensen, Bethesda
Huanguang “Charlie” Jia, Gainesville
Rome Jutabha, Los Angeles
Andreas M Kaiser, Los Angeles
Avinash Kambadakone, Boston
David Edward Kaplan, Philadelphia
Randeep Kashyap, Rochester
Rashmi Kaul, Tulsa
Ali Keshavarzian, Chicago
Amir Maqbul Khan, Marshall
Nabeel Hasan Khan, New Orleans
Sahil Khanna, Rochester
Kusum K Kharbanda, Omaha
Hyun Sik Kim, Pittsburgh
Joseph Kim, Duarte
Jae S Kim, Gainesville
Miran Kim, Providence
Timothy R Koch, Washington
Burton I Korelitz, New York
Betsy Kren, Minneapolis
Shiu-Ming Kuo, Buffalo
Michelle Lai, Boston
Andreas Larentzakis, Boston
Edward Wolfgang Lee, Los Angeles
Daniel A Leffler, Boston
Michael Leitman, New York
Suthat Liangpunsakul, Indianapolis
Joseph K Lim, New Haven
Elaine Y Lin, Bronx
Henry C Lin, Albuquerque
Rohit Loomba, La Jolla
James David Luketich, Pittsburgh
Mohammad F Madhoun, Oklahoma City
Thomas C Mahl, Buffalo

January 12, 2015

Ashish Malhotra, Bettendorf
Pranoti Mandrekar, Worcester
John Marks, Wynnewood
Wendy M Mars, Pittsburgh
Julien Vahe Matricon, San Antonio
Craig J McClain, Louisville
George K Michalopoulos, Pittsburgh
Tamir Miloh, Phoenix
Ayse Leyla Mindikoglu, Baltimore
Huanbiao Mo, Denton
Klaus Monkemuller, Birmingham
John Morton, Stanford
Adnan Muhammad, Tampa
Michael J Nowicki, Jackson
Patrick I Okolo, Baltimore
Giusepp Orlando, Winston Salem
Natalia A Osna, Omaha
Virendra N Pandey, Newark
Mansour A Parsi, Cleveland
Michael F Picco, Jacksonville
Daniel S Pratt, Boston
Xiaofa Qin, Newark
Janardan K Reddy, Chicago
Victor E Reyes, Galveston
Jon Marc Rhoads, Houston
Giulia Roda, New York
Jean-Francois Armand Rossignol, Tampa

WJG|www.wjgnet.com

Paul A Rufo, Boston
Madhusudana Girija Sanal, New York
Miguel Saps, Chicago
Sushil Sarna, Galveston
Ann O Scheimann, Baltimore
Bernd Schnabl, La Jolla
Matthew J Schuchert, Pittsburgh
Ekihiro Seki, La Jolla
Chanjuan Shi, Nashville
David Quan Shih, Los Angeles
Shadab A Siddiqi, Orlando
William B Silverman, Iowa City
Shashideep Singhal, New York
Bronislaw L Slomiany, Newark
Steven F Solga, Bethlehem
Byoung-Joon Song, Bethesda
Dario Sorrentino, Roanoke
Scott R Steele, Fort Lewis
Branko Stefanovic, Tallahassee
Arun Swaminath, New York
Kazuaki Takabe, Richmond
Naoki Tanaka, Bethesda
Hans Ludger Tillmann, Durham
George Triadafilopoulos, Stanford
John Richardson Thompson, Nashville
Andrew Ukleja, Weston
Miranda AL van Tilburg, Chapel Hill

IX

Gilberto Vaughan, Atlanta
Vijayakumar Velu, Atlanta
Gebhard Wagener, New York
Kasper Saonun Wang, Los Angeles
Xiangbing Wang, New Brunswick
Daoyan Wei, Houston
Theodore H Welling, Ann Arbor
C Mel Wilcox, Birmingham
Jacqueline Lee Wolf, Boston
Laura Ann Woollett, Cincinnati
Harry Hua-Xiang Xia, East Hanover
Wen Xie, Pittsburgh
Guang Yu Yang, Chicago
Michele T Yip-Schneider, Indianapolis
Sam Zakhari, Bethesda
Kezhong Zhang, Detroit
Huiping Zhou, Richmond
Xiao-Jian Zhou, Cambridge
Richard Zubarik, Burlington

Venezuela
Miguel Angel Chiurillo, Barquisimeto

Vietnam
Van Bang Nguyen, Hanoi

January 12, 2015

S

Contents

Weekly Volume 21 Number 3 January 21, 2015

EDITORIAL
711

Liver enzymes, metabolomics and genome-wide association studies: From systems biology to the personalized
medicine
Sookoian S, Pirola CJ

REVIEW
726

Endoscopic ultrasonography guided drainage: Summary of consortium meeting, May 21, 2012, San Diego,
California
Kahaleh M, Artifon ELA, Perez-Miranda M, Gaidhane M, Rondon C, Itoi T, Giovannini M

742

Use of mesenchymal stem cells to treat liver fibrosis: Current situation and future prospects
Berardis S, Dwisthi Sattwika P, Najimi M, Sokal EM

759

Technical skills and training of upper gastrointestinal endoscopy for new beginners
Lee SH, Park YK, Cho SM, Kang JK, Lee DJ

786

Role of E3 ubiquitin ligases in gastric cancer
Hou YC, Deng JY

794

PNPLA3 I148M variant in nonalcoholic fatty liver disease: Demographic and ethnic characteristics and the
role of the variant in nonalcoholic fatty liver fibrosis
Chen LZ, Xin YN, Geng N, Jiang M, Zhang DD, Xuan SY

803

Application of metagenomics in the human gut microbiome
Wang WL, Xu SY, Ren ZG, Tao L, Jiang JW, Zheng SS

MINIREVIEWS
815

Gastroesophageal reflux disease and non-esophageal cancer
Herbella FAM, Neto SP, Santoro IL, Figueiredo LC

820

Technical tips of endoscopic ultrasound-guided choledochoduodenostomy
Ogura T, Higuchi K

829

Recent advances in prevention of hepatitis B recurrence after liver transplantation
Xi ZF, Xia Q

ORIGINAL ARTICLE
Basic Study
836

Pharmacological attenuation of chronic alcoholic pancreatitis induced hypersensitivity in rats
McIlwrath SL, Westlund KN

WJG|www.wjgnet.com



January 21, 2015|Volume 21|Issue 3|

World Journal of Gastroenterology

Contents
854

Volume 21 Number 3 January 21, 2015

Antiproliferative effects of cinobufacini on human hepatocellular carcinoma HepG2 cells detected by
atomic force microscopy
Wu Q, Lin WD, Liao GQ, Zhang LG, Wen SQ, Lin JY

862

Experimental infection of Z:ZCLA Mongolian gerbils with human hepatitis E virus
Hong Y, He ZJ, Tao W, Fu T, Wang YK, Chen Y

868

NOB1 is essential for the survival of RKO colorectal cancer cells
He XW, Feng T, Yin QL, Jian YW, Liu T

878

Hes1 , an important gene for activation of hepatic stellate cells, is regulated by Notch1 and TGF-β/BMP
signaling
Zhang K, Zhang YQ, Ai WB, Hu QT, Zhang QJ, Wan LY, Wang XL, Liu CB, Wu JF

888

Should temporary extracorporeal continuous portal diversion replace meso/porta-caval shunts in “small-for-size”
syndrome in porcine hepatectomy?
Wang DD, Xu Y, Zhu ZM, Tan XL, Tu YL, Han MM, Tan JW

Case Control Study
897

Genetic association of apolipoprotein E polymorphisms with inflammatory bowel disease
Al-Meghaiseeb ES, Al-Otaibi MM, Al-Robayan A, Al-Amro R, Al-Malki AS, Arfin M, Al-Asmari AK

905

RhoC, vascular endothelial growth factor and microvascular density in esophageal squamous cell
carcinoma
Zhao ZH, Tian Y, Yang JP, Zhou J, Chen KS

Retrospective Study
913

Association of nonalcoholic fatty liver disease and liver cancer
Schulz PO, Ferreira FG, Nascimento MFA, Vieira A, Ribeiro MA, David AI, Szutan LA

919

Clinical characteristics and management of gastric tube cancer with endoscopic submucosal dissection
Mukasa M, Takedatsu H, Matsuo K, Sumie H, Yoshida H, Hinosaka A, Watanabe Y, Tsuruta O, Torimura T

926

Deficient DNA mismatch repair is associated with favorable prognosis in Thai patients with sporadic
colorectal cancer
Korphaisarn K, Pongpaibul A, Limwongse C, Roothumnong E, Klaisuban W, Nimmannit A, Jinawath A, Akewanlop C

935

Prognosis after resection for hepatitis B virus-associated intrahepatic cholangiocarcinoma
Wu ZF, Wu XY, Zhu N, Xu Z, Li WS, Zhang HB, Yang N, Yao XQ, Liu FK, Yang GS

WJG|www.wjgnet.com

II

January 21, 2015|Volume 21|Issue 3|

World Journal of Gastroenterology

Contents

Volume 21 Number 3 January 21, 2015

Clinical Trials Study
944

Centralized isolation of Helicobacter pylori from multiple centers and transport condition influences
Gong YN, Li YM, Yang NM, Li HZ, Guo F, Lin L, Wang QY, Zhang JK, Ji ZZ, Mao JB, Mao JL, Shi ZC, Tang WH, Zhu
XJ, Shao W, Zhang XF, Wang XH, Tong YF, Jiang MZ, Chen GL, Wang ZY, Tu HM, Jiang GF, Wu JS, Chen XP, Ding QL,
Ouyang H, Jin FZ, Xu YL, Zhang JZ

Observational Study
953

Transient elastography improves detection of liver cirrhosis compared to routine screening tests
Göbel T, Schadewaldt-Tümmers J, Greiner L, Poremba C, Häussinger D, Erhardt A

961

Pure laparoscopic hepatectomy as repeat surgery and repeat hepatectomy
Isetani M, Morise Z, Kawabe N, Tomishige H, Nagata H, Kawase J, Arakawa S

969

Accuracy of routine multidetector computed tomography to identify arterial variants in patients scheduled
for pancreaticoduodenectomy
Yang F, Di Y, Li J, Wang XY, Yao L, Hao SJ, Jiang YJ, Jin C, Fu DL

Prospective Study
977

Paclitaxel-eluting balloon dilation of biliary anastomotic stricture after liver transplantation
Hüsing A, Reinecke H, Cicinnati VR, Beckebaum S, Wilms C, Schmidt HH, Kabar I

982

New aspects in the pathomechanism and diagnosis of the laryngopharyngeal reflux-clinical impact of
laryngeal proton pumps and pharyngeal pH metry in extraesophageal gastroesophageal reflux disease
Becker V, Drabner R, Graf S, Schlag C, Nennstiel S, Buchberger AM, Schmid RM, Saur D, Bajbouj M

988

Albumin and magnetic resonance imaging-liver volume to identify hepatitis B-related cirrhosis and
esophageal varices
Li H, Chen TW, Li ZL, Zhang XM, Li CJ, Chen XL, Chen GW, Hu JN, Ye YQ

CASE REPORT
997

Preoperative trans-jugular porto-systemic shunt for oncological gastric surgery in a cirrhotic patient
Liverani A, Solinas L, Di Cesare T, Velari L, Neri T, Cilurso F, Favi F, Bizzarri G

1001

Novel LIPA mutations in Mexican siblings with lysosomal acid lipase deficiency
Santillán-Hernández Y, Almanza-Miranda E, Xin WW, Goss K, Vera-Loaiza A, Gorráez-de la Mora MT, Piña-Aguilar RE

1009

Simeprevir with peginterferon and ribavirin induced interstitial pneumonitis: First case report
Tamaki K, Okubo A

1014

Pancreatic mass as an initial manifestation of polyarteritis nodosa: A case report and review of the
literature
Yokoi Y, Nakamura I, Kaneko T, Sawayanagi T, Watahiki Y, Kuroda M

WJG|www.wjgnet.com

III

January 21, 2015|Volume 21|Issue 3|

World Journal of Gastroenterology

Contents
1020

Volume 21 Number 3 January 21, 2015

Rare case of pancreatic cancer with leptomeningeal carcinomatosis
Yoo IK, Lee HS, Kim SD, Chun HJ, Jeen YT, Keum B, Kim ES, Choi HS, Lee JM, Kim SH, Nam SJ, Hyun JJ

1024

Protein C deficiency related obscure gastrointestinal bleeding treated by enteroscopy and anticoagulant
therapy
Hsu WF, Tsang YM, Teng CJ, Chung CS

1028

Focal nodular hyperplasia coexistent with hepatoblastoma in a 36-d-old infant
Gong Y, Chen L, Qiao ZW, Ma YY

1032

Gastrotracheal fistula: Treatment with a covered self-expanding Y-shaped metallic stent
Wang F, Yu H, Zhu MH, Li QP, Ge XX, Nie JJ, Miao L

1036

Primary pancreatic paraganglioma: A report of two cases and literature review
Meng L, Wang J, Fang SH

1040

Successful endoscopic hemoclipping of massive lower gastrointestinal bleeding from paratyphoid A fever
Wang H, Dong XL, Yu XM, Chung KS, Gao JP

1044

Ulcerative colitis with inflammatory polyposis in a teenage boy: A case report
Feng JS, Ye Y, Guo CC, Luo BT, Zheng XB

WJG|www.wjgnet.com

IV

January 21, 2015|Volume 21|Issue 3|

World Journal of Gastroenterology

Contents

Volume 21 Number 3 January 21, 2015

ABOUT COVER

Editorial Board Member of World Journal of Gastroenterology , Kentaro Yoshioka,
MD, PhD, Professor, Department of Liver, Biliary Tract and Pancreas Diseases,
Fujita Health University, Toyoake 470-1192, Japan

AIMS AND SCOPE

World Journal of Gastroenterology (World J Gastroenterol, WJG, print ISSN 1007-9327, online
ISSN 2219-2840, DOI: 10.3748) is a peer-reviewed open access journal. WJG was established on October 1, 1995. It is published weekly on the 7th, 14th, 21st, and 28th each month.
The WJG Editorial Board consists of 1379 experts in gastroenterology and hepatology
from 68 countries.
The primary task of WJG is to rapidly publish high-quality original articles, reviews,
and commentaries in the fields of gastroenterology, hepatology, gastrointestinal endoscopy, gastrointestinal surgery, hepatobiliary surgery, gastrointestinal oncology, gastrointestinal radiation oncology, gastrointestinal imaging, gastrointestinal interventional therapy, gastrointestinal infectious diseases, gastrointestinal pharmacology, gastrointestinal
pathophysiology, gastrointestinal pathology, evidence-based medicine in gastroenterology, pancreatology, gastrointestinal laboratory medicine, gastrointestinal molecular biology, gastrointestinal immunology, gastrointestinal microbiology, gastrointestinal genetics,
gastrointestinal translational medicine, gastrointestinal diagnostics, and gastrointestinal
therapeutics. WJG is dedicated to become an influential and prestigious journal in gastroenterology and hepatology, to promote the development of above disciplines, and to
improve the diagnostic and therapeutic skill and expertise of clinicians.

INDEXING/ABSTRACTING

World Journal of Gastroenterology is now indexed in Current Contents®/Clinical Medicine, Science
Citation Index Expanded (also known as SciSearch®), Journal Citation Reports®, Index Medicus, MEDLINE, PubMed, PubMed Central, Digital Object Identifier, and Directory of Open
Access Journals. ISI, Journal Citation Reports®, Gastroenterology and Hepatology, 2013 Impact
Factor: 2.433 (36/74); Total Cites: 20957 (6/74); Current Articles: 1205 (1/74); and Eigenfactor®
Score: 0.05116 (6/74).

FLYLEAF

I-IX

EDITORS FOR
THIS ISSUE

Responsible Assistant Editor: Xiang Li
Responsible Electronic Editor: Xiao-Mei Liu
Proofing Editor-in-Chief: Lian-Sheng Ma

NAME OF JOURNAL
World Journal of Gastroenterology
ISSN
ISSN 1007-9327 (print)
ISSN 2219-2840 (online)
LAUNCH DATE
October 1, 1995
FREQUENCY
Weekly
EDITORS-IN-CHIEF
Damian Garcia-Olmo, MD, PhD, Doctor, Professor, Surgeon, Department of Surgery, Universidad
Autonoma de Madrid; Department of General Surgery, Fundacion Jimenez Diaz University Hospital,
Madrid 28040, Spain
Saleh A Naser, PhD, Professor, Burnett School of
Biomedical Sciences, College of Medicine, University
of Central Florida, Orlando, FL 32816, United States
Stephen C Strom, PhD, Professor, Department of
Laboratory Medicine, Division of Pathology, Karolinska Institutet, Stockholm 141-86, Sweden

WJG|www.wjgnet.com

Editorial Board

Responsible Science Editor: Ya-Juan Ma
Proofing Editorial Office Director: Jin-Lei Wang

Andrzej S Tarnawski, MD, PhD, DSc (Med), Professor of Medicine, Chief Gastroenterology, VA
Long Beach Health Care System, University of California, Irvine, CA, 5901 E. Seventh Str., Long Beach,
CA 90822, United States
EDITORIAL OFFICE
Jin-Lei Wang, Director
Xiu-Xia Song, Vice Director
World Journal of Gastroenterology
Room 903, Building D, Ocean International Center,
No. 62 Dongsihuan Zhonglu, Chaoyang District,
Beijing 100025, China
Telephone: +86-10-59080039
Fax: +86-10-85381893
E-mail: editorialoffice@wjgnet.com
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
http://www.wjgnet.com
PUBLISHER
Baishideng Publishing Group Inc
8226 Regency Drive,
Pleasanton, CA 94588, USA
Telephone: +1-925-223-8242
Fax: +1-925-223-8243
E-mail: bpgoffice@wjgnet.com
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx



http://www.wjgnet.com
PUBLICATION DATE
January 21, 2015
COPYRIGHT
© 2015 Baishideng Publishing Group Inc. Articles published by this Open-Access journal are distributed under
the terms of the Creative Commons Attribution Noncommercial License, which permits use, distribution,
and reproduction in any medium, provided the original
work is properly cited, the use is non commercial and is
otherwise in compliance with the license.
SPECIAL STATEMENT
All articles published in journals owned by the Baishideng
Publishing Group (BPG) represent the views and opinions of their authors, and not the views, opinions or
policies of the BPG, except where otherwise explicitly
indicated.
INSTRUCTIONS TO AUTHORS
Full instructions are available online at http://www.
wjgnet.com/1007-9327/g_info_20100315215714.htm
ONLINE SUBMISSION
http://www.wjgnet.com/esps/

January 21, 2015|Volume 21|Issue 3|

World J Gastroenterol 2015 January 21; 21(3): 711-725
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v21.i3.711

© 2015 Baishideng Publishing Group Inc. All rights reserved.

EDITORIAL

Liver enzymes, metabolomics and genome-wide association
studies: From systems biology to the personalized medicine
Silvia Sookoian, Carlos J Pirola

Abstract

Silvia Sookoian, Department of Clinical and Molecular Hepatology,
Institute of Medical Research A Lanari-IDIM, University of Buenos
Aires - National Scientific and Technical Research Council Ciudad
Autónoma de Buenos Aires, Buenos Aires 1427, Argentina
Carlos J Pirola, Department of Molecular Genetics and Biology
of Complex Diseases, Institute of Medical Research A LanariIDIM, University of Buenos Aires - National Scientific and
Technical Research Council, Ciudad Autónoma de Buenos Aires,
Buenos Aires 1427, Argentina
Author contributions: Pirola CJ and Sookoian S contributed
to study concept and design; acquisition of data; analysis
and interpretation of data; statistical analysis; drafting of the
manuscript; obtained funding and study supervision.
Supported by (in part) grants PICT 2010-0441 and PICT 2012-0159
(Agencia Nacional de Promoción Científica y Tecnológica) and
UBACYT CM04 (Universidad de Buenos Aires).
Conflict-of-interest: The authors have no conflict of interest to
declare.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/
Correspondence to: Silvia Sookoian, MD, PhD, Department
of Clinical and Molecular Hepatology, Institute of Medical
Research A Lanari-IDIM, University of Buenos Aires - National
Scientific and Technical Research Council, Ciudad Autónoma
de Buenos Aires, Combatiente de Malvinas 3150, Buenos Aires
1427, Argentina. sookoian.silvia@lanari.fmed.uba.ar
Telephone: +54-11-45148701
Fax: +54-11-45238947
Received: September 4, 2014
Peer-review started: September 4, 2014
First decision: October 14, 2014
Revised: October 18, 2014
Accepted: December 14, 2014
Article in press: December 16, 2014
Published online: January 21, 2015

WJG|www.wjgnet.com

For several decades, serum levels of alanine (ALT)
and aspartate (AST) aminotransferases have been
regarded as markers of liver injury, including a wide
range of etiologies from viral hepatitis to fatty liver. The
increasing worldwide prevalence of metabolic syndrome
and cardiovascular disease revealed that transaminases
are strong predictors of type 2 diabetes, coronary
heart disease, atherothrombotic risk profile, and overall
risk of metabolic disease. Therefore, it is plausible
to suggest that aminotransferases are surrogate
biomarkers of “liver metabolic functioning” beyond
the classical concept of liver cellular damage, as their
enzymatic activity might actually reflect key aspects
of the physiology and pathophysiology of the liver
function. In this study, we summarize the background
information and recent findings on the biological role
of ALT and AST, and review the knowledge gained
from the application of genome-wide approaches and
“omics” technologies that uncovered new concepts on
the role of aminotransferases in human diseases and
systemic regulation of metabolic functions. Prediction
of biomolecular interactions between the candidate
genes recently discovered to be associated with plasma
concentrations of liver enzymes showed interesting
interconnectivity nodes, which suggest that regulation
of aminotransferase activity is a complex and highly
regulated trait. Finally, links between aminotransferase
genes and metabolites are explored to understand the
genetic contributions to the metabolic diversity.
Key words: Transaminases; Aminotransferases; Alanineaminotransferase; Aspartate-aminotransferase; Glutamate-oxalacetate transaminase; Glutamate-pyruvate
tran-saminase; Glutamic acid; Metabolism; Nonalcoholic
fatty liver; Nonalcoholic fatty liver disease; Nonalcoholic
steatohepatitis; Gene variants; Single nucleotide
polymorphisms; PNPLA3 ; Genetics; Metabolomics; Metabolic
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increasingly being considered as an indicator of the “liver
metabolic function”[14]. Based upon this evidence, it is
reasonable to speculate that the ALT and AST enzymatic
activity measured in circulation actually reflects relevant
aspects of the physiology and pathophysiology of the
liver function beyond hepatocyte membrane disruption.
In this study, we summarize the background information
and recent findings on the biological function of ALT
and AST, and review the knowledge gained from the
application of genome-wide approaches and “omics”
technologies that uncovered new concepts of the role
of aminotransferases in human diseases and systemic
regulation of metabolic functions.

syndrome; Systems biology
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Genomic, transcriptomic, proteomic, and
metabolomic information has changed the classical
conception of the meaning that serum concentrations of
alanine- (ALT) and aspartate (AST) aminotransferase are
merely indicators of hepatocyte membrane disruption.
It has given way to a more complex and interconnected
view of the importance of liver transaminases in the
regulation of systemic metabolic function.
Sookoian S, Pirola CJ. Liver enzymes, metabolomics and genomewide association studies: From systems biology to the personalized
medicine. World J Gastroenterol 2015; 21(3): 711-725 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v21/i3/711.
htm DOI: http://dx.doi.org/10.3748/wjg.v21.i3.711

BRIEF OVERVIEW OF ALT AND AST
GENE AND PROTEIN FUNCTION:
A PIVOTAL ROLE IN GLUCOSE
METABOLISM
Aminotransferases are enzymes that catalyze the transfer
of an alpha-amino group from an amino acid to an alphaketo acid. They share certain mechanistic features with
other pyridoxal-phosphate-dependent enzymes. With
respect to the domain features, aminotransferases are
grouped into different classes, including class Ⅰ, Ⅱ, Ⅲ,
Ⅳ and Ⅴ. ALT and AST belong to the class-Ⅰ pyridoxalphosphate-dependent aminotransferase, which comprises
11 proteins in the human proteome, as shown in Table 1.
In this review, we will refer to aminotransferase genes as
to GPT and GOT, including their related isoforms.
While there are two isoforms of human ALT, namely
ALT1 and ALT2, when referring to the protein, we
will use the ALT name. The gene that encodes for the
cytosolic alanine aminotransaminase 1 protein (ALT1),
also known as glutamate-pyruvate transaminase 1 (GPT1
or formally GPT), is located in chromosome 8 (8q24.3)
and has 11 exons.
This enzyme catalyzes the reversible transamination
between alanine and 2-oxoglutarate to generate pyruvate
and glutamate, playing a key role in the intermediary
metabolism of glucose and amino acids. ALT1 is
expressed in liver, kidney, heart, and skeletal muscle, and
at moderate levels in the adipose tissue[15].
ALT2 is encoded by a different gene (GPT2), located in
chromosome 16 (16q12.1). The GPT2 mRNA is expressed
at high levels in muscle, fat, kidney, and brain, and at lower
levels in liver and breast[16]. As, in some studies, neither liver
nor kidney showed ALT2 expression[17], this issue clearly
requires further investigation.
According to available evidence, ALT1 and ALT2
seem to have not only different tissue source, but cellular
localization as well, suggesting a dissimilar biological
meaning in the context of acute or chronic liver disease
pathogenesis. Figure 1 depicts a schematic representation
of ALT1 and ALT2 protein localization at the cellular
level. For example, in the liver, ALT1 localizes only in the
cytosol and endoplasmic reticulum, with no presence in

INTRODUCTION
For several decades, serum levels of alanine (ALT) and
aspartate (AST) aminotransferases have been regarded as
markers of liver injury, including a wide range of etiologies
from viral hepatitis to fatty liver[1]. The first report of
the role of liver transaminases in the prediction of liver
cellular damage was published in 1955 by Molander
and colleagues, after noticing that the levels of glutamic
oxalacetic transaminase (GOT or AST) were elevated after
acute myocardial infarction[2]. It is noteworthy to mention
that high serum GOT activity observed in patients with
myocardial infarction and acute heart failure is mostly
attributed to the accompanying acute central necrosis of
the liver associated with circulatory changes, as elegantly
demonstrated by Killip et al[3].
Although the chemical reaction mediated by a
transaminase was initially described in 1950[4], measurement
of ALT and AST enzymatic activity in circulation is still
the most commonly used biochemistry test in clinical
practice, when the aim is to evaluate putative liver injury[5].
Notably, while the correlation between the degree of
hepatocyte injury and amininotransferase levels is poor[1],
it is accepted that blood levels of ALT and AST are a
consequence of the liver cell membrane damage, with
the subsequent leakage of intracellular enzymes into the
circulation, especially the cytosolic ones[6,7].
The increasing worldwide prevalence of metabolic
syndrome (Met Synd) and cardiovascular disease (CVD)
has revealed that transaminases are reliable predictors of
the individual components of this very complex trait,
including type 2 diabetes[8] and decreased hepatic insulin
sensitivity[9], coronary heart disease[10], atherothrombotic risk
profile[11], and overall risk of cardiovascular[12] and metabolic
disease[13].
Therefore, routine testing of aminotransferases ALT
and AST, initially regarded as markers of liver injury, is
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Table 1 List of enzymes of the Class-Ⅰ pyridoxal-phosphate-dependent aminotransferase family: Evidence from the human proteome
Protein name
1-aminocyclopropane-1-carboxylate synthase-like protein 1
Alanine aminotransferase 1
Alanine aminotransferase 2
Aspartate aminotransferase, cytoplasmic
Aspartate aminotransferase, mitochondrial
Kynurenine/alpha-aminoadipate aminotransferase, mitochondrial
Kynurenine--oxoglutarate transaminase 1
Kynurenine--oxoglutarate transaminase 3
Probable inactive 1-aminocyclopropane-1-carboxylate synthase-like protein 2
Putative aspartate aminotransferase, cytoplasmic 2
Tyrosine aminotransferase

GPT1 [ENSP00000378408]
Glutamic-pyruvate transaminase
(alanine aminotransferase) 1

A

Lysosome

Chromosome

Number of isoforms

ACCS
GPT1
GPT2
GOT1
GOT2
AADAT
CCBL1
CCBL2
ACCSL
GOT1L1
TAT

11p11.2
8q24.3
16q11.2
10q24.2
16q21
4q33
9q34.11
1p22.2
11p11.2
8p11.23
16q22.2

1
1
2
1
2
2
3
3
1
1
1

GPT2 [ENSP00000345282]
Glutamic pyruvate transaminase
(alanine aminotransferase) 2

B

Lysosome

Golgi

Cytoesqueleton

Endosome

Gene name

Golgi

Cytoesqueleton

Endosome

Nucleus

Nucleus

Mitochondria
Peroxisome
Confidence

Cytosol
Cytoplasm and cytosol
prediction: 91.3%

Mitochondria
Peroxisome
Confidence

Cytosol
Mitochondrial matrix
prediction: 72.1%

Figure 1 Schematic representation of different localizations of ALT1 (GPT1) and ALT2 (GPT2) proteins at the cellular level. Prediction was performed by the
open access web resource “COMPARTMENTS” available at http://compartments.jensenlab.org, which predicts protein localization according to information extracted
from different databases, including UniProtKB, as well as cellular component ontologies visualized by the Gene Ontology Consortium. The program generates unified
confidence scores of the localization evidence; confidence scale is color coded, ranging from light green (1) indicating low confidence, to dark green (5), corresponding
to high confidence, with absence of localization evidence depicted in white (0). The evidence score is expressed in %.

mitochondria[18]. Conversely, ALT2 is preferably localized
in the mitochondrial matrix (Figure 1). Thus, while current
evidence from human studies is scarce, it is plausible to
suggest that ALT1 and ALT2 might reflect hepatocyte
membrane disruption and mitochondrial dysfunction,
respectively. Unfortunately, current biochemical tests
aimed at measuring ALT in circulation are incapable of
identifying the cellular source. Nevertheless, while routine
assessment of ALT activity does not discriminate between
ALT isoforms, a recent study demonstrated that most of
the activity in circulation is given by ALT1[19].
In addition, supporting the notion that elevation of
ALT levels does not necessarily denote hepatocellular
damage, Kechagias et al[20] showed that fast-food-based
hyper-alimentation in combination with a sedentary
lifestyle, when followed for four weeks, was associated
with pathological serum ALT levels. Notably, the authors
showed that the significant elevation of aminotransferases
(up to 447 U/l) associated with the hyper-alimentation
regimen were not related to the development of liver
steatosis[20]. This clinical finding reinforces the hypothesis
that an increase in the ALT enzymatic activity is an
adaptive response to the liver metabolic demands[14]. Table
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2 summarizes the main features of ALT1 and ALT2,
including novel aspects on their biological function and
gene regulation, such as modulation of GPT1 by miR-122
to enhance ALT enzymatic activity, as recently reported by
our group[21].
Glutamate-oxalacetate transaminase (GOT) is a pyridoxal
phosphate-dependent enzyme that exists in cytoplasmic
and mitochondrial forms, GOT1 and GOT2, respectively.
As previously noted, the two enzymes belong to the classⅠ pyridoxal-phosphate-dependent aminotransferase family,
and are homodimeric, showing close homology.
The gene that encodes for the soluble GOT1 (GOT1)
is located in chromosome 10 (10q24.2), while the one that
encodes for the mitochondrial GOT2 (GOT2) is located in
chromosome 16 (16q21). GOT1 is an important regulator
of glutamate levels, as it is involved in the biosynthesis of
L-glutamate from L-aspartate or L-cysteine. The catalytic
unit of GOT1 is responsible for the following reactions:
L-aspartate + 2-oxoglutarate = oxaloacetate + L-glutamate
and L-cysteine + 2-oxoglutarate = mercaptopyruvate +
L-glutamate. GOT1 aliases are cysteine aminotransferase and
transaminase A. In addition, the aspartate aminotransferase
activity is involved in hepatic glucose synthesis during
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Table 2 Comparison of biological and protein function of ALT1 and ALT2: Background information and recent findings
Features and function

Glutamic-pyruvate transaminase 1 (alanine aminotransferase
1) GPT1

Gene and protein Id in
data-bases

Entrez Gene: 2875
Ensembl gene: ENSG00000167701
UniProtKB: P24298
Entrez Gene cytogenetic band: 8q24.3
7 transcripts (splice variants), 28 exons on the forward
strand
GPT1 has 210 SNPs
GPT1 has 69 orthologues in Ensembl
There are 2 regulatory elements located in the region of
GPT1 gene
miR-122 may interact with GPT1 at multiple sites of the
coding region to enhance translation[21]
Microsomal triglyceride transfer protein inhibition
augments plasma ALT/AST levels in response to
endoplasmic reticulum stress[66]
GPT1, but not GPT2 promoter is induced by PPAR
agonists[67]
ALT1 catalytic activity is inhibited by the effect of
glycation[68]
Size: 496 amino acids; 54637 Da
Cofactor: Pyridoxal phosphate
Subunit: Homodimer
Cytosol of hepatocytes[18]

Genomic location
Number of gene
transcripts
Variation
Orthologues
Regulation

Protein features

Cellular localization in
human cells1
Measurement in plasma
(catalytic activity)
Tissue expression in
humans

Represents 90% of total ALT in circulation[17,18]

Glutamic pyruvate transaminase 2 (alanine aminotransferase) 2
GPT2
Entrez gene: 84706
Ensemble: ENSG00000166123
UniProtKB: Q8TD30
Entrez gene cytogenetic band: 16q12.1
5 transcripts (splice variants), 26 exons on the forward strand
GPT2 has 819 SNPs
GPT2 has 63 orthologues in Ensembl
There are 13 regulatory elements located in the region of GPT2
GPT2 promoter has a putative ATF4 (Activating transcription
factor 4 binding site[69]
GPT2 is regulated by androgens in non-hepatic tissues[70]

Size: 523 amino acids; 57904 Da
Cofactor: Pyridoxal phosphate
Subunit: Homodimer (By similarity)
ER and mitochondrial fraction[18]
Represents 10% of total ALT in circulation[17,18]

Evidence: WB: Liver and kidney[18]

Evidence: WB and IHQ (protein): Pancreas (islets of Langerhans),
brain, adrenal gland, skeletal muscle, heart (cardiomyocytes)[18]
Evidence: NB: GPT mRNA is moderately expressed in
Evidence: NB: mRNA is expressed at high levels in muscle, fat,
kidney, liver, heart, and fat[15]
kidney, and brain, and at lower levels in liver and breast[15]
Tissue expression in
Evidence: NB (mRNA): Highly expressed in liver and
Evidence: NB (mRNA): muscle, liver, and white adipose tissue
rodents
moderately expressed in white adipose tissue (WAT),
(WAT), at moderate levels in brain and kidney, and at a low level
intestine, and colon[71]
in heart[71]
Gene expression analysis suggests a sex-dependent difference in
GPT2-mRNA in the liver and muscle[15]
Hepatic and muscle ALT2 protein activity was higher in males
than in females; while no sex-dependent difference was noted in
the liver for ALT1, it appears 20% higher in muscle in females[15]
Biological meaning and ALT1 contributes to “basal” serum ALT activity, most likely Generation of pyruvate for gluconeogenesis under stressful living
metabolic function
associated with normal cell turnover in liver and other
conditions, such as starvation[18]
tissues that would release ALT1 into the circulation[15,17-19]
ALT2 is involved in the metabolic adaptation of the cell to stress[69]
ALT2 is associated with a liver progluconeogenic metabolic
adaptive response without hepatocellular necrosis after exposure
to dexamethasone[72]
ALT2 may participate in the generation of pyruvate and
glyceroneogenesis, contributing to the homeostasis of fatty acid
metabolism and storage[16]
Biological meaning in
NAFLD: ALT1 represented 94% of total ALT levels in
NAFLD: ALT2 represented 6% of total ALT levels in circulation[19]
human disease
circulation[19]
HCV: High levels in circulation of ALT1 (about 5-fold
HCV: Moderate levels in circulation of ALT1 (about 2.5 fold
increase as compared to the controls)[19]
increase as compared to the controls)[19]
Ultra-endurance exercise: no significant changes after
Ultra-endurance exercise: High levels in circulation of ALT2 (about
exercise[19]
2-fold increase as compared to the baseline conditions)[19]
Biological meaning in
NAFLD (ob/ob): Compared to the normal liver of lean mice,
NAFLD (ob/ob): Compared to the normal liver of lean mice,
experimental models of
the expression of GPT1 mRNA remained unchanged[71]
the expression of GPT2 mRNA was elevated by about 2-fold,
disease
suggesting ALT2 induction during fatty liver[71]
Both ALT1 and ALT2 increased in the liver of mice induced
liver steatosis by a deficient methionine-choline diet[73]
1

Cellular localization differs among species. ER: Endoplasmic reticulum; WB: Western blotting; IHQ: Immunohistochemistry; NB: Northern blot analysis;
HCV: Hepatitis C virus; NAFLD: Non-alcoholic fatty liver disease.
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Table 3 Evidence from genome-wide association studies on the heritability of circulating levels of alanine-aminotransferase and
aspartate-aminotransferase
Ref.
Chambers et al[36]

Yuan et al[74]

Park et al[75]

Number of participants/
study design

GWAS strategy (genotyping)

n = 61089
Population-based
Adults
Initial study n = 7715
Replication n = 704
Population-based
Adults
n = 532

Affymetrix, Illumina and
perlegen sciences arrays
Affymetrix

Illumina HumanOmni1-Quad
BeadChip

Number of variants

About 2.6 million directly Plasma levels
genotyped or imputed
of ALT
autosomal SNPs
Plasma levels
of ALT

747076 SNPs

Population-based
Children

Shen et al[76]

n = 866

Phenotype

Plasma levels
of ALT

Plasma levels
of AST

Affymetrix GeneChip Human
Mapping 500 K Array set

500568 SNPs

Plasma levels
of AST

Identified locus
HSD17B13, MAPK10, TRIB1,
CPN1, PNPLA3, SAMM50
CHUK, PNPLA3, SAMM50,
CPN1

ST6GALNAC3, MMADHC,
CCDC102B, RGS5, BRD7,
GALNT13, SIRPA, CD93,
SLC39A11, ADAMTS9, CELF2
CYB5APS, CELF2, GOT1,
ST6GALNAC3, ADAMTS9,
THSD7B, EIF4A1P1, ROBO1,
THSD7B
GOT1

Population-based
adults
GWAS: Genome-wide association studies; SNPs: Single nucleotide polymorphisms; ALT: Alanine-aminotransferase; AST: Aspartate-aminotransferase.

development and in adipocyte glyceroneogenesis.
GOT2 catalyzes the irreversible transamination of the
L-tryptophan metabolite L-kynurenine to form kynurenic
acid (L-kynurenine + 2-oxoglutarate = 4-(2-aminophenyl)2,4-dioxobutanoate + L-glutamate) and the reversible
transamination of L-aspartate + 2-oxoglutarate =
oxaloacetate + L-glutamate. GOT2 plays a key role in
amino acid metabolism and the metabolite exchange
between mitochondria and cytosol. It also facilitates
cellular uptake of long-chain free fatty acids. Of note,
GOT2 is also known by the following aliases: fatty acidbinding protein, kynurenine aminotransferase 4, plasma
membrane-associated fatty acid-binding protein and
kynurenine-oxoglutarate transaminase Ⅳ.

genetic effects accounting for 48% and 32% of the variation,
respectively[26]. Furthermore, results from a populationbased study in twins showed that the heritability for ALT
and AST is not gender specific[27].
To examine the genetic influence on plasma/serum
levels of aminotransferases, four genome-wide association
studies (GWAS) exploring a large number of SNPs were
conducted in different populations around the world, as
summarized in Table 3. Findings of these studies have
shed light on new interesting candidate genes associated
with liver enzymes, including the largely replicated
PNPLA3 (patatin-like phospholipase domain containing
3) gene that is not only associated with nonalcoholic fatty
liver disease (NAFLD)[28] and nonalcoholic steatohepatitis
(NASH)[29,30], but also a wide spectrum of chronic liver
diseases, as recently highlighted[31], including alcoholic liver
disease[32], viral hepatitis C[33] and B[34] and hepatocellular
carcinoma[35]. Interestingly, the rs738409 located in PNPLA3
reached the most significant p value for association with liver
enzyme levels (1.2 × 10-45) in the larger GWAS performed
in Caucasians[36]. As expected, most of the associated
variants with liver enzyme levels are either intergenic or
intronic single nucleotide polymorphisms (SNPs), and the
loci or nearest gene in which they are located has either an
unknown function or a biological role not known to be
associated with liver enzymes. Moreover, with the exception
of the rs738409 [37-39], there is presently no evidence
supporting a putative pathogenic, damaging or deleterious
effect of the discovered variants, either on the protein
function or in the regulation of the related gene.
A detailed overview of the associated variants with
aminotransaminase levels, their main features, and the
biological role of the gene where are they located is
shown in Table 4.

GENETIC HERITABILITY ON
THE SERUM LEVELS OF LIVER
AMINOTRANSFERASES: EVIDENCE
FROM GENOME-WIDE ASSOCIATION
STUDIES
The serum level of transaminases is highly variable and
is affected by a myriad of factors, including demographic
ones, such as sex, age and ethnicity; anthropometric features,
such as waist circumference and body mass index; and
environmental factors, such as alcohol consumption[22].
Serum level of transaminases is also subject to diurnal
variation[23,24].
In addition, it is known that ALT and AST concentrations
in circulation are heritable[25]. In fact, studies have shown
that ALT and AST levels are highly heritable, with additive
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Table 4 Summary of the variants associated with alanine-aminotransferase and aspartate-aminotransferase levels in population-based
genome-wide association studies: Biological function and variants characteristics
Variant ID

Variant features

Significant P
value for GWAS
association

Gene or
nearest gene

Reported biological function of the associated locus

ALT
rs6834314

Intergenic

3.1 × 10-9

HSD17B13/
MAPK10

rs2954021

Intron variant

5.3 × 10-9

TRIB1

rs10883437
rs11597390
rs738409

Intergenic
intergenic
Missense
p.Ile148Met
Intron variant
Missense
p.Asp110Gly
Intron variant
Non coding
exon variant

4.0 × 10-9
2.9 × 10-8
1.2 × 10-45

CPN1
PNPLA3

8.2 × 10-12
3.7 × 10-29

Oxidoreductase involved in the metabolism of steroid hormones, prostaglandins,
retinoids, lipids and xenobiotics
A member of the MAP kinase family
Involved in protein amino acid phosphorylation and controlling mitogen-activated
protein kinase cascades. Potent negative regulator of MAPK pathways influencing
apoptosis. Regulates hepatic lipogenesis and very low density lipoprotein production
A plasma metallo-protease that cleaves basic amino acids from the C terminal of
peptides and proteins
Acylglycerol O-acyltransferase and triacylglycerol lipase that mediates triacylglycerol
hydrolysis

SAMM50

9.4 × 10-7
3.6 × 10-7

Component of the sorting and assembly machinery (SAM) of the mitochondrial outer
membrane

CHUK

rs11591741
rs4949718

Intron variant
Intron variant

4.5 × 10-7
1.87 × 10-7

Member of the serine/threonine protein kinase family; a component of a cytokineactivated protein complex that is an inhibitor of the essential transcription factor NFkappa-B complex

rs17801127
rs1539893
rs12035879
rs9941219
rs731660
rs12621256

Intergenic
Intron variant
Intron variant
Intergenic
Intergenic
Intron variant

2.37 × 10-7
3.40 × 10-6
3.97 × 10-6
4.06 × 10-6
4.36 × 10-6

GALNT13

rs6035126
rs13433286
rs844917
rs844914
rs903107
rs80311637

Intergenic
Intergenic
Intergenic
Intergenic
Intron variant
Missense
p.Val653Met
Intron variant

4.94 × 10-6

SIRPA

5.64 × 10-6
5.98 × 10-6
6.11 × 10-6
7.18 × 10-6

CD93

Member of the glycosyltransferase 2 family; catalyzes the initial reaction in
oligosaccharide biosynthesis; neurons cell biogenesis
Receptor-type transmembrane glycoproteins involved in the negative regulation of
receptor tyrosine kinase-coupled signaling processes
Cell-surface glycoprotein and type Ⅰ membrane protein

SLC39A11
ADAMTS9

Mediates zinc uptake
Disintegrin and metalloproteinase with thrombospondin motifs

9.18 × 10-6

CELF2

RNA-binding protein implicated in the regulation of several post-transcriptional events

Intergenic
Intron variant
Intergenic
Intron variant
Missense
p.Gln349Glu
Intergenic
Intron variant
Missense
p.Val1597Met
Intron variant
Intron variant
Intergenic
Intergenic
Intron variant
Intron variant
Intron variant

0.0009
5.7 × 10-6
2.41 × 10-7
3.69 × 10-7
8.55 × 10-7

CHUK
PNPLA3
CYB5AP5
CELF2
GOT1

Explained previously
Explained previously
Pseudogene
Explained previously
Biosynthesis of L-glutamate from L-aspartate or L-cysteine

2.80 × 10-14
1.49 × 10-6
1.85 × 10-6

ST6GALNAC3
ADAMTS9

Explained previously
Explained previously

rs2281135
rs3761472
rs2143571
rs11597086

rs596406
AST
rs11597390
rs2281135
rs862946
rs596406
rs76850691
rs17109512
rs4949718
rs80311637
rs892877
rs984295
rs457603
rs452621
rs7617400
rs11924965
rs7644918

ST6GALNAC3 Transfer sialic acids from CMP-sialic acid to terminal positions of carbohydrate groups
in glycoproteins and glycolipids
MMADHC
Mitochondrial protein that is involved in an early step of vitamin B12 metabolism
CCDC102B
Unknown
RGS5
Member of the regulators of G protein signaling (RGS) family
BRD7
Member of the bromodomain-containing protein family

3.75 × 10-6
5.86 × 10-6
4.57 × 10-6

THSD7B

Unknown

EIF4A1P1

Pseudogene

6.16 × 10-6

ROBO1

Neuronal development

HSD17B13: hydroxysteroid (17-beta) dehydrogenase 13; MAPK10: Mitogen-activated protein kinase 10; TRIB1: tribbles pseudokinase 1; CPN1:
carboxypeptidase N, polypeptide 1; PNPLA3: patatin-like phospholipase domain containing 3; SAMM50: sorting and assembly machinery component;
CHUK: conserved helix-loop-helix ubiquitous kinase; ST6GALNAC3: ST6 (alpha-N-acetyl-neuraminyl-2,3-beta-galactosyl-1,3)-N-acetylgalactosaminide
alpha-2,6-sialyltransferase 3; MMADHC: methylmalonic aciduria (cobalamin deficiency) cblD type, with homocystinuria; CCDC102B: Coiled-Coil Domain
Containing 102B; RGS5: regulator of G-protein signaling 5; BRD7: bromodomain containing 7; GALNT13: polypeptide N-acetylgalactosaminyltransferase
13; SIRPA: signal-regulatory protein alpha; CD93: CD93 molecule; SLC39A11: solute carrier family 39, member 11; ADAMTS9: ADAM metallopeptidase
with thrombospondin type 1 motif, 9; CYB5AP5: cytochrome b5 type A (microsomal) pseudogene 5; CELF2: CUGBP, Elav-like family member 2; GOT1:
glutamic-oxaloacetic transaminase 1, soluble; THSD7B: thrombospondin, type Ⅰ, domain containing 7B; EIF4A1P1: eukaryotic translation initiation
factor 4A1 pseudogene 1; ROBO1: roundabout, axon guidance receptor, homolog 1. Biological function was extracted from Gene Atlas (http://genatlas.
medecine.univ-paris5.fr).
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CD93 node

CHUK hypernode

MAPK10 node

GOT1 hypernode

CELF2 node

SAMM50 node

BRD7 node

Figure 2 Visualization of biomolecular interactions among associated loci with serum levels of alanine-aminotransferase and aspartate-aminotransferase
in published genome-wide association studies. Prediction was based on the Cognoscente program, freely available at the web-based submission portal: http://
vanburenlab.tamhsc.edu/cognoscente.html. The interaction network image shows 828 nodes with different levels of complexity; black arrows indicate the major
nodes. Additional interconnectivity nodes of importance (highlighted in black dashed arrows) are SAMM50, CD93 (highly connected with CHUK), MAPK10, CELF2
and BRD7. Prediction by Cognoscente supports multiple organisms in the same query, as well as gene-gene, gene-protein, protein-RNA and protein-DNA interactions,
and multi-molecule queries[77]. The input list was based on the gene list presented in Table 4, while the graph depicts known interactions the query list members.

studies. For example, GOT1 was predicted to have a
significant number of gene-gene interactions, including
IDH1 (isocitrate dehydrogenase 1 (NADP+), soluble)
that catalyzes the oxidative decarboxylation of isocitrate
to 2-oxoglutarate, SCD1 (stearoyl-CoA desaturase)
involved in fatty acid biosynthesis, which we and others
found deregulated in fatty liver[40,41], GDH2 (glutamate
dehydrogenase 2) that catalyzes the reversible oxidative
deamination of glutamate to 2-ketoglutarate, and CHD1
(chromodomain helicase DNA binding protein 1), an ATPdependent chromatin-remodeling factor that functions
as substrate recognition component of the transcription
regulatory histone acetylation (HAT) complex SAGA,
(Figure 3A, arrow).
Likewise, remarkable gene-gene interactions were noted
for CHUK and PPARGC1β (peroxisome proliferatoractivated receptor gamma, coactivator 1 beta), whereby the
last one is involved in fat oxidation, non-oxidative glucose
metabolism, and the regulation of energy expenditure
(Figure 3B, arrow). Gene-protein interactions between
CHUK and CCND1 (cyclin D1), a highly conserved

SYSTEMS BIOLOGY APPROACHES TO
EXPLORING A PUTATIVE CONNECTION
BETWEEN THE SIGNIFICANTLY
ASSOCIATED LOCUS WITH LIVER
TRANSAMINASES
To understand a putative biological connection between
the significantly associated locus with levels of liver
transaminases, we used a strategy for exploring biomolecular
interactions, based on the Cognoscente program, freely
available at http://vanburenlab.tamhsc.edu/cognoscente.
html. The interaction network image is shown in Figure 2,
and comprises 828 nodes with different levels of complexity.
Hypernodes, such as the ones centered on CHUK and
GOT1, and nodes-such as the ones centered on SAMM50,
MAPK10, CD93, CELF2 and BRD7-are highlighted in
Figure 2. The results of the prediction of biomolecular
interactions revealed some attractive findings that deserve
further exploration in future experimental or functional
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B

Magnification of

GHUK hypernode

A

C

Magnification of GOT1 hypernode

Magnification of SAMM50 node

Figure 3 Biomolecular interactions focused on hypernodes (GOT1 and CHUK) and nodes (SAMM50) predicted by the visualization tool for systems
biology Cognoscente. Cognoscente currently contains over 413000 documented interactions, with coverage across multiple species, including Homo sapiens,
Saccharomyces cerevisiae, Drosophila melanogaster, Schizosaccharomyces pombe, Arabidopsis thaliana, Mus musculus, and Caenorhabditis elegans, among
others[74]. Colors under the hypernode/node gene name denote different species; for example, light blue corresponds to homo sapiens, blue to saccharomyces
cerevisiae S288c and violet to schizosaccharomyces pombe; light green is arabidopsis thaliana, orange is Drosophila melanogaster, red is Gallus gallus, gray is rattus
norvegicus and pale gray is caenorhabditis elegans. Arrows highlight biomolecular interactions discussed in the body of the manuscript.

member of the cyclin family (Figure 3B, arrow), and
BIRC3 (baculoviral IAP repeat containing 3) (Figure
3B, inset), a gene activated by hypoxia we previously
found associated with NAFLD in a human study [42],
were predicted. PNPLA3 showed a connection with
the CHUK hypernode (Figure 3B, inset) by a putative
protein-protein interaction with AKT2 (v-akt murine
thymoma viral oncogene homolog 2), which regulates
many processes, including metabolism, proliferation, cell
survival, growth and angiogenesis.
Systems Biology modeling also predicted presence of
gene-gene biomolecular interaction between SAMM50
and let-756 (Figure 3C, arrow), whereby the latter is
involved in fibroblast growth factor receptor signaling
pathway in Caenorhabditis elegans. In addition, a
protein-RNA prediction between SAMM50 and PUF3
was found (Figure 3C, arrow); PUF proteins bind to
related sequence motifs in the 3’ untranslated region of
specific target mRNAs and repress their translation[43].

metabolomics analysis, is a powerful strategy that can
assist in better understanding genetic contributions to
metabolic diversity and its importance in the biological
context. For instance, Geiger and colleagues performed
a GWAS with metabolomics based on the quantitative
measurement of 363 metabolites in serum, and found
that common variants might explain up to 12% of
the observed variance in metabolite concentration[44].
Examples of GWAS relevance are the discovery of SNPs
in GLS2 (glutamine synthase 2) associated with glutamine
levels, such as the rs2638315[45]. Furthermore, a recently
reported large GWAS coupled with high-throughput
metabolomics demonstrated the role of genetic loci in
influencing human metabolism, including liver enzymes[46].
Shin et al[46] explored genome-wide associations at 145
metabolic loci and their biochemical connectivity with
more than 400 metabolites in human blood and found
that a variant in GOT2, the rs12709013, was associated
with the phenyllactate/phenylalanine ratio. In addition,
the GOT2-rs4784054 was associated with phenyllactate
levels[46]. Interestingly, the rs12709013 and the rs4784054,
located in chromosome 16, at positions 58795886 and
58742410, respectively (both in the forward strand), are
intronic variants that reside in a genomic region encoding
a noncoding RNA (ncRNA) transcript (Gene: RNU61155P ENSG00000200424). Genetic regulation of these
metabolites may indicate that GOT2 would be not only
involved in the maintenance of the equilibrium of amino

GWAS coupled with metabolomics
analysis: understanding the
genetic contributions to
metabolic diversity
The use of GWAS studies, coupled with large scale
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GOT2 Genetic variation and association with biochemical pathways
Amino acids metabolism

Lipid metabolism

rs7204324

rs10500407

Phenylalanine/phenyllactate
P value: 4.078e-8
Isoleucine/phenyllactate
P value: 4.922e-7
Methionine/phenyllactate
P value: 9.957e-7

rs30837

rs7204324

rs30838

linoleate (18:2n6)/glycerol
2.519e-17
oleate (18:1n9)/glycerol
5.832e-13
palmitate (16:0)/glycerol
7.309e-13
arachidonate(20:4n6)/glycerol
3.411e-11
glyceroldocosahexaenoate (DHA; 22:6n3)
6.128e-9

Phenyllactate/phenylalanine
Trait associations from the GWAS Catalog

Figure 4 GOT2: Trait associations from the genome-wide association studies Catalog. Significant associations were extracted from the Metabolomics genomewide association studies Server, freely available at http://metabolomics.helmholtz-muenchen.de/gwas/index.php. This site contains the association results of two
genome-wide association studies on the human metabolome[46,78]. GWAS: Genome-wide association studies.

acid levels in circulation, including the regulation of the
glucose-alanine cycle, but also in the control of energy
balance. Figure 4 depicts additional variants in GOT2 with
genome-wide significant associations with metabolites
of the amino acid and lipid metabolism. Surprisingly,
these findings indicate that the metabolites associated
with GOT2 locus surpass the current knowledge of
classical GOT2 protein function. They thus offer novel
biochemical and functional insights into poorly explored
roles of GOT2, such as fatty acid and glycerolipid
metabolism. For instance, a significant association
between the intronic GOT2-rs10500407 and arachidonate
(20:4n6)/glycerol ratio was recently reported[46] (Figure
4), suggesting that GOT2 participates in the arachidonate
and docosahexaenoic acid (DHA)-related metabolic
pathways. Likewise, variants located in GOT1 (rs11867,
p value < 0.0008 and rs10748775, p value < 0.001) were
associated with N-(2-h) glycine and glycerol 2-phosphate,
respectively.
Overall, these observations are in line with the functional
data from comparative genomics, indicating that the domain
and molecular function of aminotransferases, including
GOT2, are highly conserved among species, thus suggesting
an important role in metabolic functioning. For instance, the
orthologue of GOT2 in drosophila melanogaster, known
as Dmel/Got2, is involved in glutamate[47] and aspartate
metabolic process[48]. Moreover, tissue localization yielded
evidence, indicating that Dmel\Got2 is expressed in
embryonic larval fat body and midgut[49], and in adult
heart[50]. Furthermore, subcellular localization showed
evidence of Dmel\Got2 localized to lipid particles[51]
and mitochondria[52]. Notably, drosophila lipid droplets
are ubiquitous organelles, which play a central role in
cholesterol homeostasis and lipid metabolism. Taken
together, these observations suggest that metabolism
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regulation is the “ancestral” GOT2 protein function. A
representative figure of GOT2 gene phylogenetic tree is
depicted in Figure 5, where, supporting the aforementioned
concept, the high conservation of the aminotransferase Ⅰ
and Ⅱ domains among species, including fruit fly, is
clearly visible.
On the other hand, variants located in GPT1 were
associated with epiandrosterone sulfate and androsterone
sulfate (rs1063739, p value < 0.0002 and 0.0007,
respectively), and variants located in GPT2 were associated
with 3-phenylpropionate (hydrocinnamate) (rs734309,
p value < 0.00001) and the ratio between biliverdin and
glycoursodeoxycholate (rs754043, p value < 1 × 10-7).
Finally, metabolite associations with PNPLA3-rs738409
are summarized in Table 5. Notably, while no significant
associations were found for the rs738409 and human
metabolites, some other SNPs in disequilibrium with
this variant reached GWAS significance with metabolite
ratios of interest, for example cholesterol/gammaglutamyltyrosine, docosapentaenoate (n3 DPA; 22:5n3)/
eicosapentaenoate (EPA; 20:5n3), and aspartylphenylalanine/
docosapentaenoate (n3 DPA; 22:5n3) (Table 5). Remarkably,
eicosapentaenoic acid (EPA) is an important polyunsaturated
fatty acid that serves as a precursor for the prostaglandin-3
and thromboxane-3 families. In our previous works, putative
disease-related mechanisms associated with PNPLA3
severity in NASH and its relationship with prostaglandins
were postulated[53,54]. Furthermore, aspartylphenylalanine
results from an incomplete breakdown of protein digestion
products, or protein catabolism, and might have a
physiological involvement in cell-signaling. Recently, we
described a novel role of PNPLA3, beyond its classical
participation in triacylglycerol remodeling that involves
amino acid metabolism[55]. Furthermore, the importance
of amino acid metabolism in the pathogenesis of
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GOT2 gene tree

Model organisms (reduced to examples)

Protein domain
(aminotransferase class Ⅰ and Ⅱ)

N/A, Thale cress
N/A, Fission yeast
GOT2B, Zebrafish
1

0

GOT2A, Zebrafish
N/A, Norway rat

100
95

0

0

GOT2, Norway rat

95

GOT2, House mouse

36
0

N/A, Norway rat

GOT2, Human

20

GOT2, Chicken
C44E4.3, C.elegans

0

8

COT-2.2, C.elegans

Aminotransferase
Ⅰ-Ⅱ Domain:
length 367 aa

GOT2, Fruit fly

Start aa 58-end aa 425

Start aa 59-end aa 426

N/A, Thale cress
100
98
75
0

N/A, Thale cress
N/A, Thale cress
N/A, Thale cress
AAT1, Baker’s yeast

Figure 5 Conservation analysis of GOT2 between species. Cladogram shows the relationships between GOT2 genes in different species; for simplicity reasons
species were restricted to few models. An alignment of all homologous sequences (protein domain) in the TreeFam family is represented in pink, displayed on the
left side of the graph. Numbers below branches are bootstrap values, whereby 100% indicates strong support for these nodes, whereas other nodes receive much
weaker support (e.g., 0%). Arrows highlight aminotransferase class Ⅰ and Ⅱ domain in human and fruit fly (aa: amino acid). TreeFam gene was created by using the
resource TreeFam, freely available at http://www.treefam.org/family.

NAFLD was recently highlighted[56,57]. Finally, a significant
association was found between the intronic PNPLA3rs2281135 and the glycocholate (glycocholic acid) to
levulinate (4-oxovalerate) ratio. The secondary bile
glycocholic acid is a bile acid-glycine conjugate produced
by the action of enzymes existing in the microbial flora of
the colonic environment. Metabolomic data on PNPLA3
also indicated that this gene plays an important role in bile
acid metabolism[55].
A comprehensive summary of SNPs and their role in
the regulation of metabolites can be found at the freely
available web resource “Metabolomics GWAS server”
(http://metabolomics.helmholtz-muenchen.de/)[46].

biology of liver metabolic function and its relationship
with liver transaminases.
Of note, background knowledge on liver enzymes
functioning indicates that liver concentrations of ALT
and AST are not significantly higher relative to the pool
of major liver enzymes[58]. In contrast, liver concentrations
of LDH (lactate dehydrogenease) and MD (malate
dehydrogenase), for instance, rank first and second,
respectively. At 50% of their concentrations, AST and ALT
respectively take the third and fourth place (Figure 6)[58].
Wieme et al[58] made an interesting observation about
the relationship between liver and plasma concentration of
enzymes, reporting that the localization of the enzymes at
the cellular level very much conditions the concentration
in the circulation. The authors further showed that mild
cell damage tends to release the enzymes in the soluble
fraction only, while severe necrotic lesions, which also
affect the mitochondria, release enzymes from both
fractions[58]. Hence, it is plausible to suggest that enzymes
that are present in high concentrations in the liver tissue,
such as LDH, might better and more accurately reflect
liver injury. Nevertheless, LDH levels are not commonly
used in clinical practice for the diagnosis or monitoring of
acute or chronic liver damage. Indeed, serum LDH was
reported to be markedly elevated in ischemic, but not viral
hepatitis[59,60], indicating that severe cell necrosis is needed
for the leaking of the liver-LDH content into the blood to
occur.

CONCLUSION
The reaction of transamination from glutamine to
alpha-keto acids was first described in 1950 [4]. Since
then, clinicians have been using serum measurement of
ALT and AST for the evaluation of liver injury. Nearly
50 years later, the rise in the worldwide prevalence of
obesity, type 2 diabetes and CVD brought into the
clinical scenario a new concept, associating increased
levels of liver enzymes with long-term development
of multiple metabolic and CV disorders. In addition,
GWAS coupled with metabolomics uncovered key roles
of transaminases in the global metabolism. In particular,
“omics” studies have led to interesting insights into the
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Table 5 PNPLA3 -rs738409 metabolite trait associations from the genome-wide association studies catalog
Variant ID

LD with rs738409

Metabolite ratio

P value for association

rs12483959
rs2076211
rs2076211
rs2294922
rs2073081
rs2281135
rs1010023
rs926633
rs2896019

0.657
0.657
0.657
0.657
0.568
0.609
0.609
0.609
0.607

Cholesterol/gamma-glutamyltyrosine
Cholesterol/gamma-glutamyltyrosine
Aspartylphenylalanine/docosapentaenoate (n3 DPA; 22:5n3)
Docosapentaenoate (n3 DPA; 22:5n3)/eicosapentaenoate (EPA; 20:5n3)
3-methoxytyrosine/gamma-glutamylthreonine
Glycocholate/levulinate (4-oxovalerate)
Docosapentaenoate (n3 DPA; 22:5n3)/phenylacetylglutamine
Docosapentaenoate (n3 DPA; 22:5n3)/myristate (14:0)
Aspartylphenylalanine/docosapentaenoate (n3 DPA; 22:5n3)

7.76 × 10-6
1.19 × 10-5
5.26 × 10-6
4.64 × 10-7
2.14 × 10-5
3.26 × 10-5
1.43 × 10-5
1.08 × 10-5
1.31 × 10-5

Information was retrieved from the GWAS server at the freely accessible URL: http://metabolomics.helmholtz-muenchen.de. This server combines data
on large GWAS and non-targeted and metabolome-wide panel of small molecules, using blood samples and phenotype data from 2824 individuals of two
major population-based European cohorts: the German KORA study and the British TWINs UK study. LD: Linkage disequilibrium that refers to a nonrandom association in the occurrence of alleles at two loci was assessed by R2 (the square of the correlation coefficient between the presence or absence
of a particular allele at the first locus and the other representing the presence or absence of a particular allele at the second locus). GWAS: Genome-wide
association studies.
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B

Concentration of enzymes in normal human liver
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Figure 6 Liver enzyme concentrations in normal human liver. Information of the liver concentration of major liver enzymes was extracted from the report published
by Wieme et al[58]. Evidence of subcellular locations from the Compartments database (http://compartments.jensenlab.org) is highlighted. LDH5: Human isoform-5 of
lactate dehydrogenase, which is normally present in the liver; GLUD: Glutamate dehydrogenase; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase;
MDH1: Malate dehydrogenase; LDH: Lactate dehydrogenase.

A second factor in determining the rise of liver
enzymes in the circulation seems to be its biological halflife as, according to the observation of Wieme et al[58],
the longer the half-life the greater the accumulation of
the enzymes in the serum (Figure 6 depicts the halflife of liver enzymes in serum). Based on the above,
the findings reported by Wieme et al[58] may explain why
ALT, which seems to have a half-life of 50 h, is more
likely to be found elevated in serum than the LDH
isoform 5, which is normally present in the liver and has
a very short half-life of 10 h.
Taken together, the observations made in the GWAS
studies, coupled with metabolomics, in conjunction
with past knowledge on the traditional biochemistry
explorations (presently referred to as “quantitative biology”),
are of particular significance in providing a plausible
biological explanation to the meaning of elevated ALT
and AST levels in the clinical setting. Indeed, these
findings suggest that restricting the biological role of
elevated aminotransferase levels to liver injury has not
only been a misinterpretation but an underestimation
of the biological role of these enzymes. Interestingly,
in vitro studies showed that even ethanol might increase
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transaminases, mitochondrial AST in particular, by upregulating gene expression, rather than by inducing its
release owing to cell injury[61].
Data from the Third National Health and Nutrition
Examination Survey, the largest epidemiological study
in the United States, showed that the prevalence of
aminotransferase elevation in the general population is
about 9%[22]. Notably, unexplained enzyme elevations
were associated with adiposity and other features
of the metabolic syndrome [22,62]. On the other hand,
presence of a considerable inter-individual variation in
the level of transaminases is widely acknowledged, and
this variability is explained in part by genetic variation.
Links between aminotransferase genes and metabolites
demonstrated important contributions to the metabolic
diversity. In fact, evidence from high-throughput
studies of genetic influences on human metabolites
demonstrated that aminotransferases ALT and AST are
not solely involved in gluconeogenesis and amino acid
synthesis, but also regulate other functions of the liver
metabolism, such as fatty acid, glycerolipid and bile acids
metabolism. In addition, an interesting study highlighted
a putative relationship between iron stores, ALT activity
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and the risk of metabolic disturbances in adolescents
that deserves further follow-up[63].
Finally, the role of the newly described TM6SF2
rs58542926 nonsynonymous variant in genetic susceptibility
to NAFLD and disease severity[64] deserves follow-up as
this variant was associated in population-based studies but
not in NAFLD patients with levels of transaminases in
circulation[65].
In conclusion, genomic, transcriptomic, proteomic,
and metabolomic information has changed the classical
conception of the meaning that serum concentrations
of ALT and ALT are merely indicators of hepatocyte
membrane disruption. It has given way to a more
complex and interconnected view of the importance
of liver transaminases in the regulation of systemic
metabolic function.
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(ERCP) is the preferred procedure for biliary and
pancreatic drainage. While ERCP is successful in about
95% of cases, a small subset of cases are unsuccessful
due to altered anatomy, peri-ampullary pathology, or
malignant obstruction. Endoscopic ultrasound-guided
drainage is a promising technique for biliary, pancreatic
and recently gallbladder decompression, which provides
multiple advantages over percutaneous or surgical
biliary drainage. Multiple retrospective and some
prospective studies have shown endoscopic ultrasoundguided drainage to be safe and effective. Based on the
currently reported literature, regardless of the approach,
the cumulative success rate is 84%-93% with an overall
complication rate of 16%-35%. endoscopic ultrasoundguided drainage seems a viable therapeutic modality
for failed conventional drainage when performed by
highly skilled advanced endoscopists at tertiary centers
with expertise in both echo-endoscopy and therapeutic
endoscopy
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Core tip: This summary of the endoscopic ultrasound
(EUS)-guided biliary drainage consortium held in
2012 focuses on technical improvements in both EUSGuided biliary and pancreatic drainage techniques.
This summary also provides a detailed overview of
EUS-guided choledochoduodenostomy compared
to percutaneous transhepatic cholangiography and
surgical drainage. Other EUS Guided techniques
such as endoscopic ultrasound-guided pancreaticogastrostomy and endoscopic ultrasonography-guided
cholecystoduodenostomy and cholecystogastrostomy
have been discussed. Lastly, an extensive review of
therapeutic endoscopic interventions in surgically

Abstract
Endoscopic retrograde cholangiopancreatography
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directly, either using the transmural access from the antral
part of the stomach or duodenum. In one hand, this
approach provide not only a better visualization of the
CBD, that some endoscopist considered advantageous
at the time to select the route of access to the biliary
system, but also due to the anatomical position of the
CBD (located in the retroperitoneal space) might be safer
in patients with ascites[10]. On the other hand, the major
limitation for this technique is the difficulty inherent in
the anterograde placement of the stent because of the
angle of the needle entering the biliary duct.

altered anatomy has been provided as well.
Kahaleh M, Artifon ELA, Perez-Miranda M, Gaidhane M, Rondon
C, Itoi T, Giovannini M. Endoscopic ultrasonography guided
drainage: Summary of consortium meeting, May 21, 2012, San
Diego, California. World J Gastroenterol 2015; 21(3): 726-741
Available from: URL: http://www.wjgnet.com/1007-9327/full/v21/
i3/726.htm DOI: http://dx.doi.org/10.3748/wjg.v21.i3.726

INTRODUCTION

Drainage
Rendezvous: Modality that allows advancing a
guided wire through the papilla in antegrade fashion
in which the bile duct is located and cannulated using
the EUS rather than by retrograde cannulation with a
duodenoscope. Technique especially used in those cases
where biliary drainage is needed, ERCP failed and the
duodenal anatomy allows the placement of the scope
at the ampulla and the wire is identified traversing the
papilla. Therefore, duodenal anatomy will determine the
feasibility of the procedure, and that represent the main
limitation[9].

Endoscopic ultrasound (EUS) has evolved from a simple
diagnostic procedure in the last two decades. This is in
part due to the landmark study published by Wiersema[1],
whom first used the EUS to guide a cholangiography
to define the anatomy of the biliary tree. This shifting
paradigm paper paved the ground for the subsequent
evolution of the EUS as a powerful therapeutic tool.
Giovannini et al[2] was the first article describing the use
of EUS guiding biliary drainage, follow by Kahaleh et al[3]
characterizing the “rendezvous” techniques.
Endoscopic transpapillary biliary drainage is the
procedure of choice for biliary decompression in
patients with unresectable pancreatic cancer associated to
obstructive jaundice[3-6]. However, endoscopic retrograde
cholangio-pancreatography (ERCP) failure can occur in
3%-10% of cases[3-5]. This failure can be due to operator
inexperience, anatomic variation, tumor extension, prior
surgery or incomplete drainage[3-9].
The indications for EUS-Guided biliary drainage
include (1) failed conventional ERCP; (2) altered anatomy;
(3) tumor preventing access into the biliary tree; and
(4) contraindication to percutaneous access (i.e., ascites,
etc.). The Consensus guidelines for the management of
biliary obstruction using EUS guided biliary drainage
were reviewed and updated to reflect practice patterns,
techniques and new indications among the field.

Antegrade: In those cases where the luminal obstruction
can not be overcome and the papilla is not visualized;
but, the transpapillary wire access was obtained with
EUS-guidance, then the alternative for biliary drainage
is the antegrade placement of a biliary stent across the
obstruction.
Transmural: Biliary drainage is obtained by creating a
fistula in those cases where the wire cannot be positioned
across the papilla due to either anomaly in the anatomy
(biliary obstruction by a tumor) or technical complication
(difficult position)[9].

Endoscopic Ultrasound-Guided
BilIARY DRAINAGE

Techniques APPROACHES IN EUSGUIDED BILIARY DRAINAGE

There is no consensus among the experts in the field
of advance endoscopy regarding when to use EUSBD, however, most of them can agree that failure in
the use of conventional ERCP might be used as main
explanation to justify the procedure, however, the
indications for EUS-BD are not being established yet[12].
Therefore, EUS-BD has been rapidly being accepted
as an alternative and reasonable option in those cases
where bile duct cannulation cannot be achieved[11]. Either
surgically altered anatomy (bariatric surgery or intestinal
diversion for pancreatic cancer or other diseases) or
obstruction of the gastrointestinal (GI) tract or bile duct
(must often due to malignant causes) can be considered
the principal causes for unsuccessful ERCP[13,14].
Most recent data reports that the accumulative success
rate for extrahepatic EUS-BD (Table 1) is approximately

Access
Biliary drainage guided by EUS can be performed at two
locations, depending on the level of access to the biliary
system.
Intrahepatic: The intrahepatic biliary system can be
reached either transesophageal, transgastric or transjejunal
(in altered anatomy), being the biliary segment Ⅲ of the
left hepatic lobe the most frequent and best visualized
duct, especially when the EUS probe is placed at the
stomach cardia and lesser curvature[9-11].
Extrahepatic: This technique can be performed having
the needle accessing the common bile duct (CBD)
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Table 1 Studies on extrahepatic endoscopic ultrasound-guided biliary drainage
Ref.

No./total
sample

Method

Disease

Approach

Initial stent

Percent success
rate

Complications

Giovannini et al[27]
(2001)
Burmester et al[6] (2003)

1/1

Direct (1)

Malignant (1)

Duodenum

PS (1)

100

None

3/4

Direct (4)

Malignant (4)

PS (3)

75

Bile leak (1)

Mallery et al[28] (2004)
Lai and Freeman[29] (2005)
Püspök et al[13] (2005)

2/2
1/1
5/5

Rendez-vous (2)
Rendez-vous (1)
Direct (5)

Duodenum (2),
stomach (1), jejunum
(1)
Duodenum (2)
Duodenum (1)
Duodenum (5)

100
100
80

None
None
Subacute phlegmonous
cholecystitis (1)
Bile leak (1),
pneumoperitoneum (2)
None
None
None
Slight pain (2), cholangitis
(1)
Pneumoperitoneum (1)
None

Kahaleh et al[3] (2006)

10/23

Yamao et al[20] (2006)
Ang et al[4] (2007)
Fujita et al[30] (2007)
Will et al[31] (2007)

2/2
2/2
1/1
8/8

Yamao et al[21] (2008)
Tarantino et al[19] (2008)

3/3
8/8

Itoi et al[32] (2008)

4/4

Brauer et al[33] (2009)

12/12

Horaguchi et al[14]
(2009)
Hanada et al[17] (2009)
Maranki et al[34] (2009)

9/16

Kim et al[35] (2010)

Malignant (2)
MS (2)
Malignant (1)
MS (1)
Malignant (4),
PS (5)
benign (1)
Direct (2), rendez- Malignant (8),
Duodenum (5),
PS (4), MS (5)
vous (7)
benign (2)
jejunum (5)
Direct (2)
Malignant (2)
Duodenum (2)
PS (2)
Direct (2)
Malignant (2)
Duodenum (2)
PS (2)
Direct (1)
Malignant (1)
Duodenum (1)
PS (1)
Direct (8)
Malignant (7), Stomach (4), jejunum PS (2), MS (5)
benign (1)
(3), esophagus (1)
Direct (3)
Malignant (3)
Duodenum (3)
PS (3)
Direct (4),
Malignant (7),
Duodenum (8)
PS (8)
Rendez-vous (4)
benign (1)
direct (4)
Malignant (4)
Duodenum (4)
PS (3), NBD (1)
Direct (4),
Rendez-vous (7)
NA

Malignant (8),
benign (4)
Malignant (9)

4/4
14/49

Direct (4)
Direct (6),
Rendez-vous (8)

Malignant (4)
Malignant (9),
benign (5)

15/15

Rendez-vous (15) Malignant (10),
benign (5)
Rendez-vous (1) Malignant (1)

Nguyen-Tang et al[36]
(2010)
Iwamuro et al[37] (2010)

1/5
7/7

Direct (7)

Malignant (7)

Artifon et al[38] (2010)
Belletrutti et al[39] (2010)
Park do et al[40] (2011)

3/3
1/1
31/57

Direct (3)
Direct (1)
Direct (31)

Fabbri et al[41] (2011)

16/16

Hara et al[42] (2011)
Ramírez-Luna et al[43]
(2011)
Siddiqui et al[44] (2011)

18/18
9/11

Direct (13),
Rendez-vous (3)
Direct (18)
Direct (9)

Malignant (3)
Malignant (1)
Malignant (51),
benign (6)
Malignant (16)

8/8

Komaki et al[45] (2011)

15/15

Prachayakul et al[46]
(2011)
Artifon et al[22] (2012)
Attasaranya et al[47]
(2012)
Katanuma et al[48] (2012)
Kawakubo et al[49]
(2012)
Khashab et al[50] (2012)

1/1
13/13
10/31
1/1
2/2
7/9

NA

90
100
100
100
88
100
100
100
92

Focal peritonitis (1),
bleeding (1)
Pneumoperitoneum (1),
respiratory failure (1)
Peritonitis (1)

Duodenum (8),
stomach (1)
Duodenum (4)
NA

PS (5), SEMS
(5)
PS (14), plastic
PT (1), NBT (1)
PS (4)
NA

Duodenum (15)

PS (4), MS (8)

80

None
Biliary peritonitis (1),
abdominal pain (1),
pneumoperitoneum (1)
Pancreatitis (1)

NA

MS (1)

100

None

Duodenum (5),
stomach (2)
Duodenum (3)
Duodenum (1)
Duodenum (31)

PS (7)

100

Bile peritonitis (2)

MS (3)
MS (1)
PS (6), MS (25)

100
100
87

100
100
86

PS (4), MS (8)

80

Malignant (18
Malignant (9)

Duodenum (15),
stomach (1)
NA
Duodenum (9)

None
None
Pneumoperitoneum (6),
mild bleeding (2)
Pancreatitis (1)

PS (17)
plastic DPT (9)

94
89

Peritonitis (2), bleeding (1)
Biloma (1)

Direct (8)

Malignant (8)

Duodenum (80

MS (8)

100

Direct (14),
Rendez-vous (1)
Direct (1)

Malignant (15)

Duodenum (15)

PS (15)

100

Stent migration (1),
duodenal perforation (1)
None

Malignant (1)

Duodenum (1)

PS (1)

100

None

Direct (13)
Direct (9),
Antegrade (1)
Direct (1)
Direct (2)

Malignant (13)
Malignant (23),
benign (8)
Benign (1)
Malignant (2)

Duodenum (13)
Duodenum

MS (13)
NA

100
60

Bile leak (1), bleeding (1)
4/10 (40%)

Duodenum (1)
Duodenum (2)

PS (1)
PS (2)

100
100

None
None

Malignant (7)

Duodenum (6),
gastric (1)

MS (7)

100

Malignant (9)

Duodenum (9)

MS (9)

100

Malignant (15)

Duodenum (15)

MS (15)

100

Rendez-vous (58) Malignant (43),
benign (15)

Duodenum (58)

NA

98

Pancreatitis (1),
cholecystitis (1),
abdominal pain (1)
Pneumoperitoneum (2),
migration (2), peritonitis
(1)
Pneumoperitoneum (2),
cholangitis (1)
Bile leak (2)

Kim et al[51] (2012)

9/13

Direct (2),
antegrade (2),
Rendez-vous (3)
Direct (9)

Song et al[52] (2012)

15/15

Direct (15)

Dhir et al[53] (2012)

58/58
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Hara et al[54] (2013)
Park do et al[55] (2013)

18/18
16/45

Itoi et al[56] (2013)
Total

1/1
365

Direct (18)
Malignant (18)
Direct (2),
Malignant (39),
Rendez-Vous (14)
benign (6)
Direct (1)
Malignant (1)

Duodenum (18)
Duodenum (16)

MS (18)
MS (16)

94
88

Stomach (1)

MS (1)

100
338/365 (93%)

Bile peritonitis (2)
Pancreatitis (1), bile
peritonitis (1)
None
58/365 (16%)

Table 2 Studies on intrahepatic endoscopic ultrasound-guided biliary drainage
Ref.

No./total
sample

Method

Disease

Approach

Initial stent

Percent
success rate

Complications

Burmester et al[6] (2003)
Püspök et al[13] (2005)
Kahaleh et al[3] (2006)

1/4
1/1
13/23

Malignant (1)
Malignant (1)
Malignant (9),
benign (4)

Stomach (1)
jejunum (1)
Stomach (13)

PS (1)
PS (1), MS (1)
PS (6), MS (6)

100
100
92

Bile leak (1)
None
Minor bleeding (1)

Bories et al[16] (2007)

11/11

Direct (1)
Direct (1)
Direct (1),
Rendez-vous
(12)
Direct (9),
Antegrade (2)

Stomach (3), PS (7), MS (3)
Duodenum (3),
stenosis (5)
Malignant (7)
Stomach (5), PS (2), MS (5)
esophagus (2)
Malignant (26),
NA
NA
benign (9)

91

Transient ileus (1), biloma (1),
cholangitis (1)

100

None

83

Bleeding (1),
pneumoperitoneum (3),
aspiration pneumonia (1)
None

Horaguchi et al[14] (2009)

7/16

NA

35/49

Direct (9),
Antegrade (24)

4/5

Rendez-vous (4)

Park do et al[40] (2011)

31/57

Direct (31)

Ramírez-Luna et al[43] (2011)
Attasaranya et al[47] (2012)

2/11
16/31

Direct (2)
Direct (16)

Khashab et al[50] (2012)

2/9

Kim et al[51] (2012)

4/13

Antegrade (1),
rendez-vous (1)
Direct (4)

Park do et al[55] (2013)

29/45

Iwashita et al[57] (2013)

6/6

Total

162

Maranki et al[34] (2009)

Nguyen-Tang et al[36] (2010)

Direct (9),
antegrade (14),
rendez-vous (5)
Direct (1)

Malignant (3),
benign (8)

Malignant (3), Duodenum (1),
benign (1)
Stomach (3)
Malignant (51),
Duodenum
benign (6)
(31)
Malignant (2)
Stomach (2)
Malignant (23),
NA
benign (8)
Malignant (2)
Stomach

100

PS (6) MS
(25)
PS (2)
NA

87
100
81

Pneumoperitoneum (1), bile
peritonitis (2)
Stent migration (1)
6/16 (38%)

MS (2)

100

Nausea (1)
Peritonitis (1), stent migration
(1)
Biloma (1)

Malignant (4)

Stomach (4)

MS (3)

75

Malignant (39),
benign (6)

Stomach (29)

NA

66

Malignant (1),
benign (5)

NA

MS (1)

100
136/162
(84%)

93% over the last 12 years [3,4,6,13-56], and in case of
intrahepatic EUS-BD (Table 2) the cumulative success
rate published is 84%[3,6,13,14,34,36,40,43,47,50-52,57]. However, data
from two large multicenter retrospective trials failed to
report advantages of any of these techniques[58,59].

Pancreatitis (1), abdominal pain
(1)
26/162 (16%)

needle need to be replaced by the sphincterotome or
dilating bougie, allowing the manipulation of the wire
freely and safely to facilitate the passage through the
ampulla. At this point, the EUS scope is removed leaving
the wire in the duodenum and the duodenoscope is
advanced to the ampulla where the guidewire can be
grasped using a snare or forceps and pulled it back
through the working channel of the duodenoscope
and permit the subsequent over-the-wire cannulation
or alternately use the duodenoscope to cannulate the
common bile duct next to the prior placed guidewire.
Now the procedure can be completed by conventional
endoscopic retrograde cholangiography with stent
placement in retrograde manner[11].

EUS-guided rendezvous
This procedure is performed inserting a needle under
EUS and doppler guidance into either left intrahepatic
duct or common bile duct. Here, the FNA needle will
permit also the advance of guidewire distally into the
duodenum. Upon insertion of the needle into the duct,
suspected by EUS imaging, the aspiration of the bile will
confirm the intraductal placement of the needle, which
is follow by injection of contrast drawing the biliary tree
(cholangiogram). Next, the insertion of the guidewire
through the FNA needle toward the duodenum and
perform the conversion to a conventional ERCP in a
retograde fashion. If by any reason the transpapillary
passage is not successfully accomplish, then the FNA
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MS (5)

EUS-guided choledochoduodenostomy vs other
techniques (percutaneous transhepatic cholangiography
and surgical drainage)
Burmester et al[6] described a one-step method using a new
device consisted of a 19 gauge fistulotome with a 0.25-inch
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guidewire, a pusher tube and an 8.5F plastic stent fixed
with a 3.0 nylon-suture. This method of direct puncture
of the extrahepatic or an intrahepatic duct could reduce
the risk of guidewire dislocation during the instrument
change, what must be made with the two-step method[17].
However, more studies with this device are needed.
EUS-guided biliary drainage has many advantages
over PTBD[3,4,16,17]. The proximity of the transducer to
the bile duct during EUS is the major advantage[3,19].
Even in patients who have undergone total gastrectomy
or partial gastrectomy with a Billroth Ⅱ reconstruction,
EUS can reveal the etiology of extrahepatic cholestasis,
situations in that ERCP may not be possible [1,3,4,15,16].
Other advantages include puncture of the biliary tree
with color-Doppler information to avoid vascular injury,
the lack of ascites in the interventional field and the lack
of an external tube, improving the quality of life of the
patients[4,20].
Choledochoduodenostomy can prevent clogging and
tumor ingrowth and/or overgrowth, because it creates
a fistula far from the obstructing tumor [20,21]. Many
studies described this procedure with high success rates
(more than 90%) and low rate of procedure-related
complications (around 19%)[18]. The main risk of EUSguided biliary drainage is bile leakage, especially if stent
insertion is unsuccessful[4]. Burmester et al[6] reported
the failure of stent placement in 1 of their 4 patients,
causing bile peritonitis[17]. They also reported that only
local peritonitis developed, which did not contribute to
the death of the patient. Some investigators recommend
the transhepatic approach to decrease the risk of biliary
peritonitis in case of stent failure[17]. Other complications
include pneumoperitoneum and minor bleeding[4,5,1].
EUS-guided choledochoduodenostomy for malignant
biliary obstruction has been shown to be an effective
alternative to PTBD or surgery when ERCP fails. Artifon
et al[22] compared EUSCD and PTC in 25 patients with
distal biliary malignant obstruction. The 2 groups were
similar before intervention in terms of quality of life
[EUS-CD (58.3) vs PTBD (57.8), P = 0.78], total bilirubin
(16.4 vs 17.2, P = 0.7), alkaline phosphatase (539 vs
518, P = 0.7), and gamma-glutamyl transferase (554.3
vs 743.5, P = 0.56). All procedures were technically and
clinically successful in both groups. The study concluded
that EUS-CD can be an effective and safe alternative to
PTBD with similar success, complication rate, cost, and
quality of life.
Another Study conducted by Artifon et al[23] showed
results on comparative trial between EUS CD and
surgery to patients with biliary distal cancer. There was
no significant difference in the technical and clinical
outcomes in the two groups. Cost analysis demonstrated
a significantly increased cost per patient in the surgical
group (P = 0.039). Complications were significantly
higher in the surgical group (P = 0.041). There was one
case of self-limited bleeding on group EUSCD and one
case each of wound abscess, abdominal abscess, internal
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fistula and pneumonia on group Surgery. All patients in
surgical group were managed conservatively.

Endoscopic Ultrasound-Guided
PANCREATICO-GASTROSTOMY
Main indications are stenosis of pancreatico-jejunal or
pancreatico-gastric anstomosis after Whipple resection,
which induce recurrent acute pancreatitis, main pancreatic
duct stenosis due to chronic pancreatitis, post-acute
pancreatitis or post pancreatic trauma after failure of
ERCP. EUS guided pancreatico-gastro or bulbostomy
offers an alternative to surgery (Figure 1).
By using a linear interventional echoendoscope, the
dilated main pancreatic duct (MPD) was well visualized.
Endoscopic pancreatico-gastrostomy (EPG) was then
performed under combined fluoroscopic and ultrasound
guidance, with the tip of the echoendoscope positioned
such that the inflated balloon was in the duodenal bulb
while the accessory channel remained in the antrum. A
needle was inserted transgastrically into the proximal
pancreatic duct and contrast medium was injected.
Opacification demonstrated a pancreaticogram the needle
was exchanged over a guidewire, which was then used to
enlarge the channel between the stomach and MPD. The
sheath was introduced by using cutting current. After
exchange over a guidewire (rigid 0.035 inch diameter), a
7F, 8-cm-long pancreaticogastric stent was positioned.
This stent will be exchanged for two 7F or one 8.5F
stents one month after the first procedure.
The results of the fours series[3,24-26] of patients published
are much too preliminary in nature to recommend wider use
of EPG, which in any case should be restricted to tertiary
centers specializing in biliopancreatic therapy with a pain
relief in 70% of cases. But the complication rate is still
high around 15% including bleeding, pancreatic collection
and perforation. The largest series was published by
Tessier et al[24] on 36 patients. Indications were chronic
pancreatitis, with complete obstruction (secondary to
a tight stenosis, a stone, or MPD rupture); inaccessible
papilla or impossible cannulation (n = 20); anastomotic
stenosis after a Whipple procedure (n = 12); complete
MPD rupture after acute pancreatitis (AP); or trauma
(n = 4). EPG or EPB was unsuccessful in 3 patients;
1 was lost to follow-up. Major complications occurred
in 2 patients and included 1 hematoma and 1 severe
AP. The median follow-up was 14.5 mo (range: 4-55
mo). Pain relief was complete or partial in 25 patients
(69%, intention to treat). Eight patients treated had no
improvement of their symptoms (4 were subsequently
diagnosed with cancer). Stent dysfunction occurred
in 20 patients (55%) and required a total of 29 repeat
endoscopies. The last study published by Ergun et al[26]
reported the long-term follow-up (37 mo) of 18 patients
who underwent a EUS guided pancreatico-gastrostomy.
Stent occlusion occurred in 50%, pain relief was always
present in 70% and the mean pain score decreased
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Figure 1 Pancreatico-gastrostomy/stenosis of a wirsung-gastro anastomosis after whipple resection for benign cystic lesion of the head of the pancreas.

Technique of EUS-guided gallbladder drainage
The gallbladder is visualized from the duodenal bulb or
the antrum of the stomach using a curved linear array
echoendoscope in a long scope position (pushing scope
position)[69].
After depiction of neck and body of the gallbladder, a
19-gauge needle is inserted transduodenally or transgastrically
into the gallbladder under EUS visualization. After the
stylet is removed, bile is aspirated approximately 3 cc
and same 3 cc contrast medium is then injected to
confirm the tip of a needle is in the gallbladder. Then, a
0.025-inch or 0.035-inch guidewire was inserted through
the 19-gauge needle and looped in the gallbladder. A
biliary catheter for dilation up to 8-Fr or 4-mm to 6-mm
papillary balloon dilator if necessary, are used for dilation
of the cholecystoentero fistula. Finally, a 5-8.5-Fr pigtail
type naso-gallbladder drainage catheter, double pigtail
type plastic stent, or fully-covered self-expandable metal
stent are inserted through the gastric or duodenal fistula
into the gallbladder.
Ten reports describe the outcome of EUS-guided
gallbladder drainage (Table 4)[70-81]. In total, the technical
success and clinical success rate were 98.7% (74/74) and
100% (74/74), respectively. As a first puncture, a 19-gauge
needle was mainly used. A 5- to 8.5-F plastic stents or
naso-gallbladder catheters were used for drainage. In 2
institutions, dedicated fully-covered metal stents, which
had double flanges were used.
As an adverse events, 6 of self-limited pneumoperitoneum,
2 of bile leakage, and 1 distal stent migration without bile

dramatically from 7.5 to 1.6.
It’s very difficult to find today the place of EGD in
our experience the best indication is anastomotic stenosis
after Whipple procedure for benign pancreatic lesions
(cystadenoma, IPMN, NET). EGD offers an alternative
to surgery and the best results in the 3 series published
(Table 3) were showed in this indication. In another hand,
surgery should be considered as the elective treatment of
CP after failure of the endoscopic route.

ENDOSCOPIC ULTRASONOGRAPHYGUIDED CHOLECYSTODUODENOSTOMY
AND CHOLECYSTOGASTROSTOMY
Revised Tokyo Guideline (TG13) proposes that early or
emergency cholecystectomy should be conducted as the
gold standard of treatment for acute cholecystitis[60-63].
In general, cholecystectomy is relatively safe. However,
the mortality rate of cholecystectomy in patients at
high risk due to comorbid conditions is not lower
than in non-critical ill patients[64,65]. Therefore, several
literatures advocates that high-risk patients should be
tentatively treated by decompress the gallbladder, e.g.,
percutaneous transhepatic gallbladder drainage (PTGBD),
percutaneous transhepatic gallbladder aspiration,
endoscopic transpapillary gallbladder drainage [66-69].
Recently, as a novel translumenal access, endoscopic
ultrasonography-guided gallbladder drainage (EUS-GBD)
has been performed.
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resections with curative intent or to palliative bypass
procedures resulting in SAA. Interventions performed
for both benign and malignant disease include Billroth
Ⅱ, variations on the Whipple operation, and Roux-en-Y
reconstructions, either with intact papillae[82] or with bilioenteric anastomoses[83]. Most of these interventions result
in long afferent limbs of small bowel (jejunum) impairing
endoscopic access to the papilla.

Table 3 Studies on endoscopic ultrasound-guided pancreaticogastrostomy
Ref.
Tessier et al[24] (2007)
Kahaleh et al[3] (2006)
Barkay et al[25] (2010)
Ergun et al[26] (2011)

NB PTS

Success

Complication

36
13
21
20

70%
92%
48%
90%

11%
16%
2%
10%

Follow-up
16.5 mo
14 mo
13 mo
37 mo

Indications for biliary drainage in SAA patients
More insidious biliary obstructive symptoms caused by
recurrent malignancy are seen in afferent limb syndrome,
a condition difficult to diagnose and challenging to
treat [84]. Obesity and weight loss are associated with
common bile duct stones. Gallstones are almost always
present in patients undergoing cholecystectomy, which is
the major cause of bile-duct injury. Chronic reflux of GI
contents across widely patent bilio-enteric anastomoses
causes sump syndrome and stone formation. Leakage or
anastomotic strictures may develop acutely after biliodigestive bypass surgery. Anastomotic strictures more
commonly cause chronic cholestasis and/or recurrent
cholangitis over the long-term, with a reported incidence
up to 30% after a mean follow-up of six years[85].

leakage 3 wk after stent insertion. Interestingly, Jang et
al[79] conducted randomized control study, PTGBD vs
EUS-guided naso-gallbladder drainage (EUS-NGBD).
EUS-NGBD and PTGBD showed similar technical
[97% (29/30) vs 97% (28/29); 95%] and clinical [100%
(29/29) vs 96% (27/28)] success rates, and similar rates
of complications [7% (2/30) vs 3% (1/29)]. The median
post-procedure pain score was significantly lower after
EUS- NGBD than after PTGBD (1 vs 5, P < 0.001).
On the basis of the results, they suggested that EUSNGBD is comparable with PTGBD in terms of the
technical feasibility and efficacy; there were no statistical
differences in the safety. EUS-GBD is a good alternative
for high-risk patients with acute cholecystitis who cannot
undergo an emergency cholecystectomy.
EUS-guided gallbladder drainage has been developed
as an alternative drainage method for acute cholecystitis.
However, there are several limitations of this procedure.
One of the big issues is that basically there is no adhesion
and relatively distance between the GI tract including
gastric and duodenal wall and the gallbladder wall. In
addition, tubular biliary plastic and metal stents for biliary
decompression have significant shortcomings when
used for transenteric drainage. Plastic stents have the
disadvantage of a small lumen diameter, which can limit
drainage and may necessitate reintervention. Currently
available SEMSs have a larger lumen diameter but may
show inward and outward migration. Furthermore,
abutment of the end of a tubular SEMS against the
lumen wall may cause tissue injury and bleeding. Although
serious adverse events have never been reported, we
should consider the possibility of such unexpected events.
Recently, Itoi et al[78] de la Serna-Higuera et al[80] and
Jang et al [79] reported a newly designed fully-covered
metallic stent with anchor for EUS-guided gallbladder
drainage. These dedicated devices may suggest that this
procedure is becoming safer and more reliable. That
causes reducing the risk of serious complications like bile
leakage and stent migration.

Dominant ERCP strategies in SAA
Access to the papilla and ease of en-face view are
nearly normal in some cases with past SAA for benign
conditions, such as Billroth Ⅰ for peptic ulcer or
choledochoduodenostomy for common bile duct stones.
Nowadays, experienced operators report similarly high
success rates for duodenoscope-based ERCP in patients
with Billroth Ⅱ. Whipple and Roux-en-Y reconstructions,
particularly Roux-en-Y gastric by-pass (RYGB) for
obesity, have ultra-long afferent limbs. Special endoscopes
are usually required to access the proximal afferent limb
for ERCP in these patients. Balloon or spiral enteroscopes
are currently used at expert centers[86]. Enteroscopy-based
ERCP is nonetheless a labor-intensive procedure with
limited overall success rates of 60%. Seventy-five percent
of failures occur because the papilla or bilio-enteric
anastomosis cannot be identified, cannulated or drained,
even despite successful limb intubation[86,87]. These figures
underscore the limitations to ERCP using long, narrow
channel, forward viewing enteroscopes.
An alternative approach to enteroscopy-based ERCP
in long limb SAA patients is percutaneous transenteric
access under open[6] or laparoscopic[88] surgical assistance.
Typically, laparoscopic surgeons access the distal gastric
remnant of RYGB, allowing intraoperative transgastric
insertion of a duodenoscope and antegrade ERCP[87-89].
Bariatric procedures involving distal gastrectomy are less
readily amenable to laparoscopically-assisted ERCP, often
requiring open surgery for duodenoscope passage [87].
The complex logistics of intraoperative ERCP help
understand its limited dissemination. It should be noted
nonetheless that higher success rates have been reported
with laparoscopy-assisted transgastric ERCP compared

surgically altered anatomy
Surgery of the upper gastrointestinal (GI) tract involving
change in the configuration of the antro-duodenal
C-loop is commonly referred to as postoperative or
surgically altered anatomy (SAA). Obesity surgery, peptic
ulcer disease, iatrogenic bile-duct injury and chronic
pancreatitis are common benign causes of SAA. Gastric,
biliary and pancreatic malignancies also lead to radical
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Table 4 Summary of published data on endoscopic ultrasound-guided gallbladder drainage
Ref.
Baron et al[70] (2007)
Kwan et al[71] (2007)
Lee et al[72] (2007)
Kamata et al[74] (2009)
Takasawa et al[73] (2009)
Song et al[75] (2010)
Súbtil et al[81] (2010)
Jang et al[77] (2011)
Jang et al[79] (2012)
Itoi et al[78] (2012)
de la Serna-Higuera et al[80] (2013)

No. of
cases

Device for
puncture

Approach
route

Technical
success

Clinical
success

1
3
9
1
1
8

19 G FN
19 G FN/FT/CT
19 G FN
19 G FN
NK
19 G FN +/- NK

TD
TD
TD
TG
TG
1TG/7TD

100%
100%
100%
100%
100%
100%

100%
100%
100%
100%
100%
100%

4
15
30
5
13

CT/NK
19 G FN/NK
19 G FN/NK
19 G FN/1 CT
CT

TG
10TG/5TD
TG/TD
1TG/4TD
12TG/1TD

100%
100%
97%
100%
84.6%

100%
100%
100%
100%
100%

Stent

Complication (No. of cases)

7F PS
None
8.5F NBD
Bile leakage (1)
5F NBD
Pneumoperitoneum (1)1
7F PS
None
7F PS
None
7F PS
Bile Leakage (1), pneumoperitoneum
(1), stent migration (1)
8.5F PS
None
New SEMS
Pneumoperitoneum (2)
5F NBD
Pneumoperitoneum (2)
New SEMS
Mild bleeding (1)
New SEMS Hematochezia (1/11), pain (1/11)

1

Minor bile leakage without serious bile peritonitis. G: Gauge; NK: Needle knife; FT: Fistulotome; CT: Cystotome; PS: Plastic stent; NBD: Naso-Gallbladder
Drain; TD: TransDuodenal; Approach TG: TransGastric approach; Partially covered SEMS: Partially cover self expandable metallic stent.

to enteroscopy ERCP in RYGB patients, especially when
Roux limbs are longer than 150 cm from the ligament of
Treitz to the jejuno-jejunal anastomosis[90].

procedure in cases of failed enteroscopy ERCP despite
successful limb intubation.
Antegrade endoscopic access to the gastric remnant
through spontaneous gastro-gastric communications
across the staple line has successfully used for ERCP in
two RYGB patients. The defect was large enough to allow
passage of a duodenoscope for sphincterotomy and stone
removal in one case[98]. Another patient, however, required
balloon dilation. A covered self-expandable esophageal
stent was placed across the staple line to provide a
conduit for iterative ERCP. Once final resolution of a
benign biliary stricture was achieved, the transgastric
covered stent was removed[99]. The concept of temporary
covered metal stents serving as conduits for endoscope
passage and therapeutic ERCP has also been applied to
the percutaneous[96,100,101] or transluminal EUS-guided
routes[102].
Afferent loop syndrome resulting in chronic biliary
obstruction caused by recurrent malignancy is an
increasingly frequent clinical problem. Palliation often
involves permanent percutaneous drains, which adversely
impact quality of life[84]. A novel EUS-based approach
was used at two different institutions in three patients.
The distended afferent loop was punctured from the
distal antrum or duodenum, and a double plastic pigtail
placed transmurally. Cholangitis or cholestasis resolved in
all three case[103,104].

Non-standard approaches to ERCP in SAA
Prior indwelling transenteric feeding tubes may allow
percutaneous ERCP through mature tracks in the
occasional SAA patient. A standard duodenoscope was
passed percutaneously into the jejunum after jejunostomy
track dilation and ERCP with sphincterotomy was
performed uneventfully in a patient with Roux-en-Y
gastrectomy[91]. However, a two-step approach is usually
required in RYGB. Gastrostomy to the distal gastric remnant
is first performed for the purpose of providing a conduit
for duodenoscope passage, so that elective ERCP can be
carried out through the mature gastrostomy track 2-4 wk
later. In this two-step approach, percutaneous gastrostomy
to the remnant stomach can be performed by surgery[92-94],
interventional radiology[95] or endoscopy[96]. In keeping
with data from the intraoperative transgastric approach,
ERCP success rates using this two-step percutaneous
transgastric approach are significantly higher than success
rates for enteroscopy-based ERCP[94]. Complications
related to the gastrostomy are however not negligible[93,94].
Successful therapeutic ERCP through gastrostomy to
the remnant stomach placed by interventional radiology
has been reported in a single RYGB case[95]. However,
radiographically guided percutaneous access to the nondistended remnant stomach entails risk and difficulty. EUSguided puncture and distension of the remnant stomach
from the proximal gastric pouch by injecting contrast
and air appears to facilitate percutaneous radiographic
gastrostomy[97]. Double-balloon enteroscopy retrograde
access to the remnant stomach for PEG placement prior
to transgastric antegrade ERCP appears a reasonable
option, given the high failure rate of enteroscopy-based
ERCP even after successful limb intubation. Retrograde
enteroscopy PEG placement has been reported as the
initially chosen approach for ERCP in RYGB [96], and
it might become a convenient same-session salvage
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EUS-guided access and drainage routes in SAA
EUS-guided biliary drainage (EUSBD) is carried out by
any of three possible routes, transmural, transpapillary
antegrade or transpapillary retrograde (rendezvous)
encompassed under a procedure hybrid between
EUS and ERCP known as endosonography-guided
cholangiopancreatography (ESCP)[105]. Patients with SAA
represent around a fourth of cases in both current[55,58,106]
and early[2,6,13] ESCP series inclusive of both intrahepatic
and extrahepatic EUS-guided access (Table 5). Patients
with SAA are not present however in ESCP series
reporting predominantly on choledocho-duodenostomy
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Table 5 Outcomes of biliary drainage in endosonographic cholangiopancreatography series including surgically altered anatomy
patients n (%)
n

Ref.

Will et al[31] (2007)
Bories et al[16] (2007)
Horaguchi et al[14] (2009)
Maranki et al[34] (2009)
Shah et al[106] (2012)
Iwashita et al[118] (2012)
Park et al[55] (2013)
Total

8
11
16
49
68
40
45
237

Patients with SAA

7 (87)
4 (36)
4 (25)
7 (14)
19 (28)
9 (40)
14 (31)
64 (27)

Overall technical
success

Type of ESCP drainage
Transpapillary

7 (87)
10 (91)
16 (100)
41 (84)
58 (85)
29 (73)
41 (95)
202 (85)

Complications

Transmural

RV

AG

HG

CD

1
201
392
29
16
105

141
102
9
33

6
10
8
3
8
14
49

8
4
1
2
15

138 (68)

2 (25)
4 (36)
2 (12)
8 (16)
6 (9)
5 (13)
5 (11)
32 (13)

64 (32)

1

Not specified in the original report, data provided by the author; 2Not specified in the original report. Data estimated from prior detailed series[48]. SAA:
Surgically altered anatomy; ESCP: Endosonographic cholangiopancreatography; RV: Rendezvous; AG: Antegrade; HG: Hepatico-gastrostomy; CD:
Choledochoduodenostomy.

or extrahepatic rendezvous, which represent two thirds
of the total ESCP cases reported[105]. Direct drainage
routes (transmural and antegrade transpapillary) are
typically chosen for EUSBD in patients with SAA instead
of rendezvous. The ability to endoscopically reach the
papilla is a requisite for rendezvous, and in most patients
with SAA the reason for ERCP failure dictating the
need for ESCP is precisely failed access to the papilla.
EUS rendezvous has nonetheless been attempted in
patients with past Billroth Ⅱ from an extrahepatic[107] or
an intrahepatic[108] approach to extract CBD stones or to
relieve malignant obstruction.
The dominant EUS-guided access route in SAA
patients is intrahepatic into the left hepatic duct branches
from the cardia region: either transgastric from the
proximal stomach, transesophageal from the abdominal
esophagus, or transjejunal in patients with esophagojejunostomy[31]. Even if left intrahepatic duct branches
are less obvious target for EUS-guided puncture than
the CBD, the rationale for it in SAA patients is strong.
SAA frequently involves distal gastrectomy, as in Rouxen-Y gastrectomy for gastric cancer, or an excluded
distal stomach, as in RYGB for obesity. As the CBD
is typically imaged under EUS from the distal antrum
or the duodenal bulb, extrahepatic EUS-guided access
is usually not possible in SAA. An exception to this
rule would be the occasional patient with distal biliary
obstruction in whom the common hepatic duct can be
imaged and accessed under EUS from the mid stomach.
This frequently overlooked transgastric access site
into the proximal extrahepatic bile duct may be useful
in those SAA patients without dilated intrahepatics.
Kahaleh et al[107] reported this option in 2 out of their
first 5 cases. Another potentially useful secondary EUSguided access route in highly selected SAA patients with
intact stomach and proximal biliary obstruction but no
left intrahepatic dilation, would be transduodenal from
the bulb into the right hepatic duct or its branches. This
recently reported access site was chosen in 6 cases with
selective right intrahepatic dilation not amenable to
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standard left intrahepatic or extrahepatic access. Three
of these 6 patients had Roux-en-Y hepaticojejunostomy.
Hepaticoduodenostomy and antegrade transanastomotic
intervention (stenting and balloon dilation) were used
to carry out drainage[109]. EUSBD in patients with SAA
usually involves transmural or antegrade transpapillary
(or transanastomotic) stenting after left intrahepatic
duct puncture. Exceptions to these general rules may
nonetheless allow salvage of specific patient subsets,
such as secondary access sites for those without left
intrahepatic dilation[109] or retrograde rendezvous drainage
for those requiring cross-over after failed antegrade or
transmural ESCP approaches[55,106]. EUSBD has been
reported to date in around a hundred patients with SAA.
Only two small series focus specifically on EUSBD in
SAA[57,110], patient specifics can be traced to procedural
approach and outcomes in just 47 cases, 22 malignant
(Table 6) and 25 benign (Table 7).
ESCP interventions for malignant biliary obstruction in
SAA
Recurrent gastric, pancreatic and biliary malignancy after
surgical resection usually present as obstructive jaundice.
Roux-en-Y gastrectomy or hepatico-jejunostomy,
pancreatico-duodenectomy and palliative bypass gastrojejunostomy are the most commonly SAA encountered.
PTBD has been classically used in this setting, as it
is much simpler and more readily available than the
combinations of surgical, percutaneous or enteroscopybased ERCP described earlier. Two important limitations
of PTBD in these patients are failure to provide internal
biliary drainage occasionally[16] and the management of
relapsing stent dysfunction[2].
As in other settings, EUSBD may overcome those
limitations, improving management in patients with SAA
and malignant biliary obstruction over that afforded by
PTBD. Internal biliary drainage has been provided by
hepaticogastrostomy (n = 10) or any of its variants (n
= 7), with either plastic or metal stents placed in about
half of the cases each (Table 6). Transmural metal stent
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Table 6 Patients with malignant biliary obstruction and surgically altered anatomy drained by endosonographic cholangiopancreatography

Type of SAA

No. of
1
patients

Ref.
[6]

Burmester et al (2003)
Giovannini et al[2] (2003)
Püspök et al[13] (2005)
Kahaleh et al[3] (2006)
Will et al[31] (2007)
Bories et al[16] (2007)
Horaguchi et al[14] (2009)
Chopin-Laly et al[115] (2009)
Nguyen-Tang et al[36] (2010)
Ma et al[117] (2011)
Henry et al[116] (2011)
Iwashita et al[118] (2012)
Total

RYG

RYHJ

PD

Other

Gast

1
1
1
4
1
8

1
2
1
4

1
1
1
3

1
2
2
1
1
7

1
1
1
4
1
1

2/4
1/1
1/6
2/23
6/8
1/11
4/16
1/1
1/5
1/1
1/1
1/7
22

Type of ESCP drainage

Etiology

22

Panc

9 (40%)

Transpapillary
Other

RV

1
1
1
2
1
1
2
1
1
1
1
5
8
13 (60%)

2
4

Success/complex

Transmural

AG

HG

1 (1)
2 (1)
1 (1)
1 (1)
2 (1)
3 (3)
5 (23%)

Other

3

1 (0)
1 (0)
1 (1)5
1 (0)6
3 (3)
3 (1)
1 (0)
2 (2)5 2 (1)5
1 (1)
1 (0)
1 (0)7
10 (7)
7 (1)
17 (77%)

Sn

Cn

2/2
1/1
1/1
2/2
5/6
1/1
4/4
1/1
1/1
1/1
1/1
1/1

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

21 (95%)

5 (23%)

1

Number of surgically altered anatomy (SAA) patients with malignant biliary obstruction per total number of patients in the series; 2Number of patients with
attempted stent placement (ITT), followed by number of metal stents in parentheses; 3Transmural variants of HG (hepatico-esophagostomy/jejunostomy)
following intrahepatic access, except when stated otherwise; 4Number of successful cases or complications per number of SAA patients with malignant
biliary obstruction; 5Initial plastic stent replaced at follow-up. Only final stent tallied in the total count; 6Additional hepato-esophageal plastic stent combined
with AG metal stent in recurrent gastric cancer after RYG. Not tallied in the total count; 7Choledochoduodenostomy after palliative gastrojejunostomy. SAA:
Surgically altered anatomy; ESCP: Endosonographic cholangiopancreatography; RYG: Roux-en-Y gastrectomy; RYHJ: Roux-en-Y hepatico-jejunostomy;
PD: Pancreatico-duodenectomy; Gast: Gastric; Panc: Pancreatic; RV: Rendezvous; AG: Antegrade; HG: Hepatico-gastrostomy; ITT: Intention-to-treat; Sn:
Successful cases; Cn: Complications.

Table 7 Patients with benign biliary obstruction and surgically altered anatomy drained by endosonographic cholangiopancreatography

Type of SAA

No. of
1
patients

Ref.

RYG
[13]

Püspök et al (2005)
Kahaleh et al[3] (2006)
Will et al[31] (2007)
Bories et al[16] (2007)
Weilert et al[110] (2011)
Artifon et al[112] (2011)
Park et al[113] (2012)
Bapaye et al[114] (2012)
Iwashita et al[57] (2013)
Park et al[109] (2013)
Total

1/6
2/23
1/8
3/11
6/6
1/1
1/1
1/1
6/7
3/6
25

4
4

RYGB
6
6

RYHJ
1
1
1
1
1
3
8

25

Type of ESCP drainage

Etiology
Other

Stone

1
1
3
2
7

1
1
6
5
-

Transpapillary 2

Strx
1
1
3
1
1
1
1
3

13 (52%) 12 (48%)

RV
2
17
17
2
6

AGS

AGB

1
1
2
21 (84%)

5

Success/complex

Transmural 3
4
19
1
1
59
38
13

HG

Other

4

6

1 (0)
1 (0)
3 (1)
3 (1)
2 (0)
5 (20%)

Sn

Cn

1/1
1/2
1/1
2/3
6/6
1/1
1/1
1/1
6/6
2/3

0
1
0
1
1
0
0
0
1
0

22 (88%) 4 (16%)

1

Number of surgically altered anatomy (SAA) patients with benign biliary obstruction per total number of patients in the series; 2Number of patients with
attempted drainage by stent insertion and/or balloon dilation with/without stone removal (ITT); 3Number of patients with attempted stent placement
(ITT), followed by number of metal stents in parentheses; 4Transmural variants of HG (hepatico-esophagostomy/jejunostomy) following intrahepatic
access, except when stated otherwise; 5Number of successful cases or complications per number of SAA patients with benign biliary obstruction;
6
Choledochoduodenostomy with plastic stents used for transmural stone extraction in Billroth I; 7Transpapillary AG metal stent placed at follow-up of
prior transmural intrahepatic stenting in anastomotic Strx. Tallied in the total count; 8AGB prior to AGS in a single case. AGS tallied as main intervention
and AGB not tallied in the total count; 9AGB with stone removal plus temporary NBD placement in four patients. AGB of anastomotic Strx and normal
cholangiogram in one each. SAA: Surgically altered anatomy; ESCP: Endosonographic cholangiopancreatography; RYG: Roux-en-Y gastrectomy; RYGB:
Roux-en-Y gastric bypass; RYHJ: Roux-en-Y hepatico-jejunostomy; RV: Rendezvous; AGS: Antegrade stent insertion; AGB: Antegrade balloon dilation; HG:
Hepatico-gastrostomy; ITT: Intention-to-treat; Sn: Successful cases; Cn: Complications.

placement carries the risk of severe bile leakage into the
peritoneum caused by stent foreshortening[16]. This risk
can be minimized by initial placement of transmural
plastic stents followed by elective stent exchange after
track maturation[2,14,16]. The recommended technique for
plastic stent replacement after transmural EUSBD is
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over-the-wire snare removal after guide-wire cannulation
of the stent[14,111]. The snare over-the-wire technique
prevents track disruption and avoids the need for a repeat
transhepatic (PTBD or EUSBD) puncture should stent
occlusion lead to dysfunction.
As an alternative to transmural stenting, transductal
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(transpapillary or transanastomotic) stent placement
has been reported in just five patients with SAA and
malignant biliary obstruction, by means of rendezvous
ERCP after antegrade guide-wire passage in 2 cases, and
by direct antegrade stent insertion in a further 3 (Table 6).
The final position of the stent in antegrade or rendezvous
approaches is the same as in internal drainage by PTBD.
Püspök et al [13] associated 7F plastic stent hepaticojejunostomy in a patient with recurrent gastric cancer
and prior Roux-en-Y total gastrectomy to antegrade
transpapillary metal stent placement. Although their goal
in placing this second transmural stent was to minimize
the risk of acute leakage, this dual approach might well
serve the purpose of avoiding a repeat transhepatic
puncture in case of stent dysfunction, the transmural
stent serving as an entry point to the bile-duct. A similar
strategy to manage stent dysfunction was reported by
Bories et al [16]. After initial transmural stenting, they
converted drainage electively to antegrade stent placement
at follow-up in two cases and to rendezvous in a further
case. These authors highlight the ease of endoscopic reintervention through a transmural metal stent in case of
stent dysfunction.

stricture remodeling strategy was used by Artifon et
al[112], who via ESCP placed a temporary covered metal
stent in an antegrade fashion across an anastomotic
stricture. The stent was removed at follow-up using
balloon enteroscopy. Authors limiting intervention to
antegrade balloon dilation base the potential compromise
in efficacy on concerns about transmural stenting when
only minimal intrahepatic dilation is present[109], or about
stent removability secondary to impaired access caused
by SAA[114].

ESCP interventions for benign biliary obstruction in SAA
Stones and anastomotic strictures are the most common
benign causes requiring intervention after SAA, about
half each in the 25 patients reported so far in the literature
(Table 7). In contrast to SAA patients with malignant
biliary obstruction in whom EUSBD is predominantly
transmural, transductal intervention is the dominant
approach to benign disease, chosen in 84% of SAA cases
(Table 7). Antegrade balloon dilation with or without
stone removal is the major ESCP intervention performed
in this setting[57,110], with rendezvous[3,16,31,110] and antegrade
stenting[109,112] having a secondary role.
Only two small series have specifically reported these
EUSBD interventions in the setting of SAA. Weilert
et al[110] succeeded at antegrade CBD stone removal in
four RYGB patients and managed to salvage a further
two with rendezvous enteroscopy-ERCP. These authors
found rendezvous enteroscopy-ERCP with retrograde
balloon dilation and stone removal helpful as a cross-over
strategy following failed antegrade puncture track dilation.
Iwashita et al[57] replicated their approach in patients
with CBD stones following Roux-en-Y gastrectomy. To
prevent leakage and to allow serial cholangiography, these
authors left a nasobiliary drainage tube in place during 2-4
wk. Serial cholangiograms led to repeat intervention in
one out of four patients with CBD stones.
Antegrade ESCP balloon dilation of anastomotic
strictures without additional stenting has been reported as
an effective measure to relieve biliary obstruction by several
authors[34,109,113,114]. As effective remodeling of benign
biliary strictures usually requires serial endotherapy[85,99],
the long-term outcomes of single session balloon dilation
remain unproven. A seemingly more effective two-step

4
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REVIEW

Use of mesenchymal stem cells to treat liver fibrosis:
Current situation and future prospects
Silvia Berardis, Prenali Dwisthi Sattwika, Mustapha Najimi, Etienne Marc Sokal
their immunomodulatory properties, their potential to
differentiate into hepatocytes, allowing the replacement
of damaged hepatocytes, their potential to promote
residual hepatocytes regeneration and their capacity
to inhibit hepatic stellate cell activation or induce their
apoptosis, particularly via paracrine mechanisms. The
current review will highlight recent findings regarding
the input of MSC-based therapy for the treatment of
liver fibrosis, from in vitro studies to pre-clinical and
clinical trials. Several studies have shown the ability of
MSCs to reduce liver fibrosis and improve liver function.
However, despite these promising results, some
limitations need to be considered. Future prospects will
also be discussed in this review.
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Core tip: Liver fibrosis is a major public health issue
for which no treatment is available. Cell therapy and,
in particular, mesenchymal stem cells (MSCs), represent a promising strategy, based mainly on their immunomodulatory properties and differentiation capa-city. In
the current review, we discuss the rationale to propose
cell therapy and, in particular, MSCs to treat liver fibrosis,
overview of the current knowledge in this field and
highlight future prospects.

Abstract
Progressive liver fibrosis is a major health issue for
which no effective treatment is available, leading to
cirrhosis and orthotopic liver transplantation. However,
organ shortage is a reality. Hence, there is an urgent
need to find alternative therapeutic strategies. Cellbased therapy using mesenchymal stem cells (MSCs)
may represent an attractive therapeutic option, based on
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to cirrhosis. Cirrhosis is defined histologically as a diffuse
process characterised by fibrosis and the conversion
of normal liver architecture into structurally abnormal
nodules[13].
In the advanced stages of fibrosis, the liver contains
approximately 6 times more extracellular matrix deposition
levels than a normal liver, including collagens (types Ⅰ, Ⅲ
and Ⅳ), fibronectin, undulin, elastin, laminin, hyaluronan
and proteoglycans[11]. The accumulation of extracellular
matrix in the liver parenchyma results from both increased synthesis and decreased degradation by matrix metalloproteinases.

LIVER FIBROSIS: A MAJOR HEALTH
ISSUE
Liver fibrosis refers to the excessive accumulation of extracellular matrix into the liver parenchyma in response to
chronic injury. Injuries may result from viral, autoimmune,
cholestatic, toxic or metabolic disease, including nonalcoholic steatohepatitis. Chronic fibrosis progresses from
fibrosis to cirrhosis characterised by septa formation and
rings of scar tissue surrounding nodules of surviving
hepatocytes[1]. Epidemiological data suggest that cirrhosis
affects hundreds of millions people worldwide [1]. It
represents the 14th most common cause of death in adults
worldwide (resulting in 1.03 million death per year) but the
fourth in central Europe[2]. In the European population,
less than 1% (approximately 0.1%) of the population is
affected by cirrhosis, corresponding to 14-26 new cases per
100000 inhabitants per year or an estimated 170000 deaths
per year[3].

PHYSIOPATHOLOGY OF LIVER FIBROSIS
Cellular effectors: Extracellular matrix producing cells
Extracellular matrix is mainly produced by hepatic stellate
cells (HSCs), located in the space of Disse between
the hepatocytes and sinusoids. Following liver injury,
HSCs are “activated” and evolve to myofibroblastlike cells following paracrine and autocrine signalling.
This activation is characterised by an increase in cell
proliferation and extracellular matrix protein deposition,
loss of vitamin A droplets and acquisition of contractile
features. HSC activation has been well identified as a key
event in the fibrotic response to liver injury. Proliferating
activated HSCs are typically located in the regions of
greatest injury. This phenomenon is preceded by an influx
of inflammatory cells and is associated with extracellular
matrix accumulation[14].
Initiation represents the first activation phase and
refers to early changes in gene expression and phenotype.
HSCs are stimulated by paracrine signals, including
exposure to lipid peroxides and products released from
damaged hepatocytes as well as biochemical signals
from Kupffer and endothelial cells. In the perpetuation
phase, the activated phenotype is maintained, and fibrosis
is generated. Autocrine as well as paracrine loops are
implicated. Resolution refers either to the reversion to a
quiescent phenotype or to clearance through apoptosis[14].
At the structural level, activated HSCs lose their large
vitamin A-containing lipid droplets and up-regulate the
expression of cell adhesion molecules such as intercellular
adhesion molecule-1 (ICAM-1) and vascular cell adhesion
molecule-1 (VCAM-1), promoting the recruitment of
inflammatory cells to the injured liver. The up-regulation
of adhesion molecules expression has been studied
in vitro and in vivo [15] . The expression of α -smooth
muscle actin is also up-regulated and the secretion of
pro-inflammatory cytokines is increased [14,16]. During
fibrosis, the enhanced expression of the cytoskeletal
protein alpha-smooth muscle actin (α-SMA) confers a
contractile potential to HSCs, that is a determinant of
increased portal resistance[14]. High expression level of
α-SMA correlates with an extent of disease progression.
Some particularities have been documented as in kidney.
Indeed, renal fibrosis progression (in experimental
glomerulonephritis model) was enhanced in mice lacking

CLINICAL ASPECTS
Although mild fibrosis remains largely asymptomatic, its
progression towards cirrhosis is a major cause of morbidity
and mortality. Fibrosis and distorted vasculature lead to
portal hypertension and related complications, namely
upper gastrointestinal bleeding from ruptured gastrooesophageal varices, portal hypertensive gastropathy,
ascites, renal dysfunction, and hypersplenism leading to
thrombocytopenia and hepatopulmonary syndrome[4].
Furthermore, cirrhosis is associated with hepatocellular
insufficiency, impaired metabolic capacity and dysfunction
of other organs such as the gastrointestinal tract[5] and
kidneys[6], as well as the cardiovascular[7], respiratory[8] and
skeletal systems[9]. Cirrhosis can lead to hepatocellular
carcinoma[10].

HISTOLOGY OF LIVER FIBROSIS
Following acute injury, liver parenchymal cells regenerate
and replace the necrotic damaged cells. During this process,
an inflammatory response is observed accompanied by
limited deposition of extracellular matrix in the liver
parenchyma. In the case of persistence of the injury, the
regenerative capacity of parenchymal cells is impaired and
dead hepatocytes are replaced by an abundant accumulation of the extracellular matrix, mainly secreted by
activated hepatic stellate cells[11]. The pattern of fibrosis
is related to the pathogenic mechanism of the underlying
disease. In chronic viral hepatitis, autoimmune hepatitis
and chronic cholestatic disorders, the fibrotic tissue
will initially be located in the periportal areas. However,
in alcohol-induced liver disease, the pericentral and
perisinusoidal areas represent the initial localisation of
extracellular matrix deposition[12], most likely because
alcohol is mainly metabolised in these regions.
Following disease progression, the collagen fibres will
progressively evolve to bridging fibrosis, leading finally
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progression and fibrolytic during its reversal[22].

this protein in myofibroblasts, while tissue fibrosis was
ameliorated by forced expression of α-SMA in renal
interstitial myofibroblasts [17]. These data suggest that
α-SMA expression could play a role in moderating chronic organ fibrosis.
In addition to HSCs, other cellular sources contributing
to extracellular matrix accumulation have been identified.
These cells include portal fibroblasts (mainly implicated
in biliary fibrosis)[18], circulating fibrocytes, and bonemarrow derived cells[19], as well as fibroblasts derived from
epithelial-mesenchymal transition (EMT) of hepatocytes
and bile duct epithelial cells[20]. EMT is characterised by the
loss of cell adhesion, repression of E-cadherin expression
and increased cell mobility. Transforming growth factor
beta (TGFβ) induces the acquisition of a fibroblastoid
phenotype by hepatocytes and their expression of proteins characteristic for EMT and fibrogenesis. After
EMT, hepatocytes will contribute to the population
of myofibroblasts and consequently, participate to
fibrogenesis[21]. This phenomenon represents an attractive
target for liver fibrosis treatment.

Key factors
Factors involved in HSC proliferation: PDGF-β signaling
is one of the best characterised pathways involved in
the HSC activation process. After PDGF-β binding to
its receptor, several intracellular pathways are activated
(including the Ras-MAPK, PI3K-AKT/PKB and PKC
pathways) supporting cellular proliferation. In early HSC
activation, a rapid induction of PDGF-β receptor is
observed[28,29].
Even if PDGF is the most potent mitogen towards
HSC, other growth factors such as TGFα, epidermal
growth factor and VEGF can also stimulate HSC proliferation[30].
Fibrogenic molecules: TGFβ1 is derived from both
autocrine and paracrine sources and represents the most
potent fibrogenic cytokine in the liver. TGFβ1 recruits
Smad2/3, leading to its phosphorylation and stimulation
of fibrogenic gene expression[31]. Leptin also has a profibrotic action through suppression of peroxisome
proliferator-activated receptor-γ (PPARγ)[32]. Connective
tissue growth factor, secreted by HSCs, is also fibrogenic.

Other cellular sources involved in fibrogenesis
Biliary progenitor cells: In biliary fibrosis, the proliferating biliary progenitor cells secrete several factors
that attract and activate HSCs into proliferative and
extracellular matrix-producing cells. This phenomenon
is amplified by several molecules secreted by the surrounding myofibroblasts and by inflammatory cells, such as
interleukin (IL)-6 and fibroblast growth factor[22].

Chemokines: The migration of HSCs to the site of
injury is promoted by several chemokines (such as
CCL5) secreted by HSCs which express the respective
receptors[30].
Neurotransmitters: Following chronic liver injury, the
local neuroendocrine system is up-regulated, and HSCs
express different receptors, including those regulating
cannabinoid signalling, and secrete endogenous cannabinoid. The activation of CB1 receptor is pro-fibrogenic,
but the CB2 receptor is anti-fibrotic. Opioid and serotonin pathways, as well as thyroid hormones, have a profibrotic effect[30].

Liver sinusoidal endothelial cells: In perisinusoidal
fibrosis, liver sinusoidal endothelial cells (LSECs)
are activated and proliferate. LSECs contribute to
extracellular matrix production and secrete cytokines
and growth factors [such as TGFβ and platelet-derived
growth factor (PDGF)] that activate HSCs as well as
factors contributing to intrahepatic vasoconstriction.
Myofibroblasts activate LSECs via the secretion of
angiogenic factors such as vascular endothelial growth
factor (VEGF) and angiopoietin-1[23].

Inflammatory pathways: Finally, inflammatory pathways are also involved in the HSC activation process.
HSCs secrete inflammatory chemokines and interact
directly with immune cells through the expression of
adhesion molecules, including ICAM-1 and VCAM-1[33].
Moreover, apoptotic hepatocyte DNA can interact with
Toll-like receptor 9 expressed on HSCs, repressing HSC
migration and increasing collagen production[34].

Inflammatory cells: CD4+T cells with Th2 polarization
also promote fibrogenesis. These cells secrete IL-4
and IL-13, which can stimulate the differentiation of
fibrogenic myeloid cells and macrophages [24]. Th17
cells, induced by TGF- β 1 and IL-6, secrete IL-17A,
which activates myofibroblasts directly and indirectly
by stimulating TGF- β 1 release by inf lammator y
cells[25]. Regulatory T cells can either favour or inhibit
fibrogenesis by secreting TGF-β1 (profibrotic) or IL-10
(anti-fibrotic)[22]. CD4+ Th1 cells have an anti-fibrotic
effect[22].
NK cells can reduce fibrosis by killing activated
HSCs and by producing interferon γ [26]. Monocytes
play a key role in inflammation and fibrosis. They are
precursors of fibrocytes, macrophages and dendritic
cells [27]. Macrophages are fibrogenic during fibrosis
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CURRENT THERAPEUTIC APPROACHES
Anti-fibrotic drugs
Liver fibrosis is a dynamic process that may undergo
reversal[35]. The best aim of anti-fibrotic therapy is to
eliminate the underlying disease process. For chronic
viral hepatitis, anti-viral treatment efficacy has been
recently documented to improve liver fibrosis. In the
context of chronic hepatitis B, prevention of developing
cirrhosis and fibrosis regression has been demonstrated
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for entecavir and tenofovir, two third-generation nucleotide analogues. Chang et al [36] firstly documented
histological improvements and reversal of fibrosis/
cirrhosis in patients with chronic hepatitis B treated with
entecavir for a period of at least 3 years. More recently,
Marcellin and colleagues reported regression of fibrosis
and cirrhosis among patients with chronic hepatitis B
infection treated for 5 years with tenofovir disoproxil
fumarate. Seventy-four percent of the patients with
cirrhosis were no longer cirrhotic at year 5 [37]. With
respect to chronic hepatitis C, significant regression of
fibrosis has been shown among patients presenting mildto-moderate fibrosis after treatment with Peginterferon
alpha-2a or alpha-2b plus ribavirin during 24 or 48
wk, depending on genotype[38]. However, beyond the
strict enrolment criteria of the studies, the long term
efficacy and safety of these anti-viral treatments have
to be confirmed with older patients presenting several
comorbidities and treated with other medications.
In the case of impossibility to treat the underlying
process, anti-fibrotic therapy would be ideal. Currently,
there is no anti-fibrotic drugs available in a clinical
setting [1,39,40] . Although specific agents are under
investigation, none has been approved as anti-fibrotic
therapy.
The use of anti-fibrotic drugs has been reported in
preclinical and clinical studies. This approach targets
several aims[41-43], such as: (1) downregulation of HSC
activation[44-51]; (2) neutralisation of the proliferative,
fibrogenic, and contractile responses of HSCs[52-58]; (3)
promotion of HSC apoptosis [59,60]; (4) promotion of
matrix degradation[61,62]; (5) reduction of inflammation[63-68];
and (6) inhibition of collagen Ⅰ cross-linking[69], as shown
in Table 1. Overall, anti-fibrotic agents have been shown
to be highly effective in animal models and represent
potential anti-fibrotic drugs. Several anti-fibrotic agents
that have been transitioned to clinical studies are PPAR-γ
agonist[45,46], interferon γ (IFN-γ )[48,49] , angiotensin Ⅱ
antagonist[55], colchicine[57], interleukin 10 (IL-10)[64], antitumour necrosis factor alpha (TNF-α)[66], ursodeoxycolic
acid[68], and antioxidants[51].
Given the supportive preclinical data, however, the
data in human are mixed. Moreover, most of these
studies were performed in small numbers of patients
over a short period of time, but fibrosis is a long lasting,
slowly progressive event. Human studies have examined
the effect of PPAR-γ agonist[45] and IFN-γ[48] in patients
with liver fibrosis. In addition to the promising results
in small-scale studies[45,48], longer and larger studies have
failed to demonstrate any beneficial effect[46,49].
Compared with preclinical studies, clinical studies
of several anti-fibrotic agents have been shown to yield
dramatically different results[51,57,64] that may be due to
several reasons. In animal models, anti-fibrotic drugs
were investigated against the development of fibrosis.
On the other hand, in real clinical settings, and in
most clinical trials, patients had advanced fibrosis. The
potential of collagen degradation also differs between
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the rodent model and humans because of difference
in the cross-linking of ECM. Compared with human
fibrosis, which requires years to develop, fibrosis in
rodents occurs over weeks or months and contains less
chemical cross linking. In addition, differences in the
pharmacokinetics of anti-fibrotic drugs between animal
models and humans contribute to the different results[42].
Furthermore, a crucial issue that remains to be
investigated is how to translate the preclinical evidence
of other potential anti-fibrotic agents into a benefit
for patients. In general, the development of antifibrotic drugs in humans meets several obstacles [41].
First, liver fibrosis is a slowly progressive event, most
likely requiring several years of follow up to establish
efficacy. Second, the gold-standard tool to evaluate
fibrosis remains to be histology. Patients and physicians
may be reluctant to perform repeated biopsies due to
possible adverse events[70]. Moreover, sampling error in
liver biopsy and inter-observer variability may interfere
with the results[71]. For all of these reasons, noninvasive
diagnostic tools would be highly desirable, ranging
from physical examination, laboratory investigation,
radiographic testing, to specific serum markers [42] .
Transient elastography has also been developed to
measure liver stiffness using ultrasound principles[72].
Orthotopic liver transplantation
Currently, orthotopic liver transplantation (OLT)
remains the most effective treatment for this condition.
Over time, the survival rate after OLT has progressively
increased, reaching currently 83% after 1 year. Liver
cirrhosis remains the main indication for OLT in Europe
(59%) (EASL 2013). In children, a survival rate above
80% has been reported 10 years after OLT[73]. However,
over the last 10 years, the annual number of OLTs
has stopped growing because organ donation has not
kept up with demand, leading to increased mortality
and morbidity[74]. Moreover, some limitations such as
operative risk, post-transplant rejection, recurrence of
the pre-existing liver disease and high costs must be
considered[75]. Moreover, fibrosis often develops in the
liver grafts as early as one year after transplantation. One
year after paediatric OLT, portal fibrosis is present in
31% of liver grafts[76].
The prevalence of fibrosis increases to 65% five
years after OLT and to 71% at 10 years, with 29% of
severe fibrosis[77].
Cell-based therapy
Cell-based therapy has been proposed as a less invasive
potential alternative to OLT. The rationale is mainly
based on the ability of several cells to: (1) improve the
hepatic inflammatory microenvironment; (2) inhibit
the activation or induce apoptosis of HSCs; (3) replace
damaged hepatocytes; and (4) promote the regeneration
of residual hepatocytes.
Isolated hepatocytes: Hepatocyte transplantation has
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Table 1 Preclinical and clinical studies representing the development of anti-fibrotic strategies
Antifibrotic drug

Preclinical/clinical results

Disease model

Downregulation of hepatic stellate cell (HSC) activation
Peroxisomal proliferator-activated
Inhibition of HSC activation and amelioration of hepatocyte
Carbon tetrachloride (CCl4)-induced
receptor gamma agonist (pioglitazone)
necroinflammation in rats after 8 wk
liver fibrosis
Reduction of steatosis, but not fibrosis compared to placebo, in
Nonalcoholic steatohepatitis
patients with NASH after 6 mo (26 pioglitazone; 21 placebo)
(NASH)
No benefit of pioglitazone over placebo in term of steatosis and
NASH
fibrosis in patients with NASH after 96 wk (80 pioglitazone; 83
placebo)
Interferon gamma (IFN-γ)
Inhibition of the activation of HSC and extracellular matrix
CCl4-induced liver fibrosis
production
Improvement of fibrosis scores in patients with chronic hepatitis
Chronic HBV infection
B virus (HBV) infection after 9 mo (54 IFN-γ; 29 control)
Antioxidant (vitamin E)
No reversion of fibrosis in patients with advanced liver disease
Chronic hepatitis C virus (HCV)
after 1 yr (IFN-γ1b 100 μg 169; IFN-γ1b 200 μg 157; placebo 162)
infection
Protective effects against liver damage and cirrhosis in rats
CCl4-induced liver fibrosis
No benefit on liver function tests in patients with mild to
Alcoholic hepatitis
moderate alcoholic hepatitis after 1 yr (25 vitamin E, 26 placebo)
Neutralization of proliferative, fibrogenic and contractile responses of HSC
Anti-transforming growth factor beta
Supression of fibrosis in rats after 3 wk
Dimethylnitrosamine-induced liver
(TGF-b)
fibrosis
Short interference RNA
Inhibition of the expression of TGF-b1 and attenuation of liver
High-fat diet and CCl4-induced
fibrosis in rats
model of liver fibrosis
Endothelin antagonist
Nonpeptide endothelin-A receptor antagonist, LU 135252,
Secondary biliary fibrosis
reduced collagen accumulation in rats after 6 wk
Angiotensin system inhibitor
Olmesartan, an angiotensin Ⅱ type 1 receptor blocker, decreased
Methionine-choline-deficient rat
expression of collagen genes and attenuated liver fibrosis in rats
model of NASH
after 15 wk
Angiotensin-converting enzyme inhibitors (ACEi) and angiotensin
Chronic hepatitis C
receptor-1 blocker (ARB) did not retard the progression of liver
fibrosis in patients with advanced liver fibrosis after 3.5 yr
(66 ACEi/ARB, 126 non-ACEi/ARB, 343 no antihypertensive
medication)
Colchicine
Colchicine and colchiceine (metabolite of colchicine) prevented
CCl4-induced liver fibrosis
the increase in collagen synthesis and increased the intracellular
degradation of collagen rats
Colchicine improved fibrosis marker expression, but not
Liver fibrosis of various etiologies
histological finding, in patients with hepatic fibrosis after 12 mo (21
colchicine; 17 control)
Promotion of HSC apoptosis
Gliotoxin
Morphologic alterations typical of HSC apoptosis in vitro
CCl4-induced liver fibrosis
(activated rat and human HSCs) and reduction of the number of
activated HSCs in rats
Sulfasalazine
Induction of activated HSC apoptosis, by inhibiting nuclear factor
CCl4-induced liver fibrosis
kappa B-dependent gene transcription, both in vitro (activated rat
and human HSC) and in vivo
Promotion of matrix degradation
Matrix metalloproteinase (MMP)
Urokinase-type plasminogen activator, an initiator of the matrix
CCl4-induced liver fibrosis
inducer
proteolysis cascade, induced collagenase expression and reversal
of fibrosis rats
Tissue inhibitor of matrix
Polaprezinc, a zinc-carnosine chelate compound, attenuated
Dietary methionine and choline
metalloproteinase (TIMP) inhibitor
fibrosis by inhibiting TIMP expression during a later phase, thus
deficient (MCD)-induced NASH
promoting fibrinolysis, in mice after 10 wk
Reduce inflammation
Interleukin 10
Inhibition of HSC activation and decrease of the expression of
CCl4-induced liver fibrosis
TGF-b1, MMP-2, and TIMP-1 in rats
Anti-inflammatory effect, but increased HCV viral burden via
Chronic hepatitis C
alterations in immunologic viral surveillance, in patients (30
subjects for 3-dose trial)
Anti-tumour necrosis factor-α
Infliximab decreased necrosis, inflammation, and fibrosis in rats
Dietary MCD-induced NASH
Infliximab improved Maddrey’s score in patients after 28 d (20
Alcoholic hepatitis
subjects)
Ursodeoxycholic acid (UDCA)
Reversion of liver damage in rats
CCl4-induced liver fibrosis
Reduction of periportal necroinflammation and, if initiated at
Primary biliary cirrhosis
the earlier stages Ⅰ-Ⅱ of the disease, delay of the progression of
histologic stage in patients after 2 yr (200 UDCA, 167 placebo)
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Inhibition of collagen Ⅰ cross-linking
Anti-Lysyl oxidase-like-2

Reduction of liver fibrosis, decrease in the number of
myofibroblasts and lower p-Smad3 signal

provided the proof-of-concept that cell therapy could
be used to treat some liver diseases such as metabolic
disorders and acute liver failure [78-80]. A decrease in
liver fibrosis and restoration of phospholipid secretion
were also observed in a mouse model of progressive
familial intrahepatic cholestasis type Ⅲ after hepatocyte
transplantation [81]. The feasibility and safety of this
technique are supported by the numerous clinical trials
performed with hepatocytes.
However, the efficacy of hepatocyte transplantation
seems to have a limited durability, with a progressive
decrease in the observed effects[82]. Moreover, hepatocytes
are poorly resistant to cryopreservation, which can be
limitative as fresh hepatocytes are not always available[83].
Moreover, hepatocytes are rare materials and cannot be
expanded in vitro. Therefore, finding a new and readily
available cell source was primordial.

[69]

To avoid these issues, new technologies have enabled
tissue cells to become induced pluripotent stem cells
(iPSCs). Along with the development in the field of
stem cell reprogramming, iPSCs represent promising
stem cells in cell-based liver therapy. Song and colleagues
provided evidence of hepatocyte differentiation of human
iPSCs for the first time [91]. At various differentiation
stages, human iPSC-derived hepatic cells from different
organs repopulated the liver of mice with induced liver
cirrhosis. The engraftment potential of differentiated
iPSCs was comparable to that of human hepatocytes
and was higher than that of undifferentiated human
ESCs or iPSCs[92]. iPSCs provide an unlimited source for
regenerative medicine since patient-specific cells produce
no ethical issue and problem of cell rejection. Despite
the promise of iPSCs, the potential risk of genetic
manipulation and mutagenesis should be considered
before any clinical application. Other issues that remain
to be addressed in recruiting iPSCs are (1) the source
of iPSCs, whether patient-specific iPSCs should be
derived from the diseased tissue portion; (2) the directed
hepatic differentiation protocol; and (3) extensive
characterisation of hepatic differentiation[93].

Stem/progenitor cells: Stem/progenitor cells have
progressively emerged as an attractive alternative to
hepatocytes in the context of cell-based therapy. Stem/
progenitor cells are can proliferate in culture, are resistant to
cryopreservation and have three interesting characteristics:
plasticity, migration and engraftment.

Mesenchymal stem cells
Mesenchymal stem cells (MSCs) have extensively been
investigated as potential therapeutic options for the
treatment of various degenerative diseases and immune
disorders, mainly because of their differentiation
potential and immunoregulatory properties[94]. The MSC
secretion profile also represents an attractive property,
as MSCs are known to secrete several anti-fibrotic
molecules such as hepatocyte growth factor (HGF)[95].
Compared with embryonic stem cells, MSCs do not cause
ethical problems and have a safer profile in terms of
oncogenicity[96].
The different properties of MSCs make them an
attractive therapeutic tool in the context of liver fibrosis,
a topic that will be discussed in the following paragraphs.

Embryonic stem cells and induced pluripotent stem
cells
Pluripotent embryonic stem cells (ESCs) are derived from
the inner cell mass of blastocyst embryos. Several in vivo
studies have revealed the potency of ESCs to differentiate
into hepatocyte-like cells and reduce induced liver
fibrosis. Mouse ESC-derived green ﬂuorescent protein+
cells injected into CCl4-injured mice[84], undifferentiated
mouse ESCs injected into CCl4-treated mice[85,86], and
human differentiated ESCs transplanted into CCl 4injured SCID mice[87] showed hepatic differentiation,
integrated into the liver parenchyma, and reduced liver
fibrosis without evidence of tumourigenicity. The result
of these studies should be further confirmed, however,
because teratoma formation was observed in other
studies. Splenic teratomas were formed in mice with
induced hepatocellular injury 35 d after the administration
of undifferentiated mouse ESCs and 60 d after the
transplantation of mouse ESC-derived alpha-fetoproteinproducing cells[88]. Injection of undifferentiated mouse
ESCs into the spleen of immunosuppressed nude mice
also gave rise to splenic teratomas[89]. Although ESCs
have the ability to differentiate into hepatocytes, their
malignant potential and ethical issues remain the major
obstacles to develop ESC treatment in clinical settings.
Moreover, there may be genetic/epigenetic changes and
immune rejection problems when ESCs are transplanted,
due to their allogeneic nature[90].
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CCl4-induced liver fibrosis

PROPERTIES OF MSCs AND THEIR
POTENTIAL USE IN REGENERATIVE
MEDICINE
General features
In 2006, the International Society for Cellular Therapy
proposed minimal criteria to define human MSCs[97].
First, MSCs must be plastic-adherent when maintained
under standard culture conditions. Second, ≥ 95% of the
MSC population must express CD105, CD73 and CD90,
and lack the expression (≤ 2% positive) of CD45, CD34,
CD14 or CD11b, CD79α or CD19 and HLA class Ⅱ
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surface molecules. Third, MSCs must differentiate into
osteoblasts, adipocytes and chondroblasts under standard
in vitro differentiating conditions[97].
MSCs are spindle-shaped fibroblast-like cells and
have the ability of self-renewal. They can be isolated and
expanded with high efficiency[98].

inhibitory effect exerted by MSCs seems to be mediated
by soluble factors, including prostaglandin E2 (PGE2)[118].
MSCs can also suppress NK cell’s proliferation, cytolytic
activity and secretion of cytokines. The role of PGE2 and
indoleamine 2,3- dioxygenase has been established[119].
Because of all these characteristics, MSCs have generated
a great interest for their potential use in regenerative
medicine.
In summary, although having less potential to differentiate into endodermal cells compared with ESCs
and iPSCs, MSCs can be readily obtained and expanded
into large quantities. Moreover, MSCs are resistant
to cryopreservation and maintain a stable phenotype
following passages in culture[120]. Furthermore, the use of
MSCs sidesteps many obstacles for conducting human
trials, such as ethical concerns, the risk of rejection,
and teratoma formation. Considering the unrelieved
concerns regarding safety and efficacy, there has not
been a clinical trial using human ESCs and iPSC-derived
hepatocytes for liver regeneration.

Differentiation potential
The high degree of plasticity of MSCs has widely been
described during the last decade[99-102].
MSCs have been shown to differentiate into various
mesodermal cell lineages (including adipocytes, osteoblasts,
chondroblasts, myocytes and cardiomyocytes) and into
non-mesodermal cells (such as hepatocytes and neurons),
depending on their microenvironment[103].
In particular, in vitro models have provided evidence
of the differentiation potential of MSCs into hepatocytelike cells with functional properties such as albumin and
urea production, glycogen storage, LDL uptake and
phenobarbital-induced cytochrome p450 expression[104,105].
Moreover, the in vivo hepatic differentiation of MSCs
has been demonstrated in rats[106,107] , mice[108], sheep[109]
and humans[110].
In comparison with extra-hepatic MSCs, adult-derived
human liver stem/progenitor cell, a subtype of MSCs
derived from the adult human liver, has a preferential
hepatocyte differentiation pattern[111,112].
This hepatic differentiation potential is essential
for MSC-based therapies in the context of chronic
liver diseases in which the injured hepatocytes cannot
regenerate[74].

Homing and engraftment
MSCs have the potential to migrate to the injured site
and thereafter to engraft into the concerned organ. This
involves their ability to migrate across the endothelial
cells and to integrate the organ.
It is well known that injured tissues express several
receptors and ligands (such as CXCR4 and SDF-1) that
facilitate the migration of MSCs to the damaged sites.
Furthermore, chemokines are released following injury,
creating a gradient followed by MSCs[121]. This represents
a key mediator of the trafficking of MSCs to the site
of injury. Finally, MSCs also express some integrins,
selectins and chemokine receptors involved in the
adhesion and migration of leucocytes[122,123].
The advantage of this property is that MSCs can
participate in liver regeneration and ensure continued
delivery of trophic signal molecules. However, follow-up
studies are necessary to assess the long-term engraftment
rate of MSCs.

Immunomodulatory properties
The ability of MSCs to modulate the immune response
has attracted great interest, in the context of cell-based
therapy and allogeneic transplantation.
It is well known that MSCs suppress the activity of
cells from both adaptive and innate immunity. Indeed,
MSCs can inhibit the proliferation of CD8+ cytotoxic
lymphocytes and increase the relative proportion of
CD4+ T helper-2 lymphocytes and CD4+ regulatory T
lymphocytes[113,114]. This effect on T lymphocytes indirectly
suppresses the function of B lymphocytes because their
activation is mainly T cell dependent. Moreover, MSCs can
modulate B cell functions by inhibiting their proliferation,
differentiation into antibody-secreting cells and chemotaxis.
Soluble factors such as transforming growth factor
β 1, hepatocyte growth factor, prostaglandin E2 and
indoleamine 2,3-dioxygenase seem to be implicated in this
immunosuppressive activity[115].
MSCs also exert inhibitory effects on monocytes,
dendritic cells, macrophages and NK cells, which
belong to the innate immune system. MSCs inhibit the
maturation of monocytes into dendritic cells, which play
a role in antigen presentation to naïve T-cells. MSCs also
inhibit the secretion of TNF-α, INF-γ and interleukin-12
by dendritic cells and increase their secretion of IL-10,
reducing their proinflammatory potential [116,117]. This
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Therapeutic significance of the MSC secretome
Soluble factors secreted by MSCs have been described to
play an important role in liver regeneration and to protect
hepatocytes from cell death. It has been demonstrated
that bone marrow MSC conditioned medium has antiapoptotic and pro-mitotic effects on cultured hepatocytes.
Moreover, systemic infusion of MSC conditioned
medium could inhibit hepatocyte cell death and enhance
liver regeneration in vivo, in a D-galactosamine-induced
rat model of acute liver injury[124]. Zhang and colleagues
demonstrated that human umbilical cord matrix stem cells
provide a significant survival benefit in mice with CCl4induced acute liver failure, through paracrine effects, by
stimulating endogenous liver regeneration[125].
In addition to liver regeneration, the MSC secretome
has also been described to have anti-fibrotic properties.
Li et al[126] demonstrated that transplantation of exosomes
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The results of the in vivo studies are promising
because they report a decrease in the liver fibrosis with
frequent improvement of hepatic functions. Most
of the time, these results are observed 4 wk after cell
infusion. Long-term studies would be of great interest
to evaluate whether the observed anti-fibrotic effect
persists over time. However, the CCl4 injections need to
be continued after MSC injection to avoid a regression
of liver fibrosis. This represents an obstacle to longterm studies, because animals can hardly support CCl4
injections over a long period of time. In addition to an
improvement in liver fibrosis and liver function, one
study reported an improvement in liver microcirculation
after MSC injection[128]. In two other studies, the decrease
in the collagen deposition was correlated to a decrease
in α-SMA expression, a classical marker of activated
stellate cells[133,135].
In vivo studies highlight the controversy that remains
concerning the exact mechanisms by which MSCs
exert their beneficial effect. Indeed, some studies have
mentioned the differentiation of MSCs into hepatocyte-like
cells[127,131] and/or the expression of metalloproteinases by
MSCs[131,132,135]. The promotion of hepatocyte proliferation
and modulation of inflammation have also been
proposed[130].
The question of the ideal route of MSC administration
remains one of the main unsolved issues regarding
efficient injection of MSCs. Even if the tail vein seems to
be the most often used administration route in animals,
the portal vein [128,131] and intrahepatic injections [129]
also seem to be efficient. The optimal doses of cells
also need to be evaluated because there are significant
variations among studies in terms of the number of cells
injected per animal.

derived from human umbilical cord MSCs could alleviate
CCl4-induced liver fibrosis by inhibiting EMT and by
protecting hepatocytes.

MSC-BASED THERAPY FOR LIVER
FIBROSIS TREATMENT: FROM IN VITRO
STUDIES TO CLINICAL TRIALS
Over the past few years, an increasing number of studies
have evaluated the anti-fibrotic potential of MSCs. In
vivo studies have highlighted the ability of MSCs to
reduce liver fibrosis in animal models. In vitro studies
have been aimed to elucidate the underlying mechanisms
by which MSC could modulate HSC activation. Finally,
clinical trials have evaluated the efficiency of MSC
transplantation for the treatment of liver fibrosis in
humans.
Preclinical studies
Several in vivo studies were performed to evaluate the
therapeutic potential of mesenchymal stem cells in the
context of liver fibrosis (Table 2)[127-135].
In most of the studies, liver fibrosis was induced by
intraperitoneal or subcutaneous injection of CCl4. This
model has the advantage of being the best characterized
model with respect to histological, biochemical, cellular
and molecular changes associated with the development
of liver fibrosis. Moreover, it can reproduce the pattern
of most of the diseases observed in human fibrosis.
However, this model has some limitations. First, it is
not a suitable model to study all types of liver fibrosis,
such as biliary fibrosis. Second, it cannot provide a
perfect simulation of a human disease because there
are large species differences in immune reactions, gene
expression/regulation, and metabolic, pharmacological
and tissue responses[136].
The most studied MSCs are those from the bone
marrow. These cells have been reported to be beneficial
in the prevention of pulmonary fibrotic lesions [137].
However, aspiration of the bone marrow remains an
invasive procedure. The bleeding tendency of cirrhotic
patients and their general condition may represent an
obstacle for autologous cell transplantation.
Alternative sources of MSCs such as adipose tissue
and umbilical blood cord have subsequently been
proposed but the number of studies in the context
of liver fibrosis treatment remains limited, such as
studies using human MSCs in animal models. Most of
the cell sources used in the in vivo studies are murine
MSCs. To our knowledge, tissue based MSCs and bone
marrow-derived MSCs have not been compared in
terms of efficacy for liver fibrosis treatment until now.
The beneficial effects were observed regardless of the
origin of MSCs, even if the superiority in terms of
immunomodulation has been demonstrated in vitro for
adipose tissue-derived MSCs in comparison with bone
marrow-derived MSCs[138].
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In vitro studies
As mentioned above, following liver injury, hepatic
stellate cells (HSCs) are activated into proliferative,
α-smooth muscle actin positive, myofibroblast-like and
extracellular matrix-producing cells[14]. Hence, activated
HSCs represent an attractive target for antifibrotic
therapy.
Several in vitro studies have demonstrated the ability
of MSCs to modulate HSC activation indirectly via
paracrine mechanisms and directly through cell-cell
contacts. The use of in vitro models is supported by the
ability of HSC activation to be mimicked in vitro, when
HSCs are in contact with the plastic culture dishes[14].
Paracrine mechanisms: Using indirect co-culture
systems, Parekkadan et al[139] showed that human bone
marrow-derived MSCs could inhibit collagen synthesis
in activated HSCs from rats and, to a lesser extent,
in immortalized human HSCs, as demonstrated by
a significant reduction in the procollagen type Ⅰ Cpeptide secretion level. Moreover, MSCs could inhibit
HSC’s proliferation and induce their apoptosis, even if
HSCs did nott revert to a quiescent state. The underlying
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Table 2 In vivo studies using mesenchymal stem cells to treat liver fibrosis
Fibrosis
induction

Administration
route

MSC source

Number of
cells injected/
animal

Results

Anti-fibrotic mechanisms
proposed

Ref.

Rats

CCl4 IP

Tail vein

Human umbilical
cord blood

1 × 106

Differentiation into hepatocytelike cells

[127]

Rats

CCl4 IP

Portal vein

Rat adipose tissue

2 × 106

Not mentioned

[128]

Mice

CCl4 IP

Intrahepatic

Murine bone
marrow

1 × 106

Not mentioned

[129]

Mice

CCl4 IP

Tail vein

Murine bone
marrow

1 × 106

Rats

CCl4 SC

Portal vein

Human bone
marrow

1 × 106

Mice

CCl4 IP

Tail vein

1 × 106

Rats

CCl4 SC/DMN
IP

Intraveinous

Murine bone
marrow
Rat bone marrow

Rats

CCl4 SC

Tail vein

Rat bone marrow

3 × 106

Mice

CCl4 IP

Tail vein

Human bone
marrow

5 × 105

Liver fibrosis alleviated 4 wk
post-infusion Improvement of
liver function
Improvement of liver functional
tests, histological findings and
microcirculation 6 wk postinfusion
Reduced fibrosis and apoptosis
30 d post-infusion
Improvement of liver function
Thinner fibrotic areas and
decreased collagen depositions
4 wk post-infusion
Improvement of liver function
Reduced fibrosis 4 wk postinfusion
Improvement of liver function
Decrease in liver fibrosis 4 wk
after transplantation
Decrease in collagen deposition
and of α-SMA expression
Improvement of liver function
Decrease in collagen deposition
Elevation of serum albumin
Reduction in fibrosis 4 wk after
cell infusion

Species

3 × 106

Promotion of hepatocyte
[130]
proliferation and modulation of
inflammation
Differentiation into hepatocyte- [131]
like cells expression of MMPs by
MSCs
Increased expression of MMPs [132]
Not mentioned

[133]

Not mentioned

[134]

Enhanced expression of MMP-9 [135]
and decreased expression of
α-SMA, TNFα and TGFb

MSC: Mesenchymal stem cell; DMN: Dimethylnitrosamine; MMP: Matrix metalloproteinase; α-SMA: Alpha-smooth muscle actin; TNFα: Tumour necrosis
factor-α; TGFb: Transforming growth factor beta.

mechanisms in the modulation of HSC activity by MSCs
were attributed to IL-10, TNFα and HGF. IL-10 and
TNFα secretion by MSCs seemed to inhibit synergistically
the collagen secretion and the proliferation of HSCs but
MSC-derived HGF induced apoptosis in activated HSCs,
as demonstrated by antibody-neutralisation studies.
Adipose tissue derived human MSCs could also
indirectly inhibit murine HSC proliferation. This growth
inhibition is partially mediated by TGF-β3 and HGF,
which are secreted by MSCs. Neutralisation of both
cytokines synergistically decreased the percentage of
cells in the G0/G1 cell cycle phase. A decrease in the
phosphorylation of extracellular signal-regulated kinase
½ by MSCs seemed to be partially involved in the suppressive effect of MSCs on HSCs. Gene expression of
collagen type Ⅰ and Ⅲ was also inhibited by MSCs[140].
NGF released from human bone marrow-derived
MSCs may also represent an important paracrine loop
by which human HSC activation can be modulated.
Using indirect co-culture systems, Lin and colleagues
demonstrated that NGF could inhibit HSC proliferation
and promote their apoptosis. The same effect was
reproduced using recombinant NGF. NF- κ B and its
target gene, Bcl-xl, seem to participate in the regulation
of this process[141].

effects of direct interplay and juxtacrine signaling between MSCs and HSCs.
Rat bone marrow-derived MSCs were shown to
significantly inhibit rat HSC proliferation and reduce
their α-SMA expression level, through a cell-cell contact
mode. The Notch pathway, known to induce cell cycle
arrest, is activated following MSC-HSC contact. This
signalling pathway may participate in the inhibition of
HSC proliferation. In addition, the PI3k/Akt pathway
seems to be involved in the growth inhibition of HSCs
by the Notch pathway[142].
Human bone marrow-derived MSCs were also shown
to inhibit the proliferation and activation of HSCs
(LX-2 cell line) through cell-cell contact and through the
secretion of HGF. This HSC modulation is mediated by
an inhibition of the TLR4/NF-κB signaling pathway[143].
Taken together, these studies shed light on new
insights regarding the mechanisms responsible for the
anti-fibrotic effects of MSCs.
Clinical trials
Over the past few years, nine clinical trials using human
MSCs to treat patients presenting liver fibrosis have been
published (Table 3)[144-152].
The endpoints of the studies were to evaluate the
safety and efficacy of bone marrow and umbilical cord
MSCs transplantation. The cells were mostly infused

Cell-cell contacts: Other studies have evaluated the
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Table 3 Clinical trials using mesenchymal stem cell to treat liver fibrosis
Cell source

Administration Number of cells
route
infused

Patient population

Number of
patients

Follow
up
period

30 treatment
15 control

1 yr

Umbilical
cord

Intravenous

5 × 105/kg, 3
times

Chronic hepatitis B

Umbilical
cord

Intravenous

5 × 105/kg, 3
times

Chronic hepatitis B

Umbilical
cord

Intravenous

5 × 105/kg, 3
times

Primary biliary
cirrhosis

Bone marrow
(autologous)

Intravenous

30 × 106/patient

3 cryptogenic
1 autoimmune
hepatitis
4 chronic hepatitis B
1 chronic hepatitis C
1 alcoholic cirrhosis
2 cryptogenic
Chronic hepatitis B

Bone marrow
(autologous)

Bone marrow
(autologous)
Bone marrow
(autologous)
Bone marrow
(autologous)
Bone marrow
(autologous)

Intravenous
30 × 106-50 ×
(peripheral
106/patient
vein or portal
vein)
Hepatic artery 3,4 × 108/patient
Intravenous

1 × 106/kg

Chronic hepatitis C

Intrasplenic

10 × 106/patient

Chronic hepatitis C

Hepatic artery

5 × 107/patient,
twice

Alcoholic cirrhosis

Endpoints

Efficacy

Safety/efficacy Improvement of liver function
and MELD score
Reduced acites
24 treatment 48 or 72 Safety/efficacy Improvement of liver function
19 control
wk
and MELD score
Increased survival rates
7
48 wk Safety/efficacy
Decrease in serum
alkaline phosphatase and
γ-glutamyltransferase levels
Alleviation of fatigue and
pruritus
Decrease of ascites
4
1 yr
Safety/efficacy Improvement of MELD score

8

24 wk

Ref.

[144]

[145]

[146]

[147]

Safety/efficacy Improvement of liver function [148]
and MELD score

53 treatment 192 wk Safety/efficacy Improvement of Alb, TBIL,
105 control
PT and MELD score
15 treatment 6 mo
Efficacy
Improvement of liver function
10 control
and MELD score
20
6 mo Safety/efficacy Decrease od TBIL, AST, ALT,
PT and INR
Increase of the albumin levels
12
12 wk
Efficacy
Histological improvements
Improvement of Child-Pugh
score
Decrease of TGF-b1, collagen
type 1 and α-SMA

[149]
[150]
[151]

[152]

MELD: Model for end-stage liver disease; Alb: Albumin; TBIL: Total bilirubin; PT: Prothrombin time; TGF-b: Transforming growth factor beta; α-SMA:
Alpha-smooth muscle actin; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; INR: International normalised ratio.

intravenously even if two studies reported infusions via
the hepatic artery[149,152]. Additionally, in one study, the
cells were even injected into the spleen[151]. There is a
great variation in the number of cells infused per patient
and in the frequency of injection in the different trials.
The results of the studies seemed promising in terms
of improvement of liver function and model for endstage liver disease score. This score is based on objective
variables (INR, serum albumin and serum bilirubin)
and has been validated as a predictor of survival among
patients with advanced liver disease[153].
However, there is a lack of data regarding the evaluation
of liver histology after cell transplantation, except in one
study reporting histological improvements[152].
Globally, the size of the samples is small in most
studies and there is a lack of controls in five studies.
The follow up period is quite short, except in one study
with a 192-wk follow up. We believe that it is crucial
to evaluate the long term efficacy, prognosis and safety
before proposing this therapy routinely in the clinical
practice. Using other types of MSCs and other patient
populations could also be of great interest to evaluate
the best therapeutic option for each pathology.
The use of MSCs in clinical practice is currently
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hindered by the incapacity to monitor the transplanted
cells in the patients and by the lack of standardised
transplantation protocols. Standardised protocols providing information concerning the timing of cell
injection following the stage of liver fibrosis, number of
cells and administration route would be useful.
Only randomised controlled clinical trials can assess
the potential clinical benefit of MSCs for patients
affected by liver fibrosis. According to the clinical
trials Website of the United States sponsored by the
National Institutes of Health (http://clinicaltrials.gov),
approximately 24 clinical trials are currently ongoing.

FUTURE PROSPECTS
MSCs may represent a clinically relevant solution for
the treatment of liver fibrosis, given their interesting
properties and the promising results of preclinical and
clinical studies.
However, several issues need to be clarified before
MSCs can be routinely proposed as a therapeutic option
to treat liver fibrosis.
Over the past few years, concerns have been raised
about the long-term effectiveness of MSC-based the-
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rapy and the potential tumorigenic risk. Several lines
of evidence have suggested that MSCs might promote
tumour growth in vivo[154-156]. On the other hand, because
of their immunomodulatory properties, MSCs may have
an antitumour effect, in relation with the modulation of
the inflammatory environment that characterizes many
tumors[157-159]. MSCs can also interact with cancer cells
and inhibit signalling pathways associated with tumour
growth and cell division[160,161].
Moreover, there is a lack of standardised protocols
for MSC transplantation. The optimal MSC doses,
timing and frequency of injection and administration
route differ considerably among the different studies.
For all of these reasons, we believe that further studies,
particularly randomised controlled trials, are needed to
evaluate the long-term safety and efficacy of MSC-based
treatment. Moreover, potency tests performed on MSCs
before injection in patients could be useful.

3

CONCLUSION
Although considerable advances have been made in
the past decade to better understand the cellular and
molecular mechanisms underlying liver fibrogenesis, no
efficient therapy is available so far to treat this serious
condition.
Further investigations and efforts are currently being
conducted to efficiently reverse liver fibrosis. MSC-based
therapy has been shown to have a significant potential
to decrease mortality and improve the quality of life of
patients with liver fibrosis. However, a standardisation
is needed before proposing this strategy routinely in
clinical practice.
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REVIEW

Technical skills and training of upper gastrointestinal
endoscopy for new beginners
Seung-Hwa Lee, Young-Kyu Park, Sung-Min Cho, Joon-Koo Kang, Duck-Joo Lee
Korea. Upper gastrointestinal (GI) endoscopy, i.e. ,
esophagogastroduodenoscopy (EGD), has a higher
diagnostic specificity and sensitivity than the upper
GI series. Additionally, EGD has the ability to biopsy,
through taking a tissue of the pathologic lesion.
Successful training of EGD procedural skills require a
few important things to be learned and remembered,
including the posture of an examinee (e.g. , left lateral
decubitus and supine) and examiner (e.g. , one-man
standing method vs one-man sitting method), basic
skills (e.g. , tip deflection, push forward and pull back,
and air suction and infusion), advanced skills (e.g. ,
paradoxical movement, J-turn, and U-turn), and
intubation techniques along the upper GI tract (e.g. , oral
cavity, pharynx, larynx including vocal cord, upper and
middle and lower esophagus, gastroesophageal junction,
gastric fundus, body, and antrum, duodenal bulb, and
descending part of duodenum). In the current review,
despite several limitations, we explained the intubation
method of EGD for beginners. We hope this will be
helpful to beginners who wish to learn the procedure.
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Core tip: The demand for esophagogastroduodenoscopy
(EGD) has been increasing annually, especially in
Asian countries. However, it is challenging to learn the
procedure, due to its long learning curve. Therefore,
care must be taken in teaching, learning, and practicing
the procedure. We believe that if beginners learn how
to perform EGD properly through an adequate training
program and then perform the procedure effectively
on patients, the safety and satisfaction of patients
undergoing EGD will be improving.

Abstract
The incidence of gastric cancer remains high in South
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EXTENT OF EXAMINATION AND PROPER
POSTURE IN UPPER GI ENDOSCOPY
Examination range
Typically EGD is performed to observe the oral cavity
and larynx including the vocal cord, in addition the
esophagus, stomach, duodenal bulb, and second portion
(descending part) of duodenum. It is desirable to
observe and take images of even the ampulla of Vater
(AOV) while the endoscope is advanced into the second
portion of the duodenum, however, it is not always
possible to take such images, because the endoscope
used is not a side-viewing endoscope, but is a kind of
forward-viewing endoscope[17]. An examiner may need
to abandon AOV imaging after, several attempts, as
continued attempts would aggravate the examinee’s
discomfort.

INTRODUCTION
South Korea has a high prevalence of gastric cancer[1],
hence upper gastrointestinal (GI) endoscopy, i.e.,
esophagogastroduodenoscopy (EGD), potentially has
great significance in terms of gastric cancer screening[2].
EGD is a useful procedure for the diagnosis of various
abnormalities of the upper GI tract[3-6]. The sensitivity
and specificity of EGD exceeds those of radiographs
such as an upper GI barium series, for the diagnosis of
upper GI tract inflammations, ulcers, and neoplasms.
EGD is one of the most common procedures in South
Korean clinical practice [7], hence acquisition of the
skills and expertise for this technique is highly desired
among beginners, including primary care physicians[8-11].
It is important for new practitioners of EGD to have
a theoretical knowledge of pathological GI lesions in
order to correctly interpret findings during endoscopic
procedures and to arrive at the right clinical decision[9,12].
However, even those armed with an in-depth theoretical
knowledge of pathological legions may end up doing an
incomplete examination, if they are unable correctly to
insert the scope into the oral cavity of the examinee or
advance it properly along each portion of the upper GI
tract. Additionally, it is necessary to thoroughly observe
throughout the procedure, considering the possibility of
blind spots, so as not to miss any pathological legions.
Consequently, it is nearly impossible to perform a
successful EGD without procedural skills. Therefore,
an early session of endoscopy-training programs must
focus on procedural skills of upper GI endoscopy[12,13].
Like all other procedures, upper GI endoscopy is
difficult to explain verbally and in writing because the
standards of endoscopy procedural skill assessment are
very subjective. Furthermore, an EGD is a relatively
invasive procedure carried out on a real human body
(examinee), which can make practice and teaching
difficult for residents, fellows, and even instructors.
Endoscopy without proper preparation is inadvisable.
It is helpful and has been repeatedly proven effective
to acquire endoscopy procedural skills from text and
photos [14-16]. Therefore, we explain the operation in
depth, including insertion and advancement techniques
of the scope in addition to providing the background
knowledge that will help beginners, including residents
and fellows, who are undergoing training to learn the
procedure.
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Proper postures for upper GI endoscopy
Examinee (patient): The basic posture that examinees
often take during EGD is the left lateral decubitus
position, or if they experience difficulty lying in that
manner, they can be examined in the supine position
(Figure 1)[18]. However, except for cases in which the left
lateral decubitus position is contra-indicated, such as
hemiplegia, quadriplegia or tracheotomy, it is extremely
rare that the EGD is performed in a supine posture.
The abdomen is dilated by injecting air into the
lumen, allowing for accurate observation. As a result, an
examinee should wear comfortable patient clothing, or if
casually attired, the patient should loosen tops, bottoms,
and belts. As the stomach can be dilated by increasing
intra-abdominal pressure, an examinee lying in the left
lateral decubitus posture is required to bend the legs by
flexing the knee and hip joints, or straighten the left leg
while bending only the right leg during the examination.
Examiner (endoscopist): While a colonoscopy can
be done by either by the one-man or the two-man
method[19], EGD is performed by the one-man method.
While it can be done with the one-man standing
method or the one-man sitting method depending on
the examiner preference, EGD is usually performed
using the one-man standing method because it is faster;
however, if an examiner is required to do a large number
of examinations in a short time or if the standing
posture exerts too much strain on the examiner, such
as in cases of pregnancy, the sitting posture may be
recommended (Figure 2)[20,21].

Endoscopy Equipment and Basic
Technique of Upper GI Endoscopy
Just as understanding the basics of a vehicle is helpful in
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B

D

E

C

Figure 1 Examinee. A, B: Example of left lateral decubitus position. To avoid an increased intra-abdominal pressure while lying in a left lateral decubitus position, it is
recommended to bend the legs; C: Example of supine position; D, E: The examinee is undergoing an upper gastrointestinal endoscopy while lying in a supine posture
due to hemiplegia and tracheotomy (arrow mark).

A

B

Figure 2 Standing and sitting method. A: As the upper gastrointestinal endoscopy takes a relatively short time, most examiners conduct the procedure in the
standing posture; B: If the standing method puts too much strain on the body of an examiner such as in case of pregnancy, she can use the sitting method to perform
the procedure.

learning to drive, understanding the upper GI endoscopy
equipment can be helpful in developing procedural skills.
Endoscopic equipment consists of two sections; the
main body including the central processing unit and the
endoscope. The endoscope is the main tool of EGD.

right) tip deflection is a basic technique for EGD,
performed using a control knob. There are two control
knobs in the control section of endoscope. The larger,
outer control knob is used for the vertical (up or down)
movement of the tip and the smaller, inner knob is used
for the lateral (left or right) movement of the tip.

Components of the endoscope
The endoscope consists of a control section, an instrument
channel (forcep, snare, injector, and clip device), a shaft (the
endoscope portion actually inserted into the patient), the
tip (the distal end of the shaft; controlled by the control
section), the connection section, and a line (Figure 3).

Push forward and pull back: Push forward (PF) is the
action of pushing the endoscope tip forward through
the anus, whereas pull back (PB) is the action of pulling
it backward. PF is essential for advancing the endoscope.
However, PB is also important in some cases, such as
when there is a red-out sign. If the endoscopist uses
force despite a red-out sign, complications such as
mucosal damage and perforation may occur.

Basic technique
Tip deflection: Vertical (up/down) and lateral (left/
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Figure 3 Components of the endoscope. A: typical upper gastrointestinal endoscope (Olympus GIF-H260). Although there might be slight differences in the
structure of the endoscope between manufacturing companies, the overall structure will be nearly identical; B, C: Magnified view of control section; lateral and forward
views.

Right and left turn: Right or left turns are accomplished
by twisting the body of the endoscope to the right
(clockwise) or left (counter-clockwise) direction using the
right hand. The body of the endoscope is grasped by the
right hand, angling the tip using the inner control knob
by left hand. Similarly, applying a twisting (right or left)
motion when the tip is deflected upward has the effect of
turning the endoscope to the right or left without using
the left/right control knob. Alternatively, the outer control
knob (left/right) can be used. However, during EGD, the
former method is far more preferable.

Intubation Technique of
Endoscope along Each Section of
the Upper GI Tract
The methods of inserting the endoscope and advancing
it along each section of the upper GI tract may vary
depending on the endoscopists; there is no single
definite way of intubation. However, if one beginner
carefully observes how a skilled endoscopist performs
the procedure, he or she will find slight but consistent
differences in the way of inserting and advancing
the scope. Herein, we delineated a universal insertion
method for each anatomical part of the upper GI tract
and offer related knowledge helpful to the beginner.

Air insufflation and suction: Air infusion and suction
are performed by using the air/water infusion valve
button and the suction valve button, respectively. In
EGD, optimal visualization required so that pathologic
lesions are not missed. Adequate visualization of the
upper GI tract, especially the stomach, may be achieved
by distending the stomach with air. Thus, in clinical
practice, the air infusion level is set to a high level and
endoscopists are required to infuse sufficient air into
stomach in order to fully observe the organ and remove
any blind spots (Figure 4).
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Endoscope gripping method
Although gripping methods are based on examiner
preference, the left hand usually grabs the control
section and the right hand pinches the distal end of
the scope. After resting the control section in the left
palm, the left hand grips the scope with the fourth
and fifth fingers. With the first finger on the large
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C

D

E

F

G

If an endoscopist
want to infuse air
into lumen, he
should close the hole
of this button and
not push the button

H If an endoscopist

want to suction air or
fluid, he need to push
the suction button

Air bubbles

I

Figure 4 Basic technique. A: Up deflection; B: Down deflection; C: Left deflection; D: Right deflection; E: Push forward (red arrow) and pull back (blue arrow); F: Air
inflation. Simple closure of hole in the Air/Water infusion button activates it, one is not required to push the button. If an endoscopist wishes to infuse air into lumen, he
or she should close the hole of this button, and should not push the button; G: An example of air inflation; H: Air suction. If an endoscopist wants to suction air or fluid,
he needs to push the suction button; I: An example of water suction.

angle knob, the second finger on the suction button
and the third finger on the air/water supply button, an
examiner can freely manipulate the scope with the tip
of each finger. The right hand holds the distal end of
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the scope at the correct distance from the tip. If held
it too far from the tip, the scope will bend, and force is
not transmitted to the tip. If held too close to the tip,
an examiner will have less flexibility in advancing the
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A

B

C

D

E

Figure 5 Endoscope gripping method. A: Holding the control part of the endoscope with the left hand; B, C: Grabbing the distal end of the endoscope with the right
hand. It is recommended than one gently hold the shaft approximately 15-20 cm away from the tip as if to shake hands; D, E: Wrong gripping methods. If the shaft is
held with a firmly clenched fist, the endoscopist will have difficulty handling the scope. Therefore, the shaft should not be held too tightly.

scope. In ordinary situations, the endoscopist holds the
scope approximately 15-20 cm from the tip. However, as
a stronger force is required to advance the scope from
the pyloric ring into the duodenal bulb, an examiner
may hold it closer to the tip than usual. When holding
the distal end of the scope, an examiner can grip it with
either the shake hand method or the pen holder method.
Regardless, the physician should avoid holding the tip of
the scope with a clenched fist, as that will result in a loss
of flexibility (Figure 5).

that the movement of the endoscope should coincide
with the location and movement displayed on the screen.
Although a well-skilled endoscopist may be well aware
of the 3-dimensional movements and deflections of the
scope within the patients’ body, a beginner is required
to concentrate on the scope’s upward and downward
movements displayed on the screen (Figure 6).
Important points for beginners: (1) It is important
to check whether the scope is well connected to the
mainframe before examination. An examiner will
encounter problems during examination due to poor
air-insufflation if the connection is sub-optimal; (2) it is
especially important during EGD to rapidly dilate and
contract the stomach to enable advancement of the scope
at a high level of air insufflation; and (3) as mentioned
above, the examinee should lie in the left lateral decubitus
posture during the upper GI endoscopy. If the arm of
an examinee protrudes out of the bed during this time, it
can interfere with the examination. The right arm of an
examinee should be placed on his or her hip, while the left

Pre-intubation preparation
Overview: (1) Before EGD is performed on a patient,
an endoscopist is required to quickly check all the
necessary conditions, including the function of the
endoscope, his or her own physical condition, and the
examinee’s posture and preference of sedation[22]; and
(2) as a beginner, it is not so important to identify how
an examiner manipulates an endoscope during insertion
to influence the movement and location of the scope
within the body. It is more important is to keep in mind
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A

B

C

D

E

Figure 6 Pre-intubation preparation. A: The endoscopic image displayed on the monitor. A beginner endoscopist must remember that the direction (arrow marks)
on the screen coincides with that of the movement of the endoscope. Therefore, for example, if one wants to see a lesion on the upper side, one can angle the tip of
the endoscope upward; if one wants to see a lesion on the lower side, one can angle it downward; if one wants to see a lesion on the left or right side, you can angle it
to the left or right, respectively; B: Connection part where the endoscope is plugged into the mainframe. If there is any defect in the arrow-marked part, an endoscopist
will encounter difficulty advancing the scope due to insufficient air insufflation; C: Mainframe. There are many buttons to control a variety of functions. Among them,
the control button for air insufflation (dotted rectangle) is set to a low level for the colonoscopy, while the esophagogastroduodenoscopy is performed at a high level
of air insufflation. Apart from them, there is the light source button (dotted circle). If the light source button turns off, an image on the screen becomes invisible, which
makes it impossible to proceed with an endoscopy. Therefore, endoscopies must be always performed after checking whether the light source functions properly; D, E:
Wrong position of arm. If an arm of an examinee is protruding out of the bed, it can touch the body of the endoscopist and interfere with the examination.

arm should be on the chest. Alternatively, an examinee
can fold their arms across the chest.

finger into the examinee’s mouth to place the tongue
in the lower part of the mouth. A mouthpiece with a
tongue restrainer can be of great help; (2) after securing
the space above the tongue (in the lower side on the
screen), an examiner should insert the scope through the
mouthpiece. Before inserting the scope, it is important
to check the location of the tongue on the screen of
the monitor and ensure that it is placed between the 9 o’
clock (the upper left on the screen and 12 o’clock (the
upper side on the screen) positions; and (3) once the
tongue is properly placed, an examiner should insert the

Intubation of scope from oral cavity into pharynx
Overview: (1) It is important to check whether the
mouthpiece is properly placed in the mouth of an
examinee; if the tongue blocks the opening, an examiner
should instruct an examinee to place his or her tongue
in the lower part of the mouth. If an examinee does
not follow the instruction well or in case of a sedated
endoscopy, an examiner should insert his or her index
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scope along the middle line of the soft palate. When
advanced approximately 5-7 cm, the scope will reach
the tongue base (tongue root), where the uvular can
be observed. The anatomical location of the uvula is
curved in a downward direction but will appear bent at
an upward direction, on the screen. If the section is only
slightly curved in an upward direction with the scope in
in a neutral position, the endoscopist can advance the
scope further without manipulating the scope. However,
if the upward curve angle is sharp, an examiner can use
the up/down angulation control knob to deflect the
distal end of the scope more acutely upwards. At this
point, it is important to deflect the scope slightly to the
left (left turn) toward the space on the left side of the
uvula. When the uvula is irritated during the insertion
of the scope, an examinee may feel uncomfortable or
nauseous. After passing this section, the scope will enter
the hypopharynx or laryngeal pharynx, which is the
distal end of the pharynx where the vocal cord, both
pyriform sinuses, and various cartilages are observed.

saliva from the mouth during the insertion; and (4)
even though adults usually do not have enlarged tonsils,
some patients can have swollen tonsil either due to
inflammation, such as tonsillitis and pharyngolaryngitis,
or due to anatomical traits. In this case, even though the
uvula and the tonsil appear to block the opening, it is
still possible to perform the procedure. Advancement
of the scope between the uvula and the tonsil should be
attempted, as it will cause the soft tissues of the tonsil to
be pushed back and allow for the smooth passage of the
scope (Figure 7, Figure 8, Figure 9, Figure 10, Figure 11,
Figure 12).
Intubation from hypopharynx to upper esophagus
Overview: (1) The vocal cord is clearly observed below
the epiglottis when the distal tip reaches the lower end
of pharynx. The scope should by no means be inserted
into the vocal cord. If the scope is mistakenly inserted
into the vocal cord, the cricoid cartilage can be observed,
and this causes a severe cough reflex and dyspnea. If this
occurs, the scope must be pulled back immediately; (2)
the larynx is mainly involved in sound production and
is located above the air way, situated the trachea below
and the hypopharynx posteriorly. The larynx is strongly
pulled back by the cricopharyngeal muscles, while the
hypopharynx is divided at the esophageal entrance
into the right and left sides. Therefore, the center of
the hypopharynx connected to the esophagus appears
blocked, while the left and right sides appear slightly
recessed. Usually, the hypopharynx appears to be closed
ended, as it is contracted by the upper sphincter. The
hypopharynx is connected to a upper esophagus through
a section termed the pyriform fossa, or pyriform recess,
or pyriform sinus, whose unique shape has earned it
nickname descriptors such as gourd-shaped conclave and
pear-shaped conclave; (3) we have provided several tips
for advancing the scope through this section. First of all,
as an examinee lies in the left lateral decubitus posture
in most cases, the scope should be advanced into the
left side of the pyriform sinus in keeping with gravity.
While advancing along the left side of the pyriform
sinus, the examiner should begin to insufflate air by
placing a finger on the vent of the air/water button.
In the pharynx, air infusion is contra-indicated. At the
same time, the examiner is required to push the scope
carefully with just a little force. It can be helpful for the
examiner to raise his or her left hand holding the control
shaft, above the head of an examine, or to slightly twist
his or her right hand, which is holding the scope in a
clockwise direction; and (4) as the passage of the scope
through the larynx occurs continuously, an examiner can
momentarily lose sight of it. However, if an examiner
attentively employs the above mentioned operating skills,
he or she will ultimately be able to advance the scope
into the upper esophagus.

Important points for beginners: (1) The section from
oval cavity to the pharynx is one of the most difficult
parts of upper GI endoscopy. It is important for a
beginner to carefully observe an advanced endoscopist
performing EGD; when given a chance the beginner
should attempt a careful insertion of the scope into an
examine. We recommend practicing with a model of a
human body which can also be helpful in learning the
procedure[23]; (2) just as in the oral cavity to pharynx
section, an examiner must not insufflate air through the
section comprising the pharynx to the esophagus, which
will be explained later in this review. Air insufflation in
this section can irritate the vocal cord, which in turn
causes a coughing reflex. According to the operating
principle of an endoscope, air is infused when the air/
water control button is in the neutral position (located
right below the suction button), whereas a few droplets
of water can emerge from the distal end when the air/
water button is depressed. Since air and water are supplied
through the same channel, a few droplets of water can
emerge together with air and enter the esophagus even
when the vent is blocked for air insufflation, which
can also trigger the coughing and vomiting reflexes.
Therefore, a beginner should bear in mind that an
examiner should not block the vent on the air/water
button (i.e., insufflate air) after inserting the scope into
the oral cavity, until the distal tip is advanced into the
upper esophagus; (3) saliva can physiologically drain
into the examinee mouth, if opened. There are two
important factors regarding this point: if an examinee
swallows saliva, it can cause coughing and vomiting
reflexes; and saliva can compromise the visibility of the
scope and interfere with its advancement[24]. Therefore,
it is very important for an examiner to instruct an
examinee prior examination not to swallow saliva but
let it fall from the mouth into the collecting container;
it can be helpful to push the suction button to remove
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Important points for beginners: Unlike the colonoscopy,
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Figure 7 Intubation of scope from oral cavity into pharynx. A: The examiner is inserting a mouthpiece into the mouth of the examinee (dotted circle). The pillow
(arrow mark) helps keep the neck and head straight with the trunk; B: To ensure a smooth insertion of the endoscope, the examiner needs to raise the chin of the
examinee and have the head protrude a little bit forward. If this happens, the tongue base separates from the hypopharynx so that the insertion of the endoscope
is easier; C: A small container is placed close to the mouth of a patient to collect saliva during and after the esophagogastroduodenoscopy; D: The examinee with a
mouthpiece placed in the mouth is fully ready for the examination.

A

B

C

D

Figure 8 Intubation of scope from oral cavity into pharynx. A: Tongue blocking the oral cavity. As the oral cavity has a very narrow space (dotted circle) in this
case, it is difficult to insert the scope (B, C). The examiner pushes aside the examinee’s tongue with his or her index finger (arrow mark) to secure more space; D:
Tongue placed under the tongue restrainer (arrow mark). After securing more space, the insertion of the scope is easier.
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A

B

C

Figure 9 Intubation of scope from oral cavity into pharynx. A: The right position of the tongue. Before inserting the endoscope into the oral cavity, it is
recommended the the tongue be positioned between the 9 o’clock and 12 o’clock directions on the screen. An advanced endoscopist usually inserts the endoscope
into the oral cavity after placing the tongue to the upper left side (11 o’clock direction) on the screen; B: Another example of a properly positioned tongue. In this case,
the tongue is placed nearly to the 12 o’clock direction on the screen; C: Inadequately positioned tongue. As the tongue is placed in a wrong position (about 6 o’clock
direction in this examinee’s case) on the screen, it becomes difficult to advance the scope further because the intended manipulation of the scope does not coincide
with the subsequent movement of the scope displayed on the screen.

A

B

C

Vocal cord
Epiglottis

Figure 10 Intubation of scope from oral cavity into pharynx. A: After placing the tongue in a right position on the screen, an examiner has to advance the scope
along the middle line (small arrow marks) of the soft palate. The uvula is observed in the upper side of the tongue (lower side); B: The uvula is observed more clearly
at the end of the tongue (tongue base). After that, rotate the scope a little bit to the left and advance it further; C: If the scope is advanced further, it will enter the
hypopharynx where the epiglottis is observed together with the vocal cord.
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Figure 11 Intubation of scope from oral cavity into pharynx. A: The human body model for esophagogastroduodenoscopy (EGD) training; B: Practicing the
endoscopic procedure using a model of a human body. This human body model is specially designed for EGD training, and if beginners practice EGD using a human
body model, it will be helpful for them to acquire and improve their capacity to perform the procedure; C: The control part of the endoscope has several buttons to
manipulate various functions. Among them, there are two buttons that play a critical role in relation to the procedure; the “suction button” and the “air/water infusion
button”; D: When one is advancing the scope, it is recommended to place the second and third fingers on the suction button and the air/water infusion button,
respectively, after inserting the distal tip into the upper esophagus. The reason for placing the fingers on the buttons is to continuously insufflate air into the lumen
during the upper GI endoscopy; of course, an excessive air infusion is absolutely taboo, and in that case, an endoscopist should stop air insufflation and begin to
suction the air. Another reason is it makes it easier to immediately suction liquid or air whenever it is judged to be necessary by the examiner; E: The recommended
position of the third finger until advancement into the upper esophagus (the cervical part of esophagus). As mentioned above, if a finger is placed on the air/water
infusion button (that is to say, if the vent is blocked by a finger), this itself can irritate the airway (trachea) and trigger coughing and vomiting reflexes. As the air
insufflation and water infusion use the same channel, a few droplets of water can be released when an examiner starts to do an air infusion, which can also cause
coughing or vomiting reflexes. Therefore, it is recommended that an examiner not block the vent on the top of the air/water infusion button with the third finger of the
left hand, until the distal tip reaches the entrance of the upper esophagus, as shown in the picture.

EGD has almost no risks of perforation. The only
section with a potential risk of perforation is the pyriform
fossa, which is the entrance into the upper esophagus
from the hypopharynx[25]. Actually, several EGD research
reports have emphasized that an examiner should not
exert too much pressure when passing the scope through
this section. However, it has been my experience that
beginners are often overly and unduly obsessed with
it and consequently experience difficulty advancing
the scope through this section. As a result, the typical
beginner does not exert enough force, and ultimately
failure to enter the esophagus. However, it should be
emphasized that when the scope is advanced through
the pyriform fossa, too much strain must be avoided due
to the potential risk of perforation. Conversely, if an
examiner does not place enough force to the shaft, he
or she may fail to penetrate the upper esophagus even
in normal situations, due to resistance from the upper
esophagus sphincter. Therefore, an adequate amount
of force is recommended to penetrate the shaft into
the upper esophagus. An “adequate amount of force”
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is very subjective, hence an examiner will benefit from
prior experience. Broadly stated despite its subjectivity,
endoscopists are required to exert force as if gently
making a fist with the right hand.
Propofol used for a sedated endoscopy, is effective in
preventing vomiting and relaxing the upper esophageal
sphincter (UES). Combinations with or a single administration
of propofol can help the beginner to successfully
penetrate the distal tip of the scope into the esophagus[26].
Additionally, when performing an endoscopy without
sedation, it can be of great help if an examiner verbally
instructs an examinee to “try to swallow the scope” or
pushes the scope in synchronization with the examinee’s
swallowing movement.
Although advancing the scope in the left side of pyriform
sinus is recommend based on the examinee’s posture as
mentioned above, it is not applicable to every case. There
are some cases in which advancing the scope through
the left side of the pyriform sinus is quite difficult. In
such cases, it is better to redirect the scope toward the
right side of the pyriform fossa rather than attempt to
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Figure 12 Intubation of scope from oral cavity into pharynx. A: If the visibility is compromised by saliva in the process of advancement after inserting the scope
into the oral cavity (left), one can secure clear visualization of the entrance route (right) by suctioning the saliva with a push on the suction button (small arrow mark).
If one advances the scope into the esophagus without suctioning the saliva, an examinee may inhale saliva, which can cause a severe coughing reflex. Therefore, it is
recommended to suction saliva during the advancement process; B: Swollen tonsil. As the pathway where the tongue, uvula and tonsil are located together is narrow
due to a swollen tonsil, it can be difficult to advance the scope, and a beginner may feel frustrated. However, as the endoscope is ductile, the scope can pass into the
oropharynx if it is twisted carefully (to the right, in this case); C: Passage through the swollen tonsil.

proceed along the left side.
The primary focus of EGD is the examination
of the esophagus, stomach, and proximal duodenum
(usually up to the second portion). Incidental upper
airway lesions can be identified in the pharynx and
larynx, including those of the epiglottis and vocal cords,
during the insertion and withdrawal of the endoscope to
and from the esophagus. Therefore, this area should be
examined thoroughly during the insertion as well as the
withdrawal of the endoscope (Figure 13 and Figure 14).

away from the UES (the starting point of the upper
esophagus), tracheoesophageal compression by the
aortic arch can be visualized, which is commonly called
the upper esophagus. By dividing the remaining portion
from this point (tracheoesophageal compression by
aortic arch; physiologically the second constriction) to
the GEJ, the upper half is termed the middle esophagus,
while the remaining half is the lower esophagus; and
(3) Similar to the advancement of the scope into the
esophagus, it is also difficult to insert the scope from the
GEJ (the end part of the esophagus) into the lumen of
the stomach. However, it is more important to observe
the GEJ; if an examinee follows the instructions of an
endoscopist well in a non-sedated or even a sedated
endoscopy, an endoscopist should ask the examinee to
breathe in to inflate the GEJ so that he or she can clearly
observe it.

Insertion from esophagus to stomach
Overview: (1) The advancement of the scope into
esophagus is not difficult, and may be one of the easiest
parts of EGD intubation. The esophagus refers to the
anatomical region which ranges from the UES to the
gastroesophageal junction (GEJ), which is subdivided
into three portions: upper, middle, and lower. Despite
possible differences between examinees, the UES is
usually located about 15 cm away from the incisor,
while the GEJ lies 45 cm away from it; (2) Overall, it
can be said that the scope is advanced in a straight linear
direction in the esophagus, though there are times when
slight twisting and deflection of the scope are required.
When the scope advances into a section that is 10 cm
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Important points for beginners: Intubation into the
esophagus is not difficult. Hence a detailed explanation is
not required. Instead, we would like to provide beginners
with some helpful tips to advance the scope into the
esophagus as follows: (1) continuous air insufflation
throughout the entire esophagus is helpful in advancing
the endoscope. The lumen of the esophagus is 15-20
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Figure 13 Intubation from hypopharynx to upper esophagus. A: Hypopharynx. The hypopharynx refers to a part of the pharynx located in the posterior of the
larynx (usually from the epiglottis to the vocal cord); B: Bronchus. If the scope is mistakenly inserted into the vocal cord, the circular cricoid cartilage, which belongs
to the main bronchus (left), is observed. If the scope is passed further without noticing that it has been placed in a wrong position, the scope will enter the area (right)
where it bifurcates into the left and right sides. When an examinee suffers a coughing reflex together with severe dyspnea, the scope must be immediately withdrawn;
C: Anatomical structures of hypopharynx and larynx; D: Left- and right-sided pyriform fossa. As an examinee lies in a left lateral decubitus position, it is usually
recommended to insert the scope into the left sided pyriform fossa. However, after several attempts to insert the scope have failed and ended with damaged tissues,
advancement into the right-sided pyriform fossa should be attempted.
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Figure 14 Intubation from hypopharynx to upper esophagus. A-E: Images were continuously taken during the advancement of the scope through the leftsided pyriform fossa into the upper esophagus. Although it appears to have a blind ending shape, upon further examination, a tiny furrow will be observed. With air
insufflation and by a little bit of force, the scope can be moved into the upper esophagus, despite resistance from its sphincter; F, G: In this process, a red-out sign can
occur. Continue to insert the scope gradually and carefully while observing the surface in the process of the advancement into the lumen.

cm wide, which is not spacious enough to comfortably
advance the scope. Therefore, air insufflation is required
to guide the endoscope into the esophagus as well as for
observation. The next portion into which the endoscope
is advanced after the esophagus, is the stomach. While
a well-skilled endoscopist can advance the scope into
the stomach without even inflating the stomach, it is
difficult for a beginner to advance the scope without air
insufflation. Continuous air insufflation into the lumen
of the esophagus, while the scope is being advanced
from the esophagus, can help the examiner to insert
the scope into the stomach through the GEJ without
triggering the vomiting reflex. Therefore, the EGD has
an advantage, in that intubation from the esophagus
into the stomach can be done without much difficulty;
(2) In principle, the intubation from the esophagus
into the stomach is done in a straight linear direction
as mentioned above. However, a beginner should
remember that the distal tip of the endoscope needs be
slightly deflected in some parts of the esophagus unlike
the straight line intubation displayed in the schematic
diagram. There are some cases in which an esophageal
web is observed especially in the GEJ section. In that
case, an examiner should avoid using too much power
when pushing the scope. Instead, it is recommended
to advance the scope using a slight rotation in order
to position the center of the esophageal lumen in the
middle of the screen; (3) although extremely rare, great
attention and care is required when a diverticulum is
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observed in the esophagus. A diverticulum is made
up of very thin walled pouches or sacs formed by
herniated protrusion of mucous membranes, without
a muscle layer. Therefore, the scope must be pulled
back immediately, if it is mistakenly inserted in a wrong
direction. If a diverticulum is mistaken as the lumen
and the scope is advanced in that direction, there is a
risk of perforation; and (4) an endoscopist should use
extra attention and care when advancing the scope in
case an esophageal varix is observed in an examinee.
The surface of an esophageal varix is extremely thin,
hence great care is required to ensure that the scope
does not touch it. If an examinee has a vomiting reflex,
the examination should be quickly done to ensure that
the examinee becomes stabilized. In this instance, where
the examinee has a known severe vomiting reflex, an
EGD in a deep sedation state can be paradoxically safer
than a non-sedated procedure. An endoscopist must
make an informed decision, taking all these factors into
consideration (Figure 15).
Intubation from stomach to duodenal bulb
Overview: (1) on the basis of anatomical landmarks
of high reproducibility such as the cardia, gastric angle
and pyloric ring, the stomach is subdivided into the
fundus (fornix), body and antrum. The gastric body is
further subdivided into the upper body (UB), middle
body and lower body, while the antrum is subdivided
into the prepyloric antrum, distal antrum and proximal
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Figure 15 Insertion from esophagus to stomach. A: Esophageal physiology, the second stenosis. If the scope is advanced 10 cm further after passing it through
the sphincter of the upper esophagus, a high pressure zone caused by aortic arch (dotted line) on the left side, and another high pressure zone by the left main
bronchus on the right side of the distal antrum can be seen. Depending on the examinees’s posture, or condition, state of air insufflation, there are some cases where
such pressure marks are clearly visible; B: Pressure marks by the aortic arch and the left main bronchus, with a pressure zone caused by a vertebral body positioned
in the 6 o’clock direction on the screen with a slightly rotation of the scope (knuckle line). The advancement direction inside the esophagus is usually described based
on the condition that a high pressure zone by the vertebral body is positioned toward the 6 o’clock direction on the screen. However, if those pressure marks by the
vertebral body are not clearly visible, the lumen of the esophagus is not wide enough. In that case, it is acceptable to describe their vertical locations (usually the
insertion length from the incisor) unlike the description of directions inside the stomach; C: Pressure by a calcified aortic arc. A severe case of calcification can look
like a submucosal tumor, due to the conspicuous appearance of pressure marks; D: gastroesophageal junction (GEJ) before suctioning air. The boundaries of the
GEJ (arrow mark) are not clearly visible; E: GEJ after suctioning air. As the GEJ unfolds, the boundaries of the GEJ become clear; F: The direction of the scope in the
esophagus. The scope is inserted using a straight line progression (arrow mark) in the esophagus; G-I: An esophageal web around the GEJ. If the mucous membrane
of the esophagus has a rather curved progression (arrow mark in I), it is recommended to insert the scope by slightly rotating the shaft rather than pushing it straight
ahead forcefully; I: Esophageal diverticulum: it appears as though the progression of the esophagus has two different directions. If being pushed in a hurry, a scope
can enter the esophageal diverticulum, which can cause a perforation; J: Esophageal diverticulum after pulling back the scope. After filming the entire entrance of the
esophageal diverticulum by pulling back the scope, advance it into the lumen of the esophagus; K, L: Endoscopic image of a severe case of esophageal diverticulum.
In the case of a patient with a severe esophageal varix, extra caution needs to be taken during the insertion and advancement of the scope into the esophagus. A
massive hemorrhage here can lead to the death of an examinee.

antrum; (2) the lower esophagus passes through the
diaphragm near the GEJ and has a curved progression
toward the left posterior side. Therefore, when the scope
passes through the GEJ into the stomach for the first
time, the scope needs to be rotated anticlockwise (left
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turn); in some cases, the distal tip of the shaft needs
to be deflected in the upward direction. If the scope is
pushed in a linear fashion without such manipulations,
the scope will penetrate the GEJ to reach the posterior
wall of the UB. This will lead to a “red-out” sign, which
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Figure 16 Intubation from stomach to duodenal bulb. A: Gastroesophageal junction (GEJ). In absence of hiatal hernia, the GEJ lies next to the cardia; B: Gastric
cardia observed in retroflexion of the scope. Likewise, in the absence of hiatal hernia, the gastric cardia is located next to the gastroesophageal junction; C: Gastric
angle. If the distal tip of the scope is deflected upward in the distal antrum, the gastric angle (arrow marks) in an arched shape will be observed; D: Pyloric ring. The
pyloric ring is usually observed to have a circular shape (arrow mark); E: Gastric fold. For a patient who does not have a severe case of atrophic gastritis, the gastric
fold serves as a landmark to distinguish the body of stomach from the antrum of stomach.

will compromise visibility; (3) a “red-out” sign is not
inherently problematic. The scope must be pulled back
just a little. At this point, it is recommended that the
endoscopist secures better visibility using air inflation.
If clear visibility is not achieved after pulling the scope
slightly backward, it may be withdrawn as far as the lower
esophagus through the GEJ. Then, it is recommended
that the scope be inserted from the lower esophagus
into the stomach again, while continuing to insufflate
air into the lumen of the stomach from the GEJ; (4) if
the scope is properly inserted into the stomach, a gastric
fold, the greater curvature of the body of the stomach
will be typically observed. There are many cases wherein
gastric juice retention is detected. The watershed, which
is an elevated area, along which the gastric fundus and
body are divided, can be observed depending on the
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individual examinees or the air insufflation; (5) unless
the stomach is reversed to the right side (situs inversus),
the direction of insertion is mostly oriented to the right
side (right middle, right upper or right lower). Therefore,
if an examinee pushes the scope by rotating it to
the right, which is the same direction as the fold, the
scope can enter the antrum of stomach without much
difficulty; (6) there are some cases where beginners feel
embarrassed to see that the intubation is oriented to
the left side on the screen. However, as a right-sided
stomach is extremely rare, it is reasonable to first suspect
that a beginner might have made a mistake operating
the scope rather than of a case of situs inversus. This
is caused mainly by a manipulation mistake of rotating
the scope to the left too sharply when inserting the
scope into the cardia from the GEJ. In that case, the
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Figure 17 Intubation from stomach to duodenal bulb. A: Schematic diagram of the anatomy of the stomach. Based on the landmarks, the stomach is divided into
three parts: the gastric fundus, gastric body and gastric antrum; B: A schematic diagram of gastric body subdivided into three areas. The gastric body is the largest
among the three parts. Therefore, the gastric body can be subdivided into three areas: upper body, middle body and lower body; C: Schematic diagram of three
subdivided areas of the gastric antrum.
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J

Figure 18 Intubation from stomach to duodenal bulb. A: Gastroesophageal junction (GEJ). As the lower esophagus penetrates through the diaphragm and then
starts to progress in the left posterior direction at a point where it is connected to the stomach, it is recommendable to insert the scope by twisting the shaft to the
left side (arrow mark) during intubation into the stomach; B: Red-out sign. If the scope is only pushed in a straight line, it can subsequently touch the posterior wall of
the gastric body, in which a red-out sign appears. If this happens, just pull back the scope a little. If air is insufflated, clear visibility will result; C: Gastric fold. When
the scope is first inserted from the GEJ into the lumen of the stomach, a gastric fold is observed. Gastric fluid (small arrow marks) is usually retained in the gastric
fold (greater curvature). The progression direction into the antrum of stomach is usually to the right side. The examinee in this image has a right sided progression
of the surface into the antrum of stomach (5 o’clock direction, big arrow mark); D: Watershed. The watershed is also often called the saddle area, which serves
as a landmark to divide the stomach into the gastric fold, fundus, and gastric body. It may not be clearly visible depending on the examinees or the condition of
air insufflation; E: Advancement into the antrum of stomach; F: Distal antrum. The pyloric ring in a circle-shape is observed (arrow mark); G: Endoscopic image of
cascade stomach. As the deflection angle of the cascade stomach is extremely sharp, a beginner may encounter difficulty advancing the scope into it; H: Tips for the
insertion of the scope into the pyloric ring. When the endoscopy is performed in the stomach, it is a common practice to hold a shaft by keeping some distance from
the mouth of the examinee (approximately 10 cm). However, especially when inserting the distal tip into the pyloric ring, it is advisable to hold it short (dotted rectangle)
because it can transfer force to the tip more efficiently, to help advance it into the pyloric ring; I: Closed pyloric ring, a challenging configuration for beginners; J:
Injection of warm water into the pyloric ring. The injection of warm water is helpful in inserting the scope into the pyloric ring.

scope must be withdrawn to be reinserted, or it must be
redirected toward the right side by readjusting the left
rotation angle. It is recommended that the endoscopist
manipulates the scope as described above, when such a
problem is encountered; (7) when the scope is inserted
along the fold of the greater curvature of the body of
stomach, the endoscopist will observe the antrum of
stomach where there is no fold. Advancing the scope
further into the distal antrum will allow the examiner
to observe the pyloric ring, which leads to the duodenal
bulb; and (8) unless the pyloric ring is deformed due to
ulcer scars in the duodenum, it is usually observed to
have a circular shape. At this point, it is important for
an endoscopist to place the pyloric ring in the middle
of the screen before trying to insert the scope into the
duodenal bulb. After positioning the pyloric ring at the
center of the screen with a combination of up/bottom
and left/right deflections and twists, the endoscopist
will be able to pass the scope through the pyloric ring to
enter the duodenal bulb without much difficulty, if he or
she gently pushes the tip of the scope into the pyloric
ring.

cannot identify the direction of scope’s advancement
without inflating the stomach somewhat. Accordingly,
it is recommended that beginners infuse air into the
stomach, even though it will extend the insertion
route. In particular, when the scope is inserted into the
stomach through the GEJ, the examiner should provide
enough air into the lumen of the stomach so he or she
can determine the direction of scope advancement; (2)
retention of gastric juice occurs in the greater curvature
of the body of stomach in normal conditions, even if
an examinee went on a fast prior to the examination. It
appears opaque when mixed with a premedication (e.g.,
simethicone solution) for the EGD or mucus materials.
In principle, an examiner should suction the gastric
liquid when it is observed, while withdrawing the scope.
But if an excessive amount of gastric liquid interferes
with the advancement of the scope, it may be helpful
to suction while inserting the scope into the stomach;
(3) the most challenging stomach shape for beginners
is the so-called “cascade stomach”[27]. When the scope
is advanced into the stomach through the GEJ, the
watershed between the gastric body and fundus can be
observed, and the greater curvature of stomach can be
seen on the right side of the watershed. The cascade
stomach refers to the one that appears like a waterfall
due to an acute bi-directional angle and curve. In the
cascade stomach, the fundus descends into the “body”
of the stomach and makes a sudden turn or curve, to
move upward toward the examinee’s back. Therefore,
if the scope is pushed while rotating to the right side
as usual, the scope will bend in the fundus, which
makes it impossible to advance further. For the smooth

Important points for beginners: (1) a limited low
level of air insufflation during the advancement of the
scope into the stomach can help reduce the insertion
route and time by shortening the stomach’s longitudinal
axis. Therefore in principle, it is recommended to use
the smallest amount of air insufflation necessary during
the EGD; an experienced endoscopist is able to pass
the scope through the anatomical section without any
air insufflation of the stomach. However, a beginner
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advancement of the scope into the cascade stomach, it is
recommended that the endoscopist push the shaft hard
while twisting it at a sharp angle with the right hand,
after flattening an acute curve angle from the fundus
to the gastric body by relieving the inflation pressure
in the lumen of the stomach with air suction; (4) the
insertion through the pyloric ring to the fundus can be
more difficult, especially for a beginner, than any other
parts of the stomach. The location of the pyloric ring is
constantly changing due to peristalsis and the examinee’
s respiration. In order to safely navigate this area, it is
important for the examiner to hold the shaft rather short
or closer to the mouth of the examinee. Furthermore,
it can be helpful to hold the shaft in this manner while
advancing it into the pyloric ring, because it can transfer
force more effectively to the distal tip of the scope. In
such conditions, the examiner should push the shaft with
minimal force (as when getting close to the examinee).
The scope will then advance through the pyloric ring
into the duodenal bulb. An examiner must relax his or
her grip immediately after entering the pyloric ring, as a
precautionary measure, so that the distal tip does not hit
into the wall of the duodenal bulb; and (5) the opening
and closing degree and the diameter of the pyloric ring
may vary depending on each examinee. Advancing the
scope through an open pyloric sphincter with a wide
diameter is straightforward, even for beginners. However,
if a pyloric ring has a narrow diameter or is closed, a
beginner may have difficulty advancing the scope (Figure
18I). To avoid such a situation in the case of a nonsedated endoscopy, an examiner can ask an examinee to
make the sound “Ah” which will open the pyloric ring by
relieving the abdominal pressure and reducing peristalsis.
If an examinee undergoes a sedated endoscopy, the
endoscopist can instead insufflate air or inject warm
water toward the pyloric ring after positioning the tip of
the scope close to it (Figures 16-18).

In addition, an examiner should try to observe the AOV,
while examining the second portion of the duodenum.
However, it can occasionally be impossible to observe
the AOV with a straight-view endoscope due to its
limited visibility, and it is not always necessary to take
images of the AOV; (4) to insert the scope from the
duodenal bulb into the descending portion; the examiner
should first position the SDA on the right side on the
screen and move the scope close to the SDA. When the
scope reaches the SDA, the examiner needs to advance
the scope while rotating the shaft to the right. To rotate
the scope to the right, an examiner can twist the shaft
with his or her right hand to the right, and then the
endoscopist can raise his or her left hand, which holds
the control shaft toward the examiner’s chest, which is a
more convenient way to penetrate the duodenal bulb. If
an endoscopist fails to insert the scope into the second
portion of the duodenum with right rotation alone, an
endoscopist can also manipulate the up/down control
knob on the inner side of the control unit to deflect the
distal tip of the scope upward. After a series of such
manipulations consecutively without any hinderance,
the typical circular fold (Kerckring) of the descending
portion of the duodenum can be observed, signifying
that the tip of the scope has been inserted into the
descending portion of duodenum; and (5) To take
images of the AOV displayed on the screen or make a
more thorough observation of the descending portion
of the duodenum, a paradoxical maneuver of the scope
is required. The “paradoxical movement” of the scope
refers to a phenomenon where the tip of the shaft is
paradoxically advanced when an endoscopist attempts to
withdraw the scope from the descending portion of the
duodenum.
Important points for beginners: (1) Beginners often
experience difficulty perfor ming the paradoxical
movement in the descending portion of the duodenum,
in which the distal tip of the scope advances as the shaft
is withdrawn. It is important to know that, as the shaft
is withdrawn, it is not just simply pulled back. If it were
pulled back in a straight linear direction, in most cases,
the distal end of the scope will end up falling into the
duodenal bulb. The scope is reversed at this point because
it pulled back in order to be advanced; accordingly,
the scope must be reversed while being rotated to the
right. This concept is similar to a torque maneuver in
colonoscopies. In addition, when an endoscopist starts
to withdraw the scope, it will be reversed at first. This is
not a cause for concern. If it is pulled back further, the
distal end of the scope continue to advance after being
reversed; and (2) in principle, the upper GI endoscope
will take images in reverse order after inserting the
distal dip into the second portion of the duodenum.
However, the authors recommend that the endoscopist
take images of the pyloric ring and the duodenal bulb
first before inserting the scope into the second portion
of the duodenum, even if these endoscopic images

Insertion from duodenal bulb into the descending
portion of duodenum
Overview: (1) Typically, villi of the mucosa of the
small intestine can be observed at this point since the
duodenal bulb is part of the small intestine. These villi
are more clearly visible with the water-filling method
or with narrow-band imaging[28,29]; (2) It is important
to observe the superior duodenal angle (SDA) in the
duodenal bulb. The SDA plays an important role as a
landmark in identifying the location of the scope in
the duodenal bulb; as the scope progresses through
the second portion of the duodenum on the right side
of the SDA, the angle can be used to help identify
the direction an examiner should take to insert the
scope into the second part of the duodenum; (3) The
duodenum is subdivided into the first, second, third
and the fourth portion, also referred to as the bulb,
descending portion, horizontal portion and ascending
portion, respectively. EGD usually progresses only
through the first and second portions of the duodenum.
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Figure 19 Insertion from duodenal bulb into the descending portion of duodenum. A: Villi in the duodenal bulb. Water-filling method (left) and narrow-banding
image (right); B: Typical image of a normal duodenal bulb. The superior duodenal angle in a crescent shape is observed on the right side. This direction coincides with
the progression direction into the second portion of duodenum (descending part); C: Descending part of duodenum. The AOV is observed; D: Image of the left hand
when inserting the scope into the descending part of duodenum from the duodenal bulb. It is advisable to pull the left hand holding the control part close to the chest
(arrow mark), as it will help insert the scope into the descending part of duodenum. If one fails to advance the scope into the descending part of duodenum by rotating
the shaft to the right in the SDA, it is recommendable to try to angle the scope more sharply to the right side or to do it in combination with an upward deflection of
the distal tip of the endoscope; E: Circular fold (Kerckring) observed in the descending part of duodenum; F: Bleeding marks on the mucous membrane due to a
collision with the endoscope during the advancement from the ampulla into the descending part of duodenum. A smooth insertion of the scope is needed in order to
avoid leaving bleeding marks during the advancement into the entrance to the descending part of duodenum. However, if the body of an examinee moves during the
endoscopy, even a skilled endoscopist can leave bleeding marks while trying to insert the scope into the descending part of duodenum. Therefore, it is recommended
to film the images of the duodenal bulb before inserting the scope into the descending part from the duodenal bulb.
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Figure 20 withdrawal of scope and observation, J-turn and U-turn. A: Schematic diagram of the J-turn. Deflect the distal tip of the scope upward in the antrum of
the stomach; B: The shaft of the scope is bent in a J-shape, as the gastric angle in an arched shape is observed; C: If the scope tip is deflected upward more sharply,
the lesser curvature of the gastric body can be observed; D: Endoscopic image of the antrum of stomach before maneuvering a J-turn. The pyloric ring (arrow mark)
is observed in the front; E: Endoscopic image of the antrum of stomach after maneuvering a J-turn. If the distal tip of the endoscope is deflected upward, the gastric
angle (dotted line) in an arched shape is observed. At this point, the upper side is the greater curvature; the lower side is the lesser curvature; the left side is the
anterior wall; the right side is the posterior wall. The left and right directions on an endoscopic image taken during a J-turn maneuver are not reversed; F: Endoscopic
image taken in the J-turn. In this case, the distal tip of the endoscope is deflected upward too sharply and the gastric angle cannot be observed. Likewise, the left and
right directions on an image taken in J-turn do not change, but only the up and down directions are reversed in this case; G: Schematic diagram of the U-turn. The U-turn
can be maneuvered by rotating the scope in a J-turn by 180 degree; H: In the U-turn, the observation is usually done while pulling the scope up toward the gastric
cardia; I: Endoscopic image taken in the U-turn. A U-turn changes the directions of the left and right sides; the upper side is the lesser curvature; the lower side is
the greater curvature; the left side is the posterior wall; the right side is the anterior wall; J: Endoscopic image after pulling up the scope in a U-turn toward the gastric
cardia. The directions of the left and right sides still remain reversed.

duodenal bulb be taken in advance; (2) in the earlier
Polaroid digital photo printing system, 4 or 8 images
were usually taken and more were filmed in case of
pathological legions. Recently, most medical institutions
have introduced picture archiving communication
systems (PACS), which allow for unlimited phototaking. Therefore, a large number of images can be
taken on a certain anatomical part depending on the
judgment of an endoscopist, in addition to photos of
the mandatory sections. Images that are required to be
recorded include the upper esophagus, middle esophagus,
lower esophagus, GEJ, front and reverse images of the
fundus, front and reverse images of the gastric body
(upper, middle, lower), antrum of stomach (proximal,
distal, pylorus), gastric angle, pyloric ring, duodenal bulb
and the lower portion of duodenum; and (3) according
to the principle of withdrawal, an observation should
be thoroughly conducted without missing blind spots.
The possible blind spots include the cardia, lesser

overlap with the ones that are to be taken while the
scope is being reversed. The reason is that even a skilled
practitioner can leave scars (iatrogenic legions) owing
to contact with the scope. Therefore, it is helpful to
take images of the condition of the mucous membrane
before trying to insert the distal tip of the scope, which
can be helpful when analyzing results or explaining the
results to an examinee (Figure 19).
Others: Withdrawal of scope and observation, J-turn
and U-turn
Withdrawal of scope and observation: (1) even though
observation can be accomplished before the distal tip
being inserted, upper GI endoscopy usually inspects
the mucosa in greater detail during the withdrawal
phase. The endoscopic images are usually taken
in reverse starting from the second portion of the
duodenum, but it is highly recommended that images
of some portions such as the GEJ, pyloric ring and
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curvature and posterior wall of the body of stomach
and all other spots which are hidden by the scope. An
examiner should take extra care and attention to observe
these areas in detail. It is highly recommended that the
stomach be observed by adjusting the inflation with an
adequate use of air insufflation and air suction.

screening method quite inconvenient. Additionally, upper
GI endoscopy offers color visualization of the upper
GI tract with real time assessment and interpretation
of the findings, through which an examiner can easily
identity pathological lesions. Therefore, EGD is actively
performed in South Korea as a primary screening tool for
patients with upper GI diseases including gastric cancer
currently[38].
EGD requires practical skills obtained by extensive
training[39]. Endoscopic education is based predominantly
on practicing on patients under the supervision of
teaching staff (experienced endoscopists) and upper GI
endoscopy dexterity is acquired over several hundred
procedures. However, trainees may differ considerably in
the rate at which they acquire the necessary psychomotor
skills, although evidence suggests that most will arrive at
the common end point, i.e., procedural competence, in
time. Active performance of the technical skills cannot
be substituted with didactic demonstrations; the skills
require hands-on teaching. Thus, it is hard to convey
verbally or in writing precisely how an EGD should be
performed because the assessment of procedural skills is
very subjective. However, it is not desirable to attempt an
endoscopy without proper preparation. This manuscript
can be helpful in acquiring endoscopy procedural skills
from a theoretical perspective, through text and photos.
In conclusion, we hope our elaborate manuscript helps
to improve the performance of EGD by beginners.
Additionally, we believe that, if beginners learn how to
perform EGD properly through an adequate training
program, and then offer the service on patients, it can
promote public health.

J-turn and U-turn: (1) The gastric fundus and body can
be observed in anteversion during the withdrawal of the
scope, but need to be inspected in retroversion in order
to examine blind spots thoroughly[30]. If the scope gets
deflected upward when the distal antrum is observed
along with the pyloric ring, the scope will be deflected
in a J-shape, which is termed as a “J-turn maneuver”,
where the gastric angle is observed and the gastric body
can be seen if the scope is angled up even further; (2)
when maneuvering a J-turn, the location of the anterior
wall is not simply replaced with the posterior wall.
When observed on gastric endoscopy, the left side is
the anterior wall, while the right side is the posterior
wall. In contrast, the location of the greater curvature
of the body of stomach is replaced with the lesser
curvature; the lower side is the lesser curvature, whereas
the upper side is the greater curvature. However, it is
not difficult to distinguish the greater curvature from
the lesser curvature, thanks to the unique appearance of
their respective folds, and it is important to remember
that during J-turn, the direction of the scope usually
coincides with those of the anterior and posterior walls
observed on the screen; and (3) a U-turn maneuver is a
180° rotation of the endoscope in a J-turn. The U-turn
allows for a good visualization of the greater curvature
of the gastric body, cardia and fundus. In a U-turn, a
detailed observation is possible when the scope is angled
upward. As a precaution, note that the orientation is
different: the anterior and posterior abdominal walls
are visible in the opposite direction; the right side is the
posterior abdominal wall of abdomen, whereas the left
side is the anterior wall (Figure 20).
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Role of E3 ubiquitin ligases in gastric cancer
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current knowledge and information about the clinical
significance of E3 ubiquitin ligases in GC. Bortezomib,
a proteasome inhibitor, encouraged the evaluation of
other components of the ubiquitin proteasome system
for pharmaceutical intervention. The clinical value
of novel treatment strategies targeting aberrant E3
ubiquitin ligases for GC are discussed in the review.
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Core tip: E3 biquitin ligases are a large family of
proteins that catalyze the ubiquitination of many
protein substrates for targeted degradation by the
26S proteasome. They play an essential role in a
variety of biological processes, including cell cycle
regulation, proliferation and apoptosis. They are often
found overexpressed in gastric cancer (GC) and their
deregulation has been shown to contribute to GC
development. The mechanisms of E3 ubiquitin ligases
in the regulation of biological functions and their exact
roles in carcinogenesis can help to develop specific
E3 ubiquitin ligase inhibitors to improve the treatment
strategies for GC patients.
Hou YC, Deng JY. Role of E3 ubiquitin ligases in gastric cancer.
World J Gastroenterol 2015; 21(3): 786-793 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v21/i3/786.htm
DOI: http://dx.doi.org/10.3748/wjg.v21.i3.786

Abstract
E3 ubiquitin ligases have an important role in
carcinogenesis and include a large family of proteins
that catalyze the ubiquitination of many protein
substrates for targeted degradation by the 26S
proteasome. So far, E3 ubiquitin ligases have been
reported to have a role in a variety of biological processes
including cell cycle regulation, cell proliferation, and
apoptosis. Recently, several kinds of E3 ubiquitin
ligases were demonstrated to be generally highly
expressed in gastric cancer (GC) tissues and to contribute
to carcinogenesis. In this review, we summarize the
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INTRODUCTION
Gastric cancer (GC) is one of the most common
malignancies worldwide, as well as one of the leading
causes of cancer-related death[1]. More than half of
these cases occur in Eastern Asia. It is well known that
GC is highly invasive and metastatic, which is the main
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targeted substrate[23]. Many E3 ubiquitin ligases could be
oncogenes or tumor suppressor genes because frequent
deregulation of E3 ubiquitin ligases has been shown
in gastric carcinogenesis. The function of E3 ubiquitin
ligases in GC are discussed in detail below.

factor contributing to the high mortality rate of GC
patients[2-4]. Although there are many studies of novel
diagnostic and therapeutic interventions, the prognosis
of patients with advanced GC remains poor[5]. It is well
known that GC is a multifactorial and multistep disease
which involves activation of oncogenes and inactivation
of tumor suppressor genes during GC progression[6].
Genetic and epigenetic alterations, occurring in genes
and molecules, occur in proliferation, invasion and
metastasis of GC and influence its prognosis[7-10]. An
understanding of these alterations may be critical for
improvements in the diagnosis, treatment or prediction
of prognosis of GC.
The ubiquitin-proteasome system (UPS) plays a
key role in the regulation of many cellular pathways by
controlling the abundance, activity and localization of
an enormous variety of cellular proteins[11-14]. The UPS
targets a variety of proteins, including those that are
misfolded, mutated, or otherwise damaged - the cellular
version of quality control[15]. The attachment of ubiquitin
to target proteins is mediated by three enzymes: E1, E2,
E3. E1 involved in the ubiquitination process. E1 is the
ubiquitin-activating enzyme recruiting ubiquitin. E2 is the
ubiquitin-conjugating enzyme that transfers the ubiquitin
to the targeted protein. E3 is the ubiquitin ligase acting as
a scaffold protein that interacts with the E2 enzyme and
transfers ubiquitin to the target protein[16,17]. This process
is reversible through the action of deubiquitinases
(DUBs) that remove ubiquitin chains linked to the target
protein[18]. DUBs are also involved in ubiquitin processing
and recycling[19]. In this process, E3 ubiquitin ligases
perform a critical role through the selective binding of
protein substrates. This review will focus on the role of
E3 ubiquitin ligases in GC and their potential as a novel
anticancer target.

E3 UBIQUITIN LIGASES AS ONCOGENES
IN GASTRIC CANCER
Some E3 ubiquitin ligases, such as MDM2 and MKRN1,
have established roles in the cell cycle and apoptosis.
Other E3 ubiquitin ligases, such as Cbl/Cbl-b/c-Cbl,
Cullin1, and Hakai, may be similarly important in
gastric carcinogenesis. These E3 ubiquitin ligases are
overexpressed in GC, and their inhibition leads to cells
growth arrest or apoptosis. The oncogenic E3 ubiquitin
ligases in GC are discussed in detail below.
murine double minute 2
The murine double minute 2 (MDM2) gene encodes an
important negative regulating protein which promotes
ubiquitin-dependent proteasomal degradation of P53
by functioning as an E3 ubiquitin ligase[24,25]. SNP309, a
T to G change at the 309th nucleotide in the first intron
of the MDM2 gene, has been characterized and shown
to increase the affinity of the transcriptional activator
Sp1, resulting in higher levels of MDM2 RNA and
protein and subsequent attenuation of the p53 pathway.
Numerous studies have shown that MDM2 SNP309 is
associated with increased risk and poor prognosis of
GC[26-31]. Although MDM2 was characterized as a RING
finger E3 for the tumor suppressor p53[32], its interaction
with Nbs1 inhibited DNA break repair, leading to
chromosome instability and subsequent transformation
that was independent of p53[25,33]. MDM2 is expressed at
higher levels in GC tissues than in non-cancerous gastric
mucosa. In addition, MDM2 expression is associated
with clinicopathologic features in patients treated
only with surgery[34]. Moreover, MDM2 is a potential
predictive factor for benefit from adjuvant chemotherapy
with fluorouracil-leucovorin-oxaliplatin in patients with
resectable GC[34].

E3 UBIQUITIN LIGASES
More than 600 E3 ubiquitin ligases are expressed in
the human genome, allowing for the specificity of the
ubiquitination system[20]. E3 enzymes are divided into
subclasses based on their biochemical and structural
features: HECT (homologous to E6-AP carboxy
terminus), RING (a very interesting new gene) fingers,
and U-box domains [21]. There are about 30 proteins
containing the HECT domain. The RING fingers and
U-box quitin ligases contain the new gene (RING) finger
domain[22]. There are over 700 proteins containing the
RING finger domain, but only a small part functions
as an E3 ubiquitin ligase. Unlike RING proteins, most
HECT proteins, if not all, are believed to function as
E3 ubiquitin ligases. RING and HECT E3 ubiquitin
ligases use different catalytic mechanisms to promote
the transfer of ubiquitin to targeted substrates. RING
E3 ubiquitin ligases can promote the direct transfer of
ubiquitin from E2 to the targeted substrate, whereas
HECT E3 ubiquitin ligases interact with the cognate E2,
followed by the formation of a thiolester linkage with
ubiquitin and subsequent transfer of ubiquitin to the
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Cullin1
Cullin1 is a scaffold protein of the ubiquitin E3 ligase
Skp1/Cullin1/Rbx1/F-box protein complex, which
ubiquitinates a broad range of proteins involved in cellcycle progression, signal transduction, and transcription.
Cullin1 is involved in the progression of several
cancers [35-37], including GC. The high expression of
Cullin1 was significantly correlated with poorer overall
survival and lymph node metastasis of GC[7]. On the
other hand, Korzeniewski demonstrated that Cullin1 may
act as a tumor suppressor by regulating PLK4 protein
levels[38].
Cbl/Cbl-b/c-Cbl
The Casitas B-lineage lymphoma (Cbl) family of
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ubiquitin ligases were identified as negative regulators
of non-receptor tyrosine kinases or activated signaling
pathways[39]. Some studies showed Cbl in conjunction
with epidermal growth factor receptor (EGFR) system
might be associated with gastric carcinogenesis, invasion
and metastasis[40,41]. Other authors showed that cCbl,
Cblb, and EGFR are highly expressed in GC tissue and
their expression levels are related to the invasion and
development of GC. Both cCb l and Cblb were positively
correlated with EGFR, suggesting that they may interact
in the proliferation, infiltration, and metastasis of GC[42].
So Cbl, cCbl, Cblb might be deemed novel molecular
markers for aggressive GC. However, another study
found that the Cbl-b repressed insulin-like growth factor1(IGF-1)-induced epithelial to mesenchymal transition,
likely through targeting the IGF-1 receptor, resulting in
degradation and further inhibition of the Akt/ERK-miR200c-ZEB2 axis in GC cells and a decrease in the risk of
developing lymph node metastasis in patients with GC[43].
Some studies demonstrated an important role of Cbl-b
in reversing Pgp-mediated GC multi-drug resistance
through suppression of the PI3K/Akt signaling pathway
and down-regulation of P-gp expression[44].

CHIP, have been shown to be tumor suppressors in
GC. Frequent inactivating mutations or downregulated
expression of these E3 ubiquitin ligases have been
detected in GC. Several discovered E3 ubiquitin ligases,
such as CHFR, ZNRF3, and RNF180, may play an
important role in regulating gastric carcinogenesis.
Besides mutation and gene copy loss, epigenetic
alteration (i.e., promoter methylation) also contributed
to inactivation of these tumor suppressors. E3 ubiquitin
ligases with tumor suppressor activity in GC are discussed
in detail below.
FBXW7/CDC4
The FBXW7/CDC4 gene, which maps to 4q32, encodes
a ubiquitin ligase and has been implicated as a tumor
suppressor gene in many tumor types, including GC.
FBXW7/CDC4 targets several oncoproteins, including
cyclin-E, c-myc, c-jun, Notch 1 and Notch 4, for
degradation. and its tumor suppressor function was
thought to be exerted through these substrates[53]. Loss
of FBXW7/CDC4 was seen in both early-onset GC
and advanced GC[54]. FBXW7 inactivation contributed
to poor prognosis via genome instability and cell cycle
progression. Recent studies suggested that GC patients
with inactivation of FBXW7 had aggressive cancer and
a poor prognosis[55,56]. Loss of FBXW7 expression could
lead to MYC overexpression, and was associated with
poor prognosis in GC patients[56]. In the future, FBXW7/
CDC4 may be a potential diagnostic biomarker and
therapeutic target for GC.

Hakai
Hakai was originally identified as an E3 ubiquitinligase for the E-cadherin complex[45]. Hakai contains
Src homology (SH)2, RING-finger, and proline-rich
domains, and it is structurally and functionally related
to c-Cbl, a RING-finger type E3 ubiquitin ligase for
receptor tyrosine kinases[46,47]. High expression of Hakai
induced weakness of cell-cell adhesions and enhanced
cell proliferation[48]. Overexpression of Hakai in GC
and colon adenocarcinomas was reported to occur in
the early stages of carcinogenesis and up-regulated cell
proliferation[48,49]. Therefore, Hakai may be a valuable new
biomarker or drug target for GC treatment.

Ring finger protein 180
Ring finger protein 180 (RNF180), a novel member of
the RING finger protein family and function as an E3
ubiquitin ligase, is well conserved among vertebrates[57].
High expression of RNF180 suppressed cell growth and
induced apoptosis, which were mediated by upregulating
the antiproliferation regulators MTSS1 and CDKN2A
and the proapoptotic mediator TIMP3 [58]. Promoter
methylation of RNF180 was detected in 76% of primary
GC and 55% of intestinal metaplasia, but was not
detected in any of the normal gastric tissues, suggesting
methylation of this gene was a common and early
event in gastric carcinogenesis. Promoter methylation
of RNF180 DNA was more frequently detected in the
GC tissue samples, which led to low or loss of RNF180
expression in GC patients with poor overall survival[58].
Our study showed that methylation of CpG sites(-116,
-80, +97, and +102) in the RNF180 DNA promoter
predicted poor prognosis of GC[10].

Makorin ring finger protein 1
Makorin ring finger protein 1 (MKRN1) was reported
to be a transcriptional co-regulator and an E3 ligase for
hTERT[50]. MKRN1 simultaneously induced p53 and p21
ubiquitination and proteasome-dependent degradation.
This suggested that the presence of MKRN1 in cancer
cells may affect p53- and p21-dependent apoptosis and
cell growth. MKRN1 remains unique in its ability to
negatively regulate the major tumor suppressors including
p14ARF and p53 [51] . MKRN1 may induce gastric
carcinogenesis by regulating the p14ARF-associated
pathways, and thus potentially represent an important
therapeutic target in GC[52].

CHIP
CHIP (carboxy terminus of Hsc70 interacting protein)
was reported to be an E3 ubiquitin ligase that could
induce ubiquitination and degradation of several tumorrelated proteins, and acted as a suppressor of tumor
metastasis. CHIP inactivation was significantly correlated
with GC progression, lymph node metastasis, TNM

E3 UBIQUITIN LIGASES AS TUMOR
SUPPRESSOR GENES INS GASTRIC
CANCER
Numerous E3 ubiquitin ligases, including FBXW7 and
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stage, and tumor differentiation. Therefore, CHIP
inactivation was an independent prognostic marker of
poor survival in GC patients as well as added significant
prognostic value to the well known clinical prognostic
factors[8,59]. Moreover, CHIP suppresses GC angiogenesis
by inhibiting nuclear factor (NF)-kB activity through
ubiquitin-proteasome-dependent degradation of the
NF-kBep65 and downregulation of the proangiogenic
cytokine interleukin-8[8]. Therefore, CHIP may be as a
potential diagnostic biomarker and therapeutic target for
GC.

inhibitor, for treating refractory myeloma and mantle
cell lymphoma, showed that modulation of UPS may
represent a novel strategy for GC. However, in a
nonrandomized Phase Ⅱ clinical trial conducted in 16
patients with advanced GC, bortezomib, at a dose of 1.3
mg/m2 i.v. twice weekly for 2 wk (days 1, 4, 8 and 11)
every 21 d, did not show any clinical activity (no patient
responded and only one patient achieved stable disease as
the best response)[78]. In addition, 14 out of 16 patients
experienced grade 2 or greater toxicity. Similar outcomes
were obtained in another clinical trial[79]. These studies
showed that proteasome inhibition in GC should include
combination therapy with targeted agents focusing on
nonoverlapping oncogenic pathways.
By selectively inhibiting an E3 ubiquitin ligase, the
proteins that are regulated by this E3 ubiquitin ligase
can be stabilized, thereby avoiding any unwanted effects
on other cellular proteins. Targeting of the E3 ubiquitin
ligase has gained increasing attention, and has led to
the development of high-throughput screening assays
to identify inhibitors of multiple E3 ubiquitin ligases[80].
Nutlin-3 has potent antitumor activity against human
GC cells with wt p53 and has shown promise as a single
agent and in combination with conventional anticancer
drugs[81]. Small molecule compounds, such as Nutlin3a, RITA, and MI-219, have been identified as potent
MDM2 inhibitors[82-85]. These small molecule compounds
disrupted MDM2-mediated p53 degradation and thus
led to tumor regression by inducing p53-mediated cell
cycle arrest and cell death[82-85]. Therefore, using analogs
of MDM2, or using agonists of Mdm2 with other
therapeutic modalities may be of use as neoadjuvant
therapy for GC within a few years.
Recognition of molecules that could promote the
activity of FBXW7 and subsequently enhance the
degradation of its oncogenic substrates could also be
a very good anticancer treatment strategy. It has been
shown that a natural dietary agent genistein inhibited
miR-223 expression and subsequently up-regulated
FBXW7, leading to cell growth inhibition and apoptosis
in pancreatic cancer cells[86]. Another study indicated that
rapamycin suppressed FBXW7 loss-induced epithelialmesenchymal transition and cancer stem cell-like
characteristics in colorectal cancer cells[87]. However, there
are no inhibitors targeting FBXW7 that is currently being
tested in preclinical and clinical trials in GC. In the future,
targeting FBXW7 may be useful in patients with GC.
SCF ligases, also known as CRL (Cullin-RING
ubiquitin Ligases), are the largest family of ubiquitin
ligases, and promote the degradation of about 20% of
UPS-regulated proteins[88,89], including cell cycle regulatory
proteins, transcription factors, oncoproteins and tumor
suppressors among others [90,91] . Post-translational
neddylation of CUL, a process triggered by the NEDD8activating enzyme E1 subunit 1 (NAE1), is required for
CRL/SCF activation. Recently, MLN4924 was discovered
via a high-throughput screen as a specific NAE1 inhibitor
and first-in-class anticancer drug[92,93]. The efficacy and

CHFR
The CHFR gene encodes a RING finger domain
containing E3, as a tumor suppressor gene, which was
shown to play an important role in mitosis through
targeting key mitotic proteins Aurora A and Plk for
ubiquitin-mediated proteolysis [60,61]. Loss of CHFR
mRNA expression was a consequence of promoter
methylation, suggesting that it played a tumor suppressor
role in gastric carcinogenesis [62,63]. CHFR promoter
methylation status may be of value in predicting
malignant behavior or as a molecular diagnostic marker
for GC[64-66]. Moreover, CHFR promoter methylation
was a sensitive marker for the effect of docetaxel in GC
patients[67].
COP1
COP1 (constitutive photomorphogenic 1, also known
as RFWD2) is a p53-targeting E3 ubiquitin ligase,
containing RING-finger, WD40-repeat domains, and
coiled-coil[68-70]. Whether the COP1 gene is an oncogene
or a tumor suppressor gene remains controversial.
Some studies showed that COP1 acted as a tumor
suppressor[71-73]. However, other studies indicated that
COP1 acted as an oncogene[74]. One study showed that
loss of COP1 expression determined poor prognosis in
patients with GC[9]. However, another study showed that
COP1 overexpression was associated with poor prognosis
in primary GC[75]. Therefore, COP1 may be worth further
investigation to determine the fundamental biology of
GC.
ZNRF3
ZNRF3, a unique transmembrane E3 ubiquitin
ligase, suppresses the β-catenin signaling initiated by
endogenous Wnt proteins[76]. ZNRF3 was reported as
a negative regulator of the Wnt pathway that inhibited
cancer cell growth and promoted cell apoptosis. ZNRF3
inhibited GC cell growth and promoted the cell apoptosis
by limiting the Wnt/beta-catenin/TCF signaling
pathway[77]. In the future, a novel therapeutic strategy
based on ZNRF3 may be of value in patients with GC.

TARGETING E3 UBIQUITIN LIGASES FOR
GC THERAPY
The success of bortezomib, a selective proteasome
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mechanism of action of MLN4924 has been tested in
vitro and in mouse models and has shown promising
anticancer activity in a wide-range of malignancies[94-99],
though these did not include GC. MLN4924 is currently
in multiple phase Ⅰ clinical trials for both solid tumors
and hematological malignancies [88]. We believe that
MLN4924 may be used in patients with GC in the near
future.

8
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CONCLUSION
The E3 ubiquitin ligases play an essential role in a variety
of biological processes including cell cycle regulation, cell
proliferation, and apoptosis. Although further research
is necessary to better understand the biological functions
of E3 ubiquitin ligases, it has become clear that some
E3 ubiquitin ligases, such as those described in this
review, are promising targets for GC therapy. Perhaps
the greatest challenge for scientists trying to manipulate
the E3 ubiquitin ligases in GC cells will be to delineate
the role of targeted proteins as tumor suppressors or
oncogenes. The effect of such proteins can be influenced
by many factors, some of which are still unknown. There
remain other obstacles to overcome before targeting E3
ubiquitin ligases as a viable treatment option. The main
obstacle is selectivity, and any new therapies must target
only cancer cells and not healthy ones. While targeting of
E3 ubiquitin ligases in GC therapy is still at an early stage,
continued research on the E3 ubiquitin ligases should
lead to the discovery of new therapeutic targets that may
boost the development of more specific, less toxic, and
more efficacious anti-cancer therapeutics.
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REVIEW

PNPLA3 I148M variant in nonalcoholic fatty liver disease:
Demographic and ethnic characteristics and the role of the
variant in nonalcoholic fatty liver fibrosis
Li-Zhen Chen, Yong-Ning Xin, Ning Geng, Man Jiang, Ding-Ding Zhang, Shi-Ying Xuan
studies have established a strong link between the 148
isoleucine to methionine protein variant (I148M) of
PNPLA3 and liver diseases, including nonalcoholic fatty
liver disease (NAFLD). However, detailed demographic
and ethnic characteristics of the I148M variant and
its role in the development of nonalcoholic fatty liver
fibrosis have not been fully elucidated. The present
review summarizes the current knowledge on the
association between the PNPLA3 I148M variant and
NAFLD, and especially its role in the development of
nonalcoholic fatty liver fibrosis. First, we analyze the
impact of demographic and ethnic characteristics of the
PNPLA3 I148M variant and the presence of metabolic
syndrome on the association between PNPLA3 I148M
and NAFLD. Then, we explore the role of the PNPLA3
I148M in the development of nonalcoholic fatty liver
fibrosis, and hypothesize the underlying mechanisms
by speculating a pro-fibrogenic network. Finally, we
briefly highlight future research that may elucidate
the specific mechanisms of the PNPLA3 I148M variant
in fibrogenesis, which, in turn, provides a theoretical
foundation and valuable experimental data for the
clinical management of nonalcoholic fatty liver fibrosis.
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Core tip: In this review, we summarize the association
between the PNPLA3 I148M variant and nonalcoholic
fatty liver disease (NAFLD), and especially its role
in nonalcoholic fatty liver fibrosis. The variant is
associated with NAFLD, but is predominant in women,
not in men. The association may vary among different
ethnic populations, but is not affected by the presence
of metabolic syndrome. We speculate there is a pro-

Abstract
Patatin-like phospholipase domain-containing 3 (PNPLA3
or adiponutrin) displays anabolic and catabolic activities
in lipid metabolism, and has been reported to be
significantly associated with liver fat content. Various
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fibrogenic network that the PNPLA3 I148M variant may
promote the development of fibrogenesis by activating
the hedgehog signaling pathway, which, in turn, leads
to the activation and proliferation of hepatic stellate
cells, and excessive generation and deposition of
extracellular matrix.

variant and its role in the development of nonalcoholic
fatty liver fibrosis, along with the specific molecular
mechanisms, have not been fully elucidated. Therefore,
the present review summarizes the current knowledge
on the association between the PNPLA3 I148M variant
and NAFLD, and the variant’s role in the development
of nonalcoholic fatty liver fibrosis.

Chen LZ, Xin YN, Geng N, Jiang M, Zhang DD, Xuan SY.
PNPLA3 I148M variant in nonalcoholic fatty liver disease:
Demographic and ethnic characteristics and the role of the
variant in nonalcoholic fatty liver fibrosis. World J Gastroenterol
2015; 21(3): 794-802 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i3/794.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i3.794

EXPRESSION AND FUNCTION OF THE
PNPLA3 GENE AND PNPLA3 I148M
VARIANT
The PNPLA3 gene is located in the long branch of
human chromosome 22, and encodes a transmembrane
polypeptides chain containing 481 amino acids [13] .
PNPLA3 protein is highly expressed on the endoplasmic
reticulum and lipid membranes of hepatocytes as well
as adipose tissue [14] , and changes in the expression
are closely associated with the nutrient status[15]. RaeWhitcombe and colleagues reported that the promoter
region of the PNPLA3 gene is regulated by glucose
and insulin [16]. Consistently, PNPLA3 mRNA levels
have been demonstrated to decrease after fasting
and increased by refeeding in mice[17]. The nutritional
regulation of PNPLA3 has further been confirmed, as
the gene is shown to be regulated by sterol regulatory
element binding protein 1c (SREBP-1c) in mouse liver
and human hepatocytes[17-19], which responds in turn to
insulin and glucose.
With the conserved patatin domain at its N-terminal,
the PNPLA3 protein demonstrates a predominant
triglyceride hydrolase activity with mild lysophosphatidic
acid acyltransferase activity[13]. It has been shown that
substitution of methionine for isoleucine at residue 148
does not alter the orientation of the catalytic dyad, but
the longer side chain of methionine restricts access of
substrate to the catalytic serine at residue 47[20]. The size
of the substrate-access entry site is significantly reduced
in mutants, which limits the access of palmitic acid to
the catalytic dyad[21]. Recently, Kumari and colleagues
determined that the PNPLA3 I148M variant induced
an increase in lipogenic activity, leading to increased
hepatic triglyceride synthesis [22]. Similarly, Li et al [23]
generated transgenic mice over-expressing PNPLA3 in
the liver and observed that the PNPLA3 I148M variant
exerted three effects on hepatic triglyceride metabolism:
increased synthesis of fatty acids and triglyceride;
impaired hydrolysis of triglyceride; and depletion of
triglyceride long-chain polyunsaturated fatty acids. These
findings suggest that the increase in hepatic triglyceride
levels associated with the PNPLA3 I148M variant is
induced by multiple changes in triglyceride metabolism.
These previous studies showed that acid modification
within the catalytic patatin domain of the PNPLA3
protein acts as a kind of “gain of function” mutation
enhancing the accumulation of lipids in the hepatocytes.

INTRODUCTION
Nonalcoholic fatty liver disease (NAFLD) is defined
histologically or by proton magnetic resonance spectroscopy
as hepatic fat accumulation (steatosis) exceeding 5% in the
absence of excessive ethanol consumption, drugs, toxins,
infectious diseases or any other specific etiologic factors
of liver disease[1]. NAFLD embraces a morphological
spectrum of hepatic diseases, ranging from nonalcoholic
fatty liver (NAFL) to nonalcoholic steatohepatitis (NASH).
NASH is the late stage of NAFLD, in which hepatic
inflammation and fibrosis co-exist. In a proportion of
patients, NASH can progress towards cirrhosis and
even hepatocellular carcinoma (HCC)[2]. With a general
prevalence of 25%-30%, NAFLD currently represents
the most common cause of liver dysfunction, and is now
the most prevalent liver disorder in Western countries[3].
It is well known that metabolic risk factors such as
obesity, insulin resistance, type 2 diabetes mellitus and
dyslipidemia are deeply associated with the pathophysiology
of NAFLD[2,4]. Moreover, genetic mutations also play a
significant role in predisposition to the development and
progression of NAFLD[5].
In 2008, a single nucleotide polymorphism (SNP)
in the patatin-like phospholipase domain-containing
3 (PNPLA3, also known as adiponutrin) gene, or
rs738409 polymorphism, which represents a substitution
from cytosine to guanine that results in a switch from
isoleucine to methionine at residue 148 (I148M), was
reported to be significantly associated with liver fat
content[6].
Since then, extensive investigations of the association
between the PNPLA3 I148M variant (or rs738409
polymorphism) and NAFLD have been carried out, and
various studies have established a strong link between
the PNPLA3 I148M variant and the development and
progression of NAFLD, including nonalcoholic fatty
liver fibrosis[7-12]. These results indicate that this variant
may be a potential modifier of NAFLD, especially
nonalcoholic fatty liver fibrosis. However, detailed
demographic and ethnic characteristics of the I148M
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dietary carbohydrate intake was high[35]. In addition, a
study of obese Taiwanese children also showed that the
PNPLA3 I148M variant was associated with an increase
in ALT levels and an increased risk of NAFLD[36,37].
In a more extensive study of pediatric patients with
biopsy-proven NAFLD, the PNPLA3 I148M variant was
associated with the severity of steatosis, hepatocellular
ballooning and lobular inflammation, and the presence
of NASH and fibrosis, but not with BMI, adiposity, lipid
levels, insulin resistance and ALT levels[8]. In another
large study[7] to determine the association between SNPs
and the histological severity of NAFLD, 223 children
with histologically confirmed NAFLD were investigated.
It was observed that the 148M allele was associated
with an earlier presentation of the disease, but not
with histological severity. However, the association was
marginal in the multivariate analysis (P = 0.045).
Therefore, although the currently available findings
suggest that the PNPLA3 I148M variant confers genetic
susceptibility to liver injury in children at a young age,
most subjects studied were obese children or pediatric
NAFLD patients, and the samples were relatively small
in most of the studies. Thus, well-designed large studies
that include pediatric NAFLD patients and matched
healthy children are required to confirm the association.
At the very least, a meta-analysis would offer valuable
information.

PNPLA3 I148M VARIANT AND NAFLD
In 2008, Romeo and colleagues first reported a genomewide association study to explore the genes associated
with susceptibility to NAFLD [6]. They demonstrated
that the PNPLA3 148M allele was robustly associated
with increased liver fat content, and the association
remained highly significant after adjusting for body mass
index (BMI), diabetes status, ethanol use, as well as global
and local ancestry. In addition, the PNPLA3 I148M
variant was also found to be associated with elevated
serum aminotransferase levels[6,24] and increased computed
tomography-measured hepatic steatosis and histological
NAFLD [25] . A series of subsequent candidate gene
studies[26,29,36,37] have verified the association between the
PNPLA3 I148M variant and NAFLD.
PNPLA3I148M variant is associated with NAFLD in
adults
The PNPLA3 I148M variant is reported to be dosedependently associated with increased levels of serum
triglyceride, alanine aminotransferase (ALT) and aspartate
aminotransferase (AST)[26]. In addition, numerous studies
have demonstrated that the PNPLA3 I148M variant
is associated with liver fat content[27-29]. These findings
confirm that the PNPLA3 I148M variant is associated
not only with fat accumulation in the liver, but also with
liver injury since aminotransferases are the most sensitive
liver function parameters. Liver injury is believed to be
triggered by lipotoxicity, which results from hepatic fat
accumulation. It has been previously reported that liver
necrosis induced by intracellular lipotoxicity parallels
liver fat accumulation[30], and the degree of steatosis
correlates with the severity of liver injury in NAFLD[31].
Currently, liver biopsy is used as the gold standard
for diagnosis of NAFLD. Although it is expensive
and not ethically feasible, especially in uninvestigated
patients, there are still some studies on NAFLD based
on histological diagnosis. The PNPLA3 I148M variant
has been confirmed to be strongly associated with an
increased risk of histological NAFLD [32]. In a casecontrol study, patients who were homozygotes of the
148M allele had higher steatosis scores (33.3% ± 4.0%)
compared with heterozygotes of the 148IM allele (26.3%
± 3.5%) and 148I allele (14.9% ± 3.9%), indicating that
the variant was significantly associated with the degree
of liver steatosis[27].

ASSOCIATION BETWEEN PNPLA3 I148M
VARIANT AND NAFLD IS AFFECTED BY
GENDER AND PROBABLY BY ETHNICITY,
BUT NOT BY METABOLIC SYNDROME
The PNPLA3 I148M variant shows a potential sexual
dimorphism on NAFLD susceptibility[9,32]. In a genderspecific analysis of a NASH cohort, Speliotes et al[32]
observed that the effect of the PNPLA3I148M variant
on histological NAFLD was higher in women than
in men. Indeed, a meta-regression analysis showed a
negative correlation between male gender and the effect
of the PNPLA3 I148M variant on liver fat content[9].
The above findings suggest a predominant association
between the PNPLA3 I148M variant with NAFLD in
women, but not in men. It is known that estrogen levels
are different in men and women, and estrogen is a critical
hormone involved in lipid metabolism. Therefore, the
gender differences may mainly result from the variations in
the hormone, the variation in the gene, or the interaction
of the two. However, it is necessary to test whether there
is a true and reproducible interaction between estrogen
and PNPLA3 I148M in well-defined population-based
cohorts.
The prevalence of NAFLD differs among different
populations. Hispanics have been demonstrated to have
a higher prevalence of hepatic steatosis compared with
European-Americans, whereas African-Americans have a
lower prevalence[38]. In addition, Asian-Indian men have

PNPLA3 I148M variant is associated with pediatric
NAFLD
NAFLD is not only a disease affecting the adult population,
but also a leading liver disease in children worldwide[8,33]. A
study of Hispanic children and adolescents in the Unites
States showed that the 148M allele was associated with
higher liver fat content and lower HDL cholesterol
levels[34]. This is consistent with the observation that
Hispanic children who were homozygotes of the 148MM
allele were susceptible to increased hepatic fat when
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more liver fat and are more insulin-resistant than BMIand age-matched white individuals[39].
Romeo and colleagues found that the frequencies
of the 148M allele matched the prevalence of NAFLD
in the Dallas Heart Study, and Hispanics had a higher
frequency of the 148M allele (49%) compared with
European Americans (23%) and African Americans
(17%)[6]. Another study by Wagenknecht et al[40] suggested
that the PNPLA3 I148M variant contributed to the
variation in NAFLD across multiple ethnicities. These
findings indicate that the PNPLA3 I148M variant may
explain ethnic differences in the prevalence of NAFLD,
and that some of the ethnic variations in NAFLD are
genetic.
On the other hand, in a study of 144 biopsy-proven
NAFLD patients and 198 controls in Malaysia, the
PNPLA3 I148M variant was associated with susceptibility
to NAFLD (OR = 2.34; 95%CI: 1.69-3.24)[12]. However,
the association remained similar in three ethnic groups,
namely Chinese (OR = 1.94; 95%CI: 1.12-3.37), Indian
(OR = 3.51; 95%CI: 1.69-7.26) and Malay (OR = 2.05;
95%CI: 1.25-3.35), which indicates no effect of ethnicity
on the association between the PNPLA3 I148M variant
and NAFLD. Nevertheless, these three ethnic groups
all belong to Asian populations, which may be different
from Hispanics, Europeans and Africans in terms of
association between the PNPLA3 I148M variant and
NAFLD.
NAFLD is now considered the hepatic manifestation
of metabolic syndrome[41]. Insulin resistance in adipose
tissue induces an excess of free fatty acid supply to the
liver, which may lead to lipotoxicity, oxidative stress,
and apoptosis[42]. Whether the association between the
PNPLA3 I148M variant and NAFLD is confounded
by the presence of metabolic syndrome has been
investigated. Although a few studies have suggested an
association between the PNPLA3 I148M variant and
metabolic syndrome, such as insulin resistance[26,43], other
studies have failed to reveal the association[9,32,44,45]. For
example, in a study of 592 cases with European ancestry,
there were no associations of the PNPLA3 I148M
variant with BMI, triglyceride levels, high- and low-density
lipoprotein levels, or diabetes[32]. Moreover, a study of
330 German subjects showed that the PNPLA3 I148M
variant was strongly associated with fatty liver, but not
with insulin resistance or estimates of liver injury [44].
In addition, in a study of 218 French type 2 diabetic
patients, the PNPLA3 I148M variant was not correlated
with visceral obesity and was inversely associated with
carotid intima media thickness, suggesting that fatty liver
associated with the PNPLA3 I148M variant may not
be linked to metabolic disorders[45]. Indeed, in a recent
meta-analysis, all included studies showed a lack of a
significant difference among genotypes for BMI, glucose
and insulin levels, and homeostasis model assessment of
insulin resistance[9].
Furthermore, there appears to be no association
between the PNPLA3 I148M variant and metabolic
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syndrome in children. In a study of obese children
and adolescents, the PNPLA3 I148M variant was
associated with increased levels of ALT and AST, but
not with glucose tolerance and insulin sensitivity[46]. The
PNPLA3I148M variant also conferred susceptibility to
hepatic steatosis in obese youths, but without increasing
insulin resistance[47].
In summary, the PNPLA3 I148M variant is associated
with NAFLD both in adults and children, and the
association is affected by gender and ethnicity, but not by
the presence of metabolic syndrome (Table 1).

ROLE OF THE PNPLA3 I148M VARIANT
IN NONALCOHOLIC FATTY LIVER
FIBROSIS
Nonalcoholic fatty liver fibrosis represents a necessary
pathological pathway that patients with NAFLD
undergo and then progress to cirrhosis, HCC and endstage liver disease, and poses a noteworthy economic
burden worldwide. Liver fibrosis is a reversible woundhealing response to continuous chronic liver injuries[48],
and the most characteristic hallmark is the excessive
production and accumulation of intrahepatic extracellular
matrix (ECM), including fibronectin, type Ⅰ collagen,
proteoglycan, etc., which eventually lead to hepatic
structural change and dysfunction. Therefore, whether or
not to control or reverse liver fibrosis affects the prognosis
of patients to a great extent. However, challenges remain,
as the underlying specific pathogenesis of liver fibrosis is
still unclear.
Various studies have established that the PNPLA3
I148M variant is significantly associated with the development
of fibrogenesis and the severity of nonalcoholic fatty
liver fibrosis[7,8,10,11,32,49]. In 2010, Valenti and colleagues
demonstrated that the PNPLA3 I148M variant influenced
both the presence of NASH (OR = 1.5; 95%CI: 1.12-2.04)
and the severity of liver fibrosis (OR = 1.5; 95%CI:
1.09-2.12) in a large series of 591 biopsied patients with
NAFLD independently of the degree of obesity, diabetes
and steatosis[11]. In addition, Rotman et al[7] carried out a
study in a large cohort of 894 adults and 223 children with
histopathological markers of NAFLD, and confirmed that
the PNPLA3 I148M variant was associated with portal (P <
0.001) and lobular inflammation (P = 0.005), Mallory-Denk
bodies (P = 0.020), and fibrosis (P < 0.001). Furthermore,
in an observational cross-sectional study of 899 European
patients with chronic liver diseases, there was a prominent
association between the PNPLA3 I148M variant and
enhanced liver stiffness by using a non-invasive transient
elastography[10]. This association between the PNPLA3
I148M variant and the severity of fibrosis in patients
with histologically confirmed NAFLD was replicated in
a case-control analysis (OR = 3.37; 95%CI: 2.85-3.97; P
< 0.001)[32]. More importantly, consistent with previous
findings in adults, a prospective study of 149 consecutive
Caucasian children and adolescents with biopsy-proven
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Table 1 Studies evaluating the association between the PNPLA3 I148M variant and nonalcoholic fatty liver disease
Ref.

Population/Ethnicity country

n

Wang et al[26]

Asian
Tai Wan
Caucasian
Argentina
Italy/Austria/United States
Chinese
China
Caucasian
United States
Caucasian
United States
Caucasian
Italian
Hispanic
United States
Hispanic
United States
Asian
Tai Wan
Caucasian
Finland
Meta-analysis

Sookoian et al[27]
Kollerits et al[28]
Xu et al[29]
Speliotes et al[32]
Rotman et al[7]
Valenti et al[8]
Goran et al[34]
Davis et al[35]
Lin et al[36]
Viitasalo et al[37]
Sookoian et al[9]

Romeo et al[6]

Zain et al[12]
Browning et al[38]
Petersen et al[39]

Wagenknecht et al[40]

Kantartzis et al[44]
Petit et al[45]
Romeo et al[46]
Santoro et al[47]

Hispanic/
European American/
African American
United States
Chinese, Indian and Malay
Malaysia
White/Black/Hispanic
United States
Caucasian/
Eastern Asian/
Asian-Indian/Black/
Hispanic
United States
Hispanic American/
African American
United States
Caucasian
Germany
Caucasian
France
Caucasian
Italy
Caucasian/
Hispanic/
African American
United States

Age

Diagnosis
criteria

Key findings

879

Adult

US

Increase in TG, ALT and AST

266

Adult

Increased liver fat and liver Injury

4290
651

Adult
Adult

US
Liver biopsy
NA
US

1597

Adult

Liver biopsy

1117

Liver biopsy

149

Adult
Pediatric
Pediatric

Increase in ALT and AST
Increased ALT, GGT and related to development and
progression of NAFLD
Increased risk of histological NAFLD, but not associated
with metabolic syndrome
Earlier presentation of NAFLD in pediatric patients

Liver biopsy

Associated with steatosis, NASH and fibrosis

327

Pediatric

MRS

Higher liver fat and lower HDL-C

153

Pediatric

MRI

Increased liver fat when dietary carbohydrate intake

520

Pediatric

US

Increased ALT and risk of NAFLD

481

Pediatric

NA

Increase in ALT
A negative correlation between male sex and the variant
on liver fat, and a lack of significant difference among
genotypes for metabolic syndrome
Hispanics have a higher frequency of the 148M allele
than European Americans and African Americans

9229

Adult

H-MRS

342

Adult

Liver biopsy

2287

Adult

H-MRS

482

Pediatric
Adult

Proton MRS

1214

Adult

Abdominal
CT scanning

Hispanic Americans have a higher frequency of the
148M allele than African Americans

330

Adult

218

Adult

H-MRS
MRT
H-MRS

Higher liver fat but not insulin sensitivity, lipids, or liver
enzymes
Not associated with BMI or visceral fat area

475

Pediatric

US

85

Pediatric

MRI

Increased ALT and AST, but not glucose tolerance and
insulin sensitivity
Increase susceptibility to hepatic steatosis, but without
increasing insulin resistance

No effect of ethnicity on the association between the
variant and NAFLD
Frequency of hepatic steatosis varied with ethnicity and
gender
Asian-Indians have increased liver fat and prevalence of
insulin resistance compared with all other ethnic groups

PNPLA3: Patatin-like phospholipase domain-containing 3; NAFLD: Nonalcoholic fatty liver disease; NASH: Nonalcoholic steatohepatitis; US:
Ultrasonography; H-MRS: Hydrogen magnetic resonance spectroscopy; MRI: Magnetic resonance imaging; MRT: Magnetic resonance tomography; CT:
Computed tomography; TG: Triglyceride; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; GGT: Gamma-glutamyl transferase; HDL-C:
High-density lipoprotein cholesterol; LDL-C: Low-density lipoprotein cholesterol; BMI: Body mass index; NA: Not available.

NAFLD showed stronger evidence that the PNPLA3
I148M variant significantly influenced the occurrence of
fibrosis (P = 0.01) irrespective of confounding factors[8].
Recently, a meta-analysis established a significant
association between the PNPLA3 I148M variant and
advanced nonalcoholic fatty liver fibrosis[49]. In a dominant
model, patients with PNPLA3 148MM or 148IM
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exhibited a significantly increased risk of developing
advanced fibrosis compared with 148Ⅱ carriers (OR
= 1.29; 95%CI: 1.21-1.38). In line with the dominant
model, a recessive model yielded a similar strength of the
association (OR = 1.32; 95%CI: 1.20-1.45)[49]. Therefore,
there is little doubt that there exists an association between
the PNPLA3 I148M variant and nonalcoholic fatty liver
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speculated that cross-talk between the Hh signaling
pathway and activated HSCs, as well as progenitor cells
and cholangiocytes, forms a pro-fibrogenic network
together and leads to excessive generation and deposition
of ECM and eventually fibrogenesis. Accordingly, we
hypothesize that the PNPLA3 I148M variant promotes
the development of fibrogenesis by activating the Hh
signaling pathway, which, in turn, leads to the activation
and proliferation of HSCs, and excessive generation and
deposition of ECM (Figure 1). To test this hypothesis,
future studies are needed to established PNPLA3 I148M
transgenic mouse models, which can be used to establish
transgenic mouse models of nonalcoholic fatty liver
fibrosis. With such models, the role of the PNPLA3
I148M variant in nonalcoholic fatty liver fibrosis and
the underlying mechanisms can be further explored.
Consequently, the association between the PNPLA3
I148M variant and the Hh signaling pathway, and the
precise mechanisms at molecular, cellular and genetic
levels by which the PNPLA3 I148M variant participates
in the development of fibrogenesis are expected to
be elucidated, which will lay a theoretical foundation
and provide valuable experimental data for the clinical
management of nonalcoholic fatty liver fibrosis.

Hepatic
steatosis
Nonalcoholic
steatohepatitis

PNPLA3 I148M
HSC
activation

Hedgehog
signaling
pathway

TG accumulation
Fat accumulation

Nonalcoholic
fatty liver
fibrosis

Figure 1 Simplified schematic model showing the hypothetical molecular
mechanism by which the PNPLA3 I148M variant participates in the
development and progression of nonalcoholic fatty liver fibrosis. The
hedgehog signaling pathway links PNPLA3 with the activation of hepatic stellate
cells, which is considered as the central part of fibrogenesis. PNPLA3 protein
exhibits activities of lysophosphatidic acid acyltransferase and acylglycerol
hydrolase to maintain the Triglyceride (TG) balance in the liver. The “gain function” of
the PNPLA3 I148M variant causes TG accumulation in the liver, which accelerates
the progression of nonalcoholic fatty liver disease. HSC: Hepatic stellate cell.

fibrosis. Continuous research on the strategies for potential
prevention or even curative intervention of nonalcoholic
fatty liver fibrosis is warranted.
However, the specific mechanism of the PNPLA3
I148M variant in the development and progression of
nonalcoholic fatty liver fibrosis is still not clear. Up to
now, abnormal activation of hepatic stellate cells (HSCs)
characterized by retinoid loss was considered as the key
contributor to fibrogenesis irrespective of the underlying
disease[50]. The hedgehog (Hh) signaling pathway, consisting
of Hh ligands, transmembrane protein receptors patched
and smoothened, and Gli family transcription factors, is
one of the most classic signaling pathways participating in
the process of cell differentiation and proliferation during
embryonic development[51,52].
Recent studies have shown a strong association
between the Hh signaling pathway and the development
and progression of nonalcoholic fatty liver fibrosis[53-55].
Guy et al[53] demonstrated that the activation of the Hh
pathway paralleled histological severity of injury and
liver fibrosis in a cross-sectional immunohistochemical
study of a large cohort of biopsy-proven adult NAFLD
patients. Moreover, a study of 56 children with NAFLD
at the University of California, San Diego, United States,
also showed significant associations between sonic Hh
grade, the numbers of Hh-ligand-producing cells, Hhresponsive cells, and fibrosis stage[55]. In addition, it has been
reported that the Hh signaling pathway regulates the HSCto-myofibroblast transition[56,57], the expansion of hepatic
progenitor cells[53,54], and the expression of cholangiocyte
chemokines[58,59]. Meanwhile, cholangiocytes and hepatic
progenitor cells can activate the Hh signaling pathway by
generating Hh ligands[59] and increasing the expression
of Gli2[54] (a Hh-regulated target gene), which, in turn,
activates HSCs. Based on the available evidence, it is
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CONCLUSION
The PNPLA3 I148M variant is associated with NAFLD,
but is predominant in women, not in men. The association
may vary among different ethnic populations, but is not
affected by the presence of metabolic syndrome. The
PNPLA3 I148M variant may promote the development
of fibrogenesis by activating the Hh signaling pathway,
which, in turn, leads to the activation and proliferation of
HSCs, and excessive generation and deposition of ECM.
Further studies are needed to understand the underlying
mechanisms.
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REVIEW

Application of metagenomics in the human gut microbiome
Wei-Lin Wang, Shao-Yan Xu, Zhi-Gang Ren, Liang Tao, Jian-Wen Jiang, Shu-Sen Zheng
With the application of molecular biologic technology
in the field of the intestinal microbiome, especially
metagenomic sequencing of the next-generation
sequencing technology, progress has been made in the
study of the human intestinal microbiome. Metagenomics
can be used to study intestinal microbiome diversity
and dysbiosis, as well as its relationship to health
and disease. Moreover, functional metagenomics can
identify novel functional genes, microbial pathways,
antibiotic resistance genes, functional dysbiosis of the
intestinal microbiome, and determine interactions and
co-evolution between microbiota and host, though
there are still some limitations. Metatranscriptomics,
metaproteomics and metabolomics represent enormous
complements to the understanding of the human gut
microbiome. This review aims to demonstrate that
metagenomics can be a powerful tool in studying the
human gut microbiome with encouraging prospects.
The limitations of metagenomics to be overcome are
also discussed. Metatranscriptomics, metaproteomics
and metabolomics in relation to the study of the human
gut microbiome are also briefly discussed.
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Core tip: Metagenomics plays a role in understanding
the human gut microbiome, including the diversity
of the gut microbiome, identifying novel genes, and
determining the etiology of functional dysbiosis. A
combination of metagenomics, metatranscriptomics,
metaproteomics and metabolomics can also promote
an understanding of the functional activity of the
human gut microbiome and possibly provide a new
strategy for disease diagnosis and treatment.

Abstract
There are more than 1000 microbial species living
in the complex human intestine. The gut microbial
community plays an important role in protecting the
host against pathogenic microbes, modulating immunity,
regulating metabolic processes, and is even regarded
as an endocrine organ. However, traditional culture
methods are very limited for identifying microbes.
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searches applying different powerful algorithms are then
used to annotate genes[40]. The information obtained from
the sequence-based and functional metagenomics enables
a more comprehensive understanding of the structure and
function of microbial communities than ever before.
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INTRODUCTION
The human gastrointestinal tract harbors an extremely
complex and dynamic microbial community, including
archaea, bacteria, viruses and eukaryota[1]. Most of the
microorganisms residing in the gastrointestinal tract
are bacteria, with a density of approximately 1013-1014
cells/g fecal matter, in which 70% of the total microbes
colonize the colon [2]. The gut microbial community
plays an important role in protecting the host against
pathogenic microbes [3-5] , modulating immunity [6,7] ,
regulating metabolic processes[8,9], and is regarded as a
neglected endocrine organ[10]. Recently, the role of the
human gut microbiome has been well reviewed[11-13].
Classical studies of the gut microbiome have been
largely dependent on cultivation techniques. However,
traditional culture methods only cultivate 10%-30% of gut
microbiota[14-16]. With the rapid development of advanced
molecular technologies such as PCR-denaturing gradient
gel electrophoresis, it has been shown that the gut
microbial ecosystem is far more complex than previously
thought [17]. In recent years, several next-generation
sequencing technologies have been developed [18,19] ,
which further facilitate the analysis of a large number of
microorganisms in different environments[20-22] and human
body sites[23], including the human gut[24-26]. 16S rDNA
sequence analysis and metagenomics are two effective
DNA sequencing approaches, and both have been used to
study uncultivated gut microbial communities. The former
focuses on the sequencing of the conserved 16S rDNA
gene present in all microbes[27,28], and has established a
series of novel connections between intestinal microbiota
composition and disease[29-31]. The research based on 16S
rDNA sequence attempts to reveal “who’s there?” in a
given microbial community, while shotgun metagenomic
sequencing can be used to answer the complementary
question of “what can they do?”[32,33].
Metagenomics was first described in 1998 by Handelsman
and Rodon[34,35], and became another DNA sequencing
approach to study the complex gut microbial community. It
aims to catalog all the genes from a community by the random
sequencing of all DNA extracted from the sample[36-38].
Firstly, the total DNA of all microorganisms is extracted
from fecal samples. Before being sequenced, total DNA
samples are randomly sheared by a “shotgun” approach.
The comprehensive sequences are then analyzed to obtain
either species profiles based on phylogenetic markers (16S
rDNA)[39] or genomic profiles based on whole genomes[22].
The shotgun sequence reads are filtered to obtain the
high-quality sequences for the whole genomic profile by
metagenomics. Based on sequence overlaps, the filtered
sequences are then assembled to form longer genomic
sequence contigs. Computational methods are needed to
code sequences in the contigs. Data mining and database
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METAGENOMICS IN STUDYING THE
HUMAN GUT MICROBIOME
Metagenomics: Revealing the diversity of the human gut
microbiome
The European project, MetaHIT[37], and the American
Human Microbiome Project [25,41] have contributed to
the availability of the reference gene catalog. These
projects have facilitated the study of the human
intestinal microbiome using metagenomics. By applying
metagenomics to investigate fecal samples from 124
European individuals, the MetaHIT consortium found
3.3 million non-redundant genes in the human gut
microbiome for the first time. Surprisingly, the gene set
was 150 times larger than the human gene complement.
Moreover, over 99% of the genes in the human gut
microbial communities were bacterial, which indicated
that the entire cohort harbored more than 1000 bacterial
species[37]. However, the number of genes in the human
gut microbiome was expanded more than threefold by
subsequent analyses [42,43]. These observations further
completed the catalog of reference genes in the human
gut microbiome.
A core human gut microbiome has also been
explored[44]. The average human intestinal microbiome
is now better defined and comprises approximately 160
bacterial species in each individual [37]. Moreover, on
average, individual microbiota could have long-term
stability[45,46]. By applying low-error 16S ribosomal RNA
amplicon sequencing and whole-genome sequencing
methods to characterize bacterial strain composition in
the fecal microbiota of 37 patients in the United States,
Jeremiah and colleagues[45] found that on average, their
individual microbiota was remarkably stable and 60% of
strains remained over the course of five years. From the
in-depth profiling of metagenomic datasets derived from
fecal metagenomes of healthy individuals, the human
gut has been postulated to consist of three enterotypes,
typified by the relative dominance of particular groups of
organisms: Prevotella, Ruminococcus and Bactericides spp[47].
In addition, studies using different methods including
metagenomics have found a series of factors that can
influence the composition and diversity of the gut
microbiome, such as diet[48-50], age[51,52], geography[51,53],
drugs[54,55], and environmental substances[56]. For example,
a study found that due to the difference in long-term
dietary habits, human gut microbiome abundance and
proportions varied between United States individuals.
Furthermore, species composition, but not enterotype,
in these subjects was affected by short-term changes in
diet[57]. In the MARS-500 study, Mardanov et al[58] found
dynamic changes in the gut microbiome in participants
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using metagenomic analysis.

the acetyl-coenzyme A pathway, followed by the lysine
pathway[67].

Functional metagenomics: Discovering novel genes and
microbial pathways
In recent years, due to the rapidly developing computational
methods critical for the analysis of metagenomic data
and earlier surveys performed on marine and other
environmental microbiome, more and more studies have
focused on functional metagenomics of the human gut
microbiome[37,38,51,59]. Escherichia coli (E. coli) is the most
commonly used host for functional metagenomics, and
genes from a large diversity of bacteria can be expressed
within E. coli [33]. Furthermore, other species such as
Streptomyces, Bacillus subtilis and Lactococcus lactis can also be
used to promote the heterologous expression of Grampositive bacterial DNA[60].
Hehemann and colleagues[61] found genes encoding
the enzymes porphyranase and agarase from the gut
microbiome in Japanese individuals, but not in North
Americans. Interestingly, the marine Bacteroidetes are
widely found in seaweed, and many Japanese eat seaweed
regularly[61], thus it is likely that these functions were
acquired from these organisms by lateral gene transfer.
The catabolism of dietary fibers is important for
human health[32]. Carbohydrate active enzymes (CAZymes),
produced by human intestinal microorganisms, can
degrade components of dietary fiber into metabolizable
monosaccharides and disaccharides. However, before
metagenomics were used to study the human gut
microbiome, the study of CAZymes was restricted to
cultivated bacterial species. Several metagenomics studies
focusing on the gut microbiome determined the diversity
of CAZymes, revealing the human gut microbiome
to be a surprisingly rich source of carbohydrate active
enzymes[36,38,62,63]. In addition, Tasse et al[64] detected novel
CAZymes using functional metagenomics on human
gut microbial genes. The function-based screening of
intestinal metagenome libraries also identified a large
genetic repertoire of genes encoding bile-salt hydrolase
enzymes[65]. These functions were selectively enriched
in intestinal microorganisms. Further more, novel
β-glucuronidase activity, dominant in healthy adults and
children, from Firmicutes was revealed by the functional
screening of large insert metagenomic libraries of E. coli
clones independent of culturability[66].
Recently Vital and colleagues[67] performed an extensive
analysis of butyrate-producing pathways and individual
genes by screening thousands of sequenced bacterial
genomes from the Integrated Microbial Genome database.
They found that the genomes of 225 bacteria had the
potential to produce butyrate, including many previously
unknown candidates. Most candidates belonged to
distinct families within Firmicutes[67]. These authors also
used the established gene catalog to screen for butyrate
synthesis pathways in 15 metagenomes obtained from the
fecal samples of healthy individuals. The results revealed
that a high percentage of total genomes exhibited a
butyrate-producing pathway, and the most prevalent was
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Functional metagenomics: Investigating antibioticresistance genes
Many bacterial infections are becoming more and more
difficult to treat, partly due to the increasing antibiotic
resistance of human pathogens[68-70]. Recent studies have
revealed that some human commensal microbiota harbor
numerous antibiotic-resistance genes (ARGs), which
have led to the human gut-associated resistome [71,72].
Thus, it is important to understand the contribution of
the whole microbiota of particular systems to antibiotic
resistance[73].
The first population-level analysis of resistance
gene prevalence in the human gut was performed by
Seville et al[74]. Interestingly, they found that several of
the tested genes were common in human microbiomes
using microarray probes to identify 14 tetracycline and
macrolide-resistance genes in the fecal and saliva samples
of 20 healthy volunteers from England, Finland, France,
Italy, Norway, and Scotland. However, the fecal samples
from France and Italy showed significantly higher levels
of some tetracycline and erythromycin genes than those
of the samples from Scandinavia or the United Kingdom.
Compared with previous methods, the metagenomic
approach is a powerful tool that can help us to gain
a more comprehensive understanding of the ARGs
in human gut microbes. By analyzing the genomic
content of a microorganism, it is possible to predict
the resistance phenotype and adapt a specific treatment.
Functional metagenomics can be used to isolate
completely novel ARGs from the non-cultivable fraction
of the microbiota and reveal the complex background
context in which antibiotic resistance evolves in both
microbial and host communities.
By employing fecal metagenomic data from different
countries, studies have confirmed that resistance gene
prevalence exists in the human gut microbiome and the
distribution of ARGs are different between countries[75,76].
Moreover, Forslund et al[75] found associations between
transposable elements in the tested genes, which is
consistent with the finding that ARGs can be exchanged
among gastrointestinal microbes[77], particularly during
host stress[78].
Sommer et al[72] screened the gene inserts that caused
resistance in E. coli to 13 different antibiotics by performing
functional metagenomics screening of fecal and oral
samples from two human donors. They then compared
these genes with previous homologs in pathogens and
found a considerable diversity of ARGs in the microbes.
Cheng et al[79] first applied the strategy of screening a
relatively large-insert fosmid library generated from the
gut microbiota of four healthy candidates. The library
was used to screen for ARGs against seven antibiotics.
The authors identified a variety of previously unknown
resistance determinants and found that only the N-terminus
conferred kanamycin resistance following a functional
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the nuclear factor-κB pathway in epithelial cells[112-114].
Recently, by applying functional metagenomics, Dobrijevic
et al[115] found that secreted and surface-exposed proteins
from Gram-positive bacteria in the human gut microbiota
played a role in immune modulation.
Metagenomics is also helpful in screening plasmidencoding elements, especially with the improvement
of methods for purifying high-quality and high-yield
plasmid DNA[116]. The plasmid harbors numerous mobile
genetic elements. A profound understanding of the
mobile genetic elements associated with the human
gut microbiota is meaningful as they can reflect the coevolution of host and microbe in the human gut[32].
Jones and Marchesi[117] isolated novel plasmids from
the human gut microbiota and revealed that some
crucial genes were enriched in the human gut compared
with other systems using the culture independent
transposon-aided capture system. Recently, based on
metagenomic analysis, several studies indicated that the
horizontal gene could transfer between phylogenetically
distant bacterial groups[64,65,118]. However, the triggers
that promote this gene exchange are not known. Smillie
et al[119] showed that ecology could be the main driver of
gene exchange.

study on the new kanamycin resistance gene.
Recently, Moore et al[80] used functional metagenomics
in fecal microbiota from 22 healthy infants and children
to identify ARGs. They not only identified three novel
resistance genes, but also reported their results on
resistance to folate-synthesis inhibitors conferred by
a predicted Nudix hydrolase, which was an important
part of the folate-synthesis pathway. In addition, their
functional metagenomic investigations demonstrated
that fecal resistomes of healthy children had a higher
diversity than previously suspected.
Metagenomics: Finding functional dysbiosis
As reported, dysbiosis of the intestinal microbial
community is associated with some diseases, including
inf lammator y bowel disease [81-83] , obesity [38,84-86] ,
diabetes[87-89], allergy[90,91], irritable bowel syndrome (IBS)[92],
colorectal cancer[93-96], liver cirrhosis[97-99], nonalcoholic
steatohepatitis[100,101], neurodevelopmental disorders[102,103],
cardiovascular disorders[104], cholesterol gallstones[105],
diarrhea[106], malnutrition[107], kidney disease[108], and colon
polyps[109]. Recently, in a metagenomic analysis of the
stool microbiome in patients receiving allogeneic stem
cell transplantation, Holler et al[110] found a relative shift
from a predominance of commensal bacteria toward
Enterococci, which was particularly marked in patients
who subsequently developed or suffered from active
gastrointestinal graft-vs-host disease.
In addition to identifying dysbiosis of the human
gut microbiome in some diseases, metagenomics can
determine novel changes in microbial functions. A study
using the metagenomic approach in patients with type
2 diabetes performed by Qin et al[87] found a moderate
variation in the microbial composition of the gut between
cases and controls. Microbial functions conferring
sulfate reduction and oxidative stress resistance were also
more abundant in patients with type 2 diabetes than in
healthy controls. Similarly, Wei et al[98] analyzed the fecal
microbiota of 20 hepatitis B liver cirrhosis patients and
20 healthy controls using metagenomic methods, and
found an obvious change in fecal microbiota between
the two groups. Importantly, compared with the controls,
functional diversity was significantly reduced in the
fecal microbiota in the patients. In addition, the fecal
microbiota in the patients showed abundant metabolism
of glutathione, gluconeogenesis, branched-chain amino
acids, nitrogen and lipids, but a decrease in the level of
aromatic amino acids, bile acid and cell cycle related
metabolism.
Metagenomics can also be used to determine the
interactions between intestinal bacteria and the host.
Intestinal bacteria play an integral role in human health.
However, the possible mechanisms related to the
interactions between intestinal bacteria and the host are
not understood. Lakhdari et al[111] used high-throughput
screening technology to investigate intestinal microbial
pathways, and found that E. coli metagenomic clones could
modulate intestinal mucosal proliferation by activating
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LIMITATIONS IN APPLYING
METAGENOMICS
From the above findings (Figure 1), metagenomics have
been shown to be an incredibly powerful technology in
studying the human gut microbiome. However, there
are still some limitations in the use of metagenomics, as
shown in Figure 2. Firstly, it is not possible to identify
microbial expression. Secondly, as metagenomics require
much higher sequence coverage than 16S rDNA sequence
analysis[120], the costs and time involved in DNA sequencing
projects for gut metagenomics are far greater than those
of 16S rDNA sequence analysis. Thirdly, to obtain high
coverage required for metagenomics, a sufficient quantity
and high quality of DNA samples are essential. Although
precautionary steps are performed, human contaminants
are found in 50%-90% of sequences[24]. Different DNA
extraction kits and laboratories also have an impact on the
assessment of human gut microbiota[121]. Comparing data
across studies that use different bacterial DNA extraction
methods is difficult[122]. Fourthly, to perform a metagenomic
study successfully, the quality of the underlying functional
annotations of metagenomic sequence fragments is
very important. However, a significant proportion of
data cannot be assigned a function due to a lack of close
matches in reference databases [37]. For viral data, this
situation is particularly severe, as 80% or more of sequence
reads lack known matches[123].
Millions of sequences in each sample are required
for functional gene analysis of a complex microbial
community. It is difficult to identify and improve the
accuracy of information derived from the relatively short
gene fragments generated by next-generation sequencing,
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Gut microbiome
Metagenomic analysis

Antibiotic
resistance genes

Novel genes

Co-evolution of host
and microbiota

Microbial pathways

Interaction between
host and microbiota

Functional dysbiosis
Microbial diversity

Figure 1 Application of metagenomics in the human gut microbiome. In studying the human gut microbiome, metagenomic analysis has the potential to provide
sufficient information in the following research areas: The detection of microbial composition and diversity, novel genes, microbial pathways, functional dysbiosis,
antibiotic resistance genes, and the determination of interactions and co-evolution between microbiota and host.

metaproteomics[127] and metabolomics[128], the functional
activity of a microbial community can be identified.
Metatranscriptomic sequencing can be used to
determine the activity of genes in a defined environment.
Gosalbes et al[129] used metatranscriptomic analysis of
fecal microbiomes from ten healthy humans, and found
that carbohydrate metabolism, energy production and
synthesis of cellular components were the main functional
roles of the gut microbiota. In contrast, amino acid and
lipid metabolism were reduced in the metatranscriptome.
Metatranscriptomics also has some limitations. Firstly,
it is very difficult to obtain high-quality and sufficient
amounts of RNA from environmental samples. Secondly,
it is a challenge to separate the mRNA of interest
from the more abundant types of RNA such as rRNA.
Thirdly, the short half-life of mRNA leads to difficulty
in the detection of rapid and short-term responses
to environmental changes [130]. Fourthly, the reference
databases are insufficient.
An analysis of proteins is also important to understand
microbial functions. Recently, a study demonstrated that the
fecal metaproteome in healthy adults was subject-specific
and relatively stable over a one-year period[131]. In addition,
some core functions, including carbohydrate metabolism

due to the many bioinformatics challenges proposed by the
huge metagenomic shotgun sequencing. It is also difficult
to assign function unambiguously based on sequence
similarity alone, which may cause misannotation [124].
Moreover, when there are less abundant members of the
microbiome or a community containing many closely
related species, it may be difficult to assemble genomes[125].
This can lead to a situation where, even if a function can
be ascertained, it may be a challenge to assign it to specific
species within the microbial community. In addition, DNA
is the material used in metagenomic sequencing, and the
expression of each functional gene in a sample in a given
environment is very difficult to determine.

METATRANSCRIPTOMICS,
METAPROTEOMICS AND
METABOLOMICS
Metagenomics is an extremely powerful tool that can be
used to describe the genetic potential of the microorganisms
present in a given environment. However, it has a very
limited function in revealing their activity or gene expression.
With the rapid development of metatranscriptomics[126],
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and transport, were also determined. However, similar to metatranscriptomics, the ability to assign functional classifications is limited due to insufficient reference databases. It is a
significant challenge to disentangle the complex array of proteins produced by the intestinal microbiota.
Currently, metabolomics is increasingly used to study the gut microbiome[132]. Some human intestinal disorders, such as colorectal cancer, inflammatory bowel disease and
IBS, have been studied using metabolomics[133-136]. For instance, a study on patients with ulcerative colitis and IBS revealed that, compared with controls, the patients with
ulcerative colitis had increased quantities of taurine and cadaverine. Importantly, a higher bile acid concentration and lower levels of branched-chain fatty acids were found
in IBS patients[136]. Moreover, no significant changes were found in short-chain fatty acid and amino acid concentrations. However, some limitations restrict the development
and clinical application of metabolomics. On the one hand, the metabolomics databases are incomplete and insufficient, and there are many metabolites that are not included

Figure 2 Comparison of different gut microbiome study approaches. The characteristics, limitations, and applications of different gut microbiome approaches from cultivation to metabolomics are presented. DGGE: Denaturing gradient gel
electrophoresis.
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in the databases. On the other hand, the obtained
metabolites are mixed, thus it is very difficult to identify
the infor mation from the host and the microbial
metabolites.
As shown in Figure 2, though there are some
limitations with these approaches, they have significant
potential clinical applications. The combination of the
meta-omics may be sufficiently powerful to elucidate the
ecologic roles of the human gut microbiome[137].

human gut microbiome is in its infancy. However, it
has been used in other environments, including soil and
the sea, for some time. Thus, the success of applying
metagenomic technology in studying these environments
can be followed by further study in the human gut
microbiome. In addition, the human gut harbors not
only bacteria, but also eukaryota and viruses. To date, few
studies on eukaryota and viruses using the metagenomics
approach have been carried out, thus, the future study
of the human gut microbiome using the metagenomics
approach is promising and more efforts are urgently
needed.

CONCLUSION
In conclusion, metagenomics can not only identify the
diversity of the human gut microbiome, but can also
reveal new genes and microbial pathways, and uncover
functional dysbiosis. The application of metagenomics
has huge potential in revealing the mechanisms and
correlations between the human intestinal microbiome
and diseases. However, metagenomics also has limitations
and requires improvement[138].
With the rapid development and application of
metagenomics, as well as metatranscriptomics, metaproteomics
and metabolomics, it is possible to identify new microbial
diagnostic markers that will provide early diagnosis
and novel treatments. Maximizing the contribution of
microorganisms and identifying more probiotics are also
very promising. Based on an increased understanding of
the role of the human microbiome in diseases and their
interactions, as well as inter-individual differences and
physiologic parameters, the exploration of personalized
medicine will progress immensely. In addition, it is possible
to explore new antibiotics that target antibiotic resistance
microbiomes based on a profound understanding of
ARGs in the gut microbiome.
Current metagenomic studies of the human gut
microbiome have been performed in limited cohorts,
thus, it is necessary to enhance our understanding of
the human gut microbiome by investigating human
populations from different countries, for longer periods,
and include multiple age groups[32], and various disease
stages. A study of the characteristics of the human gut
microbiome in different disease stages would help us
understand the relationship between the gut microbiome
and disease development, and thus would help to
establish the optimal strategies for preventing, improving
and even reversing diseases.
As metagenomics still has some limitations, it is necessary
to combine other microbiome approaches, including
cultivation methods, with a study of metagenomics in the
intestinal microbiome. This will ensure that the results
are more accurate and convincing. Recently, several
studies have successfully used this combination and
obtained meaningful findings[56,139-141]. To overcome the
limitations of metagenomics, it is also important to create
a unified microbial DNA extraction method, improve
computational algorithms, and complete the reference
databases.
The application of metagenomic technology in the
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Gastroesophageal reflux disease and non-esophageal cancer
Fernando AM Herbella, Sebastião Pannocchia Neto, Ilka Lopes Santoro, Licia Caldas Figueiredo
patients is presented, most do not control cases based
on tobacco usage and obesity, and the diagnosis of GERD
is variable, not always from an objective measurement
such as pH monitoring but relying on symptoms in
most reports. Nevertheless, head and neck and lung
cancer have a growing incidence parallel to GERD
and a shift towards non-smoking, female gender and
adenocarcinoma (compared to squamous cell carcinoma)
is arising, similar to the example of esophageal cancer
with the exception of the female gender.
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Core tip: Gastroesophageal reflux disease (GERD) is a
very prevalent disease with a rising incidence. The disease
is certainly linked to the pathogenesis of esophageal
adenocarcinoma originated in the Barrett’s esophagus.
The carcinogenic properties of the gastroduodenal
contents may also lead to cancer in target organs
for GERD, especially considering that they do not
have intrinsic protective mechanisms as found in the
esophagus. Although strong conclusions cannot be drawn
due to lack of good quality published studies, GERD may
also be linked to the pathogenesis of head and neck and
lung cancers.
Herbella FAM, Neto SP, Santoro IL, Figueiredo LC. Gastroesophageal
reflux disease and non-esophageal cancer. World J Gastroenterol
2015; 21(3): 815-819 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i3/815.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i3.815

Abstract
The association of gastroesophageal reflux disease
(GERD) and esophageal cancer is well known. The
carcinogenic properties of the gastroduodenal contents
may also lead to cancer in target organs for GERD
especially considering that they do not have intrinsic
protective mechanisms as found in the esophagus. This
review focuses on the putative relation between GERD
and non-esophageal cancer. Most of the papers reviewed
are far from ideal to prove the relationship of extraesophageal cancer and GERD since a small number of
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INTRODUCTION
Gastroesophageal reflux disease (GERD) is a very
prevalent disease, affecting 18%-27% of the population
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in North America, 9%-25% in Europe, 2%-8% in East
Asia, 9%-33% in the Middle East, 11% in Australia
and 23% in South America[1]. Moreover, the incidence
of GERD seems to be increasing with time [2] . It
accounts for almost 9000000 outpatient visits, 65000
hospitalizations and costs of over US $9000000000
per year only in the United States[3,4]. The association
of GERD and esophageal cancer is well known, with
a metaplasia-dysplasia-carcinoma sequence leading
ultimately to esophageal adenocarcinoma[5]. Esophageal
adenocarcinoma also showed a significant increase in
incidence in the last decades[6].
Virtually all adjacent organs to the esophagus may be
affected by the gastric refluxate and new discoveries are
made on a regular basis showing that even distant organs
may be affected by GERD. It seems logical that the
carcinogenic properties of the gastroduodenal contents
may also lead to cancer in target organs for GERD
especially considering that they do not have intrinsic
protective mechanisms as found in the esophagus.
This review focuses on the putative relation between
GERD and non-esophageal cancer.

proven by different methods, such as dual probe pH
monitoring[18], multichannel intraluminal impedance[19],
and aerosolized reflux detection[20]. In fact, refluxate may
reach up to the mouth and GERD is thought to cause
tooth wearing[21].
GERD has long been considered a risk factor for
laryngeal/pharyngeal cancer [22]. Few studies did not
show GERD as an independent risk factor for cancer
in multivariate analysis when tobacco and alcohol
consumption are considered[23]; however, other studies,
including a meta-analysis, do show GERD as an
independent risk factor especially in non-smokers[24-27].
Also, the incidence of these tumors is increasing parallel to
GERD.
Another piece of evidence that links GERD and
laryngeal/pharyngeal cancer is the putative higher risk in
patients with heterotopic acid-producing gastric mucosa
in the proximal esophagus (inlet patch)[28].
The literature on oral cancer and GERD is scarce
even though they also may be associated[29].

MECHANISM OF GERD-INDUCED
CARCINOGENESIS

Similar to the proximal respiratory organs, duodenogastric
contents may also reflux to the lungs. Pepsin and biliary
salts can be recovered from the lungs in patients with endstage pulmonary diseases[30]. GERD is associated with
different lung diseases[31]; however, the association of
GERD and lung cancer is unknown. A single preliminary
report showed significant GERD in lung cancer patients
irrespective of histology[32].
The link between GERD and lung cancer seems
plausible based on the following facts: (1) Lung
adenocarcinoma has a growing incidence with a trend to
surpass squamous cell carcinoma[33,34], similar to esophageal
cancer; (2) Lung adenocarcinoma is the most frequent
histologic type in non-smokers and a clear risk factor has
not been attributed to it[35]; (3) Connective tissue diseases
are common risk factors for lung adenocarcinoma[36] and
GERD[37]; and (4) Centrally located lung adenocarcinoma
(area of the lung closer to the esophagus and more
prone to aspirate gastrodudodenal refluxate) is likely
to arise from the glandular epithelium (superficial layer
more susceptible to contact with refluxate). In contrast,
peripheral adenocarcinoma is likely to originate in type II
pneumocytes and Clara cells[38].

LUNG

Esophageal adenocarcinoma originated in a Barrett’s
esophagus is the most studied cancer linked to GERD;
however, its cellular origins and molecular mechanisms
are still not fully understood [7] . GERD induces
esophageal inflammation and consequent oxidative stress
leading to DNA damage. Both acid and bile are active
on oncogenic pathways. Acid induces DNA damage,
decreases proliferation, and increases apoptosis. Bile
salts induce DNA damage, affect proliferation in a pHdependent manner, and cause resistance to apoptosis[7,8].
More detailed molecular mechanisms are available in
recent reviews[7-9].
Apart from the direct effect of gastric refluxate,
other variables link GERD and cancer. Obesity is a
risk factor for different cancers, including esophageal
adenocarcinoma[10]. Fat tissue increases the release of
proinflammatory molecules and induces insulin resistance,
all of them linked to carcinogenesis[7,11]. GERD is strongly
associated to obesity as well[12]. It has been shown that for
each 5-point increase in body mass index, the DeMeester
GERD score increases by 3 units[13]. Parallel to GERD, the
prevalence of obesity more than doubled between 1980
and 2009 in the United States, as indicated by Centers for
Disease Control and Prevention Surveys.
Smoking is also linked to esophageal[14], head and
neck[15] and lung cancer[16] and, again, is a risk factor for
GERD[17].

CONCLUSION
GERD is a common and costly disease; however, despite
great achievements in the understanding of the
pathophysiology and treatment of the disease, medicine
is not winning the battle against GERD. The incidence of
GERD is escalating (Figure 1)[39-59] and, even though old
complications attributed to this illness, such as esophageal
stenosis and ulceration, have almost disappeared, a new
spectrum of the disease is surging with extra-esophageal
manifestations and cancer. Thus, esophageal cancer

ORAL/LARYNX/PHARYNX CANCER
Gastric contents reach the larynx/pharynx in healthy
volunteers and in patients with GERD[18]. This has been
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should also be added to the burden of GERD and
probably head and neck and lung cancers as well.
Head and neck and lung cancer both have smoking
as the main etiologic factor. Even though the prevalence
of smokers is decreasing [60] , the incidence of the
aforementioned tumors is not (Figure 2). Obviously, a
proportional increase in the incidences of two separate
diseases does not necessarily indicate an etiological
relationship but more than that, a shift towards nonsmoking, female gender and adenocarcinoma (compared
to squamous cell carcinoma) is arising[61], similar to the
example of the esophageal cancer with the exception of
the female gender[62-64].
It must be said that most of the papers reviewed
are far from ideal to prove the relationship of extraesophageal cancer and GERD. A single study addressed
the association of lung cancer and GERD. Not all studies
showed a relationship between GERD and head and neck
cancer, and even in studies showing positive association
this is not too strong. Some present with a small number
of patients, most do not control cases based on tobacco
usage and obesity. Moreover, the diagnosis of GERD is
variable, not always from an objective measurement such
as pH monitoring but relying on symptoms that has been
shown not to be a trustworthy method for correct GERD
diagnosis. Different previous publications showed that
symptoms are unreliable for the diagnosis of GERD[65,66]
although the labeling of patients as refluxers based on
symptom questionnaires is still a common practice, in
spite of the fact that most of these questionnaires were
not validated in comparison to esophageal ambulatory
pH monitoring[67].
In conclusion, laryngeal and pharyngeal tumors
are highly associated to GERD. Oral and lung cancers
probably are also connected to GERD.
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MINIREVIEWS

Technical tips of endoscopic ultrasound-guided
choledochoduodenostomy
Takeshi Ogura, Kazuhide Higuchi
success rate was 93%, and clinical success rate was
98%. Based on the currently available literature, the
overall adverse event rate for EUS-CDS is 16%. The
data on the cumulative technical and clinical success
rate for EUS-CDS is promising. However, EUS-CDS can
still lead to several problems, so techniques or devices
that are more feasible and safe need to be established.
EUS-CDS has the potential to become a first-line
biliary drainage procedure, although standardizing the
technique in multicenter clinical trials and comparisons
with endoscopic biliary drainage by randomized clinical
trials are still needed.
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Core tip: Endoscopic ultrasound-guided choledocoduod
enostomy (EUS-CDS) is relatively well established as
an alternative biliary drainage method. The reported
technical success rate of EUS-CDS ranges from 50% to
100%, and the clinical success rate ranges from 92% to
100%. Further, the over-all technical success rate was
93%, and clinical success rate was 98%. Based on the
currently available literature, the overall adverse event
rate for EUS-CDS is 16%. EUS-CDS may become the
first choice of the biliary tract drainage procedure in the
local cases such as poor prognosis, the contraindication
of percutaneous transhepatic biliary drainage.

Abstract
Endoscopic ultrasound (EUS) is clinically useful not
only as a diagnostic tool during EUS-guided fine
needle aspiration, but also during interventional EUS.
EUS-guided biliary drainage has been developed and
performed by experienced endoscopists. EUS-guided
choledocoduodenostomy (EUS-CDS) is relatively well
established as an alternative biliary drainage method for
biliary decompression in patients with biliary obstruction.
The reported technical success rate of EUS-CDS ranges
from 50% to 100%, and the clinical success rate ranges
from 92% to 100%. Further, the over-all technical

WJG|www.wjgnet.com

Ogura T, Higuchi K. Technical tips of endoscopic ultrasoundguided choledochoduodenostomy. World J Gastroenterol
2015; 21(3): 820-828 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i3/820.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i3.820

820

January 21, 2015|Volume 21|Issue 3|

Ogura T et al . EUS-guided choledoshoduodenostomy

to be established.
Table 1 shows an overview of previous reports of
EUS-CDS[10-45]. Herein, we present technical tips on the
performance of EUS-CDS and review of the literature on
EUS-CDS, especially its techniques and adverse events.

INTRODUCTION
Obstructive jaundice is a major adverse effect of pancreatic
or biliary carcinoma. This adverse event requires treatment,
especially in patients who cannot be treated surgically
due to concurrent chemotherapy. Endoscopic biliary
stenting (EBS) is a gold standard method of treatment
for obstructive jaundice [1,2]. However, this method is
associated with several problems, such as post-endoscopic
retrograde cholangiopancreatography (ERCP) pancreatitis.
In addition, EBS cannot be performed in patients with
selective cannulation failure of the major papilla or
an inaccessible papilla due to duodenal invasion. The
alternative method under these conditions is percutaneous
transhepatic biliary drainage (PTBD)[3,4]. However, PTBD
can lead to several adverse events, such as cholangitis, bile
leakage and pneumothorax. Moreover, the frequency of
major complications, such as prolonged hospital stay and
permanent adverse sequelae, is 4.6%-25%, and that of
procedure-related deaths is 0%-5.6%[5,6]. Cosmetic issues
due to external drainage also compromise the patient’s
quality of life.
Endoscopic ultrasound (EUS) is clinically useful
not only as a diagnostic tool during EUS-guided fine
needle aspiration (FNA), but also during interventional
EUS. Among the different types of interventional EUS,
endoscopic ultrasound-guided biliary drainage (EUSBD) has been developed and performed by experienced
endoscopists. The technique of EUS-BD depends on
the approach route. For transgastric EUS-BD, EUSguided hepaticogastrostomy (EUS-HGS) is performed,
in which the intrahepatic bile duct (usually segment 3;
B3) is punctured via the stomach, and stent placement
is performed from the intrahepatic bile duct to the
stomach [7]. For transduodenal EUS-BD, EUS-guided
choledochoduodenostomy (EUS-CDS) is performed, in
which the common bile duct (CBD) is punctured, and stent
placement is performed from the CBD to the duodenum.
For transgastric or transduodenal EUS-BD, EUS-guided
gallbladder drainage (EUS-GBD) is performed, in which
the gallbladder is punctured and a stent is placed from the
gallbladder to the stomach or duodenum[8]. In addition,
the EUS-guided rendezvous technique (EUS-RV) is also
included as EUS-BD[9].
While EUS-HGS and EUS-GBD have clinical
benefits in certain patients, their use is associated with
several adverse events, including stent migration. If stent
migration does occur, it is sometimes fatal. Therefore,
novel methods or new devices are required to prevent the
complications associated with these procedures. EUSRV is only indicated for patients in whom the ampulla of
Vater is accessible by duodenoscopy. This procedure is
sometimes difficult and requires a long procedure time[9].
On the other hand, EUS-CDS is relatively well
established as an alternative biliary drainage method
with a relatively low rate of adverse events, for biliary
decompression in patients with biliary obstruction.
However, EUS-CDS can still lead to several problems, so
techniques or devices that are more feasible and safe need
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INDICATIONS
EUS-CDS is mainly performed for patients with failed
EBS excluded prospective clinical trial, as was previously
described by Hara et al[26] and Itoi et al[42]. This procedure
can be performed for obstructions in the middle and
lower bile duct.
The primary diseases in patients who underwent
EUS-CDS were pancreatic carcinoma (n = 98), ampullary
carcinoma (n = 14), and cholangiocarcinoma (n = 13).
This indicates that pancreato-biliary carcinoma is the
main indication for EUS-CDS. On the other hand, EUSCDS for benign biliary stricture was only performed in 2
patients, as previously reported.
EUS-CDS is contraindicated in patients with surgically
altered anatomy, such as a Roux-en-Y anastomosis or
duodenal obstruction caused by tumor invasion, through
which an endoscope cannot be passed. In such cases,
EUS-guided hepaticogastrostomy may be indicated.
However, if the duodenal bulb is not involved, EUS-CDS
can be performed in combination with duodenal stenting
(Figure 1).
The indications for EUS-CDS vs ERCP for benign
disease are still not completely known. Therefore,
prospective randomized controlled trials comparing EUSCDS with ERCP are needed to assess the clinical efficacy
of the procedure.
Hence, the following are the indications for EUSCDS: (1) failed EBS; (2) inaccessibility of the ampulla of
Vater, such as due to duodenal invasion by the tumor; (3)
contraindications for percutaneous transhepatic biliary
drainage (PTBD); and (4) middle or lower bile duct
obstruction.

DEVICE SELECTION AND TECHNICAL
TIPS
Puncture of the common bile duct
To visualize the CBD on EUS, the EUS scope is
advanced into the duodenum, turned slightly to the left
and angled downwards. The CBD is punctured using a
19-G needle under Doppler visualization, to avoid any
intervening vessels. Bile juice is aspirated and a small
amount of contrast medium is injected. During this step,
it is important to avoid puncturing the duodenal mucosa
and cystic duct. As shown in Figure 2, when a double
duodenal mucosal line is visualized on EUS, the CBD
should not be punctured to avoid puncture and stenting
through double duodenal mucosa.
According to previous reports, a 19G or 22G FNA
needle or needle knife is used to puncture the CBD.
As of now, there are no randomized controlled trials
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Table 1 Overview of reports on endoscopic ultrasound-guided choledocoduodenostomy n (%)
Ref.

n

Disease (n )

Indications

Giovannini et al[10]

1

Pancreatic carcinoma

Faild EBD

1 (100)

Burmester et al[11]

2

Pancreatic carcinoma (2)

Faild EBD

1 (50)

Püspök et al[12]

5

N/D

Faild EBD

4 (80)

Kahaleh et al[13]

1

Pancreatic carcinoma

Faild EBD

1 (100)

Yamao et al[14]

5

Faild EBD

2 (100)

Ang et al[16]

2

Pancreatic carcinoma (3),
ampulla carcinoma (2)
Pancreatic carcinoma (2)

Faild EBD

2 (100)

Fujita et al[17]

1

Ampulla carcinoma

Faild EBD

1 (100)

Tarantino et al[18]

4

Pancreatic carcinoma (2),
cholangiocarcinoma (1),
malignant lymphoma (1)

Faild EBD

4 (100)

Itoi et al[19]

4

Pancreatic carcinoma (2),
ampulla carcinoma (2)

Faild EBD

4 (100)

Brauer et al[20]

3

Pancreatic carcinoma (1),
gastric carcinoma (1),
choledocholithiasis (1)

Faild EBD

3 (100)

Horaguchi et al[21]

8

Faild EBD

8 (100)

Hanada et al[22]

Pancreatic carcinoma (5),
ampulla carcinoma (1),
choledocholithiasis (1),
Lymph note metastasis (1)
4 Pancreatic carcinoma (4)

Faild EBD

4 (100)

Iwamuro et al[23]

5

5 (100)

Artifon et al[24]

3

Belletrutii et al[25]

1

Duodenal
obstruction
Faild EBD (2),
duodenal
invasion (1)
Faild EBD

Hara et al[26]

Pancreatic carcinoma (4),
ampulla carcinoma (1)
Pancreatic carcinoma (3),
ampulla carcinoma (2)
Pancreatic carcinoma

18

Siddiqu et al[27]

Pancreatic carcinoma
(15), uterus carcinoma (1),
gastric carcinoma (1),
gallbladder carcinoma (1)
8 Pancreatic carcinoma (6),
cholangiocarcinoma (2)

Fabbri et al[28]

12

Komaki et al[29]

15

Prachayakul et al[30]

1

Ramírez-Luna et al[31]

9

Park do et al[32]

26

Pancreatic carcinoma (7),
cholangiocarcinoma (4),
ampulla carcinoma (1),
gallbladder carcinoma (1)
Unresectable malignant
biliary obstruction
Pancreatic carcinoma
Pancreatic carcinoma (4),
cholangiocarcinoma (2),
metastases (1),
ampulla carcinoma (1),
neuroendocrine (1)
N/D
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Lower biliary
obstruction

Faild EBD

Faild EBD

Faild EBD
Duodenal
obstruction
Faild EBD

Faild EBD

Technical Clinical Puncture
success success devise (n )

3 (100)

1 (100) 5 Fr needle
6.5 Fr
knife
dilataor
1 (100)
19 G
None
fistulome
4 (100) Needle
8 mm
knife, 19
balloon
G FNA
needle
1 (100) 19 G FNA
N/D
needle
2 (100) Needle
7 Fr, 9 Fr
knife
dilator
2 (100) 19 G FNA 7 Fr dilator
needle
1 (100) 19 G FNA
Dilator
needle
4 (100) 19 G, 22
4 mm
G FNA
balloon
needle,
needle
knife
4 (100) Needle
7 Fr, 9 Fr
knife, 19
dilator,
G FNA
balloon
needle
3 (100) 19 G FNA
N/D
needle,
needle
knife
8 (100) 19 G FNA 5 Fr dilator,
needle
4 mm
balloon

1 (100) 19 G FNA
needle
17 (94) 17 (100) 22G FNA
needle,
needle
knife
8 (100) 8 (100) 19 G FNA
needle
9 (75)

9 (100) 19 G FNA
needle,
needle
knife
14 (93) 14 (100) 19 G FNA
needle
1 (100) 1 (100)
N/D

24 (92)

822

Stents

Adverse events (n )

10 Fr PS

None

8.5 Fr PS

Bile peritonitis (1)

7-10 Fr PS

None

10 mm MS Pneumoperitoneum (1)
7-8.5 Fr PS Pneumoperitoneum (1)
7 Fr PS

Pneumoperitoneum (1)

7 Fr PS

None

PS

None

7 Fr PS (3), Bleeding (1), peritonitis
NBD (1)
(1)

5 Fr, 10 Fr
PS

Cardicac and
respiratory failure (1),
pneumoperitoneum (1)

7 Fr PS (7),
NBD (1)

Peritonitis (1)

4 (100) 19 G FNA 6 Fr, 7 Fr 6 Fr, 7 Fr PS
None
needle
dilator
5 (100) Needle
7 Fr dilator
7 Fr PS
Abdominal pain, fever
knife
(1)
3 (100) 19 G FNA
Needle
10 mm MS
None
needle
knife

1 (100)

8 (89)

Dilation
devise

8 (100) 19 G FNA
needle

6 mm
balloon
6, 7, 9 Fr
dilator

10 mm MS

None

7, 8.5 Fr PS

Bile peritonitis (2),
hemobilia (1)

Needle
knife

10 mm MS

4 mm
balloon

MS

Stent migration/
duodenal perforation
(1), abdominal pain (1)
Pneumoperitoneum (1)

Dilator

7 Fr PS

None

Dilator

PS

None

Needle
knife, 6, 7,
10 Fr dilator

7, 8, 10 Fr
PS

Biloma (1)

PS, MS

Bile peritonitis (2),
unknown (3)

22 (92.9) 19 G FNA 4 Fr ERCP
needle
cannula, 6,
7 Fr dilator,
needle knife
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Artifon et al[33]

13

Attasaranya et al[34]

9

Unresectable malignant
biliary obstruction
N/D

Katanuma et al[35]

1

Chronic pancreatitis

kawakubo et al[36]

2

Pancreatic carcinoma (2)

Khashab et al[37]

2

Pancreatic carcinoma (2)

Duodenal
obstruction

2 (100)

Kim et al[38]

9

Pancreatic carcinoma (5),
cholangiocarcinoma (4)

Faild EBD

9 (100)

Song et al[39]

15

Faild EBD

13 (87)

Vila et al[40]

26

Pancreatic carcinoma (9),
ampulla carcinoma (2),
renal cell carcinoma (1),
lymphoma (1), gastric
carcinoma (1), duodenal
carcinoma (1)
Malignant (22), benign (4)

NA

19 (86)

Duodenal
obstruction

3 (60)

Duodenal
obstruction

1 (100)

Duodenal
obstruction

Maluf-Filho et al[41]

5

Itoi et al[42]

1

Pancreatic carcinoma (3),
colonic carcinoma (1),
cervix carcinoma (1)
Pancreatic carcinoma (1)

Tonozuka et al[43]

4

Pancreatic carcinoma (4)

Faild EBD

13 (100)

Faild EBD

5 (56)

Relapsing
cholangitis,
duodena
stenosis
Duodenal
obstruction

1 (100)

Hara et al[44]

18 Pancreatic carcinoma (17),
ampulla carcinoma (1)

Khashab et al[45]

20

Kawakubo et al[46]

44 Pancreatic carcinoma (31), Periampullary
ampullary carcinoma (8), tumor invasion,
cholangiocarcinoma (2),
failed EBS
metastatic lymph nodes (3)

Malignant (15)

Lower biliary
obstruction

NA

2 (100)

13 (100) 19 G FNA
Needle
10 mm MS Biloma (1), bleeding (1)
needle
knife
N/D 19 G FNA
ERCP
N/D
Unknown (4)
needle catheter, 6, 7
Fr dilator, 8
mm balloon,
needle knife
1 (100) 19 G FNA
Needle
7 Fr PS
None
needle
knife,
dilator
2 (100) 19 G FNA 7 Fr dilator,
7 Fr PS
None
needle
4 mm
balloon
2 (100) 19 G FNA
Needle
10 mm MS
None
needle
knife, 7 Fr
dilator
9 (100) 19 G FNA
ERCP
10 mm MS
Bile peritonitis (1)
needle
catheter,
cystostome,
needle knife,
dilator
13 (100) 19 G FNA
6, 7 Fr
8, 10 mm Pneumoperitoneum (2),
needle
dilator,
MS
cholngitis (1)
needle knife

NA

NA

NA

NA

Biloma (1), bleeding (1),
pancreatitis (1),
cholangitis (1)
5 (100) 19 G FNA Diathermic 10 mm MS
Biliary fistula (1),
cardiogenic shock (1)
needle
sheath
1 (100) 19 G FNA
needle

ERCP
10 mm MS
None
catheter, 4
mm balloon
4 (100) 4 (100) 19 G FNA
Dilator,
MS
None
needle
balloon,
diathermic
sheath
17 (94)
17 (100) 22G FNA
6, 7, 9 Fr
10 mm MS,
Peritonitis (2)
needle,
dilator
8.5 Fr PS
needle
knife
20 (100) 19 (95) 19 G FNA
Dilator,
PS, MS
NA
needle
balloon
42 (95)
NA
19 G FNA
Dilator,
PS, MS
Bile leak (3), stent
needle,
balloon
misplacement
needle
(1), bleeding (1),
knife
pneumoperitoneum (1),
perforation (1)

EBD: Endoscopic biliary drainage; FNA: Fine needle aspiration; EBS: Endoscopic biliary stenting; ERCP: Endoscopic retrograde cholangiopancreatography;
NBD: Negative binomial distribution; NA: Not applicable; PS: Plastic stent; MS: Metal stent; N/D: Not determined.

comparing the outcomes of various FNA needles in
EUS-CDS. Recently, a novel FNA needle (Sono Tip Pro
Control 19G needle, Medi-Globe GmbH, Rosenheim,
Germany) (Figure 3) has become available. The cut
surface of this FNA needle is 5 mm long, and is believed
to be extremely sharp. Therefore, we think this needle is
appropriate for use in interventional EUS.

imaging, when the CBD is aligned parallel to the FNA
needle, the guidewire can be easily advanced toward the
hepatic hilum.
To enable passage of a 0.035 inch stiff guidewire
into the needle, a 19-gauge needle should be selected. A
0.025 inch guidewire with a highly flexible tip, sufficient
stiffness, and easily seeking ability (VisiGlide; Olympus
Medical Systems, Tokyo, Japan) is preferable. To avoid
wire sharing, a novel guidewire which top formation is
coil (Cyst-wire, Medi-Globe) (Figure 4) is also useful.
When the guidewire is inserted along with other

Guidewire insertion into the bile duct
After the contrast is injected into the CBD, the guidewire
is placed deep in the intrahepatic bile duct. On EUS
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A

B

Figure 1 Endoscopic ultrasound-guided choledocoduodenostomy combined with duodenal stent. A: Endoscopic ultrasound-guided choledocoduodenostomy
(EUS-CDS) was performed from duodenal bulb after duodenal stenting; B: Endoscopic view of EUS-CDS combined with duodenal stent.

A

B

Figure 2 Double puncture of duodenal mucosa. A: Double mucosa of duodenum on endoscopic ultrasound view (arrow); B: Endoscopic view of double puncture
of duodenal mucosa.

Figure 3 Novel endoscopic ultrasound-guided fine needle aspiration
needle (Sono Tip Pro Control 19 G needle, Medi-Globe GmbH, Rosenheim,
Germany). The cut surface of this fine needle aspiration needle is 5 mm, and
this needle has sharpness.

Figure 4 Cyst-wire (Medi-Globe GmbH, Rosenheim, Germany). To avoid
wire sharing, top formation of this guidewire is coil.

dilatation of the fistula after puncturing the CBD. The most
common devices for transmural tract dilation are the dilator
(6 to 10 Fr; Soehendra biliary dilation catheters, Cook
Medical), balloon catheter (4-8 mm; MaxForce or Hurricane
RX; Boston Scientific), or needle knife (Microtome, Boston
Scientific). Park reported that the overall adverse event rate
of EUS-BD, including EUS-CDS and EUS-HGS, was
27% (15/55)[32]. They also described the use of a needle

devices, it is important to be able to view the devices
under both EUS and fluoroscopic guidance, to ensure
that they fit the axis.
Devices used to dilate the fistula
Various devices have been previously described for
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although these SEMS have the advantage of preventing
bile leakage, they also have the disadvantage of causing
occlusion of the side branch of the bile duct. This
suggests that if the distance between the site of the
puncture and the hepatic hilar portion is short, a partially
covered SEMS should be selected to prevent occlusion
of the intrahepatic bile duct. Unfortunately, when a
partially covered SEMS is used, bile leak can occur from
the uncovered part, particularly between the bile duct
and the gastrointestinal tract.
Stent migration is also usually a challenging complication
of EUS-BD. With the use of the standard metallic stent,
some authors described that a double pigtail plastic stent
can be placed inside the metal stent, with the pigtail
functioning as an anchor[47]. Among standard metallic
stents, metallic stents with a wide flange should be
selected, and stent shortening to a length of 60 mm may
be preferable in order to avoid stent migration.
Recently, a novel SEMS has been developed. The
NAGI-Stent (Taewoong-Medical Co., Seoul, South
Korea) is delivered through a 10.5 Fr catheter, and
consists of a fully covered 20 mm long and 16 mm
diameter stent with bilateral anchor flanges. The AXIOS
stent (Xlumena Inc., Mountain View, CA, United States)
is a fully covered, 10 mm diameter, 10 mm long, braided
stent with bilateral 20 mm diameter anchor flanges. These
novel SEMSs are used for EUS-guided pseudocystic
drainage and EUS-guided cholecystogastrostomy[48-50].
This SEMS seems to be useful for EUS-CDS as well,
although clinical trials are needed to confirm its utility.
According to previous reports, the mean stent
patency in EUS-CDS was similar to PTBD (198 d vs
184 d, P = 0.86)[51]. Although there were no reports of
comparison between EUS-CDS and EBS, stent patency
of EBS (covered metallic stent; 585 d, uncovered metallic
stent; 314 d) may be longer than EUS-CDS according to
previously described report[52]. Randomized clinical trials
are needed with standardizing kinds of biliary stents.

Figure 5 Cysto-Gastro-Set (Endoflex, GmbH, Voerde, Germany). This
devise is always coaxial with the guidewire.

knife for fistula dilation as the single risk factor for adverse
procedural events after EUS-BD (P = 0.01, HR = 12.4,
95%CI: 1.83-83.5). Due to the acute angulation of the
EUS scope, following deployment of the catheter at the
duodenal bulb, the needle knife, when deployed, points
tangentially, which can lead to accidental incision with a
chance of pneumoperitoneum or bleeding. Therefore,
they concluded that fistula dilation should be avoided if
possible.
However, it is true that fistula dilation is easier if a
needle knife is used. Recently, a diathermic dilator (Cysto
Gastro Set; Endoflex, GmbH, Voerde, Germany) has
become available. This device is always coaxial with the
guidewire (Figure 5). Hence, its use for fistula dilation
may reduce the incidence of EUS-BD-related adverse
events compared with those using a needle knife. Studies
comparing these devices are, therefore, warranted.
Stent selection
Both plastic and metallic stents have been used during
EUS-CDS. Previously, plastic stents with diameters
ranging from 5 to 10 Fr were used. Generally, because
the diameter of the working channel of the EUS is
3.7 mm, a 7 or 8.5 Fr plastic stent is used. However,
as shown in Figure 6, bile leak can occur with plastic
stent placement. This patient had abdominal pain and
fever for up to 3 d after EUS-CDS, and computed
tomography and duodenoscopy showed bile leakage.
If a large fistula is created during stent placement, bile
leakage from the gap between the stent and the fistula is
likely to occur because of the fine gauge of the plastic
stent.
On the other hand, although no comparative studies
exist, metallic stents are expected to offer several clinical
benefits. First, because of their large diameter, metallic
stents have a longer patency than plastic stents. Second,
due to the close proximity between the metallic stent
and the duodenal wall and bile duct, bile leak is less likely
to occur. Use of an uncovered metallic stent, however,
can easily cause bile leakage, which is sometimes fatal[43].
Therefore, partially or fully covered self-expandable
metal stents (SEMS) should be selected. However,
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SUCCESS RATE
The reported technical success rate of EUS-CDS ranges
from 50% to 100%, and the clinical success rate ranges
from 92% to 100%. Further, the over-all technical
success rate was 93% (199/213), and clinical success
rate was 98% (183/187). This is a relatively high success
rate compared with ERCP. Therefore, if EUS-CDS is
associated with a low rate of adverse events and long
stent patency, it has the potential to be the bile drainage
method of choice instead of EBS. A prospective
randomized clinical trial is needed to compare endoscopic
biliary drainage and EUS-CDS.

ADVERSE EVENTS
Based on the currently available literature, the overall
adverse event rate for EUS-CDS is 16% (34/213).
EUS-CDS has the potential to cause several adverse
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A

B

C

D

Figure 6 Bile leak due to plastic stent of endoscopic ultrasound-guided choledocoduodenostomy. A: Endoscopic view of day 1; B: Day 2; C: Day 3; D:
Computed tomography showed bile leak (arrow).

events, including: (1) infection (peritonitis, cholangitis,
cholecystitis); (2) pneumoperitoneum; (3) bile leakage,
biloma; (4) bleeding; (5) abdominal pain; (6) perforation;
and (7) stent migration.
Based on previous reports, the most frequent adverse
events were pneumoperitoneum (28%, 9/34). In most
EUS-CDS cases, if adverse events do occur, they can be
treated conservatively. However, two deaths related to
EUS-CDS, due to cardiogenic shock and bile leakage,
were also reported by Maluf-Filho et al[41]. In both these
patients, the bile leak occurred because of use of an
uncovered SEMS. However, even if a fully covered
SEMS is selected, the risk of bile peritonitis still remains.
This adverse event may occur because of bile or air
leak during dilation of the fistula while inserting the
stent delivery system. Therefore, to avoid these adverse
events, more developed devices that would enable onestep stent placement (without dilation of the fistula)
are strongly needed. To avoid bleeding, use of color
Doppler ultrasound to detect vascular structures can
decrease the risk of bleeding.

such as poor prognosis, the contraindication of PTBD.
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MINIREVIEWS

Recent advances in prevention of hepatitis B recurrence
after liver transplantation
Zhi-Feng Xi, Qiang Xia
a higher efficacy of prophylaxis and further reduced
the rate of recurrence to < 10%. The strategy of HBIG
combined with lamivudine has been the standard
treatment in many centers. However, the high rate of
lamivudine resistance and the many disadvantages of
HBIG have compelled surgeons to reconsider the longterm efficacy of this strategy for the prevention of HBV
reinfection. Recently, new nucleos(t)ide analogues,
such as entecavir and tenofovir, have been approved
as first-line monotherapies for the treatment of chronic
hepatitis B infection. These antiviral medicines have
replaced lamivudine as the first choice in the prevention
of HBV recurrence after liver transplantation. Various
therapies that are composed of entecavir, tenofovir, and
lamivudine plus adefovir, with or without HBIG have
been adopted in several liver transplant centers. This
article reviews the recent advances in prophylaxis for
the recurrence of hepatitis B after liver transplantation.
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Core tip: The strategy of hepatitis B immunoglobulin
(HBIG) combined with lamivudine has been the
standard treatment for the prophylaxis of hepatitis B
virus recurrence after liver transplantation. However,
the high rate of lamivudine resistance and the many
disadvantages of HBIG have compelled surgeons to
reconsider the long-term efficacy of this strategy for
the prevention of hepatitis B virus reinfection. This
review discusses new strategies for prophylaxis of the
recurrence of hepatitis B after liver transplantation.

Abstract
Liver transplantation is the only effective treatment for
hepatitis B virus (HBV)-related end-stage liver disease.
However, without antiviral prophylaxis, the recurrence
rate of hepatitis B is as high as 80%-100%, which
leads to a 50% mortality rate in the first 2 years after
liver transplantation. Combination therapy of hepatitis B
immunoglobulin (HBIG) and lamivudine demonstrated
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or M250 in the reverse-transcriptase region of the
HBV polymerase [19-21]. In nucleoside-naïve patients,
the probability of the development of resistance to
entecavir remains consistently low (< 1.2%) even after
96 wk of treatment[20]. A recent article reported that the
strategy that included entecavir yielded the most qualityadjusted life years (QALYs) for both HBeAg-positive
and -negative patients compared with the strategies
that encompassed “no treatment,” or treatment with
LAM, adefovir, or telbivudine[22]. Therefore, entecavir is
not only effective but also cost-effective as an antiviral
treatment. Recently, entecavir and tenofovir have been
approved as first-line monotherapies for the treatment
of CHB according to the practice guidelines of the
EASL (European Association for the Study of the
Liver) for the management of chronic hepatitis B [23].
The guidelines also proposed that a potent nucleos(t)ide
analogue with a high barrier to resistance is recommended
for all HBsAg-positive patients underg oing liver
transplantation for HBV-related end-stage liver disease
or HCC, to achieve the lowest possible level of HBV
DNA before transplantation. With regards to the use
of entecavir in the prevention of HBV reinfection after
liver transplantation, one abstract in 2008 showed that
entecavir, in addition to HBIG, was effective and tolerable
in patients with HBV-related post-transplantation
hepatic decompensation. However, only 9 patients were
included in this study[24]. A study by Xi et al[25] compared
the efficiency of entecavir with LAM in patients who
received a liver transplant. Thirty patients with end-stage
hepatitis B-related liver disease received entecavir, and 90
patients received LAM after liver transplantation. HBV
reinfection was not detected in any patient at the time
of the latest follow-up in the entecavir group. However,
10 patients were diagnosed with HBV reinfection in the
LAM group (0% vs 11%, P = 0.049). It was concluded
that entecavir was superior to LAM in the prevention
of hepatitis B recurrence after liver transplantation. In
recent years, many other articles that concern the efficacy
of entecavir have been published. Different rates of
recurrence of hepatitis B were reported in those articles.
Kim et al[26] retrospectively assessed the clinical outcomes
in 154 patients who received entecavir and HBIG after
liver transplantation. A total of 5 patients (3.2%) were
diagnosed with HBV reinfection without entecavir
resistance. In 4 of those 5 patients, recurrence of HCC
was detected prior to the recurrence of HBV. Recurrent
HCC was an independent risk factor for the recurrence
of HBV (P = 0.06). In a trial by Cai et al[27], no recurrence
of HBV occurred in patients who received entecavir after
liver transplantation during the median 41.2-mo followup period. However, 18 patients in the LAM group
developed HBV reinfection during the median 38.5-mo
follow-up period (0/63 vs 18/189, P < 0.01). Similar
results were shown in a study by a Japanese group. Ueda
et al[28] evaluated the efficacy and safety of prophylaxis
with entecavir and HBIG in the prevention of hepatitis
B recurrence after living-donor liver transplantation.

wjgnet.com/1007-9327/full/v21/i3/829.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i3.829

INTRODUCTION
Hepatitis B infection is a major global health problem.
More than 240 million people have been chronically
infected, and more than 780000 people die every year
due to the acute or chronic effects of hepatitis B[1]. Liver
transplantation is the only effective treatment for hepatitis
B virus (HBV)-related end-stage liver disease[2]. However,
without antiviral prophylaxis, the recurrence rate of hepatitis
B is as high as 80%-100%, which leads to a 50% mortality
rate within the first 2 years after liver transplantation[3-5].
The introduction of hepatitis B immunoglobulin (HBIG)
in the early 1990s has dramatically reduced the incidence
of hepatitis B recurrence and has raised the survival rate
after transplantation[6-8]. Subsequently, oral nucleos(t)ide
analogues, such as lamivudine (LAM), were used in
perioperative transplant patients. The combination of
HBIG and LAM demonstrated a higher efficacy of
prophylaxis and further reduced the recurrence rate to <
10%[9-12]. Until recently, the strategy of LAM combined with
HBIG has been the standard of care of prophylaxis for the
recurrence of HBV after orthotropic liver transplantation
(OLT) in many liver transplant centers. However, the longterm use of HBIG has many disadvantages, including high
cost, the need for lifelong monthly parenteral injections,
headache, flushing, and chest pain[13,14] . In addition, the
long-term use of both LAM and HBIG induces viral
resistance, which leads to a high rate of recurrence after
liver transplantation[15]. On the contrary, more potent
nucleos(t)ide analogues with a higher genetic barrier,
such as entecavir and tenofovir, have been used in liver
transplant patients. Therefore, developing more effective
therapies of prophylaxis for the recurrence of hepatitis B
after liver transplantation is urgently needed.

NEW NUCLEOS(T)IDE ANALOGUES
COMBINED WITH LONG-TERM HBIG
TREATMENT
Entecavir
Entecavir, a guanosine nucleoside analogue with activity
against HBV polymerase, is effective in both hepatitis
B e antigen (HBeAg)-positive and -negative hepatitis B
infected-patients[16]. In two phase Ⅲ trials, nucleosidenaïve HBeAg-positive or -negative patients with chronic
hepatitis B (CHB) who received 0.5 mg of entecavir
per day for 48 wk achieved a superior virological,
histologic, and biochemical efficacy than the patients
who received 100 mg per day of LAM[17,18]. Entecavir
is an antiviral medicine with a high genetic barrier.
The resistance is associated with the LAM-resistance
substitutions M204 Ⅴ/Ⅰ and L180 M in combination
with an additional substitution at residue T184, S202
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Twenty-six patients who received entecavir plus HBIG
after liver transplantation were compared with 63 patients
who received LAM and HBIG. No HBV recurrence was
detected during the median follow-up period of 25.1
mo in the entecavir group, whereas the HBV recurrence
rate was 4% at 3 years and 6% at 5 years in the LAM
group. Hu et al[29] showed a lower hepatitis B recurrence
rate in patients who received entecavir rather than LAM.
A total of 145 patients were administered entecavir
plus low-dose on-demand HBIG, and 171 patients in
the control group received LAM plus HBIG. Two of
the 145 patients in the entecavir group developed HBV
reinfection with no evidence of viral resistance in the
median 36-mo follow-up period. A total of 11 of 171
patients in the LAM group developed HBV reinfection,
3 of whom demonstrated HBV resistance in the median
77-mo follow-up period. Further analysis showed that
HCC at the time of liver transplantation and low antiHBs titer post-liver transplantation were independent
risk factors for the recurrence of HBV infection. Perrillo
et al[30] assessed the efficacy of entcavir together with
various HBIG regimens after liver transplantation. Sixtyone patients with HBV-related liver disease took 1.0 mg
of entecavir combined with various HBIG regimens.
In the median 72-wk follow-up time, only 2 patients
demonstrated positivity for HBsAg while HBV DNA
remained undetected. Na et al [31] reported that 4 of
262 recipients who received entecavir combined with
HBIG experienced a recurrence of HBV infection after
liver transplantation during the median 49-mo followup period. Among the 4 patients with recurrence, three
had received LAM followed by entecavir. They also
showed that the incidence of pre-transplant HCC was
significantly associated with the recurrence of hepatitis
B. Currently, most liver transplant centers have converted
to the combination of entecavir and low-dose HBIG as
the standard treatment for the prevention of hepatitis B
recurrence after liver transplantation.

administered emtricitabine/tenofovir combined with
HBIG post-liver transplantation. No patient experienced a
recurrence of HBV infection at 96 wk, and no tenofovirrelated renal failure was observed in the study.

DISCONTINUATION OF HBIG FOLLOWED
BY NUCLEOS(T)IDE ANALOGUE
HBIG plus a nucleos(t)ide analogue was the standard
treatment for the prevention of hepatitis B recurrence.
However, the long-term use of HBIG has many disadvantages,
including high cost, the need for lifelong monthly
parenteral injections, headache, flushing, and chest pain.
Recently, more potent antiviral agents, such as tenofovir
and entecavir, have been introduced which challenge the
necessity of the long-term use of HBIG in combination
therapy[41]. Many centers have adopted the strategy of
treatment with HBIG for a finite period of time but in
conjunction with one or two nucleos(t)ide analogues.
LAM alone
Although several studies have been performed to determine
the efficacy of the withdrawal of HBIG with concurrent
LAM treatment [42-45], the long-term effects of LAM
treatment after HBIG withdrawal should be established due
to the increasing resistance rate associated with the longterm use of this drug[15]. In a retrospective study by Tanaka
et al[46], 132 patients who presented with positive HBsAg
at the time of post-liver transplantation and received
a nucleos(t)ide analogue with one year of HBIG posttransplant were included. A total of 97 patients received
LAM + HBIG (LAM group) while 35 received a nonLAM nucleos(i)de analogue + HBIG. Recurrent hepatitis
B was observed only in the LAM group during the
follow-up period of 1752 d. In another randomized study
by Buti et al[45], 29 patients with undetectable HBV DNA
at the time of post-liver transplantation were randomized
to receive HBIG with LAM for 1 mo followed by LAM
(n = 14) or both drugs (n = 15) for 17 mo. After 18 mo
of follow-up, all patients survived without recurrence
of HBV. However, in the subsequent follow-up trial[46],
15% of these patients developed a recurrence of HBV
infection after a mean follow-up period of 91 mo.
Therefore, additional studies regarding HBIG withdrawal
followed by treatment with a new nucleos(t)ide analogue
other than LAM were conducted.

Tenofovir
Tenofovir disoproxil fumarate, a nucleotide analogue,
inhibits viral polymerases by directly binding to the
DNA or by the termination of the DNA chain due to
the absence of a requisite 3’ hydroxyl on the tenofovir
molecule[32,33]. It has been found to be efficient in the
treatment of HBV infection in patients who have not
received a liver transplant[34-37]. It was further shown that
resistance to tenofovir did not emerge in patients in six
years of follow-up time after transplant[38]. Together with
entecavir, tenofovir has been recommended as the first-line
therapy for patients with hepatitis B infection[23]. Studies
regarding the efficacy of tenofovir in the prevention
of hepatitis B recurrence after liver transplantation
are limited. A small trial[39] reported that four patients
received tenofovir plus HBIG with or without entecavir
for the prevention of hepatitis B recurrence. After 12
mo, no hepatitis B recurrence was observed in these four
patients. In a study by Teperman et al[40], 19 patients were
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LAM and adefovir
In a trial conducted by Neff et al[47], the treatment strategy
of HBIG and LAM was replaced with adefovir and LAM
at 6 mo post-transplantation in 10 patients. After 31 mo of
follow-up, no patients experienced a recurrence of hepatitis
B. The cost of adefovir and LAM vastly outweighed
that of HBIG and LAM ($7235 vs $110700 per year
for adefovir/LAM and HBIG/LAM, respectively). An
abstract published in 2007[48] showed that no recurrence
of hepatitis B was observed during an 11.7-mo follow-
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up period after the conversion from HBIG with LAM to
adefovir with LAM one week after liver transplantation.
The subsequent outcome of the study was reported in
2013. Gane et al[49] showed that all patients who received
LAM and adefovir remained alive and healthy with no
recurrence of HBV infection (defined as both detectable
HBsAg and HBV DNA in the serum) after a median
follow-up of 22 mo after transplantation. One patient
who experienced a recurrence of HCC developed HBsAg
positivity 41 mo after transplantation. Serological tests for
HBV DNA in this patient remained negative throughout
the follow-up period. Serum levels of HBsAg became
undetectable again 1 mo after the excision of this
metastasis. In another randomized study by Angus et al[50],
34 patients who received LAM together with low-dose
HBIG who did not experience a recurrence of hepatitis
B at least one year post-transplantation were enrolled.
Patients were randomized to receive both adefovir and
LAM (n = 16) or to receive the current standard of
HBIG and LAM (n = 18). One patient in the adefovir/
LAM group presented with a detectable level of HBsAg
(titer 0.05 IU/mL) at 5 mo; however, HBV DNA was
undetectable until the last follow-up time point. The
total cost per year for the treatment of patients in the
adefovir/LAM group was less than that for patients in
the HBIG/LAM group ($8290 vs $13718). Cholongitas
et al[51] evaluated the risk of recurrence of HBV infection
after the withdrawal of HBIG in patients who had
received HBIG and nucleos(t)ide analogues after liver
transplantation. A total of 47 patients who had received
a combination of HBIG and LAM for at least one year
after liver transplantation discontinued treatment with
HBIG and received treatment with new nucleos(t)ide
analogues(i.e., adefovir, entecavir or tenofovir). The
median follow-up time after HBIG withdrawal was 24
mo. In all, 28 patients continued treatment with LAM in
combination with adefovir (n = 23) or tenofovir (n = 5);
10 and 9 of the 47 patients continued on tenofovir and
entecavir monoprophylaxis, respectively. Three patients
developed transiently detectable levels of HBsAg. Nath
et al[52] reported that high-dose HBIG (10000 IU) was
administered only 7 d after liver transplantation, which
was followed by treatment with adefovir combined with
LAM. With a mean duration of follow-up of 14.1 mo,
one patient remained HBsAg-positive but had normal lab
values.

period of 21 mo. Three patients who received tenofovir
(17%) and 2 (18%) who received entecavir required a
reduction in dosage frequency (alternate day) at some
points during the follow-up period because the estimated
glomerular filtration rate of these patients was less than
50 mL/min. Yi et al[54] reported the efficacy of entecavir
monotherapy following HBIG withdrawal one year
after liver transplantation. In that study, 29 patients with
undetectable levels of HBV DNA who were negative
for HBeAg at the time of transplantation were enrolled.
After the first 12 mo of primary combination therapy
of HBIG and entecavir, HBIG was discontinued.
During the follow-up period of 31 mo, only one patient
experienced a recurrence of HBV infection after the
recurrence of HCC. Tanaka et al[55] showed that none of
the 29 patients who received tenofovir in combination
with one year of low-dose HBIG developed a recurrence
of hepatitis B. In a randomized trial by Teperman et
al [40], patients who were administered emtricitabine/
tenofovir and HBIG for at least 24 wk were randomized to
receive emtricitabine/tenofovir plus HBIG (n = 19) or
emtricitabine/tenofovir alone (n = 18) for an additional
72 wk. No patient experienced a recurrence of HBV
infection throughout the 72 wk. Both the combination
of emtricitabine/tenofovir and HBIG and the treatment
with emtricitabine/tenofovir alone were effective in the
prevention of HBV reinfection. Another study in 2013
by Wesdorp et al[56] reported the safety and efficacy of
tenofovir and emtricitabine after the cessation of HBIG
after OLT in patients with chronic HBV infection. A
total of 17 consecutive patients who were administered
HBIG for at least 6 mo before the discontinuation of
HBIG converted from their current HBV prophylaxis
regimen (LAM + adefovir) to tenofovir/emtricitabine.
HBsAg positivity without detectable levels of HBV
DNA was demonstrated in one patient during the 26-mo
follow-up period. Renal function remained stable during
follow-up for most patients. The authors also showed
that the use of tenofovir/emtricitabine saved €16262/
year over the standard of care (HBIG + LAM). Stravitz
et al[57] assigned 21 patients without recurrence of HBV
infection who were treated with HBIG ± a nucleos(t)ide
analogue for at least 6 mo to receive treatment with
tenofovir/emtricitabine for the prophylaxis against HBV
reinfection. HBIG was discontinued when they began
to receive the tenofovir/emtricitabine therapy. Three
patients tested positive for HBsAg after 31 mo. Three
patients developed acute renal failure during the study,
one of whom demonstrated a tenofovir-related acute
tubular necrosis. Tenofovir/emtricitabine treatment was
discontinued in two patients due to a suspicion of drug
toxicity. All 3 recovered normal renal function and were
withdrawn from hemodialysis during the treatment.
Although only one patient in this study demonstrated
convincing evidence of tenofovir-related nephrotoxicity,
renal function should be closely monitored when
tenofovir/emtricitabine is given.

Entecavir or tenofovir
Entecavir and tenofovir are potent antiviral agents with
a high genetic barrier that are both recommended as the
first-line nucleos(t)ide analogues for the treatment of
patients with CHB. In a study in 2014 by Cholongitas
et al[53], 28 patients who received entecavir (n = 11) or
tenofovir (n = 17) combined with HBIG discontinued
use of HBIG but continued treatment with nucleostide
analogue monotherapy 6 mo after liver transplantation.
No hepatitis B recurrence occurred during the follow-up
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replaced LAM as the first-line therapy in patients who
undergo a liver transplant. As a high rate of resistance
occurred with LAM treatment, the discontinuation of
HBIG was not recommended for patients who were
treated with LAM and HBIG [62]. HBIG withdrawal
followed by treatment with new nucleos(t)ide analogues,
such as entecavir and tenofovir, is a promising alternative
strategy for the prevention of hepatitis B recurrence.
The timing of HBIG withdrawal is still controversial;
however, one year post-transplantation seems to be
safe and feasible[50,51]. New oral antiviral monotherapies
without HBIG may be effective in patients at low risk
of HBV recurrence at the time of transplantation.
However, the long-term efficacy and safety of these
therapies need to be determined with more adequately
powered studies in the future.

NUCLEOS(T)IDE ANALOGUE
MONOTHERAPY
In recent years, new nucleos(t)ide analogues have been
approved for the treatment of hepatitis B. Higher
efficacy and lower rates of resistance have transformed
these new oral medicines such as entecavir and tenofovir
into first-line treatments for chronic hepatitis B patients.
Entecavir was also recommended as the first choice
treatment for the prevention of HBV reinfection after
liver transplantation. A strategy with new nucleos(t)ide
analogue monotherapies for the prevention of HBV
reinfection may avoid the disadvantages associated with
HBIG and may achieve effective outcomes. However,
studies that have focused on an HBIG-free prophylactic
approach are limited. Fung et al[58] reported that 80 patients
received entecavir without HBIG as a primary prophylaxis
for the prevention of HBV recurrence. Throughout the
median follow-up period of 26 mo, 10 patients tested
positive for HBsAg, and 8 patients remained HBsAgpositive without seroclearance after liver transplantation.
No entecavir-related viral resistance was detected in these
18 patients. In a prospective trial by Wadhawan et al[59], 75
patients tested negative for HBV DNA or who had levels
< 2000 IU/mL at the time of transplantation were not
given HBIG. Nineteen patients received a combination
of LAM and adefovir, 42 received entecavir, 12 received
tenofovir, and 2 received a combination of entecavir and
tenofovir. At the last follow-up (median 21 mo, range:
1-83 mo), all patients were HBV DNA-negative. HBV
DNA reappeared in 6 patients during the median 21-mo
follow-up. Five of the 6 patients had stopped treatment
with oral antiviral medication on their own. All of these
patients with recurrence were HBV DNA-negative at the
last follow-up after they changed their antiviral therapy.
Nine patients never experienced HBsAg clearance but
were negative for HBV DNA at the last follow-up.
Additional studies that focus on the long-term efficacy
and safety of nucleos(t)ide analogue monotherapy for the
prevention of hepatitis B infection should be performed.
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ORIGINAL ARTICLE
Basic Study

Pharmacological attenuation of chronic alcoholic
pancreatitis induced hypersensitivity in rats
Sabrina L McIlwrath, Karin N Westlund
mechanical and heat sensitivity. In week 10 a fasting
glucose tolerance test was performed, measuring blood
glucose levels before and after a 2 g/kg bodyweight
intraperitoneal (i.p.) injection of glucose. Post mortem
histological analysis was performed by staining pancreas
and liver tissue sections with hematoxylin and eosin.
Pancreas sections were also stained with Sirius red
and fast green to quantify collagen content. Insulinexpressing cells were identified immunohistochemically
in separate sections. Tissue staining density was
quantified using Image J software. After mechanical
and heat sensitivity became stable (weeks 6-10) in
the AHF-fed animals, three different drugs were tested
for their efficacy in attenuating pancreatitis associated
hypersensitivity: a Group Ⅱ metabotropic glutamate
receptor specific agonist (2R,4R)-4-Aminopyrrolidine2,4-dicarboxylate (APDC, 3 mg/kg, ip; Tocris, Bristol,
United Kingdom), nociceptin (20, 60, 200 nmol/kg,
ip; Tocris), and morphine sulfate (3 mg/kg, µ-opioid
receptor agonist; Baxter Healthcare, Deerfield, IL,
United States).
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RESULTS: Histological analysis of pancreas and liver
determined that unlike control rats, AHF fed animals
had pancreatic fibrosis, acinar and beta cell atrophy,
with steatosis in both organs. Fat vacuolization was
significantly increased in AHF fed rats (6.4% ± 1.1%
in controls vs 23.8% ± 4.2%, P < 0.05). Rats fed
the AHF diet had reduced fasting glucose tolerance
in week 10 when peak blood glucose levels reached
significantly higher concentrations than controls (127.4
± 9.2 mg/dl in controls vs 161.0 ± 8.6 mg/dl, P <
0.05). This concurred with a 3.5 fold higher incidence
of single and small 2-10 cell insulin-positive cell clusters
(P < 0.05). Insulin expressing islet of Langerhans
cells appeared hypertrophied while islet number and
area measurements were not different from controls.
Weekly behavioral tests determined that mechanical
and heat sensitivities were significantly increased by 4
wk on AHF diet compared to controls. Hypersensitivity

Abstract
AIM: To characterize an alcohol and high fat diet
induced chronic pancreatitis rat model that mimics poor
human dietary choices.
METHODS: Experimental rats were fed a modified
Lieber-DeCarli alcohol (6%) and high-fat (65%) diet
(AHF) for 10 wk while control animals received a regular
rodent chow diet. Weekly behavioral tests determined
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explained by the recently identified X chromosome linked
genetic polymorphism in the claudin-2 gene[19]. Chief
clinical complaint of afflicted patients is intractable pain
and currently recommended pain management therapies
range from non-narcotic analgesics increasing to strong
opiates depending on the patient’s complaints [25-27].
Concurrent analysis of amino acids in plasma and
serum of patients with chronic pancreatitis identified
a doubling of the glutamate concentration, the main
excitatory neurotransmitter of the nervous system and
a known facilitator of pain, while other amino acid
levels are unaffected or decreased[28,29]. Knowledge of
the underlying pathophysiology of chronic pancreatitis
resulting in this severe abdominal pain is still limited and
is needed for the development of better pharmacological
treatments. Presently employed animal models poorly
reproduce the clinical etiology of chronic pancreatitis
as they are highly invasive, requiring laparotomy surgery
and/or utilize repetitive dosing with caustic chemicals.
The abdominal hypersensitivity induced with these
experimental procedures is better suited for modeling
acute pancreatitis[30,31].
Chronic pancreatitis is a multifactorial disease. Clinical
observations indicate that diets high in fat facilitate the
progression of alcoholic chronic pancreatitis[12,18,21,25].
Animal studies modeling chronic pancreatitis have
reported limited or no success when ethanol is used
alone[32-36]. The combination of fatty acids and ethanol
is required to induce noticeable cell damage to cultured
pancreatic cells while the application of individual
compounds alone is unable to injure these cells[37-39].
Recently, we established a rat model of chronic
pancreatitis using a modified Lieber-DeCarli diet with
increased dietary saturated fat content (28%)[40,41]. In
the present study, the alcoholic chronic pancreatitis
rat model was modified by further increasing the
dietary saturated fat content to 65%. Unique to the
current model is developing T3cDM, recognized by
the American Diabetes Association and the National
Institutes of Health, is an underdiagnosed secondary
disease associated with exocrine pancreatic damage[6,8,12,13].
Clinically, between 5%-10% of patients with diabetes are
diagnosed with T3cDM[6,13]. This is the first animal model
of chronic pancreatitis that develops T3cDM. The model
is utilized here to quantify chronic pancreatitis induced
pain related behaviors that persist at least 10 wk for
analgesic testing.
Using the alcohol and high fat diet (AHF) induced
rat chronic pancreatitis model, the efficacy of acute
phar macological activation of three inhibitor y
metabotropic Gi protein-coupled receptors (GPCR) was
tested. The agonists activate either Group Ⅱ metabotropic
glutamate receptor 2 and receptor 3 (mGluR2/3), µ-opioid
receptor (MOR), or the opioid receptor like-1 receptor
(ORL-1). Signaling through mGluR2/3 receptors was
initiated by glutamate binding [42,43], while the opioid
receptors ORL-1 and µ -opioid receptor MOR are
activated by the endogenous neuropeptides nociceptin
(also called orphanin FQ[44,45]), enkephalins and beta-

was attenuated with efficacy similar to morphine
with single dose treatment of either metabotropic
glutamate receptor 2/3 agonist APDC, or nociceptin, the
endogenous ligand for opioid-receptor-like 1 receptor.
CONCLUSION: The AHF diet induces a chronic alcoholic
pancreatitis in rats with measurable features resembling
clinical patients with chronic pancreatitis and type 3c
diabetes mellitus.
Key words: Lieber-DeCarli diet; Orphanin FQ receptor;
Metabotropic glutamate receptor; Liver steatosis; Pain;
Behavior; Glucose tolerance; Type 3c diabetes mellitus
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Chronic pancreatitis is a progressive and
potentially fatal disease caused by persistent
unresolved inflammation and pancreatic fibrosis. It can
be accompanied by intractable abdominal pain and
progress to type 3c diabetes mellitus (T3cDM) and
pancreatic cancer. Animal models of acute pancreatitis
are typically chemically induced, invasive, of short
duration, and have a high mortality rate. This study
characterizes a diet-induced chronic rat model closely
mimicking poor human dietary choices to investigate
therapies for alcoholic chronic pancreatitis with
developing T3cDM. The efficacy of acute opioid and
non-opioid pharmacological interventions are compared
to morphine in pain-related behavior tests.
McIlwrath SL, Westlund KN. Pharmacological attenuation of
chronic alcoholic pancreatitis induced hypersensitivity in rats.
World J Gastroenterol 2015; 21(3): 836-853 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v21/i3/836.htm
DOI: http://dx.doi.org/10.3748/wjg.v21.i3.836

INTRODUCTION
Chronic pancreatitis is a progressive and potentially fatal
disease caused by persistent unresolved inflammation and
pancreatic fibrosis typically accompanied by intractable
abdominal pain, particularly during the early phase[1,2].
Other symptoms include weight loss due to insufficiency
of the exocrine pancreas, type 3c diabetes mellitus
(T3cDM), and an increased risk of developing pancreatic
cancer [3-13]. Factors that increase susceptibility to the
diverse etiology of chronic pancreatitis include lifestyle
choices such as regular alcohol consumption, particularly
binge drinking, hyperlipidemia/hypertriglyceridemia
caused by a diet high in saturated fat, and smoking, as
well as heritable factors[1,12,14-21]. Although 50%-70% of
patients with chronic pancreatitis regularly consume
alcohol, only around 10% of patients with alcohol use
disorders develop this disease, indicating other contributing
factors [1,22-25] . Worldwide the incidence of chronic
pancreatitis is higher in the male population, partially
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endorphins, respectively[46,47]. Their activation results in
downstream signaling events that activate voltage-gated
potassium channels to inhibit voltage-gated calcium
channels. Thus, activating these metabotropic receptors
on peripheral nociceptors activated by noxious stimuli
inhibits the release of neuropeptide modulators and
glutamate, the main excitatory neurotransmitter in the
nervous system[48-50].
Agonists for mGluR2/3 have been shown to be
analgesic in animal models of somatic inflammatory and
neuropathic pain[51-55]. Information about ORL-1 activation
indicates that intrathecal and peripheral applications of
nociceptin attenuate hypersensitivity in inflammatory
and neuropathic rodent pain models [56-59] , while
intracerebroventricular injections produce hyperalgesia[60].
The efficacy of their activation in reducing hypersensitivity
in the chronic alcoholic pancreatitis model in the present
study is compared to morphine, the customary opiate
utilized for experimental comparisons. Using the AHF
rat chronic pancreatitis model with developing T3cDM,
we provide the first evidence that peripheral activation
of inhibitory GPCR-mediated signaling cascades
through mGluR2/3 or ORL-1 are similarly efficacious
to morphine in reversing hypersensitivity induced in this
chronic visceral pain model.

also received the 8 g lard supplement daily. Consumed
liquid diet and lard were measured daily and averaged
throughout the experimental time period to calculate
the percentage of consumed dietary fat. Average daily
liquid diet consumption was 20 g, of which 27.6% was
nutritional value and 72.6% was water. Of this 5.48
g with nutritional value, 28% was fat (1.5 g). Animals
consumed an average of 6 g of lard daily, resulting in 7.5
g total fat consumption per day out of the total 11.5 g of
nutritional diet. Thus, total daily dietary fat consumption
was about 65%.
Behavioral testing
Weekly behavioral assays to determine mechanical
and heat sensitivity were performed on all animals.
The abdomen was shaved at least 24 h prior to testing.
Alcohol was removed 4 h prior to behavioral testing
and drug application to minimize potential interference
of alcohol on motor control and interactions with the
compound of interest. Previous studies had shown that
alcohol withdrawal in this experimental setting did not
interfere with outcomes of these behavioral assays[41].
Animals were placed in individual Plexiglas boxes on
an elevated metal screen mesh (3 mm2 holes). Mechanical
sensitivity of the abdomen and hindpaws was tested by
probing the animal through the mesh from below using
two different experimental methods. Abdominal referred
sensitivity was characterized as previously reported
by Vera-Portocarrero et al[61] (2003). Briefly, the upper
right abdominal quadrant overlaying the pancreas was
probed 10 times each in ascending order with 2 different
von Frey filaments eliciting 1.0 or 6.0 g bending force
equivalent to 9.8 or 58.8 mN. This assessed behavior in
response to both sub- and supra-threshold mechanical
stimuli, i.e., touch and poke, to identify the time course
for development of chronic mechanical hypersensitivity.
Stimuli were applied at 10 s intervals and the number
of abdominal withdrawals counted. A single trial to
determine the number of responses to application of 10
stimuli with a single von Frey filament was performed
per animal per time point. Mechanical hypersensitivity
thresholds of the hindpaw footpads were subsequently
determined while the animals were still on the elevated
mesh screen table. For this measure, the up-down method
was used incorporating a series of 8 von Frey filaments
exerting calibrated bending forces (0.4, 0.6, 1.0, 2.0, 4.0, 6.0,
8.0, 15.0 g or 3.9, 5.9, 9.8, 19.6, 39.2, 58.8, 98.0 mN[62]).
Heat sensitivity was determined using a hot plate
analgesiometer apparatus set at 50 ℃ (Columbus
Instruments, Columbus, OH). Animals were placed
individually on the hotplate (254 mm × 254 mm heated
surface) surrounded by a 30 cm high Plexiglas barrier and
the latency until a nocifensive response occurred, such
as shaking or licking the paw, jumping, or running was
recorded. Animals were immediately removed after the
initial response and a cut-off time of 25 s prevented burn
injury. The heat test was performed 3 times at 20 min

MATERIALS AND METHODS
Ethics statement
All animal procedures were conducted according to
the guidelines for the ethical treatment of experimental
animals published by the Internal Association for
the Study of Pain and approved by the University of
Kentucky Institutional Animal Care and Use Committee
(IACUC#2007-0113).
Induction of alcohol pancreatitis
Experiments were performed using a total of 16 male
Fischer rats weighing 230-250 g (Harlan Laboratories,
Indianapolis, IN). Animals were housed individually on
a 12/12 h reverse light cycle so that behavioral assays
were conducted during their active night phase. Food and
water were given ad libitum and animals were divided into
two groups: (1) controls (n = 7) received regular low soy
rodent chow (Teklab #8626, Harlan, Indianapolis, IN)
and (2) alcohol and high fat (AHF) diet fed animals (n =
9) received a modified Lieber-DeCarli diet. Along with
the 6% ethanol liquid diet, a daily portion of 8 g lard
was provided. The liquid diet (1000 g) contained 14%
LD101A (TestDiet, Richmond, IN), 9% maltodextrin,
10% apple juice, 6% ethanol, and 3.3% corn oil. The
AHF liquid diet was initially introduced without ethanol
and corn oil. On a weekly basis the ethanol content of
the food was increased from 4%-6% and finally corn
oil was also added, resulting in a liquid maintenance
diet containing 6% ethanol and 30% corn oil in AHF
fed animals. Throughout this time AHF fed animals
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intervals and the latencies averaged.

stained tissue area. A threshold macro determining white
areas was used to assess the fat content leached out in
paraffin processing in HE and Sirius red stained tissue,
and the ratio of unstained white area to total tissue area
per image was determined.

Drug treatments
After mechanical and heat sensitivity developed in the
AHF-fed animals, the efficacy of three different drugs in
attenuation of pancreatitis associated hypersensitivity was
determined to identify contributing signaling pathways:
a Group Ⅱ metabotropic glutamate receptor specific
agonist, (2R,4R)-4-Aminopyrrolidine-2,4-dicarboxylate
(APDC, 3 mg/kg, ip; Tocris, Bristol, United Kingdom),
nociceptin (20, 60, 200 nmol/kg, ip; Tocris), and
morphine sulfate (3 mg/kg, subcutaneous (s.c.); Baxter
Healthcare, Deerfield, IL, United States). All drugs were
diluted in sterile saline and tested after hypersensitivity
became stable (weeks 6-10). Mechanical and heat
sensitivity were determined 24 h before treatment and
1, 4, and 24 h after intraperitoneal (ip) injection of a
single dose of drug or vehicle (saline) was administered.
Efficacy of drug treatments was tested once a week in
the same animals since no long-lasting changes for acute
use of these drugs is reported nor noted in the present
study.

Immunofluorescent tissue staining
Deparaffinized and rehydrated pancreas tissue on slides
was incubated overnight in a primary rabbit antibody
against insulin (H-86, sc-9168; Santa Cruz Biotechnology,
Santa Cruz, CA) 1:400 at room temperature. Tissue was
washed, incubated in a goat anti-rabbit secondary antibody
conjugated to Alexa Fluor 488 (Life Technologies, Grand
Island, NY) 1:1000 for 2 h at room temperature, washed
and coverslipped in VectaShield hard set mounting
medium with DAPI (Vectorlabs, Burlingame, CA).
Fluorescent staining of all proliferating insulin-positive
cells in images of whole pancreas sectioned head to tail
was analyzed using a Nikon microscope with Metamorph
software. Post-processing and quantitative analyses were
conducted using Photoshop and Image J. Colocalization
of DAPI and insulin was used to count the number of
cells in small clusters of under 10 cells and the counts
normalized to total tissue area in each pancreatic section.
Graph Pad Prism and Excel Microsoft software were used
for statistical analysis and graphing of the data.

Glucose tolerance test
Prior to euthanasia, a glucose tolerance test was performed
with all animals[63]. Rats were fasted for 6 h and then
given glucose (2 g/kg body weight, ip) in distilled sterile
water (25% w/v solution). Glucose levels in tail vein
blood samples were measured prior to and at several
timepoints after giving glucose (15, 30, 60, 120, 180 min)
using a blood glucose meter and appropriate test strips
(FreeStyle, Abbott Diabetes Care, Alameda, CA).

Statistical analysis
Data are expressed as mean ± SE. Statistical significance
of behavioral and immunohistochemical data was
determined using analysis of variance tests and Student
t test with the significance level set at P < 0.05. Post hoc
comparison included Student t tests to test statistical
differences between control and experimental groups
before and after drug treatments.

Histology
Liver and pancreas samples were collected prior to
perfusion of the animal and immerse fixed overnight
in 4% paraformaldehyde in phosphate buffered saline,
transferred into 70% ethanol, and paraffin embedded.
Sections were cut (5 µm), rehydrated, stained for collagen
fibers with Sirius red (Electron Microscopy Sciences,
#26357-02), and counterstained with fast green. Other
sections were stained with Sirius red and hematoxylin
and eosin (HE) using routine histological protocols.
Liver and pancreas samples were analyzed after acquiring
five random images per slide using ACT software and
a Nikon microscope for analysis using Image J. A red
color threshold macro was used to measure the image
areas with fibrous collagen stained red by Sirius red in 5
random fast green stained sections per group. The area
quantified is presented as a ratio of the total tissue area.
Islets of Langerhans were identified optically in HE
and Sirius red stained sections. Images were taken of all
Islets, their sizes measured, and their ratio normalized to
total tissue area. Quantification of white space among
the lobules of condensed pancreas tissue was performed
taking 5 random images in HE and Sirius red stained
tissue sections, quantifying the ratio of unstained to
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RESULTS
Chronic consumption of AHF diet induces
histopathological changes in pancreas and liver
indicative of alcoholic pancreatitis
Adult male Fischer rats were fed the alcohol and high
fat diet (AHF) ad libitum for 10 wk. The liquid diet
contains 6% (wt/vol) ethanol and 3.3% (wt/vol) corn
oil supplemented with a daily dose of 6 g saturated fat
resulting in the daily consumed diet to contain 65% fat,
modified from Lieber-DeCarli and others[35,41,64,65]. Control
animals received standard rat chow pellets (Harlan Teklad
8626). Post mortem histopathological analysis of the
pancreas using Sirius red, hematoxylin, and eosin staining
revealed acinar atrophy, fibrosis, and necrosis in all of
the tissue samples from AHF diet fed rats (Figure 1A
and B). Pancreata of AHF fed rats developed enlarged
interlobular spaces, and cellular atrophy. Pancreatic
interlobular spaces, measured as the percent white area
to stained tissue, were significantly increased in AHF fed
rats (Figure 1C; control = 8.9% ± 1.0%, n = 4; AHF =
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Figure 1 Histopathological analysis of the effects of alcohol and high fat diet fat diet on pancreas and liver. A: Micrograph of pancreas from a control regular
chow fed rat stained with hematoxylin and eosin (HE); B: Micrograph of pancreas from an alcohol and high fat diet (AHF) fed rat stained with HE; C: Quantification
of intralobular spaces (area percentage) determined there was a significant increase in pancreata from AHF fed rats; D: Micrograph of pancreas from a control rat
fed regular chow with Sirius red stained collagen fibrosis and fast green counterstain; E: Micrograph of pancreas from an AHF fed rat with Sirius red stained collagen
fibrosis and fast green counterstain; F: Quantification of extracellular collagen deposits (stained red) as a percent of total tissue area. A significant increase in collagen
staining was detected in pancreata of AHF fed rats; G: Micrograph of liver from a control rat fed regular chow stained with HE; H: Micrograph of liver from an AHF
fed rat stained with HE; I: Quantification of intracellular fat vacuolization (area percentage). Unstained areas are fat vacuoles that were significantly increased in liver
samples from AHF fed rats. aP < 0.05, AHF vs control. L: Islet of Langerhans; Solid arrow head: Pancreatic duct; Small arrow: Blood vessel. A, B: Scalebar 50 mm; D, E:
Scalebar 100 mm; G, H: Scalebar 100 mm.

15.7% ± 2.0%, n = 6; P < 0.05) indicating cell shrinkage
and/or necrosis. Parenchymal fibrosis was determined
histologically as the ratio of the area of pancreatic tissue
collagen proteins stained with Sirius red to staining of
non-collagenous proteins with fast green [66-68]. Small
amounts of interstitial collagen were detected in control
tissue samples while the ratio of collagenous and noncollagenous protein staining was significantly increased in
AHF fed animals (Figure 1D, F; control = 3.6% ± 0.6%;
AHF = 8.8% ± 1.7%; P < 0.05). Collagen bundles were
increased in particular and clearly visible surrounding
pancreatic ducts, lobes, and blood vessels in tissue
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samples from the AHF experimental group, while only
diffuse staining localized within and among the acinar
cells was observed in control animals. In the liver, chronic
AHF diet consumption produced clearly visible steatosis
when tissue was stained with Sirius red, hematoxylin, and
eosin. Alcoholic fatty liver was quantified by measuring
the unstained intracellular area in liver tissue samples
remaining of the severe fat vacuolization after graded
alcohol removal of the paraffin. Fat vacuolization was
significantly increased in AHF fed animals compared to
controls (Figure 1G-I; control = 6.4% ± 1.1%; AHF =
23.8% ± 4.2%; P < 0.05).
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Figure 2 Chronic alcohol and high fat diet induced insulin cell proliferation and decreased glucose tolerance. A: Micrograph of insulin immunoreactivity in
pancreas from a control rat fed regular chow; B: Micrograph of insulin immunoreactivity in pancreas from a rat fed alcohol and high fat (AHF). In tissue samples from
AHF fed rats insulin producing cells in the islets are atrophied and an increase of spurious proliferating insulin expressing cells (arrows) is detected in the pancreas;
C: Quantification of the number of single cells or small insulin cell clusters per mm2 pancreas tissue detected a significant increase in AHF fed rats; D: Intraperitoneal
glucose tolerance test at 10 wk determined that glucose tolerance was reduced in fasted AHF fed animals. Blood glucose levels of AHF fed animals peaked to
significantly higher levels 15 and 30 min post injection. aP < 0.05, AHF vs control. A-B: Scalebar 100 mm.

Immunohistochemical analysis of insulin expression
in pancreas tissue stained from animals fed (A) regular
chow or (B) AHF diet determined there was prominent
proliferation of insulin immunoreactive cells evident in
AHF fed animals (Figure 2A-C). After chronic AHF diet
for 10 wk the pancreas had atrophy of insulin producing
cells in the islets and an increase of spurious proliferating
insulin expressing cells. The number of single to small
cell clusters of 10 or less was 3.5 fold higher in AHF fed
animals (1.29 ± 0.19 per mm2) compared to controls (0.33
± 0.09 per mm2, P < 0.05) (Figure 2C).

peak blood glucose levels 15 and 30 min after glucose
injection (control 15 min: 127.4 ± 9.2 mg/dl, 30 min:
112.0 ± 3.9 mg/dl; AHF 15 min: 161.0 ± 8.6 mg/dl, 30
min: 138.4 ± 4.4 mg/dl, P < 0.05), indicating reduced
glucose tolerance.
Chronic AHF diet consumption causes mechanical and
heat hypersensitivity
A chief complaint of clinical patients with chronic
pancreatitis is intractable pain. The pain is commonly
focused in the upper abdomen but can radiate to the
back with some patients reporting overall sensitivity. In
the animal model, mechanical and heat sensitivity were
monitored weekly (Figure 3). Abdominal sensitivity
was assayed by testing the reflexive responses to low
intensity (1 g = 9.8 mN force; Figure 3A) and higher
intensity (6 g = 58.8 mN force; Figure 3B) mechanical
stimuli applied with von Frey filaments[61]. The Y-axis
indicates the average number of abdominal withdrawals
in response to the bending force stimulations (10 ×).
Low intensity (1 g) mechanical stimulation applied on
the abdomen elicited an average of 3 of 10 responses
from control rats fed a standard chow diet (Figure 3A,
open squares). Baseline responses to low intensity and

Chronic AHF diet consumption decreases glucose
tolerance
Weekly monitoring of blood glucose levels in naïve
control and AHF fed rats did not detect significant
differences throughout the experiment. Unfasted blood
glucose concentrations remained constant at 85.1 ± 3.1
mg/dl in controls and 83.4 ± 4.6 mg/dl in AHF fed
rats. Glucose tolerance testing following ip injection of
2 g glucose per kg bodyweight was performed in week
10 after fasting animals for 6 h to measure metabolic
efficiency of glucose clearance from the blood stream
(Figure 2D). Animals fed AHF had significantly higher
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Figure 3 Time course of nociceptive behaviors in rats with chronic pancreatitis evoked by mechanical and heat stimuli. A, B: Abdominal sensitivity is
determined by the number of abdominal withdrawals in response to von Frey filament bending force stimulations (× 10). Responses to (A) low intensity (1 g) and (B)
high intensity (6 g) mechanical stimulation elicited significantly more responses in alcohol and high fat (AHF) fed rats starting in week 5; C: Mechanical thresholds
of the hindpaws were determined with von Frey filaments using the up-down method. In week 4 mechanical sensitivity thresholds of AHF fed rats were significantly
reduced and did not recover while on the AHF diet; D: Heat sensitivity was determined by measuring the response latency (s) in the hotplate test (50 ℃). In week 4,
AHF fed rats demonstrated reduced response latencies in the hotplate test which did not recover during the 10 wk experimental time course. Open squares: control
animals. Solid circles: AHF fed animals. aP < 0.05, AHF vs control.

higher intensity stimulation on the abdomen skin were
not different between groups [1 g: control = 2.3 ± 0.5;
AHF = (1.8 ± 0.5 responses)/10; N.S.; 6 g: control = 5.8
± 0.5; AHF = (5.5 ± 0.5 responses)/10; N.S]. Responses
increased significantly during the experiment’s duration
in the AHF group (1 g: P < 0.01; 6 g: P < 0.0001). In
week 5, AHF fed rats responded with almost twice as
many abdominal withdrawals to low intensity mechanical
stimulation than controls [control = 3.6 ± 0.2; AHF = (6.2
± 0.7 responses)/10; P < 0.05; Figure 3A]. Similarly, the
responses to 6 g mechanical stimulation of the abdomen
was significantly increased in AHF animals in week 5
[control = 6.6 ± 0.4; AHF = (9.2 ± 0.3 responses)/10;
P < 0.05]. Higher intensity (6 g) mechanical stimulation
of the abdomen consistently elicited an average of 6 of
10 responses from control rats while AHF fed animals
responded every time after week 5. Mechanical and heat
sensitivity of control animals did not change during the
study.
Similarly, mechanical thresholds for eliciting hindpaw
withdrawal in AHF fed rats decreased significantly in week
4 from 18.72 g force to 9.3 ± 1.0 g force (P < 0.05; Figure
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3C). This referred hypersensitivity of the hindpaw plantar
surface was characterized by determining the mechanical
withdrawal threshold using the up-down method [62].
The mechanical thresholds of the hindpaws of control
animals did not change throughout the experiment (17.8
± 0.6 g force). Hindpaw mechanical thresholds for AHF
fed rats remained decreased at 7.6 ± 0.9 g force (P < 0.01)
through the experiment end at week 10.
Heat sensitivity was determined indirectly by measuring
the latency (s) to an escape response in the hotplate test
(50 ℃) (Figure 3D). Response latencies on the hotplate,
i.e., the time until animals displayed signs of nociception
such as shaking the paw, licking, agitation, were not
different between groups at baseline (control = 21.2
± 0.1 s; AHF = 22.9 ± 0.5 s; N.S). In week 4 hotplate
sensitivity was significantly decreased in the AHF fed
group (control = 22.6 ± 0.2 s; AHF = 13.3 ± 1.4 s; P <
0.05; Figure 3D). The reduced latencies did not recover
during the 10 wk experimental time course. At the end of
the experiment (10 wk), control animals spend 18.3 ± 0.4
s on the hotplate before showing signs of distress while
AHF animals reacted within 10.0 ± 0.3 s (P < 0.05).
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Figure 4 Time course of nociceptive responses to mechanical and heat stimuli after a single systemic treatment with (2R,4R)-4-Aminopyrrolidine-2,4dicarboxylate. A, B: Animals were treated with a single ip dose of (2R,4R)-4-Aminopyrrolidine-2,4-dicarboxylate (APDC) (3 mg/kg). APDC reversed the increase in
nociception responses 1 h post treatment evoked by (A) low intensity (1 g) abdominal stimulation and (B) high intensity (6 g) abdominal stimulation; C: Alcohol and
high fat (AHF) fed rats had increased hindpaw mechanical withdrawal thresholds; D: Response latencies of AHF fed rats increased 1 h after APDC treatment in the
hotplate test, but sensitivity of the controls was not altered. aP < 0.05, AHF vs control.

Analgesic effects of APDC on AHF diet induced
hypersensitivity
Glutamate is a widely expressed neuropeptide within the
nervous system. When binding to group Ⅱ metabotropic
glutamate receptors, mGluR2 and mGluR3, Gi-protein
coupled receptors, their activation inhibits adenylyl
cyclase. This initiates inhibitory signaling cascades
that result in reduced neuronal activity and decrease
the release of further glutamate[49,50]. The mGluR2/3
agonist APDC has been shown to reduce inflammation
induced mechanical and heat hypersensitivity in mouse
models of somatic pain[51,52]. Here we used a single dose
of 3 mg/kg APDC (ip) to decrease mechanical and
heat hypersensitivity induced by chronic pancreatitis,
a concentration previously shown to optimally reduce
hypersensitivity in acute somatic inflammatory animal
models. Within 1 h of APDC treatment, reversal was
noted of the increased nociceptive response evoked by
low intensity abdominal stimulation in AHF fed rats
(Figure 4A). Responses to low intensity mechanical
stimulation of the abdomen were 3.8 ± 1.0, instead of
6.8 ± 0.9 responses to 10 stimuli observed at baseline.
Responses of the controls 1 h after APDC treatment (1
h: 3.5 ± 0.3 responses) remained the same (-24 h: 3.0 ±
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0.4 responses; Figure 4A). Responses of AHF fed rats to
higher intensity mechanical stimulation of the abdomen
were similarly reduced at the 1 h timepoint [-24 h: (10 ±
0 responses)/10; 1 h: (7.0 ± 0.7 responses)/10; P < 0.05;
Figure 4B].
Mechanical thresholds of the hindpaws (-24 h: 8.4 ±
1.0 g force; 1h: 17.0 ± 1.3 g force; AHF n = 6, P < 0.05;
Figure 4C) and latencies on the hotplate (-24 h: 10.2 ±
0.5 s; 1 h: 17.3 ± 1.0 s; AHF n = 6, P < 0.05) improved
significantly to values indistinguishable from control
animals (Figure 4D). The effect of APDC was abolished
24 h after treatment.
Nociceptin treatment reverses AHF diet induced
hypersensitivity
Nociceptin, an endogenous opioid-related neuropeptide,
binds to the opioid receptor like-1 receptor (ORL-1)
whose peripheral activation and activation in the spinal
cord has been shown to be anti-nociceptive[57,58,69]. Both
control and AHF fed animals received single ip injections
of vehicle only, 20, 60, or 200 nmol/kg nociceptin.
Nociceptive responses to mechanical and heat stimulation
1 h after treatment with a single ip dose of nociceptin in
animals with AHF induced pancreatitis were compared
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to controls.
Dose-dependent improvement was observed after the
single dose of nociceptin for responses to low intensity
mechanical stimulation of the abdomen (Figure 5A),
responses to higher intensity mechanical stimulation of
the abdomen (Figure 5B), and mechanical thresholds
on the hindpaws (Figure 5C). In AHF fed animals 20
nmol/kg nociceptin decreased abdominal hypersensitivity
to low intensity (1 g) mechanical stimulation [vehicle:
control = 2.8 ± 0.5; AHF = (6.3 ± 0.7 responses)/10; p
< 0.05; 20 nmol nociceptin: control = 3.5 ± 0.3; AHF
= (4.7 ± 0.4 responses)/10; n.s.; Figure 5A]. Abdominal
withdrawal of AHF animals to higher intensity (6 g)
mechanical stimulation decreased from 9.8 ± 0.3 to
6.5 ± 0.4 responses after treatment with the highest
dose of nociceptin. This was not different from vehicle
treated control animals [(6.5 ± 0.5 responses)/10; Figure
5B]. Treatment of AHF fed animals with 20 nmol/kg
nociceptin increased mechanical thresholds on the
hindpaws so that they were no longer different from
controls while not altering the sensitivity in control
animals (vehicle: control = 18.2 ± 0.5; AHF = 6.3 ± 0.7
g force; P < 0.05; 20 nmol: control = 18.7 ± 0.0; AHF =
15.7 ± 1.6 g force; P < 0.05; Figure 5C).
Thus, a dose of 200 nmol nociceptin per kg body
weight was determined to be the most effective in
reducing sensitized nociceptive responses in all four
behavioral assays in AHF fed rats (Figure 5E-H). With
this dose, abdominal withdrawals of AHF fed rats
in response to low intensity mechanical stimulation
decreased to control levels at the 1 and 4 h timepoints.
Responses of AHF fed animals to mechanical stimulation
of the abdomen at 1 h were significantly decreased [1
g: -24 h = 6.0 ± 0.5; 1 h = (3.2 ± 1.1 responses)/10;
P < 0.05; 6 g: -24 h = 9.8 ± 0.2; 1 h = (6.5 ± 0.4
responses)/10; P < 0.05; Figure 5E, F] and returned
to pre-treatment levels 24 h after the injection [1 g: 24
h = (6.2 ± 0.9 responses)/10; 6 g: 24 h = (9.5 ± 0.3
responses)/10]. Nociceptive responses of AHF fed rats
to higher intensity abdominal mechanical stimulation
were decreased to control values only at the 1 h time
point after nociceptin treatment (Figure 5F). Mechanical
withdrawal thresholds of the hindpaws of AHF fed
animals also increased significantly from 8.4 ± 1.0 g
force prior to treatment to 17.0 ± 1.3 g force 1 h after
treatment (Figure 5G). Four hours after nociceptin
treatment, the mechanical thresholds of AHF fed animals
with chronic pancreatitis decreased again, returning to
their previous hypersensitive level within 24 h (4 h = 13.3
± 2.2; 24 h = 7.5 ± 1.0 g force; Figure 5G). Nociceptin
treatments had no effect on mechanical sensitivity in
control animals. In control animals the 200 nmol/kg dose
increased hypersensitivity but was not significant [(7.5
± 0.3 responses)/10]. Vehicle treatments did not alter
nociceptive responses of naïve or AHF fed animals.
Hotplate response latencies of AHF animals were
increased dose dependently from 10.4 ± 0.2 s (vehicle)
to 15.1 ± 0.4 s (200 nmol/kg nociceptin), but the
improvement was significant only at the highest dose
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of nociceptin (Figure 5D). After systemic injection of
200 nmol/kg nociceptin, for AFH animals, the hotplate
response latency increased from 10.1 ± 0.7 s prior to
treatment to 15.1 ± 0.4 s 1 h afterwards (P < 0.05; Figure
5H). This improvement remained significantly lower
than in untreated control (20.0 ± 0.9 s; P < 0.05). Heat
responses of control animals slightly decreased 1 h after
injection of 200 nmol/kg nociceptin (vehicle: 19.2 ±
0.3 s; 200 nmol: 16.7 ± 1.0 s; Figure 5H). The ability
of nociceptin to reverse hypersensitivity of AHF fed
animals was optimal at 1 h after which it decreased and
was completely absent 24 h after injection.
Comparison to effects of morphine on AHF diet induced
hypersensitivity
Many studies have demonstrated the efficacy of
morphine in reversal of acute and chronic pancreatitis
associated hypersensitivity in animal models as well as its
use for pain management of chronic pancreatitis patients
with pain. Single dose s.c. treatment with 3 mg/kg
morphine sulfate solution resulted in significant reduction
of mechanical and heat hypersensitivity in AHF fed rats
(Figure 6). Responses of AHF fed rats to low intensity
mechanical stimulation of the abdomen [-24 h: (5.5 ±
0.3 responses)/10; 1 h: 1.8 ± 0.5 responses /10; 4 h:
(2.0 ± 0.8 responses)/10; AHF n = 4; P < 0.05; Figure
6A] was significantly reduced for up to 4 h compared to
responses before treatment. Similarly, responses of AHF
fed rats to higher intensity mechanical stimulation of the
abdomen [-24 h: (9.0 ± 0.6 responses)/10; 1 h: (2.3 ± 0.8
responses)/10; 4 h: (6.0 ± 0.4 responses)/10; AHF n = 4;
P < 0.05; Figure 6B] was significantly reduced for up to 4
h compared to responses before treatment. Naïve animals
responded to higher intensity mechanical stimulation of
the abdomen with 6.5 ± 0.6 responses/10 which was
significantly reduced 1 h after morphine treatment to 3.3
± 0.5 responses/10 (P < 0.05; Figure 6B). Mechanical
thresholds of the hindpaws in the AHF diet group
improved after morphine treatment for up to 4 h (-24 h:
7.6 ± 1.0 g force; 1h: 18.7 ± 0 g force; 4h: 18.2 ± 0.4 g
force; AHF n = 4, P < 0.05; Figure 6C). No changes in
naïve animals were measured after morphine treatment
for either on the hindpaw nociceptive withdrawal
thresholds for low intensity mechanical stimulation or the
responses to low threshold (1 g) abdominal stimulation.
Morphine treatment reversed heat sensitivity of AHF
fed animals back to response levels recorded in naïve
animals for up to 4 h (-24 h: 10.7 ± 0.1 s; 1h: 20.4 ± 0.7
s; 4h: 18.2 ± 0.7 s; AHF n = 4, P < 0.05; Figure 6D).
Responses of naïve rats on the hotplate were not affected
by the 3 mg/kg morphine. Animals were tested during
their active period and did not appear somnolent for any
of the testing. After 24 h no effects of morphine were
detected in any of the tests.

DISCUSSION
Here we present a non-invasive dietary animal model
of alcoholic chronic pancreatitis induced in 3 wk but
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A, B: Comparisons of the number of responses to mechanical stimulation on the abdomen skin 1 h after treatment with nociceptin (ip) for control and alcohol and high
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results in higher hepatic triglycerides and associated
fat vacuolization[64,65,79]. Hence, the AHF rat model of
chronic pancreatitis described here closely mimics highrisk human dietary choices that are part of the etiology
of chronic alcoholic pancreatitis with liver steatosis.
Presently favored rodent models of pancreatitis are
highly invasive and poorly reproduce disease progression
seen in clinical patients. They often require laparotomy
surgery to obstruct the pancreatic duct, or direct instill
chemical irritants such as the aromatic nitro compound
trinitrobenzene sulfonic acid or ethanol into the pancreatic
duct. Other models utilize the repeated supraphysiological
ip injections of caerulein, an analog of the gastrointestinal
peptide hormone cholecystokinin, in combination with
an ip lipopolysaccharide injection or a single dose of the
highly toxic organotin dibutyltin chloride into the tail
vein[30,31,80]. All of these models induce a rapid immune
response that is focused primarily on the pancreas. By
chemically modifying cell surface proteins an inflammatory
cell reaction is induced which ultimately results in
acinar cell death with or without prior dysregulated
digestive enzyme release. Thus, other current models
of pancreatitis are better suited for study of acute

persisting for at least 10 wk. The model replicates poor
dietary choices of clinical patients diagnosed with
alcoholic chronic pancreatitis. Recent estimates reported
that 51%-67% of Americans consume 3-5 alcoholic
beverages per day which concurs with a decrease in
diet quality and an increase of dietary fat intake[70-72].
Concurrently, the Food and Agriculture Organization
(FAO) of the United Nations reported a steady increase
of the average daily dietary fat consumption per capita
in the United States from 140 g in 1990/92 to 161 g
in 2005/7 while it averaged 131 g fat in the developed
world[73]. Comparison of nutritional profiles identified
that patients with chronic alcoholic pancreatitis
consumed significantly more saturated fat and animal
protein compared to patients suffering from alcohol
consumption induced cirrhosis of the liver[21,74,75]. Other
studies have shown that drinkers consume significantly
more dietary fat and calories on drinking days[71,72,76].
Exactly this combination is described as inducing chronic
alcoholic pancreatitis, with alcohol being the leading
and diet the secondary cause [77,78]. Animal models of
alcoholic chronic pancreatitis and fatty liver disease
have shown that increased dietary fat consumption
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pancreatitis[31,81,82]. Animals can recover in these acute
models within 48-72 h as in most cases of acute
pancreatitis. However, in the AHF model the pathological
and functional symptomatology of chronic alcoholic
pancreatitis persists. Regeneration of the damaged tissue
is impaired by the continued alcohol consumption,
facilitating the establishment of chronic pancreatitis[83].
Chronic pancreatitis is a multifactorial disease caused
by a combination of regular alcohol consumption, a
low quality diet high with high fat content producing
hyperlipidemia, smoking, and hereditary factors[12,19,21,23,75,84].
The AHF model of chronic pancreatitis focuses on the
combined effects of alcohol and a diet high in fat on
the pancreatitis and associated comorbidities. Chronic
consumption of alcohol results in its metabolism not only
in the liver, but also in the pancreas. Alcohol is typically
metabolized via acetaldehyde into acetyl which is used
for energy production. In the results presented here,
liver steatosis induced by alcohol consumption[40,85] was
visible not only in the centrilobular region of the liver
where lipids are predominantly stored in fatty vacuoles[86],
but was detected throughout the large area of sampled
tissue in the AHF fed animals indicating severity of
disease progression. Metabolism of dietary alcohol and
fat converges on the same enzymes, so that when high
amounts of alcohol and fatty acids are consumed, cellular
signaling molecules anandamide and arachidonic acid,
and cytotoxic acetaldehydes accumulate within liver and
pancreas that are able to directly activate ion channels such
as Transient Receptor Potential Cation Channel, Subfamily
A, Member 1 (TRPA1); Transient Receptor Potential
Cation Channel, Subfamily V, Member 1 (TRPV1); and
Transient Receptor Potential Cation Channel, Subfamily
V, Member 4 (TRPV4) localized in the cell membranes of
nociceptive sensory neurons innervating the pancreas as
well as on local cells to induce cellular damage[84,87-90]. In
the pancreas acetaldehydes and fatty acid ethyl esters can
further induce fragility of pancreatic zymogen granules
and cause cellular damage to pancreatic cells [7,84,90,91].
Resulting cellular atrophy and necrosis induce separation
of pancreatic lobules as well as peri- and intralobular
fibrosis, indicators of severe damage to parenchymal
tissue, were visible throughout the examined pancreatic
tissue of AHF fed animals. Cell damage and necrosis
directly and indirectly activate the pancreatic local immune
stellate cells, and activate nociceptors innervating the
pancreas, amplifying pain sensation and pancreatic tissue
damage through neurogenic inflammation[89,92,93].
Alcoholic chronic pancreatitis not only results in
damage to the exocrine pancreas but can also impair and
dysregulate insulin metabolism in the endocrine pancreas
which in patients results in the development of diabetes
mellitus type 3c [10,13]. In the present study, 10 wk of
AHF diet resulted in decreased glucose tolerance in rats.
While no changes in islet of Langerhans number and
size distribution were detected (data not shown), fasting
glucose tolerance was impaired, cellular atrophy of insulin
cells was evident histologically, and a 3.5 fold increase of
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small clusters of insulin producing cells were detected in
AHF fed rats. This suggested a compensatory reaction to
beta cell atrophy and decreased effectiveness. In a Korean
study increased alcohol consumption coincided with
increased dietary fat which concurred with decreased
pancreatic beta cell function[75]. Low-density lipoproteins,
metabolic products of saturated fats, have been shown to
reduce beta-cell function, decreasing glucose-stimulated
insulin secretion and causing beta-cell proliferation in
primary cell culture experiments[94].
Exposure of cultured beta cells to combined fatty
acids and ethanol has been shown to decrease their
mitochondrial activity and adenosine triphosphate
(ATP) production and increase released reactive oxygen
species, indicators of their decreased function[38]. Plateletderived growth factor as well as interleukin-1β, two proinflammatory cytokines and signaling molecules that are
increased in pancreatitis, have been reported to induce
beta-cell proliferation [95]. The proliferation of small
beta-cell groups observed in AHF fed pancreas tissue
suggest a regenerative mechanism is active in the rats
to compensate for ethanol and fatty acid induced cell
damage.
As in our previous study using a similar protocol
to induce chronic pancreatitis, animals fed AHF diet
developed mechanical hypersensitivity of the abdomen
and hindpaws as well as increased heat sensitivity. Alcohol
metabolism in chronic alcoholism is not confined to
visceral organs but occurs in every tissue. As a result
of cellular damage produced by chronic alcoholism,
resulting oxidative stress can also be measured in skeletal
muscle[96]. Cellular damage releases molecules such as
ATP and incompletely metabolized alcohol products
activate and sensitize nociceptors throughout the body,
resulting in hypersensitivity that is not confined to the
abdominal region. Activity induced central sensitization
further exacerbates hypersensitivity to noxious and
normally innocuous stimuli. Clinically, 85% of chronic
pancreatitis patients require treatment for pain at
some point during disease progression and are treated
depending on severity of the pain with non-narcotic
analgesics and as pain increases, ever increasing doses of
opiates as well as pancreatic enzyme therapy. In extreme
cases, nerve blocks and eventually surgical intervention
may be required [26,27]. While opioids are efficacious
in patients as well as in animal models of chronic
pancreatitis, even acute doses have severe side effects and
may lead to overdose. Long term use of morphine can
cause addiction and constipation, its efficacy to reduce
pain decreases with duration of use, while ongoing
pancreatic inflammation is not improved. Yet, despite the
side effects, prescription rates for opioids have increased
almost exponentially in the last decade and non-addictive
alternatives are very much needed[97,98]. We therefore
investigated the hypothesis that activation of other Gicoupled GPCRs would decrease nociceptive signaling.
Initial focus was on the inhibitory mGluR2/3
signaling pathway. Glutamate is the main excitatory
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neurotransmitter that depolarizes neurons by binding
to its ionotropic and metabotropic receptors. However,
glutamate initiates inhibitory signaling cascades when
bound to the group Ⅱ metabotropic glutamate receptors,
mGluR2 and mGluR3 to dampen cellular excitability[99,100].
Activation of these G i-coupled GPCRs negatively
modulate adenylate cyclase, alter synaptic connectivity,
and decrease release of glutamate[101]. Group Ⅱ mGluRs
are expressed throughout the nervous system, in primary
sensory neurons, predominantly presumed nociceptors,
in the dorsal horn of the spinal cord, as well as in visceral
organs such as beta-cells of the pancreas[102-105]. After
acute single dose treatment with the mGluR2/3 agonist
APDC in the present study, the hypersensitized responses
to mechanical and heat stimuli of AHF animals were no
longer significantly different from those of controls. This
attenuation was of short duration (1 h) suggesting that
systemic administration of APDC may have activated
mGluR2/3 receptors on peripheral nociceptive sensory
neurons, thus reducing nociception. Previous studies
have reported efficacious use of group Ⅱ agonists as
analgesics without any apparent side effects in animal
models of neuropathic and acute inflammatory pain
without altering nociceptive responses of control
animals[51,52,54,106-108]. Systemic use of mGluR2/3 agonists
is able to activate receptors on peripheral sensory
neurons to decrease their activity and central release of
glutamate, thus interrupting neurogenic inflammation and
facilitating tissue regeneration. Due to their expression
within the limbic system, mGluR2/3 receptors have been
studied in connection with schizophrenia, alcohol and
drug addiction, and anxiety[109-111]. The potential ability of
a single drug to be used not only for pain management
in alcoholic chronic pancreatitis, but also to support
patients’ alcohol cessation and dietary management would
be of immense benefit, simplifying dosing and regular use
of pharmacological therapy. Prolonged use of a different
mGluR2/3 agonist, LY379268, for pain management in
somatic pain models showed that repeated daily systemic
dosing quickly resulted in desensitization and lost ability
to reverse hypersensitivity[53,55]. Long-term experiments
utilizing lower doses or novel mGluR2/3 agonists for
repeated treatments are needed to investigate its efficacy
in reversing alcoholic chronic pancreatitis associated
hypersensitivity.
Nociceptin, also called orphanin FQ, is an endogenous
opioid-like peptide that does not bind to the classical
opioid receptors but to ORL-1. Like mGluR2/3,
activation of this Gi-coupled GPCR also inhibits adenylate
cyclase and voltage-gated Ca2+-channels while activating
voltage-gated K+-channels which results in decreased
neuronal activity and decreased glutamate release[44,45,112]. In
the AHF diet induced chronic pancreatitis animal group,
acute systemic treatments with nociceptin successfully
reversed the induced mechanical and heat hypersensitivity
in AHF fed animals. Unlike morphine, these treatments
did not alter nociceptive responses of control animals.
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Morphine decreases mechanical and heat sensitivity
concentration-dependently in control animals. In the
present experiments morphine decreased mechanical
sensitivity in control rats while response latencies in the
hotplate test were not affected. The Fischer F344 rat
strain is known for having higher anxiety compared
to other rat strains[113]. Animals were acclimated to the
experimental set-up for mechanical sensitivity assays
whereas the hotplate test posed a novel environment
which may have altered the effects of morphine in
control Fischer F344 rats.
Nociceptin and downstream signaling pathways initiated
by binding to the ORL-1 receptor have been enigmatic.
Initial reports described that intracerebroventricular
injections induced hyperalgesia and high doses inhibited
locomotion[44,45]. Subsequent studies using intrathecal
injections demonstrated analgesic properties of ORL-1
activation by reducing acute inflammatory and nerve
injury induced neuropathic hypersensitivity [56,57,69,114].
Intrathecal nociceptin reduced peripheral release of
vasodilatory neuropeptides co-expressed with ORL-1,
thus decreasing edema after acute inflammatory insult
by decreasing dorsal root potentials and glutamatergic
transmission [115-117]. Due to the absence of reliable
antibodies for ORL-1, its localization still relies on in
situ hybridization studies. Its mRNA has been localized
throughout nociceptive signaling pathways, including
small diameter, presumably nociceptive sensory neurons,
within the superficial dorsal horn as well as around the
central canal, and in multiple regions throughout the
brain[116,118]. Reduction of hypersensitivity in AHF animals
after systemic treatment with nociceptin was most likely
achieved by ORL-1 activation within the peripheral
nervous system and resulting decrease in neuronal activity
and glutamate release. While activation of ORL-1 within
the spinal cord is predicted to also be able to attenuate
chronic pancreatitis induced hypersensitivity, repeated use
of systemic nociceptin may result in increased crossing
of the blood brain barrier which can be compromised in
cases of severe peripheral inflammation thus promoting
pro-nociceptive effects similar to intracerebroventricular
injections[119,120]. Combined treatment using morphine
and nociceptin provided synergistic analgesia thus
diminishing the amount of morphine needed to attenuate
pain sensation and reducing the risk of sensitization to
morphine in a previous study[2]. This opens the possible
therapeutic option of employing the nociceptin-NOP
system for more efficient pain management of chronic
pancreatitis-associated pain while reducing side effects.
In summary, the Gi-coupled GPCR signaling pathways
downstream from mGluR2/3 and ORL-1 receptors
investigated here, presented good alternatives to presently
employed opioid pain therapies for the treatment of
chronic pancreatitis induced pain. Likewise, these studies
suggest these agents have potential as adjuvant therapy
to reduce the dosage of morphine derivatives and related
side effects.
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COMMENTS
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Background

Chronic pancreatitis is a progressive and potentially fatal disease caused by
persistent unresolved inflammation and pancreatic fibrosis. Pancreatitis can be
accompanied by severe intractable abdominal pain. Currently recommended
pain management therapies range from non-narcotic analgesics to strong
opiates with their accompanying side-effects, but are not effective as long term
treatments. Presently employed animal models poorly reproduce the clinical
etiology of chronic pancreatitis as they are highly invasive, requiring laparotomy
surgery and/or utilize repetitive dosing with caustic chemicals. The abdominal
hypersensitivity induced with these experimental procedures is better suited for
modeling acute pancreatitis.

5
6

7

Research frontiers

To date no satisfactory pain therapy is available for treatment of chronic
pancreatitis nor is there a suitable experimental model for the study of
chronic pancreatitis resembling the clinical syndrome with which to test
potential therapeutics. Knowledge of the underlying pathophysiology of
chronic pancreatitis resulting in this severe abdominal pain is needed for the
development of better pharmacological interventions.

8
9

Innovations and breakthroughs

The animal model of chronic pancreatitis is induced with a 6% alcohol and high
fat diet similar to poor human dietary choices. It produces hypersensitivity to
touch with fine filaments on the abdomen and has characteristics of type 3c
diabetes mellitus (T3cDM), i.e., abnormal insulin histology and intolerance to
glucose. Reduction of hypersensitivity induced by the model was demonstrated
with the pharmacological activation of three inhibitory metabotropic Gi proteincoupled receptors. Analgesia was demonstrated with single doses of drugs
activating inhibitory glutamate and opiate-like receptors, mGluR2/3 and ORL-1,
respectively, in comparisons to morphine.

10
11
12

Applications

These therapies for the treatment of chronic pancreatitis associated pain are
suggested as good alternatives to presently employed opioid pain therapies.
Used as adjuvant therapy with morphine derivatives for more effective relief
of chronic pancreatitis pain, these agents would have potential to reduce the
opiate dosage and related side effects.

13

Terminology

Intractable pancreatic pain cannot be alleviated with current therapies. Using
the 6% alcohol and high fat diet (AHF) induced rat chronic pancreatitis model,
two therapies were tested, including nociceptin, an endogenous ligand for
the opioid-receptor-like 1 receptor, and (2R,4R)-4-Aminopyrrolidine-2,4dicarboxylate, an activator of inhibitory mGluR2/3 glutamate receptors. These
therapies reduced the hypersensitivity that develops on the abdominal skin of
the rats with chronic pancreatitis as effectively as morphine.
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Peer review

This study demonstrated that the AHF diet replicating high risk human dietary
choices induced a chronic alcoholic pancreatitis in rats with histological features
and developing glucose intolerance resembling clinical patients with chronic
pancreatitis and T3cDM. So, this paper has novelty and innovation.
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distribution was analyzed by flow cytometry (FCM).
Cytoskeletal and nuclear alterations were observed by
fluorescein isothiocyanate-phalloidin and DAPI staining
under a laser scanning confocal microscope. Changes in
morphology and ultrastructure of cells were detected by
atomic force microscopy (AFM) at the nanoscale level.
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RESULTS: MTT assay indicated that cinobufacini
significantly inhibited the viability of HepG2 cells in a dosedependent manner. With the concentration of cinobufacini
increasing from 0 to 0.10 mg/mL, the cell viability
decreased from 74.9% ± 2.7% to 49.41% ± 2.2% and
39.24% ± 2.1% (P < 0.05). FCM analysis demonstrated
cell cycle arrest at S phase induced by cinobufacini.
The immunofluorescence studies of cytoskeletal and
nuclear morphology showed that after cinobufacini
treatment, the regular reorganization of actin filaments
in HepG2 cells become chaotic, while the nuclei were
not damaged seriously. Additionally, high-resolution AFM
imaging revealed that cell morphology and ultrastructure
changed a lot after treatment with cinobufacini. It
appeared as significant shrinkage and deep pores in the
cell membrane, with larger particles and a rougher cell
surface.
CONCLUSION: Cinobufacini inhibits the viability of HepG2
cells via cytoskeletal destruction and cell membrane
toxicity.

Abstract

Key words: Cinobufacini; Cell viability; Atomic force
microscopy; HepG2 cells; Hepatocarcinoma

AIM: To investigate the antiproliferative activity of
cinobufacini on human hepatocellular carcinoma HepG2
cells and the possible mechanism of its action.

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

METHODS: HepG2 cells were treated with different
concentrations of cinobufacini. Cell viability was measured
by methylthiazolyl tetrazolium (MTT) assay. Cell cycle

Core tip: Cinobufacini is effective against hepatocarcinoma.
However, its mechanism of action has not been determined.
The present study investigated the effect of cinobufacini
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and DMSO were purchased from Gibco (Carlsbad, CA,
United States). Glutamine, penicillin and streptomycin
were purchased from Hyclone (Logan, UT, United States).
Triton X-100 and 4% paraformaldehyde were purchased
from Sigma (St Louis, MO, United States). Fluorescein
isothiocyanate (FITC)-phalloidin and DAPI were
purchased from Biyuntian Biological (Shanghai, China).
Cell cycle phase determination kit was bought from
Keygen Biotechnology (Nanjing, China). Cinobufacini was
provided by Jinchan Biochemistry Company Ltd. (Anhui,
China). Human hepatoma cell line HepG2 was donated
by the First Affiliated Hospital of Jinan University.

on HepG2 cells and the alterations in cell morphology
and membrane ultrastructure. We used atomic force
microscopy (AFM) to study the changes in cell membrane
ultrastructure induced by cinobufacini. We demonstrated
that AFM is a useful tool in verifying cell response to
cinobufacini treatment. We observed nuclear morphology
and actin filaments in the cytoskeleton by laser scanning
confocal microscopy. The cellular changes allowed us to
understand better the biophysical functions of HepG2 cells
induced by cinobufacini.
Wu Q, Lin WD, Liao GQ, Zhang LG, Wen SQ, Lin JY.
Antiproliferative effects of cinobufacini on human hepatocellular
carcinoma HepG2 cells detected by atomic force microscopy.
World J Gastroenterol 2015; 21(3): 854-861 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v21/i3/854.htm
DOI: http://dx.doi.org/10.3748/wjg.v21.i3.854

Cell culture and treatment with cinobufacini
HepG2 cells were cultured in RPMI-1640 medium
supplemented with 10% FBS at 37 ℃ in a humidified
atmosphere containing 5% CO2, and the medium was
refreshed every 2-3 d. The cinobufacini was diluted to
appropriate concentrations with free medium. Cells were
harvested with 0.25% trypsin when needed.

INTRODUCTION

MTT assay
The effect of cinobufacini on cell viability was detected
by MTT assay. HepG2 cells were plated at a density
of 5000 cells/well in 96-well plates. After 24 h of
culture, the cells were treated with cinobufacini at a final
concentrations of 0, 0.01, 0.05 or 0.1 mg/mL. After
incubation for 48 h, 20 μL MTT dye solution (5 mg/
mL) was added to each well and incubated at 37 ℃ for 4 h.
The medium was removed and formazan was dissolved
in 150 μL DMSO. A570 of each group was then measured
with a spectrophotometer (Tecan, Switzerland). Cell
viability was expressed by the following formula: Viability
(%) = (A treated /A control ) × 100%. Experiments were
repeated three times.

Cinobufacini is a water-soluble Chinese medicine that is
extracted from the skin of Bufo bufo gargarizans Cantor[1].
It has been proven to be effective against a variety of
malignant tumor cells, such as breast cancer [2], lung
cancer[3] and hepatocellular carcinoma[1,4] cells. In recent
years, it has also shown satisfactory therapeutic effects
against cancer in clinical studies[5-7]. Although cinobufacini
is widely used clinically, little is known about its antitumor mechanisms. In particular, there are no detailed
data on the changes it induces in cell membrane
morphology. The present study sought to investigate
the effect of cinobufacini on human hepatoma cell line
HepG2 and the alterations in cell morphology and cell
membrane ultrastructure.
Atomic force microscopy (AFM) is a powerful tool
for nanoscale imaging of cells[8-10], and an important
diagnostic instr ument [11] . In this study, AFM was
used to visualize cell morpholog y and membrane
ultrastructure, which can provide information about the
surface topography of the cell at the nanometric level.
We used AFM to image the changes in HepG2 cell
membrane ultrastructure induced by cinobufacini. We also
demonstrated that AFM is a useful tool in discerning and
verifying cell response to cinobufacini. In addition, we
also analyzed the cell cycle by flow cytometry (FCM), and
observed the nuclear morphology and actin filaments in
the cytoskeleton by laser scanning confocal microscopy
(LSCM). The changes observed in the cells allow us to
understand better the biophysical functions of HepG2
cells treated by cinobufacini.

Cell cycle analysis
The effect of cinobufacini on the cell cycle of HepG2
cells was analyzed by FCM (Becton Dickinson, CA,
United States). HepG2 cells were seeded at a density
of 1 × 106 cells/mL in six-well plates, and treated with
different concentrations of cinobufacini (0, 0.05 or 0.1
mg/mL) for 48 h. Cells were harvested and fixed in
70% ethanol and stored at 4 ℃ overnight. The fixed
cells were centrifuged at 1000 g for 5 min and washed
with cold PBS three times. At last, cells were incubated
with 50 μg/mL propidium iodide (PI) containing 8 μg/
mL RNase in the dark at 37 ℃ for 30 min. The DNA
content of cells was quantified by FCM.
Immunofluorescence staining
HepG2 cells grown on coverslips were treated with 0.1
mg/mL cinobufacini or free medium for 48 h. The actin
filaments in HepG2 cells were visualized by staining with
FITC-phalloidin. Cells in each group were fixed with 4%
paraformaldehyde for 15 min, rinsed three times with
PBS, then treated with 0.2% Triton X-100 for 20 min
at room temperature, and rinsed with PBS three times

MATERIALS AND METHODS
Materials
All reagents used in the experiments were of analytical
g rade. Fetal bovine ser um (FBS), 2.5% tr ypsin,
RPMI-1640 medium, methylthiazolyl tetrazolium (MTT)
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Figure 1 Growth inhibitory effect of cinobufacini on HepG2 cells. Cells were treated with different concentrations (0-0.1 mg/mL) of cinobufacini for 48 h. A:
Changes in morphology observed under a phase microscope; B: Viability of HepG2 cells measured by methylthiazolyl tetrazolium (MTT) assay. The results reveal that
the cytotoxic effect of cinobufacini on HepG2 cells was dose dependent. All studies are representative of at least three independent experiments.

again. The cells were incubated with 1 mmol/L FITCphalloidin for 1 h in the dark at room temperature.
Subsequently, we added 50 mmol/L DAPI to label the
nuclei, for 15 min in the dark at room temperature.
The cells were washed in PBS to remove the unbound
FITC-phalloidin and DAPI. Finally, the cytoskeletal and
nuclear morphology was imaged by LSCM (LSCM510
Meta Duo Scan; Carl Zeiss, Jena, Germany).

RESULTS
Effect of cinobufacini on HepG2 cell viability
HepG2 cells were treated with different concentration
of cinobufacini for 48 h. Under the inverted microscope
(Figure 1A), the cells in the control group were closely
arranged and well adherent in large numbers. After
treatment with different concentrations of cinobufacini
(0, 0.01, 0.05 or 0.10 mg/mL), the cells became round
and had poor adherence, and were fewer in number,
especially at a high concentration of cinobufacini.
As shown in Figure 1B, MTT assay showed that
proliferation of HepG2 cells was significantly inhibited.
With the concentration of cinobufacini increasing, the
cell viability decreased from 74.9% ± 2.7% to 49.41%
± 2.2% and 39.24% ± 2.1%, which suggested that the
inhibitory effect of cinobufacini on HepG2 cell viability
was dose-dependent (P < 0.05).

Single cell AFM measurement
HepG2 cells were seeded on the slide and treated with
different concentrations of cinobufacini (0, 0.05 or 0.1
mg/mL) for 48 h at 37 ℃ in 5% CO2. The cells were
fixed with 4% paraformaldehyde for 15 min, washed
three times with PBS, and air dried at room temperature.
An atomic force microscope (Autoprobe CP Research,
Veeco, CA, United States) was used in the contact mode
to obtain topographic images. The silicon nitride tips
(UL20B; Park Scientific Instruments) used in all AFM
measurements were irradiated with UV in air for 15
min, to remove any organic contaminants prior to use.
The curvature radius of the tips was < 10 nm, with a
force constant set at 2.8 N/m and oscillation frequency
set at 255 kHz. The prepared samples were placed on
the XY scanning station of AFM, and > 5 cells were
measured. The acquired images were only processed with
the instrument-equipped software (Image Processing
Software Version 2.1, IP 2.1) to eliminate low-frequency
background noise in the scanning direction.

Effect of cinobufacini on cell cycle distribution of HepG2
cells
After treatment with cinobufacini at different concentrations
for 48 h, cell cycle distribution of HepG2 cells was
analyzed by FCM through PI staining. Figure 2 shows
that the percentage of HepG2 cells in S phase increased
when the concentration of cinobufacini increased. After
treatment with cinobufacini at a concentration of 0.10
mg/mL, the percentage of cells in S phase increased to
61.60%, which was significantly higher than that in the
control group (23.92%). These results suggested that
cinobufacini caused cell cycle arrest in S phase.

Statistical analysis
All data are presented as mean ± SD from at least
three independent experiments. Statistical analyses were
performed with SPSS version 13.0 software. Comparisons
between groups were performed using two independent
samples t-test; comparisons between multiple groups were
tested by one-way analysis of variance; and comparison
between any group using the Student-Newman-Keuls
test. A P-value < 0.05 was considered statistically
significant.
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Alterations in cytoskeleton and nuclei
The cytoskeleton plays an important role in cell morphology,
movement, and even apoptosis[2]. Actin microfilaments are
important constituents of the cytoskeleton. To observe
the organization of the cytoskeleton, actin was stained
by FITC-phalloidin and imaged by LSCM. The cells
in the control group were rich in actin with regular,
parallel organization (Figure 3A). After treatment with
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Figure 2 Cell cycle distribution of HepG2 cells analyzed by flow cytometry. Cells were incubated with cinobufacini (0, 0.05 or 0.1 mg/mL) for 48 h. Cell cycle was
arrested at S phase.

A

B

C

50 μm

D

50 μm

E

50 μm

50 μm

F

50 μm

50 μm

Figure 3 Morphology of the cytoskeleton and nuclei in HepG2 cells before (A-C) and after (D-F) treatment with cinobufacini. The cytoskeleton and nuclei
were stained with rhodamine-phalloidin and DAPI. (C) and (F) were merged images of (A, B) and (D, E). White arrow: Fragmented nuclei.

Changes in cell morphology
AFM was used for cell imaging and observing various
changes in surface morphology and ultrastructure of
HepG2 cells after treatment with different concentrations
of cinobufacini. HepG2 cells in the control group
were fusiform in shape (Figure 4A). The ultrastructure
of the cell surface was homogeneous and displayed
granular morphology, with uniform particles, and the
cell membrane was relatively smooth with intact and

cinobufacini, actin assembly changed dramatically. It
became disordered with fewer filaments in the cells (Figure
3D). We used DAPI to stain the cell nuclei. The nuclear
morphology of control HepG2 cells was intact and plump
(Figure 3B). After treatment with cinobufacini for 48 h,
most of the nuclei shrank, and some of the nuclei were
condensed, but few were fragmented (Figure 3E, white
arrows). Figure 3C and Figure 3F were merged images of
(Figure 3A, B) and (Figure 3D, E).
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Figure 4 Changes in morphology and ultrastructure of HepG2 cells detected by atomic force microscopy. A-C: Control HepG2 cells; D-F: HepG2 cells treated
with 0.05 mg/mL cinobufacini for 48 h; G-I: HepG2 cells treated with 0.1 mg/mL cinobufacini for 48 h; A, D and G: Morphology of HepG2 cells (60 μm × 60 μm); B, E and
H: Ultrastructure images (3 μm × 3 μm) on corresponding cell region indicated by black frame; C, F and I: Corresponding 3D images of ultrastructure in B, E and H. Black
arrows: Some pores in the cell membrane.

plump cells (Figure 4B, C). After treatment with 0.05
mg/mL cinobufacini for 48 h, cell morphology changed
to polygonal (Figure 4D), and the cell surface also
became rougher with particles of different size (Figure
4E, F). As the concentration increased to 0.1 mg/mL,
further changes in cell morphology were seen, and they
appeared to be irregular and even became rounded
(Figure 4G), with some pores in the cell membrane
(Figure 4H, I, black arrows). These results could help
us to acquire more detailed information about the toxic
effect of cinobufacini on the cell membrane.

ultrastructure, we observed that the average size of
surface particles on control HepG2 cells was about 71.5
nm, which increased to 97.0 nm and 142.0 nm for cells
treated with 0.05 mg/mL and 0.1 mg/mL cinobufacini,
respectively (Figure 5A). We detected that peak to valley
roughness (Rp-v), root-mean-square roughness (Rq),
average roughness (Ra) and mean height (mean Ht) of
the cell membrane surface increased with cinobufacini
concentration. As shown in Figure 5B, Rp-v was 55.70
± 14.74, 92.03 ± 12.03 and 174.53 ± 16.56 nm (F =
56.580, P = 0.000); Rq was 7.32 ± 1.69, 11.66 ± 2.79
and 23.35 ± 6.04 nm (F = 14.136, P = 0.000); Ra was 5.72
± 1.07, 9.02 ± 2.15 and 17.82 ± 4.66 nm (F = 13.683, P
= 0.000). Mean Ht was 30.46 ± 4.82, 54.29 ± 9.99 and

Analysis of cell membrane roughness
By measuring and comparing different areas of cellular
WJG|www.wjgnet.com
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Figure 5 Average size of surface particles on control HepG2 cells. A: Histograms of cell membrane particle size distributions of ultrastructure in Figure 4; B:
Statistical analysis of the membrane Rp-v, Rq, Ra and mean Ht of HepG2 cell surface; these values increased as cinobufacini concentration increased (P = 0.000).
The data showed that cinobufacini treatment induced rougher cell membranes.

and is extensively used clinically [4,7] . Clinical data
indicate that total effective rate of cinobufacini against
hepatocarcinoma is 44.4%, and cinobufacini can also
improve quality of life[12]. However, the mechanism of
cinobufacini against hepatocarcinoma has not yet been
identified, and especially little is known about its effect
on membrane morphology and the mechanism involved.
In the present investigation, human HepG2 cells were

91.35 ± 11.05 nm (F = 23.895, P = 0.000). All these
data showed that cinobufacini treatment induced much
rougher cell membranes.

DISCUSSION
As a traditional Chinese antineoplastic drug, cinobufacini
has been proved to be effective against hepatocarcinoma,
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treated with different concentrations of cinobufacini
for 48 h. AFM was used to visualize cell morphology
and membrane ultrastructure, which can show the
surface topography of the cell at the nanometer scale.
Moreover, MTT assay and FCM were used to analyze
cell viability and cell cycle distribution, and LSCM was
used to observe the alterations in the cytoskeleton and
cell nuclei. Our results demonstrated that cinobufacini
could induce cytotoxicity, growth inhibition and S
phase arrest in HepG2 cells, which were associated with
prominent alterations in cell membrane ultrastructure
and cytoskeleton.
MTT assay showed that cinobufacini significantly
inhibited the viability of HepG2 cells in a dose-dependent
manner. Interruption of the tumor cell cycle so as to
inhibit cell growth is the main mechanism of current
antineoplastic drugs[13]. Cells are damaged by anti-cancer
drugs at different phases of the cell cycle: G1 (growth
and preparation of the chromosomes), S (synthesis of
DNA), G2 (preparation to divide), and M (cell division).
Our study showed that cinobufacini could induce cell
cycle arrest at S phase. This observation is consistent with
previous studies that showed cinobufacini-induced arrest
of several types of human cancer cells in S phase[2,13].
S phase arrest implies that the effects of cinobufacini
involve disruption of DNA synthesis and replication,
which lead to in inhibition of cell proliferation.
For further investigation of the inhibitory effect of
cinobufacini, we observed the alterations in cytoskeleton
by staining with FITC-phalloidin and LSCM, and
detected the changes in cell membrane ultrastructure by
AFM. Immunofluorescence images showed the regular
organization of actin filaments in HepG2 cells became
chaotic and significantly reduced after treatment with
cinobufacini, suggesting that cinobufacini disrupts
polymerization of the actin filaments network. It is
well known that the cytoskeleton contains three major
constitutes: actin microfilaments, intermediate filaments,
and microtubules. The cytoskeleton can be remodeled
during the cellular processes, including motility, migration,
adhesion, and proliferation[14]. Besides, the cytoskeletal
network plays vital roles in cell morphology maintenance[2].
It was found that the course of the cell cycle depends on
correct cytoskeletal arrangement[15]. As a result, cinobufacini
can induce cytoskeletal rearrangement. Moreover, to
detect the morphology of cell nuclei, DAPI was used
to stain the cells by binding to double-stranded DNA in
the nuclei. After treatment with cinobufacini for 48 h,
cell nuclei showed shrinkage and chromatin condensation,
but not fragmentation, which implied that the nuclear
damage was less serious than cytoskeletal damage induced
by cinobufacini. Taken together, these data suggest that
cinobufacini inhibits the proliferation of HepG2 cells via
disorganization of the cytoskeleton.
As a nondestructive surface imaging tool, AFM
can obtain images of the cell surface at the nanoscale,
which can provide us with qualitative and quantitative
information on the architecture of cell membranes[10,16].

WJG|www.wjgnet.com

AFM was widely used in cell imaging, especially in
cancer detection[17,18]. It can probe modifications of cell
morphology induced by drugs in the imaging mode[19].
The tapping mode of AFM was used to detect the variety
of changes in surface morphology and ultrastructure
of HepG2 cells treated with different concentrations
of cinobufacini. AFM images revealed that cinobufacini
could damage the cell membrane in a dose-dependent
manner. It appeared to be significant shrinkage and deep
pores in the cell membrane, which were similar to the
signs of apoptosis[20], especially after treatment with 0.1
mg/mL cinobufacini. With AFM at the subcellular level,
we visualized that after treatment with cinobufacini,
particles on the cell membrane were bigger than in
the control group. It has been reported that the visible
protruding particles are clusters of membrane proteins[21],
which means that some biological events have occurred,
such as opening/closing of ion channels, structural
disruption, or changes in the chemical composition
of the outer membrane proteins [22]. Changes in cell
morphology and ultrastructure are closely related to cell
function[23-25]. AFM images provided evidence for the
toxic effects of cinobufacini on HepG2 cell membranes,
which help us to achieve a better understanding of the
mechanism of action of cinobufacini.
In conclusion, the present study demonstrated that
cinobufacini inhibited the viability of HepG2 cells and
arrested the cell cycle at S phase, which were due to the
cytoskeletal destruction and membrane toxicity induced
by cinobufacini. These would be the therapeutic targets
of cinobufacini.
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concentrations of cinobufacini. These findings also suggest apoptotic cell death.

13

REFERENCES
1

2

3

4

5

6

7

8
9

10

11
12

14

Qi FH, Li AY, Lv H, Zhao L, Li JJ, Gao B, Tang W. Apoptosisinducing effect of cinobufacini, Bufo bufo gargarizans Cantor
skin extract, on human hepatoma cell line BEL-7402. Drug
Discov Ther 2008; 2: 339-343 [PMID: 22504743]
Ma L, Song B, Jin H, Pi J, Liu L, Jiang J, Cai J. Cinobufacini
induced MDA-MB-231 cell apoptosis-associated cell cycle
arrest and cytoskeleton function. Bioorg Med Chem Lett 2012; 22:
1459-1463 [PMID: 22225634 DOI: 10.1016/j.bmcl.2011.11.095]
Wang JY, Chen L, Zheng Z, Wang Q, Guo J, Xu L. Cinobufocini
inhibits NF-κB and COX-2 activation induced by TNF-α in lung
adenocarcinoma cells. Oncol Rep 2012; 27: 1619-1624 [PMID:
22267101 DOI: 10.3892/or.2012.1647]
Xie RF, Li ZC, Gao B, Shi ZN, Zhou X. Bufothionine, a
possible effective component in cinobufocini injection for
hepatocellular carcinoma. J Ethnopharmacol 2012; 141: 692-700
[PMID: 22210051 DOI: 10.1016/j.jep.2011.12.018]
Qin TJ, Zhao XH, Yun J, Zhang LX, Ruan ZP, Pan BR.
Efficacy and safety of gemcitabine-oxaliplatin combined with
huachansu in patients with advanced gallbladder carcinoma.
World J Gastroenterol 2008; 14: 5210-5216 [PMID: 18777599]
Qi F, Li A, Zhao L, Xu H, Inagaki Y, Wang D, Cui X, Gao B,
Kokudo N, Nakata M, Tang W. Cinobufacini, an aqueous
extract from Bufo bufo gargarizans Cantor, induces apoptosis
through a mitochondria-mediated pathway in human
hepatocellular carcinoma cells. J Ethnopharmacol 2010; 128:
654-661 [PMID: 20193751 DOI: 10.1016/j.jep.2010.02.022]
Meng Z, Yang P, Shen Y, Bei W, Zhang Y, Ge Y, Newman
RA, Cohen L, Liu L, Thornton B, Chang DZ, Liao Z, Kurzrock
R. Pilot study of huachansu in patients with hepatocellular
carcinoma, nonsmall-cell lung cancer, or pancreatic cancer.
Cancer 2009; 115: 5309-5318 [PMID: 19701908 DOI: 10.1002/
cncr.24602]
Müller DJ, Dufrêne YF. Atomic force microscopy: a nanoscopic
window on the cell surface. Trends Cell Biol 2011; 21: 461-469
[PMID: 21664134 DOI: 10.1016/j.tcb.2011.04.008]
Kim KS, Cho CH, Park EK, Jung MH, Yoon KS, Park HK. AFMdetected apoptotic changes in morphology and biophysical
property caused by paclitaxel in Ishikawa and HeLa cells. PLoS
One 2012; 7: e30066 [PMID: 22272274 DOI: 10.1371/journal.
pone.0030066]
Pi J, Jin H, Liu R, Song B, Wu Q, Liu L, Jiang J, Yang F, Cai H,
Cai J. Pathway of cytotoxicity induced by folic acid modified
selenium nanoparticles in MCF-7 cells. Appl Microbiol
Biotechnol 2013; 97: 1051-1062 [PMID: 22945264 DOI: 10.1007/
s00253-012-4359-7]
Ji XL, Ma YM, Yin T, Shen MS, Xu X, Guan W. Application of
atomic force microscopy in blood research. World J Gastroenterol
2005; 11: 1709-1711 [PMID: 15786556]
Sun Y, Lu XX, Liang XM, Cui XN. The impact of Cinobufacini
injection on proliferation and apoptosis of human hepatoma
HepG-2 cells. Zhongde Linchuang Zhongliu Zazhi 2011; 10:
27-30

15

16

17

18
19

20

21

22

23

24

25

Sun Y, Lu XX, Liang XM, Cui XN. Impact of Cinobufacini
injection on proliferation and cell cycle of human hepatoma
HepG-2 cells. Zhongde Linchuang Zhongliu Zazhi 2011; 10:
321-324
Jin H, Pi J, Huang X, Huang F, Shao W, Li S, Chen Y, Cai
J. BMP2 promotes migration and invasion of breast cancer
cells via cytoskeletal reorganization and adhesion decrease:
an AFM investigation. Appl Microbiol Biotechnol 2012; 93:
1715-1723 [PMID: 22270235 DOI: 10.1007/s00253-011-3865-3]
Jiang J, Jin H, Liu L, Pi J, Yang F, Cai J. Curcumin disturbed
cell-cycle distribution of HepG2 cells via cytoskeletal
arrangement. Scanning 2013; 35: 253-260 [PMID: 23070725 DOI:
10.1002/sca.21058]
Shao W, Jin H, Huang J, Qiu B, Xia R, Deng Z, Cai J, Chen
Y. AFM investigation on Ox-LDL-induced changes in cell
spreading and cell-surface adhesion property of endothelial
cells. Scanning 2013; 35: 119-126 [PMID: 22833475 DOI: 10.1002/
sca.21040]
Wang J, Wan Z, Liu W, Li L, Ren L, Wang X, Sun P, Ren
L, Zhao H, Tu Q, Zhang Z, Song N, Zhang L. Atomic force
microscope study of tumor cell membranes following
treatment with anti-cancer drugs. Biosens Bioelectron 2009; 25:
721-727 [PMID: 19734031 DOI: 10.1016/j.bios.2009.08.011]
Lekka M, Laidler P. Applicability of AFM in cancer detection.
Nat Nanotechnol 2009; 4: 72; author reply 72-73 [PMID:
19197298 DOI: 10.1038/nnano.2009.004]
Pillet F, Chopinet L, Formosa C, Dague E. Atomic Force
Microscopy and pharmacology: from microbiology to
cancerology. Biochim Biophys Acta 2014; 1840: 1028-1050
[PMID: 24291690 DOI: 10.1016/j.bbagen.2013.11.019]
Jin H, Zhong X, Wang Z, Huang X, Ye H, Ma S, Chen Y, Cai J.
Sonodynamic effects of hematoporphyrin monomethyl ether
on CNE-2 cells detected by atomic force microscopy. J Cell
Biochem 2011; 112: 169-178 [PMID: 21053362 DOI: 10.1002/
jcb.22912]
Le Grimellec C, Lesniewska E, Giocondi MC, Finot E, Vié V,
Goudonnet JP. Imaging of the surface of living cells by lowforce contact-mode atomic force microscopy. Biophys J 1998;
75: 695-703 [PMID: 9675171]
Wang M, Ruan Y, Chen Q, Li S, Wang Q, Cai J. Curcumin
induced HepG2 cell apoptosis-associated mitochondrial
membrane potential and intracellular free Ca(2+) concentration.
Eur J Pharmacol 2011; 650: 41-47 [PMID: 20883687 DOI: 10.1016/
j.ejphar.2010.09.049]
Ke C, Jin H, Cai J. AFM studied the effect of celastrol on
β1 integrin-mediated HUVEC adhesion and migration.
Scanning 2013; 35: 316-326 [PMID: 23239560 DOI: 10.1002/
sca.21070]
Pan Y, Wu Q, Liu R, Shao M, Pi J, Zhao X, Qin L. Inhibition
effects of gold nanoparticles on proliferation and migration
in hepatic carcinoma-conditioned HUVECs. Bioorg Med
Chem Lett 2014; 24: 679-684 [PMID: 24365157 DOI: 10.1016/
j.bmcl.2013.11.045]
Pan Y, Wu Q, Qin L, Cai J, Du B. Gold nanoparticles inhibit
VEGF165-induced migration and tube formation of endothelial
cells via the Akt pathway. Biomed Res Int 2014; 2014: 418624
[PMID: 24987682 DOI: 10.1155/2014/418624]
P- Reviewer: Doganay L, Li ZF S- Editor: Qi Y
L- Editor: Wang TQ E- Editor: Liu XM

WJG|www.wjgnet.com

861

January 21, 2015|Volume 21|Issue 3|

World J Gastroenterol 2015 January 21; 21(3): 862-867
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v21.i3.862

© 2015 Baishideng Publishing Group Inc. All rights reserved.

ORIGINAL
??????????????
ARTICLE
Basic Study

Experimental infection of Z:ZCLA Mongolian gerbils with
human hepatitis E virus
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hepatitis E patient, and virus pathogenesis was
assessed in this host. Non-infected gerbils served as
the control group. Feces samples from gerbils were
collected weekly for reverse transcription-nested
polymerase chain reaction. Serum anti-HEV IgG and
alanine aminotransferase (ALT) were detected by
enzyme linked immunosorbent assay. At sacrifice, each
animal’s liver, spleen and kidney were collected for
histopathologic examination.
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RESULTS: HEV-infected gerbils showed fatigue,
with histopathological changes observed in the liver,
spleen and kidney. HEV RNA was detected in fecal
samples taken at day 7 after inoculation and the
detectable levels lasted out to day 42 after inoculation.
Interestingly, ALT levels were only moderately increased
in the HEV-infected animals compared with the noninfected control group.
CONCLUSION: Z:ZCLA Mongolian gerbils are susceptible
to human HEV.
Key words: Hepatitis E virus; Mongolian gerbils; Infection;
Interspecies transmission; Zoonosis
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Z:ZCLA Mongolian gerbils were infected with
human hepatitis E virus (HEV). Feces samples from
gerbils were collected weekly for reverse transcriptionnested polymerase chain reaction. Serum anti-HEV
IgG and alanine aminotransferase (ALT) detection was
carried out by enzyme linked immunosorbent assay.
At sacrifice, liver, spleen and kidney were collected
from infected animals and non-infected controls for
histopathologic examination. Detectable HEV RNA in
fecal samples appeared at post-inoculation day 7 and
persisted through day 42. Interestingly, ALT levels
were only moderately increased in infected animals
compared with control animals. These findings indicate

Abstract
AIM: To investigate whether Z:ZCLA Mongolian gerbils
are readily susceptible to infection by human hepatitis
E virus (HEV).
METHODS: Z:ZCLA Mongolian gerbils were infected
with a clinical HEV strain isolated from an acute
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reverse transcription-nested polymerase chain reaction
(RT-nPCR) and directly sequenced to yield the consensus
sequence. The virus sequence showed 99% homology
with the Xinjiang strain D11092 (genotype 1). For virus
preparation, 5 g of the patient’s feces were resuspended
in phosphate-buffered saline (PBS, pH 7.4) containing
0.01% diethyl pyrocarbonate (DEPC), at a proportion
of 10% (w/v). After centrifugation of the suspension
at 12000 × g for 20 min, the resulting supernatant was
filtered sequentially through 0.45 and 0.22 μm filters
before inoculation. The viruses were inoculated into
each gerbil at a minimum viral count of 5.5 × 102/ml
of feces supernatant, as calculated by viral genomic titer
determined by real-time reverse quantitative PCR.

that Z:ZCLA Mongolian gerbils are susceptible to
human HEV.
Hong Y, He ZJ, Tao W, Fu T, Wang YK, Chen Y. Experimental
infection of Z:ZCLA Mongolian gerbils with human hepatitis
E virus. World J Gastroenterol 2015; 21(3): 862-867 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v21/i3/862.
htm DOI: http://dx.doi.org/10.3748/wjg.v21.i3.862

INTRODUCTION
Hepatitis E virus (HEV) infection is a significant public
health problem in many developing countries, causing
large outbreaks of acute hepatitis. It is known that HEV
transmission occurs primarily by the fecal-oral route,
mainly through contaminated drinking water in areas with
poor sanitation. However, hepatitis E has recently been
diagnosed with increasing frequency in industrialized
countries[1], and seroreactivity is observed in 5% to 21%
of asymptomatic individuals[2].
Interestingly, antibodies to HEV have been detected
in a wide range of domestic and feral mammals, and
HEV RNA has been isolated from pig[3-5], deer[6], wild
boar [7], rodents [8-10] and chickens [11]. The prevalence
of HEV-specific antibodies in wild rodents is well
documented[12-15], and HEV was recently isolated from
rats trapped in several cities of industrialized countries[8].
Thus, it is important to assess whether rodents constitute
a potential source of human HEV infection. Wild gerbils,
commonly known as midday jird [Meriones meridianus
(M. meridianus)], have been experimentally infected with
human HEV, and lesions similar to those found in
human hepatitis E patients were observed[16]. However,
M. meridianus is not a breeding species and the animal’
s biological characteristics are unknown. Other studies
have reported the transmission of HEV from swine feces
in southern China to the Mongolian gerbil M. unguiculatus,
which serves as an animal model for a wide range of
diseases[17].
The Z:ZCLA Mongolian gerbil (M. unguiculatus)
is a relatively new laboratory stock, domesticated by
Zhejiang Experimental Animal Center, a branch of our
institution. The animals originated from Inner Mongolia
of China and have been artificially propagated for more
than 30 years. So far, the gerbils have been bred for 46
generations and systematically characterized for basic
biological attributes. The aim of the present study was
to assess whether the Z:ZCLA Mongolian gerbils are
readily susceptible to infection by human HEV.

Animals and infection
Twenty-one specific pathogen-free male Z:ZCLA Mongolian
gerbils with an average body mass of 40 ± 5 g (approximately
5 wk of age) were provided by the Experimental Animal
Center at the Zhejiang Academy of Medical Sciences
(China) and maintained in a pathogen-free animal facility.
Adequate measures were taken to minimize animal
discomfort. All procedures involving animals in this study
were approved by the local committee of Animal Use and
Protection.
Gerbils were divided into two groups, with 14 in the
virus infection group and 7 in the control group. The
day before infection, each gerbil was injected with 6
× 104-8 × 104 units of penicillin intraperitoneally. The
infection group was inoculated intraperitoneally with
100 μL of the virus suspension described above. Gerbils
in the control group were inoculated with 100 μL PBS.
All animals were provided with food and water ad
libitum during the 7-wk study course. Fecal samples were
collected each week post-inoculation and stored at -20 ℃
until use. Two gerbils from the infection group and 1
from the control group were humanely euthanized each
week post-inoculation. Serum was obtained from blood
samples collected weekly and stored at -20 ℃. Liver,
spleen and kidney were fixed in 10% neutral buffered
formalin immediately upon sampling for subsequent
histopathologic examination.
Serologic tests
Serum specimens were assessed for IgG antibodies to HEV
by using a commercial enzyme-linked immunosorbent
assay (ELISA) kit (Wantai Biological Pharmacy Co., Beijing,
China), according to the manufacturer’s instructions. The
absorbance was determined at 450 nm (Multiscan MCC
microplate reader; Titertek Instruments, Huntsville, AL,
United States).
ALT levels were detected in serum samples with an
automated biochemistry analyzer (AU2700 chemistry
immune-analyzer; Olympus, Tokyo, Japan).

MATERIALS AND METHODS
Virus
A clinical strain of HEV was isolated from a fecal sample
of an acute hepatitis E patient (Hangzhou, China). A
221-nt product was amplified from the fecal sample by
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Histopathological studies
For histological studies, fixed tissues (liver, spleen, and
kidney) were dehydrated with increasing concentrations
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- C C G TA AG T G G AC T G G T C ATAC T C - 3 ’ ; t h e
internal forward primer (6323-6345 nt, PCR2) was 5’
- G T C G T C T C AG C C A AT G G C G AG C C - 3 ’ , a n d
the reverse primer (6521-6543 nt, PCR3) was 5’
-GAAAGCCAAAGCACATCATTAGC-3’. The RTnPCR product was expected to be 221 base pairs. The
first round PCR was set up at 94 ℃ for 5 min, followed
by 33 cycles of 94 ℃ for 30 s, 55 ℃ for 30 s and 72 ℃
for 10 min. The second round PCR protocol was the
same as the first one except that the melting temperature
of 57 ℃ was used. The PCR products were assessed by
electrophoresis on 1% agarose gel. A negative control
(water only) was included, and the PCR products were
identified by sequencing to exclude the possibility of
contamination and failure of amplification.

Inoculated group
Control group
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40

30
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Figure 1 Changes in alanine aminotransferase levels after hepatitis E
virus infection. Z:ZCLA Mongolian gerbils showed alanine aminotransferase
(ALT) level changes upon hepatitis E virus infection. The ALT levels were
moderately increased in the inoculated group compared with the control group
at days 14 and 21 post-inoculation. No changes were observed in the control
group.

RESULTS
Clinical evaluation
The HEV-infected gerbils showed fatigue and loose
hair. As expected, no evidence of clinical disease was
observed in the control gerbils.

Table 1 Hepatitis E virus RNA-positive rate in experimental
and control Mongolian gerbils

Serological analysis
Serum specimens were examined using an automatic
biochemical analyzer to determine serum ALT levels. As
shown in Figure 1, ALT levels were moderately increased
in gerbils infected with HEV, compared with control
animals, at days 14 and 21 post-inoculation. Assays were
performed in triplicate and data expressed as mean
± SD. In addition, serum anti-HEV antibodies were
assessed in HEV-inoculated and non-inoculated groups
by ELISA, and no anti-HEV IgG was detected in either
group.

Post-inoculation day
Group
HEVinoculated
Control

0
0/14

7
5/14

14
21
10/12 10/10

28
8/8

35
6/6

42
1/4

49
0/2

0/7

0/7

0/6

0/4

0/3

0/2

0/1

0/5

The viral shedding in feces was detected by reverse transcription-nested
polymerase chain reaction. HEV: Hepatitis E virus.

of ethanol and embedded in paraffin according to
standard laboratory procedures. Tissues were cut into 7
μm sections and stained with hematoxylin and eosin for
histological evaluation. Observation was carried out on
an Olympus CX41 microscope.

Detection of HEV RNA by RT-nPCR
Viral shedding in feces was detected intermittently by
RT-nPCR, beginning at day 7 post-inoculation for all
infected gerbils. Indeed, correct sized PCR products
were detected by electrophoresis on a 1% agarose gel,
which showed a 221 bp DNA fragment (Figure 2). The
fecal excretion of HEV lasted for 42 d post-inoculation.
All data obtained for the 7-wk experimental period are
summarized in Table 1.

RNA extraction and RT-nPCR
Total RNA was extracted from the 10% fecal supernatants.
After centrifugation of the suspensions at 12000 × g
for 15 min, the resulting supernatant was mixed with
10% PEG 6000 (w/v) and 2.3% NaCl (w/v), and
stored at 4 ℃ overnight. The solution was centrifuged
at 12000 × g for 20 min the following day. Total RNA
was extracted from the sediment by the TRIzol reagent
(Invitrogen, Carlsbad, CA, United States), according to
the manufacturer’s instructions, and dissolved in 20 μl
ribonuclease (RNase)-free water. Reverse transcription
was performed using a commercially available Primescript
first-strand cDNA synthesis kit (TaKaRa, Dalian, China)
following the manufacturer’s instructions. The resulting
cDNA was amplified by nested PCR using primers based
on sequences of the open reading frame 2 (5123-7105 nt)
of the Chinese HEV isolate (sites based on L08816.1)[18].
The external forward primer (6272-6294 nt, PCR1)
was 5’-CCGACAGAATTGATTTCGTCGGC-3’
and the reverse primer (6579-6557 nt, PCR4) was 5’
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Histopathologic examination
To determine whether gerbils responded to the HEVcontaining inoculum with histopathologic signs of injury,
tissues (liver, spleen and kidney) from inoculated and
control gerbils were sectioned, stained, and examined
by light microscopy. We observed changes attributable
to inoculation in the liver, spleen and kidney. Hepatic
inflammation and focal hepatocellular necrosis were
observed in inoculated gerbils. In addition, mixed
infiltration of lymphocytes and eosinophils in the portal
tracts was observed (Figure 3A). Enlarged splenocytes
and multiple vacuolar degeneration were observed in
the spleens of inoculated gerbils (Figure 3B). Moreover,
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Figure 2 reverse transcription-nested polymerase chain reaction detection of viral shedding in feces. hepatitis E virus RNA was detected by reverse
transcription-nested polymerase chain reaction (RT-nPCR) in feces from all inoculated gerbils. Lane M: DNA marker; Lanes 1-6 represent experimental time points (in
weeks): the second round PCR products of gerbil feces samples on intermittent days; Lane 7: a negative control containing water.
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Figure 3 Histopathologic changes in the hepatitis E virus-inoculated Mongolian gerbils. A: A representative liver sample showing slight histiocytic hepatitis and
focal accumulation of inflammatory cells surrounding hepatocytes [21 d post-inoculation (DPI)]; B: A representative spleen sample showing ruptured and enlarged
splenocytes with multiple vacuolar degeneration (21 DPI); C: A representative kidney showing disarranged kidney cells with increased infiltrating lymphocytes and
macrophages (35 DPI); D: A representative negative control liver; E: A representative negative control spleen; F: A representative negative control kidney. All tissues
were stained with hematoxylin and eosin. Original magnifications × 400.

HEV IgG[19]. Although some research assays could yield
“false-positive” results, with controversy surrounding
current enzyme immunoassays used for HEV detection[2],
more thorough HEV studies are urgently needed.
HEV infection is described as a disease transmitted
primarily via the fecal-oral route through contaminated
drinking water[20]. In addition, wild or domestic swine
consumption probably plays an important role in the
occurrence of hepatitis E genotype 3 or 4[21,22]. However,
as evidences began to accumulate, recent investigations
suggested the possibility of other modes of transmission.
It was reported that HEV can be transmitted from person
to person[23], despite the fact that HEV presence in stool

increased lymphocyte and macrophage infiltration was
observed in renal tissues after HEV infection (Figure 3C).
Of note, no damage was observed in any tissue from
control animals (Figure 3D-F).

DISCUSSION
Hepatitis E genotype 1 is an infectious agent, which
causes a disease considered to be endemic in developing
countries, due to poor sanitary conditions. However, recent
reports have drawn attention to hepatitis E appearance in
developed countries; the most recent survey showed that
21% of United States’ residents are seropositive for anti-
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of human HEV infection.

is acknowledged as a major source of transmission by
contact exposure to other animals[24]. Because rodents and
humans often share the environment, especially in inner
cities, there is a possibility for rodents to come in contact
with human feces. Therefore, rodents are particularly
interesting as a potential source of human HEV infections.
Currently, the Mongolian gerbil is a used widely model
animal for scientific studies. However, the Z:ZCLA
Mongolian gerbil is a relatively new closed colony, of
which ancestors were obtained in Inner Mongolia of
China by the Zhejiang Experimental Animal Center in
1978. This population has stable biological characteristics,
and lives longer than other Mongolian gerbil populations
in China. Moreover, these animals have been used in
investigations in multiple fields: parasitology, cerebral
hemorrhage, virology, bacteriology, lipometabolism, and
carbohydrate metabolism. The results presented here
suggest that Z:ZCLA Mongolian gerbils are susceptible
to human HEV, as evidenced by clinical signs of HEV
infection, changes in serum ALT levels, fecal viral
shedding, and lesions of organs, including liver, spleen
and kidney. As shown above, fecal virus shedding was
detected at day 7 post-inoculation and lasted for 5 wk.
Similar findings were previously described by Li et al[25],
who detected HEV RNA in fecal excretions obtained
from gerbils inoculated with swine HEV at 3-4 wk postinoculation. With the large number of rodents in large
cities, HEV can be spread easily and for a long time
through rat feces; therefore, the effects of HEV via the
fecal-oral route are difficult to predict.
During the experimental infection course of the
current study, no anti-HEV antibodies were detected in
the inoculated gerbils. Similar to a previous study, in which
Wistar rats were infected with human HEV, seroconversion
could not be detected out to the experiment-end day 35 of
post-inoculation[26]. In another study, gerbils infected with
swine HEV produced anti-HEV antibodies at 49 d after
inoculation, with noticeably lower optical density values
than the positive control[25]. Therefore, the magnitude of
rat viremia might be reduced in comparison to that of
other inoculated mammals.
The results presented here indicate that Z:ZCLA
Mongolian gerbils could be experimentally infected by
human HEV; therefore, this rodent should be considered
a helpful animal model for HEV studies. Specifically, it
might be used to further describe the mechanism of HEV
interspecies transmission. In addition, rodent control in
inner cities may help prevent HEV transmission.

Research frontiers

HEV infection is known as a disease transmitted primarily via the fecal-oral
route through contaminated drinking water. However, recent investigations
have suggested the possibility of other modes of transmission. It was reported
that HEV can be transmitted from person to person despite the fact that HEV
presence in stool is a major source of transmission by contact exposure to
other animals. Because rodents and humans often share the environment,
especially in inner cities, rodents could come in contact with human feces
easily. Therefore, rodents are particularly interesting as a potential source of
human HEV infections.

Innovations and breakthroughs

It has been shown that wild gerbils, commonly known as midday jird [Meriones
meridianus (M. meridianus)], can be experimentally infected by human HEV
and present with lesions similar to those found in human hepatitis E patients.
However, M. meridianus is not a breeding species and their biological
characteristics are unknown. Other studies have reported the transmission
of HEV from swine feces to the Mongolian gerbil (Meriones unguiculatus),
which serves as an animal model for a wide range of diseases. The Z:
ZCLA Mongolian gerbil (M. unguiculatus) is a relatively new laboratory stock,
domesticated by the Zhejiang Experimental Animal Center, a branch of our
institution. The animals originated from Inner Mongolia of China, and have
been artificially propagated for more than 30 years. So far, the gerbils have
been bred for 46 generations and their basic biological characteristics have
been systematically described. The aim of the present study was to investigate
whether Z:ZCLA Mongolian gerbils are readily susceptible to infection with
human HEV.

Applications

The study results suggest that Z:ZCLA Mongolian gerbils could be
experimentally infected by human HEV; therefore, M. unguiculatus should be
considered a helpful animal model for HEV studies. Specifically, it can be used
to further describe the mechanism of HEV interspecies transmission.

Terminology

HEV is an emerging pathogen and the most common cause of acute viral
hepatitis worldwide.

Peer review

This manuscript comprises the experimental infection of a novel laboratory
stock of Mongolian gerbils with a clinical strain of human HEV. Apart from the
introduction of an animal model for HEV (interspecies) infection, the authors
raise the question about the influence of rodents on HEV transmission to
humans.
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ORIGINAL ARTICLE
Basic Study

NOB1 is essential for the survival of RKO colorectal cancer
cells
Xiao-Wen He, Tao Feng, Qiao-Ling Yin, Yuan-Wei Jian, Ting Liu
METHODS: Lentivirus-mediated small interfering
RNA (siRNA) was used to inhibit NOB1 expression
in RKO human colorectal cancer cells in vitro and in
vivo in a mouse xenograft model. The in vitro and in
vivo knockdown efficacy was determined using both
Western blot and quantitative reverse transcription
polymerase chain reaction (qRT-PCR). qRT-PCR was
also used to analyze the downstream signals following
NOB1 knockdown. Cell growth and colony formation
assays were used to determine the effect of NOB1
inhibition on RKO proliferation and their ability to
form colonies. Endonuclease activity, as evaluated by
terminal deoxytransferase-mediated dUTP nick end
labeling (TUNEL), and annexin V staining were used to
determine the presence of apoptotic cell death prior to
and following NOB1 inhibition. Cell cycle analysis was
used to determine the effect of NOB1 inhibition on RKO
cell cycle. A cDNA microarray was used to determine
global differential gene expression following NOB1
knockdown.
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RESULTS: Virus-mediated siRNA inhibition of NOB1
resulted in (1) the down-regulation of NOB1 expression
in RKO cells for both the mRNA and protein; (2)
inhibition of NOB1 expression both in vitro and in vivo
experimental systems; (3) cell growth inhibition via
significant induction of cell apoptosis, without alteration
of the cell cycle distribution; and (4) a significant
decrease in the average weight and volume of
xenograft tumors in the NOB1-siRNA group compared
to the control scr-siRNA group (P = 0.001, P < 0.05).
Significantly more apoptosis was detected within
tumors in the NOB1-siRNA group than in the control
group. Microarray analysis detected 2336 genes
potentially regulated by NOB1. Most of these genes are
associated with the WNT, cell proliferation, apoptosis,
fibroblast growth factor, and angiogenesis signaling
pathways, of which BAX and WNT were validated by
qRT-PCR. Among them, 1451 probes, representing 963
unique genes, were upregulated; however, 2308 probes,

Abstract
AIM: To determine the role of NOB1, a regulator of cell
survival in yeast, in human colorectal cancer cells.
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that altered ribosome biogenesis may be associated with
tumorigenesis[15-17].
The human NOB1 gene encodes a putative protein
with a PIN (PilT amino terminus) domain and a zinc
ribbon domain[18]. The yeast Nob1p (Nin one binding
protein) is required for 26S proteasome function and
ribosome biogenesis. Nob1p has an endonucleasecontaining PIN domain responsible for cleavage of
the 20S pre-rRNA at site D generating the mature
18S-rRNA[19-22]. Granneman et al[22] was able to show
the importance of RNA restructuring and protein
remodeling in the 3’ region of the 18S rRNA in the
Nob1p-dependent cleavage at site D. In addition, using
a two-hybrid screen, Nob1p was identified as a protein
interacting with Nin1p/Rpn12p (a subunit of the 19S
RP of the yeast 26S proteasome)[23,24]. The interaction
between Nob1p and 19S RP subunit appears to be
crucial for the maturation of the 20S RP[24]. Thus, the
human NOB1 might also be involved in ribosome
biogenesis and 26S proteasome function in the
nucleus[20], and play an important role in cell growth and
proliferation.
A recent study indicated that NOB1 RNA interference
inhibits human ovarian cancer cell growth through G0/G1
arrest[25]. However, the NOB1 potential role in colorectal
cancer has not been demonstrated. A recent study, using
immunohistochemistry to determine the expression
of NOB1, found that NOB1 was up-regulated in 60
colorectal cancer tissues [26]. RKO, a well-established
poorly differentiated human colon carcinoma cell line
with wild-type p53, is used as the model for studying
NOB1 gene due to the relatively short doubling time and
established genetic profile of the cell line. Lentiviralmediated small interfering RNA (siRNA) was used to
inhibit NOB1 expression and investigate the effects
of NOB1 knockdown on cell proliferation, cell cycle
progression, and apoptosis in RKO. Microarray and
qPCR were used to detect and validate NOB1-targeted
genes and pathways in colorectal cancer. Herein, a
specific downregulation of NOB1 inhibited RKO cell
proliferation by inducing cell apoptosis, but not cell cycle
arrest. Therefore, NOB1 may serve as a therapeutic
target for CRC.

representing 1373 unique genes, were downregulated.
CONCLUSION: NOB1 gene silencing by lentivirusmediated RNA interference can inhibit tumor growth by
inducing apoptosis of cancerous human colorectal cells.
Key words: NOB1; Small RNA interference; Apoptosis;
Colorectal cancer; BAX; WNT
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: NOB1, a critically important regulator in
yeast, is also required for regulation of cell growth and
survival in RKO human colorectal cancer cells. NOB1
knockdown promotes cell apoptosis in both in vitro and
in vivo model systems. The gene expression profile
suggests the importance of the WNT pathway, cell
proliferation, apoptosis, the fibroblast growth factor,
and angiogenesis signaling pathways in the function of
NOB1.
He XW, Feng T, Yin QL, Jian YW, Liu T. NOB1 is essential
for the survival of RKO colorectal cancer cells. World J
Gastroenterol 2015; 21(3): 868-877 Available from: URL: http://
www.wjgnet.com/1007-9327/full/v21/i3/868.htm DOI: http://
dx.doi.org/10.3748/wjg.v21.i3.868

INTRODUCTION
Colorectal cancer (CRC), one of the most common
malignancies worldwide, and is the result of a multi-step
and multi-mechanistic process. Abnormalities in apoptotic
function have been shown to contribute to both CRC
pathogenesis as well as its resistance to chemotherapeutic
drugs and radiotherapy[1-3]. Understanding the molecular
and cellular mechanisms which contribute to the
carcinogenesis and CRC development could facilitate
diagnosis and treatment of the disease.
The proteasome, a highly selective proteinase
complex, is considered a promising therapeutic target
for CRC treatment[4,5]. The proteasome is required for
the degradation of many endogenous proteins, including
transcriptional factors, cyclins, and tumor suppressors[6-9].
The proteasome 19S regulatory particle (RP) recognizes
and deg rades ubiquitin-marked proteins [10] . The
ubiquitin-proteasome system, one of the most important
intracellular degradative pathways, plays a critical role
in the regulation of various cellular processes, such as
cell cycle progression, differentiation, apoptosis, and
angiogenesis[11].
Ribosome biogenesis, a high-energy and essential
process, plays a crucial role in cell growth, proliferation,
and differentiation[12,13]. The rate of ribosomal processing
is highly in tune with extracellular growth signals[14], and
is, therefore, tightly coordinated with cell growth and
proliferation. An emerging line of evidence suggests

WJG|www.wjgnet.com

MATERIALS AND METHODS
Reagents and antibodies
RPMI 1640, fetal bovine serum (FBS), Trizol Reagent,
and Lipofectamine 2000 were purchased from Invitrogen
(Carlsbad, CA, United States). Propidium iodide (PI)
was obtained from Sigma-Aldrich (St. Louis, MO,
United States). RNase A was from MBI Fermentas (St.
Leon-Rot, Germany). The Annexin V-APC Apoptosis
Detection Kit was acquired from eBioscience (San Diego,
CA, United States). The bicinchoninic acid (BCA) protein
assay was purchased from HyClone-Pierce (South Logan,
UT, United States). M-MLV Reverse Transcriptase was
bought from Promega (Madison, WI, United States).
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Oligo-dT was procured from Sangon Biotech (Shanghai,
China). SYBR Green Master Mixture was purchased from
Takara (Otsu, Japan). pGCSIL-green fluorescent protein
(GFP), vector and virion-packaging elements (pHelper
1.0 and pHelper 2.0) were obtained from Genechem
(Shanghai, China). Rabbit anti-NOB1 polyclonal
antibody was bought from either Abcam (Cambridge,
MA, United States) or ProteinTech Group (Chicago, IL,
United States). Mouse anti-glyceraldehyde-3-phosphate
dehydrogenase (GAPDH), goat anti-rabbit IgG, and goat
anti-mouse IgG were from Santa Cruz Biotechnology
(Santa Cruz, CA, United States). All other chemicals were
of analytical grade.

Table 1 Primers used in this study
Genes
GAPDH-F
GAPDH-R
NOB1-F
NOB1-R
BAX-F
BAX-R
WNT7B-F
WNT7B-R

Sequence

Length (bp)

TGACTTCAACAGCGACACCCA
CACCCTGTTGCTGTAGCCAAA
ATCTGCCCTACAAGCCTAAAC
TCCTCCTCCTCCTCCTCAC
TGCTTCAGGGTTTCATCCA
GGCCTTGAGCACCAGTTT
TCCACTGGTGCTGCTTCG
GTCACGGGTGCTGTTCTGC

121
184
296
300

GAPDH: Glyceraldehyde-3-phosphate dehydrogenase.

oligo-dT primer using M-MLV. The quantitative reverse
transcription polymerase chain reaction (qRT-PCR)
was performed using SYBR Green Master Mixture
and analyzed on the TAKARA TP800-Thermal Cycler
Dice™ Real-Time System. The qRT-PCR primers of
each gene are listed in Table 1. The thermal cycling
conditions were 15 s at 95 ℃, 45 cycles of 5 s at 95 ℃,
and 30 s at 60 ℃. Data were analyzed with TAKARA
Thermal Dice Real Time System software Ver3.0. Each
reaction was performed with triplicate samples in each
group and analyzed individually relative to GAPDH (a
normalization control), and differential gene expression
was calculated using the 2-ΔΔCt method[28]. Thereafter,
data for mRNA expression levels were expressed as a
fold difference relative to that of negative control cells.

siRNA construction and lentivirus production
Previously described methods, with minimal modifications,
were used to construct siRNA and to produce lentivirus[27].
A 19-nucleotide (CCTGGAGCCAATCTTCAAGAA)
siRNA was designed against the human NOB1 mRNA
(GenBank accession number NM_014062). In the
experiment, siRNA with a scrambled sequence (scr-siRNA;
TTCTCCGAACGTGTCACGT) was used as a negative
control. siRNAs were synthesized and inserted between
the AgeI and EcoRI restriction sites of the pGCSIL-GFP
plasmid. The correct siRNA insertion was confirmed by
restriction mapping and direct DNA sequencing.
Using Lipofectamine 2000, a recombinant lentiviral
vector, pGCSIL-GFP, with pHelper 1.0 [encoding
human immunodeficiency virus (HIV) gag, pol, and rev]
and pHelper 2.0 (encoding for the VSV-G envelope)
was used to co-transfect 293T cells, according to the
manufacturer’s instructions. Infectious lentivirus was
harvested at 48 h post-transfection, centrifuged to
remove cell debris, and then filtered through a 0.45 µm
cellulose acetate filter.
Cell culture and infection
The RKO (human colorectal cancer) cell line, purchased
from the American Type Culture Collection (ATCC,
Manassas, VA, United States), was maintained in RPMI
1640 medium supplemented with 10% FBS, 100 U/mL
penicillin, and 100 μg/mL streptomycin, at 37 ℃ in a 5%
CO2 humidified incubator. RKO cells were subcultured
in 6-well tissue culture plates at a density of 5 × 104
cells/well. Lentivirus infection was conducted at 30% cell
confluency. Lentivirus was added at different MOIs in
serum-free medium at 37 ℃ in 5% humidified CO2. After
24 h, complete medium was added to the cells. More than
90% of the cells were infected at 4 d post-infection as
indicated by the expression of GFP.

Western blot analysis
The infected cells were washed twice with PBS, suspended
in a lysis buffer (2% mercaptoethanol, 20% glycerol,
4% SDS in 100 mmol/L Tris-HCl buffer, pH 6.8), and
placed on ice for 15 min. The suspension was collected
after centrifugation at 12000 g for 15 min at 4 ℃. Protein
concentration was determined by the BCA Protein assay.
From each sample, 30 μg of protein was subjected to
electrophoresis on 10% SDS-polyacrylamide gel and
transferred to a PVDF membrane. TBST (Tris-buffered
saline, 0.1% Tween-20) buffer containing 5% non-fat dry
milk was used to block non-specific binding for 1 h at
room temperature. Membranes were then incubated with
the indicated antibodies overnight at 4 ℃, and washed
three times with TBST. Membranes were incubated
with secondary antibodies conjugated to horseradish
peroxidase for 2 h at room temperature, and washed
three times with TBST. The detected protein signals were
visualized by the ECL Plus Western Blotting Detection
System (Amersham). GAPDH protein levels were used
as a control to verify equal protein loading.

Quantitative reverse transcription polymerase chain
reaction analysis
The total RNA from scr-siRNA and NOB1-siRNA
infected cells was extracted with Trizol reagent according
to the manufacturer’s protocol. The RNA quantity and
purity were determined by UV absorbance spectroscopy.
cDNA was generated by reverse transcription with

Cell growth
Cell growth was assessed using the Cellomics ArrayScan
High Content Screening (HCS) system (Thermo Fisher
Scientific, Pittsburgh, PA, United States). Briefly, RKO
cells infected with lentivirus-mediated NOB1-siRNA
or scr-siRNA were seeded in 96-well plates at a density
of 2 × 103 cells/well and cultured at 37 ℃ in a 5% CO2
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humidified incubator. The infected GFP-expressing cells
were imaged and counted on the Cellomics ArrayScan
HCS Reader once a day for 5 d. The experiment was
performed at least three times, independently. The
growth curves of the infected cells were constructed.

in 0.1 mL of serum-free RPMI 1640 were injected
subcutaneously into the right flank of each nude mouse.
The mice were randomized into three groups (n = 5
each group). After 2 wk, the first group of nude mice
was injected intratumorally with PBS, the second group
with lentivirus-mediated scr-siRNA, and the third group
with lentivirus-NOB1-siRNA. All of the mice were
injected weekly until the completion of experiments.
Tumor growth was monitored weekly and measured in
two dimensions. Tumor volume was calculated using the
V = W2 × L/2 formula, where W and L are the shortest
and longest diameters, respectively. After 5 wk, mice were
killed and the tumors were immediately fixed in formalin
for terminal deoxynucleotidyl transferase mediated dUTP
nick end labeling (TUNEL) analysis.

Colony formation assay
To analyze cell growth, the colony formation analysis was
performed using the Cellomics ArrayScan HCS system.
Briefly, RKO cells infected with lentivirus-mediated
NOB1-siRNA or scr-siRNA were seeded in 96-well
plates at a density of 500 cells/well. Cells were cultured
for 14 d at 37 ℃ in a 5% CO2 humidified incubator.
Culture medium was changed every 3 d. Cell colonies
were imaged and counted using the Cellomics HCS
Reader. The experiment was performed in triplicate.

Terminal deoxytransferase-mediated dUTP nick end
labeling procedure
Apoptosis was detected using the TUNEL in situ apoptosis
detection kit (Roche, Basel, Switzerland) according to
the manufacturer’s instructions. After deparaffinization,
dehydration, and inactivation of intrinsic peroxidase
activity, 20 paraffin sections of each tumor specimen were
incubated with 2 μg/mL proteinase K at 37 ℃ for 15
min. Afterward, the sections were treated with terminal
deoxynucleotidyl transferase and biotinylated dUTP.
The reaction was stopped with TB buffer (30 mmol/L
sodium chloride, 30 mmol/L sodium citrate), followed by
microscopic observation of the samples. The controls for
the TUNEL procedure were treated in the same manner
as the test samples except dH2O was used instead of
using TdT enzyme in both kits. No labeling was found in
the controls.

Cell cycle distribution analysis
The cell cycle distribution was determined by DNA
staining with propidium iodide (PI) and flow cytometric
analysis[29]. In summary, RKO cells seeded in 6 cm culture
dishes were infected with lentivirus-mediated NOB1siRNA or scr-siRNA for 6 d. After infection, the cells
were trypsinized, washed with PBS, and fixed in 70%
ethanol for at least 1 h at 4 ℃. After two washing steps
in cold PBS, the cells were resuspended in 1 mL of PBS
containing 100 μg/mL RNase A and 50 μg/mL PI, and
incubated for 30 min in the dark at room temperature.
The percentages of cells in different phases of cell cycle
were measured with the Becton Dickinson FACSCalibur
flow cytometer using dedicated software. The experiment
was repeated three times.
Annexin V apoptosis assay
Annexin V-APC (apoptosis detection kit) was used
to detect apoptosis as described by the manufacturer.
Briefly, RKO cells seeded in 6-well culture plates were
infected with lentivirus-mediated NOB1-siRNA or
scr-siRNA for 7 d. After infection, attached cells were
trypsinized, washed with PBS, and centrifuged. The cells
were washed with 1 × binding buffer, centrifuged, and
resuspended in 1 mL 1 × staining buffer. To 100 μL
of cell suspension, prepared as described above, 5 μL
Annexin V-APC was added, followed by a gentle vortex,
and 10 min incubation at room temperature in the dark.
Data acquisition and analysis were performed by the
Becton Dickinson FACSCalibur flow cytometer using
dedicated software. The experiment was repeated three
times.

Microarray analysis
The scr-siRNA and NOB1-siRNA infected RKO cell
gene expression profiles were obtained and compared
using the Agilent Human Gene Expression 4 × 44K
v2 Microarray kit (Agilent Technologies, Santa Clara,
CA, United States). The microarrays were performed
following the manufacturer’s protocol. Briefly, the total
RNA was extracted using Trizol and further purified with
the Qiagen RNeasy kit (Valencia, CA, United States).
RNA quantity, quality, and size distribution were checked
by the Nanodrop 2000C (A260/A280) and Agilent 2100
Bioanalyzer system (Agilent Technologies, Santa Clara,
CA, United States). cDNA was generated by reverse
transcription using 0.2 µg of the total RNA. Cy3-CTPlabeled cRNA was synthesized by in vitro transcription
(IVT), which was purified by Qiagen RNeasy kit and
hybridized to the Agilent Whole Human Genome Oligo
Microarrays 4 × 44K. After hybridization, the array was
washed and processed using an Agilent DNA microarray
scanner (Agilent Technologies). Agilent Feature
Extraction Software (FES) was used to read and process
the microarray image files. Genespring was employed
to determine feature intensities and ratios (including
background subtraction and normalization). Genes

In vivo xenograft tumor model
This animal experiment was approved by the Shanghai
Laboratory Animal Ethics Committee. Four to five
week old female nude mice were purchased from the
Shanghai Laboratory Animal Center of the Chinese
Academy of Science and were treated according to
the ethics guidelines for animal research. To produce
tumors, using a 24-gauge needle, 1 × 106 RKO cells
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Figure 1 Lentivirus-mediated siRNA decreased NOB1 expression in RKO cells. A: Infection efficiency was estimated 4 d after infection at MOI of 10. Green
fluorescent protein (GFP) expression in infected cells was observed under light and fluorescence microscopy, respectively. Light micrograph (left); Fluorescent
micrograph (right) (× 200); B: Total RNA was extracted 5 d after infection, and relative NOB1 mRNA expression was determined by qRT-PCR. GAPDH expression
was used as a loading control. Data are presented as mean ± SD of three independent experiments. aP < 0.05 vs scr-siRNA; C: Total cellular protein was extracted 7
d after infection and determined by western blot analysis using antibodies against NOB1. GAPDH was used as an internal control. MOI: Multiplicity of infection; GFP:
Green fluorescent protein; GAPDH: Glyceraldehyde-3-phosphate dehydrogenase.

with ratios > 2 or < 0.5 were considered differentially
expressed. The KEGG pathway and Gene Ontology
(GO) enrichment analyses, for differentially expressed
genes, were performed using the NIH gene annotation
software, DAVID[30]. Heat maps were presented using
Cluster 3.0 and the Tree View software[31].

Figure 1B). Western blot analysis, performed 7 d after
infection, showed a significant decrease in NOB1 protein
expression in NOB1-siRNA infected RKO cells, as
compared to the scr-siRNA infected cells (Figure 1C).
Effects of NOB1 knockdown on cell growth in RKO cells
The effects of NOB1 knockdown on cell function, cell
growth, and colony formation were assessed using the
Cellomics ArrayScan™ HCS system. As shown in Figure
2A, the GFP-expressing infected cells were counted once
a day for 5 d. NOB1-siRNA inhibited cell proliferation
in a time-dependent manner. After 5 d of infection,
the number of NOB1-siRNA-infected RKO cells was
reduced by 92.8% as compared with scr-siRNA infected
cells (P < 0.05). Furthermore, NOB1-siRNA infected
cells exhibited significant attenuation in the ability to
form colonies. After 14 d of infection, the number of
cell colonies in NOB1-siRNA infected RKO cells was
reduced by 89.7%, as compared with scr-siRNA infected
cells (P < 0.05, Figure 2B).

Statistical analysis
Statistical analysis was performed using SPSS software
version 10.0 (SPSS Inc, Chicago, IL, United States).
Data were expressed as the mean of at least three
different experiments ± SD. The statistical difference was
evaluated using the χ 2 test and Student’s t test. Statistically
significant differences were defined as P < 0.05.

RESULTS
Downregulation of NOB1 expression by lentivirusmediated NOB1-siRNA in RKO cells
The efficiency of lentiviral infection of RKO cells was
determined through microscopic examination of GFP
expression at an MOI of 10 on day 4 after infection
(Figure 1A). More than 90% of RKO cells were infected.
qRT-PCR and Western blot examination of the
effect of lentivirus-mediated NOB1-siRNA infection
on the silencing of NOB1 expression showed a 60.9%
reduction in NOB1 mRNA expression after 5 d of
infection compared to scr-siRNA infection (P < 0.05,
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Effects of NOB1 knockdown on cell cycle progression
and apoptosis in RKO cells
The effects of NOB1 knockdown on cell cycle progression
and apoptosis in RKO cells were examined in an effort to
further explore the reason for cell growth reduction. As
shown in Figure 3A, there were no significant differences
in cell cycle progression, including G0/G1, S, and G2/M
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Figure 2 Effect of NOB1 knockdown on cell growth in RKO cells. A: The
infected cells expressing GFP were imaged and counted using the Cellomics
ArrayScanTM High Content Screening (HCS) Reader once a day for 5 d. Cell
growth curves in scr-siRNA and NOB1-siRNA infected RKO cells are shown; B:
Cell growth was detected by the colony formation assay in RKO cells 14 d after
infection of scr-siRNA and NOB1-siRNA cells. RKO cells were seeded at 500
cells/well and allowed to form colonies. Cell colonies were imaged and counted
using the Cellomics ArrayScanTM HCS Reader. Data are presented as mean ±
SD of three independent experiments. aP < 0.05 vs scr-siRNA. scr-siRNA: Cells
infected with lentivirus-mediated scramble small interfering RNA; NOB1-siRNA:
Cells infected with lentivirus-mediated NOB1-siRNA; GFP: Green fluorescent
protein; qRT-PCR: Quantitative reverse transcription polymerase chain reaction.

NOB1-siRNA

Figure 3 Effects of NOB1 downregulation on cell cycle progression and
apoptosis in RKO cells. A: Cell cycle distribution was determined by flow
cytometric analysis at day 6 of infection; B: Flow cytometric analysis of cell
apoptosis was performed on day 7 of infection. Data are presented as mean ±
SD of three independent experiments. aP < 0.05 vs scr-siRNA. scr-siRNA: Cells
infected with lentivirus-mediated scramble small interfering RNA; NOB1-siRNA:
Cells infected with lentivirus-mediated NOB1-siRNA.

siRNA also induced extensive cell death as detected by
TUNEL assay (Figure 4B, C). After 2 wk the xenograft
tumor began to grow; and at week 5 after injection, the
xenograft tumor size was as follows (means ± SE): 910 ±
180 mm3 in the PBS control group, 870 ± 1650 mm3 in
the scr-siRNA group, and 405 ± 102 mm3 in the NOB1siRNA group (Figures 4D, E, and F). ANOVA analysis
revealed that the inhibitory effect of NOB1-siRNA
infection was significant compared with scr-siRNA or
PBS injections (P < 0.05). Compared with the starting
volume, there was a significant retardation of tumor
growth in xenograft mice treated with NOB1-siRNA.

phases, between the cells infected with NOB1-siRNA or
scr-siRNA.
NOB1 knockdown resulted in a marked increase in
cell apoptosis (Figure 3B). The percentage of apoptotic
cells was 63.2% ± 4.2% in NOB1-siRNA infected
RKO cells, and 10.9% ± 0.2% in scr-siRNA infected
RKO cells (P < 0.05). To validate the current finding in
another colon cancer cell line, HCT116 cells were also
infected with NOB1-siRNA and resulted in efficient
NOB1 knockdown (Figure 1A). Flow cytometry analysis
of cell death revealed that NOB1 knockdown induced
significant apoptosis in HCT116 cells (Figure 1B).

Microarray analysis identified genes and pathways
potentially targeted by NOB1
To determine the NOB1-targeted genes and -pathways in
colorectal cancer, the total RNA was extracted from scrsiRNA and NOB1-siRNA infected RKO cells, and was
hybridized on the Human Gene Expression 4 × 44K v2
Microarray chip containing 41093 probes, representing
27958 Entrez genes. Among them, 2336 genes with ratio
> 2 or < 0.5 were defined as differentially expressed
genes and potential NOB1 targets. In an indirect way,

Effects of NOB1 knockdown on tumor growth and cell
survival in the xenograft mouse model
The effect of lentivirus-mediated Nob1-siRNA on tumor
growth in the xenograft mouse model was examined.
Western blot showed a reduction in NOB1 expression
in xenograft tissue (Figure 4A). Furthermore, NOB1-
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NOB1 potentially upregulated 1451 probes representing
963 unique genes. There were also 2308 downregulated
probes, representing 1373 unique genes, which may
possibly be regulated by NOB1 directly.
NIH DAVID enrichment analysis of 2336 differentially
expressed genes demonstrated NOB1 targeting KEGG
pathways in cancer [P = 0.001, false discovery rate (FDR)
= 1.23%]. With a total of 328 genes in cancer pathways,
56 genes are potentially targeted by NOB1 (Figure 5).
Gene Ontology analysis indicated that these 56 genes are
found in the WNT, cell proliferation, apoptosis, fibroblast
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growth factor (FGF), and angiogenesis signaling pathways
(Table 2). The expressions of WNT7B and BAX were
validated by qRT-PCR (Figure 6), which was consistent
with microarray data.

DISCUSSION
There has been little research conducted in order to
understand the role of human NOB1 gene in colorectal
cancer development and treatment. In an effort to
expand our understanding, we employed lentiviral-
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Table 2 Gene Ontology enrichment analysis showing NOB1-targeted pathways and genes involved in cancer development
Gene ontology

Genes

P value

Fold enrichment

FDR

WNT pathway
Proliferation

WNT4, WNT7B, WNT5B, MITF, LEF1, WNT9A, TCF7L1, WNT8B, APC
PRKCA, CEBPA, FGFR3, IL-8, FGF9, MITF, TGFBR2, EGLN3, NFKBIA, CDKN1A, CASP3, BAX,
VEGFA, FGF1, EGF, APC
PRKCA, TRAF1, MITF, MLH1, NFKBIA, FADD, BIRC3, DAPK3, CDKN1A, CASP3, NTRK1, BAX,
VEGFA, FAS, TRAF4, APC
FGF5, FGFR3, FGF9, FGF16, FGF1
IL-8, EPAS1, FGF9, VEGFA, TGFBR2, EGF, FGF1

4.32 × 10-8
2.03 × 10-7

16.9523
5.0931

7.00 × 10-5
3.28 × 10-4

2.67 × 10-7

4.9854

4.33 × 10-4

4.64 × 10-6
2.33 × 10-5

43.1928
11.8488

0.007516
0.037727

Apoptosis
FGF pathway
Angiogenesis

A

2.5

Relative mRNA level (BAX/GAPDH)

FDR: False discovery rate; APC: Adenomatous polyposis coli; IL: Interleukin; VEGFA: Vascular endothelial growth factor A; FGF: Fibroblast growth factor;
TGF: Transforming growth factor.
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Figure 6 Quantitative reverse transcription polymerase chain reaction demonstrated NOB1-siRNA up-regulating BAX and down-regulating WNT7B mRNA
in RKO cells. GAPDH expression was used as a loading control. Data are presented by the mean ± SD of three independent experiments. aP < 0.05 vs scr-siRNA;
scr-siRNA: Cells infected with lentivirus-mediated scramble small interfering RNA; NOB1-siRNA: Cells infected with lentivirus-mediated NOB1-siRNA.

mediated siRNA to inhibit NOB1 expression in RKO
human colorectal cancer cells. The efficiency of lentiviral
infection in RKO cells was more than 90% at an MOI of
10 on day 4 after infection. The NOB1-siRNA infection
effectively reduced the expression of NOB1 in RKO
cells, which was confirmed by qRT-PCR and Western
blot analysis.
Carcinogenesis upsets the normal balance between
cell proliferation and cell death[32]. Our results showed a
significant inhibition of RKO cell growth as a result of
NOB1 knockdown (Figure 2). The inhibition seemed
to be due to induction of cell apoptosis, but not cell
cycle arrest, in RKO cells (Figure 3). Furthermore, this
phenomenon was validated in HCT116 cells, a p53
null cell line, suggesting that NOB1 is required for the
survival of various colon cancer cells and its function is
independent of p53. Given that RKO is a p53-positive cell
line, our results suggest that apoptosis induced by NOB1knockdown is p53 independent. The greatest apoptosisinducing effect occurred 7 d after NOB1-siRNA infection.
At 4 d after infection, the cell morphology looked largely
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normal, which could be explained by the relatively long
half-life of NOB1 protein. Although, the most efficient
NOB1 knockdown occurred on day 7, mRNA was
markedly reduced on day 5 after infection. To explore the
underlying mechanisms, microarray analysis was used to
identify 2336 genes potentially targeted by NOB1. Further
bioinformatic analysis suggested that NOB1 inhibited
colorectal cancer through the oncogenic pathways, such
as the WNT, cell proliferation, apoptosis, FGF, and
angiogenesis signaling pathways. qRT-PCR confirmed that
the expression of WNT7B and BAX were altered when
NOB1 was knocked down.
Nob1p is required for 26S proteasome function,
ribosome biogenesis, and cell viability in yeast [19-24].
Depletion of Nob1p leads to a defect in the processing
of 40S ribosome subunits or small subunits[19]. Specifically,
it results in the accumulation of 20S rRNA, the precursor
of 18S rRNA, which is the primary rRNA component of
the small subunit in yeast. Because Nob1p contains a PIN
domain, it is believed to be the endonuclease responsible
for the site D cleavage producing the mature 18S rRNA[20].
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In addition to the PIN domain, Nob1p also contains a
zinc ribbon domain, a well-known RNA binding domain.
Thus, Nob1p-like proteins may potentially be required for
ribosome biogenesis in other eukaryotes. A report showed
that Nob1p assists in joining of the 20S core particle with
the 19S RP in the nucleus as well as facilitating the 20S
core particle maturation. Furthermore, 26S proteasome
biogenesis is completed upon Nob1p internalization
and degradation by the 26S proteasome[24]. Thus, Nob1p
may also be required for ribosome biogenesis and 26S
proteasome function in other eukaryotes.
The ubiquitin-proteasome pathway is responsible
for most of the intracellular protein degradation [33].
The ribosome is a large protein-RNA complex essential
for protein synthesis, a characteristic of cell viability[34].
Because protein synthesis malfunction and protein
degradation cause cell apoptosis in tumor cells[35-37], the
ubiquitin-proteasome pathway and ribosome biogenesis
have become attractive targets in anticancer drug
development. Due to the potentially important role of the
human NOB1 in 26S proteasome function and ribosome
biogenesis, we presumed that NOB1 knockdown might
induce cell apoptosis. Considering that genes involved
with WNT, apoptosis, FGF and angiogenesis signaling
were altered in microarray profiling, further investigations
should be focused on deciphering the connection
between the role of NOB1 in the ubiquitin-proteasome
pathway and ribosome biogenesis with these signaling/
pathways.
In conclusion, NOB1 expression can be downregulated
specifically and effectively by lentivirus-mediated siRNA.
NOB1 knockdown significantly inhibited RKO cell
growth by inducing cell apoptosis, but not cell cycle
arrest. Furthermore, NOB1 knockdown led to the altered
expression of genes involved in multiple pathways or
cellular functions, such as the WNT, cell proliferation,
apoptosis, FGF, and angiogenesis signaling cascades.
Thus, NOB1 should be considered a potential therapeutic
target for the treatment of CRC.

The role of human NOB1 gene is largely unknown. The authors provide
solid evidence to show the importance of NOB1 in the survival of colorectal
cancer cells. Inhibition of the NOB1 function by siRNA greatly induces cell
apoptosis both in vitro and in vivo. NOB1 seems to be an important and poorly
investigated molecular target in colorectal cancer.
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AIM: To determine the role of Notch1 and Hes1 in
regulating the activation of hepatic stellate cells (HSCs)
and whether Hes1 is regulated by transforming growth
factor (TGF)/bone morphogenetic protein (BMP) signaling.
METHODS: Immunofluorescence staining was used
to detect the expression of desmin, glial fibrillary acidic
protein and the myofibroblastic marker α-smooth
muscle actin (α-SMA) after freshly isolated, normal
rat HSCs had been activated in culture for different
numbers of days (0, 1, 3, 7 and 10 d). The expression
of α-SMA, collagen1α2 (COL1α2), Notch receptors
(Notch1-4), and the Notch target genes Hes1 and Hey1
were analyzed by reverse transcriptase-polymerase
chain reaction. Luciferase reporter assays and Western
blot were used to study the regulation of α-SMA,
COL1α1, COL1α2 and Hes1 by NICD1, Hes1, CA-ALK3,
and CA-ALK5 in HSC-T6 cells. Moreover, the effects of
inhibiting Hes1 function in HSC-T6 cells using a Hes1
decoy were also investigated.
RESULTS: The expression of Notch1 and Hes1 mRNAs
was significantly down-regulated during the culture of
freshly isolated HSCs. In HSC-T6 cells, Notch1 inhibited
the promoter activities of α-SMA, COL1α1 and COL1α2.
On the other hand, Hes1 enhanced the promoter
activities of α-SMA and COL1α2, and this effect could
be blocked by inhibiting Hes1 function with a Hes1
decoy. Furthermore, co-transfection of pcDNA3-CAALK3 (BMP signaling activin receptor-like kinase 3) and
pcDNA3.1-NICD1 further increased the expression of
Hes1 compared with transfection of either vector alone
in HSC-T6 cells, while pcDNA3-CA-ALK5 (TGF-β signaling
activin receptor-like kinase 5) reduced the effect of
NICD1 on Hes1 expression.
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CONCLUSION: Selective interruption of Hes1 or
maintenance of Hes1 at a reasonable level decreases the
promoter activities of α-SMA and COL1α2, and these
conditions may provide an anti-fibrotic strategy against
hepatic fibrosis.

ligands (Jagged1, Jagged2, Delta-like1, Delta-like3, and
Delta-like4) and four Notch receptors (Notch1-4).
Among the Notch target genes are the basic helix-loophelix (bHLH) transcription factors of the Hes (HairyEnhancer of Split) and HERP (Hes-related repressor
protein) families, which function as transcriptional
repressors[9,10].
During hematopoiesis and immune development,
Notch is critical for T/B lineage specification and for the
generation of splenic marginal zone B cells[11,12]. Earlier
research has mainly focused on the interconnections
between Notch and hematopoiesis or immune systemrelated molecules, aiming to find a preferable method to
modulate hematopoiesis or treat immune disorders.
Recently, several studies have implicated Notch
signaling in some human fibrosis diseases, such as renal,
pulmonary and even liver fibrosis[13,14]. Evidence suggests
that TGF-β/BMP signaling, as a key mediator in the
process of HSC activation, has a synergistic effect with
Notch in many cell types, enhancing the expression of
target genes[15,16]. While the Jagged/Notch pathway may
selectively mediate the fibrogenic properties of TGF-β1,
which are essential to promote the production and
deposition of the ECM[17,18], whether Notch signaling
regulates TGF-β/BMP in HSCs remains largely unclear.
We hypothesized that Notch signaling can interact
with TGF- β /BMP signaling and play a role in HSC
activation. To test this hypothesis, we investigated the
relationship between the activation of HSCs and Notch
signaling pathways. Our findings demonstrate a pivotal
role for Notch signaling in this process.

Key words: Hes1; Notch1; TGF-β/BMP; Hepatic stellate
cells; Hepatic fibrosis
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: In our paper, we found that Notch signaling
appears to crosstalk with TGF-β/BMP signaling and coregulates the expression of Hes1 in hepatic stellate cells.
Notch1 may keep Hes1 protein in a reasonable range
due to Hes1 auto-negative feedback, allowing Notch1
to repress the expression of α-SMA and collagen1α2
(COL1α2). Over-expression of Hes1 via transfection,
thus lacking the negative feedback, enhances the
promoter activities of α-smooth muscle actin (α-SMA)
and COL1α2, consistent with the finding when Hes1
is captured by a Hes1-decoy oligodeoxynucleotide.
This may provide an anti-fibrotic strategy against
hepatic fibrosis. Further investigations in the future
on the molecular mechanism by which Hes1 regulates
the expression of α-SMA and COL1α2 should provide
additional support for such an approach.
Zhang K, Zhang YQ, Ai WB, Hu QT, Zhang QJ, Wan LY, Wang
XL, Liu CB, Wu JF. Hes1, an important gene for activation
of hepatic stellate cells, is regulated by Notch1 and TGF-β/
BMP signaling. World J Gastroenterol 2015; 21(3): 878-887
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i3/878.htm DOI: http://dx.doi.org/10.3748/wjg.v21.i3.878

MATERIALS AND METHODS
HSC preparation and HSC-T6 cell line
The use of animals for this study was approved by
the laboratory animal center of China, Three Gorges
University. Primary rat HSCs were isolated using a
previously described method with minor modifications[19].
Freshly isolated, normal rat HSCs were cultured on 6or 24-well plates in low glucose DMEM (Invitrogen)
supplemented with 10% FBS and antibiotics for 0, 1, 3,
7, or 10 d to examine the quiescent, activating, or fully
activated cells. HSC-T6 cells, an immortalized rat HSC
line provided by the institute of liver disease at Shanghai
University of Traditional Chinese Medicine, were cultured
in low glucose DMEM supplemented with 10% FBS.

INTRODUCTION
The activation of hepatic stellate cells (HSCs), a key step in
liver fibrosis, can lead to the development of myofibroblastlike cells and contribute to liver fibrosis [1]. The main
characteristics of the formation of myofibroblast-like cells
are the expression of α-smooth muscle actin (α-SMA) and
extracellular matrix (ECM) proteins, particularly collagen
I[2]. Because of the importance of myofibroblasts in liver
fibrosis, the majority of antifibrotic therapies are designed
to inhibit the formation of myofibroblastic cells[3].
Previous studies have revealed that the transforming
growth factor-β (TGF-β)/bone morphogenetic protein
(BMP) signaling pathway is a pivotal player in the
activation of HSCs [4,5]. TGF- β is a key mediator in
the activation of HSCs[6]. BMPs are also members of
the TGF- β superfamily and are antagonistic against
TGF-β[7].
Notch signaling is an evolutionarily conserved pathway
controlling diverse aspects of development and disease[8].
In mammals, the Notch family contains five Notch

WJG|www.wjgnet.com

Western blot analysis
Cells were lysed in lysis buffer (25 mmol/L Tris-HCl
pH 7.5, 2.5 mmol/L EDTA, 137 mmol/L NaCl, 2.7
mmol/L KCl, 1% sodium deoxycholic acid, 0.1% SDS,
1% TritonX-100, and 2 mmol/L PMSF) and protease
inhibitor cocktail for 30 min at 4 ℃. The cell lysates were
clarified by centrifugation at 12000 rpm for 20 min at
4 ℃, and the supernatants were collected. The protein
concentrations were measured using a BCA Protein
Assay kit (Thermo). An equal amount of protein from
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Table 1 Primers for reverse transcriptase-polymerase chain reaction
Gene
Notch1
Notch2
Notch3
Notch4
hes1
hey1
TGF-b 1
E-cadherin
a -SMA
b -catenin
Bmp7
COL1a 2
GAPDH

Forward primer

Reverse primer

Bp

Accession No.

AGAGCTTTTCCTGTGTCTGTCC
GACTGCCAATACTCGACCTC
CCTCTTTCACCTGTACCTGTCC
CAACTCTGCGAGAACGGTGG
GCCAGCTGATATAATGGA
CTACAGCTCCTCTGATAGTG
GGTGAAACGGAAGCGCATCG
CTCGTGGCTTTGTCAGCA
GTGTGAAGAGGAAGACAG
CTGACAGAGTTGCTCCACTC
CAGAGCATCAACCCCAAGTT
ACCTCAGGGTGTTCAAGGTG
ACCACAGTCCATGCCATCAC

CGGTACAGTCAGGTGTGTTGTT
TTCAGAAGTGAAGTCTCCAG
ACACAGTAGTGGGAGTGGTCCT
TGGAAGGAGCCCAAGGTGTT
TAGGTCATGGCGTTGATC
GAGGCATCGAGTCCTTCAAT
CTTGAATCTCTGCAGGCGCA
GACCCAGTCTCGTTTCTG
TTGGCCTTAGGGTTCAGC
CAGCCCATCAACTGGATAGT
GATGAAGTGAACCAGTGTCT
CGGATTCCAATAGGACCAGA
TCCACCACCCTGTTGCTGTA

414
438
496
443
462
420
364
432
348
342
396
222
480

NM_001105721
NM_024358.1
NM_020087
NM_001002827.1
NM_024360.3
NM_001191845
NM_021578.2
NM_031334.1
NM_031004.2
NM_053357.2
NM_001191856.1
NM_053356
NM_017008.4

each sample was separated by sodium dodecyl sulfatepolyacrylamide gel electrophoresis (SDS-PAGE) and
transferred to a polyvinylidene difluoride membrane.
The membrane was incubated with a mouse monoclonal
anti-α-SMA antibody (1:1000 dilution) (Sigma), a goat
polyclonal anti-Hes1 antibody (1:1000 dilution) (SANTA
CRUZ), a rabbit polyclonal anti-TGF- β (R) antibody
(1:1000 dilution) (SANTA CRUZ), a mouse monoclonal
anti-HA antibody (1:3000 dilution) (Abmart), a mouse
monoclonal anti-c-myc antibody (1:3000 dilution)
(Abmart) or a mouse monoclonal anti-β-actin antibody
(1:3000 dilution) (Sigma) for 24 h at 4 ℃. This primary
antibody incubation was followed by incubation with
HRP-conjugated anti-mouse (1:3000 dilution), antirabbit (1:3000 dilution) or anti-goat (1:12000 dilution)
antibody as the secondary antibody for 1 h at RT.
These membranes were developed using Immobilon
Western Detection Reagents (Millipore) according to the
manufacturer’s instructions. The chemiluminescence on
the membrane was detected using the VersaDoc system
(Bio-Rad). Densitometric analyses of the band intensities
were performed using ImageJ software (version 1.38 ×;
National Institutes of Health).

either a mouse monoclonal anti-α-SMA (1:100) (Sigma),
a mouse monoclonal anti-GFAP (1:250) (Sigma) or a
mouse monoclonal anti-desmin (1:600) (Sigma) antibody
in 3% NCBS. The cells were then incubated with a Cy3conjugated anti-mouse secondary antibody (1:1000)
(NovoGene) for 1 h at 37 ℃. After incubation, the cells
were stained with the nuclear stain 4’,6-diamidino-2phenyl-indole (DAPI). The cells were then examined
under a fluorescence microscope (Nikon, Japan).
Constructs, transfection and luciferase reporter assay
The pcDNA3-CA-ALK3 (BMP signaling activin receptorlike kinase 3) [20] and pcDNA3-CA-ALK5 (TGF- β
signaling activin receptor-like kinase 5)[21] plasmids were
gifts from Professor Miyazono at Tokyo University. The
rat Notch1 intracellular domain (NICD1) and Hes1
cDNA (Hes1) were cloned into the pcDNA3.1(+)
vector. The promoters of α -SMA (pSMA), COL1α 1
(P-COL1α 1), COL1α2 (P-COL1α 2) and Hes1 (P-Hes1)
were cloned into the pGLuc-Basic vector (N8082S, NEB,
United States) for luciferase assays. The HSC-T6 cells were
seeded in a 24- or 6-well plate at 60% confluence. After
24 h, the cells were transfected with different plasmids
using the FuGENE HD Transfection Reagent (Roche)
according to the manufacturer’s instructions. The cells
were lysed after 36 h in culture for Western blot analyses.
For luciferase assays, the supernatants were collected 24
h after transfection, and the assays were performed using
the Gaussia Luciferase Assay Kit (BioLux) according
to the manufacturer’s instructions. The reactions were
examined using a Fluorescence Detector (Brethold).

RNA extraction and reverse transcriptase-polymerase
chain reaction
Total RNA from freshly isolated HSCs or HSC-T6 cells
was extracted using TRIzol reagent (Axygen). The RNA
(2 mg) was reverse transcribed using a Transcriptor First
Strand cDNA Synthesis Kit according to the manufacturer’
s instructions (Fermentas). The primers used in the
polymerase chain reaction (PCR) reactions to detect the
mRNA levels were synthesized by Sangon Biotech (Shanghai,
China) and are described in Table 1.

Synthesis of oligodeoxynucleotides and selection of
sequence targets
The Hes1 oligodeoxynucleotide (ODN) decoy (5’-TTT
CAC GAG TTT TCA CGA GTT T-3’, 5’-AAA CTC
GTG AAA ACT CGT GAA A-3’) and scrambled (Scr)
ODN decoy (5’-TTT ACA GAG TTT TAC AGA GTT
T-3’, 5’- AAA CTC TGT AAA ACT CTG TAA A-3’)
were synthesized by Sangon Biotech (Shanghai, China).
These ODN decoys were annealed overnight while the
temperature decreased from 80 ℃ to 25 ℃. After GLuc

Immunofluorescence analysis
Freshly isolated, normal rat HSCs cultured for varying
lengths of time (1, 3, 7, 10 d) were fixed in phosphate
buffered saline containing 4% paraformaldehyde at
room temperature for 30 min and were then treated
with blocking solution containing 0.1% Triton X-100.
The fixed and blocked cells were incubated for 1 h with
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Figure 1 Characteristics of quiescent and activated hepatic stellate cells. A: Microscopic pictures of freshly isolated hepatic stellate cells (HSCs) after 1, 3, 7
and 10 d of culture; B: The expression of α-smooth muscle actin (α-SMA), desmin and GFAP detected by immunofluorescence staining. Red fluorescence represents
α-SMA in pictures a, b, c, and d; desmin in pictures e, f, g, and h; and GFAP in pictures i, j, k, and l. The cell nuclei were visualized by DAPI (4, 6-diamidino-2phenylindole) staining (blue). C: Expression analysis of collagen1α2, α-SMA, E-cadherin, transforming growth factor-β1 (TGFβ1), bone morphogenetic protein-7
(BMP7), and β-catenin in the cells in (A) measured by RT-PCR. RT-PCR of Gapdh served as a control; D: Analysis of α-SMA, Hes1 and TGF-β (R) by Western
blotting of the cells in (A). The β-actin protein served as a control; E: RT-PCR analysis of Notch receptors (Notch1-4) and the Notch target genes Hes1 and Hey1.
Notably, the data for Hes1 in D and E do not agree with each other.

the expression of the Notch receptors (Notch1-4) and
their target genes Hes1 and Hey1 on different days during
the culture period. The mRNA levels of the Notch1
receptor decreased during culture, while the mRNA
levels of the other Notch receptors (Notch2-4) changed
inconsistently (Figure 1E). The mRNA levels of the
Notch target gene Hes1 decreased, but the protein did not
significantly change (Figure 1D).

reporter plasmids were transfected into HSC-T6 cells
for 12 h, the Hes1 ODN decoy was delivered by Mirus
(Mirus Bio Corporation). The supernatant was collected
for luciferase reporter analysis after 24 h of culture.
Statistical analysis
Data are presented as mean ± SE of several experiments.
The statistical significance was assessed using a twotailed Student’s t-test. P < 0.05 was considered statistically
significant.

Over-expression of Notch1 decreases the expression of
myofibroblastic markers in HSC-T6 cells
To investigate the role of Notch1 on the activation of
HSCs, we examined the effect of over-expression of
Notch1 in the HSC-T6 cell line. After the pcDNA3.1NICD1 was co-transfected with reporter plasmids of
GLuc-pSMA, GLuc-P-COL1α1 or GLuc-P-COL1α2,
respectively, into HSC-T6 for 24 h, the supernatant
was collected for a luciferase reporter assay. The results
revealed that the promoter activities of α-SMA, COL1α1
and COL1α2 were reduced (Figure 2).

RESULTS
Expression of Notch1 and Hes1 is reduced in activated
HSCs
The activation of HSCs can be modeled in vitro by culturing
freshly isolated (quiescent) rodent or human HSCs on plastic
in serum-containing media. Freshly isolated HSCs from
normal rats were cultured for various lengths of time (1, 3,
7 and 10 d), and the results showed that the HSCs lost their
typical lipid droplets and developed into myofibroblast-like
cells during culture (Figure 1A). When various HSC markers
were analyzed by immunofluorescence, the expression of
the HSC marker GFAP had decreased, desmin synthesis
had increased, and the myofibroblast marker α-SMA had
also increased (Figure 1B). To further characterize the
quiescent and activated HSCs, we analyzed the expression
of α-SMA, COL1α2, E-cadherin, TGF-β1, BMP7, and
β-catenin on different days during the culture period (0,
1, 3, 7, and 10 d) by RT-PCR. The results showed that
the mRNA levels of TGF-β1, BMP7 and β-catenin did
not change during the activation of HSCs; the mRNA
levels of E-cadherin, a marker of epithelial-mesenchymal
transition (EMT), decreased, while the mRNA levels of
the hepatic fibrosis-related genes α-SMA and COL1α2
increased (Figure 1C). We also used RT-PCR to analyze

WJG|www.wjgnet.com

Over-expression of Hes1 increases the expression of
myofibroblastic markers in HSC-T6
To determine whether the Notch1 target gene Hes1 is
involved in the activation of HSCs, the pcDNA-Hes1
plasmid was co-transfected with the reporter plasmids
GLuc-pSMA, GLuc-P-COL1α 1 or GLuc-P-COL1α 2
into HSC-T6 cells for 24 h. The supernatant was collected
for luciferase assays. The activities of GLuc-pSMA and
GLuc-P-COL1 α 2 were higher in the pcDNA-Hes1
transfected cells than in the empty vector control cells
(Figure 3A, C), while over-expression of Hes1 did not
alter the activity of the COL1α1 promoter (Figure 3B).
Over-expression of Hes1 also increased the expression of
endogenous α-SMA, as revealed by Western blot analysis
(Figure 3D). Thus, Hes1, a Notch signaling target gene,
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Figure 2 NICD1 suppresses the expression of myofibroblastic markers in hepatic stellate cell-T6 cells. A-C: Luciferase reporter assays for the promoter
activities of α-SMA, COL1α1, COL1α2 in cells transfected with empty plasmid-pcDNA3.1(+) as a control or with pcDNA3.1-NICD1 (aP < 0.05 vs the control group, n
= 8). α-SMA: α-smooth muscle actin; COL1α1: Collagen1α1.
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Figure 3 Over-expression of the Notch target gene Hes1 increases the expression of α-smooth muscle actin and Collagen1α2 in hepatic stellate cell-T6
cells but has no effect on the expression of Collagen1α1. A, C, D: Luciferase reporter assays for the promoter activities of α-SMA, COL1α1 and COL1α2 in
cells transfected with pcDNA-Hes1 or empty plasmid-pcDNA3.1(+) as a control (aP < 0.05, bP < 0.01 vs the control group, n = 8); B: Analysis of α-SMA and Hes1
by Western blot analysis of transfected cells. The β-actin protein served as a control (cP < 0.05 vs all the control groups). α-SMA: α-smooth muscle actin; COL1α1:
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Figure 4 Inhibition of Hes1 transcription factor function by a Hes1 decoy down-regulates the promoter activities of α-smooth muscle actin and
Collagen1α2 in hepatic stellate cell-T6 cells. The promoter activities of α-SMA and col1α2 decreased in cells treated with a Hes1 ODN decoy compared with the
control (SCR) (A, B). (aP < 0.05 vs the control and SCR groups, n = 8). α-SMA: α-smooth muscle actin; ODN: Oligodeoxynucleotide.

has an opposite effect on the activation of HSCs to that
of the Notch1 receptor.

activity of Hes1 was enhanced approximately 5.5-fold
compared with the activity in cells transfected with the
empty plasmid pcDNA3.1 (Figure 5B). At the protein
level, pcDNA3.1-NICD1 also increased the expression
of Hes1 based on Western blot analysis (Figure 5A).
Next, we studied the relationship between the TGF-β/
BMP signaling pathway and Hes1. To investigate
whether the Notch pathway interacts with the TGF-β/
BMP signaling pathway in HSC-T6 cells, a pcDNA3CA-ALK3 (BMP signaling activin receptor-like kinase 3)
expression vector was transfected into HSC-T6 cells, and
the Notch target gene Hes1 and the TGF-β receptor were
analyzed by Western blot. We found that over-expression
of CA-ALK3 increased the expression of Hes1
approximately 2.5-fold (Figure 5C), while the expression
of the TGF-β receptor was not altered (Figure 5C). We
also obtained the same results using a luciferase reporter
assay. When pcDNA3-CA-ALK3 and GLuc-P-Hes1
were co-transfected into HSC-T6 cells, the reporter
activity increased approximately 2-fold compared with
the control (empty vector pcDNA3.1). In addition, cotransfection with pcDNA3-CA-ALK3 and pcDNA3.1NICD1 cooperatively enhanced the expression of Hes1
compared to transfection with pcDNA3-CA-ALK3
or pcDNA3.1-NICD1 alone in HSC-T6 cells (Figure

Inhibiting the function of the Hes1 transcription factor
with a Hes1 ODN decoy down-regulates the expression
of α -SMA and collagen1 in HSC-T6 cells
To inhibit Hes1, an ODN decoy was transfected into the
HSCs. The Hes1 ODN decoy is a double-stranded DNA
containing a Hes1 binding site. After the Hes1 ODN
decoy was delivered into the HSC-T6 cells, the luciferase
reporter activities for the pSMA and P-COL1 α 2
reporter constructs decreased compared with those in
the control group (Scr) (Figure 4A, B). Thus, inhibiting
the function of the Hes1 transcription factor in HSC-T6
cells could down-regulate the expression of α-SMA and
COL1α2.
Notch1 target gene Hes1 is regulated by TGF/BMP
signaling in HSC-T6 cells
It is well known that Notch1 can induce the expression
of Hes1 directly in many mammalian cell types. To
determine whether Notch1 up-regulates the expression of
Hes1 in HSC-T6 cells, the GLuc-P-Hes1 and pcDNA3.1NICD1 plasmids were co-transfected into HSC-T6 cells,
and GLuc reporter analysis showed that the promoter
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Figure 5 Notch target gene Hes1 is regulated by the transforming growth factor-β/bone morphogenetic protein signaling pathway in hepatic stellate
cell-T6 cells. A: Western blot analysis of Hes1 expression in cells transfected with pcDNA3.1-NICD1. The β-actin protein served as a control; B: Luciferase reporter
assays for the Hes1 promoter in cells transfected with pcDNA3-NICD1 and/or pcDNA3-CA-ALK3 (aP < 0.05, bP < 0.01 vs all the control groups, n = 8); C: Analysis of
Hes1 and TGF-β(R) by Western blot analysis of cells transfected with pcDNA3-CA-ALK3 with the β-actin protein as a control; D: Luciferase reporter assays for the
Hes1 promoter in cells transfected with pcDNA3.1-NICD1 and/or pcDNA3-CA-ALK5 together (dP < 0.01 vs the control group, n = 8). TGF: Transforming growth factor.

in vivo and in vitro; however, the development of antifibrotic strategies targeting the TGF-β axis is uncertain
because of the pleiotropic nature of TGF-β action[23].
Notch signaling is critical for the regulation of cell
differentiation, and its aberrant activation has been implicated
in human fibrosis diseases. It has ben confirmed that
Notch3 may regulate the activation of HSCs, but it is
unknown whether other members of the Notch family,
such as Notch1, Notch2 and Notch4, play a part in
activating HSCs and if so, what the underlying mechanism
may be[24]. In studies of the HSC niche in the rat liver, it has
been found that Notch1 is involved in the regulation of
β-catenin-dependent Wnt signaling and may be a marker
for activated somatic stem/progenitor cells[25,26]. Some
studies have also shown that, in response to inflammatory
zone 1, Notch1 signaling may play a significant role in
myofibroblast differentiation during lung fibrosis [14].

5B). Thus, CA-ALK3 enhances NICD1-mediated upregulation of Hes1 in HSC-T6 cells. We also analyzed
the effect of CA-ALK5, an antagonist of CA-ALK3,
and found that it could not affect Hes1 expression by
itself in HSC-T6 cells but reduced the effects of NICD1
on Hes1 expression (Figure 5D).

DISCUSSION
It is well accepted that HSCs play a major role in the
progression of liver fibrosis because the cells can develop
into myofibroblast cells that synthesize extracellular
matrix proteins[22]. Thus, a better understanding of the
molecular mechanisms underlying HSC activation is an
important prerequisite for developing new therapeutic
modalities for liver fibrosis. TGF-β signaling has been
shown to be the key event in promoting fibrogenesis
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Thus, we hypothesized that Notch1 signaling may play an
important role in liver fibrosis.
Our present study suggests that Notch1 and its target
gene, Hes1, play crucial roles in liver fibrosis. Based on
the evidence described above, we focused on Notch1 and
its target gene Hes1 in our study. Our findings showed
that Notch1 and Hes1 mRNA expression decreased upon
the activation of freshly isolated HSCs, in agreement
with an earlier report[27]. To investigate the effects of the
Notch1 receptor and Hes1 in HSC-T6 cells, we overexpressed Notch1 and Hes1 in HSC-T6 cells and found
that Notch1 inhibited α-SMA, COL1α1 and COL1α2
promoter activities, while Hes1 enhanced the α-SMA and
COL1α2 promoter activities. These findings suggest that
the Notch1 receptor, as an upstream gene in the Notch
signaling pathway, has pleiotropic effects not displayed by
its downstream target, the Hes1 transcription factor. Hes1
is a bHLH transcription factor, and Hes1 homodimers
auto-inhibit their own transcription by directly binding to
the N-box in the Hes1 promoter. This negative feedback
leads to the rapid disappearance of the extremely unstable
Hes1 protein and allows a new round of expression[16].
This negative feedback may keep expression of the Hes1
protein in a reasonable range when pcDNA3.1-NICD1 is
transfected into HSCs. On the other hand, Hes1 protein
expression will be much higher when pcDNA3.1-Hes1 is
transfected into HSCs. Because of the pleiotropic effects
of Notch1 and the negative feedback of Hes1, Notch1
may keep the Hes1 protein at a reasonable level and
restrain the promoter activities of α-SMA, COL1α1 and
COL1α2 in HSCs, while over-expression of Hes1 may
enhance the promoter activities of α-SMA and COL1α2.
We have shown that Hes1 participated in the activation
of HSCs. Thus, another important question is which
factors affect Hes1 expression in HSCs. Previous studies
have suggested that Notch signaling may interact with
TGF-β/BMP signaling and regulate the expression of
Hes1 in many cell types [16]. To determine whether a
similar mechanism exists in HSC-T6 cells, we analyzed
the effect of CA-ALK3 and CA-ALK5. CA-ALK3 alone
increased the expression of Hes1, and more importantly,
CA-ALK3 strengthened the NICD1-mediated effects
on Hes1 expression in HSC-T6 cells. CA-ALK5, on the
other hand, could not alone affect Hes1 expression in
HSC-T6 cells, but it did reduce the effects of NICD1
on the expression of Hes1. Earlier studies suggested
a mechanism in which NICD1 binds phosphorylated
SMAD1/5/8 (P-SMAD1/5/8) and forms a NICD1P-SMAD1/5/8 complex, which then migrates into the
nucleus, causing the activation of the Hes1 promoter in
HSC-T6 cells[28,29]. CA-ALK5 can increase SMAD2/3
phosphorylation (P-SMAD2/3) and attenuate the levels
of P-SMAD1/5/8 through SMAD6, ultimately leading
to a significant reduction in the NICD1-P-SMAD1/5/8
complex and inhibition of Hes1 promoter activity[16].
Thus, our results demonstrate that TGF/BMP signaling
interacts with Notch1 to regulate Hes1 expression in
HSC-T6 cells. Clearly, the role of Notch1 and TGF-β1/
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BMP signaling in the regulation of the Hes1 promoter
should be further investigated.
In conclusion, Notch signaling appears to interact with
TGF-β/BMP signaling and co-regulates Hes1 expression
in HSCs. Notch1 may keep Hes1 protein expression at
a reasonable level through Hes1 auto-negative feedback,
allowing Notch1 to repress the expression of α-SMA and
COL1α2. This repression is consistent with the effect of
capturing Hes1 using a Hes1 ODN decoy, which could,
nonetheless, reduce the effects of NICD1 on Hes1
expression. Over-expression of Hes1 via transfection,
which bypasses the negative feedback, enhances the
promoter activities of α-SMA and COL1α2. This may
provide an anti-fibrotic strategy against hepatic fibrosis.
Further investigations of the molecular mechanisms
of Hes1-mediated regulation of α-SMA and COL1α2
should provide additional support for such an approach.
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ORIGINAL ARTICLE
Basic Study

Should temporary extracorporeal continuous portal diversion
replace meso/porta-caval shunts in “small-for-size”
syndrome in porcine hepatectomy?
Da-Dong Wang, Yong Xu, Zi-Man Zhu, Xiang-Long Tan, Yu-Liang Tu, Ming-Ming Han, Jing-Wang Tan
control group (n = 7) and diversion group (n = 7). In
the diversion group, portal venous blood was aspirated
through the portal catheter and into a tube connected
to a centrifugal pump. After filtration, the blood was
returned to the pig through a double-lumen catheter
inserted into the internal jugular or subclavian vein.
With the conversion pump, portal venous inflow was
partially diverted to the inferior vena cava through
a catheter inserted via the gastroduodenal vein at
100-130 mL/min. Portal hemodynamics, injury, and
regeneration in the liver remnant were compared
between the two groups.
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RESULTS: Compared to the control group, porta-caval
diversion via ECPD significantly mitigated excessive
portal venous flow and portal vein pressure (PVP); the
portal vein flow (PVF), hepatic artery flow (HAF), and
PVP in the two groups were not significantly different
at baseline; however, the PVF (431.8 ± 36.6 vs 238.8
± 29.3, P < 0.01; 210.3 ± 23.4 vs 122.3 ± 20.6, P
< 0.01) and PVP (13.8 ± 2.6 vs 8.7 ± 1.4, P < 0.01;
15.6 ± 2.1 vs 10.1 ± 1.3, P < 0.05) in the control
group were significantly higher than those in the
diversion group, respectively. The HAF in the control
group was significantly lower than that in the diversion
group at 2 h and 48 h post hepatectomy, and ECPD
significantly attenuated injury to the sinusoidal lining
and hepatocytes, increased the regeneration index
of the liver remnant, and relieved damage that the
liver remnant suffered due to endotoxin and bacterial
translocation.

Abstract
AIM: To investigate the feasibility of temporary
extracorporeal continuous porta-caval diversion (ECPD)
to relieve portal hyperperfusion in “small-for-size”
syndrome following massive hepatectomy in pigs.

CONCLUSION: ECPD, which can dynamically modulate
portal inflow, can reduce injury to the liver remnant
and facilitate liver regeneration, and therefore should
replace permanent meso/porta-caval shunts in “smallfor-size” syndrome.

METHODS: Fourteen pigs underwent 85%-90% liver
resection and were then randomly divided into the
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Key words: small-for-size syndrome; Extracorporeal
continuous porta-caval diversion; Massive hepatectomy;
Regeneration

model of 85%-90% hepatectomy, the effect of ECPD in
preventing sinusoidal microcirculatory injury from portal
hypertension following extended hepatectomy and its
advantages was analyzed.

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

MATERIALS AND METHODS

Core tip: Meso/porta-caval shunts have usually been
adopted to relieve portal hyperperfusion in “smallfor-size” syndrome (SFSS) or postoperative liver
failure; however, these methods cannot dynamically
adjust portal inflow to affect “functional competition”.
In this study, extracorporeal continuous portacaval diversion was temporarily adopted to relieve
hyperperfusion, dynamically adjust the effect of portal
inflow towards functional competition, and preserve
optimal portal inflow. This also reduces injury to the
sinusoidal endothelium, decreases endotoxin/bacterial
translocation, and facilitates liver regeneration in SFSS
after massive hepatectomy, and therefore could replace
permanent meso/porta-caval shunts, which have no
benefit or harm towards liver regeneration in late
stages.

Animal husbandry
Fourteen male Bama miniature pigs (15-20 kg), 4 to
6 mo of age, were obtained from the Pig and Poultry
Production Institute (GuangXi province, China).
The pigs were raised in a closed herd and kept under
strict quarantine. All animals in this study were treated
humanely and in accordance with institutional and
national guidelines for ethical treatment of animals.
Experiments were conducted in accordance with the
Chinese legislation on the protection of animals and
“Principles of laboratory animal care” (NIH publication
No. 85-23, revised 1985).
Surgical technique
The pigs were food-deprived for 8 h before the
operation. All pigs were anesthetized by initial sedation
with a deep intramuscular injection of ketamine (15-20
mg/kg) and chlorpromazine (6-8 mg/kg), 15 min
after the administration of atropine (0.01 mg/kg). An
upper-midline incision with right or bilateral subcostal
extensions (inverse “L” or Mercedes incision) was
performed. A subtotal hepatectomy with less than 60 mL
of blood loss and without hepatic pedicle occlusion was
performed. The extent of the hepatectomy was referred
to bench dissection of 10 pigs, according to a previous
study: extended hepatectomy involving approximately
85%-90% of the liver was accomplished by 75%-80%
hepatectomy plus removal of the partial posterior
segment [12]. A 16-gauge double-lumen catheter was
inserted into the main portal vein via the gastroduodenal
vein, and was connected to a RM6240 physiology device
(Chengdu, China) to measure the portal vein pressure
(PVP). Another double-lumen catheter was advanced into
the suprahepatic inferior vena cava through the internal
jugular vein to monitor central vein pressure (CVP). Two
ultrasonic flow probes (3 mm, 10 mm) were connected
to a flow meter (HT107, Transonic Systems, Ithaca, NY,
United States) to measure hepatic artery flow (HAF) and
portal vein flow (PVF), respectively.

Wang DD, Xu Y, Zhu ZM, Tan XL, Tu YL, Han MM, Tan
JW. Should temporary extracorporeal continuous portal
diversion replace meso/porta-caval shunts in “small-for-size”
syndrome in porcine hepatectomy? World J Gastroenterol
2015; 21(3): 888-896 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i3/888.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i3.888

INTRODUCTION
When the residual liver volume is below a certain
threshold, the liver remnant cannot sustain metabolic,
synthetic, and detoxifying functions[1-4], and postoperative
liver failure (PLF) or “small-for-size” syndrome (SFSS)
will ensue. Portal hypertension and splanchnic pooling
following major hepatectomy or a small graft have
been reported to contribute to the high postoperative
morbidity and mortality rates associated with these
procedures [5-10]. Some studies have shown that the
placement of a portal-systemic shunt or splenic
artery ligation improves survival following subtotal
hepatectomy or a small graft, probably as a result of
decompression of the portal blood flow. However,
excessive diversion or hypoperfusion by the portalsystemic shunt retards regeneration of the liver remnant
or small graft[11]. In this study, extracorporeal continuous
porta-caval diversion (ECPD) was temporarily adopted
to relieve hyperperfusion. This system is theoretically
appealing, as it can dynamically adjust portal inflow to
affect functional competition between the portal vein
and systemic circulation, and preserve optimal portal
inflow to allow hypertrophy of the liver remnant.
Following the establishment of a stable, critical pig

WJG|www.wjgnet.com

Study protocols and porta-cava diversion
The 14 animals that underwent subtotal (85%-90%)
hepatectomy with less than 60 mL of blood loss and
without hepatic pedicle occlusion were divided into
two groups: the control group (n = 7) and the diversion
group (n = 7). In the diversion group, hepatectomy was
followed by ECPD. The diversion flow was 100-130 mL/
min, and the room temperature was 18 to 23  ℃.
Establishing the extracorporeal catheter circuit
Portal venous blood was aspirated through the portal

889

January 21, 2015|Volume 21|Issue 3|

Wang DD et al . Portal venous diversion to replace permanent meso/porta-caval shunts

Air trap
Jugular vein

Portal vein

Hemofilter
P

Pig

Pump
Blood circulation
Rate: 100-130 mL/min
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Figure 1 Schematic drawing of porta-caval diversion in the pig following hepatectomy. This system comprises a whole-blood circulation loop, conversion pump
and hemofilter. In this system, blood flows directly from the pig though the portal vein and is returned to the pig via the jugular vein.

catheter and into a tube connected to a centrifugal pump
(Plasma Separation Apparatus, Asahi Medical Co., Ltd.,
Japan) (Figure 1). After filtration, the blood was returned
to the pig through a double-lumen catheter inserted into
the internal jugular or subclavian vein. The adequacy of
anticoagulation was monitored by the activated clotting
time (ACT), and heparin was administered as required to
maintain an ACT greater than 180 s. Standard monitoring
(ECG, arterial line for blood pressure and blood gases,
and Foley catheter for urine output) was performed for
all pigs. With the conversion pump, the portal venous
inflow was partially diverted to the inferior vena cava
through a catheter inserted via the gastroduodenal vein
at 100-130 mL/min. The portal hemodynamics, liver
injury and regeneration were investigated and compared
between the two groups.

catheter was introduced into the portal vein to monitor
portal venous pressure (PVP). Ultrasonic flow probes
were connected to a flow meter (HT107, Transonic
Systems, Ithaca, NY, United States) to measure hepatic
artery flow (HAF) and portal vein flow (PVF). PVP,
HAF, and PVF were recorded at baseline, 48 h PH, and
50 h PH (stopping ECPD for 1 h), before euthanasia.
Blood and serum analysis
Serum samples were collected pre-hepatectomy and
serially during the follow-up period, at 2 h, 24 h
and 48 h PH. In these samples, the levels of alanine
aminotransferase (ALT), total bilirubin (TB), hyaluronic
acid (HA), and thymidine kinase (TK) activity were
determined. HA was measured by a radiometric assay
with an HA test kit (Pharmacia Diagnostics, Shanghai,
China). HA is eliminated mainly in the hepatic sinusoidal
endothelium; increased serum HA levels indicate
sinusoidal endothelial damage[13,14]. Serum TK activity
provides an index of hepatic regeneration [15,16]. TK
activity was measured using the LIAISON TK assay
(Jingmei Biotech Co. Ltd., Shenzhen, China).

Postoperative management
After the operation, one daily dose of 375 mg penicillin
was given intramuscularly to all pigs, and 500 mL of
normal saline and 500 mL of a 10% glucose solution
were administered during recovery. Thereafter, the pigs
were monitored daily until euthanasia at 49-50 h posthepatectomy (PH). Food and water intake and serum
glucose levels were evaluated at each daily postoperative
assessment, and animals that had limited or no intake
or low serum glucose levels (< 70-80 mg/dL) were
administered 50 g of intravenous (Ⅳ) glucose (500 mL
of a 10% glucose solution). At euthanasia, the liver
remnant was removed, weighed, and sampled.

Tissue analysis
Hepatic tissue was sampled in the two groups at 1 h
PH, and each biopsy sample was divided into 2 sections.
The tissue specimens for electron microscopy were
fixed in 2.5% glutaraldehyde and 2% paraformaldehyde
in 0.1 mol/L sodium cacodylate buffer (pH 7.3). The
other set of samples was preserved in 10% neutral
buffered formalin, embedded in paraffin, and stained
with hematoxylin and eosin using standard histological
techniques. Clusters of differentiation molecule 31 (CD31)
immunoglobulin helps maintain endothelial stability by
interacting with other CD31 molecules at the extracellular
border of adjacent cells. Sections of hepatic tissue were

Hemodynamic measurement
A double-lumen catheter was placed in the internal
jugular vein to monitor invasive venous pressure. The
catheter was tunneled subcutaneously to exit at the back
of the neck for postoperative access. A single-lumen
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(Yihua BioScience Ltd.; Shanghai, China), following the
manufacturer’s instructions. A calculated value of 0.1
EU/mL (10 pg/mL) in the specimens was considered the
threshold to be considered endotoxin positive. To control
for endotoxin contamination, a sterile water sample was
used as a negative control. Standards and samples were
analyzed in duplicate.

Table 1 Characteristics of the experimental groups and
hemodynamic studies
control group diversion group P value
Body weight (kg)
Left tri-lobes (g)
ETL (g)
WRL (g)
ERL (g)
Proportion of ERL (%)
OT (min)
Blood loss (mL)

17.4 ± 3.3
351.2 ± 14.9
442.7 ± 18.4
390.7 ± 19.4
55.7 ± 3.8
12.8 ± 2.3
115 ± 23
35.7 ± 13.8

18.1 ± 3.5
365.5 ± 15.8
457.0 ± 19.7
401.8 ± 20.4
60.8 ± 4.1
13.2 ± 3.5
121 ± 28
45.1 ± 16.1

0.97
0.81
0.86
0.79
0.91
0.87
0.45
0.73

Real-time polymerase chain reaction assay for bacterial
DNA: DNA was isolated from the blood using the
Fast DNA Spin Kit (Cat. 69506; Qiagen, United States)
according to the manufacturer’s instructions. Subsequently,
total bacteria quantification was performed with 16S
rRNA gene-targeted primers, which have demonstrated
uniform success in quantifying a wide range of bacteria (49
different strains). The sequences of the universal primers
were 5’-TTCCGGTTGATCCTGCCGGA-3’ (forward)
and 5’-GGTTACCTTGTTACGACTT-3’ (reverse)[20].
Serially diluted genomic DNA from selected bacterial
isolates was used as a real-time PCR control. Bacterial
counts from real-time PCR are expressed as log10 cells per
gram tissue (cells/g) mean ± SE[20,21].

Data are expressed as mean ± SD. Estimated total liver weight = (weight of
left tri-lobes) × 100/80. ETL: Estimated total liver weight; ERL: Estimated
residual liver weight; WRL: Weight of resected liver.

immunostained with porcine anti-CD31 antibody (Serotec,
Oxford, United Kingdom) to evaluate the integrity of
the endothelial cells in the hepatic sinusoid, as previously
described[17,18].
The pigs were re-opened at 48 h PH and HAF, PVF,
and PVP were measured. Porta-cava conversion was
stopped in the diversion group, and these parameters
were measured again 1 h later. The pigs were then
sacrificed, the liver excised, weighed, and processed, and
hepatic tissue was sampled again from the two groups.

Statistical analysis
All variables are expressed as mean ± SD and were
compared between the two groups by the Student’s t-test,
using the PASW Statistics 18 software (SPSS Inc., Chicago,
IL, United States). P-values < 0.05 were considered
significant.

Increase rate of the liver remnant, PCNA index and
apoptosis index
The increase rate of the liver remnant after hepatectomy
was calculated using the following equation: increase
rate = regenerated liver volume at sacrifice/estimated
remnant liver volume at operation × 100%.
Liver samples at 48 h PH were stained for Proliferating
Cell Nuclear Antigen (PCNA), a stable cell-cycle nuclear
protein. The rate of DNA synthesis correlates with
the rate of cell proliferation. Data are expressed as the
percentage of PCNA-stained hepatocytes per total
number of hepatocytes. The mean number of PCNAstained hepatocytes per 10 high-power fields was
calculated for the two groups, divided by the total cell
number, and then compared.
Four-micrometer-thick sections were stained with
hematoxylin and eosin and analyzed by in situ terminal
deoxynucleotidyl transferase-mediated dUTP-biotin
nick end labeling (TUNEL) using an apoptosis in situ
detection kit (Jiamei Biotech Co. Ltd, Shenzhen, China)
according to the manufacturer’s instructions. For each
pig, ten consecutive high-power fields were examined for
counting at 400 × magnification. The apoptosis index (AI)
is defined as the mean number of apoptotic cells per 10
high-power fields, and was measured for the two groups,
divided by the total cell number, and then compared.

RESULTS
Operative outcomes and hemodynamic studies
The operative outcomes of the two groups were not
significantly different, as shown in Table 1. The evolution
of hemodynamic parameters is shown in Table 2.
The PVF, HAF, and PVP in the two groups were not
significantly different at baseline. However, at other time
points, the PVF and PVP in the control group were
significantly higher than those in the diversion group (P
< 0.01). The HAF in the control group was significantly
lower than that in the diversion group (P < 0.05).
Blood and serum analysis
Hepatocellular injury: The preoperative and serial
postoperative measurements of serum ALT and total
bilirubin (TB) are shown in Figure 2a, b, with significant
differences noted. There were no significant differences
between the two groups before the operation or at 2 h
PH (P > 0.05). At other time points, the control group
showed significantly elevated values compared to the
diversion group (P < 0.05).
Endothelial cell injury
In the control group, HA levels were significantly
higher than those in the diversion group (Figure 3, P
< 0.05). There was significant endothelial denudation,
sinusoidal dilation, hydropic changes in hepatocytes, and
hemorrhage into the hepatic parenchyma (Figure 3a).

Endotoxin/bacterial translocation
LPS level: The LPS level was quantified by the limulus
amebocyte lysate (LAL) assay based on the methods first
introduced by Iwanaga and his colleagues[19] using the
commercially available chromogenic LAL endpoint kit
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A

Table 2 Serial changes in portal vein flow, hepatic artery flow
and portal vein pressure
control group diversion group

Diversion group

200
a

P value
a

61.9 ± 9.6
431.8 ± 36.6
210.3 ± 23.4
204.5 ± 21.4

64.1 ± 10.6
238.8 ± 29.3
122.3 ± 20.6
211.4 ± 26.3

0.87
< 0.01
< 0.01
0.94

19.4 ± 4.5
6.1 ± 2.5
5.5 ± 2.1
5.3 ± 2.0

19.9 ± 4.1
14.9 ± 2.5
13.2 ± 4.2
11.2 ± 3.4

0.96
< 0.01
0.011
0.014

3.1 ± 0.2
74.0 ± 8.1
40.8 ± 6.6
41.3 ± 6.3

3.4 ± 0.2
14.8 ± 3.1
9.5 ± 1.8
19.1 ± 2.5

0.89
0.01
< 0.01
< 0.01

6.4 ± 1.8
13.8 ± 2.6
15.6 ± 2.1
15.1 ± 1.9

6.0 ± 0.8
8.7 ± 1.4
10.1 ± 1.3
11.4 ± 1.8

0.94
< 0.01
0.021
0.032

ALT (U/L)

150

100

50

0

Pre-op

B

2h
24 h
Times (after surgery)
Control group

48 h

Diversion group

80
Serum bilirubin level (mmol/L)

PVF, mL/min per 100 g
BAS
2 h PH
48 h PH (re-open)
Pre-EUT1
HAF, mL/min per 100 g
BAS
2 h PH
48 h PH (re-open)
Pre-EUT1
P/A
BAS
2 h PH
48 h PH
Pre-EUT1
PVP, mmHg
BAS
2 h PH
48 h PH
Pre-EUT1

Control group

1

ECPD was stopped for 1 h. This table depicts the changes in hemodynamic
parameters measured at baseline, 1 h, and 48 h PH and before euthanasia
in the two groups of animals. All flow values are reported in mL/min per
100 g hepatic tissue. NS: Not significant; BAS: Baseline; EUT: Euthanasia;
HAF: Hepatic artery flow; P/A: Portal-to-arterial flow ratio; PR: Portal
reperfusion; PVF: Portal vein flow; PVP: Portal vein pressure; HAF:
Hepatic artery flow.

a

40

20

0

The sinusoidal endothelial lining was partially destroyed
and detached into the sinusoidal space, with enlargement
of the Disse’s spaces (Figure 3c, arrowheads). CD31
immunostaining showed significant destruction of
the endothelial lining (Figure 3e). In contrast, in
the diversion group, there was no intraparenchymal
hemorrhage (Figure 3b), the sinusoidal endothelial cells
and hepatocytes were well-preserved, and the structure
of the endothelial lining was visible (Figure 3d, arrows).
Furthermore, CD 31 immunostaining showed a mild
sinusoidal microarchitecture injury in the diversion group
(Figure 3f).

Pre-op

2h
24 h
Times (after surgery)

48 h

Figure 2 Change in alanine aminotransferase levels and bilirubin levels in
the two groups. aP < 0.05, diversion group vs control group.

trend from the use of right-liver grafts to the use of
left-liver grafts because of these inflow modifications.
However, these techniques have many shortcomings,
including surgical procedure-related complications[26,28-30]
and the potential risk of excessively diverting the portal
flow to systemic circulation, which could retard liver
regeneration[8,26,28].
In fact, it has been demonstrated in our previous
study, also in the clinical setting, that it is difficult to
define the size of the PCS or MCS[18]. When a smalldiameter shunt was selected, thrombus of the orifice
often occurred and the shunt closed. In such cases, the
pigs with extended hepatectomy did not benefit from the
portal decompression. In cases where a large PCS was
placed, the PVP decreased and the liver remnant failed to
regenerate because of poor portal flow, due to “functional
competition” between the portal vein and systemic
circulation. Thus, an excessive decrease in PVP was as
harmful to liver regeneration as high portal-vein pressure.
In order to attain an optimum PVF with dynamic
regulation following an extended hepatectomy, a partial,
transient diversion of portal flow (that is, ECPD) might
be beneficial to adjust the portal flow to affect “functional
competition”. In this study, ECPD was used to optimize
portal inflow by regulating the conversion flow. It has

DISCUSSION
Portal hyper-reperfusion following subtotal hepatectomy,
in which the vascular bed of the liver remnant
experiences a drastic decrease, has been demonstrated
in animal experiments and clinical settings [3-5]. It has
been reported to contribute to the high postoperative
morbidity and mortality rates [3,6-10], via reduction in
reticuloendothelial function[21], bacterial translocation[22],
hepatic ischemia, and sepsis caused by small bowel
infarction[23]. In many reports[24-26], to decompress portal
hypertension in clinical or experimental settings, inflow
modulations have been used, including a mesocaval or
portacaval shunt (MCS/PCS)[8,24,27] and splenectomy or
splenic-artery ligation[26,28,29]. These methods for portal
decompression improved the prognosis of small grafts or
liver remnants. Interestingly, there seems to be a reverse
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A

B

C

D

E

F

G

Control group

Diversion group
a

600

HA level (ng/L)

a
400
a
200

0

Pre-op

2h

24 h

48 h

Times

Figure 3 sinusoidal endothelium. A, B: HE (magnification × 400); C, D: Transmission electron microscopy photographs (magnification × 6K); E, F: CD 31
immunohistochemical staining of tissue samples taken at 1 h post hepatectomy; G: Serial changes in the hyaluronic acid level in the two groups. The arrows and the
arrowheads indicate the injuried sinusoidal endothelial cells.

A

Control group
5

Diversion group
a

B

Control group

Diversion group

0.8

a

a
a

0.6

a

LPS level (EU/mL)

Bacterial DNA (log10)

4

3

2

0.2

1

0

0.4

2h

24 h
Times

0.0

48 h

2h

24 h
Times

48 h

Figure 4 Serial changes in the levels of lipopolysaccharide and bacterial DNA detected in serum in the two groups (A, B). The serum lipopolysaccharide level
in the control group was not significantly different at 2 h post hepatectomy (PH) (P > 0.05), but was significantly higher than that in the diversion group at 24 h and 48
h PH. At all time points, bacterial DNA levels in the control group were significantly elevated compared with the diversion group. aP < 0.05, diversion group vs control
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A

B

a

1.0

Apoptotic index (%)

0.8

0.6

0.4

0.2

0.0

Control group

Diversion group

Figure 5 portal hyperperfusion. A: transferase-mediated dUTP-biotin nick end labeling (TUNEL) staining after hepatectomy 48 h post hepatectomy (PH). A
large number of TUNEL-positive cells (arrows, identified morphologically by dark brown staining nuclei) are present in the liver remnant; 400 × magnification; B:
Microphotometric evaluation of apoptotic index (AI) in TUNEL-stained tissue 48 h PH. Values are expressed as means ± SD; n = 6 in both groups. The differences
between the groups are statistically significant. aP < 0.05, diversion group vs control group.

Increase of liver weight (%)

A

B

250

200

150

100

50

0

Control group

C

Diversion group

D

a

0.6

Control group
20

Diversion group

a
a

TK activity (dpm/mg)

PCNA index (%)

15
0.4

0.2

0.0

Control group

10

5

0

Diversion group

2h

24 h
Times (after surgery)

48 h

Figure 6 This indicated that the hyperperfusion could be relieved in a short time, which can be attributed to rapid regeneration of the liver remnant after
massive hepatectomy. A: increase rate of the liver remnant in both groups at 48 h PH (post hepatectomy). There was no significant difference between the control
and diversion groups (P = NS); B: proliferation cell nuclear antigen (PCNA) staining in the liver remnant (positive cells identified by dark-brown-stained nuclei,
indicated by arrows; magnification × 400); C: Microphotometric evaluation of PCNA index in PCNA-stained tissue at 48 h PH. Values are expressed as means ± SD
for both groups; D: The change in thymidine kinase (TK) activity in both groups. TK activity in the control group was significantly elevated compared with the diversion
group at 2 h PH (P = 0.04), but there was no significant difference between the groups at 24 h PH (P = NS). However, TK activity in the control group was significantly
reduced compared to that in the diversion group at 48 h PH. aP < 0.05, diversion group vs control group. NS: Not significant.

been reported that approximately triple the baseline
portal venous inflow following a 70% hepatectomy[7]
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optimally promotes liver regeneration. In this study, the
portal inflow in the diversion group was easily adjusted
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to 3.0-3.5 times the baseline inflow, and liver regeneration
parameters were similar to the control group without
portal decompression (Figure 4). However, in the
diversion group, vascular shear stress in the portal vein
(a determining factor in regeneration) was significantly
lower than that in the control group. Moreover, the
damage to hepatic parenchyma (Figure 2) and sinusoidal
endothelium (Figure 3) with portal hyperperfusion, and
the AI in the diversion group were significantly reduced
compared with the control group (Figure 5).
However, after diverting the portal flow to the
systemic circulation for 48 h, the liver volume rose to
more than twice the postoperative residual volume (Figure
4a), and the PVP approached its baseline value (Table
2). When the ECPD was stopped, the PVP rose only
slightly (Table 1). This indicated that the hyperperfusion
could be relieved in a short time, which can be attributed
to rapid regeneration of the liver remnant after massive
hepatectomy (Figure 6). Therefore, with regard to
portal hyperperfusion in massive hepatotectomy, ECPD
sometimes only needs to be adopted for a short time.
It was shown previously that innate immunity is
significantly impaired after liver surgery; RES function
greatly decreases after major hepatectomy[6,7]. However,
portal hypertension may also cause endotoxin absorption
and an increase in bacterial translocation, causing a rise in
the serum endotoxin level and severe inflammation[31,32].
In this study, the serum endotoxin level and bacterial
DNA in the diversion g roup with ECPD were
significantly depressed compared to the control group
without portal decompression, indicating that portal
hypertension may aggravate endotoxin absorption or
bacterial translocation (Figure 4). Therefore, ECPD
provides an important strateg y to improve liver
regeneration by reducing LPS/bacterial translocation.
Continuous hemofiltration/hemodiafiltration is a
routine clinical treatment used as renal replacement in
critically ill patients[33]. The placement of a catheter in
the portal vein makes ECPD feasible and safe. In clinical
major hepatectomy or living donor liver transplantation,
the catheter may be inserted via the gastroepiploic
vein into the portal vein, using omental wrapping of
the catheter tube to prevent bleeding while removing
the catheter. Alternatively, the catheter can be inserted
percutaneously. According to the present study, a catheter
placed into a portal vein in major hepatectomy with a
high risk of PLF may permit the dynamic monitoring
or relief of portal hyperperfusion. Therefore, once high
portal pressure is detected, ECPD is a viable alternative
method to prevent or treat portal hyperperfusion in
PLF or SFSS; moreover, this could be personalized and
extracorporeal blood flow can be changed depending on
the parameters measured in vivo.
Overall, ECPD can effectively relieve hyperperfusion
in SFSS or PLF, and can dynamically adjust portal flow
to the functional competition between the portal vein
and systemic circulation, positioning it as an alternative to
SFSS in clinical settings. In the future, this experimental
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model could still be improved, so that it could be
personalized and extracorporeal blood flow can be
changed depending on the parameters measured in vivo in
each animal, which could aid its adoption towards clinical
use.
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METHODS: APOE genotyping was performed to
evaluate the allele and genotype frequencies in 378
Saudi subjects including IBD patients with ulcerative
colitis (n = 84) or Crohn’s disease (n = 94) and
matched controls (n = 200) using polymerase chain
reaction and reverse-hybridization techniques.
RESULTS: The frequencies of the APOE ε2 allele and
ε2/ε3 and ε2/ε4 genotypes were significantly higher in
IBD patients than in controls (P < 0.05), suggesting
that the ε2 allele and its heterozygous genotypes may
increase the susceptibility to IBD. On the contrary,
the frequencies of the ε3 allele and ε3/ε3 genotype
were lower in IBD patients as compared to controls,
suggesting a protective effect of APOE ε3 for IBD. The
prevalence of the ε4 allele was also higher in the patient
group compared to controls, suggesting that the ε4
allele may also increase the risk of IBD. Our results also
indicated that the APOE ε4 allele was associated with an
early age of IBD onset. No effect of gender or type of
IBD (familial or sporadic) on the frequency distribution
of APOE alleles and genotypes was noticed in this study.
CONCLUSION: APOE polymorphism is associated
with risk of developing IBD and early age of onset in
Saudi patients, though further studies with a large-size
population are warranted.
Key words: Apolipoprotein E; Polymorphism; Inflammatory
bowel disease; Saudi
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Abstract

Core tip: This study shows apolipoprotein E (APOE)
polymorphism is associated with risk of developing
inflammatory bowel disease (IBD) in Saudi patients.

AIM: To study the association of apolipoprotein E
(APOE) polymorphisms with the susceptibility of
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The gene encoding APOE is located on chromosome
19. It has 3 polymorphic alleles (ε2, ε3 and ε4) differing
from one another by the presence of either a C or T
nucleotide at codons 112 and 158. These alleles encode
three different isoproteins differing significantly in
structure and function, including receptor binding capacity
and lipid metabolism[25]. By different combinations of
these three alleles, six genotypes (ε2/ε2, ε3/ε3, ε2/ε3,
[26,27]
. Although the
ε3/ε4, ε2/ε4, and ε4/ε4) are formed
frequency of these alleles/genotypes varies significantly
among different ethnic populations, APOE ε3/ε3 is the
most common genotype and ε3 the most predominant
allele in majority of the population[28,29]. Several studies
have indicated an association between APOE alleles and
genotypes with onset and severity of various autoimmune
diseases[24,30-33]. Recently, association of APOE allele/
genotype with UC has been reported in Chinese
patients[34,35]. In this study, we examined the APOE allele/
genotype frequencies in Saudi CD and UC patients and
matched controls.

Allele ε2 and its heterozygous genotypes increase the
susceptibility to IBD, whereas the ε3 allele and ε3/ε3
genotype are protective for IBD. The APOE ε4 allele
also increases the risk for IBD and is associated with
early age at onset. The frequency distribution of APOE
alleles and genotypes is not affected by gender or type
of IBD (familial or sporadic).
Al-Meghaiseeb ES, Al-Otaibi MM, Al-Robayan A, Al-Amro
R, Al-Malki AS, Arfin M, Al-Asmari AK. Genetic association
of apolipoprotein E polymorphisms with inflammatory bowel
disease. World J Gastroenterol 2015; 21(3): 897-904 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v21/i3/897.
htm DOI: http://dx.doi.org/10.3748/wjg.v21.i3.897

INTRODUCTION
The inflammatory bowel diseases (IBDs), encompassing
Crohn’s disease (CD; OMIM 266600) and ulcerative
colitis (UC; OMIM 191390), are chronic inflammatory
disorders of the gastrointestinal tract. IBD has emerged
as a global disease with increasing incidence and
prevalence in different parts of the world[1-5]. The precise
etiology of IBD is still unknown, but available evidence
suggests that it is a complex multifactorial disease in
which immune dysregulation caused by genetic and/or
environmental factors plays an important role[6-8]. IBD
appears to be caused by immunogenic responses against
environmental factors and/or microbes inhabiting the
distal ileum and colon of genetically susceptible hosts.
The incidence of IBD is higher in North America
and Europe than in Asia and Africa, possibly due to the
variation in environmental factors and genetic makeup.
The hygiene hypothesis was suggested to be responsible
for the rising prevalence of various autoimmune and
inflammatory disorders in developed populations, which
are thought to result from the lack of early exposure to
bacterial infections due to good sanitary conditions[9].
The changes in dietary and intestinal microbial milieu
are thought to play a key pathogenic role in the etiology
of IBD, however the precise environmental factors
influencing IBD prevalence have not been determined
yet[10]. Intriguingly, the characteristics of Western and
Asian IBD patients differ in epidemiology, phenotype and
genetic susceptibility[11-14], highlighting ethnic variations.
Various epidemiologic and population-based studies
have indicated that genetic factors contribute to the
pathogenesis of IBD[15-17]. Apolipoprotein E (APOE) has
an important role in cholesterol and lipid metabolism,
and has also been shown to alter both innate and adaptive
immune responses[18]. Several studies have indicated that
APOE inhibits the production of T lymphocytes and
regulates immune reactions by interacting with several
cytokines[19-21]. Further, it has been suggested that APOE
plays a key role in regulating immune response in various
autoimmune diseases[22-24].

WJG|www.wjgnet.com

MATERIALS AND METHODS
Subjects
A total of 378 Saudi subjects including 178 IBD patients
visiting the Gastroenterology Clinic and 200 age- and sexmatched healthy donors visiting the community health
clinic of Prince Sultan Military Medical City, Riyadh were
recruited in this study. Venous blood was collected from
all the patients and controls. IBD patients were divided
into familial (n = 20) and sporadic (n = 158) forms. They
were grouped into patients with CD (n = 94, including 56
men and 38 women) with a mean age of 32 years (range:
17-65 years), and patients with UC (n = 84, including 34
men and 50 women) with mean age of 34 years (range:
22-68 years). Two hundred healthy Saudis (120 men
and 80 women) were included in the study as controls.
None of the controls had any history of IBD, diabetes,
rheumatoid arthritis, systemic lupus erythematosus or
other autoimmune diseases. The diagnoses of IBD (CD
and UC) was based on the conventional endoscopic,
radiologic, and histologic criteria as describe by LennardJones[36]. Patient information such as age at diagnosis,
disease location, disease characteristics, and extraintestinal
location were used to divide the patients into groups.
Patients with any other autoimmune disease or having
clinical features of both UC and CD (intermediate colitis)
were excluded from the study. Patients with CD were also
assessed on the basis of the Montreal classification[37].
This study was approved by the ethical committee of
PSMMC and written informed consent was obtained
from all the subjects.
DNA extraction and genotyping

Genomic DNA was extracted from the blood of IBD
patients and controls using QIAamp DNA mini kit
(Qiagen, Venlo, Limburg, the Netherlands). APOE
genotyping was performed using an APOE StripAssay
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Table 1 Apolipoprotein E allele frequencies n (%)
Allele
e3
e4
e2

IBD (n = 356)
293 (82.30)
36 (10.11)
27 (7.59)

Control (n = 400)
383 (95.75)
17 (4.25)
0 (0)

P value

RR

EF/PF

< 0.01
< 0.01
< 0.01

0.206
2.531
-

0.549
0.411
-

EF: Etiologic fraction; IBD: Inflammatory bowel disease; PF: Preventive fraction; RR: Relative risk; n: Number of alleles.

Table 2 Apolipoprotein E genotype frequencies n (%)
Genotype
e3/e3
e3/e4
e2/e3
e2/e4
e2/e2
e4/e4

IBD (n = 178)
118 (66.29)
25 (14.05)
24 (13.48)
11 (6.18)
0 (0)
0 (0)

Control (n = 200)

P value

RR

EF/PF

183 (91.5)
17 (8.5)
0 (0)
0 (0)
0 (0)
0 (0)

< 0.01
0.10
< 0.01
< 0.01
-

0.183
1.759
-

0.637
0.256
-

EF: Etiologic fraction; IBD: Inflammatory bowel disease; PF: Preventive fraction; RR: Relative risk; n: Number of alleles.

kit based on a PCR and reverse-hybridization technique
(ViennaLab Diagnostics GmbH, Vienna, Austria). To
cross-check the results, the APOE genotyping was also
performed by PCR and restriction fragment length
polymorphism technique as previously described[38].
Briefly, genomic DNA (200-300 ng) was amplified in
25 µL reaction tubes for 40 cycles of 94 ℃ for 30 s, 68 ℃
for 10 s, 72 ℃ for 1 min; PCR products obtained were
separated by electrophoresis on 1.5% agarose gel in TAE
buffer, and visualized by ethidium bromide fluorescence.
Fragments with the expected size were cut from the gel,
purified using a GFX PCR DNA Gel band purification
kit (GE Healthcare, Little Chalfont, Buckinghamshire,
UK). Purified DNA was digested with HhaI enzyme
and separated by agarose gel electrophoresis to identify
the genotype. The frequencies of various genotypes in
patients and controls were determined and compared.
Both the above-mentioned procedures yielded completely
matching results.

genetic component of the disease. EF values of >
0.00-0.99 are significant. It is calculated for positive
associations (RR > 1) using the following formula
proposed by Svejgaard et al[40]:
EF = (RR-1)f/RR, where f = a/(a +b)
Preventive fraction (PF) indicates the hypothetical
protective effect of one allele/genotype for a disease. It
is calculated for negative associations (RR < 1) using the
following formula[40]:
PF = (1-RR)f/[RR (1-f)] + f , where f = a/(a +b)
Values of < 1.0 indicate the protective effect of an
allele/genotype against the manifestation of disease.

RESULTS
The results of APOE genotyping in the IBD patients
and the healthy controls are summarized in Tables 1, 2,
3 4 and 5. In both the IBD patient and control groups
the genotype distributions were in Hardy-Weinberg
equilibrium. The ε2 allele was present in 7.59% of IBD
patients, while altogether absent in controls (P < 0.01)
(Table 1). The frequency of allele ε4 was also significantly
higher in patients compared with controls (P < 0.01),
whereas the frequency of the ε3 allele was significantly
lower (P < 0.01).
The frequency of various genotypes of APOE
also showed variations in patient and control groups.
The prevalences of genotypes ε2/ε3, and ε2/ε4 were
13.48, and 6.18% in patients, while totally absent in the
control group (P < 0.01) (Table 2). The difference in the
frequencies of the ε3/ε4 genotype was not statistically
significant between the patient and control groups, albeit
that there is a trend towards a higher frequency in IBD
patients. The frequency of the ε 3/ ε 3 genotype was
significantly higher in controls than that in IBD patients (P
< 0.01). The genotypes ε2/ε2 and ε4/ε4 were absent in
both patients and controls.
The frequencies of alleles and genotypes of APOE

Statistical analysis
Frequencies of various alleles and genotypes for APOE
polymorphism were analyzed by Fisher’s exact test and
a P < 0.05 was considered as significant. The strength
of the association of disease with respect to a particular
allele/genotype is expressed by odd ratio interpreted as
relative risk (RR) according to the method of Woolf as
outlined by Schallreuter et al[39]. The RR was calculated
only for those alleles and genotypes that were increased
or decreased in IBD patients as compared to normal
Saudis. RR was calculated using the following formula:
RR = (a × d)/(b × c)
Where a is number of patients expressing the allele
or genotype; b is the number of patients without allele or
genotype expression; c is number of controls expressing
the allele or genotype; and d is the number of controls
without allele or genotype expression.
The etiologic fraction (EF) indicates the hypothetical
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Table 3 Gender comparison of apolipoprotein E genotypes
and alleles n (%)
Genotype/allele

Male (n = 90)

Female (n = 88)

66 (73.33)
11 (12.22)
9 (10.00)
4 (4.45)
152 (84.45)
13 (7.22)
15 (8.33)

e3/e3
e3/e4
e2/e3
e2/e4
e3
e4
e2

Table 4 Apolipoprotein E genotypes and alleles in Crohn’s
disease and ulcerative colitis n (%)

P value

52 (59.09)
14 (15.91)
15 (17.05)
7 (7.95)
133 (75.57)
21 (11.93)
22 (12.50)

< 0.05
0.52
0.19
0.36
0.041
0.15
0.22

63 (67.02 )
10 (10.642)
14 (14.891)
7 (7.451)
150 (79.791)
21 (11.171)
17 (9.041)

120

CD
UC
Control

100

Genotype/allele

Familial (n = 20)

e3/e3
e3/e4
e2/e3
e2/e4
e3
e4
e2

60
40
20

E4

55 (65.481)
15 (17.861,3)
10 (11.901)
4 (4.761)
135 (80.361)
19 (11.311)
14 (8.331)

Table 5 Apolipoprotein E genotypes and alleles in familial
and sporadic inflammatory bowel disease n (%)

80

E3

UC (n = 84)

1
P < 0.05 vs controls; 3Relative risk = 2.34, 2Relative risk = 1.28. CD: Crohn's
disease; UC: Ulcerative colitis.

Statistically significant.

Frequency

1

e3/e3
e3/e4
e2/e3
e2/e4
e3
e4
e2

1

0

CD (n = 94)

Genotype/allele

1

E2
E3/E3 E3/E4
Alleles/genotypes

E2/E3

E2/E4

104 (65.82)
21 (13.30)
22 (13.92)
11 (6.96)
251 (79.43)
32 (10.13)
33 (10.44)

0.80
0.49
1.00
0.61
0.52
1.00
0.40

DISCUSSION
Our results showed a higher frequency of the APOE ε2
allele and predominance of ε2/ε3 and ε2/ε4 genotypes
in IBD patients in comparison with matched controls,
suggesting that allele ε2 carriers are at a higher risk of
developing IBD. The APOE ε2 isoprotein differs from
the APOE ε3 isoprotein by one amino acid, at position
158, with ε 2 containing cysteine and ε 3 containing
arginine. This single amino acid difference causes a
marked reduction in binding capacity of APOE ε2 to the
low density lipoprotein family of receptors[25], which in
turn results in severe metabolic disturbances, particularly
type Ⅲ hyperlipidemia. Additionally, the two cysteines
in APOE ε2 (positions 112 and 158) allow it to form
disulfide-linked multimeric protein complexes[41]. These
unique properties of APOE ε2 may contribute to its role
in the etiology of IBD and other lipid-associated diseases.
Disturbances in the lipid, apolipoprotein, and
lipoprotein profiles and cholesterol efflux in IBD
patients have been reported[42-44]. Thus, genetic variations
of apoproteins, essential in lipoprotein metabolism,
may affect susceptibility to IBD. APOE is involved in
transport and metabolism of cholesterol, triglyceride and
other lipids. The lipid transporting and catabolic activity
in APOE ε2 carriers is significantly slower compared to
ε3 and ε4 carriers, due to low receptor binding affinity
of ε2. Individuals with APOE ε2 are unable to efficiently
clear lipids from plasma/tissues, which facilitates the

Figure 1 Comparison of apolipoprotein E genotypes and alleles in Crohn’
s disease and ulcerative colitis patients and controls. CD: Crohn's disease;
UC: Ulcerative colitis.

polymorphism were not significantly different in male and
female patients, except for the ε3 allele and homozygous
ε 3/ ε 3 genotype, which were present in significantly
higher frequencies in female than male patients (P < 0.05)
(Table 3).
The difference in the frequencies of APOE alleles
and genotypes in the CD and UC patients was not
significant (Table 4, Figure 1). Moreover, when compared
with controls separately, an almost similar pattern was
noticed for both UC and CD, except that the frequency
of genotype ε 3/ ε 4 was significantly higher in UC
patients (P = 0.03), but not in CD patients (P = 0.66), as
compared to controls. However, the RR values calculated
for the ε3/ε4 genotype in UC and CD (RR = 2.34 and
1.28, respectively) indicated a similar positive association
for both. Similarly, the stratification of IBD patients
into familial and sporadic forms showed no significant
difference in the frequency distribution of either alleles
or genotypes of APOE (Table 5). The APOE ε4 allele
was significantly associated with an early age of onset in
IBD (P ≤ 0.05). The groups of patients with genotype
ε3/ε4 (n = 25), and ε2/ε4 (n = 11) had lower age of
onset than the patients with genotype ε3/ε3 and ε2/ε3.
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14 (70.00)
4 (20.00)
2 (10.00)
0 (0)
34 (85.00)
4 (10.00)
2 (5.00)

Sporadic (n = 158) P value
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diseases[30,65,66]. Our results are also in accordance with
various reports showing an association of the ε4 allele with
early onset of some autoimmune and neurodegenerative
diseases[30,64,67,68]. The APOE ε4 allele is believed to be
responsible for reducing high-density lipoprotein and
increasing low-density lipoprotein in high-fat intake
individuals[69], which are critical risk factors for occlusive
lipid disorders. The implication of APOE ε4 in lipid
metabolism and development of immunologic responses
to lipid antigens may contribute to IBD in Saudis with
high-fat intake as reported earlier for psoriasis[70-72]. APOE
ε4 has also been linked to lower C-reactive protein, and
it has been suggested that this effect is a consequence of
intrinsic functional differences among the ε2, ε3, and ε4
APOE proteins in plasma[73]. Our results also show that
association of APOE polymorphism was not affected by
the sex of the host and the association was similar in both
CD and UC.
In conclusion, this study shows a significant relation
between APOE polymorphisms and IBD. The ε2 allele is
associated with increased susceptibility for IBD, whereas
the ε3 allele may be protective for IBD in Saudis. In
addition, the ε4 allele may be a risk factor of severity
or early onset of IBD. However, this association of
APOE polymorphisms with the risk of IBD warrants
further studies with a larger population. Similar studies
on different ethnic populations will be helpful in defining
the role of APOE as a putative pharmacologic target for
IBD.

accumulation of chylomicron, very low density lipoprotein
and lipids[45]. It has been suggested that APOE protein
might be involved in the pathogenesis of diseases via
the sequestration of lipids contributing to the epidermal
barrier function[46].
We also observed a significantly higher frequency of
the ε2/ε3 genotype in Saudi IBD patients as compared
to matched controls. This genotype has been associated
with significant imbalance in lipids and lipoprotein
metabolism, as well as with ischemic cerebrovascular
diseases[47,48]. Parameters associated with atherosclerosis,
such as inflammation, carotid intima media thickness,
homocysteine and insulin resistance, are increased in IBD
as reported by several researchers[49-53]. In addition, several
studies have suggested that IBD is a risk factor for
ischemic heart diseases, including atherosclerosis[49,53,54].
Furthermore, it has been reported that IBD is an
independent predictor of hypertriglyceridemia[55] and
hypocholesterolemia[56].
Results of this study showed a higher frequency of
the ε4 allele in patients group compared to controls,
suggesting that it also may increase the risk of IBD.
Similarly, a higher frequency of the ε4 allele has been
reported in Chinese UC patients [34]. These authors
therefore suggested that APOE ε4 confers greater risk
for the development of UC in Chinese. Our results
indicate that allele ε4 increases the risk for both UC
and CD in Saudi patients. The ε4 allele of the APOE
gene is an established risk factor for low bone mineral
density [57,58], and the high frequency of APOE ε 4 in
UC and CD patients may be responsible for low bone
mineral density in patients with UC[34,59]. To the best of
our knowledge, no published report has indicated any
association of APOE polymorphism with CD, and this
is the first report showing a significant association with
both CD and UC.
APOE is multifunctional in nature, and the presence
of APOE ε 4 has been associated with an enhanced
inflammatory immune response[60-62]. Though the exact
mechanisms by which APOE ε4 regulates the innate
immune response is far from clear. Significantly higher
levels of the pro-inflammatory cytokines tumor necrosis
factor-α and interleukin-6 have been reported in animals
expressing the ε4 allele compared to those with the ε3
allele[60]. Increased oxidative stress in the APOE ε4 cells
has been suggested to contribute to higher cytokine
production by enhancing the activation of nuclear factor[63]
κB . Moreover, increased expression of interleukin1β, macrophage inflammatory protein (MIP)-1α, and
tumor necrosis factor-α, as well as the transactivation
of nuclear factor- κ B, have been observed in APOE
[64]
[34]
ε 4 macrophages . Recently Li et al postulated
that the epistatic interaction of MIP-1 α and APOE
polymorphism may contribute to individual variation in
MIP-1α levels in mucosa of UC patients.
Our results also indicate that the APOE ε4 allele is
associated with early age at onset of IBD. Polymorphism
in the APOE gene has been defined as a modifying factor
for age at onset in neurodegenerative and autoimmune
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of IBD is still unknown, but available data suggests a definite role of immune
dysregulation caused by genetic and/or environmental factors. Apolipoprotein E
(APOE) plays a pivotal role in immunogenic response by interacting with several
cytokines and regulating macrophage functions. Therefore, the role of APOE
polymorphism was studied in Saudi patients with IBD.

Research frontiers

The gene encoding APOE is located on chromosome 19 and has three
polymorphic alleles (ε2, ε3 and ε4) differing from one another by the presence
of either a C or T nucleotide at codons 112 and 158. Alleles ε2, ε3 and ε4
encode different APOE isoproteins, which not only differ in structure, but
also in function, including receptor binding capacity and lipid metabolism.
The frequency of APOE alleles varies significantly among different ethnic
populations. Several studies have indicated an association between APOE
alleles and genotypes with onset and severity of various autoimmune diseases.
Such association studies will help in the better prognosis and treatment of
various autoimmune diseases.

Innovations and breakthroughs

There are increasing prevalences of obesity and lipid disorders in the Saudi
population due to sedentary lifestyle, lack of exercise, and unique dietary
habits of rich fat, sugar and red meat. Being a closed society with high rate of
consanguinity, it is ideal for genetic association studies. However, the genetic
studies on IBD/other autoimmune disorders in KSA and other Arab countries
are scarce and inconclusive. This is the first report from a Saudi population
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showing the role of APOE polymorphism in the etiology of ulcerative colitis and
Crohn’s disease.

Applications

The study results suggest that APOE polymorphism is associated with risk of
developing IBD in Saudi patients. The ε2 allele and its heterozygous genotypes
increase the susceptibility to IBD, whereas the ε3 allele and ε3/ε3 genotype are
protective. The APOE ε4 allele also increases the risk for IBD and is associated
with early age at onset. Similar studies on different ethnic populations will be
helpful in defining the role of APOE as a putative pharmacologic target for IBD.
Understanding this relationship may be potentially useful for predicting the
vulnerability of individuals/populations to various autoimmune diseases.

14

15

Peer review

16

In this study, the authors studied the association between APOE polymorphism
and IBD in a Saudi Arabian population.
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RhoC, vascular endothelial growth factor and microvascular
density in esophageal squamous cell carcinoma
Zhi-Hua Zhao, Yan Tian, Jian-Pin Yang, Jun Zhou, Kui-Sheng Chen
METHODS: Semi-quantitative reverse transcriptase
polymerase chain reaction, in situ hybridization and
immunohistochemical streptavidin-biotin- peroxidase
methods were used to detect expression of RhoC
mRNA and protein, and VEGF protein in 62 cases with
esophageal squamous cell carcinoma, 31 cases with
adjacent atypical hyperplastic tissues, and 62 cases with
normal esophageal mucosa. CD105 antibody labeling
was used to measure microvascular density. Expression
levels were compared according to clinicopathologic
and patient parameters.
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RESULTS: Expression of RhoC mRNA showed a
positive correlation with the protein level in esophageal
squamous cell carcinoma, as well as with VEGF protein
levels. RhoC mRNA expression was mainly located
within the cytoplasm of the tumor cells, appearing as
blue to purple particles by in situ hybridization. The
differences in RhoC mRNA expression in esophageal
squamous cell carcinoma, adjacent atypical hyperplasia
and normal esophageal mucosa were significant
(P < 0.05). The relative expression of RhoC mRNA
in cancer tissues with lymph node metastasis was
significantly higher than in the tissues without lymph
node metastasis (P < 0.05). VEGF protein expression
was consistent with microvascular density (t = 25.52,
P < 0.05). Positive expression of VEGF protein in
esophageal squamous cell carcinoma of different
histologic gradings did not differ significantly. Positive
expression of VEGF protein in carcinoma tissues with
deep infiltration was significantly higher than in tissues
with only superficial infiltration (P < 0.05). The positive
expression of VEGF protein in cancer tissues with lymph
node metastasis was significantly higher than in the
tissues without lymph node metastasis (P < 0.05).

Abstract

CONCLUSION: RhoC protein may upregulate VEGF
expression, thereby promoting tumor angiogenesis.
RhoC mRNA and protein expression was correlated with
metastasis.

AIM: To investigate the expression of Ras homolog
(Rho)C, vascular endothelial growth factor (VEGF) and
CD105 in esophageal squamous cell carcinoma.
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factor

Hospital of Henan Anyang City between February and
March 2006. There were 36 male and 26 female cases,
aged 38-75 years (mean: 60.6 ± 9.5 years). None of the
patients had a preoperative history of chemotherapy,
radiotherapy or immunotherapy. Esophageal squamous
cell carcinoma was divided into four types[5]: ulcer type
(n = 28), medullary type (n = 29), mushroom umbrella
type (n = 4), and narrow type (n = 1). Fifteen cases were
Grade Ⅰ , 25 were Grade Ⅱ , and 22 were Grade Ⅲ ;
20 were accompanied by lymph node metastasis, and
42 were not. Seven cases (superficial group) had tumor
infiltration of the mucosa, submucosa or superficial
muscles, and 55 cases (deep group) had tumor infiltration
of the deep muscular or outer layer. All cases were
confirmed to be esophageal squamous cell carcinoma
by conventional pathology. Specimens were taken from
outside the necrosis area, ≤ 3 cm mucosa tissue adjacent
to carcinoma, and remote normal mucosa.
Each section was fixed with 40 g/L formaldehyde,
conventionally dehydrated, paraffin-embedded, and serially
sectioned at a thickness of 4-6 μm for hematoxylin and eosin
staining, in situ hybridization, and immunohistochemical
staining.

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Recent studies have found that Ras homolog
(Rho)C plays an important role in promoting angiogenesis
in breast cancer. RhoC overexpression in breast cancer
epithelial cells can improve expression of vascular
endothelial growth factor (VEGF) and other angiogenic
factors. Detection of the expression of RhoC, VEGF
and microvascular density in esophageal squamous cell
carcinoma and the relationship with metastasis and
invasion have not been reported.
Zhao ZH, Tian Y, Yang JP, Zhou J, Chen KS. RhoC, vascular
endothelial growth factor and microvascular density in
esophageal squamous cell carcinoma. World J Gastroenterol
2015; 21(3): 905-912 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i3/905.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i3.905

Semi-quantitative reverse transcriptase-PCR
The total RNA of the tissue was extracted using the
RNAiso Plus kit (Takara, Otsu, Shiga, Japan) and RTPCR was performed using PrimeScript One Step RTPCR Kit Ver. 2 (Takara). The results were analyzed
with the GeneGenius Gel Imaging System (Syngene,
Cambridge, United Kingdom). The ratio of the gray
value of the RhoC amplified bands to the gray value of
the β-actin bands was taken as the relative expression
level of target gene mRNA.

INTRODUCTION
Ras homolog (Rho) family members (RhoA, RhoB
and RhoC) are a class of small GTP binding proteins,
which play an important role in cell signaling pathways,
cell transformation, and tumor cell infiltration and
metastasis [1,2]. The relationship between RhoC and
malignancy has become one of the research hotspots in
oncology. Recent studies have found that RhoC plays
an important role in promoting angiogenesis in breast
cancer[3,4]. RhoC overexpression in breast cancer epithelial
cells can improve the expression of vascular endothelial
growth factor (VEGF) and other angiogenic factors.
Detection of the expression of RhoC, VEGF and
microvascular density (MVD) in esophageal squamous
cell carcinoma and the relationship with metastasis and
invasion have not been reported.
In the present study, we detected expression of RhoC
mRNA and protein and VEGF protein in esophageal
squamous cell carcinoma, adjacent atypical hyperplasia,
and normal esophageal mucosa. CD105 antibody labeling
was also used to detect MVD in esophageal squamous
cell carcinoma to explore the relationship with RhoC and
VEGF expression, and to clarify the clinicopathologic
significance of the RhoC, VEGF, and MVD in the
occurrence and development of esophageal squamous
cell carcinoma.

In situ hybridization
In situ hybridization was carried out as described previously[6].
The probe sequence of RhoC was 5’-CGT TGG GGC
AGA AGT GCT TCA-3’, which was synthesized by
Beijing Bioko Biotechnology Co. Ltd.
Immunohistochemistry
Immunohistochemical staining was conducted using
a streptavidin-biotin-peroxidase assay kit and in strict
accordance with manufacturer’s instructions (Beijing
Zhongshan Golden Bridge Biotechnology Development
Company, China). Breast biopsy specimens with known
positive expression of RhoC were taken as positive
controls. Antibody was replaced by normal goat serum as
a negative control and PBS as a blank control. The results
were observed in a double-blind manner as described
previously[7]. Yellow or brown particles in the cytoplasm
or cell membrane were considered to be positive.
Unstained cells were negative. Stained cells, regardless of
the area and intensity, were all taken as positive.

MATERIALS AND METHODS
General data
We collected surgical specimens from 62 cases of
esophageal squamous cell carcinoma at the Tumor
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Statistical analysis
SPSS version 13.0 software (SPSS Inc., Chicago, IL,
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United States) was used to conduct χ 2 or rank sum tests.
A P < 0.05 was considered to be statistically significant.

in the vascular endothelial cell cytoplasm within the
tumor stroma, or in cancer nests, with pale to dark yellow
particles (Figure 1D). CD105-antibody-labeled MVD
gradually increased in Grade Ⅰ, Ⅱ and Ⅲ esophageal
squamous cell carcinoma, but the differences among
the groups were not significant (F = 0.298, P > 0.05).
MVD in the cancer tissues of the deep group was higher
than that of the superficial group (34.47 ± 11.69). MVD
(39.00 ± 8.84 vs 41.0 ± 3.26) in esophageal squamous cell
carcinoma with lymph node metastasis was significantly
higher than in the group without lymph node metastasis
(39.00 ± 8.84 vs 36.33 ± 3.76), and the differences among
groups were significant (Table 2, Figure 1D).

RESULTS
RhoC mRNA expression
RhoC mRNA expression was mainly located within the
cytoplasm of the tumor cells, showing as blue to purple
particles (Figure 1A). RhoC mRNA levels significantly
differed among normal esophageal mucosa, adjacent
atypical hyperplasia, and carcinoma sample (P < 0.05)
(Table 1). The lower the degree of differentiation,
the higher the expression of RhoC mRNA, and the
difference was significant by rank sum test (P < 0.05)
(Table 2). The difference in relative RhoC mRNA
expression levels in the carcinoma tissues of the shallow
and deep infiltration groups was significant (P < 0.05).
The relative expression of RhoC mRNA in cancer tissues
with lymph node metastasis was significantly higher than
in the group without lymph node metastasis (P < 0.05).
Sex, age and other factors of patients with esophageal
squamous cell carcinoma were independent of the
relative content of RhoC mRNA (P > 0.05).

Correlational analysis for RhoC, VEGF and CD105
expression
Among the 52 cases with positive RhoC protein
expression, 46 had positive mRNA expression, and in
10 cases with negative RhoC protein expression, six had
negative mRNA expression. RhoC protein expression
showed a positive correlation with RhoC mRNA
expression in esophageal squamous cell carcinoma (P <
0.01) (Table 3). In the cases with positive RhoC protein
expression, positive expression of VEGF protein was
50.0% (13/26), whereas in cases with negative RhoC
expression, the rate was 82.6% (19/23), showing a
positive correlation between the two (P < 0.05). In the
cases with positive RhoC protein expression, MVD
was 41.99 ± 9.83, whereas in cases with negative RhoC
protein expression, MVD was 31.07 ± 6.38, and the
difference was significant (t = 25.52, P < 0.01). MVD
of 42 cases with positive VEGF protein expression was
38.88 ± 0.041, of which, 20 cases had negative VEGF
protein expression with MVD of 36.45 ± 0.036. The
difference was significant (t = 25.52, P < 0.05), indicating
that VEGF protein expression was consistent with MVD.

RhoC protein expression
RhoC protein showed as pale to dark yellow particles,
mainly located in the cytoplasm (Figure 1B). The
differences in the expression of RhoC protein among
the three type of tissue sample were significant (P <
0.05) (Table 1). The lower the degree of differentiation,
the higher the expression of RhoC protein, and the
difference was significant (P < 0.05). The positive
expression of RhoC protein in cancer tissues with
lymph node metastasis was significantly higher than in
the tissues without lymph node metastasis (P < 0.05).
Sex, age and other factors of patients with esophageal
squamous cell carcinoma were unrelated to positive
expression of RhoC protein (P > 0.05) (Table 2).

DISCUSSION

Expression of VEGF protein
The differences in VEGF protein expression in the three
groups were significant (P < 0.05) (Table 1, Figure 1C).
Positive expression of VEGF protein in esophageal
squamous cell carcinoma of different histologic grading
did not differ significantly (P > 0.05) (Table 2). Positive
expression of VEGF protein in carcinoma tissues of
the deep infiltrating groups was significantly higher than
that in the superficial infiltrating group (P < 0.05). The
positive expression of VEGF protein in cancer tissues
with lymph node metastasis was significantly higher than
in the tissues without lymph node metastasis (P < 0.05).
Sex, age and other factors of patients with esophageal
squamous cell carcinoma were independent of positive
expression of VEGF protein (P > 0.05) (Table 2).

RhoC is a member of the Rho family[8] and is a GTPbinding protein that hydrolyses GTP to inactivated GDP,
acting as a signal converter or a molecular switch in cell
signal transduction pathways to produce a variety of
biological effects that act on the cytoskeleton or target
proteins[9,10]. The most important function of RhoC is
regulating cell motility and migration by regulating the
actin cytoskeleton, and inducing aggregation of actin,
integrins and associated proteins such as fibronectin[11,12].
The actin cytoskeleton plays an important role in cell
shape changes, cell movement and phagocytosis, but
also in various activities such as cell proliferation,
growth and apoptosis[13,14]. It has been shown that RhoC
overexpression is related to the development of a variety
of malignancies. Clark et al[15] found that RhoC acts as
a molecular switch in tumor metastasis in their study
of the invasive and transfer phenotype of melanoma.
Ikoma et al[16] found that RhoC overexpression leads
to significantly increased mRNA expression of matrix

MVDCD105 test results
Detection of MVD by CD105 showed that positive
protein expression signals of CD105 were mainly located
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Esophageal squamous cell carcinoma

Adjacent atypical hyperplasia

Normal esophageal mucosa

A

B

C

D

Figure 1 RhoC protein, vascular endothelial growth factor protein and CD105 immunohistochemistry. A: In situ hybridization with nuclear fast red for Ras
homolog C (RhoC) mRNA. Immunohistochemistry with streptavidin-biotin-peroxidase for B: RhoC; C: Vascular endothelial growth factor protein; and D: CD105. 200 ×
magnification.
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Table 1 Ras homolog C mRNA relative content, expression of Ras homolog C mRNA and protein and vascular endothelial growth
factor protein in normal esophageal mucosa, adjacent atypical hyperplasia, and cancer tissues
Site

Cases RhoC mRNA
(n ) relative content

χ2

P

RhoC mRNA
expression

value
-

Normal
esophageal
mucosa
tissues
Adjacent
atypical
hyperplasia
tissues
Cancer
tissues

+

χ2

P

χ 2 P value

RhoC protein
expression

value

VEGF protein
expression

Positive
rate

-

+

Positive
rate

-

+

21%

50

12

19.4%

44

18

29%

14

17

54.8%

20

42

67.7%

62

0.653 ± 0.069

49 13

31

0.731 ± 0.065

99.629 0.000 21 10

32.3%

47.735 0.000 20

11

35.5%

62

0.902 ± 0.119

12 50

80.6%

10

52

83.9%

54.25 0.000

χ2

P

value

Positive
rate

18.994 0.000

RhoC: Ras homolog C; VEGF: Vascular endothelial growth factor.

Table 2 Ras homolog C mRNA relative content, expression of Ras homolog C mRNA and protein and vascular endothelial growth
factor protein in esophageal squamous cell carcinoma and the relationship with clinicopathologic parameters
Clinicopathologic
parameters

Cases
(n )

RhoC mRNA
F
P
2
relative content (t , χ ) value

Gender
Male
Female
Age (yr)
≥ 60
< 60
Histologic grading
Ⅰ
Ⅱ
Ⅲ

χ2

RhoC mRNA
expression

P

value

+ Positive
rate

RhoC protein
expression
-

χ2

P

value

+ Positive
rate

VEGF protein
expression
-

χ2

P

value

+ Positive
rate

36
26

0.922 ± 0.123
0.874 ± 0.109

0.586 0.118

7 29
5 21

80.6
80.8

0.000 0.983

6 30
4 22

83.3
84.6

0.018 0.892 11
9

25
17

69.4
65.4

0.004 0.950

33
29

0.911 ± 0.108
0.892 ± 0.132

0.619 0.538

6 27
6 23

81.8
79.3

0.062 0.803

7 26
3 26

78.8
89.7

1.348 0.246 12
8

21
21

63.6
72.4

0.217 0.642

15
25
22

0.795 ± 0.056
0.898 ± 0.086
0.979 ± 0.128

7 8
3 22
2 20

53.3
88.0
90.9

7 8
2 23
1 21

53.3
92.0
95.5

8
7
5

7
18
17

46.7
72.0
77.3

Invasion depth
Shallow group
7
Deep group
55
Lymphatic metastasis
Without
42
With
20

22.535 0.000

9.520 0.009

13.744 0.001

0.751 ± 0.036
0.924 ± 0.111

8.716 0.000

4 3
8 47

42.9
85.5

7.219 0.007

4 3
6 49

42.9
89.1

6
9.812 0.002 14

1
41

14.3
74.5

0.840 ± 0.074
1.032 ± 0.086

9.042 0.000 11 31
1 19

73.8
95.0

3.898 0.048 10 32
0 20

76.2
100.0

5.678 0.017 18
2

24
18

57.1
90.0

4.014 0.134

10.319 0.001
6.693 0.010

RhoC: Ras homolog C; VEGF: Vascular endothelial growth factor.

metalloprotein (MMP)-2, MMP-9, and tissue inhibitor
of matrix metalloprotein. RhoC increases the expression
and activity of MMPs, which lead to enhanced tumor
aggressiveness. RhoC gene overexpression also leads to
increased expression of angiogenic factors (particularly
VEGF) and then activation of mitogen-activated protein
kinase, phospholipase C, and phosphatidylinositol
3-kinase to promote tumor invasion and metastasis. Van
Golen et al[3] suggested that RhoC overexpression could
increase the expression of VEGF and other angiogenic
factors in breast epithelial cells. The extracellular C3
transferase enzyme of Clostridium inhibits RhoC function,
which can significantly reduce the yield of angiogenic
factors. Current studies evaluating RhoC gene expression
in esophageal squamous cell carcinoma are limited to a few
observational reports. Joint detection of RhoC, VEGF and
CD105 in esophageal squamous cell carcinoma has not
been reported.

WJG|www.wjgnet.com

The relative content of RhoC protein and mRNA
suggest that RhoC overexpression may be involved
in malignant transformation of esophageal epithelial
cells, which may play an important role in the incidence
and development of esophageal cancer. Protein and
mRNA expression and the relative content of RhoC
were significantly increased with the invasion depth of
carcinoma, and were significantly higher in the tissues of
patients with lymph node metastasis than those without
metastasis. These results indicate that abnormal RhoC
expression may be closely associated with invasion and
lymph node metastasis in esophageal squamous cell
carcinoma, which is consistent with the findings of
Faried et al[17]. RhoC mRNA and protein expression and
their relative content were significantly reduced with
decreased degree of differentiation of esophageal cancer
tissues. This suggests that RhoC gene plays an important
role in the induction of tumor cell differentiation, and its
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Table 3 Relationship among Ras homolog C protein, Ras homolog C mRNA, vascular endothelial growth factor protein and CD105
staining of measure microvascular density
RhoC protein
expression

n

+
-

52
10

RhoC mRNA
expression
+
46
4

6
6

r

P

value

0.451 0.000

VEGF
expression
+
40
2

12
8

r

P
MVDCD105
value (mean ± SD)

0.448 0.000

41.99 ± 9.83
31.07 ± 6.38

r

P

value

0.451 0.000

VEGF
protein
expression

n

MVDCD105
(mean ± SD)

t

P

+
-

42
20

38.88 ± 0.041 5.147 0.027
36.45 ± 0.036

value

MVDCD105: CD105 staining of measure microvascular density; RhoC: Ras homolog C; VEGF: Vascular endothelial growth factor.

overexpression may be associated with histologic grading
and degree of malignancy in esophageal squamous cell
carcinoma. Zhang et al[7] have reported that the degree of
RhoC protein expression is unrelated to the degree of
differentiation of esophageal cancer, and the cause of the
discrepancy may be related to the different sources and
numbers of specimens and antibodies.
As one of the most critical angiogenic growth factors,
VEGF provides favorable conditions for the growth and
metastasis of the majority of malignant tumors[18]. On
the one hand, VEGF causes capillary lumen formation
by acting directly on the proliferation and migration of
the receptor-mediated capillary endothelial cells. On the
other hand, vascular permeability is increased, which
changes the tumor interstitium and plays an important
role in cancer invasion and metastasis, through its
autocrine or paracrine activity[19-23]. The results of the
present study showed that VEGF protein expression
in the lymph node metastasis group was significantly
higher than in the groups without metastasis. Positive
VEGF expression in the deep infiltration group was
significantly higher than in the shallow infiltration group,
indicating that high expression of VEGF protein can
induce invasion and metastasis of esophageal squamous
cell cancer. In esophageal squamous cell carcinoma with
varying degrees of differentiation, the positive rate of
VEGF protein expression did not differ significantly,
suggesting that VEGF protein expression had nothing to
do with histologic grade.
Research has shown that vascular endothelial markers
such as CD34 and CD31 are expressed in tumor blood
vessels, whereas the CD105 antibody is preferentially
bound to the activated endothelial cells in tumor tissue.
DC34 and CD31 are not expressed or only weakly
expressed in the vascular endothelial cells of normal
tissues, thus CD105 is a more specific marker for
assessing the proliferation of vascular endothelial cells[24].
MVD in esophageal squamous cell the carcinoma tissues
increased significantly with the depth of invasion. MVD
in the group with lymph node metastasis was significantly
higher than in the group without metastasis. CD105
expression in esophageal squamous cell carcinoma with
different stages had no significant differences, which
was similar to previous results[25,26]. Newborn capillaries
can promote metastasis of tumor cells several ways: (1)
amount of neovascularization; (2) high permeability of
the new blood capillaries; and (3) degradative enzymes
changing the tumor extracellular matrix[27]. Therefore,
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the number of blood vessels in the tumor stroma is
an important factor affecting cancer prognosis and
metastasis. The extent of angiogenesis in tumor tissues
can be determined by assessing MVD[28]. Determination
of MVD in esophageal squamous cell carcinoma could
become one of the indicators to determine invasive and
metastatic potential.
RhoA and RhoC can promote tumor angiogenesis
by the Rho-associated kinase signaling pathway, as well
as assisting distant metastasis of tumor cells through
the vascular endothelium[29,30]. The results of our study
showed that expression of RhoC protein was positively
correlated with VEGF protein expression and MVD. The
differences in MVD and expression of VEGF in patients
with RhoC protein expression were significant compared
with patients with negative RhoC protein expression.
These findings indicate that RhoC overexpression
promotes tumor angiogenesis by increasing expression
of VEGF protein. We also found that MVD increased
with high levels of VEGF protein expression. VEGF
and CD105 staining in tumor tissues is similar, which
confirms that VEGF specifically promotes tumor
angiogenesis, which is consistent with previous findings
in gastric cancer[31].
In summary, our results indicate that RhoC plays
an important role in esophageal carcinogenesis and
development. RhoC overexpression may be able to
increase the expression of VEGF, thereby promoting
tumor angiogenesis. VEGF protein overexpression
and MVDCD105 were closely related to the invasion and
metastasis of esophageal squamous cell carcinoma, which
may be considered as an indicator for determining the
lymph node metastatic potential of esophageal squamous
cell carcinoma.
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AIM: To investigate the association between nonalcoholic
fatty liver disease (NAFLD) and liver cancer, and NAFLD
prevalence in different liver tumors.
METHODS: This is a retrospective study of the
clinical, laboratory and histological data of 120 patients
diagnosed with primary or secondary hepatic neoplasms
and treated at a tertiary center where they underwent
hepatic resection and/or liver transplantation, with
subsequent evaluation of the explant or liver biopsy.
The following criteria were used to exclude patients
from the study: a history of alcohol abuse, hepatitis
B or C infection, no tumor detected in the liver tissue
examined by histological analysis, and the presence
of chronic autoimmune hepatitis, hemochromatosis,
Wilson’s disease, or hepatoblastoma. The occurrence of
NAFLD and the association with its known risk factors
were studied. The risk factors considered were diabetes
mellitus, impaired glucose tolerance, impaired fasting
glucose, body mass index, dyslipidemia, and arterial
hypertension. Presence of reticulin fibers in the hepatic
neoplasms was assessed by histological analysis
using slide-mounted specimens stained with either
hematoxylin and eosin or Masson’s trichrome and silver
impregnation. Analysis of tumor-free liver parenchyma
was carried out to determine the association between
NAFLD and its histological grade.
RESULTS: No difference was found in the association
of NAFLD with the general population (34.2% and
30.0% respectively, 95%CI: 25.8-43.4). Evaluation by
cancer type showed that NAFLD was more prevalent
in patients with liver metastasis of colorectal cancer
than in patients with hepatocellular carcinoma and
intrahepatic cholangiocarcinoma (OR = 3.99, 95%CI:
1.78-8.94, P < 0.001 vs OR = 0.60, 95%CI: 0.18-2.01,
P = 0.406 and OR = 0.70, 95%CI: 0.18-2.80, P = 0.613,
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The actual incidence rate of the NAFLD-HCC
association is unknown, but it has been reported that
30%-40% of the tumors diagnosed in patients with
cryptogenic cirrhosis may be associated with obesity,
insulin resistance, metabolic disorders, and NAFLD[9].
Furthermore, an increased incidence rate of intrahepatic
cholangiocarcinoma (IHCC), as compared to extrahepatic
cholangiocarcinoma in Western countries[6], suggests
a possible interference of NAFLD[7,10-12] by the same
pathophysiological mechanisms related to HCC and
in the genesis of bile duct tumors [7]. NAFLD and
colorectal cancer share some of the same risk factors,
namely obesity, insulin resistance, and diabetes. One
study demonstrated an increased risk of colorectal cancer
in patients with NAFLD[13], while other studies have
suggested that metabolic syndrome could be a predictor
for the development of liver metastases of colorectal
neoplasms[14].
To date, no study in the publicly available literature
has shown an association between NAFLD and hepatic
malignancy, either primary or secondary. The aim of this
study was to evaluate the possible association of NAFLD
with the most common primary and secondary liver
cancers.

respectively). There was a higher prevalence of liver
fibrosis in patients with hepatocellular carcinoma (OR
= 3.50, 95%CI: 1.06-11.57, P = 0.032). Evaluation
of the relationship between the presence of NAFLD,
nonalcoholic steatohepatitis, and liver fibrosis, and their
risk factors, showed no significant statistical association
for any of the tumors studied.
CONCLUSION: NAFLD is more common in patients
with liver metastases caused by colorectal cancer.
Key words: Hepatocellular carcinoma; Colorectal liver
metastases; Intrahepatic cholangiocarcinoma; Liver
fibrosis; Nonalcoholic fatty liver disease; Nonalcoholic
steatohepatitis
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: There has not been a study clearly showing
a relation between the nonalcoholic steatohepatitis
cirrhosis and hepatocellular carcinoma (HCC). Some
studies have suggested that the early stage of hepatic
steatosis can be a favorable microenvironment for the
development of liver metastases of colorectal cancer
(LMCC). Others have suggested that hepatic steatosis
has a protective role in the development of LMCC. Our
analysis of the association of nonalcoholic fatty liver
disease (NAFLD) with liver primary and secondary
malignancies found a statistically higher prevalence of
NAFLD in patients with LMCC, but not in non-cirrhotic
HCC patients.

MATERIALS AND METHODS
Study design
This retrospective study encompasses clinical, laboratory
and histological data of 120 patients diagnosed with
either primary or secondary hepatic neoplasms. Patients
were treated in the Hospital of Santa Casa Medical
School of São Paulo between the dates of January 2007
and December 2011. All of the studies were conducted
following approval by the local Ethics in Human
Research Committee.
All of the 120 patients underwent hepatic resection
and/or liver transplantation followed by subsequent
evaluation of the explant or liver biopsy. Patients were
excluded from the study due to: history of alcohol
abuse, defined as intake of 20 g/d or more[15]; hepatitis
B or C infection; absence of tumor-free liver tissue in
histological material; presence of chronic autoimmune
hepatitis, hemochromatosis, or Wilson’s disease;
hepatoblastoma cases due to very specific characteristics
and histopathological features.
The medical records of the included patients
were reviewed for clinical data such as age, sex, and
comorbidities. Comorbidities were defined as: previous
diagnosis of diabetes mellitus (DM) or impaired glucose
tolerance (GI) and/or impaired fasting glucose (defined
as ≥ 100 mg/dL); overweight, using the patient’s height
and weight to calculate the body mass index (BMI)
and with the overweight threshold set as a BMI of ≥
25 kg/m2; history of dyslipidemia or laboratory tests
demonstrating low-density lipoprotein > 160 mg/dL or
triglyceride levels > 150 mg/dL; previous diagnosis of
arterial hypertension, defined as systolic blood pressure
≥ 140 and/or diastolic blood pressure ≥ 90 mmHg.

Schulz PO, Ferreira FG, Nascimento MFA, Vieira A, Ribeiro
MA, David AI, Szutan LA. Association of nonalcoholic fatty
liver disease and liver cancer. World J Gastroenterol 2015;
21(3): 913-918 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i3/913.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i3.913

INTRODUCTION
With the increasing prevalence of obesity and insulin
resistance in the Western world, nonalcoholic fatty liver
disease (NAFLD) has become a major cause of chronic
liver disease[1]. Based on studies using different diagnostic
methods, the current estimates of NAFLD worldwide
prevalence vary from 6.3% to 33.0% (average = 20%)[2].
Molecular and pathophysiological changes caused by
NAFLD may lead to liver cancer, increasing the incidence
rate and modifying the epidemiology of primary and
metastatic liver cancer[3-6]. It is predicted that NAFLD
will emerge as the main risk factor for the development
of hepatocellular carcinoma (HCC), which is the primary
and most common liver cancer (70%-85% of cases), as
the incidence of hepatitis B and C becomes reduced due
to the expected development of better antiviral vaccines
and drugs[7,8].
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Table 1 Neoplasms of 120 patients with primary and secondary hepatic neoplasm n (%)
Neoplasms
NCLM
LMCC
HCC
IHCC
Others

Incidence rate

Age, yr

Sex (male)

Steatosis

Fibrosis

NASH

48 (40.0)
40 (33.3)
16 (13.3)
11 (9.2 )
5 (4.2)

56.9
57.5
57.9
63.3
64.4

19 (39.6)
25 (62.5)
13 (81.3)
2 (18.2)
0 (0.0)

11 (22.9)
22 (55.0)
4 (25.0)
3 (27.3)
1 (20.0)

24 (50.0)
15 (37.5)
12 (75.0)
7 (63.6)
2 (40.0)

2 (4.2)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)

HCC: Hepatocellular carcinoma; IHCC: Intrahepatic cholangiocarcinoma; LMCC: Liver metastasis of colorectal cancer; NASH: Nonalcoholic steatohepatitis;
NCLM: Non-colorectal liver metastasis; Others: Lymphoproliferative tumors and sarcoma.

Table 2 Association of risk factors for nonalcoholic fatty liver disease with steatosis and liver fibrosis in 120 patients with primary
and secondary hepatic neoplasm
NAFLD risk
factor (n )

Liver steatosis

GI and/or DM (41)
Dyslipidemia (17)
Hypertension (55)
Overweight (53)

Liver fibrosis

n (%)

P value

OR (95%CI)

n (%)

P value

OR (95%CI)

14 (34.1)
9 (52.9)
24 (43.6)
26 (49.1)

0.182
0.078
< 0.0011
0.002

1.70 (0.78 -3.71)
2.50 (0.88-7.06)
3.99 (1.73-9.16)
3.76 (1.56-9.05)

31 (51.7)
8 (47.1)
31 (56.4)
30 (56.6)

0.196
0.793
0.200
0.165

0.62 (0.30-1.28)
0.87 (0.31-2.44)
1.60 (0.78-3.31)
1.74 (0.79-3.81)

1

A statistically significant difference. DM: Diabetes mellitus; GI: Glucose intolerance; NAFLD: Nonalcoholic fatty liver disease.

Histopathology
All 120 histopathological examinations were reviewed
by a pathologist with over 30 years of experience in liver
pathology, who was blinded to the clinical, laboratory
and/or patient demographics. The histological diagnosis
of hepatic neoplasms was made using slide-mounted
specimens stained with hematoxylin and eosin or
Masson’s trichrome and silver impregnation to assess
reticulin fibers. Using the Kleiner et al[16] classification
scoring system, we assessed the histological grade of
lesions in the tumor-free liver parenchyma.

no statistically significant difference (P = 0.564) was
observed.
Neither liver fibrosis nor NAFLD showed any
statistically significant relationship with their risk factors
for any of the tumors studied (Table 2). Although two
individuals with steatohepatitis had GI and/or DM, these
findings were not statistically significant (P = 0.507). An
analysis based on the type of liver cancer showed an
association of steatosis only in liver metastasis due to
colorectal cancer (Table 3) and fibrosis only in HCC.

DISCUSSION

Statistical analysis
Descriptive statistics using the previously defined
variables were performed to assess the results. The
Statistical Package for Social Sciences version 13.0 was
used for statistical calculations. Epi Info version 3.4.3
was used to evaluate confidence intervals (CIs) and odds
ratios (ORs). Descriptive analyses were performed on the
summary measures for quantitative variables. Qualitative
variables were calculated, and absolute and relative
frequencies were determined. The Student’s t-test was
used for comparisons of NAFLD with liver malignancy.
The Mann-Whitney test was used for nonparametric
variables. The χ 2 test and Fisher’s exact test were used
for statistical analysis. Significance level for all tests was
defined at 5% (P < 0.05).

The clinical course of NAFLD may vary according to
the initial histological diagnosis and can range from a
reversible benign outcome (steatosis) to the development
of an inﬂammatory steatohepatitis (NASH) in 10%-20%
of cases. Once established, 3%-5% of NASH cases
progress to cirrhosis within 15-20 years, with an
increase in risk of developing HCC[2,17]. In the Western
population, the cumulative annual incidence rate of
HCC in patients with NASH and cirrhosis was reported
as 2.6%[18], while in the Asian population this rate was
reported as 11.3%[19].
Recently, Hamady et al[20] identified hepatic steatosis
as an independent risk factor for recurrence following
curative resection of liver metastasis from colorectal
cancer (LMCC) and was also associated with a worse
prognosis. The biological characteristics of these
metastases include bilateral distribution, lymph node
involvement, and the presence of extrahepatic disease
at diagnosis. Changes in inflammatory cytokines and
extracellular matrix remodeling proteinases were
associated with an increased risk of metastasis in many
different organ systems[21].

RESULTS
The demographic characteristics and histological features
of the 120 included patients are listed in Table 1. Milder
degrees of steatosis (grade 1; 39 cases) and liver fibrosis
(grades 1 and 2, 51 cases) were predominant. When
the association of steatosis with fibrosis was evaluated,
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Table 3 Prevalence of steatosis and hepatic fibrosis according to type of hepatic neoplasm
Histologic type (n )
LMCC (40)
NCLM (48)
HCC (16)
IHCC (11)

Liver steatosis

Liver fibrosis

n (%)

P value

OR (95%CI)

n (%)

P value

OR (95%CI)

22 (55.0)
11 (22.9)
4 (25.0)
3 (27.3)

< 0.0011
0.034
0.406
0.613

3.99 (1.78-8.94)
0.42 (0.18-0.95)
0.60 (0.18-2.01)
0.70 (0.18-2.80)

15 (37.5)
24 (50.0)
12 (75.0)
7 (63.6)

0.053
1.000
0.0321
0.343

0.47 (0.21-1.02)
1.00 (0.48-2.08)
3.50 (1.06-11.57)
1.85 (0.51-6.68)

1

A statistically significant difference. HCC: Hepatocellular carcinoma; IHCC: Intrahepatic cholangiocarcinoma; LMCC: Liver metastasis of colorectal cancer;
NCLM: Non-colorectal liver metastasis.

neoplasms studied[12-14,33-40]. The presence of these factors,
and not that of hepatic steatosis, could contribute to
the development of neoplasms. However, cases of
primary and secondary hepatic neoplasms associated
with the presence of NAFLD even in the absence of
these metabolic risk factors have been reported in other
studies[41,42], suggesting that hepatic steatosis could be a
predictor of these neoplasms, regardless of the presence
or absence of obesity, GI and/or DM[42].
The main limitations of the present study were its
retrospective design and its use of incomplete patient
medical records as the source of information, which
in some cases represented an absence of demographic
information, anthropometric measurements, laboratory
data, and other patient details. A prospective study
may have provided more accurate evidence of a causal
relationship between NAFLD and hepatic neoplasms.
However, such a study design is logistically very difficult
to perform due to the low annual incidence rate of
different cancers in non-cirrhotic liver[42].
Surveillance screening of hepatic neoplasms in every
obese or diabetic non-cirrhotic individual would not be
cost-effective, considering that both metabolic disorders
are epidemic in Brazil and several other countries around
the world[37,43]. Thus, defining risk factors responsible for
the development of liver cancer is crucial for increasing
response rates of patients diagnosed at an early disease
stage and treated with appropriate therapies for malignant
tumors, which would consequently lead to a better
prognosis.
In conclusion, the present study found no statistically
significant association of NAFLD in patients with liver
neoplasms in the general population. Only liver metastasis
of colorectal cancer showed a significant association with
NAFLD.

Significant changes that occur in steatosis and NASH
cause an increase in certain signaling molecules, such
as transforming growth factor-beta (TGF-β) and some
cell matrix metalloproteinases, which may be important
in tumor formation and angiogenesis stimulation[21-24].
However, other studies indicated that LMCC is less
frequent in subjects with NAFLD and suggested that
steatosis may be, in fact, an unfavorable factor for the
development of LMCC[25-29]. Therefore, it is not clear
whether NAFLD influences the development of LMCC,
as demonstrated in this study, or has a protective effect
(blocking LMCC development).
The incidence rate of malignant liver tumors in
patients involved in the current study was similar to that
reported in the literature[6,7]. No statistical differences were
found in the association of hepatic steatosis neoplasms
compared with the general population (34.2% in the
study group vs 20%-30% in the general population[2]).
However, when analysis was performed in our study
according to the different cancer types, we found a higher
prevalence of hepatic steatosis in patients with LMCC,
even in cases with milder liver fibrosis, suggesting that
even milder degrees of steatosis may be used as predictors
for the development of hepatic neoplasms. Steatosis
and liver cancer share several risk factors (including
obesity, hyperinsulinemia, GI, and DM), with hepatic
steatosis directly changing the liver microcirculation and
inflammatory cytokines promoting the development
of liver metastases[4,30]. It is also possible, however, that
there is no direct relationship of steatosis with the onset
of metastasis. Previous exposure to chemotherapy has
been shown to result in an increase in both steatosis
and steatohepatitis, in up to 92% of cases studied[4,31,32].
Further more, steatosis induced by neoadjuvant
chemotherapy was shown to lead to greater circulation
disorder with increased susceptibility to complications,
such as micro-metastases[31]. Yet another possibility is that
the association of NAFLD with liver colorectal metastases
may occur randomly, as suggested by the high prevalence
of hepatic steatosis in the general population, with no real
relationship existing between these two diseases.
A discrete prevalence (with no statistically significant
association) of steatosis was observed in the presence
of GI and/or DM, hypertension, dyslipidemia, and
overweight status. GI, DM and obesity are considered
risk factors for the development of most of the hepatic
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starting with simple steatosis, steatohepatitis (NASH), fibrosis, and finally
cirrhosis. Associations of NAFLD with cirrhotic stage and primary liver cancer
have already been shown. Although primary liver cancer has been extensively
studied, there has not been strong scientific evidence reported for non-cirrhotic
NAFLD patients. In early stages of steatosis, the associations with liver cancer
have ranged from protection to NAFLD as a causal factor in the development of
LMCC.
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with early gastric cancer in the reconstructed gastric
tube after esophagectomy who underwent ESD in this
hospital were studied. The characteristics of GTC were
identified, and the complications of ESD for GTC were
analyzed at three phases: preoperative, intraoperative,
and postoperative.
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RESULTS: A total of 11 consecutive patients with 11
GTCs were selected for this study. All cases underwent
en bloc resections by ESD. The median procedure
time was 142 min. The average GTC diameter was
26.1 mm, and the average size of the resected lesions
was 45.5 mm. The histopathological diagnosis in all
cases was a differentiated adenocarcinoma. In the
preoperative phase, anastomotic strictures (5/11, 45%)
and food residues (4/11, 36.4%) in the gastric tube
were the main complications. In the intraoperative
phase, bleeding was observed in 5 cases (45%). The
postoperative complications observed were delayed
bleeding in 2 cases (18.2%) and stenosis in one case
(9.1%). The case with stenosis was successfully treated
using endoscopic balloon dilatation.
CONCLUSION: Minor complications were frequently
observed. However, all GTCs underwent en bloc
resection with ESD without any serious complications.
ESD is considered a useful treatment for GTC.
Key words: Gastric tube cancer; Endoscopic submucosal
dissection; Complications; Endoscopy; Esophagectomy
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Abstract

Core tip: The pulled-up stomach conduit, when
reconstructed and used as an esophageal substitute
after esophagectomy, has the potential to develop
gastric tube cancer (GTC). Although endoscopic
submucosal dissection (ESD) for early gastric cancer is

AIM: To identify the characteristics of gastric tube
cancer (GTC) and the complications associated with
endoscopic submucosal dissection (ESD) for GTC.
METHODS: Between 2007 and 2012, 11 individuals
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common, there are only a few reports on ESD for GTC.
In this study, we identified the characteristics of GTC
and the complications associated with ESD for GTC.
Minor complications, such as anastomotic stricture, food
residue, and intraoperative bleeding, were frequently
observed. However, all GTCs were safely resected en
bloc with ESD without serious complications. ESD can
be considered a useful treatment modality for GTC.

Table 1 Patient characteristics n (%)
Characteristics
Patient
Gender (M/F)
Tumors
Mean age
Median period from esophagectomy to
initial ESD for GTC, in months (range)
Gastric tube reconstruction
Anterosternal subcutaneous route
Posterior mediastinal route
Substernal route
Size (Major axis)
Macroscopic type
0-Ⅱa
0-Ⅱc
0-Ⅱa + Ⅱc
Unclassified
Histological diagnosis
Differentiated
Undifferentiated
Depth
Mucosal
Submucosal
Helicobacter pylori infection
Positive
Negative

Mukasa M, Takedatsu H, Matsuo K, Sumie H, Yoshida H,
Hinosaka A, Watanabe Y, Tsuruta O, Torimura T. Clinical
characteristics and management of gastric tube cancer with
endoscopic submucosal dissection. World J Gastroenterol
2015; 21(3): 919-925 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i3/919.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i3.919

INTRODUCTION
Esophageal cancer is associated with metachronous
malignancies in other organs, and its incidence rate
ranges from 11.3% to 12.0% [1-4]. Gastric cancer and
head and neck cancer are the most commonly identified
malignancies in this regard[1,2]. The pulled-up stomach
conduit, which can be used as an esophageal substitute
after esophagectomy, has the potential to develop a
second primary cancer known as gastric tube cancer
(GTC). GTC has been increasingly observed in recent
years as advancements in treatments for esophageal
cancer have contributed to prolonged patient survival[5,6].
Surgical resection has been considered the standard
treatment for GTC; however, surgery is not usually
preferred because of its associated high morbidity and
mortality[5,7]. As a result, it is necessary to find alternatives
to the surgical treatment of GTC. At present, the use of
endoscopic resection, including endoscopic submucosal
dissection (ESD) for early gastric cancer (EGC),
is accepted as a standard of care and is commonly
performed[8-10]. ESD is a technique that was developed
to enable the resection of large lesions that cannot
be removed using conventional endoscopic mucosal
resection (EMR). The other major advantage of ESD
is its ability to achieve a higher rate of en bloc resection,
which allows it to provide more accurate histological
assessment than EMR. The indications for endoscopic
resection and the histopathological criteria for the
curative endoscopic resection of EGC were provided by
the Japanese Gastric Cancer Association gastric cancer
treatment guidelines in 2010[11].
Recently, the indications and criteria for ESD
were expanded to include the treatment of GTC after
esophagectomy[12-15]. ESD for GTC after esophagectomy
is a technically difficult procedure because of the limited
working space and unusual fluid-pooling area in the
reconstructed gastric tube, in addition to the presence of
severe gastric fibrosis with staples under the suture line. At
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11
10/1
11
70.5 (65-78)
52.4 (4-144)

7 (63.6)
3 (27.3)
1 (9.1)
26.1 mm (10-68 mm)
4 (36.4)
5 (45.5)
1 (9.1)
1 (9.1)
11 (100)
0 (0)
9 (81.8)
2 (18.2)
9 (81.8)
2 (18.2)

ESD: Endoscopic submucosal dissection; GTC: Gastric tube cancer.

present, there are very few data on the clinical significance
of endoscopic treatment for GTC[5], and a therapeutic
strategy for GTC has not yet been established.
During the period of this study, 11 cases of early
GTC after esophagectomy were diagnosed at the
hospital after detailed surveillance endoscopy. All GTCs
were successfully resected en bloc with ESD. The aim
of this retrospective study was to identify the clinical
characteristics of GTC and the complications associated
with ESD for GTC.

MATERIALS AND METHODS
Patients
Between April 2007 and September 2012, all patients
with EGC in the reconstructed gastric tube after
esophagectomy who underwent ESD were retrospectively
investigated at the Kurume University Hospital in Japan.
The clinical characteristics of the patients with EGC are
summarized in Table 1. The clinical indications of ESD
for EGC were based on the Gastric Cancer Treatment
Guidelines[11]. These indications were applied for GTC
after esophagectomy with gastric tube reconstruction
(GTR). The hospital ethics committee approved the
study protocol, and all participating patients had provided
prior written informed consent.
Endoscopic procedures
All ESD procedures were performed by highly skilled
endoscopists using video endoscopes and a standard video
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A

B

C

D

Figure 1 Complications of endoscopic submucosal dissection for gastric tube cancer. A: Anastomotic stricture in the gastric tube; B: Food residue in the gastric
tube; C: Fibrosis of the submucosal layer in the gastric tube originated from the gastric body; D: Intraoperative bleeding during endoscopic submucosal dissection.

endoscope system (CV260SL/CLV260SL endoscopic
system; Olympus Medical Systems, Tokyo, Japan). An
insulation-tipped diathermic knife (IT knife; Olympus) was
used for all ESD procedures[16]. A Dual knife (Olympus)
or Flush knife (Fujifilm, Tokyo, Japan) was used to mark
the dots for the initial incision, and the IT knife was used
for the submucosal dissection. In addition, 0.4% sodium
hyaluronate (MucoUp; Johnson & Johnson, Tokyo, Japan)
diluted with normal saline solution containing epinephrine
and a minute amount of indigo carmine dye (1:1) was used
as the submucosal injection solution[17]. The resected GTC
specimens were then extended on the boards with pins for
fixation in 20% formalin. Each lesion, together with the
surrounding mucosa, was cut into 2- to 5-mm-wide serialstep sections. The histopathological criteria for diagnosing
GTC were based on the Japanese classifications of gastric
carcinomas[11,18].

(10 men and 1 woman), having a mean age of 70.5
years. The characteristics of these patients are shown in
Tables 1 and 2. All of the patients had earlier undergone
esophagectomy with gastric tube reconstruction (GTR)
for esophageal cancer of the squamous cell carcinoma
type. Seven cases had GTR through the anterosternal
subcutaneous route; 3 had GTR through the posterior
mediastinal route; and 1 had a substernal GTR. GTC
occurred an average length of 52.4 mo (4-144 mo) after
esophagectomy. All cases underwent en bloc resections
with ESD. The median procedure time was 142 min
(range, 32-445 min). The average GTC diameter was 26.1
mm (10-68 mm), and the average size of the resected
lesion was 45.5 mm in diameter (21-74 mm). During
endoscopy, the cases were macroscopically classified as
follows: 4 cases were 0-Ⅱa type; 5 were 0-Ⅱc type; 1
case was 0-Ⅱa + Ⅱc type; and 1 was unclassified. The
histopathological diagnosis in all cases was differentiated
adenocarcinoma. Based on the depth of invasion, 9 cases
were observed to be limited to the mucosa (M), and in 2
cases, the tumor had penetrated into the submucosa (SM).
HP infection was observed in most of the GTC patients
(9/11, 81.9%).

Measurements
The parameters and outcome measures studied were patient
characteristics, Helicobacter pylori infection, endoscopic
findings, tumor size, histopathological results, operative
time (from marking to complete lesion removal), and
complications, such as stenosis, perforation, and bleeding
during the three phases: preoperative; intraoperative; and
postoperative. In this study, delayed bleeding was defined
as cases with hematemesis or melena requiring endoscopic
intervention in the postoperative phase.

Complications of ESD for GTC
The complications of ESD for GTC were investigated
at three phases: preoperative; intraoperative; and
postoperative. In the preoperative phase, anastomotic
strictures (Figure 1A) and food residue (Figure 1B) in
the gastric tube were the main complications (Table 3).
Anastomotic strictures were defined as an anastomotic
narrowing that did not allow a standard endoscope
with a diameter of 10 mm to pass without resistance.

RESULTS
Patient characteristics
Eleven consecutive patients with 11 lesions were included
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M
M
M
M
M
M
M
F
M
M
M

Sex

66
77
67
62
78
66
74
78
78
65
64

Age

Post
Ant
Sub
Ant
Ant
Post
Ant
Ant
Ant
Ant
Post

Gastric tube
reconstruction
Left
Left
Posterior
Right
Anterior
Posterior
Left
Anterior
Left
Posterior
Left

Wall

Body
Body
Body
Body
Antrum
Antrum
Body
Antrum
Body
Antrum
Body

Location

Period from
esophagectomy
(mo)
117
96
50
4
38
144
12
44
6
45
21

Macroscopic
finding
0-Ⅱa + Ⅱc
0-Ⅱa
0-Ⅱa
0-Ⅱa
0-Ⅱc
unclassified
0-Ⅱc
0-Ⅱa
0-Ⅱc
0-Ⅱc
0-Ⅱc
Positive
Negative
Positive
Positive
Positive
Negative
Positive
Positive
Positive
Positive
Positive

infection

H. pylori

28
16
10
31
15
68
32
20
12
30
25

Tumor size
(mm)
62
40
21
48
28
74
45
49
31
52
53

Resected size
(mm)
SM
M
M
M
M
SM
M
M
M
M
M

Depth

184
175
180
57
65
445
208
32
32
44
141

Resection time
(min)
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GTC is an important issue in the long-term follow-up of patients who undergo curative esophagectomy for esophageal cancer. Because recent advances in the diagnosis and
treatment of esophageal cancer have improved patient survival after esophagectomy, the occurrence of GTC has been increasing[5,6]. The frequency of GTC in patients after
esophagectomy is reported to be approximately 0.5%-6.3%[12,19,20]. Several reports have shown the efficacy and safety of EMR for GTC[3,21]. Compared with surgery, endoscopic
treatment, including EMR, is considered a less invasive treatment for GTC. Several investigators have reported the application of ESD for GTC, although the indications
of ESD for GTC have yet to be established[12,13]. ESD has advantages over EMR in terms of the size and depth of the resected specimens and has been successfully applied
for the en bloc resection of various cancers[22,23]. Because the en bloc resection rate of ESD for GTC is reported to be 88%-95%, which is much higher than that of EMR
(14.3%)[12,13,15], ESD provides a more accurate histological assessment than EMR. According to the treatment guidelines for gastric cancer in Japan[11], the indications for ESD

DISCUSSION

In this study, there were 5 cases (45%) of anastomotic stenosis in the preoperative phase, and balloon dilatation was required in all cases. Furthermore, overtube insertion was
impossible in all 6 cases (including 5 preoperative cases and one postoperative) with anastomotic stenosis, although balloon dilatation for stenosis was performed. Migration of
the overtube was frequently observed through the anterosternal subcutaneous route (4/7, 57.1%) compared with the other routes (2/4, 50.0%); however, this observation had
no association with the insertion technique. The insertion of a scope-mounted hood was possible except in one case. In addition, food residue was observed in 4 cases (36.4%),
although it is imperative to abstain from eating before treatment.
The intraoperative complications included were bleeding and perforation due to fibrosis of the submucosal layer (Figure 1C), an unusual fluid-pooling area, and limited
working space (Table 4). Fibrosis of the submucosal layer at the site of the original stomach was frequently observed in the gastric tube and predominantly originated from the
gastric body (5/7, 71.4%) more so than the antrum (1/4, 25%). As a result, intraoperative bleeding (Figure 1D) was more frequently observed in gastric tubes originating from
the body of the stomach (body vs antrum, 5/7 vs 0/4). In addition, the resection time was longer in the gastric tube originating from the gastric body except for one case of the
antrum, which developed SM infiltration (body vs antrum, 139.6 min vs 47 min). In this study, perforation was not observed as a complication (0%).
The postoperative complications were postoperative bleeding and stenosis (Table 4). Emergency hemostasis was performed for postoperative bleeding in 2 cases (18.2%) of
gastric tube cancers originating from the body of the stomach. Stenosis after ESD was observed in only one case of an extensive resection of a gastric tube cancer originating
from the antrum (9.1%). This case was successfully treated with endoscopic balloon dilatation.

Ant: Anterosternal subcutaneous route; Sub: Substernal route; Post: Posterior mediastinal route; H. pylori: Helicobacter pylori.

1
2
3
4
5
6
7
8
9
10
11

Case

Table 2 Detailed patient characteristics
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Table 3 Complications in the preoperative phase
Case
1
2
3
4
5
6
7
8
9
10
11

Anastomotic stenosis

Endoscopic dilation

Mounted attachment

Attaching overtube

Food residue

–
–
+
+
+
–
+
–
–
+
–

–
–
+
+
+
–
+
–
–
+
–

Possible
Possible
Possible
Possible
Impossible
Possible
Possible
Possible
Possible
Possible
Possible

Possible
Possible
Impossible
Possible
Impossible
Impossible
Impossible
Possible
Impossible
Impossible
Possible

–
–
+
–
–
–
–
+
+
+
–

Table 4 Complications in the intraoperative and postoperative phase
Case
1
2
3
4
5
6
7
8
9
10
11

Submergence

Fibrosis of submucosa

Bleeding

Delayed bleeding

Stenosis

+
+
–
–
–
–
+
–
–
+
+

Moderate
Moderate
Moderate
Slight
Slight
Severe
Moderate
Slight
Slight
Slight
Severe

Severe
Severe
Severe
None
None
None
Severe
None
None
None
Severe

+
–
+
–
–
–
–
–
–
–
–

–
–
–
–
–
+
–
–
–
–
–

in EGC tend to be mucosal cancer within 2 cm in size
without ulcers. Furthermore, these guidelines have
extended the indications for ESD in the following cases:
(1) differentiated type, mucosal (M) cancer without ulcer,
and larger than 2 cm; (2) differentiated type, M cancer
with ulcer, and 3 cm or smaller; and (3) undifferentiated
type, M cancer without ulcer, and 2 cm or smaller.
The guidelines also state that an additional lymph
node resection is not necessary when lymphovascular
invasion is absent and when the tumor is not deeper
than submucosal 1 (SM1; Approximately 500 μm). In the
present study, we performed ESD for GTC following an
extended indication for EGC, and the en bloc resection of
all GTCs was successfully achieved using ESD.
Previous studies have shown a lower prevalence
of HP infection in GTC patients [3,6]. Bile reflux was
frequently observed in patients after esophagectomy and
most likely contributed to intestinal metaplasia and the
development of GTC[13,24]. On the other hand, Nonaka
et al[20] observed that 98% of GTC patients had an HP
infection, which is considered to be a major cause of
gastric cancer. This result raises the possibility that HP
infection is a major cause of GTC after esophagectomy,
in addition to EGC occurring in the unresected
stomach[25]. As for the results of this study, 81.8% of
GTC patients were HP positive. Further studies, such
as the prospective assessment of mucosal status and
HP infection after surgery, will be required to clarify the
activity of these carcinogenetic factors in the gastric tube.
Only a few reports have investigated the minor
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complications of ESD, such as anastomotic stricture,
food residue, bleeding, and stenosis in the GTC. The
precise incidence of complications has not been clearly
elucidated in previous reports because these reports have
involved a small number of patients or a mixed sample
with surgical resections and ESD for EGC in the remnant
stomach after gastrectomy[5,12,15]. Although anastomotic
stenosis was observed at a high frequency (45.5%, 5/11)
and the endoscopic extension was performed before
the ESD, overtube insertion was impossible in most
of those cases. Food residues were observed in 36.4%
(4/11) of the cases and had to be fully removed before
ESD. However, these complications were not associated
with an extended resection time. Bleeding was observed
in 45.5% of the patients during ESD. Intraoperative
bleeding was more frequently observed in the gastric tube
originating from the body of the stomach (71.4%, 5/7)
than in those originating from the antrum (25%, 1/4).
Emergency hemostasis was performed for postoperative
bleeding in the gastric tube originating from the body
in 2 cases (18.2%). Our results suggest that ESD for
GTC originating from the body can be considered a high
risk for intra- and postoperative bleeding. Stenosis after
ESD was observed in only one case (9.1%) in the largest
tumor size (68 mm) found in our study. Ono et al[26] have
reported that resecting areas larger than three-quarters
of the circumference of the esophageal lumen can be
considered an important risk factor for postoperative
stenosis in ESD of superficial esophageal cancer. The
risk factors for postoperative stenosis may be associated
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suggest that ESD can be considered a useful treatment for GTC.

with the tumor size of the GTC. A greater accumulation
of cases will be required to assess the complications of
ESD for GTC in detail.
Regarding major complications, Nonaka et al[20] showed
that perforations and delayed bleeding occurred in 3.8%
of patients, similar to the complication rates of ESD
for EGC performed on unresected stomachs[16,27]. The
influence of fibrosis and deformity due to the previous
surgery would be one such explanation of the decrease
in the en bloc resection rate. Moreover, the operative
time was longer for ESD in the gastric tube than in the
whole stomach. Anatomical deformities and a limited
working space due to the anastomosis or stump line are
possible reasons for the time-consuming nature of these
procedures. Previous reports of perforation during ESD
of a whole stomach specimen have found rates of 0% to
12%[28]. A high rate of perforation (18%) was reported
during ESD in a gastric tube[15]. Once perforation has
occurred in the gastric tube, pneumoperitoneum and
pneumomediastinum are likely to occur, potentially leading
to peritonitis or mediastinitis. In the current study, all
patients who experienced perforations were successfully
treated with immediate closure using endoclips and
subsequent nasogastric suction.
In conclusion, minor complications, such as
anastomotic stricture, food residue, and intraoperative
bleeding, are frequently observed in ESD for GTC;
however, all GTCs were safely resected en bloc using ESD
without serious complications. ESD can be considered a
useful treatment modality for GTC.

Terminology

GTC is a gastric cancer in the reconstructed gastric tube after esophagectomy.
ESD is an advanced technique of therapeutic endoscopy for superficial
gastrointestinal neoplasms. Three steps characterize this procedure, as follows:
injecting fluid into the submucosa to elevate the lesion; cutting the surrounding
mucosa of the lesion; and dissecting the submucosa beneath the lesion.

Peer review

Mukasa et al describe the characteristics of GTC and the complications
associated with ESD for GTC. Eleven consecutive patients with 11 GTC were
selected for this study. All cases underwent en bloc resections with ESD. In the
preoperative phase, anastomotic strictures and food residues in the gastric tube
were the main complications. In the intraoperative phase, bleeding was the major
complication, whereas in the postoperative phase, delayed bleeding and stenosis
were observed. The authors concluded that ESD can be considered a useful
treatment for GTC. Although surgical resection has been considered a standard
treatment for GTC, more recently, the indications and criteria for ESD have been
expanded to include the treatment of GTC after esophagectomy as well.
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the treatment of GTC after esophagectomy. ESD for GTC after esophagectomy
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GTCs underwent en bloc resection by ESD without any serious complications,
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Abstract
AIM: To determine the prognostic significance of
deficient mismatch repair (dMMR) and BRAF V600E in
Thai sporadic colorectal cancer (CRC) patients.
METHODS: We studied a total of 211 out of 405
specimens obtained from newly diagnosed CRC
patients between October 1, 2006 and December 31,
2007 at Siriraj Hospital, Mahidol University. Formalinfixed paraffin-embedded blocks of CRC tissue samples
were analyzed for dMMR by detection of MMR
protein expression loss by immunohistochemistry or
microsatellite instability using polymerase chain reaction
(PCR)-DHPLC. BRAF V600E mutational analysis was
performed in DNA extracted from the same archival
tissues by two-round allele-specific PCR and analyzed
by high sensitivity DHPLC. Associations between patient
characteristics, MMR and BRAF status with diseasefree survival (DFS) and overall survival (OS) were
determined by Kaplan-Meier survival plots and log-rank
test together with Cox’s proportional hazard regression.
RESULTS: dMMR and BRAF V600E mutations were
identified in 31 of 208 (14.9%) and 23 of 211 (10.9%)
tumors, respectively. dMMR was more commonly found
in patients with primary colon tumors rather than rectal
cancer (20.4% vs 7.6%, P =0.01), but there was no
difference in MMR status between the right-sided and
left-sided colon tumors (20.8% vs 34.6%, P = 0.24).
dMMR was associated with early-stage rather than
metastatic disease (17.3% vs 0%, P = 0.015). No
clinicopathological features such primary site or tumor
differentiation were associated with the BRAF mutation.
Six of 31 (19.3%) samples with dMMR carried the BRAF
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15%-20% of sporadic colorectal cancers (CRC), and
dMMR is associated with distinct clinicopathological
features such as proximal tumor site, high grade, early
stage, and better prognosis[3].
The BRAF gene has 18 exons and encodes a serine/
threonine protein kinase belonging to the RAS-RAFMEK-ERK kinase pathway that is involved in CRC
development[4,5]. The most common activating mutation
is found in exon 15 at nucleotide position 1799, whereby
a thymine (T) to adenine (A) transversion within codon
600 leads to substitution of valine by glutamate at the
amino acid level. This leads to the oncogenic BRAF
V600E mutation[6]. KRAS and BRAF mutations have
been reported to be mutually exclusive events within
tumors[6,7]. Several studies reported BRAF mutations
in 5%-20% of patients with sporadic CRC, with a high
frequency in dMMR tumors [4,8-10]. However, BRAF
mutations are very rare in CRC patients with hereditary
nonpolyposis colorectal cancer (HNPCC)[11].
Recently, the correlation between dMMR and
BRAF mutation and CRC prognosis has been widely
studied[8,12,13]. Patients with tumors harboring dMMR were
associated with a more favorable survival than those with
proficient MMR (pMMR)[3,14,15]. By contrast, patients with
the BRAF mutation were associated with a worse clinical
outcome, especially patients with pMMR tumors[12,13,16].
These data, however, all pertain to a Caucasian
population, and there is only scarce information available
for Asian populations. In this study, we systematically
deter mined the prevalence of dMMR and BRAF
mutations in Thai patients with sporadic CRC and
established correlations with various clinicopathological
features to determine their prognostic impact on clinical
outcome.

mutation, while 17 of 177 (9.6%) with proficient MMR
(pMMR) harbored the mutation (P = 0.11). Notably,
patients with dMMR tumors had significantly superior
DFS (HR = 0.30, 95%CI: 0.15-0.77; P = 0.01) and OS
(HR = 0.29, 95%CI: 0.10-0.84; P = 0.02) compared
with patients with pMMR tumors. By contrast, the BRAF
V600E mutation had no prognostic impact on DFS and
OS.
CONCLUSION: The prevalence of dMMR and BRAF
V600E in Thai sporadic CRC patients was 15% and
11%, respectively. The dMMR phenotype was associated
with a favorable outcome.
Key words: Sporadic colorectal cancer; Mismatch repair;

BRAF ; Overall survival

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This study is the first report of prevalence
and outcome in sporadic colorectal cancer that
habour deficient mismatch repair (dMMR) and BRAF
gene mutation in Thai population. The prevalence
of dMMR and BRAF V600E mutation was 15% and
11%, respectively. This study confirmed the favorable
outcome in patients with dMMR tumors, which
is consistent to the results of previous reports in
Caucasian population. The method we used to detect
BRAF mutation is allele specific polymerase chain
reaction which has the highest sensitivity to detect
this mutation when compared to previously reported
methods.
Korphaisarn K, Pongpaibul A, Limwongse C, Roothumnong
E, Klaisuban W, Nimmannit A, Jinawath A, Akewanlop C.
Deficient DNA mismatch repair is associated with favorable
prognosis in Thai patients with sporadic colorectal cancer. World
J Gastroenterol 2015; 21(3): 926-934 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i3/926.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i3.926

MATERIALS AND METHODS
Tissue samples
For malin-fixed paraffin-embedded tissue blocks
from patients diagnosed with primary colon or rectal
adenocarcinoma who underwent surgery between
October 1, 2006 and December 31, 2007 were obtained
for this study. We excluded patients with a known family
history of CRC, those suspected to have hereditary or
familial CRC, and those who did not receive treatment
and follow-up at our institution. The study protocol
was approved by the Siriraj Institutional Review Board,
Faculty of Medicine Siriraj Hospital, Mahidol University,
Thailand. This study was supported by the Siriraj
Research Development Fund.
Demographic information regarding age, gender,
primary tumor site, date of diagnosis, date of surgery,
stage at diagnosis, date of disease recurrence, date of last
follow-up, and date of death were collected. Staging was
classified by AJCC/UICC TMN stage (v.3 2010). Diseasefree survival (DFS) is defined as the interval between the
date of diagnosis and the date of disease recurrence or
death, while overall survival (OS) is the interval between
the date of diagnosis and the date of death from any

INTRODUCTION
Colorectal tumorigenesis is a multistep process that
arises from the accumulation of genetic alterations,
including chromosomal abnormalities, gene mutations,
and epigenetic changes [1] . With regards to genetic
abnormalities, defective DNA mismatch repair (dMMR)
is a type of genomic instability in tumor tissue caused
by a failure to correct errors during normal DNA
replication [2]. dMMR can be identified either by the
presence of microsatellite instability (MSI) analyzed
by polymerase chain reaction (PCR) amplification of
microsatellite foci in tumor tissue, or lack of protein
expression for any of the MMR genes, MLH1, MSH2,
MSH6, and PMS2, detected by immunohistochemistry
(IHC). Tumors with dMMR have been reported in
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cause. The primary objective of this study was to
determine the prevalence of dMMR and BRAF V600E
mutations in sporadic CRC patients; the secondary
objectives were to examine correlations between MMR
status and BRAF mutations, and the association of each
marker with various clinicopathological characteristics
and their prognostic impact on DFS and OS.

mutation, a valine to glutamate transition at amino acid
position 600 (V600E). BRAF V600E was detected
using a previously-described two-round allele specificpolymerase chain reaction (AS-PCR) [17]. The primary
AS-PCR reaction was performed using common-primer
pairs (CF; 5′-TAATGCTTGCTCTGATAGGA-3′,
C R ; 5 ′ G G A A A A ATAG C C T C A AT T C T- 3 ′ )
and a BRAF V600E-specific primer (Mt;
5′-AAATAGGTGATTTTGGTCTGGCTACGGA-3′),
which is located between common-primer pairs, and CR
was used as a reverse primer. The final concentration of
AS-PCR reactions comprised 100 ng genomic DNA, 0.02
U/µL of Immolase DNA polymerase (Bioline, Taunton,
MA), 1 × buffer, 1.5 mmol/L MgCl2, 0.2 µmol/L dNTP,
0.4 µmol/L of each common primer and 0.8 umol/L Mt
primer. The reaction was amplified with a Mastercycler
pro S (Eppendorf, Eppendorf AG, Hamburg, Germany)
using the following protocol: activation at 95 ℃ for 10
min followed by 35 cycles at 95 ℃ for 30 s, 60 ℃ for
30s, 72 ℃ for 30 s and a final extension at 72 ℃ for 10
min. Secondary AS-PCR was amplified under the same
conditions as the primary reaction, but genomic DNA
template was replaced with 1 µL of the primary ASPCR product. Secondary AS-PCR product was analyzed
by high-sensitivity denaturing high performance liquid
chromatography (HS-DHPLC) (Transgenomic Inc.,
Foster city, CA) equipped with WAVE Optimized HS
Staining Solution I and a fluorescence detector in sizing
mode. This assay has been shown to have a detection
limit of at least 0.5% V600E-positive tumor cells.

Determination of MMR status
MMR status was determined by analysis of MMR protein
expression by IHC or MSI testing. dMMR was defined
by the presence of either high-level MSI (MSI-H) or loss
of MMR protein expression. pMMR was defined by the
presence of either microsatellite stable (MSS)/low-level
MSI (MSI-L) or the presence of normal MMR protein
expression.
IHC analysis of MMR expression
IHC for four MMR proteins, MLH1, MSH2, MSH6
and PMS2, was performed on tissue microarray slides
(TMAs). TMAs were assembled from paraffin-embedded
tissues using a manual tissue microarrayer (UNITMA
Quick-Ray 2 mm-diameter tissue cores). Hematoxylin
and eosin stained slides were prepared from paraffin
blocks and areas of neoplastic tissue were identified by a
gastrointestinal pathologist (A.P.) who selected samples
for TMA construction. Duplicated IHC for each MMR
protein was performed for each patient sample. Staining
for MMR proteins was performed using the following
primary antibodies: mouse anti-human MLH-1 (clone
G168-728; Cell Marque Corporation, Rocklin, CA),
mouse anti-human MSH-2 (clone G219-1129; Cell
Marque Corporation, Rocklin, CA), mouse anti-human
MSH-6 (clone BC/44; Biocare, Concord, CA), and
rabbit anti-human PMS2 (clone EPR3947; Cell Marque
Corporation, Rocklin, CA). Loss of MMR protein was
defined as the absence of nuclear staining of tumor cells
in the presence of positive nuclear staining in normal
epithelial cells and lymphocytes. Assessment of IHC
staining was performed by the same pathologist (A.P.).

Statistical analysis
Sample size determination was based on a BRAF
mutation and dMMR estimated prevalence of 15% with
a 95%CI of 5%: accounting for 5% of possible cases
with no paraffin-embedded tumors tissue blocks, a total
sample size of 210 patients was required.
Patient characteristics were described by descriptive
statistics. Pearson’s χ 2 test was applied to evaluate associations
between BRAF/MMR status and clinicopathological
variables. The association between patient characteristics
and either BRAF status or MMR status with OS and DFS
was explored by Kaplan-Meier estimation and log-rank
test together with Cox’s proportional hazard regression.
Calculations were carried out using SPSS-version 18
software. P values of less than 0.05 were considered
statistically significant.

MSI testing
MSI was analyzed by PCR amplification of microsatellite
foci from the five-marker Bethesda panel, which includes
two mononucleotide (BAT-25 and BAT-26) and three
dinucleotide (D5S346, D2S123, and D17S250) repeats.
Samples with instability in two or more of these markers
were defined as MSI-H, whereas those with one unstable
marker were designated as MSI-L. Samples with no
detectable alterations were defined as MSS.

RESULTS
A total of 405 patients were diagnosed with colon and
rectal adenocarcinoma between October 1, 2006 and
December 31, 2007. We investigated 211 patients for
whom tissue blocks were available. The median age was
63 years (33-95 years). The ratio of males to females
was 1:1. One-hundred and fifty patients (71.1%) had
stage Ⅱ and Ⅲ disease while 29 patients (13.7%) were
diagnosed with stage Ⅳ disease. The majority of primary

Determination of BRAF mutation
For malin-fixed paraffin-embedded tissues with
tumorous regions were macroscopically dissected into
10 µm-thick sections using microtome blades, and then
placed into separate tubes for DNA extraction using
a standard phenol/chloroform extraction protocol.
Probes were designed to target the most common BRAF
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Table 1 Clinical characteristics of 211 patients with sporadic
colorectal cancer n (%)

Table 2 Interpretation of immunohistochemistry for mismatch
repair status

Variables

MMR
mutation

Value

No. of patients
Median age (yr, range)
Age (yr)
≤ 50
> 50
Sex
Female
Male
Site
Right-sided
Left-sided
Rectum
Synchronous lesions
Stage
Ⅰ
Ⅱ
Ⅲ
Ⅳ
Bowel wall invasion
pT1
pT2
pT3
pT4
Lymph node metastasis
pN0
pN1
pN2
Distant metastasis
No
Yes
Invasion
NO
LVI
PNI
Both LVI/PNI
Differentiation
Well
Moderately
Poorly

211 (100)
63 (33-95)

MLH-1
MSH-2
MSH-6
PMS-2

30 (14.2)
181 (85.8)
105 (49.8)
106 (50.2)

MSH-2

MSH-6

PMS-2

+
+
+

+
+
+

+
+

+
+
-

MMR: Mismatch repair; IHC: Immunohistochemistry.

43 (20.8)
73 (34.6)
91 (43.1)
4 (1.9)

Table 3 Prevalence of mismatch repair and BRAF status n (%)

32 (15.2)
65 (30.8)
85 (40.3)
29 (13.7)
4 (1.9)
44 (20.8)
146 (69.2)
17 (8.1)
105 (49.8)
60 (28.4)
46 (21.8)
182 (86.3)
29 (13.7)

Variables

All cases

MMR status
IHC method
pMMR
dMMR
MLH-1
MSH-2
MSH-6
PMS-2
MSI method
MSI-H
MSI-L/MSI-S
Unknown
BRAF status
Wild type
Mutation

n = 211
164 (77.73)
154
10
4
6
0
0
44 (20.85)
21
23
3 (1.42)
188 (89.1)
23 (10.9)

pMMR: Proficient mismatch repair; dMMR: Deficient mismatch repair;
MSI-H: High-level MSI; MSI-L: Low-level MSI; MSS: Microsatellite stable.

118 (55.9)
47 (22.3)
15 (7.1)
31 (14.7)

mutation and dMMR with specific types of mutations is
shown in Table 3.

32 (15.2)
171 (81)
8 (3.8)

Association between dMMR/BRAF mutation and
clinicopathological factors
The association of dMMR and BRAF mutations with
clinicopathological factors was evaluated by Pearson’s
2
χ test. These factors included gender, age, site of the
primary tumor, UICC stage, lymphovascular or/and
perineural invasion, histologic grade, pT, pN, and M
stage. dMMR was more commonly found in patients
with primary colon tumors rather than rectal cancer
(20.4% vs 7.6%, P = 0.01) but no difference in MMR
status was found between right-sided and left-sided
colon tumors (P = 0.24). dMMR was associated with
early stage rather than metastatic disease (17.3% vs 0%,
P = 0.015). None of the abovementioned factors were
found to be significantly associated with the BRAF
mutation (Table 4).

pT: Pathological tumor stage; pN: Pathological nodal stage; ALI:
Angiolymphatic invasion; PNI: Perineural invasion.

site tumors were rectal (91 patients, 43.1%), followed by
left-sided colon tumors (73 patients, 34.6%). Patient and
tumor characteristics are shown in Table 1.
Prevalence of dMMR and the BRAF V600E mutation
Of the 211 patients, IHC for MMR proteins and MSI
detection was analyzed in 164 and 47 tumors, respectively.
dMMR was identified in 10 out of 164 tumors and 21 out
of 44 tumors; therefore dMMR was detected in a total of
31 out of 208 tumors (14.9%). We were unable to analyze
the results in three patients because of unamplified DNA
by PCR. Of the 10 patients with dMMR, interpretation
of the IHC staining was as follows: MLH-1 expression
was absent in four tumors, while six tumors were negative
for MSH-2 expression. Interpretation parameters for
IHC of MMR status is shown in Table 2.
The BRAF V600E mutation was identified in 23
of 211 patients (10.9%). The prevalence of the BRAF
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IHC staining
MLH-1

Association between dMMR and BRAF mutation
Two-hundred and eight tumor samples with data for both
MMR and the BRAF mutation were available: 25/31
cases (80.6%) with dMMR were negative for BRAF
V600E, and 6/31 (19.4%) were positive for BRAF
mutation; whereas 160/177 cases (90.4%) with pMMR
were negative for BRAF mutation, and 17/177 (9.6%)

929

January 21, 2015|Volume 21|Issue 3|

Korphaisarn K et al . dMMR associated with favorable CRC prognosis
Table 4 Association between mismatch repair/BRAF status
and clinicopathological factors

Table 5 Association between mismatch repair status and

BRAF V600E

BRAF status
(n = 211)

MMR status
(n = 208)

MMR status

BRAF

pMMR dMMR P value Wild Mutant P value
type

Variable
Gender
Female
Male
Age (yr)
≤ 50
> 50
Site
Right-sided
Left-sided
Rectum
Synchronous lesions
Stage
Ⅰ
Ⅱ
Ⅲ
Ⅳ
Invasion
No
LVI or PNI or both
Differentiation
Well-moderately
Poorly
Bowel wall invasion
pT1
pT2
pT3
pT4
Lymph node metastasis
pNpN+
Distant metastasis
No
Yes

87
90

16
15

0.800

94
94

11
12

0.844

24
153

6
25

0.397

29
159

1
22

0.151

31
59
84
3

11
12
7
1

0.037a

36
67
81
4

7
6
10
0

0.510

25
55
68
29

7
8
16
0

0.053

30
58
73
27

2
7
12
2

0.552

99
78

17
14

0.910

106
82

12
11

0.701

172
5

28
3

0.067

180
8

23
0

0.313

3
34
126
14

1
9
18
3

0.511

4
39
128
17

0
5
18
0

0.410

88
89

15
16

0.891

96
92

9
14

0.280

148
29

31
0

0.015a

161
21

21
2

0.456

Normal
V600E

pMMR

P value

25
6

160
17

0.11

MMR: Mismatch repair; dMMR: Deficient mismatch repair; pMMR:
Proficient mismatch repair.

Table 6 Univariate analysis of prognostic factors influencing
disease-free survival and overall survival
Variable

Gender
Female
Male
Age (yr)
≤ 50
> 50
Site
Right-sided
Left-sided
Rectum
Synchronous lesions
Stage
Ⅰ
Ⅱ
Ⅲ
Ⅳ
Invasion
No invasion
LVI or PNI or both
Differentiation
Well-moderately
Poorly
Bowel wall invasion
pT1-T2
pT3
pT4
Lymph node metastasis
pNpN+
Distant metastasis
No
Yes
BRAF status
Wild type
Mutation
MMR status
pMMR
dMMR

a

P < 0.05 vs control. MMR: Mismatch repair; pT: Pathological tumor
stage; pN: Pathological nodal stage; ALI: Angiolymphatic invasion; PNI:
Perineural invasion.

were positive for BRAF mutation (P = 0.11) (Table 5).
Survival analysis
The median follow-up time was 56.7 mo. At the last
follow-up (December 5, 2012), there were 133 patients
alive and 78 patients deceased. Estimated 5-year survival
for the entire population was 64.5%.
Univariate analysis by Kaplan-Meier survival analysis
and log rank test was performed using clinical parameters
and known prognostic factors to evaluate their significance
with DFS and OS. These factors included age, gender,
primary tumor site, UICC stage, T stage, regional lymph
node involvement, distant metastasis, histological grade,
angiolymphatic (LVI) and/or perineural invasion (PNI),
MMR status, and the BRAF V600E mutation. Factors
with statistical significance for DFS were UICC stage (P <
0.01), pT3 (P = 0.01), regional lymph node involvement (P
< 0.01), and LVI and/or PNI (P < 0.01). Factors that were
statistically significant for OS were UICC stage, pT3, pT4,
regional lymph node involvement, and LVI and/or PNI (P
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dMMR

DFS

OS

P value

P value

n

Median
survival
(mo)

105
106

NR
NR

0.528

NR
NR

0.640

30
181

NR
NR

0.695

NR
NR

0.424

43
73
91
4

NR
NR
NR
NR

0.682

NR
NR
NR
NR

0.788

32
65
85
29

NR
NR
66.7
10.4

< 0.0001a
< 0.0001a
< 0.0001a

NR
NR
NR
21.6

< 0.0001a
< 0.0001a
< 0.0001a

118
93

NR
52.8

0.002a

NR
57.13

< 0.0001a

203
8

NR
29.83

0.575

NR
40.67

0.306

48
146
17

NR
62.23
66.73

0.011a
0.122

NR
NR
66.733

< 0.0001a
< 0.0001a

105
106

NR
27.57

< 0.0001a

NR
54

< 0.0001a

182
29

-

-

NR
21.6

< 0.0001a

188
23

NR
NR

0.794

NR
NR

0.465

177
31

NR
NR

0.004a

NR
NR

0.006a

Median
survival
(mo)

a

P < 0.05 vs control. DFS: Disease-free survival; OS: Overall survival; NR:
Not reached; ALI: Angiolymphatic invasion; PNI: Perineural invasion; pT:
Pathological tumor stage; pN: Pathological nodal stage; pMMR: Proficient
mismatch repair; dMMR: Deficient MMR.

< 0.01 for all) (Table 6). Patients with dMMR tumors were
found to have significantly better DFS (P < 0.01) and OS
(P < 0.01) (Figure 1). There was no significant difference in
either DFS or OS with respect to adjuvant chemotherapy
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Table 7 Independent risk factors correlating with disease-free survival and overall survival of stage Ⅰ-Ⅳ colorectal cancer patients
by Cox’s proportional hazard regression analysis
Adjusted analysis for DFS
Variable
Stage
Stage Ⅰ1
Stage Ⅱ
Stage Ⅲ
Stage Ⅳ
Invasion
No invasion1
LVI/PNI/both
Differentiation
Well-moderate1
Poorly
MMR status
pMMR1
dMMR

Adjusted analysis for OS

HR

95%CI

P value

HR

95%CI

P value

1.23
4.03a
-

0.43-3.62
1.57-10.32

0.702
0.004a

1.47
4.94a
32.64a

0.40-5.40
1.50-16.27
9.57-111.27

0.559
0.009a
< 0.001a

1.17

0.75-1.81

0.486

1.36

0.85-2.19

0.204

2.57

0.87-7.43

0.083

3.78

1.27-11.21

0.017a

0.30

0.15-0.77

0.013a

0.29a

0.10-0.84

0.023a

1

Reference. aP < 0.05 vs control. DFS: Disease-free survival; OS: Overall survival; HR: Hazard ratio; MMR: Mismatch repair; pMMR: Proficient MMR;
dMMR: Deficient MMR.

A

B

DFS
1.0

MMR status
dMMR
pMMR
dMMR-censored
pMMR-censored

0.8
Survival time

Survival time

0.8

OS
1.0

0.6
0.4

P = 0.004

0.2

0.6

P = 0.006

0.4
0.2

0.0

0.0
0.00

20.00

40.00
t/mo

60.00

80.00

0.00

20.00

40.00

60.00

80.00

t/mo

Figure 1 Kaplan-Meier survival curve of colorectal cancer patients according to mismatch repair status. A: Disease-free survival (DFS); B: Overall survival (OS);
MMR: Mismatch repair; pMMR: Proficient MMR; dMMR: Deficient MMR.

in dMMR patients (P = 0.35, 0.21, respectively). However,
there was no significant difference in either DFS or OS
with respect to BRAF mutation (Figure 2).
Multivariate Cox proportional hazard regression analysis
of factors influencing DFS and OS was performed using
the factors mentioned previously. The independent risk
factor for worse DFS was stage Ⅲ (HR = 4.03, 95%CI:
1.57-10.32, P < 0.01) and risk factors for worse OS were
stage Ⅲ (HR = 4.94, 95%CI: 1.50-16.27, P < 0.01), stage
Ⅳ (HR = 32.64, 95%CI: 9.57-112.27, P < 0.01) and
poor differentiation (HR = 3.78, 95%CI: 1.27-11.21, P =
0.02). dMMR remained a significant prognostic factor for
longer DFS (HR = 0.30, 95%CI: 0.15-0.77, P = 0.01) and
OS (HR = 0.29, 95%CI: 0.10-0.84, P = 0.02) (Table 7).

diagnosed between 2006 and 2007. All patients included
in the study underwent resection of their primary tumor
to ensure sufficient tumor tissues would be available
for the analysis. Therefore, the incidence of stage Ⅳ
disease in this study (14%) was lower than previously
reported from our institution in the same period (32%)[18].
Because we only selected patients who had undergone
primary tumor resection, selection bias might have
been introduced by not using all of the patients. The
primary objective was to determine the prevalence of
each biomarker. Sample size determination was based
on BRAF mutation and dMMR estimated incidences of
15% as reported in previous studies[3,4,8-10].
IHC is an excellent method to determine MMR
status. This method is inexpensive, technically simple
with demonstrably good correlation with MSI-H [9,14].
Review of the literature suggested that IHC has an
overall sensitivity of approximately 90% and specificity
of greater than 99% in detecting MSI in sporadic CRC[19].
In our study, we used antibodies against all four MMR

DISCUSSION
In this study, we performed an analysis of MMR status
and the BRAF V600E mutation in sporadic CRC using
archival paraffin-embedded tissue blocks from patients
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A

B

DFS
1.0

Mutation
No mutation
Mutation-censored
No mutation-censored

0.8

0.6

P = 0.794

0.4

Survival time

Survival time

0.8

BRAF

OS
1.0

0.2

0.6

P = 0.465

0.4
0.2

0.0

0.0
0.00

20.00

40.00
t/mo

60.00

80.00

0.00

20.00

40.00

60.00

80.00

t/mo

Figure 2 Kaplan-Meier survival curve of colorectal cancer patients according to the presence of the BRAF mutation. A: Disease-free survival (DFS); B:
Overall survival (OS).

proteins to increase detection sensitivity for specific loss
of protein expression other than MLH-1 and MSH-2, the
two most common dMMR genes. TMA is an approach
that allows high-throughput IHC to be performed on
large numbers of small punched-out tissue cores from
different tumors[20], thus providing time- and cost-saving
benefits. TMA-IHC for MMR protein expression was
validated in tumors from HNPCC patients and found to
have concordant results when compared to MSI analysis
and conventional IHC on whole slides[21].
Approximately 15%-20% of sporadic CRC carried
dMMR. The proportion of samples with dMMR was
higher in tumors located in or above the splenic flexure,
stage Ⅱ rather than stage Ⅲ disease, poorly differentiated
tumors, and those of mucinous subtype[9]. Several studies,
including a meta-analysis, found that patients with dMMR
tumors had significantly better survival compared with
that of pMMR patients[9,14,22].
In this study, we performed IHC staining of 211
cases. MSI analysis was completed in 47 cases with
uninformative IHC staining results. The final result
indicated 14.9% (31/208) of sporadic CRC patients
harbored dMMR tumors detected by both TMA-IHC and
MSI analysis (10/164 and 21/47 cases, respectively), which
was comparable with 11.3% (36 of 318) found in sporadic
CRC patients in South Korea[23] and in that reported in the
literature[3]. dMMR was more commonly found in patients
with primary colon tumors rather than rectal cancer, but
there was no difference in the prevalence of dMMR in
right-sided and left-sided colon tumors. This might be
related to the small number of patients included in the
study and the fact that the majority (78%) of patients had
left-sided tumors. We did not find any association between
dMMR and high grade tumors (P = 0.067). This result
should be interpreted carefully because the majority were
moderately differentiated tumors, accounting for 79.1%
of cases, while only 15.1 and 3.8% were well and poorly
differentiated tumors, respectively. However, this study
confirmed that dMMR was independently associated with
favorable outcome in both DFS and OS.
Recently BRAF mutations have been widely studied
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with respect to their prognostic and predictive value in
CRC. Studies have shown that the BRAF mutation was
associated with a poor outcome in CRC patients with
pMMR but not with dMMR[9,10]. The prevalence of the
BRAF mutation in this study was 10.9%, which was
comparable with Caucasian patients, but the result was
higher than that reported by studies in Taiwan (1.7%),
South Korea (4.5%) and Japan (6.5%)[24-26]. The main
difference between our study and others is that our data
were analyzed using allele-specific PCR to detect BRAF
V600E, which is more highly sensitive in detecting this
mutation than other methods. Several other approaches
are suitable for evaluating this BRAF mutation, including
direct sequencing, real-time PCR with melt curve
analysis, and AS-PCR [27]. The BRAF mutation was
strongly associated with dMMR, right-sided and poorly
differentiated tumors[9]. A recent study showed that the
BRAF V600E mutation was independently associated
with worse DFS in patients with stage Ⅲ colon cancer
receiving adjuvant chemotherapy[15]. In this study, there
was no association between the BRAF mutation and
any pathological features, no significant difference in the
prevalence of the BRAF mutation in dMMR and pMMR
tumors, and also no prognostic impact for either DFS or
OS. This is likely a result of too few patients analyzed to
determine the prognostic impact.
In conclusion, we found that the prevalence of
dMMR and the BRAF V600E mutation in Thai sporadic
CRC patients was 15 and 11%, respectively. However,
only the dMMR phenotype was associated with favorable
DFS and OS in our study cohort.
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accumulation of genetic alterations. DNA mismatch repair (dMMR) and BRAF
gene have been widely studied in this disease. The correlation between dMMR
and BRAF mutation and colorectal cancer (CRC) prognosis has been reported.
Patients with tumors harboring dMMR were found to be associated with a more
favorable survival than those having proficient MMR (pMMR). In contrast, BRAF
mutation was found to be associated with worse clinical outcome especially
in patients with pMMR tumors. Unfortunately, most of these data have been
studied in western country, and there is only scare information in the Asian
population.
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In this study, the authors have systematically determined the prevalence of
dMMR and BRAF mutation in sporadic CRC patients and established the
correlations between MMR status and BRAF mutation, association with various
clinicopathological features, and prognostic impact on the outcome of Thai
patients with sporadic CRC.
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Innovations and breakthroughs

The method the authors used to detect BRAF mutation is allele specific
polymerase chain reaction which has the highest sensitivity to detect this
mutation when compared to previously reported methods. This study is the first
reported data in Thai population.
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Applications

This study confirmed the favorable outcome in patients with dMMR tumors,
which is consistent to the results of previous reports in Caucasian population.

Peer review

This is a good retrospective study in which this is the first reported data in Thai
population. The method that used to detected BRAF mutation has the highest
sensitivity to detect this mutation when compare to previously reported studies
and the result of the study can imply that patients with dMMR tumors had a
significantly better survival in both Asian and Caucasian population.
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AIM: To investigate the prognostic factors after resection
for hepatitis B virus (HBV)-associated intrahepatic
cholangiocarcinoma (ICC) and to assess the impact
of different extents of lymphadenectomy on patient
survival.
METHODS: A total of 85 patients with HBV-associated
ICC who underwent curative resection from January
2005 to December 2006 were analyzed. The patients
were classified into groups according to the extent
of lymphadenectomy (no lymph node dissection,
sampling lymph node dissection and regional lymph
node dissection). Clinicopathological characteristics and
survival were reviewed retrospectively.
RESULTS: The cumulative 1-, 3-, and 5-year survival
rates were found to be 60%, 18%, and 13%,
respectively. Multivariate analysis revealed that liver
cirrhosis (HR = 1.875, 95%CI: 1.197-3.278, P = 0.008)
and multiple tumors (HR = 2.653, 95%CI: 1.562-4.508,
P < 0.001) were independent prognostic factors for
survival. Recurrence occurred in 70 patients. The 1-, 3-,
and 5-year disease-free survival rates were 36%, 3%
and 0%, respectively. Liver cirrhosis (HR = 1.919, P =
0.012), advanced TNM stage (stage Ⅲ/Ⅳ) (HR = 2.027,
P < 0.001), and vascular invasion (HR = 3.779, P = 0.02)
were independent prognostic factors for disease-free
survival. Patients with regional lymph node dissection
demonstrated a similar survival rate to patients with
sampling lymph node dissection. Lymphadenectomy did
not significantly improve the survival rate of patients
with negative lymph node status.
CONCLUSION: The extent of lymphadenectomy does
not seem to have influence on the survival of patients
with HBV-associated ICC, and routine lymph node
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hepatitis B and those with chronic hepatitis C[7,8,12]. In
addition, in our previous study, we have found that
HBV-associated ICC have specific clinicopathological
characteristics [13]. Compared with seronegative ICC
patients, HBV-associated ICC patients tend to be male
and younger, with higher α -fetoprotein levels and a
lower frequency of lymphatic metastasis, which has
been proved by other studies[7,12]. It is suggested that
HBV-associated ICC and HCC share common disease
processes for carcinogenesis, and should be distinguished
from those without HBV infection, because they have
different clinicopathological characteristics and surgical
outcomes[14].
The prognosis of ICC is generally poor as compared
with that of HCC[15,16], because it is frequently associated
with lymph node involvement, intrahepatic metastasis, and
peritoneal dissemination[17,18]. In consideration of similar
pathogenesis and clinicopathological characteristics,
studies should be conducted to ascertain whether HBVassociated ICC can be successfully treated by the methods
used to treat HCC. Curative resection is still known to
be the only effective therapeutic measure. However,
there is no established consensus on the prognostic
significance of lymph node dissection (LND), or even
the extent of LND[19]. Prognostic factors after resection
for HBV-associated ICC have not been confirmed due to
its rarity and low resectability. Therefore, this study was
conducted to investigate the outcomes of HBV-associated
ICC patients after hepatic resection, and to analyze the
prognostic factors affecting the survival and recurrence of
the patients. The study also investigated the impact of the
extent of LND on survival.

dissection is not recommended, particularly for those
without lymph node metastasis.
Key words: Intrahepatic cholangiocarcinoma; Hepatitis
B virus; Lymph node metastases; Postoperative survival;
Lymph node dissection
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Some recently published studies show a
relation between chronic hepatitis B infection and
the development of intrahepatic cholangiocarcinoma.
Hepatitis B-associated patients with cholangiocarcinoma
appear to have different clinicopathological characteristics
compared with seronegative patients. In this context,
the authors analyzed the data of patients with hepatitis
B virus-associated intrahepatic cholangiocarcinoma who
underwent curative resection retrospectively. They found
in multivariate analysis that liver cirrhosis and multiple
tumors were independent prognostic factors for overall
survival. Independent prognostic factors for diseasefree survival were liver cirrhosis, vascular invasion and
advanced TNM stage. The patients were divided into
three groups depending on the extent of lymph node
dissection (no lymph node dissection, sampling lymph
node dissection and regional lymph node dissection).
The outcomes were not statistically different between
the three groups.
Wu ZF, Wu XY, Zhu N, Xu Z, Li WS, Zhang HB, Yang N, Yao
XQ, Liu FK, Yang GS. Prognosis after resection for hepatitis
B virus-associated intrahepatic cholangiocarcinoma. World J
Gastroenterol 2015; 21(3): 935-943 Available from: URL: http://
www.wjgnet.com/1007-9327/full/v21/i3/935.htm DOI: http://
dx.doi.org/10.3748/wjg.v21.i3.935

MATERIALS AND METHODS
Patients
Primary curative resection was performed in 127 out of
146 patients diagnosed with ICC at Eastern Hepatobiliary
Surgery Hospital, Second Military Medical University
(Shanghai, China) from January 2005 to December 2006.
Only 114 patients were available for data analysis, and the
rest of the patients could not be followed after operation.
With respect to a case of hepatitis B surface antigen
being positive [HBsAg (+)], it is impossible to determine
whether it is a chronic infection, acute infection, or false
positive result. Generally speaking, the case of antihepatitis B core (HBc) being positive [anti-HBc (+)] only
indicates that there may be past infection or that it may
be present after the disappearance of HBsAg and the
appearance of anti-HBs antibody, thus indicating recent
infection. It can also be considered a sentinel marker for
detection of occult HBV infection (HBsAg carrier)[20].
Therefore, the present study defined chronic HBV
infection as either HBsAg (+) or anti-HBc (+)[21].
Data analysis was conducted on 85 patients (74.6%)
with chronic HBV infection. The diagnosis of ICC
was confirmed by pathological examination. Patients
with hilar cholangiocarcinoma, gallbladder cancer, or

INTRODUCTION
Intrahepatic cholangiocarcinoma (ICC), which arises from
the more peripheral branches of the intrahepatic bile
duct, is the second most common primary liver cancer
after hepatocellular carcinoma (HCC), accounting for
5%-10% of primary liver malignancies[1,2]. It demonstrates
a relatively high prevalence in parts of East Asia[3].
Recently, an increasing number of studies have shown
that viral hepatitis B and C are statistically related to
ICC[4-8]. The mechanism for the development of ICC in
patients with HBV infection is still uncertain. Hepatitis B
and C virus infections are the most common risk factors
for HCC. Hepatitis-associated HCC contains elements
of cholangiocarcinoma [9,10], suggesting that the two
malignancies share a common origin from bipotential
stem cells and pathogenic mechanisms[9,11]. Clinically,
some studies have also found that both viral hepatitisassociated ICC and HCC have similar age profiles and
different age distributions between patients with chronic
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combined type carcinoma consisting of HCC and ICC
were excluded from this study. Curative resection was
defined as negative surgical margins on microscopic
examination, absence of macroscopic intrahepatic
metastasis in the residual liver at the time of surgery, and
absence of abdominal dissemination. The study protocol
was approved by the clinical research ethics committee
of the hospital. Written consent was obtained from all
patients according to the policies of the committee.

that could be discovered only on pathological examination);
tumor size referred to the maximum tumor diameter;
major liver resection was defined as resection of three or
more hepatic segments; minor liver resection was defined
as resection of one or two hepatic segments.
Follow-up
The clinical data from all patients were recorded prospectively.
Follow-up after resection consisted of routine blood tests,
physical examination, and abdominal ultrasonography
every 3 mo postoperatively for the first 2 years and twice a
year thereafter at our hospital. Suspected recurrences were
confirmed by CT or MRI. If unavailable to undergo this
procedure, the patient was followed by telephone or letter
every year, as reported in our previous study[22,23].

Preoperative investigations
Preoperative evaluation was conducted before the
decision for surgery was made. We evaluated resectability
of ICC by ultrasonography, computed tomography (CT),
and magnetic resonance image (MRI) examinations. Liver
function was evaluated via Child-Pugh classification.
Before the operation, patients at or over the age of 60
were routinely evaluated for formal cardiopulmonary
and general conditions. Resection criteria were constant
during the study period, including the number of
resectable tumors, presence or absence of tumor
thrombus and gross metastatic focus, and adequate liver
function reserve, as reported in our previous study[22,23].

Statistical analysis
Overall survival (OS) and disease-free survival (DFS)
rates and curves were analyzed by the Kaplan-Meier
method, and differences were compared by the log-rank
test. Comparisons between groups were made using the
Chi-square test or Fisher’s exact test. After univariate
analysis, only significant variables with P < 0.05 were
adopted in the multivariate analysis. Multivariate analysis
was conducted by means of the Cox proportional
hazards model to identify prognostic factors. All
statistical analyses were carried out with software package
SPSS 18.0 (SPSS Inc., Chicago, IL). A P value < 0.05 was
considered statistically significant.

Surgical procedures and parameter definitions
Liver resection was carried out using finger fracture and
clamp crushing with intermittent Pringle’s maneuver
under room temperature. Lymphadenectomy was not
conducted uniformly for every patient. 35 out of 85
patients did not undergo lymphadenectomy, neither did
they present lymph node metastasis in the preoperative
evaluation and intraoperative assessment. We classified
the extent of lymphadenectomy into lymph node
sampling and regional LND. Lymph node sampling was
performed in 22 patients, and the lymph nodes along the
hepatoduodenal ligament were removed. Regional LND
was performed in 28 patients who underwent complete
excision of soft tissue and lymph nodes at the hepatic
hilum, common hepatic artery stations, hepatoduodenal
ligament, and posterior to the upper portion of the
pancreatic head. The extent of LND was similar for
right- and left-sided tumors, with the exception of
dissection of lymph nodes along the lesser curvature
of the stomach for tumors located in the left lobe of
the liver. The patients were divided into three groups
according to the extent of LND: (1) LND (-) group: with
no lymphadenectomy; (2) lymph node sampling group:
with lymph node sampling; and (3) regional LND group:
with regional lymphadenectomy.
ICC was classified on the basis of gross appearance, as
raised by the Liver Cancer Study Group of Japan (LCSGJ),
including types of mass-forming (MF), periductal
infiltrating (PI), and intraductal growth (IG). Tumornode-metastasis (TNM) staging of tumors complied with
the guidelines of the 7th edition of the American Joint
Committee on Cancer/International Union against Cancer
(AJCC/UICC). In this study, multiple tumors referred to
more than one tumorous node (including micrometastases

WJG|www.wjgnet.com

RESULTS
Clinicopathological characteristics of the patients
The follow-up duration was calculated from the day
of operation to either the day of death or the date of
December 31, 2012. There were a total of 66 males and
19 females with a median age of 54 years (range: 28-79
years). Out of the 85 patients, 40 underwent major liver
resection while 45 underwent minor resection. Additional
procedures were carried out in 10 patients (Table 1).
Eight patients had surgical complications, including
biliary leakage in 3 cases, subphrenic infection in 2 cases,
liver abscess in 1 case, bowel obstruction in 1 case, and
bleeding in 1 case.
Survival and recurrence
The cumulative 1-, 3-, and 5-year survival rates were
60%, 18%, and 13%, respectively (Figure 1). The median
survival time was 25 mo. Univariate analysis revealed that
the following prognostic factors were predictive of worse
survival: liver cirrhosis (P = 0.002), tumor number (P <
0.001), tumor size (P = 0.006), lymph node metastasis
(P = 0.005), vascular invasion (P = 0.013), and TNM
classification (P < 0.001; Table 2). Age, gender, and other
tumor-related factors were not significantly related with
survival. Through multivariate analysis by means of Cox’s
proportional hazards model, liver cirrhosis (HR = 1.875,
95%CI: 1.197-3.278, P = 0.008) and multiple tumors (HR
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Table 1 Operative procedures for intrahepatic cholangiocarcinoma
Number

Hepatic resection (n = 85)
Major resection (n = 40)
Partial hepatectomy
Right trisectionectomy
Left trisectionectomy
Right hemihepatectomy
Left hemihepatectomy
Central bisectionectomy
Minor resection (n = 45)
Partial hepatectomy
Right anterior sectionectomy
Right posterior sectionectomy
Left lateral sectionectomy
Bisegmentectomy
Combined resection (n = 10)
Spleen
Gallbladder

1.0

Cumulative survival rates

0.9
0.8
0.7

Cumulative survival rates

Operative modality

24
1
4
1
8
2

0.7
0.6
0.5
0.4
0.3
0.2

0.0

0.0 12.0 24.0 36.0 48.0 60.0 72.0 84.0
Months after surgery

Figure 2 Overall survival curves of patients in lymph node dissection
(-), lymph node (-) and lymph node (+) groups. There was no statistically
significant difference in OS between the lymph node dissection (LND) (-) and
LN (-) groups (P = 0.729). There were significant differences between LN (-)
and LN (+) groups (P = 0.033). A statistically significant difference between LND
(-) and LN (+) groups was observed (P = 0.004). LND: Lymph node dissection;
LN: Lymph node.

2
8

Overall survival
Disease-free survival
Overall survival-censored
Disease-free survival-censored

independent prognostic factors affecting DFS (Table 4).
Influence of LND on survival
The pathological characteristics associated with the extent
of lymphadenectomy are as shown in Table 5. The LND
(-) group did not demonstrate lymph node metastases
as revealed by preoperative imaging (CT and MRI) and
intraoperative assessment. No survival difference was
recorded between the LND (-) group and the group of
patients without lymph node metastasis [LN (-) group]
(P =0.729). Among patients who underwent lymph node
sampling or dissection, the LN (-) group showed better
survival than the group of patients with lymph node
metastasis [LN (+) group] (P = 0.033) (Figure 2). No
survival difference was recorded between the lymph node
sampling and regional LND groups (P = 0.089) (Figure
3). Among the patients with negative lymph node status,
a survival difference was not present between the lymph
node sampling group and regional LND group (P = 0.182).
Therefore, lymphadenectomy did not significantly improve
the survival rate in node negative patients (Figure 4).

0.5
0.4
0.3
0.2
0.1
0.0 12.0 24.0 36.0 48.0 60.0 72.0 84.0
Months after surgery

Figure 1 Overall survival and disease-free survival curves of the 85
hepatitis B virus-associated intrahepatic cholangiocarcinoma patients
after curative resection. The median overall survival was 25 mo. The median
disease-free survival was 17.9 mo.

= 2.653, 95%CI: 1.562-4.508, P < 0.001) were identified
as independent prognostic factors (Table 2).
Seventy patients had recurrence (82.4%). The 1-, 3-,
and 5-year DFS rates were 36%, 3% and 0%, respectively.
(Figure 1). The sites of recurrence are shown in Table 3.
The most common recurrence pattern was intrahepatic.
Two patients (2.9%) with recurrence underwent further
liver resection, while 48 patients (68.6%) underwent
post-recurrence TACE. Other measures taken against
recurrence included radiotherapy (n = 11), systemic
chemotherapy (n = 2), and supportive therapy or Chinese
herbal therapy (n = 7) in patients with liver dysfunction.
Univariate analysis revealed that liver cirrhosis (P = 0.003),
tumor number (P < 0.001), lymph node metastasis
(P < 0.001), vascular invasion (P < 0.001), and TNM
classification (P < 0.001) were significant risk factors
for recurrence (Table 4). Multivariate analysis revealed
that liver cirrhosis (HR = 1.919, P = 0.012), advanced
TNM stage (stage Ⅲ or Ⅳ) (HR = 2.027, P < 0.001),
and vascular invasion (HR = 3.779, P = 0.02) were

WJG|www.wjgnet.com

0.8

0.1

33
2
3
4
3

0.6

0.0

LND(-)
LN(-)
LN(+)
LND(-)-censored
LN(-)-censored
LN(+)-censored

0.9

DISCUSSION
We analyzed a group of 85 patients who underwent
potentially curative surgery for HBV-associated ICC. The
cumulative 1-, 3-, and 5-year survival rates were 60%, 18%,
and 13%, respectively. Several clinicopathological factors
that were suspected to significantly influence survival
and recurrence were examined. In some studies, vascular
invasion, lymph node metastasis, microscopic presence of
tumor cells on the resection margin, multiple tumors, and
tumor size were found to be significant prognostic factors
for survival[24-30]. In this study, univariate analysis showed
that liver cirrhosis, tumor number, tumor size, lymph node
metastasis, vascular invasion, and TNM classification were
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Table 2 Univariate and multivariate analyses of prognostic factors for overall survival of hepatitis B virus-associated intrahepatic
cholangiocarcinoma patients included in this study
n

Variable
Gender
Female
Male
Age
≤ 60
> 60
Capsule formation
Yes
No
Cirrhosis
Yes
No
Child-Pugh class
A
B
AFP (ng/mL)
≤ 20
> 20
CA19-9 (U/mL)
≤ 37
> 37
Gross type
MF
PI + IG
Differentiation
Well or Moderate
Poor
Tumor number
Single
Multiple
Tumor size
< 5 cm
≥ 5 cm
LN metastasis
Yes
No
Vascular invasion
Yes
No
TNM classification
Stage Ⅰ or Ⅱ
Stage Ⅲ or Ⅳ
Width of resection margin
< 1 cm
≥ 1 cm
Surgical procedure
Major hepatectomy
Minor hepatectomy

Univariate analysis
1-yr

5-yr

19
66

66%
58%

23%
10%

59
26

64%
50%

13%
12%

32
53

55%
63%

10%
14%

48
37

56%
65%

0%
27%

76
9

61%
18%

14%
0%

48
37

51%
72%

11%
15%

55
30

66%
50%

14%
10%

63
22

61%
56%

13%
11%

63
22

64%
50%

16%
0%

60
25

69%
38%

17%
0%

43
42

70%
49%

21%
5%

11
74

31%
64%

0%
14%

11
74

24%
64%

0%
14%

61
24

66%
43%

17%
0%

37
48

69%
53%

17%
9%

40
45

61%
59%

13%
12%

Multivariateanalyses

P value

HR

95%CI

P value

0.205

NA

NA

NA

0.769

NA

NA

NA

0.522

NA

NA

NA

0.002

1.981

1.197-3.278

0.008

0.257

NA

NA

NA

0.342

NA

NA

NA

0.342

NA

NA

NA

0.402

NA

NA

NA

0.119

NA

NA

NA

2.653

1.562-4.508

< 0.001

0.006

NA

NA

NA

0.005

NA

NA

NA

0.013

NA

NA

NA

< 0.001

NA

NA

NA

0.274

NA

NA

NA

0.962

NA

NA

NA

< 0.001

AFP: Alpha-fetoprotein; CA19-9: Carbohydrate antigen 19-9; MF: Mass-forming; PI: Periductal inﬁltrating; IG: Intraductal growth; TNM: Tumor-nodemetastasis; NA: Not available; HR: Hazard ratio; LN: Lymph node.

significant prognostic factors for survival. Multivariate
analysis showed that liver cirrhosis and multiple tumors
were independent prognostic factors for survival.
The recurrence rate was reported to be 61%-65%[24,25,28,29].
The most common recurrence site was the remnant liver,
as reported in other studies [24,25,28]. In this study, liver
cirrhosis, vascular invasion, and advanced TNM stage
(stage Ⅲ or Ⅳ) were independent prognostic factors for
DFS.
The presence of liver cirrhosis was obviously more
common in HBV-associated ICC. In this study, there were

Table 3 Sites of initial recurrences in hepatitis B virus-associated
intrahepatic cholangiocarcinoma patients after curative resection
Site of initial recurrence
Liver, lymph nodes
Liver, lung
Liver
Lymph nodes
Peritoneum
Wound site
Bone
Lung

WJG|www.wjgnet.com

No. of patients
6
1
46
8
5
1
1
2
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Table 4 Univariate and multivariate analyses of prognostic factors for disease-free survival in hepatitis B virus-associated intrahepatic
cholangiocarcinoma patients included in this study
n

Variable
Gender
Female
Male
Age
≤ 60
> 60
Capsule formation
Yes
No
Cirrhosis
Yes
No
Child-Pugh class
A
B
AFP (ng/mL)
≤ 20
> 20
CA19-9 (U/mL)
≤ 37
> 37
Gross type
MF
PI + IG
Differentiation
Well or Moderate
Poor
Tumor number
Single
Multiple
Tumor size
< 5 cm
≥ 5 cm
LN metastasis
Yes
No
Vascular invasion
Yes
No
TNM classification
Stage Ⅰ or Ⅱ
Stage Ⅲ or Ⅳ
Width of resection margin
< 1 cm
≥ 1 cm
Surgical procedure
Major hepatectomy
Minor hepatectomy

Univariate analysis
1-yr

5-yr

19
66

50%
32%

0%
4%

59
26

33%
42%

1%
5%

32
53

40%
33%

7%
0%

48
37

22%
52%

0%
5%

76
9

50%
27%

20%
0%

48
37

32%
40%

3%
2%

55
30

39%
29%

3%
2%

63
22

37%
30%

3%
0%

63
22

42%
18%

3%
0%

60
25

48%
5%

3%
0%

43
42

44%
27%

1%
5%

11
74

0%
40%

0%
3%

Multivariateanalyses

P value

HR

95%CI

P value

0.312

NA

NA

NA

0.853

NA

NA

NA

0.970

NA

NA

NA

0.003

1.919

1.153-3.192

0.012

0.237

NA

NA

NA

0.648

NA

NA

NA

0.189

NA

NA

NA

0.917

NA

NA

NA

0.076

NA

NA

NA

< 0.001

NA

NA

NA

0.091

NA

NA

NA

< 0.001

NA

NA

NA

3.779

1.601-8.923

0.020

< 0.001

NA

NA

NA

< 0.001

NA

NA

NA

0.391

NA

NA

NA

11
74
61
24

0%
51%

0%
20%

37
48

49%
0%

4%
0%

40
45

41%
31%

2%
3%

AFP: Alpha-fetoprotein; CA19-9: Carbohydrate antigen 19-9; MF: Mass-forming; PI: Periductal inﬁltrating; IG: Intraductal growth; TNM: Tumor-nodemetastasis; NA: Not available; HR: Hazard ratio; LN: Lymph node.

prognostic factor in previous studies[27,30]. It was associated
with OS and DFS on univariate analysis, but not on
multivariate analysis in this study, probably because the
sample size was relatively small.
It remains unclear whether the clearance of the route
of lymph node metastasis is beneficial to survival[24].
There are no clear guidelines on LND. It is reported
that extended lymphadenectomy in ICC patients did
not seem to show any advantage without control of
liver metastases, because most recurrences occurred

48 patients (56.5%) with liver cirrhosis. Cirrhosis was an
independent prognostic factor for HCC. However, there
is little documentation showing that this is associated
with ICC. We have demonstrated that cirrhosis not only
is an independent prognostic factor for DFS, but also is
significantly related to poor survival of the patients with
HBV-associated ICC after surgery. It may be due to the
fact that HBV-associated ICC shares common disease
processes for carcinogenesis with HCC.
Lymph node metastasis was found to be an important
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Figure 3 Overall survival curves of hepatitis B virus-associated intrahepatic
cholangiocarcinoma patients undergoing sampling lymph node sampling and
regional lymph node dissection. There were no significant differences between
the two groups (P = 0.089). LND: Lymph node dissection; LN: Lymph node.

Figure 4 Overall survival curves of hepatitis B virus-associated intrahepatic
cholangiocarcinoma patients without lymph node involvement. There was
no survival difference between lymph node sampling and regional LND groups
(P = 0.182). There was no statistically significant difference in overall survival
between LND (-) and lymph node sampling groups (P = 0.709). There were also
no significant differences between LND (-) and regional LND groups (P = 0.309).
LND: Lymph node dissection.

Table 5 Comparison of the pathological factors according to
the extent of lymph node dissection
Variable
Cirrhosis
Yes
No
Gross type
MF
PI + IG
Differentiation
Well or Moderate
Poor
Capsule formation
Yes
No
Tumor number
Single
Multiple
Tumor size
< 5 cm
≥ 5 cm
Pathologica LN metastasis
Yes
No
Vascular invasion
Yes
No

LND (-)

LN
sampling

Regional
LND

17
18

13
9

18
10

24
11

17
5

22
6

25
10

15
7

23
5

14
21

8
14

10
18

27
8

14
8

18
10

21
14

12
10

10
18

NA
NA

2
20

9
19

2
33

3
19

6
22

0.0 12.0 24.0 36.0 48.0 60.0 72.0 84.0
Months after surgery

patients without LND have similar survival to patients
with LND or negative lymph node status. It is revealed
that lymphadenectomy does not significantly improve the
survival of patients with negative lymph node status.
Nevertheless, this study was limited by its retrospective
design. More than five surgeons were involved in treating
ICC in this study. It was difficult to determine the exact
reasons and extent of LND performed for each patient.
In conclusion, liver cirrhosis and multiple tumors are
independent prognostic factors for survival in patients
with HBV-associated ICC. The extent of LND does not
seem to have influence on the survival of patients with
HBV-associated ICC. LND cannot significantly improve
the survival of patients with negative lymph node status.
We recommend intraoperative lymph node exploration,
as opposed to routine regional LND. Regional LND
should be performed when lymph node involvement is
clinically recognized or it is positive as demonstrated by a
frozen section examination.

P value
0.439

0.617

0.478

0.931

0.512

0.145

0.085

0.181
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Some recently published studies show a relation between chronic hepatitis B
infection and the development of intrahepatic cholangiocarcinoma. Patients
with hepatitis B-associated cholangiocarcinoma appear to have different
clinicopathological characteristics compared with seronegative patients.

in patients with known liver metastases[17,24]. However,
other reports indicated that extensive hepatectomy with
extended LND produced a better outcome[31,32]. Defining
the role of lymphadenectomy is important, because
lymphadenectomy is a factor controllable by a surgeon
out of numerous prognostic factors. The present study
has demonstrated that regional LND group has a survival
rate similar to that of the lymph node sampling group.
The extent of lymphadenectomy (lymph node sampling
vs regional LND) does not affect the survival. The

WJG|www.wjgnet.com

Research frontiers

Hepatitis B virus (HBV)-associated intrahepatic cholangiocarcinoma (ICC) have
different clinicopathological characteristics and surgical outcomes, and should
be distinguished from those without HBV infection. Because of the rarity and low
resectability of HBV-associated ICC, prognostic factors after resection for HBVassociated ICC have not been clearly established. The influences of the extent of
lymph node dissection (LND) on survival were also not been clearly established.

Innovations and breakthroughs

This study was conducted to investigate the outcomes of HBV-associated ICC
patients after hepatic resection, and analyzed the prognostic factors affecting
the survival and recurrence. The impact of the extent of LND on survival was
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also investigated.

Applications

Liver cirrhosis and multiple tumors are independent prognostic factors for
survival in patients with HBV-associated ICC. The extent of lymph node
dissection does not seem to have influence on the survival of patients with
HBV-associated ICC. Lymphadenectomy cannot significantly improve the
survival of lymph node negative patients.

12
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The reported data are interesting. Some recently published studies show
a relation between chronic hepatitis B infection and the development of
intrahepatic cholangiocarcinoma. Patients with hepatitis B-associated
cholangiocarcinoma appear to have different clinicopathological characteristics
compared with seronegative patients.
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culture rate was 30.99% (3865/12471), and 32.84%
(14960/45553) in the 24 h transport group. In contrast,
the positive culture rate declined significantly in the
48 h transport group (26.25%; P < 0.001). During
transportation, the average natural temperature
increased from 4.67 to 29.14 ℃, while the positive
culture rate declined from 36.67% (1462/3987) to
24.12% (1799/7459). When the temperature exceeded
24 ℃, the positive culture rate decreased significantly,
especially in the 48 h transport group (23.17%).
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Core tip: This is the first large-scale study on the
centralized culture of Helicobacter pylori in a large
number of clinical samples from multiple centers. The
efficacy of centralized culture and possible influencing
factors were evaluated. The results confirm the feasibility
of establishing a culture center for individualized medical
use. The findings of this study can be promisingly
applied in clinical and public health practice.
Gong YN, Li YM, Yang NM, Li HZ, Guo F, Lin L, Wang QY,
Zhang JK, Ji ZZ, Mao JB, Mao JL, Shi ZC, Tang WH, Zhu
XJ, Shao W, Zhang XF, Wang XH, Tong YF, Jiang MZ, Chen
GL, Wang ZY, Tu HM, Jiang GF, Wu JS, Chen XP, Ding QL,
Ouyang H, Jin FZ, Xu YL, Zhang JZ. Centralized isolation
of Helicobacter pylori from multiple centers and transport
condition influences. World J Gastroenterol 2015; 21(3): 944-952
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Abstract
AIM: To evaluate the efficacy of centralized culture and
possible influencing factors.
METHODS: From January 2010 to July 2012, 66452
patients with suspected Helicobacter pylori (H.
pylori ) infection from 26 hospitals in Zhejiang and
Jiangsu Provinces in China underwent gastrointestinal
endoscopy. Gastric mucosal biopsies were taken from
the antrum for culture. These biopsies were transported
under natural environmental temperature to the central
laboratory in Hangzhou city and divided into three
groups based on their transport time: 5, 24 and 48 h.
The culture results were reported after 72 h and the
2
positive culture rates were analyzed by a χ test. An
additional 5736 biopsies from H. pylori -positive patients
14
(5646 rapid urease test-positive and 90 C-urease
breath test-positive) were also cultured for quality
control in the central laboratory setting.

INTRODUCTION
Helicobacter pylori (H. pylori), one of the most common
human pathogens, can lead to gastric ulcers, gastritis,
gastric cancer, and mucosa-associated lymphoid tumors[1].
According to the Maastricht Ⅳ and Chinese Consensus
Report, two antibiotics combined with one protonpump inhibitor are recommended as standard first-line
treatment to eradicate H. pylori[2,3]. However, in recent
years, the success rates have declined below 80% in
most European and Asian countries[4-6]. There are many
reasons accounting for eradication failure, such as poor
patient compliance, low gastric pH, and resistant bacteria.
In fact, the main reason for the decline is the increasing
H. pylori resistance to the antibiotics used[7,8]. In China, the
resistance to clarithromycin, a key antibiotic in the triple

RESULTS: The positive culture rate was 31.66%
(21036/66452) for the patient samples and 71.72%
(4114/5736) for the H. pylori -positive quality control
specimens. In the 5 h transport group, the positive
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therapy, has reached above 20% and should not be used
in anti-H.pylori therapy without a susceptibility test[2,9-11].
Accumulated evidence suggests that culture-susceptibility
tests may improve the eradication rate of H. pylori[12-17].
However, H. pylori is a rather fastidious bacterium at
culture, especially when a low bacterial load is present[18].
The ideal situation for culture-susceptibility test is not
available in many clinical settings, since most endoscopic
units do not have direct access to a microbiology
laboratory. Therefore, gastric biopsy specimens should
be transported to a central laboratory for H. pylori culture.
During transportation, time and temperature could
influence the survivability of H. pylori and these issues
are still in debate[19-23]. Some investigators emphasized
the need for rapid transport at a low temperature[21].
Others demonstrated that H. pylori could survive at
room temperature for 24 h without loss of the ability to
recover[22]. The transport of samples at natural temperature
is required for a routine clinical application system. In order
to assess the factors, transportation[24] and isolation tests of
thousands of H. pylori strains were performed in our lab,
but the complexity of large-scale clinical application could
not be accurately represented. The feasibility of centralized
isolation of H. pylori in a large number of clinical samples
from multiple centers and influencing factors need to be
tested for actual practice.
A central laboratory for H. pylori isolation was set
up in Zhiyuan Medical Inspection Institute Co., Ltd.,
in Hangzhou city, which has provided a personalized
treatment strategy for H. pylori eradication in recent years.
In order to evaluate the efficacy of centralized culture
and possible influencing factors, we conducted research
in the central laboratory to analyze positive culture rates
of a large number of clinical samples collected from 26
hospitals in nine cities.

Medical Inspection Institute Co., Ltd., and written
informed consent was obtained from all patients.
Transport and culture procedure
The gastric mucosal sample from each patient was
stored in sterile tube that contained 1 mL brainheart infusion with 20% glycerol and kept under 4 ℃
before transportation. All the fresh biopsy specimens
were transported at external temperature to Zhiyuan
Medical Inspection Institute Co., Ltd., for centralized
isolation. The 66452 specimens were divided into three
independent groups based on transport time: 5, 24 and
48 h. The first group (5 h; n = 12471) was collected from
Hangzhou city between 9 am and 12 pm and cultured at 2
pm on the same day. The second group (24 h; n = 45553)
was collected from other cities hundreds of kilometers
away from Hangzhou between 9 am and 12 pm and
sent to Hangzhou for culture at 9 am the next day. The
third group (48 h; n = 8428) were collected from Jinhua
city and transported to Hangzhou for culture 48 h later
because of the limitations of local hospital conditions.
The H. pylori-positive control samples were transported
the same as the 24 h group.
The samples were ground/broken and cultivated on
Columbia agar plates (Oxoid of Thermo Fisher Scientific
Inc., Waltham, MA, United States) supplemented with 5%
defibrinated sheep blood, 3 μg/mL synergist, 2.5 μg/mL
vancomycin, 2 μg/mL amphotericin B, and 2 μg/mL
bacillosporin B under microaerophilic conditions (5% O2,
10% CO2, 85% N2) for 72 h. Translucent colonies (0.5-2.0
mm) from the original agar plates were selected for gram
staining and urease, oxidase and catalase tests. Colonies
with curved gram-negative rods resembling Helicobacter
spp and positive in three enzyme tests were identified as H.
pylori.
Meteorological data
The information concerning daily measured maximum,
minimum and average temperatures in each city related
with this study in Zhejiang Province from January
1, 2010 to December 31, 2012 was supplied by the
Meteorological Bureau of Zhejiang Province. The
average daily temperature was the average value of
temperatures at four time points each day (2 am, 8 am, 2
pm and 8 pm). In our investigation, we used the regional
level meteorological data from six cities (Hangzhou,
Jiaxing, Jinhua, Taizhou, Wenzhou, and Zhoushan) to
calculate the monthly maximum, minimum and average
temperatures and draw the temperature change curves.

MATERIALS AND METHODS
Sample collection
The sampling was conducted in Zhejiang Province and
Jiangsu Province, China. Between January 2010 and July
2012, consecutive participants with suspected H. pylori
infection underwent gastrointestinal endoscopy. The
gastric mucosal biopsies were taken from the greater
curvature of gastric antrum using sterile disposable biopsy
forceps. Additionally, in order to assess the positive rate
of H. pylori culture, specimens from H. pylori-positive
patients (5646 rapid urease test-positive and 90 14C-urease
breath test-positive) were also collected as a control.
The H. pylori-positive samples were all collected from
Wenzhou city, including The First Affiliated Hospital of
Wenzhou Medical College and The First People’s Hospital
of Pingyang.
This study was approved by the Ethics Committee
of National Institute for Communicable Disease Control
and Prevention, Chinese Center for Disease Control
and Prevention and the Ethics Committee of Zhiyuan

WJG|www.wjgnet.com

Statistical analysis
The results of isolation and identification of H. pylori
for all specimens were reported 72 h after culture and all
calculations were performed using SPSS 18.0 software
(SPSS Inc., Chicago, IL, United States). The positive
culture rates were assessed with a χ 2 test. A P ≤ 0.05 was
considered as statistically signiﬁcant.
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to 24.12% (1799/7459) in July. Although the average
temperature elevated significantly from January to May,
the positive culture rates were similar. When the average
temperature exceeded 24 ℃ in June and July, the positive
culture rates declined significantly (P < 0.001), with the
lowest positive culture rate in July (24.12%; 1799/7459).
This phenomenon was particularly evident in Wenzhou
city whose positive culture rates changed from 38.44%
(316/822) in January to 25.38% (389/1533) in July.
The positive culture rates in the other months changed
slightly even when the temperatures changed significantly
(Figure 3B). Positive culture rates of six cities in Zhejiang
Province in January, May, June and July are shown in
Figure 4.

RESULTS
Sample collection
The random 66452 samples were collected from 24
hospitals in nine cities: Hangzhou (n = 6), Jiaxing (n =
1), Jinhua (n = 3), Shaoxing (n = 1), Taizhou (n = 3),
Wenzhou (n = 4), Zhoushan (n = 3), Lishui (n = 2) and
Wuxi (n = 1). The 5736 H. pylori-positive specimens were
collected from another two hospitals in Wenzhou city.
Eight of the 26 sampling hospitals are Class 2A hospitals,
which are primarily county-level hospitals providing
medical service to the communities. The other hospitals
belong to Class 3A, which are regional hospitals and
possess the highest medical level in Chinese hospital
grading. The distribution and numbers of samples in
each year and city are shown in Figure 1A.

Culture results of H. pylori-positive specimens
Of the H. pylori-positive specimens, the isolation of H.
pylori was successful in 71.72% (4114/5736) of cases,
demonstrating the positive predictive value of H. pylori
isolation in the central cultural platform.

Culture results
Of the 66452 specimens, 31.66% (21036/66452) were H.
pylori-positive. The positive culture rates of specimens in
2010, 2011 and 2012 were 28.64% (4897/17098), 30.28%
(6513/21509) and 34.57% (9626/27845), respectively.
The differences showed statistical significance (P < 0.001).
The positive culture rate for Class 2A hospitals was
31.96% (8103/25350) and that of Class 3A hospitals was
31.47% (12933/41102).
The positive culture rates of samples from nine cities
varied from 26.59% (2354/8852) in Jinhua city to 42.51%
(332/781) in Lishui city (Figure 1B). The positive culture
rate of Hangzhou city, which was the culture center, was
30.99% (3866/12473).
Even in the same city, the positive culture rates of
different sampling hospitals were different. The culture
positive rates from four hospitals in Hangzhou city
were 29.97% (3316/11064), 38.95% (298/705), 25.73%
(79/307) and 47.66% (61/128) (Figure 2).

DISCUSSION
Isolation of all samples was conducted in the same
laboratory to eliminate the intrinsic variability from
multiple laboratories. The advantage of our study is
that it contains largest sample size to date, involving a
wide range of demographic characteristics, geographic
areas and hospitals from various medical levels (nearly
all the gastrointestinal endoscopic tests were done in
Class 2A and 3A hospitals in China). Compared with
a previous study [25], the limitations of small sample
size and collection of data from different laboratories
were certainly avoided in this study, and more reliable
information for the centralized culture of H. pylori was
provided.
Previous studies reported H. pylori-positive isolation
rates ranging from 75% to 94%[25,26]. Considering the
differences between the H. pylori cultures used for
clinical study and those for individual medical service,
as well as the amount of samples and the time-efficient
characteristics (a limited time of about seven days for
clinical report was usually set in the latter), the positive
culture rate of 71.72% found in this study is acceptable.
In China, the total infectious rate of H. pylori was
relatively high, reaching 40%-60% in adults. In this
study, the positive culture rate of the suspected H. pylori
infection group was 31.66%. Combined with the culture
rate of positive control samples, a 44% infectious rate
was calculated, in agreement with the reported data,
indicating the positive culture rate of random samples
was reasonable. In addition, the cost of culture and
sensitivity tests for six antibiotics is approximately $18,
whereas the urease breath test costs $29 in Zhejiang
province. The random samples were collected without
any H. pylori detection, leading to a lower cost (51.25%
reduced) and economic burden in this population
compared with the detection strategy.

Culture results of different transport groups
The positive culture rates from the 5, 24, and 48 h
transport groups were 30.99% (3865/12471), 32.84%
(14960/45553) and 26.25% (2211/8428), respectively.
The positive culture rate of the 48 h transport group
was significantly lower than the other two groups (P <
0.001). The positive culture rate from the 48 h group was
significantly lower than the 24 h group in samples from
the same city, (26.25% vs 33.73%, P < 0.001).
Culture results from natural transport temperatures
The average natural temperature in Zhejiang province
varied within one year from 4.67 to 29.14 ℃. The average
temperatures in January, May, June and July were 4.66,
20.85, 24.24 and 28.85 ℃ , respectively. The change
curves of average temperatures were similar in six cities,
and the monthly average temperature, average maximum
and minimum temperatures of the six cities during this
study are shown in Figure 3A.
As the temperature increased, the total positive culture
rate declined from 36.67% (1462/3987) in December
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Figure 2 Positive culture rates in four different
hospitals in Hangzhou.

60

Positive rate (%)

50
40
30
20
10
0

The First People’s
Hospital of Xiaoshan
District

Hangzhou
The Children’s
First People’s Hospital Zhejiang University
Hospital
School of Medicine

The Affiliated
Hospital of Hangzhou
normal University

Hospitals in Hangzhou city

Temperature (℃)

A

40

Tmax

35

Tmin

30

T of Hangzhou

25

T of Jiaxing

20

T of Jinhua

15

T of Taizhou

10

T of Wenzhou

5

T of Zhoushan

0

Culture positive rate (%)

B

1

2

3

4

5

6

t /mo

7

8

9

10

11

12

50

Culture rate of Hangzhou

45

Culture rate of Jiaxing

40

Culture rate of Jinhua

35

Culture rate of Taizhou

30

Culture rate of Wenzhou

25

Culture rate of Zhoushan

20
15
10
5
0

1

2

3

4

5

6

t /mo

7

8

9

10

11

12

Figure 3 Temperatures and positive culture rate in six cities within three years. A: The maximum (Tmax), minimum (Tmin) and average (T) temperatures; B:
Positive culture rates.

for the optimal diagnosis of Helicobacter infections via
bacteriologic methods in a small-sample study[29], transport
on ice was not recommended, as repeated freezing and
thawing is more harmful for the successful isolation of
H. pylori. Thus, in our study, transportation of biopsy
specimens under ambient temperature was performed.
Our results indicate that the samples were maintained
without influencing the culture rates within 24 h, especially

Factors influencing the isolation rates during transportation
have been discussed by previous studies[18,23,27,28]. Use of dry
ice and need for storage at a constant temperature of 4 ℃
were recommended, but they cannot be put into actual
practice in the H. pylori isolation for individualized medical
need in a large number of cases because dry ice is too
costly and constant 4 ℃ preservation condition is hard to
maintain. Despite the appearance as a necessary condition
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when the mean temperature was lower than 24 ℃. A
prolonged or delayed transport time and higher natural
temperature (daily average temperature above 24 ℃) could
significantly influence the positive culture rates, probably
due to contamination and overgrowth of other bacteria.
Based on these factors, the proper position of the culture
center should be taken into account, and measures to
lower ambient temperature should be taken in summer.
Besides the two strong influencing factors, other
factors such as sampling and operation levels should also
be considered, since variability in the positive culture rates
was observed among the four hospitals in Hangzhou city
that shared the same sample population and transport
conditions. In one study [30], low isolation rates were
obtained from failed eradication therapy patients. The
patients from Class 2A and 3A hospitals might have
different backgrounds of antibiotics use. In this study, a
novel design was to compare the culture rates between
Class 2A and Class 3A hospitals. The results show no
obvious differences, indicating the medical levels of
hospitals can be ignored. In addition, the positive culture
rates significantly increased over three years, probably
due to the improved sampling skills and experience of
the laboratory personnel. This indicates that the positive
culture rate may increase, even within an H. pyloriisolation platform for individualized medical need in a
large number of cases.
There were also some limitations in this study. First,
we only compared the positive culture rates of four
hospitals in Hangzhou city. The other two hospitals were
excluded, as the number of samples was small and the
sampling was not consecutive. Second, we only selected
six cities to assess the temperature effects on positive
culture rates, because the samples collected in Lishui,
Wuxi and Shaoxing were missed for some months, and
the meteorological data was incomplete. Even with these
exclusions, the selected data accounted for the majority
and was sufficient to compare these differences. Third,
although the H. pylori-positive group was available to
assess the culture results, there was no direct comparison
or control group in this study for all samples, such as a
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non-culture based test, and the positive culture rates in
this study were considered acceptable.
In general, this was the first large-scale study on
centralized culture of H. pylori, confirming the feasibility
of establishing a culture center for individualized
medical use. We believe the findings of this study can be
promisingly applied in clinical and public health practice.
The resistance to clarithromycin often poses a challenge
in clinical design. For example, as the eradication rate
of two couplet therapeutics decreased ten years ago,
triple therapy was recommended, thus doctors had
to choose quadruple or sequential therapy in failed
cases. However, this cycle is likely to continue, and the
eradication rate of quadruple or sequential therapies will
be reduced to unacceptable levels. Establishment of a
personalized treatment strategy may potentially resolve
the public health problem and reduce economic burden
on the patients and the community, especially in those
populations with high resistance.
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ORIGINAL ARTICLE
Observational Study

Transient elastography improves detection of liver cirrhosis
compared to routine screening tests
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setting in comparison to clinical signs, laboratory
parameters and ultrasound.

Thomas Göbel, Janine Schadewaldt-Tümmers, Dieter
Häussinger, Andreas Erhardt, Klinik für Gastroenterologie,
Hepatologie und Infektiologie, Universitätsklinikum Düsseldorf,
40225 Düsseldorf, Germany
Thomas Göbel, Lucas Greiner, Andreas Erhardt, Klinik
für Gastroenterologie, Hepatologie und Diabetologie, PetrusKrankenhaus Wuppertal, 42283 Wuppertal, Germany
Christopher Poremba, Pathologie München-Nord, Ernst-PlatzStraße 2, 80992 München, Germany
Author contributions: Göbel T, Schadewaldt-Tümmers J and
Erhardt A wrote the manuscript; Erhardt A and SchadewaldtTümmers J analysed the data; Erhardt A and Schadewaldt-Tümmers
J investigated the patients; Poremba C investigated liver biopsy
samples; Greiner L and Häussinger D reviewed the paper; Erhardt A,
Schadewaldt-Tümmers J and Häussinger D designed the study.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/
Correspondence to: Andreas Erhardt, Professor, Klinik
für Gastroenterologie, Hepatologie und Diabetologie, PetrusKrankenhaus Wuppertal, Carnaper Str. 48, 42283 Wuppertal,
Germany. andreas.erhardt@cellitinnen.de
Telephone: +49-202-2992861
Fax: +49-202-2992865
Received: June 7, 2014
Peer-review started: June 8, 2014
First decision: June 27, 2014
Revised: July 27, 2014
Accepted: September 18, 2014
Article in press: September 19, 2014
Published online: January 21, 2015

METHODS: TE, ultrasound, laboratory parameters and
cutaneous liver signs were assessed in 291 consecutive
patients with chronic liver disease of various aetiologies
who underwent liver biopsy in daily routine.
RESULTS: Sensitivity of TE for the detection of liver
cirrhosis was 90.4%, compared to 80.1% for ultrasound,
58.0% for platelet count and 45.1% for cutaneous liver
signs (P < 0.0001 for comparisons with histology).
AUROC for TE was 0.760 (95%CI: 0.694-0.825).
Combination of TE with ultrasound increased sensitivity
to 96.1% and AUROC to 0.825 (95%CI: 0.768-0.882).
TE correlated with laboratory parameters of cirrhosis
progression like albumin (r = -0.43), prothrombin
time (r = -0.44), and bilirubin (r = 0.34; P < 0.001 for
each). Particularly, in patients with Child Pugh score A
or normal platelet count TE improved sensitivity for the
detection of liver cirrhosis compared to ultrasound by
14.1% (P < 0.04) and 16.3% (P < 0.02), respectively.
CONCLUSION: Transient elastography is superior
to routine diagnostic tests allowing detection of liver
cirrhosis in additional 10%-16% of patients with
chronic liver disease that would have been missed by
clinical examinations.
Key words: Transient elastography; Fibroscan; Liver
cirrhosis; Liver disease; Chronic hepatitis
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Diagnosis of liver cirrhosis is often missed
in routine clinical practice. Novel non-invasive tools
like transient elastography (TE) are available but their

Abstract
AIM: To investigate the diagnostic significance of
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scores have no causal relationship with fibrogenesis[8].
Among the individual measures, the platelet count is
the most convenient rough guide for the evaluation of
the fibrosis stage and correlates moderately with the
histologically determined stage of fibrosis (r = -0.46
to -0.50)[9]. Another frequently used measure of serum
fibrosis is the APRI (“aspartate aminotransferase to
platelet ratio”) index, which is calculated from the AST
level and the platelet count. The APRI score has so far
only been evaluated in patients with viral hepatitis. A
threshold level for significant fibrosis has been defined
(Ishak score F3 to F6) at a score of > 1.5, liver cirrhosis
at a score of > 2, whereas a score of < 0.5 is said to rule
out significant fibrosis[10].
Conventional ultrasound allows accurate diagnosis
of liver cirrhosis in 82%-88 % of cases[11]. However, its
value depends on the experience of the operator and
the quality of the ultrasound instrument. Furthermore,
diagnosis of hepatic cirrhosis by ultrasound relies to a
significant extent on indirect parameters of liver cirrhosis
such as evidence of portal hypertension.
Despite the increasing propagation of transient
elastography no studies have investigated the diagnostic
performance of transient elastography compared to clinical
signs and only one in comparison to ultrasound including
only a limited number of cirrhotic patients[12]. Therefore,
the present investigation evaluated the benefit of transient
elastography for the assessment of liver cirrhosis in a large
cohort of patients with chronic liver disease compared to
diagnostic tools available in the daily routine like cutaneous
liver signs, laboratory parameters and ultrasound.

diagnostic performance for the detection of cirrhosis
has only been poorly evaluated in a routine clinical
setting, where screening and diagnosis is mainly based
on clinical signs, simple laboratory parameters and
conventional ultrasound. The present investigation
shows that TE is found to be superior to routine
diagnostic tests allowing detection of liver cirrhosis
in an additional 10%-15% of patients. The highest
diagnostic benefit is seen in patients with early cirrhosis
or normal platelet count.
Göbel T, Schadewaldt-Tümmers J, Greiner L, Poremba C,
Häussinger D, Erhardt A. Transient elastography improves
detection of liver cirrhosis compared to routine screening tests.
World J Gastroenterol 2015; 21(3): 953-960 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v21/i3/953.htm
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INTRODUCTION
Patients with liver cirrhosis have a significantly reduced
life expectancy compared to non-cirrhotic patients
due to complications such as ascites, bleeding of
oesophageal varices, hepatic encephalopathy, hepatorenal
or hepatopulmonary syndrome and hepatocellular
carcinoma (HCC)[1]. Particularly the increasing incidence
of HCC secondary to hepatic cirrhosis contributes
significantly to the high mortality seen in these patients[2].
Hence, most guidelines recommend regular screening
for HCC in patients with liver cirrhosis at least every
six months [3,4]. However, diagnosis of liver cirrhosis
is frequently missed in a routine clinical setting[5]. The
limitations of available diagnostic tools for the detection
of hepatic cirrhosis (clinical signs, laboratory parameters,
imaging techniques and liver biopsy) are currently driving
interest towards non-invasive tests.
Transient elastography (TE) is a non-invasive
instrument that determines liver stiffness by generating a
low frequency elastic wave of 50 Hz and a high frequency
ultrasound wave of 1500 m/s, which allows measurement
of the transmission of the elastic wave into liver tissue.
Liver stiffness correlates with the degree of fibrosis, a
higher degree of fibrosis implying greater stiffness. TE
is a valid tool for the differentiation of cirrhotic from
non-cirrhotic liver with sensitivities of 77%-100%,
specificities of 78%-98% and mean AUROCs of 0.94
(95%CI: 0.93-0.95), but has limitations in discriminating
lower fibrosis stages[6].
Although cutaneous liver signs are part of the
routine physical examination, their diagnostic value for
determination of the severity of liver disease has been
poorly evaluated[7]. Among them, spider naevi (84%) and
palmar erythema (70.4%) have the highest sensitivities for
the diagnosis of liver cirrhosis.
There are numerous laboratory markers which can
be used individually or in combination to determine the
extent of fibrosis. However, most of these markers and
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MATERIALS AND METHODS
Between 2005 and 2008 a total of 291 patients with chronic
liver disease of different aetiologies who underwent liver
biopsy in a tertiary care centre were additionally investigated
by transient elastography, ultrasound, biochemical
parameters and cutaneous liver signs within 12 mo after
liver biopsy. Ultrasound examination, blood sampling,
physical examination and transient elastography were
performed on the same day. Ultrasound examination was
done unaware of the results of transient elastography and
of liver biopsy.
Inclusion was restricted to patients with chronic liver
disease (duration of liver disease > 6 mo) and absence of
acute flares defined as acute ALT elevation higher than 5
times the upper limit of the patient’s individual baseline
level. In four out of 291 patients liver stiffness could
not be assessed by transient elastography due to morbid
obesity. Histologically confirmed liver cirrhosis was
present in 182 patients.
Liver histology and quantification of liver fibrosis
Liver biopsy was performed percutaneously by the
Menghini technique using a 1.6-mm-diameter needle.
Liver fibrosis was evaluated semiquantitatively according
to the scoring system of Desmet et al[13] or Bondini et al[14].
All liver specimens were stained with HE, Elastica-van-
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Table 1 Baseline clinical and biochemical characteristics of all patients

Age, yr
Gender,%
Female
Male
Cirrhosis, %
BMI, kg/m²
Bilirubin, mg/dL
Albumin, g/dL
Immunoglobulins, g/dL
AST, U/L
ALT, U/L
AFP, μg/L¹
Platelets, a1000/μL
Prothrombin time, %

All

HCV

ASH/NASH

HBV

Cryptogenic

HDV

Other causes

(n = 291)

(n = 92)

(n = 109)

(n = 35)

(n = 13)

(n = 10)

(n = 32)

54 ± 15

59 ± 13b

53 ± 15

51 ± 13b

59 ± 15

43 ± 9a

50 ± 17a

39.9
60.1
62.5
25.5 ± 4.2
2.7± 4.8
3.6 ± 0.7
1.7 ± 0.7
116 ± 175
106 ± 176
6.2
170 ± 83
83 ± 18

41.3
58.7
76.1
24.6 ± 3.9a
1.5 ± 2.5b
3.8 ± 0.6b
1.8 ± 0.7
100 ± 54
102 ± 71
9.7
152 ± 82
88 ± 16b

36.7
63.3
56
25.8 ± 4.8
4.3 ± 7.0
3.4 ± 0.7a
1.5 ± 0.7
113 ± 187
73 ± 100b
5.8
181 ± 79
78 ± 21b

28.6
71.4
68.6
27.2 ± 3.3
1.5 ± 1.5b
3.8 ± 0.7
1.7 ± 0.8
76 ± 51
72 ± 52
3.4
165 ± 78
85 ± 13

38.5
61.5
100b
25.3 ± 3.0
1.8 ± 1.3
3.4 ± 0.7
1.5 ± 0.4
70 ± 55
43 ± 20
5.9
168 ± 77
81 ± 23

30
70
70
23.2 ± 4.9
2.0 ± 1.6
3.4 ± 0.6
2.6 ± 0.7b
155 ± 94
131 ± 62
7.2
127 ± 74
73 ± 14

59.4a
40.6
25.0d
25.2 ± 3.6
4.1 ± 5.8
3.7 ± 0.4
1.7 ± 0.5
243 ± 400
300 ± 462a
2.9
208 ± 96
86 ± 15

Median value. aP ≤ 0.05; bP ≤ 0.01 vs all other patients. HCV: Hepatitis C virus; HBV: Hepatitis B virus; HDV: Hepatitis D virus; ASH: Alcoholic
steatohepatitis; NASH: Non-alcoholic steatohepatitis.
1

McNemar’s test was used on nominal data. Student t test
and Mann-Whitney test were used for comparison of
continuous variables. The significance level was set at P <
0.05, all P values were two tailed. Statistical analysis was
performed with the SPSS software 18.0 (SPSS, Munich,
Germany).

Gieson (EvG), Gomori, PAS-Diastase and iron stain
and analysed by experienced pathologists blinded to the
results of transient elastography and ultrasound.
Liver stiffness measurement
Liver stiffness was assessed by transient elastography
(Fibroscan ® ) as described previously [15]. At least 10
measurements were performed. Only procedures with
a success rate of 60% were considered reliable. The
median value was taken as representative. Liver cirrhosis
was assumed in case of a median value ≥ 13 kPa which
has been identified in previous studies and a large metaanalysis[15,16].

RESULTS
Among all 291 investigated patients with chronic liver
disease 31.6 % had hepatitis C, 37.5 % ASH/NASH, 12%
hepatitis B, 3.4% hepatitis D, 11 % had other more rare
causes of chronic liver disease (primary biliary cirrhosis,
primary sclerosing cholangitis, autoimmune hepatitis,
hereditary haemochromatosis, Wilson’s disease) and 4.5%
liver disease of unknown cause (“cryptogenic”). Chronic
alcohol consumption was defined as daily intake above
20 g in females and 40g in males. 182 of all 291 patients
had histologically proven liver cirrhosis. According to the
Child Pugh score 58.8% of these patients were classified
as A, 20.9% as B and 8.2% of patients as C. A total
of 12.1% of patients with liver cirrhosis could not be
classified according to Child Pugh score due to missing
data. The majority of biochemical and clinical parameters
did not differ between the different aetiologies of chronic
liver disease (Table 1). Notably, patients with hepatitis D
infection displayed higher ALT, AST, immunoglobulin
levels, and lower prothrombin time despite a younger age
compared to most of the other patient groups (Table 1).
Sensitivity of transient elastography for the detection
of liver cirrhosis was 90.4 % (Table 2). TE could not
be performed in 4 patients due to morbid obesity, these
patients were nevertheless included in the calculation
of sensitivity. The positive predictive value was 75.2%.
Specificity was 51.2% and the negative predictive
value was 76.7%. Sensitivity for the detection of liver
cirrhosis by transient elastography was about 10% higher
compared to ultrasound and exceeded that of platelet

Conventional ultrasound examination
Liver cirrhosis was suspected if two of the following
criteria were present: (1) nodular appearance of the liver
surface; (2) inhomogeneous liver texture; (3) rarefaction
or tortuosity of hepatic veins; (4) dilatation of portal
vein beyond 12 mm; (5) splenomegaly; (6) presence of
ascites; (7) collateral circulation and (8) hypertrophy of
the quadrate lobe[17].
Cutaneous liver signs
Liver cirrhosis was assumed in patients presenting with
at least one of the following cutaneous liver signs: spider
angiomata, venectasias of the abdominal wall, glossy
tongue, Terry’s nails, palmar erythema and gynaecomastia.
Platelet count and APRI index
A platelet count < 150000/µL and an APRI index > 2
were used as a cutoff for the diagnosis of liver cirrhosis.
APRI-index was determined only in patients with viral
hepatitis. The APRI index was calculated as follows: AST
(× upper limit of normal) × 100/ platelet count (109/L).
Statistical analysis
A χ 2 was used for comparison of categorical variables.
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Table 2 Sensitivity, specificity, positive and negative predictive value of the different non-invasive examinations for detection of
liver cirrhosis
All
Liver stiffness ≥ 13 kPa
Ultrasound2
Platelets < 150.000/μL
Cutaneous liver signs2
APRI-Score ≥ 2

Viral hepatitis

Sensitivity

Specificity

PPV

NPV

P value3

90.4
80.1
58.0
45.1
NA

51.4
82.4
80.2
72.1
NA

75.2
88.7
83.3
70.4
NA

76.7
70.6
52.8
47.2
NA

0.02
0.03
0.0001
NA

1

Sensitivity

Specificity

PPV

NPV

P value3

91.3
96.6
63.1
42.7
56.1

44.4
61.2
72.2
64.7
63.3

82.5
81.4
86.7
77.4
87.7

64.0
90.9
40.6
28.6
24.1

0.04
0.05
0.01

1

n = 139; only patients with chronic hepatitis B, C and D were included; 2According to the definitions in the patients and methods section; available for 257
patients; 3For comparison of sensitivities with liver stiffness as reference. NA: Not applicable; PPV: Positive predictive value; NPV: Negative predictive value.

Table 3 Sensitivities for detection of liver cirrhosis by different combinations of non-invasive examinations
All patients (n = 182)
Liver stiffness ≥ 13 kPa and/or ultrasound cirrhosis
Liver stiffness ≥ 13 kPa and/or platelets < 150.000/µL
Ultrasound and/or platelets < 150.000/µL
Ultrasound and/or cutaneous liver signs
Platelets < 150000/µL and/or cutaneous liver signs

Sensitivity

Specificity

PPV

NPV

P value1

96.1%
93.9%
88.2%
87.6%
79.4%

50.5%
49.1%
68.0%
62.0%
63.7%

76.5%
75.4%
82.6%
79.7%
78.5%

88.5%
82.8%
76.9%
74.7%
65%

< 0.0001
< 0.0001
< 0.0001
< 0.004

1

Sensitivity compared to the combination of liver stiffness and/or ultrasound. NS: Not significant; PPV: Positive predictive value; NPV: Negative predictive value.

elastography showed the highest sensitivities for the
detection of cirrhosis compared to other screening
methods like ultrasound, platelet count, cutaneous liver
signs (Table 5). Among patients with Child-Pugh A liver
cirrhosis TE was superior with respect to sensitivity
compared to other tests by more than 15% (Table 5). In
advanced liver cirrhosis (i.e., Child-Pugh B and C patients)
gain in sensitivity of transient elastography compared to
ultrasound was only small (98.1% vs 96.2%). Performance
of platelet count (sensitivity 74.1 %) and cutaneous liver
signs (sensitivity 64.3%) improved with more advanced
cirrhosis but were still worse than corresponding results
of conventional ultrasound or transient elastography.

count, APRI index and cutaneous liver signs by more
than 30% (Table 2). In the subgroup of patients with
viral hepatitis, sensitivity and specificity of ultrasound
was slightly superior to that of transient elastography
(Table 2). The highest liver stiffness values were found
in patients with cryptogenic cirrhosis, although these
patients had the lowest ALT levels (data not shown). The
combination of liver stiffness with ultrasound or platelet
count allowed detection of liver cirrhosis at a slightly
higher rate (96.1% and 93.9% respectively) than transient
elastography alone (90.4%). Combinations of screening
tests including transient elastography were superior to
combinations of ultrasound with cutaneous liver signs
or platelet counts (Table 3). Area under the receiver
operating characteristic curve (AUROC) for detection
of liver cirrhosis by transient elastography was 0.760
(95%CI: 0.694-0.825) compared to an AUROC of 0.796
(95%CI: 0.740-0.863) for detection of liver cirrhosis by
conventional ultrasound. The combination of transient
elastography with ultrasound resulted in an AUROC of
0.825 (95%CI: 0.768-0.882).
Transient elastography correlated with the severity
of liver cirrhosis, like presence of ascites, cutaneous
liver signs and particularly with biochemical parameters
included in the Child-Pugh score (Table 4). The
correlation coefficient of transient elastography with
bilirubin was r = 0.34 (P < 0.0001), with albumin r =
-0.43 (P < 0.0001), with prothrombin time r = -0.44 (P
< 0.001) and immunoglobulins r = 0.34 (P < 0.001). No
correlation was seen between transient elastography and
AFP, platelets, ALT or BMI.
In the subgroup of patients with normal platelet
count (n = 161) of the present population transient
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DISCUSSION
Diagnosis of liver cirrhosis and especially early stages
of liver cirrhosis with its important clinical implications
is often difficult and detection might be missed in daily
clinical practice. Autopsy studies in Western populations
revealed that one third of patients with liver cirrhosis are
not identified during their lifetime[5,18]. This dissatisfying
misclassification of liver cirrhosis and the fact that
an invasive liver biopsy is supposed to be the “gold
standard” has led to the development of several noninvasive technologies.
Transient elastography has been extensively evaluated
with more or less complex fibrosis scores and other
diagnostic tools [19] but a comparison with routinely
available markers in a large series of patients with
histologically confirmed liver cirrhosis is still lacking.
Therefore, the present study was explicitly designed
to reflect a routine clinical setting and investigated the
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Table 4 Comparison of transient elastography with clinical and biochemical parameters
1

≥ 13 kPa
(n = 161)

≥ 27.5 kPa

60 ± 14
26.2 ± 3.7
1.1 ± 1.0
3.9 ± 0.4
1.6 ± 0.7
79 ± 49
79 ± 56
7.6
145 ± 68
88 ± 13
2.4 ± 1.8
59.7
73.1
57.8
16.4
43.3

56 ± 13
25.5 ± 4.0
3.2 ± 5.6
3.4 ± 0.7
2.0 ± 0.7
102 ± 71
71 ± 51
7.7
144 ± 82
76 ± 19
3.6 ± 3.1
60.6
88.9
71.4
35.5
55.3

Age, yr
BMI, kg/m²
Bilirubin, mg/dL
Albumin, g/dL
Immunoglobulins, g/dL
AST, U/L
ALT, U/L
AFP, μg/L2
Platelets, 1000/μL
Prothrombin time, %
APRI-Score3
Platelets < 150.000/μL, %
Ultrasound cirrhosis, %
Splenomegaly, %
Ascites, %
Cutaneous liver signs, %

(n = 94)

1

≥ 54 kPa

(n = 48)

≥ 27.5kPa vs

≥ 54 kPa vs

< 27.5 kPa
P value

< 54 kPa
P value

55 ± 13
24.8 ± 3.7
4.4 ± 6.9
3.2 ± 0.7
2.1 ± 0.8
115 ± 83
69 ± 54
7.8
151 ± 77
70 ± 18
4.3 ± 3.6
56.3
93.6
72.3
52.1
63.2

NS
NS
0.0001
0.0001
0.02
0.02
NS
NS
NS
0.0001
0.03
NS
0.02
0.09
0.01
NS

≥ 54 kPa vs
27.5-54 kPa
P value

NS
0.05
0.007
0.0001
0.007
0.015
NS
NS
NS
0.0001
NS
NS
0.01
NS
0.0001
0.09

NS
NS
0.04
0.02
0.03
0.07
NS
NS
NS
0.02
NS
NS
NS
NS
0.01
NS

1

Cut-off values in accordance to Foucher et al[30]; 2AFP is given as median value; 3APRI-Score was only applied to patients with chronic viral hepatitis. NS:
Not significant.

Table 5 Usefulness of transient elastography in cirrhotic patients with Child-Pugh A or normal platelet count
Child-Pugh A
Liver stiffness ≥ 13 kPa
Ultrasound
Platelets < 150.000/μL
Cutaneous liver signs

1

2

Normal platelet count

Sensitivity

Specificity

PPV

NPV

P value

91.5%
75.2%
55.1%
42.0%

48.8%
75.2%
78.6%
74.8%

59.5
72.5
68.6
59.2

87.5
77.8
67.3
59.7

0.02
NS
0.01

3

Sensitivity

Specificity

PPV

NPV

85.3%
71.2%
NA
46.2%

62.4%
86.4%
NA
81.3%

66.7
82.5
NA
66.7

82.8
76.9
NA
65.0

P value3
0.04
0.001

1

n = 107; 2n = 161; Normal platelet count was 150.000-400.000/μL; 3Values are given for the comparison of sensitivities with transient elastography. NA: Not
applicable; NS: Not significant; PPV: Positive predictive value; NPV: Negative predictive value.

of liver biopsy can influence the diagnostic performance
of transient elastography.
The major finding of the present study was a
significant increase by 10 % of the sensitivity for the
detection of liver cirrhosis by the use of transient
elastography compared to best routine screening tests
available (Table 2). Furthermore, combinations of
different tests might improve diagnostic accuracy[26]. In
the present investigation the combination of transient
elastography with ultrasound allows detection of early
stages of liver cirrhosis with the highest sensitivity
followed by the combination of transient elastography
with a platelet count below 150000/µL (Table 4).
It has to be kept in mind that these findings apply to
the selected group of patients in which liver cirrhosis was
determined according to the histological evaluation. The
present investigation may therefore be biased as patients
with advanced and clinically apparent liver cirrhosis might
not have been considered for liver biopsy at all. However,
if liver cirrhosis can easily be clinically assessed, liver
biopsy or non-invasive tests are no longer needed. As
expected, patients that were staged Child-Pugh A had
greater diagnostic benefit from transient elastography
than the overall cohort of patients and especially patients
with advanced Child Pugh B or C cirrhosis (Table 5). The

additional benefit of transient elastography for the
identification of liver cirrhosis compared to clinical
signs, simple laboratory parameters and ultrasound.
Although measurement of transient elastography requires
hardware equipment, it has the potential of a bedside
test. High reproducibility of transient elastography for
the determination of liver cirrhosis was shown in nonobese persons[20]. In contrast, reproducibility of transient
elastography for differentiating fibrosis stages below
F3 was poor. Hence, the present study focused on the
identification of cirrhosis.
There are many other non-invasive surrogate markers
and scores for determination of liver fibrosis and
cirrhosis[8]. Recently, magnetic resonance elastography has
been evaluated in patients with chronic liver disease[21].
However, these parameters or tests are either not
routinely available, expensive or not properly evaluated
and were therefore not integrated in the present
investigation. Histopathological examination of liver is
still considered the gold standard for evaluation of liver
fibrosis[22] and was taken as reference in the present study.
Liver biopsy has significant diagnostic limitations due
the risk of serious complications, sampling and intra- or
interobserver errors[23,24]. Error rates of 20%-45% for
disease staging have been reported[25]. These limitations
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superiority of TE compared to other conventional tests
also applied to patients with normal platelet count (Table
5). Unravelling fibrosis in these “unsuspicious” patients
with early cirrhosis has important clinical and therapeutic
consequences.
Sensitivity of cutaneous liver signs to detect liver
cirrhosis varied between 31% and 84% in a recent
report[7]. Low sensitivities were found for cutaneous
signs like glossy tongue, gynaecomastia and white nails,
while presence of spider naevi and palmar erythema
showed higher sensitivities. Cutaneous liver signs were
not sub-differentiated in the present study as this would
have resulted in too small populations. Sensitivities for
abdominal ultrasound so far reported were comparable
to the present study[11,27]. However, ultrasound largely
depends on the quality of the technical equipment used
and the operator’s skills. Platelet count is often used as a
rough estimation for the presence of liver cirrhosis. The
present investigation suggests that platelet count and
cutaneous liver signs are not useful for the identification
of early liver cirrhosis as sensitivities were below 60%.
However, there are also several drawbacks of transient
elastography. First, in 1%-9% of the cases transient
elastography is technically not feasible due to obesity,
ascites, scars, narrowing of the intercostal spaces or other
reasons[6]. Technical failures of transient elastography
were seen in 2% of the present study (n = 4 patients
with morbid obesity). These diagnostic failures were still
included in the calculations. In addition, acute disease
deteriorations with high ALT values and cholestasis can
lead to a systematic overestimation of liver stiffness[28,29].
Therefore only patients with chronic liver disease without
flares were included in the present study. Misclassification
of transient elastography can also occur in the case of
macronodular cirrhosis, high body mass index and liver
tumors[30].
A major advantage of transient elastography compared
to other non-invasive tests is that it not only indicates the
presence or absence but also severity of liver cirrhosis.
Different cutoffs have been established that predict or
exclude the presence of oesophageal varices, hepatocellular
carcinoma, and the Child Pugh score[30,31]. In the present
study liver stiffness was positively correlated to parameters
of liver function like albumin, prothrombin time and
bilirubin (Table 4). In addition, transient elastography
correlated to immunoglobulins as further markers of
liver cirrhosis stage. Thus, transient elastography like the
Child Pugh score should be a valuable tool to estimate
progression of liver cirrhosis.
This study also has its limitations: this investigation
was performed at a tertiary centre, therefore a high
proportion of more advanced stages in patients with
chronic liver disease can be expected. This is apparent
from the fact that the rate of histologically proven liver
cirrhosis in all liver biopsies performed is quite high
(n = 182/291; 62.5%). Furthermore, the procedures
of the independently prospective performed transient
elastography, ultrasound and clinical investigations were
compared to liver biopsies which were done in advance
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with a maximum time range of one year. Usually, the
development of chronic liver disease is a continuous,
but mostly slow process over many years or decades and
therefore rapid changes of liver stiffness or sonographic
appearance is generally not expected. Acute flares of
chronic disease were excluded as it is already known that
measurement of liver stiffness is influenced by acute
hepatitis[28]. Investigators of transient elastography and
ultrasound were furthermore unaware of the results of
liver biopsy to exclude further bias.
Summarising, transient elastography allowed the
identification of an additional 10% of cirrhotic patients
among patients with chronic liver disease compared to
routinely available non-invasive tests and examinations
like ultrasound, platelet count, or cutaneous liver signs.
Patients with early cirrhosis had the greatest diagnostic
benefit from transient elastography. Combination of
transient elastography with conventional ultrasound or
platelet count further improved diagnostic accuracy.
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Terminology
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Pure laparoscopic hepatectomy as repeat surgery and
repeat hepatectomy
Masashi Isetani, Zenichi Morise, Norihiko Kawabe, Hirokazu Tomishige, Hidetoshi Nagata, Jin Kawase,
Satoshi Arakawa
METHODS: This study compared the perioperative
courses of patients receiving LH at our institution that
had or had not previously undergone upper abdominal
surgery. Of the 80 patients who underwent LH, 22 had
prior abdominal surgeries, including hepatectomy (n
= 12), pancreatectomy (n = 3), cholecystectomy and
common bile duct excision (n = 1), splenectomy (n
= 1), total gastrectomy (n = 1), colectomy with the
involvement of transverse colon (n = 3), and extended
hysterectomy with extensive lymph-node dissection
up to the upper abdomen (n = 1). Clinical indicators
including operating time, blood loss, hospital stay, and
morbidity were compared among the groups.
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Abstract

RESULTS: Eighteen of the 22 patients who had
undergone previous surgery had severe adhesions in
the area around the liver. However, there were no
conversions to laparotomy in this group. In the 58
patients without a history of upper abdominal surgery,
the median operative time was 301 min and blood loss
was 150 mL. In patients with upper abdominal surgical
history or repeat hepatectomy, the operative times were
351 and 301 min, and blood loss was 100 and 50 mL,
respectively. The median postoperative stay was 17, 13
and 12 d for patients with no history of upper abdominal
surgery, patients with a history, and patients with repeat
hepatectomy, respectively. There were five cases with
complications in the group with no surgical history,
compared to only one case in the group with a prior
history. There were no statistically significant differences
in the perioperative results between the groups with
and without upper abdominal surgical history, or with
repeat hepatectomy.

AIM: To assess clinical outcomes of laparoscopic
hepatectomy (LH) in patients with a history of upper
abdominal surgery and repeat hepatectomy.

CONCLUSION: LH is feasible and safe in patients with a
history of upper abdominal surgery or repeat hepatectomy.
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hepatectomy for patients with a history of abdominal
surgical procedures, only a few reports of LH procedures
for these patients are available [15-17]. Therefore, the
purpose of this study was to assess the outcomes of LH
for the patients with prior upper abdominal surgery and
repeat hepatectomies.

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The clinical outcomes of laparoscopic hepatectomy
(LH) in patients with a history of upper abdominal surgery
and repeat hepatectomy were evaluated. Of 80 patients
who underwent pure LH, 22 had prior upper abdominal
surgeries, and 12 underwent repeat hepatectomy.
There were no conversions to laparotomy. There were
no significant differences in operative time, blood loss,
morbidity, or postoperative hospital stay between
patients with and without prior abdominal surgery.
LH with upper abdominal surgical history and repeat
hepatectomy is feasible and safe for select patients.

MATERIALS AND METHODS
Patients and categorization
A total of 80 patients who underwent pure LH
procedures at our hospital were included in this study.
Patients undergoing hybrid procedures (LH combined
with manipulation through a mini-laparotomy for
reconstruction and other complicated procedures) for
resection of hilar carcinoma, gallbladder carcinoma, or
liver tumors with hepatic vein root involvement were
excluded from this study. Lesions in all segments of the
liver (segments 1-8) were included.
Patients were divided into groups based on the
presence or absence of prior surgical history: no history
(NH; n = 58) or upper abdominal surgical history (UASH;
n = 22). Within the UASH group, a subgroup of patients
was identified who had repeat hepatectomy (RH; n =
12). For these groups of patients, clinical indicators of
perioperative course were retrospectively examined from
medical records, including operative time, intraoperative
blood loss, conversion to laparotomy, morbidity, and
postoperative hospital stay. For patients in the UASH
group, adhesions from previous surgery were evaluated
by reviewing recorded video and graded according to
Beck et al[18] mild adhesions were considered grade 1 (thin,
filmy, and divided by blunt dissection) or grade 2 (thin,
vascular, and easily divided by sharp dissection); severe
adhesions were considered grade 3 (extensive, thick, and
vascular, requiring division by sharp dissection) or grade
4 (dense, and the bowel is at risk of injury with division).

Isetani M, Morise Z, Kawabe N, Tomishige H, Nagata H,
Kawase J, Arakawa S. Pure laparoscopic hepatectomy as
repeat surgery and repeat hepatectomy. World J Gastroenterol
2015; 21(3): 961-968 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i3/961.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i3.961

INTRODUCTION
The liver is the organ where most tumors metastasize,
including colorectal, lung, breast, and ovarian cancers.
Hepatic recur rence after previous resection of
hepatocellular carcinoma (HCC) can also occur [l-3].
Therefore, conventional open surgery for hepatic
resection is frequently performed in patients with a
history of abdominal surgery[1-5]. Recently, laparoscopic
procedures have been widely applied in various fields
of surgery, and the number of favorable reports on
laparoscopic hepatectomy (LH) is increasing [6-11] .
However, there are still technical difficulties with LH
related to liver mobilization, control of hemorrhaging,
avoiding or repairing bile duct injuries, and vascular
control. Moreover, surgeons need to contend with
restricted manipulation, the lack of manual sensation,
and disorientation from the lack of an overview[12,13].
Therefore, LH is typically only indicated for small and
easily accessible lesions[7,14]. Indications for pure LH
include HCC when there is an adequate hepatic reserve,
metastatic liver tumors when there is no evidence of
uncontrollable extrahepatic metastasis, and benign
tumors when the diagnosis is uncertain or there are
obvious symptoms.
An additional complication for LH is the presence
of postoperative adhesions around the liver in patients
who have had previous upper abdominal surgery. These
adhesions and other postoperative changes can increase
the risk of intraoperative bleeding and injury to vascular
or biliary structures. Despite the increasing frequency of

WJG|www.wjgnet.com

LH procedure
Patients were put in a supine to lateral position
depending on the location of the tumor (left lateral
position for tumors in the right dorsal liver). The first
trocar was inserted at the umbilicus with an open
method when the patient had no previous operative
scar, otherwise the trocar was placed where adhesions
were expected to be absent or minimal, while avoiding
the previous incision site. After pneumoperitoneum (8
mmHg, occasionally increased up to 12 mmHg) was
established through a 12-mm-port, a flexible laparoscope
was introduced and then 3 to 4 additional trocars were
inserted. When encountering adhesions that prevented
adequate visualization, access to the operative field, and
insertion of additional trocars, adhesiolysis was carefully
performed with an electrocautery pen and ultrasonic
shears. Intraoperative ultrasonography was routinely
performed to assess the tumor conditions and determine
the transection line. For the cases requiring anatomical
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Table 1 Upper abdominal surgical histories
Surgical history
Hepatectomy (n = 12)

Pancreatectomy (n = 3)

S4a56a resection, lymph node dissection
Central bisectorectomy
S3 segmentectomy
(3rd resection) S3 segmentectomy, Pt S5-6
Pt S5 (severe cholecystitis)
Extended posterior sectorectomy
(3rd resection) Lateral sectorectomy, S4b-8a resection
Pt S4 and S3
Anterior sectorectomy (distal gastrectomy)
Pt S6
Pt S6
S5 segmentectomy
Pancreatoduodenectomy
Distal pancreatectomy
Distal pancreatectomy

Colectomy (involving transverse colon) (n = 3)

Common bile duct excision (n = 1)
Splenectomy (n = 1)
Total gastrectomy (n = 1)
Extended hysterectomy1 (n = 1)

Procedure type

Adhesion

Laparoscopic
Open
Laparoscopic
Laparoscopic
Laparoscopic
Open
Open
Open
Open
Open
Open
Open
Open
Open
Open
Open
Laparoscopic
Open
Open
Laparoscopic
Laparoscopic
Open

Severe
Severe
Mild
Severe
Severe
Severe
Severe
Severe
Severe
Severe
Severe
Severe
Severe
Severe
Severe
Severe
Mild
Severe
Severe
Mild
Mild
Severe

1

Extended hysterectomy with extensive lymph node dissection up to the upper abdomen. The degree of adhesions was classified according to Beck et al[18]
(mild = grade 1-2, severe = grade 3-4). Pt: Partial resection; S: Segment.

resection of one or more sectors, extrahepatic Glissonian
pedicle encirclement/control and Pringle maneuvers
were applied. The superficial hepatic parenchyma was
transected using ultrasonic shears and the deeper portion
of the parenchyma was transected using irrigation
monopolar/bipolar cautery and a bipolar sealing device
(BiClamp foreceps, ERBE VIO System 200D, ERBE
Elektromedizin GmbH, Tuebingen, Germany). A
laparoscopic cavitron ultrasonic surgical aspirator was
used for the portion of the parenchyma near the major
vessels. After completing resection of the liver, the
specimen was inserted into a protective plastic bag and
extracted through the incision created by extending the
port site. In the cases with an uncertain tumor location or
uncontrollable bleeding, the operation was converted to a
hand-assisted laparoscopic surgery or conventional open
surgery.

colon was involved in the procedure.
Anatomical resection of the liver was defined as the
procedure in which the Glissonian pedicle was divided
at the root bifurcation and all the parenchyma related
to the pedicle was resected. The nomenclature from the
Brisbane 2000 Guidelines for liver anatomy and resection
was used to describe the extent of the hepatic resection:
major resection = hemihepatectomy and central
bisectionectomy, as well as right posterior, anterior, and
left median sectorectomies, which have cutting surfaces
that are larger than that of a hemihepatectomy[11,20].
Statistical analysis
Groups were compared using Student’s t, Fisher’s exact
and χ 2 tests with SPSS, version 11 statistical software
(SPSS Inc., Chicago, IL, United States), with P < 0.05
indicating significance.

Terminology
An upper abdominal surgery was defined as a distinct
scar above the umbilicus[19] from which the operative
procedure involved the subphrenic and subcostal area
around the liver. If a laparoscopic procedure involved this
area, it was defined as upper abdominal surgery regardless
of port placements, including hepatectomy, biliary and
pancreatic surgery, splenectomy, radical gastrectomy,
colectomy with the involvement of transverse colon,
and extended hysterectomy with extensive lymph node
dissection up to upper abdomen. However, the patients
with laparoscopic cholecystectomy were excluded due
to mild adhesions that are usually observed. Colorectal
cancer surgery was only included when the transverse

WJG|www.wjgnet.com

RESULTS
Characteristics of patients who underwent LH
The types of previous upper abdominal surgical
procedures and extent of adhesions for each patient
in the UASH group are given in Table 1. A subgroup
of these patients underwent repeat hepatectomies, the
details of which are presented in Table 2. Analysis of the
three groups revealed that there were no differences with
respect to age, sex, disease, tumor characteristics, or type
of hepatectomy (Table 3).
Perioperative outcome
Although 81.8% (18/22) of UASH and 91.7% (11/12)
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Table 2 Characteristics of the patients with repeat hepatectomies
Sex

Age

Cause
for Hx

Method for
diagnosis

Hx procedures

No. of Size of tumors ChildSurgery
Adhesion Operating Bleeding Hospital
tumors
(mm)
Pugh class interval (mo) grade time (min) (mL) stay (d)

M

63

IPT

CT with contrast

Pt S4a5

1

20

A

12

3

540

100

F

71

HCC

CT with contrast

Pt S1 (3rd Hx)

1

8

A

22

4

216

0

9

M

74

Met

CT with contrast

Pt S5, S7

4

28

A

70

4

570

840

21

F

81

HCC

CT with contrast

Pt S2-3

1

18

A

87

4

104

5

12

F

69

HCC

CT with contrast

Pt S5-6

2

30

A

28

2

168

30

9

M

65

HCC

CT with contrast

Pt S1l

1

23

A

16

4

165

50

10

F

80

HCC

CT with contrast

S3 resection

1

18

B

46

4

224

50

13

M

60

HCC

CT with contrast

Pt S4

1

35

A

16

3

286

50

14

M

77

Met

CT with contrast

Pt S4 - 8

1

20

A

15

4

245

21

9

M

72

GBCa

1

60

A

0.5

4

488

143

24

M

57

HCC

2

21

A

32

4

388

50

10

M

67

HCC

1

11

A

97

3

432

365

14

Pathology from 1st S4a56a resection
Hx for IPT
CT with contrast
Pt S7, S2
CT with contrast

PtS8

30

Adhesion grades according to Beck et al[18]. CT: Computed tomography; GBCa: Gall bladder carcinoma; HCC: Hepatocellular carcinoma; Hx: Hepatectomy;
IPT: Inflammatory pseudo-tumor; Met: Metastasis; Pt: Partial resection; S: Segment.

Table 3 Demographic factors and background diseases of the
patients
Factor

NH
(n = 58)

UASH
(n = 22)

RH
(n = 12)

Age, yr
Sex, male/female
Chronic liver disease, yes/no
Cause for hepatectomy
Hepatocellular carcinoma
Metastasis
Others
Tumor
n
Size (mm)
Type of LH procedure
Major/minor
Anatomical/non-anatomical

70 (48-82)
34/24
37/21

68 (57-81)
12/10
11/11

70 (57-81)
8/4
7/5

38
11
9

12
8
2

8
2
2

1 (1-4)
24 (7-107)

1 (1-6)
23 (8-60)

1 (1-4)
21 (8-60)

11/47
23/35

1/21
6/16

0/12
2/10

Table 4 Perioperative courses of the patients with laparoscopic
liver resection
NH
(n = 58)
Operative time (min)
Blood loss (mL)
Conversion to
laparotomy (n)
Morbidity (n)
Postoperative hospital
stay (d)

RH
(n = 12)

301 (112-710) 351 (104-848) 301 (104-570)
150 (NC-3270) 100 (NC-3569) 50 (NC-840)
2
0
0
7
17 (5-2541)

1
14 (8-52)

0
12 (9-30)

Twelve patients in the RH group are also included in the group of UASH.
Values are expressed as median (range). 1Although this patient developed
no complication directly related to operative manipulation during and
immediately after surgery, her postoperative stay was extended due to
uncontrollable massive ascites. NC: Small and non-countable; NH: No
history of upper abdominal surgery; RH: Repeat hepatectomy; UASH:
Upper abdominal surgery history.

Twelve patients in the RH group are also included in the UASH group.
Values are expressed as median (range). Major resection: hemihepatectomy,
central bisectionectomy, right posterior sectorectomy, right anterior
sectorectomy and left median sectorectomy. Anatomical resection: the
procedures in which the Glissonian pedicle was divided at the root in
bifurcation and all the parenchyma related to the pedicle was resected. LH:
Laparoscopic hepatectomy; NH: No history of upper abdominal surgery;
RH: Repeat hepatectomy; UASH: Upper abdominal surgery history.

Table 5 Perioperative courses of the patients with laparoscopic
liver resection (excluding those with major hepatectomy)
NH
(n = 47)

UASH
(n = 21)

RH
(n = 12)

Operative time (min)
287 (112-696) 334 (104-682) 301 (104-570)
Blood loss (mL)
100 (NC-3270) 100 (NC-850) 50 (NC-840)
Conversion to laparotomy
2
0
0
(n)
Morbidity (n)
5
1
0
Postoperative hospital stay 17 (5-2541)
13 (8-52)
12 (9-30)
(d)

of RH patients had severe adhesions, there were no
conversions to a laparotomy. However, there were
two cases of conversion among the NH patients
due to massive hemorrhage or difficulty of tumor
identification. The median operative times did not differ
among the groups (Table 4). Although the blood loss
was reduced in the RH group, the difference was not
statistically different. Seven patients in the NH group
had complications, leading to a median hospital stay of
17 d, whereas only one UASH patient had leakage of
pancreatic juice from the area around the pancreaticojejunostomy, which recovered conservatively. However,
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UASH
(n = 22)

Twelve patients in the RH group are also included in the group of UASH.
Values are expressed as median (range). 1Although this patient developed
no complication related directly to operative manipulation during and
immediately after surgery, her postoperative stay was extended due to
uncontrollable massive ascites. NC: Small and non-countable; NH: No
history of upper abdominal surgery; RH: Repeat hepatectomy; UASH:
Upper abdominal surgery history.

964

January 21, 2015|Volume 21|Issue 3|

Isetani M et al . Pure laparoscopic repeat hepatectomy
Table 6 Summary of previous reports of laparoscopic repeat hepatectomy
n

Ref.
Nguyen et al[16]
Belli1 et al[15]

2
12

Hu et al[28]

Age
(yr)

Disease

Ahn et al[17]
Cannon et al[29]
Tsuchiya et al[30]

69
(58-75)

HCC

49
HCC
(46-61)
76
61
Met (n = 63),
(29-82) HCC (n = 3),
others (n = 10)
4
57
HCC (n = 3),
(54-60) Met (n =1)
17

Montalti et al[32]

73
(52-79)
20
70
(46-83)
9

Present article

12

Kanazawa et al[31]

3

Procedure

Bleeding
(mL)

Operating
time (min)

Con.
(n )

POHS (d) Morbidity Mortality

114.4 ± 11.0
63.9 ± 13.3

1

7.4 ± 2.5 26.6%
6.2 ± 3.0

0%

140.8 ± 35.7

0

5.67 ± 1.63 16.7%

0%

180 (80-570)

8

312.3 ± 158.4

1

281.3 (mean) 264.6 (mean)

0

Met

6

Shafaee et al[27]

First Hx
(open/lap)

4:8

LLS (n = 5),
297 ± 134
Pt (n = 4),
272.2 ± 120
Seg (n = 3)
3:3
LLS (n = 2),
283.3 ± 256.3
(Lap RFA, n = 2)
Pt (n = 4)
28:44
LLS (n = 4),
300 (0-5000)
Pt seg (n = 53),
above-seg (n = 19)
0:4
LLS (n = 1),
481.7 ± 449.5
Pt (n = 3)

HCC

0:3

HCC

15:5

Pt

8:4

Pt (n = 10),
Subseg (n = 2)

78 (1-1500)

239 (69-658)

2
(HALS)

6 (2-42)

26%

0%

10.6 ± 7.4 23.4%

0%

8.6
(mean)
9 (5-22)

0%
5%

0%

12 (9-30)

0%

0%

Met

70
HCC (n = 8),
(57-81) Met (n = 2),
others (n = 2)

50 (NC-840) 301 (104-570)

0

Data are expressed as median (range) or mean ± SD, unless stated otherwise. 1In the paper from Belli, operating time, bleeding and POHS are described
separately for patients whose previous hepatectomy was open (upper) or laparoscopic (lower). Con: Conversion to laparotomy; HALS: Hand-assisted
laparoscopic surgery; HCC: Hepatocellular carcinoma; Hx: Hepatectomy; LAP: Laparoscopic; LLS: Left lateral sectorectomy; Met: Metastasis, NC:
Small and non-countable; POHS: Postoperative hospital stay; Pt: Partial resection; RFA: Radiofrequency ablation; Seg: Segmentectomy; Subseg:
Subsegmentectomy.

the morbidity and hospital durations did not differ
among the groups, and there were no postoperative
deaths.
Because the number of major hepatectomies in the
UASH and RH groups was small, and these procedures
often entail longer operative times, larger blood loss, and
longer postoperative hospital stays, the results were reanalyzed after excluding these patients. No differences
were observed in any of the parameters tested (Table 5).

the visualization and dissection of the hepatoduodenal
ligament and hilar area, which are often crucial steps in
LH procedures. The liver capsule bleeds easily during
adhesiolysis and mobilization, thus increasing blood loss
and creating a suboptimal operative field[26].
The results of perioperative indicators are similar to
previous reports[15-17,27-32], which are summarized in Table
6. However, patients in the present study had longer
postoperative hospital stays, which was likely due to the
higher age and poorer liver function of our patients,
in addition to cultural and healthcare management
differences. Importantly, the perioperative results were
not significantly different between the groups with and
without an upper abdominal surgical history, despite
the high incidence of severe postoperative adhesions.
The prevalence of severe adhesions in patients in the
UASH group is consistent with the report by Ahn et
al[17]. In their study, patients without a surgical history
frequently had chronic liver disease, which can make
transection of the liver parenchyma more difficult.
Therefore, these challenges offset the complications
caused by adhesions in the group with a surgical history,
resulting in a lack of perioperative differences between
the groups. In comparison, a larger proportion of our
patients had chronic liver disease compared to their study,
both in the NH group (60% vs 45%) and the UASH
group (50% vs 9%). On the other hand, our study had
a smaller proportion of patients who had undergone

DISCUSSION
Postoperative adhesions are known to increase the
operative time of subsequent surgeries, due to the
need for adhesiolysis and the risk of bowel injury[18].
Furthermore, there is an increased risk of intraoperative
complications and conversion from laparoscopic
procedures to laparotomy in patients with postoperative
adhesions[21]. Indeed, a history of abdominal surgery
was once considered a contraindication for laparoscopic
surgery, though technical and instrumental improvements
have allowed for laparoscopic procedures such as
cholecystectomy, appendectomy, colectomy, and
gastrectomy to be safely applied in these patients[18,22-25].
However, LH remains a technically demanding procedure.
Resection of the liver parenchyma can be performed
after completing adequate adhesiolysis and mobilization
of the involved liver area. Fibrotic adhesions can hinder
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major hepatectomy (15% vs 39%), with more anatomical
resections (36%, mostly minor) due to chronic liver
disease.
We previously reported that pure LH is useful for
patients with severe liver dysfunction, as it minimizes the
disturbance in liver-cirrhotic collateral blood/lymphatic
flow caused by laparotomy and liver mobilization, as well
as the mesenchymal injury caused by compression of
the liver[33,34]. Pure LH, therefore, limits complications,
such as massive ascites, which can lead to severe
postoperative liver failure. In the present series, we found
that the smaller working space required by LH allowed
for minimal adhesion dissections and a direct tumor
approach. We believe that this is one of the reasons
why our patients with a surgical history, and with repeat
hepatectomy, had similar perioperative results to the
patients without a history. Although perioperative results
are different with major hepatectomies (longer operative
time and postoperative hospital stay, larger blood loss),
inclusion of these few cases did not significantly alter
the results between the groups. The majority of cases
in previous reports and in the present series underwent
partial hepatectomy as a repeat procedure, therefore
alterations of hepatic parenchyma and intrahepatic
anatomy from the first hepatectomy should be relatively
small. Since alterations of hilar and intrahepatic vascular
structures should greatly impact the second hepatectomy,
further examination of major or anatomical repeat
hepatectomies is needed. However, the results of
the present study suggest that an advantage of pure
laparoscopy for smaller repeat resections of impaired
liver is the fact that the hepatectomy is facilitated by the
minimal adhesiolysis required with a laparoscopic view
and manipulation.
The perioperative morbidity and mortality with
conventional open repeat hepatectomy are comparable
to those with the first hepatectomy [2,35] . However,
repeat LH has recently been safely applied to patients
with recurrent HCC, and is recommended as a good
alternative treatment option[15,27]. In our series, 12 repeat
LH procedures, two of which were third hepatectomies,
were performed for recurrent liver tumors without
morbidity. Another treatment option involves a hybrid
procedure with adhesiolysis through a previous minilaparotomy, which may be effective for patients with
massive adhesions and without any free space in the
abdomen. We experienced one such case in our series in a
patient with a history of severe acute pancreatitis caused
by main pancreatic duct tumor embolus. He underwent
adhesiolysis through a previous mini-laparotomy
followed by the pure LH. In this operation, the magnified
laparoscopic view facilitated the hepatectomy with
minimal adhesiolysis and in the small working space.
In conclusion, this study demonstrates that pure LH
in patients with a history of upper abdominal surgery
is feasible and safe in select patients. Moreover, repeat
hepatectomy can be facilitated with a laparoscopic
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approach, especially in patients with impaired liver
function.
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history of abdominal surgery. Recently, laparoscopic procedures have been
widely applied in various surgical fields. However, despite the favorable results
reported from laparoscopic hepatectomy (LH), technical difficulties still remain
with this procedure. In addition, this procedure is complicated by adhesions at
the area around the liver that occur in patients who have previously undergone
upper abdominal surgery.

Research frontiers

Although the importance and application of hepatectomy for patients with a
history of abdominal surgical procedures have increased, reports of the use of
LH in such cases are limited. In this study, the outcomes of LH for the patients
with prior upper abdominal surgery and of repeat hepatectomy in our series
were evaluated and compared to those from patients without prior surgical
histories.

Innovations and breakthroughs

This study demonstrates that pure LH as a repeat surgery and repeat
hepatectomy is feasible and safe in select patients. Furthermore, this procedure
facilitates repeat hepatectomy in patients with impaired liver function.

Applications

Pure LH as a repeat surgery and repeat hepatectomy is safely applicable
to patients with liver metastasis from intra-abdominal organ malignancies,
metachronous repeat hepatic tumors, or impaired liver function.

Terminology

Upper abdominal surgery was defined as an operative procedure involving the
subphrenic and subcostal area around the liver, including hepatectomy, biliary
and pancreatic surgery, splenectomy, radical gastrectomy, colectomy with the
involvement of transverse colon, and extended hysterectomy with extensive
lymph node dissection up to upper abdomen. Anatomical resection of the liver
was defined as the procedure in which the Glissonian pedicle was divided at
the root bifurcation and all the parenchyma related to the pedicle was resected.
A major resection referred to hemihepatectomy, central bisectionectomy, and
right posterior, anterior, and left median sectorectomies.
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confirms the safety of laparoscopic hepatectomies in patients with previous
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METHODS: Patients with peri-ampullary and pancreatic
head tumors who underwent routine preoperative
MDCT and subsequent computed tomography (CT)
angiography (CTA), conventional angiography or
pancreaticoduodenectomy between September 2007
and August 2013 were identified. Retrospective
analysis of imaging data was undertaken using CTA,
conventional angiographic and surgical findings as the
reference standards. The accuracy, sensitivity, specificity,
positive predictive value (PPV) and negative predictive
value (NPV) of MDCT in evaluation of aberrant RHA and
CAS were calculated.
RESULTS: A group of 458 patients met the inclusion
criteria of this study to detect aberrant RHA, and 181
cases were included to identify CAS. Fifty-four (11.8%)
patients were confirmed to have aberrant RHA, while
12 (6.6%) patients with CAS were demonstrated. MDCT
yielded an accuracy of 98.5%, sensitivity of 96.3% and
specificity of 98.8% in the detection of aberrant RHA.
The sensitivity, specificity, PPV and NPV of MDCT for
detecting CAS were 58.3%, 98.2%, 70% and 97.1%,
respectively.
CONCLUSION: Routine MDCT is recommended
such that surgeons and radiologists be alerted to the
importance of arterial variants on preoperative CT scans
in patients scheduled for pancreaticoduodenectomy.
Key words: Pancreaticoduodenectomy; Aberrant hepatic
artery; Celiac artery stenosis; Multidetector computed
tomography; Angiography

Abstract
AIM: To assess the efficacy of cross-sectional multidetector
computed tomography (MDCT) imaging without arterial
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vessels in the peri-pancreatic region. CT angiography
(CTA) is an effective alternate imaging tool to conventional
angiography that has high spatial resolution, making
noninvasive evaluation of the vascular architecture
surrounding the pancreas from any angle possible. It also
allows the display of both the pancreas (including the
mass) and the vascular map in a single view. Studies have
demonstrated that there is no significant difference in
sensitivity between CTA and conventional angiography
with the use of multiplanar and volume set analysis[9].
Nevertheless, the necessity for conventional angiography
remains controversial because of its invasive nature.
Conventional angiography cannot visualize the pancreas
directly. In addition, whether or not it can thoroughly
depict the vascular variations depends on the site of
vascular access.
Routine multidetector CT (MDCT) is the standard
examination method for the initial detection and
characterization of pancreatic tumors, and for evaluation
of resectability. However, there are few studies focusing
on the assessment of peri-pancreatic arterial variants
by means of preoperative MDCT without arterial
reconstruction. The question is how accurately can
MDCT show aberrant RHA or CAS in clinical practice?
The purpose of this study was to assess the efficacy of
routine MDCT to identify aberrant RHA and CAS in
patients scheduled for pancreaticoduodenectomy using
CTA, conventional angiographic and surgical findings as
the reference standard.

Core tip: Few studies have investigated the ability of
routine multidetector computed tomography (CT) scans
without arterial reconstruction, which are commonplace
in medical practice, to assess peri-pancreatic arterial
variants such as aberrant right hepatic artery and celiac
artery stenosis prior to pancreaticoduodenectomy. This
study demonstrated that a routine multidetector CT
scan is useful to evaluate aberrant right hepatic artery
in the preoperative planning of pancreatic surgery,
although it is limited by lower sensitivity for evaluating
celiac artery stenosis. It is recommended that surgeons
and radiologists be alerted to the importance of arterial
variants on preoperative CT scans in patients scheduled
for pancreaticoduodenectomy.
Yang F, Di Y, Li J, Wang XY, Yao L, Hao SJ, Jiang YJ, Jin
C, Fu DL. Accuracy of routine multidetector computed
tomography to identify arterial variants in patients scheduled
for pancreaticoduodenectomy. World J Gastroenterol 2015;
21(3): 969-976 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i3/969.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i3.969

INTRODUCTION
The complex nature of the peri-pancreatic vasculature
and its variations add to the difficulty of surgical
resection. Previous reports[1-5] demonstrated that hepatic
artery anomalies and celiac artery stenosis (CAS) were not
rare in patients with peri-ampullary and pancreatic head
neoplasms. One relatively common aberration in hepatic
artery anatomy is the replaced or accessory right hepatic
artery (R/A RHA), but it failed to be identified in nearly
half of patients preoperatively[6]. R/A RHA usually runs
laterally to the portal vein (PV) behind the pancreatic
head and enters the right side of the hepatoduodenal
ligament posterolateral to the common bile duct (CBD).
The presence of R/A RHA may modify the surgical
approach when special conditions, such as CAS or
occlusion[7-9], are encountered. Usually the presence of
CAS is of no clinical significance, as blood supply to the
pancreas, liver, stomach and spleen is maintained through
a well-developed system of pancreaticoduodenal collateral
pathways from the superior mesenteric artery (SMA).
However, it can lead to liver ischemia after occlusion
of the gastroduodenal artery (GDA), which may cause
severe complications after a Whipple procedure[10]. Thus,
surgeons should be vigilant for these anomalous arteries
to avoid potentially disastrous complications.
Preoperative angiography helps to identify abnormalities
in the peri-pancreatic vasculature, enabling better
preparation for management during surgery. It also
provides a reliable method to diagnose CAS in the
presence of direct visualization of stenosis on lateral
views, retrograde blood flow through markedly developed
pancreaticoduodenal arcades and prominent collateral
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MATERIALS AND METHODS
Patients
All patients with peri-ampullary and pancreatic head
tumors who underwent routine preoperative MDCT
and subsequent CTA, conventional angiography, or
pancreaticoduodenectomy between September 2007 and
August 2013 were identified from a review of patients
treated at the Huashan Hospital. The patients who did
not have a CTA examination or conventional angiography,
and those who did not receive pancreaticoduodenectomy,
were excluded. The remaining patients comprised the
final study population. Medical records, surgical notes
and imaging reports of these patients were reviewed.
Two pancreatic surgeons familiar with the peri-pancreatic
vascular anatomy but blinded to all other information
including surgical records and the findings of CTA and
conventional angiography reviewed the radiological films
of the arterial phase of MDCT retrospectively. The
Huashan Hospital institutional review board approved
this study, and patient informed consent was obtained for
all procedures.
Imaging techniques
MDCT was used to evaluate the tumor and its relationship
with peri-pancreatic vascular structures. CT investigations
were performed on 16-slice or 64-slice MDCT equipment
(GE Medical Systems) after intravenous injection of 2
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Image interpretation and data analysis
We assessed the studies for the presence of R/A RHA,
replaced common hepatic artery (RCHA) and CAS. The
presence or absence of aberrant hepatic arteries was
evaluated using CTA, conventional angiography and
surgery as the standards of reference. For CAS, we used
CTA and conventional angiography as the reference
standards. The sensitivity, specificity and accuracy of
the diagnosis of these arterial variants on MDCT were
calculated using the following definitions. True positives
included patients with arterial variants identified by both
reference standards and MDCT. True negatives included
patients without arterial variants identified by both
reference standards and MDCT. False positives included
patients without arterial variants identified by reference
standards, but positive indication by MDCT. False
negatives included patients with arterial variants identified
with reference standards, but received a negative
indication by MDCT.

mL/kg of 300 mg I/mL Omnipaque (GE Healthcare
Shanghai Co., Ltd.) at a flow rate of four mL/s. The
major scanning parameters were set at a voltage of 120
kV, tube current of 280 mA, rotation time of 0.5-0.8 s
and a section thickness of 3.75 mm. Arterial phase images
of the routine MDCT were reviewed to evaluate aberrant
RHA and CAS in all patients. Neither multiplanar
reformation (MPR) nor maximum intensity projection
(MIP) was used to review the MDCT images. These
arterial variants were graded as “visualized” or “nonvisualized”.
Abdominal CTA was performed using 64-slice CT.
Approximately 100 mL of iodine contrast agent (300 mg
I/mL Omnipaque) was administered into the antecubital
vein at a flow rate of three mL/s with a power injector.
The collimation was set to 64 mm × 0.6 mm. The delay
time, which depended on a bolus test using smartprep
software (GE Healthcare), was roughly 15-18 s. The
reconstructed slice thickness was one mm (field of view,
26 cm × 26 cm; matrix, 512 × 512; pixel size, 0.5 mm × 0.5
mm). Axial images were reconstructed with both three
mm slice thickness and a reconstruction interval. An
experienced technician in the 3D laboratory performed
the three-dimensional arteriography on a dedicated 3D
workstation (Siemens syngo MultiModality Workplace).
MIP and volume rendering (VR) were used for the 3D
post processing to analyze the arteries on the workstation.
The indication of conventional angiography was
patients with locally advanced pancreatic head cancer
who received adjuvant interventional chemotherapy
(regional intra-arterial infusion chemotherapy). During
the procedure, we also assessed the resectability of the
tumors. Conventional angiography was performed as
previous described[1,11]. In brief, a catheter (5-Fr Rosch
hepatic catheter; Wilson-Cook Medical Inc., WinstonSalem, N.C., United States) was introduced through the
right femoral artery by the Seldinger technique. The celiac
or selective hepatic angiography and superior mesenteric
angiography were carried out with selective injections
of contrast medium in the celiac trunk and in the SMA.
Serial anterior-posterior images were obtained at a rate of
one of every two seconds for the first eight seconds and
a slower rate thereafter.

RESULTS
During the study period, 932 patients with pancreatic
head and peri-ampullary tumors were evaluated with
preoperative routine contrast-enhanced MDCT. Among
them, 376 patients underwent pancreaticoduodenectomy,
122 received CTA and 102 received conventional
angiography. Four hundred and seventy-four patients
were excluded from the study that evaluated the accuracy
of routine MDCT identification of aberrant RHA. Seven
hundred and fifty-one patients were excluded from
the study assessing the accuracy of routine MDCT in
identifying CAS. Hence, 458 patients who underwent
CTA, conventional angiography or surgery and 181
patients who received CTA or conventional angiography
met the inclusion criteria of this study (Figure 1). The
demographic and clinical characteristics of the patients
are shown in Table 1.
The diagnostic accuracy results for routine MDCT
in identifying arterial variants compared with the gold
standards are summarized in Table 2. Among the 458
patients, 54 were confirmed to have aberrant RHA, with
an incidence of 11.8%. MDCT demonstrated a sensitivity
of 96.3%, a specificity of 98.8% and an overall diagnostic
accuracy of 98.5%. A replaced right hepatic artery (RRHA)
was found in 6.3% (29/458) of patients (Figure 2).
MDCT demonstrated a sensitivity of 89.7%, a specificity
of 99.1% and a diagnostic accuracy of 98.5%. Three
patients with false-negative MDCT were all misdiagnosed
with accessory right hepatic arteries (ARHA), and the
four false positive results were as follows: two cases with
ARHA were misdiagnosed as RRHA and two cases
without aberrant RHA were misdiagnosed as RRHA.
ARHA was found in 3.3% (15/458) of patients (Figure
3). MDCT identified 11/15 patients with ARHA and
gave a false positive result in six of 443 patients without
ARHA. Therefore, the sensitivity, specificity, positive

Surgery
Patients who had lesions that were definitely resectable
according to preoperative evaluation received surgical
therapy. Two experienced pancreatic surgeons, who
perform more than 60 Whipple procedures every year,
performed the surgery. During the procedure, they paid
particular attention to whether the patients had aberrant
RHA. They were informed of the CTA and conventional
angiography results regarding hepatic arterial anatomy
before surgery if the patients had preoperative angiography
examination. The MDCT results were compared with
intra-operative findings, which were used as a standard of
reference.
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Table 1 Patient baseline characteristics n (%)
CA (n = 102)
44
20

15

CTA
(n = 122)
18

Characteristics

Patients assessed Patients assessed
for aberrant RHA
for CAS
(n = 458)
(n = 181)

Age, (yr)
Male
Unresectable disease
Diagnosis
Pancreatic adenocarcinoma
Pancreatic cystic neoplasm
Pancreatic neuroendocrine tumor
Ampullary adenocarcinoma
Duodenal adenocarcinoma
Others
Surgery
Whipple
PPPD
Palliative bypass

23

61
277
PD (n = 376)

MDCT (n = 932)

57.2 ± 12.9
242 (52.8)
82 (17.9)

57.3 ± 13.6
102 (56.4)
82 (45.3)

291 (63.5)
34 (7.4)
14 (3.1)
31 (6.8)
19 (4.1)
69 (15.1)

150 (82.9)
6 (3.3)
4 (2.2)
9 (5.0)
1 (0.6)
11 (6.1)

318 (69.4)
58 (12.7)
13 (2.8)

87 (48.1)
12 (6.6)
4 (2.2)

CAS: Celiac artery stenosis; RHA: Right hepatic artery.

Figure 1 Patients included (grey) in the analysis and those excluded (white).
PD: Pancreaticoduodenectomy; CTA: Computed tomography angiography; CA:
Conventional angiography; MDCT: Multidetector computed tomography.

without arterial reconstruction, which is commonplace
in medical practice, in the assessment of peri-pancreatic
arterial variants prior to surgery. Although conventional
angiography is obsolete in primary staging, it is
occasionally used to evaluate peri-pancreatic vessels
before surgery. In our institution, we used this invasive
technique mainly for multiphase regional intra-arterial
infusion chemotherapy for pancreatic cancer [1,11] .
Compared with routine arteriography, MDCT is
noninvasive and directly visualizes the pancreas and the
tumor. The introduction of modern MDCT scanners has
greatly advanced the role of CTA in clinical practice and
makes visualization of small visceral vessels possible[19].
In this study, we found that MDCT without arterial
reconstruction could detect right hepatic arterial variants
before pancreatic surgery very accurately. The result is
consistent with other reports, which demonstrated that
axial spiral CT scan (8-mm section thickness, 4-mm
overlapping reconstructions) had a sensitivity, specificity
and accuracy of 96%, 87% and 88%, respectively, for
detecting aberrant hepatic arteries[20].
Turrini and colleagues[6] analyzed preoperative CT
scans and showed that the detection rate of R/A RHA
was 29% by radiologists and 51% by surgeons. Their
results revealed that surgeons were more likely to identify
aberrant RHA than radiologists on a CT scan. The reason
for such a low detection rate may relate to technical
aspects, such as the small caliber of R/A RHA identified
on thick-cut CT images and not enough attention being
paid to the arterial variants. Pre-operative radiological
information about peri-pancreatic arterial variations was
not always included. Although CT image reconstruction
could provide preoperative vascular information, it was
only done in a small number of patients. The excessive
workload of radiologists, lack of interest in some cases,
and lack of consolidated multidisciplinary teams may
explain why on many occasions, image reconstruction
was not available. In the present study, we found that
aberrant RHA was usually well demonstrated with routine

predictive value (PPV) and negative predictive value (NPV)
of MDCT for detecting ARHA were 73.3%, 98.6%,
64.7% and 99.1%, respectively. RCHA was found in
2.2% (10/458) of patients (Figure 4). MDCT showed an
accuracy of 100%, sensitivity of 100% and specificity of
100%.
Among the 181 patients scheduled for evaluation
of CAS (Figure 5), twelve (6.6%) demonstrated positive
results by CTA and conventional angiography. Three
patients had false positive results and five had false
negative results by routine MDCT. Thus, the sensitivity,
specificity, PPV and NPV of MDCT for detecting CAS
were 58.3%, 98.2%, 70% and 97.1%, respectively.

DISCUSSION
Visceral ischemia after pancreaticoduodenectomy caused
by intraoperative hepatic artery injury or pre-existing CAS
is a rare, but potentially serious, complication[5,10]. The
prevention and adequate management of these ischemic
complications are challenging. Many studies have
highlighted the importance of identifying peri-pancreatic
arterial variants before pancreaticoduodenectomy[12-16].
Variant hepatic and celiac arterial anatomy have been
reported in 49% of the patients with pancreatic or
hepatobiliary neoplasms [17]. Intra-operative palpation
for the presence of the aberrant hepatic artery can be
unreliable when the patient has prior surgery or is obese,
when there is local inflammation, enlarged lymph nodes
or an existing biliary stent. Despite advances in imaging
technology, cross sectional CT scans are commonly used
in the initial detection of peri-ampullary tumors, and are
often performed to determine tumor resectability and
stage[18].
Few studies have investigated routine MDCT
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Table 2 Diagnostic accuracy of routine multidetector computed tomography in preoperative identification of arterial variants
Arterial variants

Sensitivity

Aberrant RHA
RRHA
ARHA
RCHA
CAS

96.3 (86.2-99.4)
89.7 (71.5-97.3)
73.3 (44.8-91.1)
100 (65.5-100)
58.3 (28.6-83.5)

Specificity

Accuracy

98.8 (97-99.5)
99.1 (97.5-99.7)
98.6 (96.9-99.4)
100 (98.9-100)
98.2 (94.5-99.5)

PPV

98.5
98.5
97.8
100
95.6

91.2 (80-96.7)
86.7 (68.4-95.6)
64.7 (38.6-84.7)
100 (65.5-100)
70 (35.4-91.9)

NPV
99.5 (98-99.9)
99.3 (97.8-99.8)
99.1 (97.5-99.7)
100 (98.9-100)
97.1 (92.9-98.9)

RCHA: Replaced common hepatic artery; ARHA: Accessory right hepatic artery; RHA: Right hepatic artery; CAS: Celiac artery stenosis; RRHA: Replaced
right hepatic artery; PPV: Positive predictive value; NPV: Negative predictive value.

A

B

RRHA

RLHA
GDA

SMA

SA

C
RLHA

GDA

D
PS

LGA

SMA

RRHA
PS

SMA

RRHA

AA

Figure 2 Sixty-year-old woman with replaced right hepatic artery and replaced left hepatic artery. A: Visceral angiogram with celiac injection demonstrating an
RLHA; B: Visceral angiogram with SMA injection revealed an RRHA originating from the proximal SMA; C: Volume-rendered reformatted image depicting Michels type
Ⅳ; D: MDCT showing an RRHA originating from the SMA traveling behind the portal vein. RRHA: Replaced right hepatic artery; RLHA: Replaced left hepatic artery;
SMA: Superior mesenteric artery; SA: Splenic artery; GDA: Gastroduodenal artery; LGA: Left gastric artery; PS: Plastic stent; AA: Abdominal aorta.

MDCT by careful examination of the portacaval space,
as well as the SMA and celiac axis. RRHA was shown
originating from the SMA, passing behind the superior
mesenteric vein (SMV), traveling through or behind
the pancreatic head and entering the hepatoduodenal
ligament. ARHA was observed as a vessel following a
similar path as RRHA, and was found to be an additional
vessel to the native RHA. RCHA, which originated from
the SMA, was revealed to run behind or cross anteriorly
to the PV/SMV, either within or along the ventral side
of the pancreas, with no CHA found arising from the
celiac axis. In compliance with these rules, we made
errors in only a few patients when analyzing the CT
images via picture archiving and communication systems
(PACS). A dilated inferior pancreaticoduodenal artery
arising from SMA may also be seen within the portacaval
space; however, this is usually found in patients with
CAS or arteriovenous malformation. The main difficulty
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in identifying an aberrant hepatic artery is the close
proximity from which the celiac trunk and SMA originate
on the aorta.
Previously reported incidences of CAS ranged from
2% to 49.7%[4]. In our study, CTA and conventional
angiography detected CAS in twelve (6.6%) of 181
patients, with incidence similar to previous studies[5,21].
Park et al[21] showed that the incidence of celiac axis
stenosis in an asymptomatic Korean population was
7.3%. Gaujoux and colleagues[5] detected CAS in 11%
of patients who underwent pancreaticoduodenectomy.
The lower incidence of CAS in the present study may
partly reflect the lower incidence of atherosclerosis in
the Chinese population compared with Westerners.
Few studies have reported the value of MDCT to
detect and characterize CAS. In a prospective study,
the sensitivity of MDCT with arterial reconstruction
to detect significant CAS was 96% with only one false
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A

B
LHA
LGA

ARHA

RHA
SA
SMA

CHA

C

D
ARHA
SMA

CA

AA
CHA

AA

Figure 3 Sixty-five-year-old man with an accessory right hepatic artery. Conventional angiography with celiac injection (A) demonstrating a classic hepatic
arterial anatomy, and one with SMA injection (B) showing an ARHA originating from the proximal SMA. MDCT showing the CHA arising from the CA (C), and an ARHA
originating from the SMA, traveling behind the pancreatic head (D). ARHA: Accessory right hepatic artery; CHA: Common hepatic artery; SA: Splenic artery; LGA: Left
gastric artery; RHA: Right hepatic artery; LHA: Left hepatic artery; SMA: Superior mesenteric artery; AA: Abdominal aorta; CA: Celiac axis.

A

B
LGA

SMA

SA

AA
RCHA
SMA
RCHA

Figue 4 Sixty-eight-year-old man with a replaced common hepatic artery. A: MDCT demonstrating an RCHA originating from the SMA, running behind the
superior mesenteric vein, with no common hepatic artery found arising from the celiac axis; B: Volumetric three-dimensional CT angiography demonstrating Michels
type Ⅸ. RCHA: Replaced common hepatic artery; MDCT: Multidetector computed tomography; CT: Computed tomography; SMA: Superior mesenteric artery; SA:
Splenic artery; LGA: Left gastric artery; AA: Abdominal aorta.

negative[5]. Typically, a fishhook appearance is seen in
sagittal reformatted images in patients with significant
CAS. However, this appearance cannot be visualized on
a transverse section CT scan, which demonstrates CAS
as a stenosis at the origin of the celiac trunk, or a large
arcade from the pancreaticoduodenal arcade. Our study
used routine MDCT without arterial reconstruction, and
revealed a sensitivity of 58.3%, which was significantly
lower than that of the above study. The high specificity in
our study indicated that routine MDCT without arterial
reconstruction had a high rate of missed diagnoses,
with few misdiagnoses of CAS. The reason for the
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low sensitivity may be that only high degree stenosis
(hemodynamically significant) was demonstrated, while
mild stenosis was hard to see at the origin of the celiac
artery. Considering its limitation for evaluating CAS,
we suggest that angiography should be performed for
patients scheduled for pancreaticduodenectomy who
have extensive pancreatic arterial collateralization on
preoperative CT imaging[22].
In the present study, we only investigated the main
arteries surrounding the pancreatic head, as these vessels
were clinically relevant for pancreatic surgery. Variations
in the pancreaticoduodenal arcade, gastric arteries,
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A

B

C

Figure 5 Sixty-five-year-old man with celiac axis stenosis. Computed tomography scan of the abdomen (A) and celiac artery angiogram (B) revealing stenosis
of the celiac axis (arrow). (C) Superior mesenteric arteriogram demonstrating retrograde filling of the hepatic artery through a dilatation of the pancreaticoduodenal
arcade.
are effective imaging tools to evaluate the vascular architecture surrounding the
pancreas, they are often not available because of the excessive workload of
radiologists, lack of interest in some cases, lack of consolidated multidisciplinary
teams, or their invasive natures. Few studies have investigated the ability of
routine MDCT without arterial reconstruction, which is more commonplace in
usual medical practice, in the assessment of peri-pancreatic arterial variants
before surgery. The present study demonstrated that routine MDCT was
highly accuracy, sensitive and specific to detect aberrant right hepatic arteries,
although it was limited by a lower sensitivity to detect CAS.

gastroepiploic arteries and portosplenic confluence are
quite rare and less important for pancreatic surgery[17].
The current study included a large number of patients,
and all patients underwent arteriography or surgery
(reference standard). Nonetheless, one of the limitations
of this study is that it was performed in a single center,
albeit one highly experienced in pancreatic CT scans.
Thus, the results need to be confirmed in multicenter
prospective studies. Another limitation is that we did not
assess the differences in the identification rate of arterial
variants among various generations of CT scanners. Usui
et al[23] reported no significant differences in the detection
of arteries surrounding the stomach between 8-channel
and 16-channel MDCT. We believe this also not likely to
generate differences in our results.
Our study demonstrated that routine MDCT without
arterial reconstruction is very useful to evaluate aberrant
RHA in the preoperative planning of pancreatic surgery,
although its usefulness is limited for evaluating CAS.
In the case of pancreaticoduodenectomy, preoperative
detection of CAS is still advisable, despite its low
sensitivity. It is recommended that surgeons and
radiologists be alerted to the importance of arterial
variants on preoperative CT scans in patients who are
scheduled for pancreaticoduodenectomy.

Applications

The study results suggested that routine MDCT without arterial reconstruction is
useful to evaluate aberrant right hepatic arteries in the preoperative planning of
pancreaticoduodenectomy. Surgeons and radiologists should be alerted to the
importance of arterial variants on preoperative CT scans in patients scheduled
for the Whipple procedure.

Terminology

Aberrant hepatic arteries are defined as accessory, occurring in addition to the
normal arterial supply; or replaced, representing the primary arterial supply
to the lobe. CAS, also known as celiac artery compression syndrome, is a
relatively common finding. In the presence of CAS, arterial blood supply to the
pancreas, liver, stomach, and spleen is sustained via a well-developed system
of pancreaticoduodenal collateral pathways in most patients.

Peer review

The results in this well-written manuscript adequately support its objective. In
some ways, the present study also supports the necessity of multidisciplinary
teams for pancreatic surgery.
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METHODS: This prospective pilot study enrolled 13
consecutive eligible patients treated for symptomatic
AS after LT at the University Hospital of Münster between January 2011 and March 2014. The patients
were treated by endoscopic therapy with a PEB and
followed up every 8 wk by endoscopic retrograde cholangiopancreatography (ERCP). In cases of re-stenosis,
further balloon dilation with a PEB was performed.
Follow-up was continued until 24 mo after the last intervention.
RESULTS: Initial technical feasibility, defined as successful balloon dilation with a PEB during the initial
ERCP procedure, was achieved in 100% of cases.
Long-term clinical success (LTCS), defined as no need
for further endoscopic intervention for at least 24 mo,
was achieved in 12 of the 13 patients (92.3%). The
mean number of endoscopic interventions required to
achieve LTCS was only 1.7 ± 1.1. Treatment failure,
defined as the need for definitive alternative treatment, occurred in only one patient, who developed
recurrent stenosis with increasing bile duct dilatation
that required stent placement.
CONCLUSION: Endoscopic therapy with a PEB is very
effective for the treatment of AS after LT, and seems to
significantly shorten the overall duration of endoscopic
treatment by reducing the number of interventions
needed to achieve LTCS.
Key words: Liver transplantation; Anastomotic stricture; Endoscopic therapy; endoscopic retrograde cholangiopancreatography; Balloon dilation; Paclitaxeleluting balloon

Abstract
AIM: To investigate the safety and effectiveness of
endoscopic therapy with a paclitaxel-eluting balloon
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also has a high complication rate of up to 47%, mainly
due to stent migration, stent occlusion, and de novo
stricture formation[1,8,9].
New treatment modalities are needed to reduce
procedure-related morbidity and the overall duration
of endoscopic treatment, as well as to improve longterm results. The short-term outcome data of this study
published in 2012 were very promising[10]. The aim of
this pilot study was to evaluate the long-term safety and
effectiveness of endoscopic therapy with a paclitaxeleluting balloon (PEB) for AS after LT.

Core tip: Biliary anastomotic stricture is common after
liver transplantation and can significantly impair both
organ and patient survival. Endoscopic treatment of
an anastomotic stricture usually requires many interventions before long-term resolution is achieved.
This study investigated the safety and efficacy of an
innovative approach using endoscopic therapy with a
paclitaxel-eluting balloon for the treatment of biliary
anastomotic stricture after liver transplantation. Our
data are very promising and show excellent long-term
results. Furthermore, use of a paclitaxel-eluting balloon seems to reduce the number of endoscopic interventions needed to achieve sustained resolution of the
stricture.

MATERIALS AND METHODS
This prospective study was conducted between January
2011 and March 2014 in the Department of Transplant
Medicine, University Hospital of Münster. Thirteen
consecutive eligible patients were enrolled between
January 2011 and September 2011, and follow-up was
performed until March 2014.
All patients gave written informed consent, and the
study was conducted in accordance with the guidelines
of the Declaration of Helsinki (2004 revision). The
study protocol was finalized after consultation with the
local institutional review board.
All patients with newly diagnosed AS after LT who
had undergone end-to-end choledochocholedochostomy
were eligible for inclusion in the study. Patients who had
undergone choledochojejunostomy were excluded.
AS was defined as a narrowing of the bile duct,
predominantly at the anastomotic site, with markedly
reduced passage of contrast material observed on
fluoroscopy during ERCP. ERCP was performed if
there were clinical, biochemical, or histological signs of
cholestasis, or dilated bile ducts on imaging examinations
(ultrasonography, computed tomography, or magnetic
resonance tomog raphy). Four of the 13 patients
(30.8%) had dilated bile ducts on non-invasive imaging
examinations.

Hüsing A, Reinecke H, Cicinnati VR, Beckebaum S, Wilms
C, Schmidt HH, Kabar I. Paclitaxel-eluting balloon dilation of
biliary anastomotic stricture after liver transplantation. World J
Gastroenterol 2015; 21(3): 977-981 Available from: URL: http://
www.wjgnet.com/1007-9327/full/v21/i3/977.htm DOI: http://
dx.doi.org/10.3748/wjg.v21.i3.977

INTRODUCTION
Biliary complications are common after liver transplantation
(LT) because the vascular supply to the biliary tract is
easily injured, and such complications are a major cause
of morbidity and graft failure. Biliary complications are
reported to occur in 10%-25% of LT recipients, and may
include stricture, leakage, and formation of biliary stones,
casts, and sludge[1-3]. Biliary stricture is one of the most
commonly reported complications after LT and can be
divided into two types: anastomotic stricture (AS) and
non-anastomotic stricture. This categorization helps to
predict the response to treatment, with AS responding
more favorably to endoscopic intervention than nonanastomotic stricture[3,4].
AS is the most frequent biliary complication after
LT, accounting for 8%-20% of all complications.
Endoscopic retrograde cholangiopancreatography (ERCP)
is considered to be the gold standard for diagnosis and
treatment of biliary complications after LT. Current
standard endoscopic inter ventions for AS include
balloon dilation and stent placement. Most patients
require repeated endoscopic procedures for 12 to 24 mo,
during which they undergo an average of 5-6 endoscopic
interventions. The reported success rate of balloon
dilation alone is about 40%, and the reported overall
long-term success rate after endoscopic interventions
is 75%-80%. However, AS recurrence after successful
endoscopic treatment has been reported in up to 30% of
cases[5-7].
In recent years, fully covered self-expandable metal
stents have been used to treat biliary strictures after LT
when standard endoscopic treatment failed. Treatment
with such stents has a success rate of nearly 80%, but

WJG|www.wjgnet.com

Endoscopic procedure
ERCP was performed using a therapeutic duodenoscope
(TJF-180V, Olympus Corp., Tokyo, Japan) under
conscious sedation (midazolam and propofol, with or
without opiates) and antibiotic prophylaxis (ciprofloxacin
750 mg orally 2 h before and 6 h after the procedure).
The bile duct was accessed using a sphincterotome (TriTome, TRI 20, Cook Medical, Winston-Salem, NC,
United States) and a wire (0.035 inches, THSF-35-480,
Cook Medical) to guide cannulation. Cholangiography
was performed to assess the biliary anastomosis. The
guidewire was then advanced through the stricture.
If AS was diagnosed, endoscopic treatment was
performed, comprising sphincterotomy followed by
dilation with a PEB (DIOR paclitaxel coated coronary
balloon dilatation catheter, paclitaxel 3 μg/mm2; Eurocor,
Bonn, Ger many). The PEB was coated with a 1:1
mixture of paclitaxel and shellac that prevented release
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Figure 1 Endoscopic therapy for a biliary anastomotic stricture. A: Anastomotic stricture after liver transplantation (arrow); B: The inflated balloon has a waist at
the narrowest part of the stricture (arrow); C: Resolution of the stricture after balloon dilation.

Table 1 Laboratory parameters

Bilirubin
(reference value < 1.2 mg/dL)
GPT
(reference value 10-35 U/L)
GGT
(reference value < 39 U/L)

Before intervention

7 d after intervention

24 mo after last intervention

6.8 ± 4.1

2.2 ± 1.3

1.4 ± 0.6

149.1 ± 120.1

51.5 ± 21.3

35.1 ± 3.9

614.5 ± 330.0

107.1 ± 62.8

37.7 ± 10.1

GPT: Glutamic-pyruvic transaminase; GGT: Gamma-glutamyl transferase.

for definitive alternative treatment at any time during the
follow-up period, such as stent placement, percutaneous
transhepatic drainage, or surgical intervention.
Descriptive statistical analyses were performed. Data
are presented as the mean ± SD. All statistical analyses
were performed using SPSS version 20 for Windows.

of paclitaxel in the working channel of the endoscope.
Contact of the hydrophilic shellac mixture with a body
fluid such as bile opens the structure to allow pressureinduced release of paclitaxel on the inflated balloon. The
PEB was inflated at the anastomotic site to a pressure of
up to 12 bar, and left in place for 30 s (Figure 1). After
the initial balloon dilation, ERCP was performed every
8 wk to re-evaluate the stricture. If cholangiography
showed a patent anastomosis, no further endoscopic
treatment was performed. If the stricture persisted,
further dilation with a PEB was performed. Follow-up
was continued until 24 mo after the last intervention.

RESULTS
A total of 13 patients (2 women, 11 men, mean age
50.4 ± 13.8 years) who were referred for endoscopic
treatment of newly diagnosed AS after LT were included
in the study. The mean time from LT to the initial ERCP
procedure was 9.4 ± 3.2 mo. The indications for LT were
alcoholic cirrhosis (n = 5), hepatitis B virus infection (n
= 2), hepatitis C virus infection (n = 2), hepatocellular
carcinoma (n = 3), and primary biliary cirrhosis (n = 1).
The initial technical feasibility rate was 100%, and
no intra-procedural complications were recorded. Liver
enzyme levels and cholestasis parameters decreased
after the initial procedure in all patients (Table 1). Two
patients developed acute cholangitis within 3 d after the
last intervention, which resolved after antibiotic therapy
with imipenem. There were no cases of post-ERCP
pancreatitis. The mean follow-up period was 30.3 ± 3.3
mo. SCS was achieved in 12 of 13 patients (92.3%): after
one dilation in nine patients (69%), after two dilations
in one patient, and after three dilations in two patients.
Despite initial technical feasibility, the remaining patient
developed AS recurrence with increasing bile duct

Definitions and statistical analysis
The main outcome parameter of this prospective study
was long-term clinical success (LTCS), defined as a
period of at least 24 mo without the need for further
endoscopic intervention, confirmed by the absence of
stricture recurrence on follow-up ERCP examinations,
laboratory test results indicating cholestasis, or clinical
signs of jaundice or cholangitis. The secondary outcome
parameters were initial technical feasibility, sustained
clinical success (SCS), and treatment failure.
Initial technical feasibility was defined as successful
advancement of a guidewire through the AS followed
by balloon dilation during the initial ERCP procedure.
SCS was defined as a period of at least 6 mo with no
need for further endoscopic intervention, confirmed by
the absence of stricture recurrence on follow-up ERCP
examinations. Treatment failure was defined as the need
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dilatation proximal to the stenosis after three dilations
with a PEB, and eventually underwent conventional stent
placement. This case was considered to be a treatment
failure. AS recurrence after SCS was observed in 2/12
patients (16.6%). The time interval between the initial
balloon dilation and AS recurrence was 8.89 ± 0.63 mo.
In each of these two patients, one additional dilation was
needed to achieve LTCS. LTCS was eventually achieved
in all 12 patients (92.3%) who achieved SCS, after a
mean of 1.7 ± 1.1 balloon dilations.
After successful endoscopic treatment of the
stenosis, the bilirubin and liver enzyme levels decreased
over time in all patients (Table 1).

the overall duration of endoscopic treatment. A reduced
number of endoscopic interventions may also result in a
decreased overall complication rate. Larger randomized
clinical trials are needed to confirm our findings.
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Background

Biliary anastomotic stricture (AS) is an important cause of morbidity and
graft failure after liver transplantation (LT). The reported success rate of
endoscopic therapy for AS after LT is variable, and the optimal treatment for this
complication is still unclear.

Research frontiers

Patients with AS after LT usually undergo repeated endoscopic interventions,
with balloon dilation with or without stent implantation, over a long time period.
However, the reported success rate of balloon dilation alone is relatively low,
and stent placement has a high complication rate.

DISCUSSION

Innovations and breakthroughs

Biliary tract complications are common after LT,
and present a therapeutic challenge for endoscopists.
Endoscopic intervention is currently the gold standard
treatment for AS after LT[1-3], but the optimal treatment
strategy for this complication is still unclear. Repeated
endoscopic interventions over a prolonged treatment
period of up to 24 mo are usually needed to achieve
SCS[4-7]. Moreover, there are few data available regarding
the rate of AS recurrence after SCS[4]. When endoscopic
therapy is unsuccessful, surgical treatment is indicated[2,11].
The limitations of the currently available treatment
options clearly demonstrate the need for development
of new interventions. Considering the fibroproliferative
aspect of AS, a therapeutic approach that combines
balloon dilation with application of an antiproliferative
agent directly to the site of the stenosis seems logical.
The mitotic inhibitor paclitaxel has antiproliferative
effects as well as antifibrotic effects via inhibition of
transforming growth factor-beta/Smad activity[12,13]. Use
of PEBs has previously been shown to be clinically safe
and effective for the treatment of coronary and femoropopliteal arterial stenoses[14,15].
This is the first study to investigate endoscopic treatment
with a PEB for AS after LT. SCS was achieved in 92.3%
of cases, and was achieved after only one balloon dilation
in 69% of cases. AS recurrence after SCS occurred in
16.6% of patients, which is much less frequent than the
previously reported recurrence rate of about 30%[5-7].
All cases of AS recurrence were successfully treated by
repeat balloon dilation. LTCS was achieved in 92.3% of
cases, after 1.7 ± 1.1 balloon dilations. This is a notable
achievement in comparison with previous reports that
five or six interventions were generally required to achieve
sustained resolution of AS[1-3,5].
Successful endoscopic treatment was associated with
significantly decreased levels of bilirubin and liver enzymes
(Table 1).
In this pilot study, endoscopic therapy with a PEB
achieved a high rate of LTCS and a low rate of AS
recurrence after SCS, indicating very promising outcomes
for our treatment approach for AS after LT. Use of
a PEB seems to reduce the number of interventional
procedures required to achieve LTCS, thereby shortening
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Paclitaxel is an antifibrotic and antiproliferative agent. As AS after LT results
from inflammatory fibrosis, this study investigated the effectiveness of
endoscopic therapy with a paclitaxel-eluting balloon (PEB) for the treatment
of such strictures. This is the first study to investigate the use of a PEB for the
treatment of AS after LT.

Applications

The results of this study show that endoscopic therapy with a PEB may
significantly reduce the number of interventions required to achieve complete
resolution of AS after LT, thereby shortening the overall duration of endoscopic
therapy.

Terminology

After LT, AS may develop at the site of bile duct anastomosis. AS is caused by
fibrosis during healing, and most cases develop within the first year after LT.
Paclitaxel is a mitotic inhibitor that is used as a chemotherapeutic agent for the
treatment of malignant tumors. Because of its antiproliferative effects, paclitaxel
is also used to treat and prevent coronary restenosis.
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In this paper, the authors reported the results of an extended follow up of their
series of patients, included in a previous publication from the same group.
Although new information is limited, the paper is interesting and well written.
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AIM: To determine the laryngeal H+K+-ATPase and
pharyngeal pH in patients with laryngopharyngeal reflux (LPR)-symptoms as well as to assess the symptom
scores during PPI therapy.
METHODS: Endoscopy was performed to exclude
neoplasia and to collect biopsies from the posterior
cricoid area (immunohistochemistry and PCR analysis).
Immunohistochemical staining was performed with
monoclonal mouse antibodies against human H+K+ATPase. Quantitative real-time RT-PCR for each of the
H+K+-ATPase subunits was performed. The pH values
were assessed in the aerosolized environment of the
oropharynx (DxpH Catheter) and compared to a subsequently applied combined pH/MII measurement.
RESULTS: Twenty patients with LPR symptoms were
included. In only one patient, the laryngeal H+K+ATPase was verified by immunohistochemical staining.
In another patient, real-time RT-PCR for each H+K+ATPase subunit was positive. Fourteen out of twenty
patients had pathological results in DxpH, and 6/20
patients had pathological results in pH/MII. Four patients had pathological results in both functional tests.
Nine out of twenty patients responded to PPIs.
CONCLUSION: The laryngeal H+K+-ATPase can only
be sporadically detected in patients with LPR symptoms and is unlikely to cause the LPR symptoms. Alternative hypotheses for the pathomechanism are needed. The role of pharyngeal pH-metry remains unclear
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GERD, LPR symptoms and the response to PPI is
comparatively poor, and an interventional antireflux
therapy (e.g., Fundoplication) might harbor significant
risks. In a recently published study, we were able to
demonstrate that a pathological acidic environment in
the oropharynx in LPR-patients was not correlated to
objectified gastroesophageal reflux episodes[9]. These
results were reconfirmed in another study with the
same design [10] . Based on these data, the generally
accepted pathomechanism of the direct alteration of
the laryngeal epithelium by gastric contents, resulting in
LPR-symptoms, needs to be reconsidered and alternative
mechanisms should be discussed.
There are data supporting that LPR symptoms can
also be associated with acid production[11] by laryngeal
H+/K+-ATPase proton-pumps. H+K+-ATPase proton
pumps were identified by immunohistochemistry in
pathologic specimens of the larynx. Hence, local laryngeal
acid production might be responsible for LPR symptoms
because the laryngeal area is very sensitive to acid[10]. To
objectively evaluate the laryngeal acid levels, selective pH
values in the aerosolized environment can continuously
be assessed with a pH measurement system. In this study,
the pH-antimon probe is positioned in the oropharynx
above the upper sphincter of the esophagus (DxpH,
Restech, San Diego, United States). The special shape of
the catheter keeps liquids out of the pH-sensor. Only the
aerosol pH values are detected, and reference values are
available.
The aim of this study was to correlate the laryngeal
H+K+-ATPase expression, results of the pharyngeal pH
metry, pH/MII and symptom response to PPI therapy,
evaluating the laryngeal acid production as a potential
alternative cause of LPR symptoms

and its use can only be recommended for patients in a
research study setting.
Key words: Laryngopharyngeal reflux; Proton pump inhibitor; Gastroesophageal reflux disease; Pathomechanism
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The pathophysiology and objective diagnosis
of laryngopharyngeal reflux (LPR) is still unclear. The
response to standard therapy (proton pump inhibitors)
is poor. Laryngeal proton pumps (H+K+-ATPase) are
often considered to be potential causes of LPR. The
clinical significance of laryngeal proton pumps (H+K+ATPase) is unclear. We present the first prospective
series evaluating the laryngeal H+K+-ATPase, pharyngeal pH and symptom scores in patients with LPR
symptoms. Laryngeal H+K+-ATPases can only be sporadically detected, and they are unlikely to cause LPR
symptoms. The role of pharyngeal pH-metry remains
unclear and its use can only be recommended for patients in the research study setting.
Becker V, Drabner R, Graf S, Schlag C, Nennstiel S,
Buchberger AM, Schmid RM, Saur D, Bajbouj M. New aspects
in the pathomechanism and diagnosis of the laryngopharyngeal
reflux-clinical impact of laryngeal proton pumps and pharyngeal
pH metry in extraesophageal gastroesophageal reflux disease.
World J Gastroenterol 2015; 21(3): 982-987 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v21/i3/982.htm
DOI: http://dx.doi.org/10.3748/wjg.v21.i3.982

INTRODUCTION

MATERIALS AND METHODS

The incidence of laryngopharyngeal reflux (LPR) has
dramatically grown in recent years [1] . LPR includes
numerous clinically relevant symptoms, such as chronic
cough, chronic globus sensations, hoarseness, asthma,
sinusitis, subglottic stenosis, laryngospasm, and halitosis[2,3].
These symptoms remain a diagnostic and therapeutic
challenge for the involved physicians.
The pathomechanism of LPR is still unclear. The most
commonly discussed theory is that LPR symptoms are a
result of direct alteration of the laryngeal mucosa by gastric
fluids due to gastroesophageal reflux disease (GERD).
Multichannel impedance monitoring in combination with
pH-metry (pH/MII) and 2-channel pH-metry are safe
and reliable tools to objectify gastroesophageal reflux
events as source of LPR symptoms [4,5]. Based on the
actual hypothesis of the LPR pathomechanism, standard
therapy consists of high dose proton pump inhibitor
therapy for up to 6 mo[6]. However, in randomized trials,
there is insufficient evidence to conclude that treatment
with PPIs is superior to placebo[7]. Nevertheless, there
are data suggesting that LPR-patients might benefit from
antireflux surgery[8]. However, the correlation between

Between June 2011 and December 2012, a total of 20
consecutive patients (male = 11; 40-78 years old) with
oropharyngeal symptoms suspicious of atypical GERD
were included. The study was approved by the Ethics
Committee of the Technical University of Munich (Study
Number 5024/11). All authors had access to the study
data and reviewed and approved the final manuscript.
Before study inclusion, PPIs had to be stopped for at
least 14 d. Informed consent to participate in the study
and evaluate the data was obtained from all patients. To
exclude neoplasia or erosive reflux diseases, an upper
endoscopic examination was performed under conscious
sedation with propofol in accordance with German
medical practice regulations[12]. Standard biopsies (Radial
Jaw® 4 Biopsy Forceps, Boston Scientific) were collected
from the post cricoid area during the same session under
the direct supervision of an experienced otolaryngologist
(SG) (two biopsies for PCR analysis and two biopsies for
immunohistochemistry) (Figure 1).

WJG|www.wjgnet.com

Dx-pH measurement and pH/MII monitoring
The Dx-pH measurement was performed standardized
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described[19,20]. As a housekeeping gene, Cyclophilin was
used for normalization. The following primers were
used for amplification of the α and β subunits of the
human H+K+-ATPase: alpha subunit forward primer:
CTTTGCCATCCAGGCTAGTGA and reverse primer:
GGTGACGACAACCACAGCAAT; beta subunit
forward primer: CCAGGTGGGTGTGGATCAG and
reverse primer: GAGGCACAGGGCGAAGAG (www.
eurofinsdna.com).
Hematoxylin and eosin stain and Immunohistochemistry
For histopathological analysis (Figure 2), tissue was fixed in
4% buffered formalin. After embedment in paraffin, tissue
was sectioned (2.5 μm thick) and stained with hematoxylin
and eosin as previously described[21]. For immunodetection,
formalin-fixed paraffin-embedded tissue sections were
deparaffinized in Histo-Clear (Roti®-Histol, Carl Roth
GmbH, Karlsruhe, Germany) and ethanol. To recover
antigens, sections were incubated in antigen unmasking
solution (pH = 9, Vector Laboratories, Burlingame,
CA) and placed in a microwave for 15 minutes at 360
watts. The following primary antibodies were used for
immunostaining: Anti-Proton pump/H+K+-ATPase
α subunit (1:285; D031-3, Clone 1H9) and H+K+ATPase β subunit (1:285; D032-3, Clone 1B6; both
from MBL® international corporation, Woburn, MA).
Following primary antibodies, samples were treated
with secondary antibodies conjugated to biotin (Vector
Laboratories). Peroxidase conjugated streptavidin and
3,3’-diaminobenzidine tetrahydrochloride (DAB, SigmaAldrich, Munich, Germany) were used as a chromogen
for detection as previously described[22]. Sections were
counterstained with hematoxylin. As positive controls,
biopsies from human corpus mucosa were used.

Figure 1 Endoscopic biopsies from the posterio cricoid area.

Figure 2 Immunohistochemical analysis of the H+K+-ATPase expression
(brown color) in formalin fixed, paraffin embedded human laryngeal
tissue.

as established previously[13-15]. Meals and body position
were documented. Duration of measurement was
minimum 22 h. Criteria for pathological results were
Ryan Score > 9.4 in an upright position (pH < 5.5) or >
6.8 in a supine position (pH < 5.0)[13].
Combined pH/ MII monitoring (Tecnomatix ZAN S
61 C 01 E, Sandhill Scientific, Highlands Ranch, United
States) was also performed as established previously[16,17].
Duration of measurement was minimum 22 h. Criteria
for pathological results were pH level < 4 for more
than 4% of the examination period and/or more than
73 mixed and/or fluid reflux events in impedance
monitoring[17]. Both measurements (DxpH and pH/MII)
were performed during the same time period.

RESULTS
No complications or technical problems were documented
during all procedures. Upper endoscopic examination did
not reveal any relevant pathology, such as neoplasia or
severe erosive esophagitis.
Twenty patients with LPR symptoms were included
(Table 1). Fourteen out of twenty patients had pathological
results in DxpH; 6/20 patients had pathological results in
pH/MII. Four patients had pathological results in both
functional tests. In one patient, laryngeal H+K+-ATPase
expression was verified by immunohistochemical staining.
In this patient, DxpH and pH/MII showed pathological
results, and the PPI response was reported. In another
patient, real-time RT-PCR for each of the H+K+-ATPase
subunits was positive. Pathological results were assessed
with DxpH; there were regular results in the pH/MII
measurements and the PPI response was noted as positive
(Figure 3).
Symptom relief (at least reduction of three points on a
ten point scale) with PPI was reported in 9 of 20 patients.
In patients with pathological DxpH, 9 of 14 patients
reported significant symptom relief. Seventy percent of

Quantitative reverse-transcriptase PCR
RNA was isolated from tissue biopsies using the RNeasy
Mini kit (Qiagen, Hilden, Germany) according to the
manufacturer’s advice. To remove genomic DNA, DNAse
(RNase Free DNase Set Qiagen, Hilden, Germany) was used.
Isolated RNA was transcribed reverse into complementary
DNA (cDNA) with random hexamere primers as described
previously[18]. Quantitative mRNA analysis was performed
using real-time PCR with SYBR ®Green dye (APPLIED
BIOSYSTEMS®, LIFE TECHNOLOGIES™, Darmstadt,
Germany) and standard curves were generated as previously
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Table 1 Patient data and results
No

Gender

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20

Age

M
F
M
M
M
F
M
F
M
M
F
F
F
M
F
F
M
M
F
M

pHDx

Rayn

Rayn

+ path

> 9.4

> 6.8

upright
position

supine
position

23.92
17.84
20.88
4.04
19.35
115.85
2.12
2.12
53.3
52.39
2.12
37.01
2.12
124.43
201.59
38.98
2.12
23.23
41.12
4.15

2.17
2.17
11.31
2.17
2.17
7.99
2.17
2.17
2.17
2.17
7.57
2.17
2.17
9.26
2.17
9.33
2.17
2.17
2.17
2.17

74
49
78
57
46
59
53
40
52
46
62
77
63
51
64
75
55
53
75
65

+
+
+
+
+
+
+
+
+
+
+
+
+
+
-

Impedance deMeester Epithelium
/Glands
+ path

Score

+
+
+
+
+
+

29.9
7.2
38.2
7.1
3.7
25.4
1.5
11.0
24.1
0.9
3.2
14.2
7.2
7.1
9.4
1.3
37.0
0.9
12.8
28.8
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.

.

0

pH

Therapy
response

Symptom-score

+ pos

+ pos

+ pos

+ pos

before/after therapy

+
-

+
-

+
-

+
+
+
+
+
+
+
+
+
-

7/4
6/6
7/6
6/5
6/3
8/5
8/8
5/3
5/1
6/5
8/5
7/7
8/8
4/4
6/3
7/4
6/6
8/4
8/5
7/6

any correlation with the objectified gastroesophageal
reflux episodes[9]. This finding supports the theory of
laryngeal acid production. However, the pharyngeal acid
levels were only documented with the Dx-pH system. As
reported in previous trials, Dx-pH more often detects
pathological acid pH levels than the standard pH/MII.
On the other hand, the pharyngeal system regularly
misses proximal pH exposure that is documented in
regular pH/MII[9,10]. Hence, the clinical significance of
this Dx-pH system is not clear. In the current study, DxpH revealed pathological values in 70% of the patients,
whereas 30% of the patients had pathological values in
pH/MII.
As mentioned previously, the Dx-pH system potentially
detects a high number of false-positive patients; as a result,
the pH/MII is the gold standard. However, the evidence
of involvement of laryngeal H+K+-ATPase proton
pumps is much higher in patients with LPR symptoms,
which might explain the pathological acid environment
of the oropharynx in patients without gastroesophageal
reflux. The lack of detection of H+K+-ATPase could
be explained in different ways. First, H+K+-ATPases are
only located in the seromucinous glands of the human
larynx and not in the squamous epithelium. Due to
endoscopic sampling error with random biopsies during
standard endoscopy, submucosal glands with H+K+ATPase proton pumps can easily be missed, which was
previously described in Barrett’s esophagus[23]. In our
study, the submucosal glands were only detected in one
patient. In this patient, the immunohistochemistry was
positive. Second, the idea of an “activated” or “inducible”
state of the proton pumps needs to be discussed [24].
Inflammation, infection or gastroesophageal reflux might

15

To
t

PCR

< 22.0

20

Figure 3 Pathological results of the respective diagnostic procedures and
therapy response (number of patients).

the patients had pathological results in DxpH, and only
30% of the patients were pathological in pH/MII.

DISCUSSION
The primary aim of the study was to correlate the
laryngeal H+K+-ATPase expression, results of the
pharyngeal pH-metry, pH/MII and symptom response
to PPI therapy and evaluate laryngeal acid production
as a potential alternative pathomechanism for LPR
symptoms.
Since the identification of laryngeal H+K+-ATPase
proton pumps in pathologic specimens by immunohistochemistry, the clinical significance of laryngeal
H+K+-ATPase proton pumps has been controversial[11].
We verified a pathologic, acidic environment in the oropharynx in most of the examined LPR-patients without
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“activate” H+K+-ATPase proton pumps, resulting in
increased proton secretion[24,25]. Determining whether
both laryngeal H+K+-ATPase proton pumps and gastric
H+K+-ATPase proton pumps respond to PPI therapy
might be of clinical significance. As confirmed by the
Altman group, the α and β -subunits of the H+K+ATPase proton pumps have identical components as
those found in the stomach[11]. Therefore, PPI therapy
should be an effective therapy for LPR patients. However,
the concentration of the laryngeal H+K+-ATPase proton
pumps is much lower than the concentration in the
stomach[26]. Compared to the distal esophagus, relatively
low acid levels might result in relevant symptoms because
the larynx area is extremely sensitive to pH alterations[10].
This might explain the need for high dose, long-term PPI
therapy in LPR patients to terminate proton secretion and
resolve symptoms.
However, the detection of only one patient with
histopathological evidence of H+K+-ATPase and one
patient with positive PCR challenges the theory that
laryngeal H+K+-ATPase proton pumps cause LPR
symptoms. We conclude that laryngeal H+K+-ATPase
proton pumps lack clinical relevance in patients with LPR
symptoms. Alternative pathomechanisms must be discussed,
including that LPR patients can have a pathologically acidic
environment in the oropharynx without being correlated
to the number of gastroesophageal reflux episodes. Still,
it is important to note that this is a feasibility study with
limitations, including the small number of patients and
single-center setting. Both patients with detectable laryngeal
H+K+ATPase proton pumps responded to PPI therapy,
and nine of fourteen (64%) Dx-pH positive patients
responded to therapy, which is a remarkable number of
patients with LPR symptoms.
As previously mentioned, the results and clinical
significance of pharyngeal pH testing are controversial[27].
Recently, a study group of a retrospective chart review
reported that patients with atypical reflux symptoms have
better symptom relief after surgical antireflux procedures
in the group with pathological pharyngeal pH levels than
the study group with pathological result esophageal pH
levels. The median follow up was 18 mo[28]. However, the
study has several limitations. Symptom relief was only
judged as a symptomatic parameter, and no objective data
with the Dx-pH system were analyzed. Objective data
would have been very interesting for the pathomechanism
of LPR. Furthermore, only patients with previously
performed esophageal and pharyngeal pH testing were
included (retrospectively), which leads to a relevant
patient selection. Hence, the impact of the study results
is unclear. To objectively evaluate gastroesophageal reflux
episodes leading to LPR symptoms, pH/MII is the most
accurate diagnostic instrument[4]. However, simultaneous
measurements of combined pH/MII and Dx-pH were
not correlated[10]. Furthermore, the pharyngeal probe
missed almost 90% of all proximal reflux episodes
detected by MII, but the data are reproducible [9] .
Therefore, it is unclear what the pharyngeal pH probe
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is actually measuring. Based on these data, the results of
pharyngeal pH metry should not be used to establish
the diagnosis of laryngopharyngeal reflux or to guide
therapy, including surgical anti-reflux procedures.
In conclusion, laryngeal H+K+-ATPases can only
be sporadically detected in patients with LPR symptoms,
and they are unlikely to cause LPR symptoms.
Alternative pathomechanisms must be discussed. The
role of pharyngeal pH-metry remains unclear, and its use
can only be recommended for patients in the research
study setting.
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Abstract
AIM: To investigate whether liver lobe volume and albumin (ALB) could predict the presence and severity of
liver cirrhosis, and esophageal varices.
METHODS: Seventy-one cirrhotic patients with hepatitis B and 21 healthy individuals were enrolled in this
study. All the participants underwent abdominal enhanced magnetic resonance imaging to measure each
liver lobe volume, and biochemical workup for testing
ALB and Child-Pugh class. All cirrhotic patients underwent upper gastrointestinal endoscopy to show the
presence of cirrhotic esophageal varices. Right liver
lobe volume (RV), left medial liver lobe volume (LMV),
left lateral liver lobe volume (LLV), and caudate lobe
volume (CV) were measured using enhanced magnetic
resonance imaging. The ratios of RV to ALB (RV/ALB),
LMV to ALB (LMV/ALB), LLV to ALB (LLV/ALB) and CV
to ALB (CV/ALB) were calculated. Statistical analyses
were performed to determine whether and how the
combination of liver lobe volume measured using magnetic resonance imaging and albumin could predict the
presence and severity of liver cirrhosis, and the presence of esophageal varices.
RESULTS: RV, LMV, LLV and CV decreased (r =
-0.51-0.373; all P < 0.05), while RV/ALB increased (r =
0.424; P < 0.05), with the progress of Child-Pugh class
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function. When the liver function decompensates, the
patient is in end-stage liver disease and has a high risk
of developing complications, such as gastrointestinal
bleeding[1]. Therefore, it is important to follow up the
progress of this disease and determine the stage of
cirrhosis[2]. The modified Child-Pugh classification system
has been confirmed as an independent prognostic factor
for survival of cirrhotic patients, and can be utilized to
adequately assess liver transplantation candidates[3,4].
The morphology of the liver changes with the progress
of Child-Pugh classification. Previous studies reported that
changes in liver lobe volume were positively correlated with
prognosis and Child-Pugh classifications[4]. One interesting
study focused on the correlation between the ratio of
right liver lobe diameter to albumin and Child-Pugh
classifications, and clarifying the significant correlation in
classifying cirrhosis[5]. In addition, esophageal varices
are one of the major complications of liver cirrhosis,
with a risk of bleeding from varices of approximately
25%-35%[6]. Prophylactic endoscopic variceal ligation
can decrease the incidence of first variceal bleeding and
mortality in cirrhotic patients who have large varices[6].
Nevertheless, repeated endoscopic examinations are
not accepted for patients and are expensive. As a safe,
effective and repeatable noninvasive modality, magnetic
resonance imaging (MRI) has increasingly been used to
assess liver diseases[7,8]. Previous studies reported that
liver volume indexes measured on MRI could be used as
a method for grading the severity of cirrhosis[9,10]. To the
best of our knowledge, there was no study focusing on
the combination of liver lobe volume measured on MRI
with albumin to assess the presence of cirrhosis and
define its Child-Pugh classifications[11]. There were also
no reports on the combination of liver lobe volume with
albumin to determine the presence of esophageal varices
in cirrhotic patients. Therefore, we aimed to determine
how liver lobe volume and the ratio of the liver lobe
volume to albumin could determine the presence and
Child-Pugh class of liver cirrhosis, and the presence of
esophageal varices.

of liver cirrhosis. RV, LMV, CV, LLV/ALB and CV/ALB
could identify presence of liver cirrhosis; LLV and LMV
could distinguish Child-Pugh class A from B; RV, LMV,
LLV, CV, RV/ALB and LLV/ALB could distinguish class A
from C; RV and LLV/ALB could differentiate B from C;
and RV, RV/ALB and CV/ALB could identify presence of
esophageal varices (all P < 0.05). Among these parameters, CV/ALB could best identify the presence of liver
cirrhosis, with an area under receiver operating characteristic curve (AUC) of 0.860, a sensitivity of 82.0%
and a specificity of 83.0%. LLV could best distinguish
class A from B, with an AUC of 0.761, a sensitivity of
74.4% and a specificity of 73.1%. RV could best distinguish class A from C, with an AUC of 0.900, a sensitivity of 90.3% and a specificity of 84.5%. LLV/ALB could
best distinguish class B from C, with an AUC of 0.900,
a sensitivity of 93.8% and a specificity of 81.5%. RV/
ALB could best identify esophageal varices, with an
AUC of 0.890, a sensitivity of 80.0% and a specificity
of 83.5%.
CONCLUSION: The combination of liver lobe volume
and ALB has potential to identify presence and severity
of cirrhosis, and presence of esophageal varices.
Key words: Magnetic resonance imaging; Liver cirrhosis; Liver lobe volume; Esophageal varices; Child-Pugh
class
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We determined whether and how the combination of albumin and liver lobe volume (measured
using magnetic resonance imaging) could predict the
presence and severity of liver cirrhosis, and the presence of esophageal varices. The ratio of caudate lobe
volume to albumin could identify the occurrence of cirrhosis, and that of left lateral liver lobe volume, right
liver lobe volume, and the ratio of left lateral liver lobe
volume to albumin could differentiate Child-Pugh class
A from B, A from C, and B from C, respectively. The
right liver lobe volume to albumin ratio could identify
the presence of esophageal varices.

MATERIALS AND METHODS
Patients
The institutional human research review committee
of our hospital approved this study. Written informed
consent was obtained from each patient before the
prospective study.
The study included 96 consecutive patients with
confirmed liver cirrhosis between February 2012 and
December 2013. The inclusion criteria were: (1) the
diagnosis of cirrhosis in patients with hepatitis B was
based on physical findings, laboratory investigations,
image findings or histopathological findings, whenever
available, according to the American Association for the
Study of Liver Diseases practice guidelines on chronic
hepatitis B (2007)[12]; (2) the patients underwent abdominal
triple-phase enhanced MRI scans, biochemical workup

Li H, Chen TW, Li ZL, Zhang XM, Li CJ, Chen XL, Chen GW,
Hu JN, Ye YQ. Albumin and magnetic resonance imaging-liver
volume to identify hepatitis B-related cirrhosis and esophageal
varices. World J Gastroenterol 2015; 21(3): 988-996 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v21/i3/988.
htm DOI: http://dx.doi.org/10.3748/wjg.v21.i3.988

INTRODUCTION
Liver cirrhosis is a common condition that causes
progressive liver dysfunction. In the early stages of
cirrhosis, the liver is still compensating and application
of adequate therapy can help prolong sufficient liver
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sequences included spoiled gradient recalled T1- and fast
recovery fast spin echo T2-weighted imaging. Subsequently,
each patient received an injection of standard dose (0.2
mmol/kg of body weight) of gadodiamide (Magnevist;
Bayer Healthcare, Germany) at a standard flow rate (3
mL/s) through a 21-gauge peripheral venous access
followed by a 20-mL saline solution flush. After the
previous injection, each participant underwent axial threedimensional liver acquisition with volume acceleration
(3D-LAVA), with a repetition time of 3.9 ms, an echo
time of 1.8 ms, a field of view of 34 cm × 34 cm, a slice
thickness of 5.0 mm, a slice gap of zero and a matrix of
256 mm × 224 mm.

LLL
LML
CL
PV

IVC

RL

Figure 1 Outline of each liver lobe. Right liver lobe is differentiated from
the left liver lobe by the middle liver fissure (black line), and the discrimination
between the left lateral liver lobe and the left medial liver lobe is provided by the
liver interlobar fissure (green line) on the level of the fossa for gallbladder. The
connecting line (red) between the inferior vena cava (IVC) and the right branch
of the portal vein (PV) is used to distinguish the right lobe (RL) from the caudate
lobe (CL). The profiles of the RL, left lateral liver lobe (LLL), left medial liver lobe
(LML) and CL are drawn on the axial portal venous phase enhanced magnetic
resonance imaging, and marked in pink, blue, purple and red, respectively.

Image data analysis
The analysis of the original MRI data was performed
on a workstation (GE Advantage Workstation Version
4.4-09; Sun Microsystems, Palo Alto, CA, United States).
The portal venous phase images were used for the
above-mentioned analysis because the boundary of each
liver lobe could be traced more clearly on the portal
venous phase than on arterial or delayed phase[13]. As
depicted in the Goldsmith and Woodburne system[14],
the liver comprises four lobes including left lateral and
medial lobes, right lobe and caudate lobe (Figure 1).
Each liver lobe volume was measured retrospectively
and independently by two experienced abdominal
radiologists (Tian-wu Chen and Hang Li), without the
knowledge of clinical data. On each axial 3D-LAVA
image, liver lobe contour was manually drawn, excluding
the inferior vena cava and gallbladder, and the crosssectional area of each liver lobe was automatically
calculated by the software[15]. This previous data analysis
on each contiguous transverse level was repeated until
the entire liver lobe was covered. Right liver lobe volume
(RV), left medial liver lobe volume (LMV), left lateral
liver lobe volume (LLV), and caudate lobe volume (CV)
were acquired by the sum of the corresponding liver
lobe areas × section thickness[15]. Based on each liver
lobe volume and albumin, the ratios of RV to albumin
(RV/ALB), of LMV to albumin (LMV/ALB), of LLV
to albumin (LLV/ALB), and of CV to albumin (CV/
ALB) were calculated.

and upper gastrointestinal endoscopy; and (3) image data
showed patients without portal vein-emboli or hepatic
carcinoma. This biochemical workup was used to achieve
the Child-Pugh score calculation using five parameters
including, albumin (ALB), ascites, bilirubin, prothrombin
activity and encephalopathy [3] . The endoscopy was
to demonstrate the presence of esophageal varices.
The exclusion criteria were: (1) patients had a history
of treatments for portal hypertension (n = 10); (2)
patients had primary hematological disorders, such as
lymphoma and leukemia (n = 2); and (3) patients had
active alcohol abuse (less than six months of alcohol
abstinence) (n = 13). Consequently, 71 patients (36 men
and 35 women; age range, 31-76 years; median age, 59
years) were enrolled into this study. In this cohort, 33
patients (46.5%) had ascites, 15 patients (21.1%) had
esophageal varices, 10 patients (14.1%) had both ascites
and esophageal varices, and 13 patients (18.3%) had
neither ascites nor esophageal varices. According to the
Child-Pugh classification system, 27, 28 and 16 patients
were categorized into Child-Pugh class A, B and C,
respectively.
Additionally, 21 random consecutive healthy volunteers
with no history of chronic liver disease (12 men and 9
women; median age 58 years; range: 38-70 years) who
underwent upper abdominal triphasic enhancement MRI
and biochemical workup at our institution served as the
reference group.

Statistical analysis
The MRI data of the 71 cirrhotic patients were randomly
chosen to test the interobser ver variability of the
measurements. In the 71 cirrhotic patients, the interobserver
agreement in liver lobe volume measurements between the
two independent observers was assessed using coefficient
of variation coefficient of variation (mean ± SD, ×
100)[16]. When coefficient of variation was less than 10%,
interobserver variability was considered to be small, and
the averaged value of the two observers’ measurements
was regarded as the final liver lobe volume parameter[17].
If coefficient of variation exceeded 10%, the previous
observers made two further measurements and an average
of the four measurements was used as the final liver lobe

MRI technique
Each participant underwent MRI scans supinely with
a 3.0-T scanner (Signa Excite; GE Medical Systems,
Milwaukee, WI, United States) in an 8-channel phased
array body coil after the establishment of respiratory
signals from the diaphragm to the inferior border of
the spleen to cover the entire liver. The routine MRI
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used as the final liver lobe volume parameter.

Table 1 Interobserver variability of each liver lobe volume
parameter between two observers’ measurements in cirrhotic
patients with hepatitis B
Liver lobe volume
parameters
RV
LMV
LLV
CV
RV/ALB
LMV/ALB
LLV/ALB
CV/ALB

Mean coefficient of
variation (range)
7.5% (2%-14%)
8.6% (3%-15%)
8.2% (3%-13%)
6.0% (2%-11%)
5.5% (1%-11%)
6.4% (1%-10%)
6.2% (2%-10%)
4.0% (2%-9%)

Analysis of liver lobe volume parameters and possible
clinical data associated with the presence of cirrhosis
and Child-Pugh classification
The possible clinical data, including the gender, age,
body weight, body mass index, and liver lobe volume
parameters of all the participants are shown in Table 2.
Cirrhotic patients were more likely to have lower RV (P
< 0.001) and LMV (P = 0.001), and larger CV (P = 0.001),
LLV/ALB (P < 0.001) and CV/ALB (P < 0.001) than
the healthy volunteers. RV, LMV, CV, LLV/ALB and
CV/ALB could identify the presence of liver cirrhosis.
However, no significant differences were found in
gender (P = 0.756), age (P = 0.135), body weight (P =
0.08), body mass index (P = 0.056), LLV (P = 0.06), RV/
ALB (P = 0.631) and LMV/ALB (P = 0.564) between
cirrhotic patients and healthy volunteers.
RV (r = -0.519, P < 0.001), LMV (r = -0.415, P =
0.007), LLV (r = -0.437, P = 0.002) and CV (r = -0.373,
P = 0.01) decreased, while RV/ALB (r = 0.424; P =
0.005) increased, with progressive Child-Pugh class of
cirrhosis. Spearman’s rank correlation analyses could
not be performed to assess the correlations of LMV/
ALB, LLV/ALB or CV/ALB with Child-Pugh class of
cirrhosis because no upward or downward trend was
found in these parameters, as shown in Table 2. LLV (P
= 0.002) and LMV (P = 0.004) could distinguish class
A from B; RV (P <0.001), LMV (P = 0.019), LLV (P
= 0.001), CV (P = 0.001), RV/ALB (P = 0.001) and
LLV/ALB (P = 0.015) could distinguish class A from
C; and RV (P = 0.001) and LLV/ALB (P < 0.001) could
differentiate class B from C.

≤ 10% (n ) > 10% (n )

59
61
63
69
70
71
71
71

12
10
8
2
1
0
0
0

RV: Right liver lobe volume; LMV: Left medial liver lobe volume; LLV:
Left lateral liver lobe volume; CV: Caudate lobe volume; ALB: Albumin.

volume parameter.
The relationship between each liver lobe volume
parameter and Child-Pugh class was tested by Spearman’
s rank correlation analyses. The Mann-Whitney U test
was used to compare liver lobe volume parameters among
Child-Pugh classifications, with Bonferroni correction for
multigroup comparisons. The two independent samples
test was performed to compare each liver lobe volume
parameter between patients with and without esophageal
varices. If there were significant positive findings in any
liver lobe volume parameter classified by Child-Pugh
classifications, receiver-operating characteristic (ROC)
analysis was performed to determine if the cutoff values
of liver lobe volume parameter could help identify the
presence and the Child-Pugh class of cirrhosis. When
statistically positive findings were found in the comparison
of any liver lobe volume parameter between patients
with and without esophageal varices, ROC analysis was
performed to determine if the cutoff values of the liver
lobe volume parameters could help predict the presence
of esophageal varices. P values < 0.05 were accepted as
significant.

Comparisons of liver lobe volume parameters between
cirrhotic patients with and without esophageal varices
We only predicted the esophageal varices rather than
gastric varices because esophageal varices are one of
the major complications of liver cirrhosis, with the risk
of bleeding from varices of approximately 25%-35%[5].
Comparison of each liver lobe volume parameter between
cirrhotic patients with and without esophageal varices is
illustrated in Table 3. As shown by the two independent
samples test, RV in patients without esophageal varices
was larger than in those with esophageal varices (P <
0.001). RV/ALB (P < 0.001); CV/ALB (P = 0.04) in
patients with esophageal varices were larger than in
those without esophageal varices.

RESULTS
Interobserver variability of each liver lobe volume
parameter measurement in cirrhotic patients
The mean coefficient of variation in each liver lobe
volume parameter measurement and the numbers of
patients with coefficient of variation less than 10% and
exceeding 10% are shown in Table 1. For two observers’
measurements of each liver lobe volume parameter in
the 71 cirrhotic patients, the interobserver variability
was low when the coefficient of variation was less
than 10%, and the averaged value of each liver lobe
volume parameter obtained by the two observers was
used for subsequent analyses. For the two observers’
measurements of RV in 12 patients, LMV in 10 patients,
LLV in eight patients, CV in two patients and RV/ALB
in one patient, the coefficient of variation exceeded
10%; therefore, two additional measurements were
obtained and an average of the four measurements was
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ROC analysis of liver lobe volume parameters for
differentiating the presence of cirrhosis and ChildPugh classification, and predicting the presence of
esophageal varices
In this study, ROC analyses of liver lobe volume
parameters were performed to discriminate between
patients with and without liver cirrhosis, and distinguish
Child-Pugh class A from B, A from C, and B from C.
The ROC analyses were also carried out to differentiate
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Table 2 Main clinical data of the healthy volunteers and patients with cirrhosis in different Child-Pugh classes
No cirrhosis
(n = 21)
Gender (M/F)
Age
Body weight (kg)
BMI (kg/m2)
RV (mm3)
LMV (mm3)
LLV (mm3)
CV (mm3)
ALB (g/L)
RV/ALB
LMV/ALB
LLV/ALB
CV/ALB

Child-Pugh class of cirrhosis
Class A (n = 27)

12/9
56.23 ± 13.02
65.42 ± 5.34
23.15 ± 0.54
806.45 ± 198.891
234.29 ± 70.341
215.51 ± 133.63
20.28 ± 9.351
45.27 ± 3.46
17.59 ± 4.31
5.52 ± 1.73
5.14 ± 3.411
0.48 ± 0.241

Class B (n = 28)

12/15
59.43 ± 12.93
60.53 ± 3.20
22.42 ± 0.45
649.60 ± 123.46
193.23 ± 47.052
279.60 ± 95.332
34.36 ± 10.46
37.82 ± 4.07
16.98 ± 3.03
5.16 ± 1.39
7.29 ± 2.95
0.87 ± 0.28

Class C (n = 16)

13/15
54.57 ± 12.59
57.61 ± 2.05
21.25 ± 0.31
586.98 ± 137.283
161.27 ± 43.04
218.69 ± 35.47
29.15 ± 12.23
33.24 ± 2.56
18.61 ± 4.12
5.15 ± 1.45
7.08 ± 1.263
0.95 ± 0.43

11/5
53.56 ± 16.13
55.33 ± 1.53
19.41 ± 0.24
470.58 ± 46.034
147.47 ± 83.754
208.49 ± 36.174
22.41 ± 10.944
26.76 ± 3.23
20.45 ± 3.554
6.43 ± 3.81
9.19 ± 1.404
0.96 ± 0.45

Different from Cirrhosis group, P < 0.05; 2Different from Class B, P < 0.05; 3Different from Class C, P < 0.05; 4Different from Class A, P < 0.05. BMI: Body
mass index; RV: Right liver lobe volume; LMV: Left medial liver lobe volume; LLV: Left lateral liver lobe volume; CV: Caudate lobe volume; ALB: Albumin.
1

Table 3 Comparison of liver lobe volume parameters
between patients with and without esophageal varices
Parameters

Table 4 Volume parameters of each liver lobe in determining
the presence and Child-Pugh class of liver cirrhosis, and
predicting the presence of esophageal varices

Esophageal varices

RV (mm3)
LMV (mm3)
LLV (mm3)
CV (mm3)
RV/ALB
LMV/ALB
LLV/ALB
CV/ALB

No (n = 46)

Yes (n = 25)

Parameters

687.85 ± 175.731
190.01 ± 63.70
544.26 ± 98.74
27.52 ± 12.83
16.98 ± 3.361
5.26 ± 1.68
6.91 ± 2.77
0.78 ± 0.411

534.87 ± 85.86
167.18 ± 66.70
216.05 ± 39.04
27.61 ± 8.54
21.26 ± 3.01
5.96 ± 2.96
7.78 ± 1.92
0.97 ± 0.31

RV (mm3)

LMV (mm3)

1

Different from the patients with esophageal varices, P < 0.05. RV: Right
liver lobe volume; LMV: Left medial liver lobe volume; LLV: Left lateral
liver lobe volume; CV: Caudate lobe volume; ALB: Albumin.

LLV (mm3)
CV (mm3)

between patients with and without esophageal varices.
The AUC, cutoff values, satisfactory sensitivity and
specificity for the previous differentiations are shown
in Table 4. Among these parameters, CV/ALB (AUC
= 0.86), LLV (AUC = 0.761), RV (AUC = 0.9) and
LLV/ALB (AUC = 0.9) were the best noninvasive
factors to distinguish cirrhotic patients from healthy
participants (Figure 2A), Child-Pugh class A from B
(Figure 2B), A from C (Figure 2C), and B from C (Figure
2D), respectively. RV/ALB (AUC = 0.890) was the best
predictor for identifying the presence of esophageal
varices in cirrhotic patients (Figure 2E). The best liver
lobe volume parameters for differentiating the presence
of cirrhosis and Child-Pugh classification, and predicting
the presence of esophageal varices, are shown in Table 5.

RV/ALB

LLV/ALB

CV/ALB

AUC

No cirrhosis vs
cirrhosis
508.9
Class A vs C
522.2
Class B vs C
579.45 No varices vs
varices
201.3
No cirrhosis vs
cirrhosis
181.1
Class A vs B
155.4
Class A vs C
233.2
Class A vs B
224.9
Class A vs C
23.8
No cirrhosis vs
cirrhosis
25.1
Class A vs C
19.9
Class A vs C
20.46 No varices vs
varices
0.9
No cirrhosis vs
cirrhosis
8.3
Class A vs C
7.5
Class B vs C
0.6
No cirrhosis vs
cirrhosis
0.825 No varices vs
varices

0.816

70.6%

75%

0.900
0.803
0.780

90.3%
70.0%
71.4%

84.5%
88%
70.0%

0.754

70.6%

77.0%

0.728
0.751
0.761
0.792
0.756

68.0%
82.1%
74.4%
82.1%
69.0%

71.0%
75.0%
73.1%
75.0%
65.0%

0.806
0.801
0.890

85.7%
68.8%
80.0%

69.0%
79.6%
83.5%

0.763

70.6%

71.0%

0.752
0.900
0.860

68.8%
93.8%
82.0%

65.5%
81.5%
83.0%

0.673

64.0%

67.0%

692.3

Sensitivity Specificity

RV: Right liver lobe volume; LMV: Left medial liver lobe volume; LLV:
Left lateral liver lobe volume; CV: Caudate lobe volume; ALB: Albumin.

lobe[19]. The most significant intra- and extra-hepatic
changes related to this condition are atrophy of the
right liver lobe, hypertrophy of the caudate lobe and the
lateral segment of the left lobe, the presence of ascites,
decreased albumin, and varicose veins[10,20]; therefore,
we investigated the utility of the liver lobe volume
obtained on MRI and the ratio of the liver lobe volume
to albumin to determine the presence and Child-Pugh
class of liver cirrhosis, and to identify the presence of

DISCUSSION
Most of published studies have investigated the value of
various imaging methods for diagnosing liver cirrhosis
and evaluating related complications[3,10,18]. MRI could
provide satisfactory quality of three-dimensional
reconstruction images and clear anatomy of each liver
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A

RV
1.0

LMV

0.8

LLV/ALB

B

CV

LLV

0.8

CV/ALB

0.6

0.6

0.4

0.4

0.2

0.2
0.0
0.0

LMV

1.0

0.2

0.4

0.6

0.8

0.0
0.0

1.0

C

RV
LMV
1.0

0.2

0.4

0.6

0.8

1.0

D

RV
LLV/ALB

1.0

LLV
CV

0.8

RV/ALB

0.8

LLV/ALB
0.6

0.6

0.4

0.4

0.2

0.2

0.0
0.0

E

0.2

0.4

0.6

0.8

0.0
0.0

1.0

0.2

0.4

0.6

0.8

1.0

RV

1.0

RV/ALB
CV/ALB

0.8

0.6

0.4

0.2

0.0
0.0

0.2

0.4

0.6

0.8

1.0

Figure 2 Receiver operating characteristic curves of liver lobe volume parameters to identify the presence, and Child-Pugh class, of liver cirrhosis in
patients with hepatitis B, and the presence of esophageal varices. The figures show that the ratio of caudate lobe volume to albumin (CV/ALB), left lateral liver
lobe volume (LLV), right liver lobe volume (RV), the ratio of LLV to albumin (LLV/ALB) and the ratio of RV to albumin (RV/ALB) could be recommended as an indicator
for distinguishing cirrhotic patients from healthy participants (A), Child-Pugh class A from B (B), class A from C (C), class B from C (D), and cirrhotic patients with
esophageal varices from those without esophageal varices (E), respectively.

the parenchyma of the right liver lobe[22]. In cases of
cirrhosis, hepatic fibrosis and cirrhosis nodules cause
compression and irregular stenoses of the intrahepatic
branches of this portal vein, and reduce flow through
the right portal branch, resulting in the obvious atrophy
of right liver lobe. Conversely, the portal branch runs
through the falciform ligament, which is still outside
the liver parenchyma, before entering the left liver lobe,
resulting in a relatively greater blood supply to the
lateral segment. Hypertrophy of the caudate lobe can be
explained similarly in that most portal branches (78%)

esophageal varices.
As shown in this study, RV, LMV, LLV, and CV
decreased, while RV/ALB increased, with progressive
Child-Pugh class of cirrhosis. Regarding the variation of
liver lobe volume, patients with compensated cirrhosis
typically exhibit hypertrophy of the caudate lobe and
the lateral segment of the left lobe, and atrophy of the
right lobe and medial segment of the left lobe when the
healthy liver progresses to the stage of compensated
cirrhosis [10,21] . The pathological mechanism may be
that the right portal vein branch enters directly into
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AUC of 0.9, respectively. A previous study reported that
liver volume could reflect the liver functional reserve,
similar to the Child-Pugh class[24,25]. Our findings further
indicate that LLV, RV and LLV/ALB could best reflect
the decrease of liver functional reserve from class A
from B, A from C, and class B from C.
In addition, cirrhosis can result in esophageal varices,
which may induce fulminant massive hemorrhage of
the upper gastrointestinal tract. Two recent studies
reported that the ratio of right liver lobe diameter on
ultrasonography to albumin could be a noninvasive
parameter providing accurate information pertinent to
determination of presence of esophageal varices[6,26]. As
demonstrated in this study, RV, LMV and LLV were larger,
and CV, RV/ALB, LMV/ALB, LLV/ALB and CV/ALB
were lower in cirrhotic patients with esophageal varices
than without esophageal varices. For the first time, we
performed the ROC analysis of the previous parameters
to predict the presence of esophageal varices, and found
that RV/ALB could be the best parameter to predict the
presence of esophageal varices, with an AUC of 0.89.
There is a limitation to our study. The sample size
was relatively small. In particularly, the healthy control
group was small while the cirrhotic group included both
compensated and decompensated patients. Moreover,
a large number of patients presented with clinical
decompensation (ascites) but had no sign of esophageal
varices on upper endoscopy, and the possible reason
to explain this limitation may be attribute to the small
sample size of the compensated patients. Despite this
limitation, our study indicated that liver lobe volume
parameters could help differentiate the presence of
cirrhosis and its Child-Pugh class, and could identify the
presence of esophageal varices. We will perform further
studies with larger samples to confirm the results.
In conclusion, we confirmed that RV, LMV, LLV
and CV decreased, while RV/ALB increased with ChildPugh class of cirrhosis. CV/ALB could be used to
identify the occurrence of cirrhosis, and LLV, RV and
LLV/ALB could be recommended for differentiating
Child-Pugh class A from B, A from C, and B from C,
respectively. RV/ALB could help identify the presence
of esophageal varices in cirrhotic patients. The findings
could be helpful for the selection of appropriate liver
lobe volume parameters to identify the presence and
Child-Pugh class of cirrhosis, and the presence of
esophageal varices for choosing appropriate treatment.

Table 5 Volume parameters of liver lobes for best identifying
the presence and Child-Pugh class of liver cirrhosis, and
predicting the presence of esophageal varices
Parameter

Cut-off

CV/ALB

0.6

RV (mm3)
LLV/ALB
LLV (mm3)
RV/ALB (mm3)

508.9
7.5
233.2
20.46

Differentiations

Sensitivity

Specificity

No cirrhosis vs
cirrhosis
Class A vs C
Class B vs C
Class A vs B
No varices vs
varices

82.0%

83.00%

90.3%
93.8%
74.4%
80.0%

84.5%
81.5%
73.1%
83.5%

RV: Right liver lobe volume; LMV: Left medial liver lobe volume; LLV:
Left lateral liver lobe volume; CV: Caudate lobe volume; ALB: Albumin.

distributed in the caudate lobe arise from the bifurcation
of the portal vein and have a shorter intrahepatic
course than the vessels in the right lobe[2]. The cause
of atrophy of the medial liver lobe may be that the left
portal branch inflow to this lobe decreases, as does the
right portal branch flow because of the diminishing
compensatory hepatic function of the lateral liver lobe
and the caudate lobe.
As cirrhosis progresses to decompensated cirrhosis,
hypertrophy of the lateral liver lobe and the caudate lobe
reaches a maximum, and then the two hypertrophied
liver lobes begin to atrophy, with further progressive
Child-Pugh class. As regards RV/ALB, our results agreed
with those of Alempijevic, who found that the ratio of
right liver lobe diameter on ultrasonography to serum
albumin was significantly correlated with Child-Pugh
class[6]. Based on the more and more obvious decrease
of the albumin with the progressive Child-Pugh class
of cirrhosis, we presumed that albumin reduced more
obviously than RV, leading to the increase of RV/ALB.
As shown by the Mann-Whitney tests, RV, LMV, CV,
LLV/ALB and CV/ALB could identify the presence
of liver cirrhosis. Clinically, the Child-Pugh Class A
patients usually show a good median survival term
without orthotopic liver transplantation. The Child-Pugh
Class C patients are considered conventional candidates
for the procedure. Child-Pugh Class B patients can
be considered a heterogeneous group, as their clinical
condition may remain stable for more than a year or
may rapidly deteriorate[23]. Therefore, it was important
to differentiate the Child-Pugh classification. Our study
indicated that LLV and LMV could distinguish class A
from B; RV, LMV, LLV, CV, RV/ALB and LLV/ALB
could distinguish class A from C; and RV and LLV/
ALB could differentiate class B from C. Additionally,
we also performed ROC analysis to determine how
to use RV, LMV, LLV, CV, RV/ALB, LLV/ALB and
CV/ALB to identify the occurrence and Child-Pugh
class of liver cirrhosis for the first time. Among these
parameters, CV/ALB could be the best factor to identify
the presence of liver cirrhosis, with an AUC of more
than 0.8. LLV, RV and LLV/ALB could best distinguish
class A from B, with an AUC of more than 0.75; class A
from C, with an AUC of 0.9; and class B from C with an
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could determine the Child-Pugh class of liver cirrhosis and the presence of
esophageal varices remained unclear.

Research frontiers
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Liver lobe volume measured on magnetic resonance imaging (MRI) or the ratio
of right liver lobe diameter to albumin correlates with the Child-Pugh class of
liver cirrhosis. However, whether liver lobe volume and the ratio of each liver
lobe volume to albumin could predict the Child-Pugh class of liver cirrhosis and
the presence of esophageal varices has not been determined.

9

Innovations and breakthroughs

10

The authors investigated the association of liver lobe volume measured on
magnetic resonance imaging and the ratio of each liver lobe volume to albumin
with Child-Pugh class of liver cirrhosis and with the presence of esophageal
varices. They utilized receiver-operating characteristic curve analysis to identify
the Child-Pugh class of cirrhosis and the presence of esophageal varices.

11

Applications

The authors found that liver lobe volume measured on magnetic resonance
imaging and the ratio of each liver lobe volume to albumin could predict
the presence, and Child-Pugh class, of liver cirrhosis, and the presence of
esophageal varices. The ratio of caudate lobe volume to albumin could be
used to identify the occurrence of cirrhosis. The left lateral liver lobe volume,
right liver lobe volume, and the ratio of left lateral liver lobe volume to albumin
could be recommended for differentiating Child-Pugh class A from B, A from C,
and B from C, respectively. The ratio of right liver lobe volume to albumin could
be recommended as an indicator for identifying the presence of esophageal
varices in cirrhotic patients.
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Terminology
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The modified Child-Pugh classification system of liver cirrhosis is considered
the cornerstone in prognostic evaluation of cirrhotic patients, and contains five
variables, including serum levels of bilirubin and albumin, prothrombin time,
ascites, and encephalopathy, and allows categorization of patients into ChildPugh Class A, B and C.
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Peer review

The authors study the potential of combination of liver lobe volumes (measured
by MRI) and albumin levels in the identification of liver cirrhosis severity
and esophageal varices in patients affected by hepatitis B virus. In addition,
the authors observed an interesting correlation between radiological and
biochemical parameters for the prediction of “presence of cirrhosis”, “Child-Pugh
stage of the disease” and “presence of esophageal varices”.
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CASE REPORT

Preoperative trans-jugular porto-systemic shunt for
oncological gastric surgery in a cirrhotic patient
Andrea Liverani, Luigi Solinas, Tatiana Di Cesare, Luca Velari, Tiziano Neri, Francesco Cilurso, Francesco Favi,
Giancarlo Bizzarri
disease and mortality. In these patients, oncological
gastric procedures with lymph-nodes dissection show
much higher complication rates than in normotensive
portal vein patients. Thus, normalization of portal
vein pressure may be a favorable determinant factor
to reduce complications. We report a case of a
patient with hepatitis C virus-related hepatic cirrhosis,
esophageal varices, portal hypertension and gastric
cancer. We demonstrated the efficacy of a preoperative
trans-jugular porto-systemic shunt to perform
oncological radical resection more safely. We retained
preoperative the trans-jugular porto-systemic shunt in
the patients with elevated portal pressure and gastric
cancer to perform a gastrectomy more safely and to
decrease morbidity and mortality of these cases.
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Core tip: We suggest a preoperative trans-jugular portosystemic shunt in patients with portal hypertension
and gastric cancer to perform a safer gastrectomy. This
procedure decreases intraoperational blood loss and
postoperative morbidity. Moreover, the normalization
of portal vein pressure permits the performance of an
oncological nodes dissection. Finally, this technique
may reduce perioperative mortality.
Liverani A, Solinas L, Di Cesare T, Velari L, Neri T, Cilurso F,
Favi F, Bizzarri G. Preoperative trans-jugular porto-systemic
shunt for oncological gastric surgery in a cirrhotic patient. World
J Gastroenterol 2015; 21(3): 997-1000 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i3/997.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i3.997

Abstract
Abdominal surgery in cirrhotic patients with portal
hypertension is associated with high incidence of
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INTRODUCTION
Abdominal surgery in cirrhotic patients with portal
hypertension is associated with high incidence of disease
and mortality. In these patients, oncological gastric
procedures with lymph-nodes dissection show a much
higher rate of complications than in normotensive
portal vein patients. Thus, normalization of portal vein
pressure may be a favorable determinant factor to reduce
complications.

CASE REPORT
An 80-year-old female patient presented an endoscopic
report of gastric neoplasia. Two months previously, she
was subjected to an endoscopic oesophageal varices
ligation because of variceal rupture (Figure 1). The ChildPugh classification was B and portal pressure was up to
28 mmHg.
Preoperative oncological staging showed the absence
of local or distant metastasis, and the patient was a
candidate for radical resection. To reduce portal pressure
and the risks of esophagogastric variceal rupture relapse,
a preoperative transjugular intrahepatic portosystemic
shunt (TIPSS) was proposed and successfully created.
The right gastric vein was coiled. Normal portal pressure
was reached, with values ranging from 12 to 15 mmHg.
Radiological procedure: the patient was placed a
supine position in the angiographic suite. A rotation of
the head to the left was required.
We used a spontaneous breathing general anesthesia
for the radiological procedure, using a laryngeal mask,
with a mixture of O2, N2O and isoflurane (1%-2%).
Puncture of the right internal jugular vein was
performed with real-time sonography guidance using an
18-gauge needle.
A 0.035 degree angle Hydrophilic Coated Guidewires
(Terumo Glidewire®, Tokyo, Japan) was inserted into the
jugular vein, down to the inferior vena cava (IVC).
A 12-F introducer sheath was positioned in the
right atrium and then into the IVC to measure the
pressure. The hepatic vein was then catheterized directly
using the curved metallic cannula of the TIPSS set
(AngioDynamics®; Queensberry, NY, United States) and
the guidewire (Terumo Glidewire®). The blood flow
through the vein was sufficient to visualize the structure
of the hepatic vein. Percutaneous puncture of portal vein
was performed by placing a small introducer to permit
portography (Figure 2).
The right hepatic vein was catheterized and the portal
vein puncture was performed through the wall of the
hepatic vein 1-3 cm from its origin. The catheter was
turned anteriorly and advanced into the liver parenchyma
for 4-5 cm. It was then slowly moved back and at the
same time it was aspirated with a syringe. The correct
puncture was checked via portography and a guidewire
was introduced into the mesenteric vein.
Pressure was measured to evaluate the portosystemic
differential pressure. A venogram was used to define the
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Figure 1 Oesophageal and gastric varices.

A

B

Figure 2 Portography. A: Transjugular intrahepatic porto-systemic shunt 1; B:
Transjugular intrahepatic porto-systemic shunt 2.

measure of the intrahepatic tract using a marked pigtail
catheter.
Afterwards, an Amplatz Super Stiff™ Guidewire
(Boston Scientific; Natick, MA, United States) was
inserted into the splenic or mesenteric vein, and the
intrahepatic tract was dilated using an 8 mm low-profile
balloon (Wanda™, Boston Scientific; Natick, MA, United
States).
The GORE® VIATORR® stent graft comprises a
self-expanding nitinol endoprosthesis with a high radial
strength and is covered with an ultrathin expanded
polytetrafluoroethylene tube.
The 12-F introducer sheath was positioned into the
portal system for 3 cm and moved back to have release
of the uncovered tract within the portal vein. Once the
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Figure 3 Ecocolor Doppler transjugular intrahepatic porto-systemic
shunt.

Figure 4 Computed tomography. A: Computed tomography after a
transjugular intrahepatic porto-systemic shunt; B: Coil embolization of right
gastric vein.

endoprosthesis was positioned, the whole device was
carefully removed until a resistance was felt, thus showing
that the proximal tract of the device was positioned at the
junction of the portal vein with the intrahepatic tract. The
introducer was advanced largely upstream of the beginning
of the endoprosthesis and, while positioning the system
in place, the coated portion of the VIATORR® (60-20-10
mm, Figure 3) was released.
The endoprosthesis was then expanded, with the lowprofile balloon catheter used previously. After complete
deployment of the Viatorr, blood flow through the shunt
was measured to check its function, and the mean atrial
and portal pressures were evaluated to ascertain the
hemodynamic significance of the procedure (PSG < 12
mmHg).
In conclusion, the right gastric vein, which fueled
the massive variceal was embolized with coils. One
month later, the patient was readmitted to the Surgical
Department and a D-2 distal gastrectomy with a B2
gastrojejunal anastomosis was performed.
No intraoperative complications were observed and
no transfusions were requested during the procedure. No
postoperative bleeding or hepatic dysfunctions occurred,
and the postoperative course was uneventful, except for
delayed gastric stump empting with hospital discharge in
14 d.

determine a fatal multiorgan failure[3].
Thus, it would seem important to achieve the best and
most relevant preoperative control all correctable factors,
such as ascites control, correction of coagulopathies,
malnutrition and protein catabolism, amelioration of
Child’s class or, finally, reduction of portal pressure.
In fact, a preoperative procedure to reduce or
normalize portal pressure seems to decrease surgical
risks, with lower incidence of complications and death[4-6].
At present, TIPSS is the preferred noninvasive
procedure for treating portal hypertension and variceal
bleeding [7-9]; however, its use preoperatively before
extrahepatic abdominal surgery is rarely described (Figure 4).
In our patient, recent recurrent variceal bleeding had
been referred and an oncological gastric procedure was
mandatory.
We retained the preoperative TIPSS in the patients
with elevated portal pressure and gastric cancer to
perform a gastrectomy more safely, and to decrease the
morbidity and mortality of these cases.

COMMENTS
COMMENTS
Case characteristics

The patient had esophageal varices bleeding twice that were treated by
endoscopy. In the last month the patient suffered dysphagia, epigastric pain
and weight loss.

DISCUSSION

Clinical diagnosis

A cirrhotic patient with portal hypertension as a
candidate for an extrahepatic abdominal major procedure
is a surgical challenge, especially if variceal bleeding is
present. In these cases, morbidity and mortality is higher,
ranging from 10% to 60%[1]. Gastric surgery in patients
with portal hypertension is associated with mortality in
excess of 10% and a morbidity rate of 25%[2].
The two major factors that contribute to higher
operative mortality are propensity for bleeding and ascites,
which increase the risk of infection. Less frequently
hepatic insufficiency, hepato-renal syndrome or sepsis are
determinants for postoperative complications, and often

Differential diagnosis
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Gastroscopy showed an endoluminal hemorrhagic pyloric lesion of the stomach.
Histopathological examination after endoscopic biopsy showed gastric
carcinoma.

Laboratory diagnosis

Anemia, low dosage of albumin and coagulopathy.

Imaging diagnosis

A total body computed tomography scan showed the gastric lesion, esophageal
varices, hepatic cirrhosis and ascites.

Treatment

Trans-jugular porto-systemic shunt (TIPSS) and gastric resection was
performed in two steps.

Experiences and lessons

This case showed that preoperative TIPSS before gastric surgery reduced
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perioperative morbidity and mortality.

Peer review

TIPSS is a useful and safe radiological procedure to treat portal vein
hypertension. Cirrhotic patients undergoing oncological gastric surgery can
be submitted to TIPSS 40-60 d before surgery. This procedure decreases
intraoperative bleeding, morbidity and mortality.
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Abstract
Lysosomal acid lipase (LAL) deficiency is an underrecognized lysosomal disease caused by deficient
enzymatic activity of LAL. In this report we describe
two affected female Mexican siblings with early hepatic
complications. At two months of age, the first sibling
presented with alternating episodes of diarrhea and
constipation, and later with hepatomegaly, elevated
transaminases, high levels of total and low-density
lipoprotein cholesterol, and low levels of highdensity lipoprotein. Portal hypertension and grade 2
esophageal varices were detected at four years of
age. The second sibling presented with hepatomegaly,
elevated transaminases and mildly elevated lowdensity lipoprotein and low high-density lipoprotein
at six months of age. LAL activity was deficient in
both patients. Sequencing of LIPA revealed two
previously unreported heterozygous mutations in exon
4: c.253C>A and c.294C>G. These cases highlight
the clinical continuum between the so-called Wolman
disease and cholesteryl ester storage disease, and
underscore that LAL deficiency represents a single
disease with a degree of clinical heterogeneity.
Key words: Cholesteryl ester storage disease; Liver
fibrosis; Dyslipidemia; Liver steatosis; Wolman disease
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Lysosomal acid lipase deficiency is a
rare genetic disorder related to the metabolism of
cholesterol and triglycerides inside the lysosome. In
this report, we present the findings from two siblings
with no lysosomal acid lipase activity caused by two
previously unidentified mutations in exon 4 of LIPA .
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dyslipidemia and associated cardiac complications have
also been reported[1,3]. The principal causes of death
reported in CESD patients were liver failure and bleeding
of esophageal varices[3]. However, bleeding of esophageal
varices was reported in only 8% of patients[3], and this
complication is primarily described in Mexican patients[5].
In this report, we describe the cases of two Mexican
siblings with LALD that was attributed to previously
undescribed mutations in exon 4 of LIPA. These siblings
presented symptoms within the first year of life and
developed portal hypertension before four years of
age. Both cases demonstrated early clinical signs and
symptoms and relatively rapid clinical progression of the
disease compared to previously reported cases.

The patients had early hepatic presentation, including
severe cirrhosis and esophageal varices in the elder
sibling, underscoring the significant morbidity that can
occur at all ages of lysosomal acid lipase deficiency and
highlighting possible compensatory mechanisms in liver
function in children.
Santillán-Hernández Y, Almanza-Miranda E, Xin WW, Goss
K, Vera-Loaiza A, Gorráez-de la Mora MT, Piña-Aguilar RE.
Novel LIPA mutations in Mexican siblings with lysosomal acid
lipase deficiency. World J Gastroenterol 2015; 21(3): 1001-1008
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i3/1001.htm DOI: http://dx.doi.org/10.3748/wjg.v21.i3.1001

CASE REPORT

INTRODUCTION

Sibling 1
This report describes the case of a 9-year-old girl with
healthy, non-consanguineous parents from Mexico,
who was apparently normal at birth and met normal
development milestones. She became symptomatic at two
months of age, presenting with alternating episodes of
diarrhea and constipation, and reduced weight and height.
Hepatomegaly was detected by abdominal radiography
at six months of age during the evaluation for diarrhea.
An initial laboratory workup indicated leukocytosis
(16000/mL) and eosinophilia (2700/mL), and a
bone marrow analysis showed an increase of myeloid
series, with augmented cellularity and the presence of
megakaryocytes, without immature cells. The patient then
underwent additional testing to rule out a hematologic
malignancy. Further workup included karyotype in
peripheral blood, reported as 46, XX[20].
Laboratory assessments at two years of age showed:
hemoglobin, 14.1 g/dL; leukocytes, 13200/mL;
eosinophilia, 3200/mL (24.6% of white blood cell
differential count); platelets, 330000; abnormal liver
enzymes and dyslipidemia (Table 1) with evidence
of chronic Epstein-Barr virus infection. Serology for
hepatitis A, B and C was negative. Hepatosplenomegaly
was confirmed by abdominal ultrasound.
A computed tomography scan at four years of age
revealed an enlarged liver, with a longitudinal diameter
of 18 cm and spleen length of 13.4 cm, without adrenal
calcifications. The patient was transferred to the pediatric
gastroenterology department in our hospital for further
investigation for metabolic disease. She presented
gastrointestinal bleeding and endoscopy revealed grade 2
(Sohendra) esophageal varices.
When the patient was five years of age, a hepatic
biopsy showed multinodular microvesicular steatosis
in 10% of hepatocytes, with irregular small nodules
separated by gross bands of porto-portal fibrosis with
no zonal preference, ballooning degeneration and
pseudoacinar regeneration, and no stasis of bilirubin or
deposition of copper or iron (Figure 1A, B). The portal
triads were expanded by fibrous tissue, with sparse duct

Lysosomal acid lipase deficiency (LALD; OMIM
#278000) is an autosomal recessive disease caused by
mutations in LIPA at chromosomal locus 10q23.31,
which encodes a hydrolase involved in the degradation of
lysosomal cholesterol esters and triglycerides. Clinically,
LALD has been historically reported as one of two
principal phenotypic presentations: early onset, often
called Wolman disease (WD), and late onset, termed
cholesteryl ester storage disease (CESD)[1].
The early presentation of LALD has an estimated
prevalence of 1/350000 in infants, with symptoms such
as diarrhea, massive hepatosplenomegaly, malabsorption,
cachexia and adrenal calcifications, which typically develop
within the first three months of life. Liver cirrhosis
results in fatal liver failure before one year of age[1]. The
exact prevalence of LALD in children and adults is not
yet established, and ranges from 1 in 150000 to 300000
in Caucasians[1] and 1 in 40000 in German newborns[2].
The clinical signs and symptoms are heterogeneous,
including hepatic steatosis leading to hepatomegaly and
hepatic fibrosis and cirrhosis, splenomegaly, type Ⅱ
hyperlipoproteinemia, and accelerated atherosclerosis.
Although some patients remain asymptomatic until
adulthood, infants and children can have significant
morbidity and early mortality as a result of liver cirrhosis
and liver failure[3].
A review analyzing 135 CESD patients published in
the literature found that the mean age at presentation was
5 years (range: 1-44 years), with hepatomegaly as the most
common manifestation[3]. In that review, Bernstein et al[3]
noted that the age at presentation was between 0 and 2
years in the most severely affected cases, corresponding
to 27% of patients and highlighting the significance of
liver morbidity (cirrhosis, fibrosis, and failure). Another
recent review showed that all 71 pediatric LALD cases
had hepatomegaly, with 63% presenting symptoms
before five years of age[4]. The early signs of portal
hypertension and its correlation to hepatic fibrosis and
the progression of disease are unknown. Although
liver manifestations of the disease usually predominate,
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Table 1 Hepatic function test, lipid profile and coagulation values in patients
Parameter (unit)

Sibling 1

Sibling 2

Reference value

2 yr

9 yr

6 mo

4 yr

AST (U/L)
ALT (U/L)
Alkaline phosphatase (U/L)

229
344
365

192
193
545

61
56
328

221
181
402

Lactate dehydrogenase (U/L)

258

281

288

236

0.8
0.7
343.0
316.0
277.1
22.3
21.87
13.9
30.2
1.15 (92.8%)

0.42
0.2
211.0
118.0
157.4
30.0
23.1
14.8
35.1
1.3 (58.4%)

0.2
0.1
165.0
154.0
123.0
30.0
21.1
12.0
27.8
1 (100.8%)

0.42
0.28
221.0
181.0
154.8
30.0
20.8
12.4
32.0
1.1 (72.8%)

Total bilirubin (mg/dL)
Indirect bilirubin (mg/dL)
Total cholesterol (mg/dL)
Triglycerides (mg/dL)
LDL-cholesterol (mg/dL)
HDL-cholesterol (mg/dL)
Trombin time (min)
Prothrombin time (min)
pTT (min)
INR (%)

proliferation. Cells with foamy cytoplasm were observed
in the portal space and in the fibrous tissue, which
demonstrated diastase resistance and Periodic acid-Schiff
positivity. Kupffer sinusoidal cells were immunopositive
for CD68 (Figure 1C) and immunonegative for Hepar-1
and pan-cytokeratin, with fine granules containing
autofluorescent ceroid-like material (Figure 1D).
Doppler ultrasound at six years of age showed a
homogenous parenchyma, with normal echogenicity and
without intrahepatic lesions or increased flux in portal
circulation.
A duodenal biopsy performed when the patient was
seven years of age showed preserved architecture of
duodenal mucosa, but with groups of histiocytes with
fluorescent ceroid material occupying about 40% of the
lamina propria of villi (Figure 1E) that were associated
with lymphocytes. A liver biopsy also demonstrated the
same changes, with minimal steatosis that was decreased
from the biopsy performed at five years. The histology
indicated micronodular cirrhosis, widened portal spaces
and fibrotic tissue with histiocytes, with an absence of a
central vein and nodules of hepatic regeneration.
The pathologic findings of the biopsies were
interpreted as a possible diagnosis of Niemann-Pick
disease. Thus, sphingomyelinase activity was measured
by mass spectrometry, and quantified as 2.3 µmol/L per
hour (reference value ≥ 2 µmol/L per hour). A skin
biopsy was taken to determine cholesterol esterification
and filipin staining in cultured fibroblasts to eliminate
Niemann-Pick type C disease (performed at Mayo
Clinic, United States), revealing low-density lipoprotein
esterification that was 2% of normal control cells, similar
to patients with Niemann-Pick type C disease, but with
normal filipin staining.
The patient was not given any lipid-lowering drugs;
recent laboratory test results are shown in Table 1.
Associated with the progression of her liver disease and
the associated portal hypertension and splenomegaly,
the patient’s platelet count decreased to 96000 (reference

WJG|www.wjgnet.com

8-50
7-45
4 yr: 169-372
9 yr: 212-468
4-6 yr: 145-345
7-9 yr: 143-290
0.1-0.9
< 170
< 90
< 100 (optimal)
≥ 60
15-22
11-15
25-33
0.8-1.1 (89%-129%)

range: 150000-500000). Endoscopy performed at nine
years of age revealed continued presence of grade 2
esophageal varices (Figure 1F) and one medium gastric
varix; the esophageal varices were ligated. The last
Doppler ultrasound showed a longitudinal liver diameter
of 14.7 cm, increased liver echogenicity, micronodular
pattern, spleen longitudinal length of 14.6 cm, and
increase in portal flux and collateral circulation with
porto-systemic shunts (splenorenal shunt and umbilical
vein recanalization) (Figure 2). The patient is currently
being treated with propranolol (2 mg/kg per day) for
gastrointestinal bleeding prophylaxis and vitamin K (10
mg/d) for prolonged bleeding times.
Sibling 2
Given the suspicion of a probable lysosomal storage
disease in sibling 1, we began the study of her now
4-year-old sister at six months of age. The initial physical
examination revealed reduced height and hepatomegaly,
which was confirmed by an abdominal ultrasound
showing the liver with a longitudinal diameter of 8.4
cm and increased echogenicity, and a spleen length of
7.1 cm. Laboratory tests revealed alterations in liver
function and lipid profile (Table 1); however, a bone
marrow aspirate indicated no evidence of storage disease.
Sphingomyelinase activity was 2.8 µmol/L per hour.
A recent endoscopy showed no varices, but Doppler
ultrasound demonstrated increased hepatic flux, without
porto-systemic shunts (Figure 2).
LAL enzymatic and molecular analyses
Following exclusion of Niemann-Pick diseases, a
diagnosis of LALD was considered for both siblings.
LAL activity was determined using a fluorescencebased whole blood assay with 4-methylumbelliferone[6],
which revealed < 0.02 pmol/punch*h (normal range:
24.00-134.00 pmol/punch*h) in dried blood and
0.000 nmol/punch*h in whole blood (normal range:
0.027-0.152 nmol/punch*h). LAL activity from dried
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A

B

C

D

E

F

Figure 1 Liver histopathology and endoscopy images from sibling 1. A: Presence of ballooning and pseudoacinar regeneration, with foamy cells (HE,
magnification × 400); B: Presence of portal triads expanded by fibrosis tissue and foamy cells (Masson’s tricromic, magnification × 400); C: Positive CD68
immunoreactivity in cells (CD68 immunostaining); D: Autofluorescence of foamy cells in portal spaces (Masson’s tricromic, magnification × 400); E: Duodenal biopsy
shows histiocytes with ceroid material in the lamina propria of the villi; F: Endoscopy showing esophageal varices.

that the father was a carrier of the c.294C>G mutation,
and the mother carried the c.253C>A mutation. This
confirmed the trans-state of mutations in the siblings.
Bioinformatics analyses using the Polyphen-2 and
Sorting Intolerant From Tolerant (SIFT) predictive
tools indicated that the exon 4 mutations are likely to
be pathogenic, which was also indirectly demonstrated
by the undetectable level of LAL activity in whole
blood and the very low incorporation of low-density
lipoprotein cholesterol in fibroblasts. These mutations
were not found in other patients with LALD studied at
the Massachusetts General Hospital, in the 1092 control
individuals of diverse ethnic background studied in the
1000 Genomes Project (http://www.1000genomes.
org), or in the 6500 samples from NHLBI GO Exome
Sequencing Project (http://evs.gs.washington.edu/EVS),

blood samples was 40.06 pmol/punch*h in the father,
and 19.53 pmol/punch*h (low normal) in the mother.
LIPA sequencing
Genomic DNA was extracted from dried blood spots,
and exons 1-10 of LIPA were amplified by polymerase
chain reaction and labeled with Big Dye Terminator
(Applied Biosystems of Thermo Fisher Scientific
Inc., Waltham, MA, United States) and resolved by
capillary electrophoresis on a 3730XL Genetic Analyzer
(Applied Biosystems). Sequencing revealed a previously
reported single nucleotide polymorphism within intron
5 (rs2297472; c.539-5C>T), along with two previously
unreported missense mutations in exon 4: c.253C>A
(p.Gln85Lys) and c.294C>G (p.Asn98Lys) (Figure 3).
Subsequent sequencing of exon 4 in the parents showed
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A

B

C

D

Figure 2 Comparison of Doppler ultrasound images from sibling 1 (A,C) and sibling 2 (B,D). A: Splenic vein with a spontaneous splenorenal shunt; B: Splenic
vein with collateral vessels at the hilum, without porto-systemic shunts; C: Dilated and tortuous vessels, collateral circulation and a spontaneous splenorenal shunt; D:
Absence of a splenorenal shunt.

A

Heterozygous exon 4 c.253C>A (p.Gln85Lys)
140

B

Heterozygous exon 4 c.294C>G (p.Asn98Lys)
180
190

130

150

Figure 3 Electropherograms showing the mutations in exon 4 of the LIPA gene. A: Mutation in exon 4: c.253C>A (p.Gln85Lys); B: Mutation in exon 4: c.294C>G
(p.Asn98Lys).
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suggesting that they are very rare.

hepatologists, should be aware of LALD in view of
the frequent reported pediatric presentations[3] and the
potential for misdiagnosis. Children can have all the
complications related to the progression of cirrhosis, such
as portal hypertension, ascites, esophageal/gastric varices,
coagulopathy and bleeding; but these complications may
not follow the adult pattern. Therefore, the detection of
fibrosis, which progresses to cirrhosis, is a priority for the
assessment of hepatic dysfunction, the need for hepatic
transplantation and prognosis. Hepatic biopsy is still the
most reliable assessment of progressive liver disease,
so it is necessary to develop and validate noninvasive
techniques that correlate with histopathology in order to
identify fibrosis and to evaluate response to treatment,
such as the recently developed dry blood spot assay for
diagnostic confirmation of LALD[6]. It is also necessary
to explore the use of Doppler ultrasound for identifying
subtle changes in portal flow, and the presence of
compensatory changes like recanalization of umbilical
vein and splenic renal shunts. Magnetic resonance
spectroscopy can be used to quantify intrahepatic fat in
LALD[19], but cannot evaluate the presence of fibrosis.
The progression to fibrosis in sibling 1 corresponded
with an increase in alanine aminotransferase levels,
altering the ratio with aspartate aminotransferase. The
patient also presented with a porto-systemic shunt (Figure
2) that likely maintained stable portal hypertension
and decreased the risk of variceal bleeding, despite the
extensive fibrosis. It is not clear if these changes are the
natural course of hepatic compromise in pediatric LALD
patients. Other cases of LALD in Mexican patients
demonstrate a rapid progression to hepatic failure[7-10].
Treatment for LALD has been limited to the use of
lipid-lowering drugs or hepatic transplantation, which
was performed in nine patients with mixed-results but
with no long-term follow-up[3]. Sebelipase alfa (Synageva
BioPharma Corp., Lexington, MA, United States), a
recombinant human LAL, is under development for use
as an enzymatic replacement therapy. The initial trial
in adults showed a decrease in serum lipids and liver
volume and normalization of liver transaminases[20,21],
and a phase 3 global trial is currently underway[22]. Timely
diagnosis, as well as incorporation of LAL activity in
newborn screening, will be needed to optimize the
time to begin enzymatic replacement therapy. Further
research is needed for evaluating additional therapies
for CESD patients, such as bone marrow and hepatic
transplantation.

DISCUSSION
There are several previous reports of severe LALD in
patients of Mexican origin. A Mexican family was studied
at Baylor College of Medicine in Texas with three affected
members who developed esophageal varices, hepatic
failure and pulmonary complications early in life[7-10].
Another Mexican female studied at the same institute
represented the first case of hepatic transplantation
in CESD after developing several complications[11]. In
Mexico, two infants were diagnosed with Wolman disease
by the characteristic adrenal calcification at autopsy[12,13],
and another case was diagnosed by the presence
of crystal structures upon electron microscopy [14].
Considering the severity of hepatic failure, it was thought
that Mexican patients had more severe alleles or genes
that modulated CESD[5]. Only two reports included a
molecular diagnosis: a male infant affected by LALD
(Mexican father and American mother) had Trp95X/
fs219 mutations[15]; and a female infant with a sibling that
died at three months had compound heterozygosity for
one new mutation: p.Gln98His/p.Gly342Arg[16].
The mutations found at amino acids 85 and 98 in
exon 4 reported here are novel and were associated
with undetectable whole blood enzyme activity, though
a different mutation has been reported at amino acid
85 (p.Gln85Arg)[3,17]. Although structural features of
the LAL protein are not well defined, exon 4 may be
functionally important as the majority of mutations are
within this exon[3,17] and its deletion causes LALD[3]. The
absence of detectable activity is an interesting finding
because these siblings had early non-fatal complications,
suggesting that LALD is a continuous phenotype with
some cases presenting overlapping features of Wolman
disease and CESD, and indicating that enzymatic
activity cannot predict the phenotype[3]. Studies of the
natural history of LALD and correlating genotype and
phenotype are urgently needed.
An exon 8 splice junction mutation (E8SJM) is
present in the majority of LALD cases[1]. A review of the
55 published cases of LALD with molecular analysis of
LIPA demonstrated that 89% of patients had the E8SJM
mutation in at least one allele [3]. Ethnicity influences
the prevalence of LALD, as a recent screen showed an
increased frequency of E8SJM carriers in Caucasian
and Hispanic populations (1:300) compared to African
American, Asian and Ashkenazi groups[18]. The cases
reported here demonstrate that despite a high prevalence
of the E8SJM allele, LALD can originate from alternate
mutations. In the Human Mutation Database, there are
only 48 LIPA mutations reported to date in infant (19
mutations) and child/adult (27 mutations) cases[17]. Thus,
further studies of carrier frequency of mutations in the
full LIPA gene are required.
Clinicians, particularly pediatric gastroenterologists/

WJG|www.wjgnet.com

CONCLUSION
LALD is an underdiagnosed pediatric disease requiring
an increased awareness and early diagnosis, particularly
in Caucasian and Hispanic individuals. This report
presents the cases of two siblings carrying two previously
unreported mutations in exon 4 of LIPA that likely
resulted in a deficiency of LAL activity with early
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symptomatology and complications.
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CASE REPORT

Simeprevir with peginterferon and ribavirin induced
interstitial pneumonitis: First case report
Katsuyoshi Tamaki, Akihiko Okubo
pneumonitis, which can be fatal. We experienced a
patient with interstitial pneumonitis that was induced
by simeprevir with PEG-IFN and RBV therapy for
chronic hepatitis C in the early stages of therapy (8 wk
after initiating therapy). This is the first case report of
interstitial pneumonitis with simeprevir with PEG-IFN
and RBV in the world. In addition, it is very interesting
that the onset of interstitial pneumonitis was earlier
than that in conventional PEG-IFN and RBV therapy.
This finding suggests that simeprevir augments the
adverse event. We present this case report in light
of relevant literature on interstitial pneumonitis with
conventional PEG-IFN and RBV therapy.
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Core tip: Simeprevir is recently being used as a
protease inhibitor for hepatitis C. Several reports
have indicated that simeprevir has clinically favorable
safety and tolerability profiles. However, this is the first
report of interstitial pneumonitis that was induced by
simeprevir with peg-interferon and ribavirin therapy
for chronic hepatitis C. Therefore, it is necessary to
carefully observe the presence of respiratory symptoms
in patients receiving this treatment.

Abstract
The effectiveness of hepatitis C treatment has
improved with the development of interferon (IFN),
and it has drastically improved with the development
of peg-interferon-α (PEG-IFN) in combination with
ribavirin (RBV) and, more recently, with the addition
of a protease inhibitor. Simeprevir, which is a secondgeneration protease inhibitor, has shown clinically
favorable safety and tolerability profiles. Simeprevir
received its first global approval in Japan in September
2013 for the treatment of genotype 1 chronic hepatitis
C in combination with PEG-IFN and RBV. One serious
adverse event associated with IFN therapy is interstitial
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Approximately 150 million people worldwide are
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infected with the hepatitis C virus (HCV). HCV can lead
to chronic hepatitis, liver cirrhosis, and hepatocellular
carcinoma; the treatment of patients with HCV typically
includes interferon (IFN) therapy.
The treatment of HCV has evolved over the past
20 years. Before 2011, the standard treatment was a
combination of IFN alpha-polyethylene glycol [pegIFN-α (PEG-IFN)], given as a weekly injection, and oral
ribavirin (RBV). In patients infected with HCV genotype
1, the most common genotype worldwide, the standard
treatment is a combination of PEG-IFN and RBV for
48 wk. This treatment results in only 40%-50% sustained
virological response (SVR)[1-3].
The effectiveness of treatment has improved with
the development of IFN, and it has drastically improved
with the development of PEG-IFN in combination with
RBV and, more recently, with the addition of a protease
inhibitor.
The first direct-acting antivirals (DAAs), the NS34A serine protease inhibitors boceprevir and telaprevir,
improved the rate of SVR; however, their toxicity in
combination with PEG-IFN and RBV limited their
overall efficacy[4]. In Japan, telaprevir or simeprevir is
recently being used as a protease inhibitor for hepatitis C.
Compared with PEG-IFN and RBV therapy, telaprevirbased triple therapy (with PEG-IFN and RBV) has a high
frequency and severe dermatological and hematological
adverse events (anemia)[5,6].
Several reports have indicated that simeprevir has
clinically favorable safety and tolerability profiles. The
report from the OPERA-1 study described adverse
events in treatment-naïve patients graded as 1 or 2 in
severity. The most common adverse events reported for
recipients of simeprevir were fatigue, nausea, asthenia,
diarrhea, bone pain, and dry skin[7]. One serious adverse
event associated with IFN therapy includes interstitial
pneumonitis, which can be fatal. Therefore, it is
necessary to carefully observe the presence of respiratory
symptoms (i.e., cough, dyspnea) in patients receiving this
treatment.
Here, we present a case of interstitial pneumonitis
that was induced by simeprevir with PEG-IFN and RBV
therapy for chronic hepatitis C and began in the early
stages of therapy (8 wk after the initiation of therapy).
This is first case report of interstitial pneumonitis with
simeprevir with PEG-IFN and RBV in the world.
In addition, the onset of interstitial pneumonitis
was earlier than that of interstitial pneumonitis in
conventional PEG-IFN and RBV therapy. This suggests
simeprevir augments this adverse event. We report our
case with relevant literature on interstitial pneumonitis
with conventional PEG-IFN and RBV therapy.

Table 1 Patient’s laboratory findings prior to receiving
treatment
Value

WBC
RBC
Hb
Plt
PT-INR
AST
ALT
TP
Alb
TBIL
ALP
γ-GTP
CRP
LDH
UA
BUN
Cr
Na
K
HBsAg
HCVAb
HCV-RNA
Genotype

5600/μL
481 × 104/μL
14.1 g/dL
15.2 × 104/μL
1.17
63 IU/L
48 IU/L
7.6 g/dL
3.7 g/dL
1.3 mg/dL
554 IU/L
27 IU/L
< 0.10 mg/dl
285 U/L
4.6 mg/dL
5.8 mg/dL
0.7 mg/dL
141 mEq/l
4.2 mEq/l
(-)
(+)
5.6 LogIU/ml
1B

WBC: White blood cells; RBC: Red blood cells; Plt: Platelets; PT:
Prothrombin time; AST: Aspartate aminotransferase; ALT: Alanine
aminotransferase; TP: Total protein; Alb: Albumin; TBIL: Total bilirubin;
ALP: Alkaline phosphatase; γ-GTP: Gamma glutamyl transpeptidase; CRP:
C-reactive protein; LDH: Lactate dehydrogenase; UA: Uric acid; BUN:
Blood urea nitrogen; Cr: Creatinine; Na: Natrium; K: Potasium; HBsAg:
Hepatitis B surface antigen; HCV: Hepatitis C virus antibody; HCV-RNA:
Hepatitis C virus ribonucleic acid.

no history of autoimmune or pulmonary disease. In
2011, she was treatment naïve when she began a 72-wk
PEG-IFN α -2A + RBV therapy. HCV RNA became
undetectable at week 16, and it remained undetectable
throughout the remaining treatment. However, a relapse
occurred 2 mo later during a follow-up examination.
From January 2014, she was treated with triple therapy
that included simeprevir, PEG-IFNα-2A, and RBV. The
HCV RNA level immediately decreased at week 1 to 2.2
log10 IU/mL, and HCV RNA was undetectable at week 4.
There were no adverse events or abnormalities other than
mild anemia and neutropenia identified with hemogram
and biochemistry at week 7. However, she visited our
hospital for dyspnea on effort and a mild dry cough that
appeared at approximately week 8. Her basal oxygen
saturation was 98% (room air); however, her physical
examination revealed a bibasailar mild, fine crackle, and
high-resolution computed tomography (CT) revealed
bilateral ground-glass opacities (Figure 1A). In addition,
her KL-6 was elevated to 3021 U/mL.
Based on these findings, we diagnosed her with
interstitial pneumonitis caused by simeprevir with PEGIFNα-2A and RBV therapy. Interstitial pneumonitis
was grade 2 on the World Health Organization grading
scale (Table 2). Following her diagnosis, we immediately
discontinued the treatment and administered 20 mg of

CASE REPORT
A 70-year-old female was diagnosed with chronic
hepatitis C in 1994, and she underwent treatment at
the outpatient clinic of our hospital (Table 1). She had
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A

Table 2 Post medical history and complication (interstitial
pneumonitis)

Incidence
Incidence rate
Dead
Dead/incidence

positive

negative

11
0.026%
1
9.1%

113
0.27%
12
10.6%

Japanese Welfare Ministry report include an interstitial pneumonitis
incidence number. Total estimated number of patients was 42600 and total
an interstitial pneumonitis incidence number was 124 (0.29%).

(46.6%), pruritus (24.1%), hyperbilirubinemia (22.2%),
constipation (6.7%), and photosensitivity reaction (1.8%).
However, no interstitial pneumonitis was reported in
these studies. Nearly all patients receiving simeprevir
with PEG-IFN and RBV experience adverse events
that can be serious. Fatigue and flu-like symptoms are
common, and psychiatric symptoms, weight loss, seizures,
peripheral neuropathy, and bone marrow suppression can
also occur. RBV causes hemolysis and skin complications
and is teratogenic[11]. The adverse events associated with
PEG-IFN α -2A that were described previously in a
Japanese Welfare Ministry report include an interstitial
pneumonia incidence rate of 0.3%. The shortest onset
time was 11 wk, and the longest reported onset time was
38 wk (mean 16 wk). This is the first case of interstitial
pneumonia with triple therapy (simeprevir with PEGIFNα-2A and RBV). This case was observed in week 8;
this was earlier than the cases of interstitial pneumonitis
with PEG-IFNα-2A observed previously. Moreover,
the immunological and pharmacokinetic properties of
PEG-IFNα-2a, with the longest half-life, may act to
trigger the pathophysiologic mechanisms of interstitial
pneumonitis. The mechanism of this adverse event
remains unclear; however, it is considered idiosyncratic
and is probably related to the IFN immunomodulatory
activity that includes the induction of enzymes,
suppression of cell proliferation, enhancement of
macrophage phagocytic activity, inhibition of suppressor
T cells, and liberation of proinflammatory cytokines[12-14].
Although co-administration of RBV does not affect the
pharmacokinetics of PEG-IFN, these drugs altogether
have enhanced toxicity. In addition, clinically relevant
drug-drug interactions between PEG-IFN alfa-2a (40
KD) and agents metabolized via the hepatic P450 system
are unlikely to occur[15].
Simeprevir inhibits OATP1B1/3 and P-glycoprotein
transporters. Co-administration of simeprevir with drugs
that are substrates of OATP1B1/3 and P-glycoprotein
transport may result in increased plasma concentrations
of these drugs [16] . Therefore, it is possible that a
combination of drugs will result in greater pulmonary
toxicity. However, further studies are required to confirm
this possibility. The fact that reports of pneumonitis
associated with RBV monotherapy and simeprevir
monotherapy have not been published till date enhances
the probability of interstitial pneumonitis induced by

B

Figure 1 computed tomography. A: Computed tomography (CT) revealed
bilateral ground-glass opacities; B: After 3 wk, the ground-glass opacities
improved on chest CT.

oral prednisolone daily.
After beginning prednisolone therapy, her respiratory
symptoms gradually improved, and the groundglass opacities improved on chest CT (Figure 1B).
Prednisolone was then gradually tapered down by 5 mg
every 3 d, and her respiratory symptoms disappeared.
She had maintained persistent undetectable HCV RNA
and achieved normal ALT levels at a follow-up visit 2 mo
after the end of the treatment.

DISCUSSION
Simeprevir received its first global approval in Japan
in September 2013 for the treatment of genotype 1
chronic hepatitis C in combination with PEG-IFN and
RBV. Simeprevir is administered as a pill once daily. It
is a small-molecule macrocyclic drug that targets and
selectively inhibits HCV NS3/4A serine protease, thereby
blocking the enzyme that enables HCV to replicate in
host cells[8].
Compared with a placebo, treatment with simeprevir,
PEG-IFN, and RBV resulted in significantly higher SVR
rates in the overall patient population[9]. In a Japanese
study, SVR at 12 wk after the end of treatment was
achieved in 88.6% of simeprevir-treated patients and
61.7% of placebo-treated patien[10]. In Phase I and phase
II studies conducted in Japan, the rate of adverse events
was reported to be 97.7% (426/436). The most common
adverse events and their incidence were as follows: rash
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interstitial pneumonitis developed by the patient after 8 wk of treatment.

PEG-IFN in the present case.
In spite of the additional efficacy and safety of PEGIFN, which is largely used in combination with simeprevir
to treat chronic hepatitis C, we report a case of interstitial
pneumonitis related to PEG-IFN α -2a, notifying
physicians about this pulmonary nonspecific adverse
event with potential severity, given the insufficiency of
publications regarding this risk during the treatment of
chronic hepatitis C.
In most cases, symptoms of pneumonitis are
reversible after cessation of treatment with IFN and
RBV. There is no consensus with regard to the treatment
of interstitial pneumonitis induced with IFN and RBV.
Upon review of the literature, three options are possible.
The first option is to stop the combination treatment
of HCV and wait until the disease resolves, which was
done in a limited number of cases. The second option
is to administer steroids, although the dosage and route
of administration regimes vary widely. The third option,
i.e., adding azathioprine to steroids in therapy-resistant
relapsing cases, may be beneficial for resolving interstitial
pneumonitis[17]. A shorter overall treatment duration
is acceptable in patients with chronic HCV infection
because it reduces the exposure to PEG-IFN and RBV,
thereby resulting in a reduced incidence of adverse
events[18-20].
In conclusion, interstitial pneumonitis with triple
therapy, including simeprevir, PEG-IFNα-2A, and RBV,
is rare but can be fatal. Larger and longer studies are
required to assess the efficacy and safety of simeprevir
for HCV infection.
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CASE REPORT

Pancreatic mass as an initial manifestation of polyarteritis
nodosa: A case report and review of the literature
Yoshihiro Yokoi, Ippei Nakamura, Takeshi Kaneko, Tomoki Sawayanagi, Youichi Watahiki, Makoto Kuroda
A 66-year-old woman presented with fever, cholestasis
and positive MPO-ANCA. Radiological examination
showed a pancreatic mass compressing the bile duct.
Therefore, we performed pancreatoduodenectomy.
Histopathological examination revealed that necrotizing
vasculitis predominantly affecting the medium-sized
vessels, spared arterioles or capillaries in the pancreas, a
finding consistent with PAN. Unexpectedly, renal biopsy
revealed small-caliber vasculitis and glomerulonephritis,
supporting MPA. The initial manifestation of a pancreatic
mass associated with vasculitis has only been reported
in 7 articles. Its diagnosis is challenging because no
reliable clinico-radiological findings have been observed.
Clinicians should be aware of such cases and early
diagnosis followed by immunosuppression is mandatory.
Our findings may reflect a polyangiitis overlap syndrome
coexisting between pancreatic PAN and renal MPA.
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Core tip: A 66-year-old woman presented with a
pancreatic mass accompanied by fever, cholestasis and
positive myeloperoxidase anti-neutrophil cytoplasmic
antibodies. The resected pancreas showed extensive
fibrosis associated with necrotizing vasculitis, targeting
medium-sized vessels but sparing small-caliber
vessels, a finding compatible with polyarteritis nodosa.
Unexpectedly, renal biopsy revealed small-caliber
vasculitis and glomerulonephritis, supporting microscopic
polyangiitis. The initial manifestation of a pancreatic
mass associated with vasculitis has only been reported in
7 articles. Although rare, vasculitis should be included in a
differential diagnosis for pancreatic masses. Additionally,
our findings may reflect a polyangiitis overlap syndrome
coexisting between pancreatic polyarteritis nodosa and
renal microscopic polyangiitis.

Abstract
Classic polyarteritis nodosa (PAN) that targets mediumsized muscular arteries and microscopic polyangiitis
(MPA), characterized by inflammation of small-caliber
vessels and the presence of circulating myeloperoxidase
anti-neutrophil cytoplasmic antibodies (MPO-ANCA), are
distinct clinicopathological entities of systemic vasculitis.
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showed slight elevations of IgG [1902 mg/dL (820-1740
mg/dL)] and IgA [628 mg/dL (90-400 mg/dL)], but IgM
and IgG4 levels were normal. Autoimmune investigations
showed elevated MPO-ANCA levels [473 IU/mL (< 3.5
IU/mL)] in addition to a slight elevation of anti-nuclear
antibodies (1:64) and rheumatoid factor. Proteinase
3-ANCA, serum hepatitis B surface antigen and hepatitis
C virus antibodies were not detected. No bacteria grew
on blood culture. Urinalysis revealed proteinuria (2+) and
hematuria (2+) with hyaline casts.
A hypoechoic 2.0 cm mass was observed in the
pancreatic head on an abdominal ultrasonogram (Figure
1A). The corresponding lesion was an ill-defined
hypodense mass with poor enhancement, observed
by using a CT scan, and it compressed the distal
common bile duct (CBD) and pancreatic duct (PD)
(Figure 1B-E). The walls of the gallbladder and bile
duct were thickened (Figure 1D, E). A chest CT scan
showed slight changes, including bronchial dilation and
peripheral inflammation with a centrilobular distribution.
Angiographic reconstruction using a CT scan showed
normal visceral arteries of the superior mesenteric
artery (SMA) and celiac systems. Vascular stenosis or
aneurysms were not detectable. Endoscopic retrograde
cholangiopancreatography (ERCP) demonstrated a
double duct sign with compression of the distal CBD and
tortuous dilation of the PD (Figure 1F). Bile cytology and
culture were negative according to the results obtained
after using the sample via naso-biliary drainage.
We could not exclude the possibility of pancreatic
cancer as a cause of the patient’s fever and therefore we
performed a pylorus-preserving pancreatoduodenectomy.
The pancreatic mass was soft on palpation and did not
invade the adjacent tissues. Intraoperative ultrasonography
revealed an ill-defined pancreatic mass with low
echogenicity. The postoperative course was uneventful and
the patient’s fever completely resolved with a reduction of
CRP levels.
In the resected pancreas, the focal stenosis in the CBD
was approximately 2 cm distal to the ampulla of Vater.
There was marked fibrosis adjacent to the intrapancreatic
CBD and PD (Figure 2A). The affected small to mediumsized arteries in the fibrosis were characterized by
necrotizing arteritis with subintimal fibrinoid necrosis,
disruption of the elastic laminae, perivascular fibrosis
and inflammatory cell infiltration (Figure 2A, B). Vessel
occlusion or thrombus was also observed (Figure 2A).
Small-caliber vessels such as the arterioles, capillaries
or venules were spared. Granulomatous inflammation
and significant eosinophil infiltration were not found.
The fibrotic lesion extended longitudinally towards the
hepatic hilus along the bile duct. Necrotizing vasculitis was
also observed in the walls of the proximal bile duct and
gallbladder but their mucosal layers were well preserved
(Figure 2C). The duodenum also showed arterial changes.
These vascular changes were compatible with classical PAN.
To confirm systemic vasculitis, a renal needle biopsy
was performed. Global sclerosis affected 20% of the
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INTRODUCTION
Systemic vasculitis is characterized by a variety of
clinical manifestations and courses, depending upon
the organ involved. Among the classifications for
systemic vasculitis, the Chapel Hill consensus conference
(CHCC) nomenclature is widely accepted[1,2]. Vasculitis
affecting small-caliber blood vessels (arterioles, venules or
capillaries) often accompanies anti-neutrophil cytoplasmic
antibodies which are postulated to play a major
pathological role in developing necrotizing vasculitis[3].
Such ANCA-associated vasculitis includes the following
3 clinicopathological variants: microscopic polyangiitis
(MPA), granulomatosis with polyangiitis (GPA) and
eosinophilic granulomatosis with polyangiitis[2]. Among
them, MPA is characterized by non-granulomatous
inflammation, few or no immune deposits (pauciimmune), glomerulonephritis and the presence of
myeloperoxidase (MPO)-ANCA[2].
Another category of vasculitis, classic polyarteritis
nodosa (PAN), targets small and medium-sized muscular
arteries, spares small-caliber vessels and causes diffuse
vascular inflammation, ischemia or rupture of affected
organs[4]. Although PAN frequently complicates the skin,
joints, kidneys and gastrointestinal system, initial and
symptomatic involvement of the pancreatobiliary system
has only been reported in rare cases[5-8].
Herein, we report a patient presenting with fever,
cholestasis and a pancreatic mass compressing the bile
duct as a clinical feature of PAN.

CASE REPORT
A 66-year-old woman presented with a 2 wk history of
intermittent high-grade fever (approximately 39 ℃). She
did not report arthralgia, myalgia or abdominal symptoms.
Approximately 1 mo before admission, she underwent
tympanotomy for left otitis media. Her medical history
was noncontributory. She denied alcohol and drug use.
Laboratory examination showed elevated biliary enzyme
levels, including an alkaline phosphatase level of 717
U/L (115-359 U/L), gamma glutamyl transpeptidase
levels of 238 U/L (10-47 U/L) and C-reactive protein
(CRP) levels of 8.30 mg/dL (< 0.30 mg/dL). Serum
levels of amylase, aspartate aminotransferase, alanine
aminotransferase, blood urea nitrogen, creatinine,
carcinoembryonic antigen, carbohydrate antigen 19-9
and procalcitonin were normal. The levels of glycated
hemoglobin were slightly elevated. Leukocytosis and
eosinophilia were not present. Immunological data
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Figure 1 Preoperative images. A: An ultrasonogram showing a slightly ill-defined hypoechoic mass at the pancreatic head; B-E Abdominal CT scans: The pancreatic
mass is slightly hypodense on simple CT; C: Enhanced CT shows a non-enhancing mass (arrow) located adjacent to the bile duct (arrowhead) at the arterial phase.
Note that the walls of the gallbladder (asterisk) and bile duct are thickened; D and E; The mass has sporadic enhancement at the later phase; F: A Cholangiogram
showing a tapered distal biliary stricture consistent with extrinsic compression by the pancreatic mass. CT: Computed tomography.

glomeruli, whereas a cellular crescent was observed in
10% (Figure 2D). Interstitial fibrosis was observed in
the tubulointerstitial area. Both active and healed stages
of vasculitis were observed in the small arteries and
capillaries (Figure 2E). Immune complexes were not
detectable. These pathological findings were compatible
with the renal changes of MPA according to the CHCC
nomenclature[1,2].
Therapy with prednisone and cyclophosphamide was
undertaken to induce remission of the systemic vasculitis.
The patient has remained asymptomatic 6 mo after the
operation.

the words “vasculitis”, “pancreas”, “tumor” or “mass” in
their title. Among them, 7 articles providing radiological
and histopathological descriptions were reviewed (Table
1). Including our case, there were 3 PAN[5,6], 3 GPA[8-10]
and 2 localized PAN [11,12]. The former 2 were major
vasculitis presenting with a tumor-like lesion in the
urogenital system and breast or kidney, respectively[6]. The
median age was 62 years (range: 44-66 years), with a male
predominance (5:3 ratio). Three patients were Japanese, 2
were white and 1 was Jewish. The symptoms were varied
and nonspecific, including abdominal pain (5 patients),
fever (3 patients), otitis media (2 patients) and jaundice
(1 patient). All lesions were 2-3 cm in diameter and
were localized in the head (6 patients), neck (1 patient)
and both body and tail of the pancreas (1 patient). The
gallbladder was also affected in 2 PAN patients. Among
4 cases analyzed, ANCA was positive in 3 (GPA, 2;
PAN, 1). Use of glucocorticoids and a cytotoxic agent
was effective in all cases if treated, otherwise rapid
deterioration of necrotizing vasculitis was fatal, as shown
in case 5. These findings indicate that early introduction
of immunosuppressive treatment based on accurate
diagnosis is crucial for a better outcome.
One of the obstacles in treatment strategy for a
vasculitis-induced pancreatic mass is the difficulty in
diagnosing it. Our review showed that 7 of 8 patients
were diagnosed only after surgery or autopsy (Table 1).
Besides neoplasm, the pancreatic mass can encompass a
variety of diseases, such as an inflammatory pseudotumor

DISCUSSION
In the present patient, a pancreatic mass accompanied
by fever and cholestasis was observed; surgical removal
successfully improved the patient’s clinical symptoms
and data. Pathological study demonstrated extensive
vascular injury in the pancreas, bile duct, gallbladder and
duodenum. The affected vessels were small and mediumsized arteries and arterioles and capillaries were spared,
a finding consistent with classic PAN[1,2,4]. Initial clinical
manifestation of vasculitis in the pancreatobiliary system
is uncommon, with only a few reports documenting
pancreatitis or cholecystitis[7]. Other forms of pancreatic
vasculitis, including mass formation, are extremely rare.
The articles reporting a pancreatic mass associated with
vasculitis were collected through a literature search with
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Figure 2 Histological findings of the pancreas, gallbladder and kidney. A: Pancreatic fibrotic changes adjacent to the bile duct (asterisk) are evident. An
obliterated medium-sized artery (arrow) is accompanied by cellular infiltration and destruction of the wall. The bile duct mucosa is intact (hematoxylin-eosin stain;
original magnification, × 40); B: The affected small-sized artery in the pancreatic fibrosis is characterized by necrotizing arteritis with subintimal fibrinoid necrosis and
inflammatory cell infiltration (hematoxylin-eosin stain; original magnification, × 100); C: The arteries of the gallbladder are also involved: the mucosa is preserved
(hematoxylin-eosin stain; original magnification, × 40); D and E: Renal biopsy showed segmental sclerosis and collapse with a fibrocellular crescent (D: Periodic acidShiff’s stain, original magnification, × 200) and vasculitis of a small-sized artery (E: Periodic acid-Shiff’s stain, original magnification, × 100 ).

Table 1 Reported cases of pancreatic tumor associated with vasculitis
Ref.

Age/sex/
race etc .

Ito et al[11]
O'Neil et al[8]

Damani et al[5]

Final
diagnosis

44/M/ Localized
Japanese
PAN
62/M/
GPA
White

Symptoms
Epigastralgia

Sites
involved

Prior
diagnosis

Tumor size
imaging findings

Diagnostic
criteria

Pancreas

Patient

Head

No

ND
ERCP: CBD stenosis
3 cm
CT: mass
US: hypoechoic
ERCP: CBD stenosis

ND

Underwent PD

Discharged

Jaundice
Head
Otitis media Gallbladder
Nasal ulceration

No

No

46/F/
ND

PAN

Right upper
abdominal pain

65/ M/
Jewish

PAN

Matsubayashi 65/M/
et al[9]
Japanese

GPA

Epigastralgia
Head
Weight loss
Low grade fever
Left abdominal Body and
pain
Tail
Constipation
Low grade fever
Tympanitis

Tinazzi et al[10]

48/F/
ND

GPA

Mid-epigastric
pain

Head

No

Gonzalez-Gay
et al[12]

75/M/
White

Localized
PAN

Epigastralgia

Head

No

Kariv et al[6]
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No

S/O
GPA
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Outcome

ANCA (+)
Improved on
Improved on
Needle biopsy:
CYC + CS
CYC + CS
non diagnostic
Renal biopsy:
confirmed
2 cm
Needle biopsy: Cholecystectomy
Died (20 d)
US: hypoechoic
non diagnostic
Distal Px
Various
CT: low attenuation, Postoperative
complication
nonenhancing mass histopathology
3 cm
Needle biopsy: Underwent PD Remission on
CT: mass
chronic
CS
pancreatitis
12
ND
PR3-ANCA (+)
No
Died
CT: Enlargement
Autopsy
Hemorrhagic
of pancreas with
pneumonia
sporadic low density
Diffuse
lesions
necrotizing
pancreatitis
2 cm:
Postoperative Underwent PD
Improved on
US: Hypoechoic
histopathology
CYC + CS
MRCP: Obstruction
of pancreatic duct
ND
Postoperative Underwent PD
Discharged
histopathology
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66 /F/
Japanese

PAN
Renal
MPA

Otitis media
Fever

Head
Gallbladder
Bile duct
Duodenum

No

2 cm
US: Hypoechoic
CT: Hypodense
Non-enhancing

MPO-ANCA(+)
Postoperative
histopathology

Underwent PD

Improved on
CYC + CS
Discharged

PAN: Polyarteritis nodosa; ERCP: Endoscopic retrograde cholangiopancreatography; CBD: Common bile duct; PD: Pancreatoduodenectomy; GPA:
Granulomatosis with polyangiitis; US: Ultrasonography; ANCA: Anti-neutrophil cytoplasmic antibody; CYC: Cyclophosphamide; CS: Corticosteroids;
Px: Pancreatectomy; S/O: Suspect of; PR3: Proteinase 3; MRCP: Magnetic resonance cholangiopancreatography; MPA: Microscopic polyangiitis; MPO:
Myeloperoxidase.

Differential diagnosis

(IPT). IPT includes autoimmune pancreatitis, groove
pancreatitis and lipomatosis[13]. As shown in Table 1,
regardless of different types of vasculitis, vasculitisassociated masses were hypoechoic and hypodense with
poor encasement on a CT scan, making it difficult for
differentiation from pancreatic cancer or IPT. For a
focal pancreatic lesion, fine-needle biopsy is widely used
with abdominal or endoscopic ultrasonography and it
is useful in autoimmune pancreatitis[14]. However, fineneedle biopsy has potential sampling error problems;
indeed, ultrasound or CT-guided needle biopsy failed to
be diagnostic for pancreatic GPA (case 2) and PAN (cases
3 and 4). Negative findings do not exclude the possibility
of malignancy and there is a risk of needle tract seeding
or dissemination of tumor cells[15]. Thus, the diagnostic
procedure is challenging. Some clinicians do away with
the preoperative evaluation in patients with operable
focal lesions of a clinically and radiologically suspicious
malignancy. The common use of ANCA tests in the
future would enhance preoperative diagnosis and avoid
unnecessary radical operations.
Another interesting finding in this case was the
coexistence of different entities of vasculitis, such as PAN
in the pancreatobiliary system and MPA in the kidneys.
The renal histopathological findings of small-caliber vessel
(arteries and capillaries) vasculitis and positive MPOANCA supported the MPA diagnosis[2,3]. PAN and MPA
had often been diagnosed together until the proposal
of the CHCC nomenclature and distinguishing between
these 2 entities is not clinically always straightforward[16].
Our case may represent the so-called polyangiitis overlap
syndrome which is characterized by systemic vasculitis
with features that overlap more than 1 type of vasculitis[17].
Alternatively, it is possibly a coincidence or part of the
MAP or PAN spectrum. Renal MAP has been reported
to complicate vasculitic disorders that can be attributed to
PAN, such as a rupture of branch of the celiac[18] or SMA
system[19] and coronary angiitis[20].
In conclusion, we encountered a patient with a pancreatic
mass associated with PAN. A literature review revealed that
pancreatic masses have been reported in 7 patients with
primary vasculitis. Because of its rarity and lack of reliable
discrimination from pancreatic cancer, clinicians should be
aware of such cases and that early diagnosis followed by
immunosuppressive treatment is mandatory.

An inflammatory pseudotumor and pancreatic neoplasms, including cancer.

Laboratory diagnosis

Laboratory examination showed elevated levels of biliary enzymes (alkaline
phosphatase and gamma glutamyl transpeptidase), C-reactive protein and
myeloperoxidase-anti nuclear cytoplasmic antibodies.

Imaging diagnosis

An abdominal computed tomography revealed an ill-defined 2.0 cm pancreatic
mass with poor enhancement compressing the distal common bile duct (CBD)
and pancreatic duct, as well as the thickened walls of the CBD and gallbladder.

Pathological diagnosis

The resected pancreas revealed extensive fibrosis associated with necrotizing
vasculitis targeting medium-sized vessels and sparing small-caliber vessels.

Treatment

The patient underwent surgical resection followed by immunosuppression after
pathological diagnosis of polyarteritis nodosa.

Related reports

A pancreatic mass as an initial manifestation of vasculitis is extremely rare, with
only 7 cases reported in the literature.

Experiences and lessons

The case emphasizes that vasculitis should be included in the differential
diagnosis of a pancreatic mass accompanied by fever.

Peer review

Although immunosuppression is the optimal treatment for a vasculitisassociated pancreatic tumor, the diagnosis is challenging because of its rarity
and lack of discrimination from pancreatic cancer.
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CASE REPORT

Rare case of pancreatic cancer with leptomeningeal
carcinomatosis
In Kyung Yoo, Hong Sik Lee, Chang Duk Kim, Hoon Jai Chun, Yoon Tae Jeen, Bora Keum, Eun Sun Kim,
Hyuk Soon Choi, Jae Min Lee, Seung Han Kim, Seung Joo Nam, Jong Jin Hyun
carcinomatosis is characterized by multifocal seeding
of the leptomeninges by malignant cells that originate
from a solid tumor. To the best of our knowledge, brain
metastasis from pancreatic cancer is extremely rare.
Leptomeningeal carcinomatosis is estimated to occur
in 3% to 8% of cases of solid tumors. The clinical
manifestation usually involves neurological symptoms,
including dizziness, headache, vomiting, nausea, and
hemiparesis, symptoms similar to those of meningitis or
brain tumors. Diagnostic methods for leptomeningeal
carcinomatosis include brain magnetic resonance imaging
and cerebrospinal fluid examination. Here, we describe
a case of leptomeningeal carcinomatosis in which the
primary tumor was later determined to be pancreatic
cancer. Brain magnetic resonance imaging findings
showed mild enhancement of the leptomeninges, and
cerebrospinal fluid cytology was negative at first. However,
after repeated spinal taps, atypical cells were observed on
cerebrospinal fluid analysis and levels of tumor markers
such as carbohydrate antigen 19-9 in cerebrospinal
fluid were elevated. Abdominal computed tomography,
performed to determine the presence of extracerebral
tumors, revealed pancreatic cancer. Pancreatic cancer
was confirmed histopathologically on examination of
an endoscopic ultrasound-guided fine needle aspiration
specimen.
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Core tip: Leptomeningeal carcinomatosis with pancreatic
cancer is a relatively rare finding. To date, only a few
cases of brain metastasis originating from pancreatic
cancer have been reported. Here, we report on a patient
presenting with neurologic symptoms who was found to
have pancreatic cancer with leptomeningeal metastasis,
and we review the relevant literature.

Abstract
Leptomeningeal carcinomatosis occurs very rarely
in patients with pancreatic cancer. Leptomeningeal
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range: 50-75 mg/dL), an adenosine deaminase level
of 3.8 IU/L, and negative results on tuberculosis (Tb)
polymerase chain reaction and acid-fast bacilli staining.
CSF cytology showed no atypical cells. The opening
pressure was 12.5 cmH2O (normal range: 8-15 cmH2O).
Although the CSF analysis results indicated no specific
abnormality, Tb treatment was started as a preventative
measure for Tb meningitis, which was prevalent in South
Korea. On the basis of these results, the possibility of
a pineal gland tumor with leptomeningeal metastasis
or an extracerebral tumor with LC was also explored.
However, the brain tumor with pineal gland involvement
which seeding to meninges is very rare and definitive
diagnosis was not made before autopsy. Accordingly,
computed tomography (CT) and serum tumor marker
measurement were performed to determine the presence
of extracerebral tumors. Contrast CT of the chest and
abdomen/pelvis showed an infiltrating mass in the
body of the pancreas encasing the celiac trunk, with
lymph node enlargement in the left paraaortic area,
indicative of liver metastases (Figure 2). The serum
carbohydrate antigen (CA) 19-9 level was elevated at
8310 IU/mL (normal range, 0-37 IU/mL). Endoscopic
ultrasonography showed an ill-defined lesion in the body
of the pancreas; the presence of adenocarcinoma cells
was confirmed by histopathological examination of a
fine-needle aspiration specimen.
A repeat examination of CSF was performed,
including tumor marker measurement. Elevated levels
of CA 19-9 (10000 IU/mL; normal range, 0-32 IU/mL)
and carcinoembryonic antigen (CEA) (23.2 ng/mL;
normal range, 0-5 mg/mL) were detected. At the third
spinal tap for CSF, atypical cells were present, which
were not detected previously. The pineal gland tumor
which metastasis to meninges is mostly germ cell tumor
even its prevalence is rare, and usually show elevation
of α-Fetoprotein or β-chorionic gonadotropin in CSF.
Given the markedly elevated CA 19-9 level in serum and
CSF and the clinical and radiologic findings (brain MRI
and abdominal CT), a diagnosis of metastatic pancreatic
cancer, rather than leptomeningeal seeding from the
pineal gland tumor or meningitis, was made.
The patient’s Eastern Cooperative Oncology Group
performance status was 3, and he was capable of limited
self-care, being confined to a bed or chair for more than
50% of the time for which he was awake. He wished to
continue treatment for as long as tolerable. Whole brain
radiation with a palliative intent was initiated. Intrathecal
chemotherapy was deferred because of the patient’s
poor performance status. After four rounds of radiation
therapy, the patient was transferred to another, affiliated
hospital near house for his wish. Therefore, the patient
could not be followed-up thereafter.

Yoo IK, Lee HS, Kim CD, Chun HJ, Jeen YT, Keum B, Kim
ES, Choi HS, Lee JM, Kim SH, Nam SJ, Hyun JJ. Rare case of
pancreatic cancer with leptomeningeal carcinomatosis. World J
Gastroenterol 2015; 21(3): 1020-1023 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i3/1020.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i3.1020

INTRODUCTION
Pancreatic cancer is the fourth frequent cause of cancerrelated deaths in the United States[1]. At the time of
diagnosis, most patients have locally advanced or
metastasized disease and therefore do not qualify for
surgical treatment, resulting in a very poor prognosis with
a 5-year survival rate of less than 5%[2]. However, central
nervous system (CNS) involvement is rare in pancreatic
cancer. Metastatic leptomeningeal carcinomatosis (LC)
is estimated to occur in 3% to 8% of cases of solid
tumors[3]. Particularly, in patients with pancreatic cancer,
the development of metastasis to the CNS is rare
(occurring in approximately 0.3% of cases). According to
the literature, leptomeningeal metastasis from pancreatic
cancer has been reported in only 12 cases.
In this report, we discuss a rare case of pancreatic
cancer leading to LC.

CASE REPORT
An 80-year-old man was admitted to the neurology
department of our hospital in February 2014 because of
episodes of headache and seizure. The headaches began
5 wk before hospital admission and increased in intensity
and frequency. Seizure episodes were observed 5 d before
admission to the hospital. The duration of each seizure
was approximately 10 s, and these were accompanied
by upward deviation of the eyeballs. The seizures were
generalized tonic-clonic seizures, and the patient was
responsive after 3 to 4 min. He had a 40-year history of
smoking one pack of cigarettes per a day and no specific
family history of other diseases.
The patient had no other complaints except for recent
weight loss of 5 kg over 4 mo. On physical examination,
he exhibited no focal neurological signs such as abnormal
reflexes, sensory deficit, nystagmus, or neck stiffness.
His vital signs were as follows: blood pressure, 110/70
mmHg; pulse rate, 72 beats/min; and respiratory rate,
20 breaths/min. Breathing sounds were clear, and heart
sounds were regular and without murmur. Findings
of the laboratory workup on admission were normal.
Magnetic resonance imaging (MRI) of the brain (Figure
1) revealed mild leptomeningeal enhancement in the
cerebellar folia and bilateral temporoparietal meninges
and solid enhancement in the pineal gland. Laboratory
analysis showed relatively normal cerebrospinal fluid
(CSF), 4 white blood cells per µL, slightly elevated protein
level of 65.3 mg/dL (normal range: 10-45 mg/dL), a
slightly decreased glucose level of 31 mg/dL (normal
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Pancreatic cancer is a common malignancy and often
presents at an advanced stage. Despite advances in early
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Figure 1 Brain magnetic resonance imaging findings. A: Pineal gland and parietal leptomeningeal enhancement on a T1 axial image (arrows); B: Pineal gland and
cerebellar folia enhancement on a T1 sagittal image (arrows).

A

B
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Figure 2 Computed tomography scans of the abdomen and pelvis. A: An infiltrating pancreatic neoplasm involving the body encasing the celiac axis (arrows); B:
Low-density lesion at the left lateral segment of the liver (arrow); C: Lymph node enlargement in the left paraaortic area (arrows).

diagnosis and therapy, the survival rate has not changed
during recent years. This is because early diagnosis is
difficult owing to nonspecific symptoms or the absence
of symptoms and because the etiology of pancreatic
cancer is unknown.
LC, wherein tumor cells metastasize to the leptomeninges
and CSF, is a particularly virulent syndrome with extremely
high morbidity and mortality[4-7].
Patients with LC can present with symptoms similar
to those of infectious meningitis, such as headache, neck
stiffness, nausea, and vomiting[8].
The diagnosis of LC is difficult in most patients
because this requires the detection of malignant cells on
CSF cytology. As seen in this case, malignant cells are
rarely found initially. They are detected in the initial CSF
sample in only 50% of patients with LC. Repeat CSF
analysis has been found to improve the yield to 90%[9]. At
the time of lumbar puncture, an elevated opening pressure
of the CSF, an elevated protein level, and a decreased
glucose level could aid in the diagnosis[10]. Measurement
of levels of specific tumor markers in the CSF, in
particular, CEA, CA 125, CA 19-9, and CYFRA 21-1, may
also help in early diagnosis of LC[11]. According to the
literature, CYFRA 21-1 and neuron-specific enolase levels
are usually elevated in CSF in cases of lung cancer and the
CEA level is elevated in cases of solid adenocarcinomas,
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mainly gastrointestinal tumors. These studies suggest
that tumor marker levels be considered diagnostic for
LC when levels in CSF are greater than those in serum.
Because tumor markers are produced directly by tumors
or by non-tumor cells in response to the presence of
a tumor, elevated tumor marker levels can be detected
earlier than radiological radiographic abnormalities[12].
Levels of CSF tumor markers such as CA 19-9 in
particular have predictive value for breast cancer and
LC[13,14]. However, diagnostic data relating to CSF tumor
marker levels are not available for pancreatic cancer with
LC, because of the rare occurrence of CNS metastasis
from pancreatic cancer. In our case of pancreatic cancer
with LC, we found markedly elevated levels of CA 19-9
(10000 IU/mL), and we would like to emphasize that this
finding is unique. Further study of CA 19-9 levels in CSF
would be meaningful on accumulation of more cases of
pancreatic cancer with LC.
Brain MRI with gadolinium-enhanced, T1-weighted
images can support the diagnosis in patients with negative
cytology findings[15]. On MRI, LC shows thin, diffuse
leptomeningeal contrast enhancement and multiple
nodular deposits in the subarachnoid space, cerebellar
folia, or cortical surface, and can show mass lesions, as in
the case presented here.
The treatment goal for LC is to improve or stabilize
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the patient’s neurologic status and to prolong survival.
According to the National Comprehensive Cancer
Network, treatment decisions should be based on the
patients’ risk group stratification. Patients in the poor
risk group (Karnofsky Performance Status score less
than 60, multiple serious major neurologic deficits,
bulky CNS disease, and encephalopathy) are usually
offered supportive care and palliative radiation therapy is
considered. Patients in the good risk group (Karnofsky
Performance Status score more than 60, no major
neurologic deficits, minimal systemic disease) receive
radiation therapy and chemotherapy.
To our knowledge, this is the first case of LC from
pancreatic cancer in South Korea and the detection of an
elevated CA 19-9 level in the CSF in such a patient. When
neurological symptoms and signs are present, clinicians
should consider the possibility of LC from a solid tumor
and perform investigations to exclude neurological
involvement.
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CASE REPORT

Protein C deficiency related obscure gastrointestinal
bleeding treated by enteroscopy and anticoagulant therapy
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in diagnosing obscure gastrointestinal bleeding. Ectopic
varices account for less than 5% of all variceal bleeding
cases, and jejunal variceal bleeding due to extrahepatic
portal hypertension is rare. We present a 47-year-old
man suffering from obscure gastrointestinal bleeding.
Computed tomography of the abdomen revealed
multiple vascular tufts around the proximal jejunum
but no evidence of cirrhosis, and a visible hypodense
filling defect suggestive of thrombus was visible in the
superior mesenteric vein. Enteroscopy revealed several
serpiginous varices in the proximal jejunum. Serologic
data disclosed protein C deficiency (33.6%). The
patient was successfully treated by therapeutic balloonassisted enteroscopy and long-term anticoagulant
therapy, which is normally contraindicated in patients
with gastrointestinal bleeding. Diagnostic modalities
for obscure gastrointestinal bleeding, such as capsule
endoscopy, computed tomography enterography,
magnetic resonance enterography, and enteroscopy,
were also reviewed in this article.
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Core tip: This article presents a rare case of obscure
gastrointestinal bleeding-jejunal variceal bleeding and
superior mesenteric venous thrombosis. The variceal
bleeding and superior mesenteric venous thrombosis
were secondary to protein C deficiency. It is worth
mentioning that the bleeding was controlled under
anticoagulant therapy after therapeutic enteroscopy.

Abstract
Obscure gastrointestinal bleeding is an uncommonly
encountered and difficult-to-treat clinical problem in
gastroenterology, but advancements in endoscopic and
radiologic imaging modalities allow for greater accuracy
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INTRODUCTION
Recent advancements in endoscopic and radiologic
imaging modalities allow for greater accuracy in
diagnosing obscure gastrointestinal bleeding (OGIB), an
uncommonly encountered and difficult-to-treat clinical
problem in gastroenterology[1]. Ectopic varices, which
comprise large portosystemic venous collaterals located
anywhere other than the gastroesophageal region [2],
account for less than 5% of all variceal bleeding cases[3]
and usually are due to previous abdominal surgery,
intrahepatic portal hypertension, and rarely extrahepatic
causes[4]. We present a case of thrombosis in the superior
mesenteric vein (SMV) complicated by jejunal variceal
bleeding secondary to protein C deficiency. OGIB was
successfully treated by balloon-assisted enteroscopy and
anticoagulant therapy.

B

CASE REPORT
A 47-year-old man presented with a 10-d history of
tarry stool passage. The patient had no other underlying
disease. Results of physical examinations were
unremarkable with the exception of pale conjunctiva.
Laboratory studies revealed a hemoglobin level of 6.9
g/dL (normal range: 13-17 g/dL), a platelet count of
200 × 103/μL (normal range, 140-400 × 103/μL), an
international normalized ratio (INR) of prothrombin time
of 1.01, an activated partial thromboplastin time of 26.8 s
(normal range: 23.3-39.3 s), and normal aminotransferase
levels. Esophagogastroduodenoscopic and colonoscopic
examinations revealed no evidence of stigmata of recent
hemorrhage. The preliminary diagnosis was OGIB.
Computed tomography (CT) of the abdomen revealed
multiple vascular tufts around the proximal jejunum
but no evidence of cirrhosis (Figure 1A). A hypodense
filling defect suggestive of thrombus was visible in the
SMV (Figure 1B). Celiac angiography revealed engorged
collateral veins in the left upper quadrant of the
abdomen without contrast agent in the main trunk of the
SMV (Figure 2). Antegrade single-balloon enteroscopy
(SIF-Q260; Olympus Medical systems, Tokyo, Japan)
revealed several serpiginous varicose veins (Figure 3) with
poor distensibility of the proximal jejunum. A mixture
of 0.5 mL N-butyl-2-cyanoacrylate and 0.5 mL lipioidol
was endoscopically injected into said veins. Serologic
data disclosed protein C deficiency (33.6%). Anti-smooth
muscle antibody, antinuclear antibody, anti-cardiolipin
antibody, homocysteine, antithrombin Ⅲ, and tumor
markers were all within normal limits. The patient was
therefore placed on oral warfarin therapy (INR 2.0), and
he lived uneventfully 17 mo after the enteroscopy.
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Figure 1 Computed tomographic scan reveals vascular tufts around
the proximal jejunum (A, arrow), and thrombi are visible as hypodense
lesions in the contrasted superior mesenteric vein (B, arrow).

DISCUSSION
Variceal bleeding due to portal hypertension developing
in locations other than the esophagus and stomach
accounts for less than 5% of all variceal bleeding cases[3].
Jejunal variceal bleeding due to extrahepatic portal
hypertension is rare. Small intestinal varices normally
present as melena or hematochezia[5]. Bleeding from
chronic mesenteric thrombosis is a rare cause of OGIB
and without prompt diagnosis it can result in death[6].
Diagnosis of small bowel disorders is challenging
because of the small intestine’s length (about 6 to 7
m), mobility, and tortuosity. With the development of
diagnostic modalities, such as capsule endoscopy [7],
CT enterography (CTE) [8], and magnetic resonance
enterography (MRE) [9], correct and timely diagnosis
of small intestinal lesions can be achieved without
unnecessary surgical intervention in some cases. Capsule
endoscopy not only has the advantage of non-invasiveness
but also has a high sensitivity and high negative
predictive value in predicting rebleeding in patients with
OGIB[7]. However, the diagnostic specificity of capsule
endoscopy is a concern, because 13% of asymptomatic
persons may have minor lesions that are not detected
by capsule endoscopic evaluation. In addition, capsule
endoscopy cannot be performed with therapeutic intents
or in patients with certain contraindications, such as
gastrointestinal obstruction, pregnancy, or swallowing
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Figure 2 Celiac angiography reveals engorged collateral veins in the left
upper quadrant of the abdomen without contrast agent in the main trunk
of the superior mesenteric vein.

Figure 3 Antegrade single-balloon enteroscopy shows several serpinginous
varicose veins (arrows).

In conclusion, OGIB is an uncommonly encountered
and difficult-to-treat clinical problem in gastroenterology;
however, recent advancements in imaging modalities
have greatly enhanced diagnosis and treatment. Ectopic
variceal bleeding should be considered in patients with
OGIB, and small intestinal variceal bleeding secondary
to thrombophilia can be managed by balloon-assisted
enteroscopy and anticoagulant therapy.

difficulty [10]. CTE and MRE are useful methods for
detecting small inflammatory and hypervascular lesions
in the small intestine[8,9]. Limitations of enterography
include exposure to radiation, the need for large volumes
of oral contrast agents, adverse reactions to contrast
agents (e.g., contrast allergy), and the risk of developing
contrast-induced nephropathy [11]. Deep small-bowel
enteroscopy can be used to simultaneously detect
and treat lesions as well as take biopsy specimens for
pathologic analysis[12]; however, the technique requires
years of experience to perform and is associated with rare
complications, including pancreatitis and perforation[13,14].
Diagnosis and treatment of OGIB could be dramatically
improved by adequately combining two or more of the
modalities. In our institute we routinely perform secondlook upper and lower endoscopy for patients with OGIB,
as recommended by a number of clinical guidelines[1,15].
If the second-look endoscopy reveals negative findings,
antegrade or retrograde single-balloon enteroscopy
guided by capsule endoscopy or CT images is performed.
Small intestinal ectopic varices normally present
as tortuous collateral vessels in the mesenteric side
of the small intestine on abdominal images [16,17] .
Angiographic findings characteristic of OGIB include
prolonged contrast agent retention in the collateral
vascular tufts[18,19], while endoscopic findings include a
spherical bulge, localized prominence, and nodular or
serpinginous varices [20,21]. These image findings were
identified in our patient. As shown in this and in previous
reports, jejunal variceal bleeding can be treated by
injecting N-butyl-2-cyanoacrylate under enteroscopy[22].
Radiographic embolization via feeding venous occlusions
has been suggested in acute settings[23]. Surgery is only
recommended for patients without liver cirrhosis or for
patients with compensated liver cirrhosis and extrahepatic
portal vein thrombosis[24].
Protein C is a vitamin K-dependent anticoagulant
protein that inactivates coagulation factors Ⅴa and Ⅷ
a, and its deficiency (< 55%) results in a thrombophilic
state[25]. Long-term oral anticoagulants at an INR of
2 to 3 have been shown to be effective in preventing
thrombosis in patients with protein C deficiency[25].
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Case characteristics

A 47-year-old man presented with a 10-d history of tarry stool passage.

Clinical diagnosis

Esophagogastroduodenoscopic and colonoscopic examinations revealed no
evidence of stigmata of recent hemorrhage, and the preliminary diagnosis was
obscure gastrointestinal bleeding.

Differential diagnosis

Common differential diagnoses of obscure gastrointestinal bleeding include
angiodysplasia, small bowel Crohn’s disease, small bowel tumors, intestinal
infections (such as tuberculosis and parasites), nonspecific intestinal ulcers,
and variceal bleeding.

Laboratory diagnosis

HGB 6.9 gm/dL; platelet count of 200 × 103/μL; PT INR 1.01; aPTT 26.8 s;
Serologic data disclosed a protein C level of 33.6%.

Imaging diagnosis

Abdominal computed tomography revealed multiple vascular tufts around the
proximal jejunum with a hypodense filling defect in the superior mesenteric
vein, and antegrade single-balloon enteroscopy revealed several serpiginous
varicose veins in the proximal jejunum.

Pathological diagnosis

No pathological diagnosis in this article.

Treatment

A mixture of 0.5 mL N-butyl-2-cyanoacrylate and 0.5 mL lipioidol was
endoscopically injected into varices, and the patient was placed on long-term
oral warfarin therapy (PT INR 2.0).

Related reports

Ectopic varices account for less than 5% of all variceal bleeding cases, and
jejunal variceal bleeding due to superior mesenteric venous thrombosis and
protein C deficiency is rare.

Term explanation

Protein C is a vitamin K-dependent anticoagulant protein that inactivates
coagulation factors Ⅴa and Ⅷa, and its deficiency (< 55%) results in a
thrombophilic state.

Experiences and lessons

This case report reminds us that the cause of jejunal varices should be carefully
evaluated, and small intestinal variceal bleeding secondary to thrombophilia
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can be managed by balloon-assisted enteroscopy and anticoagulant therapy.

Peer review

Although single-balloon enteroscopy with N-butyl-2-cyanoacrylate and
lipioidol injection for varicose veins had been reported before, it was a rare
circumstance that the jejunal varices came from superior mesenteric venous
thrombosis and protein C deficiency.
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CASE REPORT

Focal nodular hyperplasia coexistent with hepatoblastoma
in a 36-d-old infant
Ying Gong, Lian Chen, Zhong-Wei Qiao, Yang-Yang Ma
with hepatoblastoma in a 36-d-old girl. Computed
tomography (CT) imaging showed an ill-delineated,
inhomogeneous enhanced mass with a central star-like
scar in the right lobe of the liver. The tumor showed
early mild enhancement at the arterial phase (from
40HU without contrast to 52HU at the arterial phase),
intense enhancement at the portal phase (87.7HU) and
98.1HU in the 3-min delay scan. A central scar in the
tumor presented as low density on non-contrast CT
and slightly enhanced at delayed contrast-enhanced
scanning. This infant underwent surgical resection of
the tumor. Histopathology demonstrated typical FNH
coexistent with a focal hepatoblastoma, which showed
epithelioid tumor cells separated by proliferated fibrous
tissue.
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Core tip: Focal nodular hyperplasia (FNH) is infrequent
in infants, and hepatoblastoma is the most common
primary malignant liver tumor in infants. The case
reported here was a 36-d-old girl suffering from FNH
coexistent with hepatoblastoma. Computed tomography
imaging showed an ill-delineated, inhomogeneous
enhanced mass with a central star-like scar in
the right lobe of the liver. The patient underwent
surgical resection of the tumor, and histopathology
demonstrated typical FNH coexistent with a focal
hepatoblastoma.

Abstract
Focal nodular hyperplasia (FNH) is a benign hepatic
tumor characterized by hepatocyte hyperplasia and a
central stellate scar. The association of FNH with other
hepatic lesions, such as adenomas, hemangiomas and
hepatocellular carcinoma, has been previously reported,
but FNH associated with another hepatic tumor is rare
in infants. Here we report a case of FNH coexistent
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Figure 1 computed tomography findings. A: Non-contrast computed tomography (CT) of the liver showed a slightly hypo-dense mass in the right lobe of the liver
(arrow) with a hypo-dense central star-like scar (asterisk); B: Contrast-enhanced CT of the liver in the portal venous phase showed inhomogeneous and intense
enhancement of the mass (arrow), with the central star-like scar (asterisk); C: Histopathology showed typical focal nodular hyperplasia, with hepatocytic nodules
separated by bands of fibrous tissue (HE stain, original magnification × 50); D: foci of hepatoblastoma showed epithelioid tumor cells separated by proliferated fibrous
tissue (HE stain, original magnification × 100).

enhanced mass with a central star-like scar in right lobe
of the liver (Figure 1a, b). The tumor showed early
mild enhancement at the arterial phase (from 40HU
without contrast to 52HU at the arterial phase), intense
enhancement at the portal phase (87.7HU) and 98.1HU
in the 3-min delay scan, with slight enhancement of the
central scar.
Laboratory evaluations included serum total bilirubin
(TBIL) 93.1 µmol/L (normal 5.1-17.1 µmol/L), direct
bilirubin (DBIL) 42.6 µmol/L (normal 0-6 µmol/L)
and an alpha-fetoprotein (AFP) level of 74390 ng/mL
(normal 0-77 ng/mL). Serum markers for both hepatitis
B and hepatitis C virus were negative.
The infant underwent surgical resection of the tumor.
The histopathology demonstrated FNH coexistent with
hepatoblastoma (Figure 1c and d).

INTRODUCTION
Focal nodular hyperplasia (FNH) is a benign liver tumor,
often asymptomatic and discovered incidentally [1,2].
Although FNH can be found at any age, it is rare in
children, and comprises only 2% of all pediatric liver
tumors [3]. There have been various reports on the
association between FNH and other hepatic lesions,
such as hepatocellular adenomas [4], hemangiomas [5],
hepatocellular carcinoma[6] and metastases[7]. We herein
report a case of FNH associated with hepatoblastoma in
a 36-d-old female infant. To the best of our knowledge,
only one case of FNH complicated by hepatoblastoma
has been reported in a 4-year-old boy after treatment of
stage Ⅳ neuroblastoma[8].

CASE REPORT

DISCUSSION

A 36-d-old girl presented to the hospital with a history
of jaundice. Physical examination revealed a palpable
solid mass fixed on the right quarter of the abdomen
approximately 7 cm × 8 cm × 8 cm in diameter. The baby
was full-term and delivered normally without asphyxia.
Her mother had a history of progesterone administration
before and in the early stages of pregnancy.
Sonography revealed a huge uneven hypo-echoic
mass in the right lobe of the liver. Computed tomography
(CT) imaging showed an ill-delineated, inhomogeneous
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Up to 75% of pediatric liver tumors are malignant[9],
and FNH constitutes 5% of benign liver tumors in
children[10]. Although FNH is found at any age, even in
newborn[11,12], it is rare in children, and two age peaks
have been described, around 6 years and 18 years[10].
The pathogenesis of FNH is not well understood[2,13-15].
The most widely accepted theory is that FNH is the result
of congenital or acquired vascular abnormalities[14,15].
Numerous studies have reported an increased incidence of
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FNH in long-term survivors of childhood malignancies
or following hematopoietic stem cell transplantation[8,14-17].
It was thought that FNH was a complication of
chemotherapy or radiation therapy in these patients[15].
The features of FNH on MRI and CT include
homogeneity, arterial phase enhancement suggestive of
hypervascularity, a lack of lesion capsule, and the presence
of a central scar[15,18]. Ultrasound, CT, and especially MRI
have proven effective at distinguishing FNH from other
benign and malignant lesions in adults. In children, due
to its infrequency and more variable imaging features, the
accuracy of radiologic diagnosis of FNH is challenging.
Atypical or variable radiologic features such as absence
or non-enhancement of the central scar may be more
common in children than adults[9]. Atypical features
make it difficult to differentiate FNH from other
benign or malignant lesions, including hepatic adenoma,
hemangioma or infantile hemangioendothelioma,
hepatoblastoma, and hepatocellular carcinoma.
Although there is no evidence in the literature of
malignant degeneration of FNH, there are several
reports of FNH occurring simultaneously with malignant
neoplasms [6-9]. Gutweiler et al [8] described a case of
hepatoblastoma concomitant with FNH after treatment
of neuroblastoma in a 4-year-old boy. Similarly, Lautz
et al[9] described a patient with hepatocellular carcinoma
and concomitant FNH with a history of neuroblastoma.
At present, most children with FNH should continue to
undergo surgical resection due to symptoms, increasing
size, or inability to confidently rule out malignancies[9].

FNH coexistent with a focal hepatoblastoma is rare in infants. The dynamic
CT images in this infant are helpful to diagnose FNH in the liver, but it is
challenging to confirm a coexistent focal hepatoblastoma.
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Gastrotracheal fistula: Treatment with a covered
self-expanding Y-shaped metallic stent
Fei Wang, Hong Yu, Ming-Hui Zhu, Quan-Peng Li, Xian-Xiu Ge, Jun-Jie Nie, Lin Miao
near the carina and the upper residual stomach. We
measured the diameter of the trachea and bronchus
and determined the site and size of the fistula using
multislice computed tomography and gastroscopy. A
covered self-expanding Y-shaped metallic stent was
implanted into the trachea and bronchus. Subsequently,
the fistula was closed completely. The patient tolerated
the stent well and had good palliation of his symptoms.
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Core tip: Gastrotracheal fistula (GTF), the fistula between
the tracheobronchial tree and stomach after gastric
pull-up surgery, is an extremely rare complication of
esophagectomy and the condition is life-threatening. For
these patients, the goal of therapy is palliative rather
than curative. During the past decade, metallic airway
stents have been used in patients with GTFs. However,
fistulas close to the carina often require the placement
of Y-shaped stents for successful palliation. We report
a patient post-esophagectomy with a GTF near the
carina that was successfully treated with a covered selfexpanding Y-shaped metallic stent.
Wang F, Yu H, Zhu MH, Li QP, Ge XX, Nie JJ, Miao L.
Gastrotracheal fistula: Treatment with a covered self-expanding
Y-shaped metallic stent. World J Gastroenterol 2015; 21(3): 1032-1035
Available from: URL: http://www.wjgnet.com/1007-9327/full/v21/
i3/1032.htm DOI: http://dx.doi.org/10.3748/wjg.v21.i3.1032

Abstract
A 67-year-old man had a sev-ere cough and pulmonary
infection for 1 wk before seeking evaluation at our
hospital. He had undergone esophagectomy with
gastric pull-up and radiotherapy for esophageal cancer
3 years previously. After admission to our hospital,
gastroscopy and bronchoscopy revealed a fistulous
communication between the posterior tracheal wall
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INTRODUCTION
A gastrotracheal fistula (GTF), the fistula between
the tracheobronchial tree and stomach after gastric
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Figure 1 Gastroscopy revealed a fistula (arrow, A) in the upper body of the stomach, bronchoscopy confirmed the presence of a fistula (arrow, B) in the
lower trachea near the carina.

ventilation. Correct placement was ensured by inserting 2
guide wires in both main bronchi. The 2 bronchial arms
of the Y-stent were introduced over the 2 guide wires.
Utmost care was taken that these wires did not cross
inside the trachea but ran parallel when introducing the
stent over these wires. After both bronchial arms opened
completely, the tracheal part was released. Subsequently,
the fistula was closed completely. After stent placement,
gastroscopy (Figure 2A) and bronchoscopy (Figure 2B)
confirmed that the Y-stent tightly sealed the fistula.
Fluoroscopy also revealed correct placement of the stent
(Figure 3). The patient tolerated the stent well and the
cough and pulmonary infection improved after the stent
placement. However, he died of disease progression with
a patent stent 1 mo later.

pull-up surgery, is an extremely rare complication of
esophagectomy and the condition is life-threatening[1].
If a malignant GTF is untreated, the patient will suffer
continued tracheobronchial soilage, develop pulmonary
sepsis rapidly and die. The average survival of patients
with this complication is 1-6 wk with supportive care
alone[2]. For these patients, the goal of therapy is palliative
rather than curative. During the past decade, metallic
airway stents, such as covered self-expandable metal
stents (SEMS), have been used in patients with GTFs.
Various studies[3,4] involving the use of covered SEMSs
or partially covered SEMSs for malignant fistulas have
proved that 87%-91% of patients acquire successful
fistula closure. Inserting a covered metallic airway stent
into the trachea or bronchus has proven to be an effective
method to seal off the fistula[5]. However, fistulas close
to the carina often require the placement of Y-shaped
stents for successful palliation[6]. We report a patient
post-esophagectomy with a GTF near the carina that
was successfully treated with a covered self-expanding
Y-shaped metallic stent.

DISCUSSION
GTF is an extremely rare complication and can most
often be observed after gastroesophageal surgery [1].
GTF may develop because of dissection injury or postoperative mediastinitis in the early post-operative period.
GTF occurring in the late post-operative period is
most often due to tumor recurrence, radiation necrosis
and tracheobronchial erosion along the gastric stapleline[7]. CT scanning can demonstrate the defect between
the trachea and the residual stomach. Bronchoscopy
and gastroscopy are helpful for the identification and
localization of the fistula.
The treatment options for GTF include surgery,
external drainage and endoscopic treatment. Surgical
repair of the fistula, which includes tracheal resection,
lower lobectomy or creation of a muscle flap, may impose
an excessive burden on a debilitated patient[2]. Therefore,
the use of covered metallic stents is a good choice
in the palliative treatment of these patients. Recently,
Han et al[8] reported that metallic stent placement for
tracheobronchial diseases was technically successful in
96% of patients, with 85% of patients presenting with
symptom improvement 1-7 d after stent placement.
Furthermore, for the patient with a thermic effect of
feeding (TEF), maintaining sufficient ventilation is

CASE REPORT
A 67-year-old man had a severe cough and pulmonary
infection for 1 wk before admission to our hospital. He
had undergone esophagectomy with a gastric pull-up and
radiotherapy for esophageal cancer 3 years previously.
After admission to our hospital, gastroscopy revealed
a fistula in the upper body of the stomach (Figure 1A)
and bronchoscopy confirmed the presence of a fistula
in the lower trachea near the carina (Figure 1B). We
measured the diameter of the trachea and bronchus and
determined the site and size of the fistula using multislice
computed tomography (CT) and gastroscopy. A covered
self-expanding Y-shaped metallic stent (body, 30 mm ×
70 mm; right limb, 14 mm × 30 mm; left limb, 18 mm ×
40 mm, Changzhou New District Garson Medical Stent
Apparatus Co., Ltd, Changzhou, Jiangsu province, China)
was implanted into the trachea and bronchus. Stent
insertion was performed fluoroscopically, controlled by
flexible bronchoscopy under general anesthesia and jet
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Figure 2 Gastroscopy confirmed that the Y-stent tightly sealed the fistula (arrow, A), bronchoscopy confirmed that the Y-stent tightly sealed the fistula
(arrow, B).

neoplasms and proliferating granulation tissue. One
of the Y stent-related complications is the retention
of secretions because the cilia cannot function when
a covered metal stent is in place. Prevention of these
stent-related complications remains one of the major
challenges for developing new stent designs.
GTF is a rare but serious complication which is
most often encountered after gastroesophageal surgery.
The implantation of a covered self-expanding Y-shaped
metallic stent proved to be an effective treatment for a
GTF.

COMMENTS
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Figure 3 Fluoroscopy image. Fluoroscopy revealed the correct placement of
the stent (arrow).

Case characteristics

A 67-year-old man had a severe cough and pulmonary infection for 1 wk before
seeking evaluation at our hospital.

difficult. Passing the fistula with the bronchoscope and
ventilating the patient through the bronchoscope lying
distally to the fistula is usually possible without problems
in a high TEF. However, in a fistula at the level of the
tracheal bifurcation or near the carina, it is not feasible.
Thus, jet ventilation is necessary. In our case, stent
insertion was performed under general anesthesia with jet
ventilation.
However, choosing a stent that will fully cover the
fistula and allow sufficient tolerance compression is very
important for successful stenting. For the patient described
herein, the replaced stomach showed a large lumen
compared with the lumen of the original esophagus.
Therefore, esophageal stenting was not feasible. After
consultation with specialists, we chose the covered selfexpanding Y-shaped metallic stent.
The self-expanding Y-shaped metallic stents not only
cover the fistula, but also have lower rates of migration
because they imitate the bifurcation and attach to the
main carina [9]. When the metallic stent is in place, it
can expand to fill the space between the stent and the
mucosa. The flexibility and radial force enable stents to
fit the contours of the trachea or bronchus and make
stents well-suited to prevent luminal contents from
leaking[4].
However, metallic stents are not as effective against
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Clinical diagnosis

He had undergone esophagectomy with gastric pull-up and radiotherapy
for esophageal cancer 3 years previously. After admission to the hospital,
gastroscopy and bronchoscopy revealed a fistulous communication between
the posterior tracheal wall near the carina and the upper residual stomach.

Imaging diagnosis

The authors measured the diameter of the trachea and bronchus and
determined the site and size of the fistula using multislice computed tomography
and gastroscopy.

Treatment

A covered self-expanding Y-shaped metallic stent was implanted into the
trachea and bronchus. Subsequently, the fistula was closed completely.

Experiences and lessons

The patient tolerated the stent well and had good palliation of his symptoms.

Peer review

In this article, the authors describe the case of a 67-year-old man with a
gastrotracheal fistula after an esophagectomy with gastric pull-up, which was
conservatively treated by the bronchoscopic placement of a covered selfexpanding Y stent.
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CASE REPORT

Primary pancreatic paraganglioma: A report of two cases
and literature review
Lei Meng, Jin Wang, Song-Hua Fang
hypervascular tumor with cystic areas. Significant
intratumoral vessels and early contrast filling of the
draining veins from the mass were not found. Although the
pancreatic paraganglioma was located at the pancreatic
head, the bile ducts often revealed no dilation, and
sometimes the main pancreatic duct was mildly dilated.
These findings are helpful in differentiating pancreatic
paraganglioma from other pancreatic neoplasms. It
is often difficult to distinguish between nonfunctional
pancreatic paragangliomas and pancreatic endocrine
tumors. In many reports,pancreatic paragangliomas show
the retroperitoneal extension of a paraganglioma into
the pancreas rather than a true pancreatic neoplasm. In
surgical treatment, we could select simple excision of the
tumor rather than radical surgery.
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Core tip: Primary paraganglioma that arises in the
pancreas is rare. We herein present two pathologically
proven cases of pancreatic paraganglioma, retrospectively
analyze their clinical and imaging features, and review
the literature.
Meng L, Wang J, Fang SH. Primary pancreatic paraganglioma:
A report of two cases and literature review. World J Gastroenterol
2015; 21(3): 1036-1039 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i3/1036.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i3.1036

Abstract
Paraganglioma is a rare tumor of paraganglia, derived
from neural crest cells in sympathetic or parasympathetic
ganglions. Primary paraganglioma originating from
the pancreas is rare. We report two patients with
paraganglioma in the head of the pancreas, in whom
computed tomography showed a sharply marginated,
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INTRODUCTION
Paraganglioma is a rare tumor of paraganglia, derived
from neural crest cells in sympathetic or parasympathetic
ganglions [1,2]. Intra-adrenal paraganglioma is found
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Figure 1 Fifty-four-year-old woman felt left upper abdominal pain for 20 d. A: Ultrasonography revealed an ill-defined hypoechoic mass in the pancreatic head
(arrows); B: On contrast-enhanced computed tomography, the mass (arrow) in the pancreatic head was found with heterogeneous marked enhancement in the
arterial phase, while non-enhancing patchy areas were seen in the tumor (arrowhead); C: Microscopically, the chief cells had round or ovoid nuclei (arrows), arranged
in nest-like structures with dilated capillary intervals (hematoxylin-eosin; original magnification, 200 ×); D: Immunohistochemical study revealed positive staining for
synaptophysin (200 ×).

Intraoperatively, a well-defined mass, 3 cm × 2.5 cm, was
found with a rich supply of blood and soft texture in the
pancreatic head.
Gross pathological examination revealed an encapsulated
mass from the pancreas, 3 cm × 2.5 cm, with gray-red soft
tissue and moderate texture. Microscopically, the tumor
showed round or polygonal cells with rich cytoplasm on
the hematoxylin-eosin-stained tissue sections. The tumor
cells had round or ovoid nuclei (Figure 1C), arranged
in nest-like structure with dilated capillary intervals.
Immunohistochemical study revealed positive staining
for S-100, cytokeratin (CK), non-specific enolase (NSE),
CgA and Syn (Figure 1D), but negative reactions to
CD34, CD117, DOG, SMA, Des and HMB47. The
tumors were finally diagnosed as primary pancreatic
paraganglioma.

mainly in the adrenal medulla, and extra-adrenal
paraganglioma is located in the head, neck, mediastinum
and retroperitoneum. Primary paraganglioma that arises in
the pancreas is rare[3].

CASE REPORT
Case 1
A 54-year-old woman felt left upper abdominal pain for
20 d. She denied obvious symptoms of gastric bleeding
and vomiting. Blood tests and blood pressure were
normal. On medical examination, no mass of upper
abdomen was palpated. Her abdomen was soft without
tenderness and jaundice.
She underwent upper abdominal ultrasound, which
showed an ill-defined hypoechoic mass in the pancreatic
head (Figure 1A). The mass measured 2.6 cm × 2.3 cm,
and the blood flow signal was plentiful. Unenhanced
computed tomography (CT) revealed a poor-defined
isodense mass in the head of the pancreas. On contrastenhanced CT, the mass in the pancreatic head was
found with heterogeneous striking enhancement during
the arterial phase (Figure 1B), while non-enhancing
patchy areas were seen in the tumor (Figure 1B). During
the venous phase, the same mass was well-defined
with homogeneous marked enhancement. No invasion
of the adjacent organs was seen around the pancreas.

WJG|www.wjgnet.com

Case 2
A 41-year-old woman was found to have an upper
abdominal mass incidentally on ultrasound examination
6 d earlier. She denied obvious symptoms of gastric
bleeding and abdominal discomfort. Blood tests and
liver and renal functions were normal. On medical
examination, no mass of upper abdomen was palpated.
Her abdomen was soft without tenderness and jaundice.
She had no acute pain, and her signs of life were normal.
On ultrasound examination, she was found to have a
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Figure 2 Forty-one-year-old woman was found to have an upper abdominal mass on ultrasound examination 6 d earlier. A: On coronal reconstruction
imaging, a well-demarcated mass (arrows) was found with marked enhancement in the arterial phase after contrast enhancement; B: Under microscopic examination,
a few cells had large nuclei with hyperchromatism and pink cytoplasm, arranged in organ-like or nest-like structures (arrows) (hematoxylin-eosin; original
magnification, 200 ×); C: Immunohistochemistry showed positive staining for synaptophysin (200 ×).

well-demarcated hypoechoic mass in the pancreatic head
with homogeneous echo of other pancreatic tissues. The
mass measured 6.2 cm × 4.4 cm × 4.5 cm, and some
blood flow signal was seen. The diameter of the main
pancreatic duct was 0.73 cm and the diameter of the
common bile duct was 0.46 cm.
Unenhanced CT revealed a poor-defined mass in
the pancreatic head with low and heterogeneous density.
On contrast-enhanced CT, a well-demarcated mass in
the head of the pancreas, 4.2 cm × 4 cm, was found with
marked enhancement (Figure 2A), while some patchy
areas were not enhanced. The main pancreatic duct was
mildly dilated.
Intraoperatively, a mass measuring 6 cm × 5 cm with
well-demarcated margins was found in the pancreatic
head without infiltration of the adjacent organs and
blood vessels. The main pancreatic duct was dilated with
a diameter of 0.4 cm. No significant lymph nodes were
seen around the pancreas.
Gross pathological examination revealed a welldefined mass from the pancreas, 4 cm × 4 cm, with grayyellow soft tissue and hard texture. Under microscopic
examination, the tumor cell nuclei were round or ovoid.
Nuclear staining was deeper in some areas. A few cells had
large nuclei with hyperchromatism and pink cytoplasm,

WJG|www.wjgnet.com

arranged in organ-like or nest-like structures (Figure 2B).
The stroma was rich in capillaries.
Immunohistochemistry showed S-100, CK, NSE,
CgA and Syn positivity (Figure 2C). Insulin,somatostatin
and glucagon were negative. At last, the tumors were
diagnosed as primary paraganglioma arising from the
pancreas.

DISCUSSION
The paraganglion system is composed of numerous
neuroepithelial cells (chief cells). There are many
neuronal secretion granules with catecholamines in the
cytoplasm. Microscopically, the chief cells are surrounded
by the sustentacular cells, arranged in nest-like structures
(cell balls). Intra-adrenal paraganglioma is mainly
present in the adrenal medulla as pheochromocytoma.
Extra-adrenal paraganglioma is divided into two major
categories. One type is chemodectoma, which is located
in the parasympathetic nervous system in the head, neck
or mediastinum, and is non-chromaffin. The other type
is ectopic pheochromocytoma, which is located in the
sympathetic nervous system in the retroperitoneum or
along the aorta, and contains chromaffin.
Primary paraganglioma that arises in the pancreas
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Laboratory diagnosis

is rare. It is characterized on imaging features as sharply
marginated, hypervascular tumor with cystic areas;the latter
reveals necrotic or cystic change. Our two pathologically
proven cases were in accordance with the above imaging
features. Kim et al[3] reported a well-defined, extremely
hypervascular pancreatic paraganglioma with significant
intratumoral vessels and early contrast filling of the
draining veins from the mass. In our two cases, these
imaging characteristics were not found.
Although the pancreatic paraganglioma is located
at the pancreatic head, the bile ducts often reveal no
dilation, and sometimes the main pancreatic duct is
mildly dilated. The CT findings are different from those
of pancreatic carcinoma, which is usually characterized
as a mild to moderate enhanced tumor with prominent
dilation of the biliary and pancreatic ducts, as well as
retroperitoneal invasion[4]. Clinically, functional pancreatic
endocrine tumor is usually < 3 cm, with striking and
homogenous enhancement in the arterial phase. The
diameter of nonfunctional pancreatic endocrine tumor
is usually > 5 cm. The tumor always has necrosis, cystic
change or calcification, so it shows heterogeneous or ringliked enhancement[5]. It is often difficult to distinguish
between nonfunctional pancreatic paragangliomas and
pancreatic endocrine tumors. In many reports, pancreatic
paragangliomas show the retroperitoneal extension of
a paraganglioma into the pancreas rather than a true
pancreatic neoplasm[6]. In relation to surgical treatment, the
prognosis is equally good for simple excision of the tumor
and radical surgery such as pancreaticoduodenectomy. In
our patients, combinatorial image analysis helped us to
diagnose pancreatic paraganglioma and we could select
the non-excessive surgical treatment without post-surgical
functional disorder of the pancreas[7].
In conclusion, we report two patients with paraganglioma
in the head of the pancreas, in whom CT showed a welldefined tumor with cystic areas and rich blood supply.
These findings are helpful in differentiating pancreatic
paraganglioma from other pancreatic neoplasms. For
surgical treatment, we could select simple excision of the
tumor rather than radical surgery.

Blood tests and liver and renal functions were normal.

Imaging diagnosis

CT findings are a well-defined, hypervascular tumor with cystic areas.

Pathological diagnosis

The tumors were finally diagnosed as primary pancreatic paraganglioma by
microscopic examination and immunohistochemical study.

Treatment

Simple excision of the tumor was performed.

Related reports

Primary paraganglioma that arises in the pancreas is rare. Lightfoot et al found
pancreatic paragangliomas in many reports show the retroperitoneal extension
of a paraganglioma into the pancreas rather than a true pancreatic neoplasm.

Term explanation

Paraganglioma is a rare tumor of the paraganglia, derived from neural crest
cells in sympathetic or parasympathetic ganglions. These tumors can be widely
distributed from the adrenal medulla to the head, neck, mediastinum and
retroperitoneum.

Experiences and lessons

It is often difficult to distinguish between pancreatic paragangliomas and
pancreatic endocrine tumors.

Peer review

The authors reported two patients with paraganglioma in the head of the
pancreas, a rare pancreatic tumor. The imaging features of pancreatic
paraganglioma are well described. These findings are helpful to differentiate
between pancreatic paraganglioma and other pancreatic neoplasms.
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CASE REPORT

Successful endoscopic hemoclipping of massive lower
gastrointestinal bleeding from paratyphoid A fever
Hui Wang, Xiao-Lin Dong, Xiao-Ming Yu, Kyu Sung Chung, Jian-Peng Gao
rare case of severe lower gastrointestinal bleeding due
to paratyphoid A fever that was successfully controlled
with hemoclippings. A 30-year-old man experienced high
fever and hematochezia whose blood culture showed
Salmonella paratyphi A. A complete colonoscopy was
successfully performed up to the level of the terminal
ileum, which showed multiple, shallow, ulcerated
lesions over the entire terminal ileum. A bleeding
vessel was seen in one of the ulcers, with overlaying
blood clots. Endoscopic hemostasis was successfully
performed with four pieces of endoclip and without
immediate complication. This report highlights the use
of colonoscopy and endoscopic therapy with endoclips
for lower gastrointestinal bleeding, which should be
considered before surgery.
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Core tip: We present a case of severe lower gastrointestinal
bleeding due to paratyphoid A fever that was wellcontrolled by hemoclippings. Although this type of
complication is rare with paratyphoid A fever, clinicians
should be cognizant of the possibility for intestinal
bleeding from the ulcers in the ileum and proximal
colon, which can appear as multiple, variable-sized,
round or oval-shaped, punched-out ulcers. Colonoscopy
and endoscopic therapy with endoclips should be
considered before surgery.

Abstract
Paratyphoid fever can be complicated by massive lower
gastrointestinal bleeding with ileocolonic ulcerations,
which are commonly localized using colonoscopy. The
most common manifestations include multiple, variablesized, round or oval-shaped, punched-out ulcers.
Occasionally, massive lower gastrointestinal bleeding
can occur from erosion of blood vessels. We present a
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INTRODUCTION

A

Paratyphoid fever can be complicated by ileocolonic
ulcerations and massive lower gastrointestinal bleeding
(LGIB). The infectious organisms causing the condition
localize to the Peyer’s patches of the terminal ileum.
Hyperplasia and necrosis in these areas can result in
multiple, variable-sized, round or oval-shaped, punched-out
ulcers. Conservative therapy is commonly used for treating
paratyphoid fever and gastrointestinal infections that are
complicated by a minor episode of LGIB. However, a lifethreatening hemorrhage can occur in 3%-10% of patients[1],
which is associated with a high mortality unless specifically
treated[2]. Although antimicrobial therapy is usually the
mainstay treatment[3], surgical involvement is sometimes
necessary[4]. Occasionally, a massive LGIB can occur
from erosion of blood vessels. Colonoscopy has recently
been advocated for localizing the site of bleeding among
patients with typhoid fever, and favorable results have been
found with endoscopic hemostasis without immediate
complications[5,6]. However, diagnostic methodologies and
treatment strategies for LGIB in patients with typhoid
fever have not yet been established[4,7]. Here we present a
rare case of severe LGIB due to paratyphoid A fever that
was successfully controlled by endoscopic therapy with
endoclips.

B

Figure 1 Endoscopy of the terminal ileum. Endoscopy revealed the
presence. A: Multiple ulcerative lesions; B: An exposed bleeding vessel.

CASE REPORT
A 30-year-old man was admitted to our hospital with a
six-day history of fever, poor appetite, and abdominal
discomfort. He had no history of recent travel. The
vital signs were normal except for a body temperature
of 39.8 ℃. The physical examination was unremarkable
except for tenderness in the right lower quadrant.
Abnormal laboratory values were as follows: alanine
aminotransferase, 57 U/L; aspartate aminotransferase,
82 U/L; and white cell count, 3.64 × 10 9/L. Stool
tests showed the presence of occult blood. A blood
culture identified Salmonella paratyphi A that was sensitive
to levofloxacin, and intravenous treatment was thus
administered.
On the second day of hospitalization, the patient
experienced hematochezia and dizziness. Hemoglobin
levels dropped from 12.2 to 7.3 g/dL, and the patient
was transfused with two units of packed red blood cells
to maintain hemodynamic stability.
A complete colonoscopy was successfully performed
up to the level of the terminal ileum. Multiple, shallow,
ulcerated lesions were observed over the entire terminal
ileum, and there was a bleeding vessel visible with
overlaying blood clots in one of the ulcers (Figure 1).
Four pieces of endoclip were successfully placed without
complication (Figure 2), and the patient immediately
became hemodynamically stable.
A ten-day course of levofloxacin (400 mg/d) was
continued. The patient became afebrile and did not have
subsequent bleeding. A colonoscopy was repeated after
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Figure 2 Hemoclippings were successfully placed at the exposed vessel.

12 d showing isolated ulcerations and normal intervening
mucosa in the terminal ileum and cecum (Figure 3). The
patient made a rapid recovery and was discharged after
a total of 12 d in good health with a hemoglobin level
of 9.7 g/dL. A colonoscopy was again performed 30 d
after discharge, which showed complete resolution of the
inflammation.

DISCUSSION
There are few articles concerning the management of
typhoid or paratyphoid fever in patients with LGIB.
Surgical intervention based on a selective angiography is the
first choice of management[2]. When treating the patient in
the present case, bleeding was stopped with hemoclippings,
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A

B

Figure 3 Repeat colonoscopy of the terminal ileum and cecum. Endoscopy revealed the presence. A: Isolated ulcerations and normal intervening mucosa in the
terminal ileum; B: Isolated ulcerations and normal intervening mucosa in the cecum.

Related reports

as it was not known during the colonoscopy that this was
a case of paratyphoid A fever. Endoclips are effective for
active vascular bleeding, non-bleeding visible vessels and
adherent clots[8]. Yoshida et al[9] reported the control of
massive colonic bleeding with hemoclippings in patients
with ulcerative colitis. Hemoclippings have an advantage
over epinephrine injections for preventing recurrent
bleeding[10], without adding the risk of thermal injury over
electrocoagulation[11].
To our knowledge, this is the first case of endoscopic
hemoclipping hemostasis against massive LGIB in a
patient with paratyphoid A fever. We advocate the use
of hemoclipping with colonoscopy and endoscopic
therapy in cases of LGIB with paratyphoid fever before
radiologic or surgical intervention, particularly in patients
that are hemodynamically compromised. In summary,
clinicians should consider paratyphoid A fever among
the other causes in patients with intestinal bleeding from
ulcers in the ileum and proximal colon.

Massive lower gastrointestinal bleeding from paratyphoid A fever is rare, with
few cases of successful treatment using endoscopic hemoclipping reported in
the literature.

Experiences and lessons

Clinicians must be alert to typhoid fever in patients with intestinal bleeding
from ulcers in the ileum and proximal colon and colonoscopy and endoscopic
therapy in the form of endoclips should be considered before surgery.

Peer review

The authors report an interesting case involving massive lower gastrointestinal
bleeding from paratyphoid A fever that was successfully treated with endoscopic
hemoclipping. The treatment option described in the article may be helpful for
readers who have patients suffering the same condition.
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CASE REPORT

Ulcerative colitis with inflammatory polyposis in a teenage
boy: A case report
Jin-Shan Feng, Ying Ye, Can-Can Guo, Bo-Tao Luo, Xue-Bao Zheng
which was not easy to distinguish from other polyposis
syndromes. A 16-year-old Chinese male suffering from
ulcerative colitis for 6 mo underwent colonoscopy, and
hundreds of polyps were observed in the sigmoid,
causing colonic stenosis. The polyps were restricted to
the sigmoid. Although rectal inflammation was detected,
no polyps were found in the rectum. A diagnosis of
inflammatory polyposis and ulcerative colitis was made.
The patient underwent total colectomy and ileal pouch
anal anastomosis. The patient recovered well and
was discharged on postoperative day 8. Endoscopic
surveillance after surgery is crucial as ulcerative colitis
with polyposis is a risk factor for colorectal cancer.
Recognition of polyposis requires clinical, endoscopic
and histopathologic correlation, and helps with
chemoprophylaxis of colorectal cancer, as the drugs
used postoperatively for colorectal cancer, ulcerative
colitis and polyposis are different.
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Core tip: This case report describes ulcerative colitis
with inflammatory polyps in a teenage boy. The
macropathology of inflammatory polyps excised from
the colon was similar to that of familial adenomatous
polyps and hyperplastic polyps. In this article, we
discuss the difficulties in distinguishing inflammatory
polyposis from similar polyps and emphasize the
importance of the chemoprophylaxis of colorectal
cancer developed from ulcerative colitis and polyps.

Abstract

Feng JS, Ye Y, Guo CC, Luo BT, Zheng XB. Ulcerative colitis
with inflammatory polyposis in a teenage boy: A case report.
World J Gastroenterol 2015; 21(3): 1044-1048 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v21/i3/1044.htm
DOI: http://dx.doi.org/10.3748/wjg.v21.i3.1044

Ulcerative colitis in addition to inflammatory polyposis
is common. The benign sequel of ulcerative colitis can
sometimes mimic colorectal carcinoma. This report
describes a rare case of inflammatory polyposis with
hundreds of inflammatory polyps in ulcerative colitis
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abscess, pouchitis, pouch failure, intestinal obstruction,
and chronic pelvic infection were not found.

INTRODUCTION
Ulcerative colitis (UC) is one of two major types of
inflammatory bowel disease (IBD); the other is Crohn’
s disease (CD). The age of onset follows a bimodal
pattern, with a major peak at 15-25 years and a smaller
peak at 55-65 years, although the disease can occur at
any age[1]. Inflammatory polyps are usually found in
the setting of severe inflammatory diseases such as
IBD, and carcinoma can occur in inflammatory polyps,
especially unusual inflammatory polyps in complex
formations. Here we present the case of a 16-year-old
male with inflammatory polyposis (IP) in addition to
UC, and describe its appearance on colonoscopy and
gross specimen following surgery. To the best of our
knowledge, such a severe condition at such a young age
is rare, and it is necessary to distinguish the polyposis in
this case from other polyposis syndromes.

DISCUSSION
Inflammatory polyps are often found in inflammatory
diseases of the colonic mucosa, such as UC in remission,
and they may produce symptoms of pain [2] and
obstruction[3], especially giant polyps[4]. In this case, the
patient developed UC at an early age which was quickly
complicated by severe inflammatory polyposis, which
is unusual in UC. As seen in the endoscope image,
numerous polyps were mainly located in the sigmoid
which led to stenosis, and there was no histological
evidence of neoplasm or CD which may have resulted
in stenosis of the lumen (Figure 2B-D). According
to endoscopic and surgical findings, it is necessary to
distinguish inflammatory polyposis from other polyposis
syndromes.
Another type of polyposis is familial adenomatous
polyposis (FAP) which is characterized by the presence
of hundreds to thousands of adenomatous polyps
throughout the colon. The World Health Organization
(WHO) diagnostic criteria for FAP are as follows: (1) 100
or more colorectal adenomas or (2) a germline mutation
of the APC gene; or (3) a family history of FAP and at
least one of the following: epidermoid cysts, osteomas,
and desmoid tumor. There appears to be no significant
ethnic or racial differences in the incidence of FAP. In
this case, the gross findings in the excised specimen
were similar to FAP, which confused the diagnosis. The
potential relationship between FAP and UC is not clear.
A 50-year-old man with no known history or symptoms
of IBD presenting with filiform polyposis involving
the entire colon, clinically mimicking FAP, and showing
histologic features similar to neuromuscular and vascular
hamartoma of the small bowel was reported[5]. Leal and
colleagues found that patients with UC had significantly
higher protein levels of Bax, APAF-1, and Caspase-9
than patients with FAP [6]. The average age of onset
of polyposis in FAP is 16 years, which was the age of
our patient. However, the histologic appearance of the
resected specimen did not match the criteria for FAP
(Figure 2B-D).
Hyperplastic polyposis (HP) is another type of
polyposis. HP is usually diagnosed in individuals in their
40’s to 60’s, although it has been reported in patients as
young as 11 years[7]. The syndrome and its inherent risk
of malignant disease should be considered when polyps
are numerous (more than 20, i.e., polyposis), large (> 1
cm), and proximally located (especially if more than five
are proximal to the sigmoid colon), and especially when
there are serrated adenomas[8,9]. A family history of HP is
uncommon, but colorectal cancer (CRC) in a first-degree
relative of a patient with HP is common and reflects
inherited increased risk, perhaps associated with the
putative heterozygous state[10].
There are similar characteristics in UC, FAP and HP,
respectively. Firstly, individuals with these diseases are

CASE REPORT
A 16-year-old Chinese male suffering from recurrent
abdominal pain and diarrhea with mucosanguineous
feces for six months was referred to our department on
September 18, 2012. The patient had occasional fever
with dark red stool and stench on one or two occasions.
He showed no obvious weight loss, had no relevant
family history, and did not smoke or drink alcohol. Six
months previously he had been diagnosed with UC
based on colonoscopy (Figure 1A) and histology of
biopsy (Figure 1B, C). At that time, physical examination
showed no obvious abdominal abnormality. Laboratory
examinations showed C reactive protein (CRP) of 19.0
mg/L, hemoglobin (HGB) of 63 g/L, and platelets (PLT)
of 503 × 109/L. The patient received mesalazine for six
months, but the symptoms recurred.
Six months later on September 21, 2012, a second
colonoscopy was performed, revealing a large number of
polyps in the sigmoid lumen, mucosal swelling, friability,
erosions, loss of vascular pattern, and substantial
superficial punctate hemorrhage. The large number of
polyps had also resulted in stenosis in the sigmoid lumen
(Figure 2A). The lens was unable to pass through the
stenosis into the enteric cavity. The rectal mucosa showed
inflammation and ulcer formation, but no polyps.
The patient underwent a total colectomy and ileal
pouch anal anastomosis (IPAA) on October 7, 2012.
Macroscopic examination of the resected colon revealed
a large number of diffuse inflammatory polyp-like
protrusions (more than a few hundreds) at both ends of
the excision. Polyp diameter ranged from 0.3 to 0.8 cm.
Histological analysis showed inflammatory polyposis
(Figure 2B-D), and no granulomatous, adenomatous
or malignant changes were noted. After surgery, the
patient’s condition improved and he was discharged on
postoperative day 8. Examination was performed six
months later, and an increase in stool frequency was
observed. The boy’s quality of life was normal, and
acute and chronic complications such as bleeding, pelvic
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A

B

C

Figure 1 Colonoscopy and histologic findings in the early onset of colon inflammation. A: Inflammation in the colon, no polyps were found in the colon; B:
Mucosal epithelial necrosis, destruction, distortion and branching of lamina propria glands. The distance between the glands in some regions was increased and
goblet cells decreased significantly; a large number of lymphocytes and plasma cells infiltrated the lamina propria, there were neutrophils in crypts, and lymphocytes
increased significantly in the base of the mucosa; a large number of lymphocytes and plasma cells infiltrated the submucosa; C: Lamina propria glands were distorted
and branched accompanied by crypt abscesses and parts of the glands showed atrophy. The distance between the glands in some regions was increased, in which
goblet cells were decreased. Inflammation in the lamina propria was uniform, with infiltration of numerous lymphocytes and plasma cells, and stromal vessels were
significantly dilated and congested (HE staining).

A

B

C

D

Figure 2 Colonoscopy and histologic finding 6 mo later. A: Diffuse congestion and edema in the mucosa accompanied by focal hemorrhage and exudation,
showing the different shapes, sizes, erosive lesions and superficial ulcers, and most of the regional mucosal hyperplasia was granular with pseudopolyp formation;
B-D: Formation of necrosis and shallow ulcers in part of the mucosal epithelial and glands in the lamina propria were distorted and branching. Several glands showed
atrophy and goblet cells were decreased. Neutrophils infiltrated the lamina propria. The stromal blood vessels were significantly dilated and congested (HE staining).

clearly at increased risk of CRC. FAP is an autosomaldominant CRC syndrome that can be caused by a
germline mutation in the adenomatous polyposis coli
(APC) gene on chromosome 5q21[11]. For patients who
inherit the FAP mutation, there is a virtually 100% risk
of colon cancer[12,13]. Colon cancer will develop in some
patients as early as pre-teenage years[14]. The proportion
of FAP patients with CRC who are under 20 years old
is 2%-15%[15]. In addition, FAP is associated with an
increased risk for the development of other malignancies,
such as desmoid tumors, lymphoma, adrenal cancer,

WJG|www.wjgnet.com

gastric cancer and ileal adenomas. A high incidence of
duodenal polyps has also been described in FAP patients
(79.3%)[16].
Recent studies have proposed that, large rightsided sessile “serrated” hyperplastic polyps are prone
to oncogenetic and epigenetic changes leading to
genetic instability and neoplasia[17,18]. HP will progress to
adenocarcinoma through a “serrated neoplastic pathway”
and a B type Raf kinase (BRAF) proto-oncogene
mutation[19]. About 30% of CRCs develop through this
pathway[20]. However, BRAF mutations were not present
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the APCMin mouse model of FAP[33].
In conclusion, a teenage boy with UC in addition to
polyposis with a possible higher risk of CRC is described.
Thus, the recognition of polyps requires the correlation
of clinical, endoscopic and histopathologic examinations.
It is important to make an accurate diagnosis as the
chemoprophylaxis for CRC is contraindicated in patients
with neoplastic polyps or pseudopolyps. Endoscopic
surveillance is neccessary for patients who have undergone
colectomy.

in any of the polyps of patients with hyperplastic/
serrated polyposis in addition to IBD[21]. These findings
suggest the possibility of another pathway related to
carcinogenesis in IBD. The genetic abnormalities in HP
also include oncogenes and tumor suppressor genes,
especially abnormalities in KRAS and TGFBR2, and loss
of chromosome 1p.
UC is also associated with an increased risk of CRC,
depending on age at diagnosis, especially in those less
than 15 years of age, and is also dependent on the extent
of disease at diagnosis[22]. The risk of CRC in patients
with UC is approximately 7%-14% by 25 years of age,
and the overall incidence rate of CRC is 1.67 per 1000
patient-year [23]. A recent study showed that the risk
of developing CRC in patients with UC has steadily
decreased over the last six decades, but the extent and
duration of the disease has increased this risk[24]. The
available data indicate a similar proportion of CRC in
FAP and UC patients[15,22]. Whether patients with FAP in
addition to UC have a higher risk of CRC is unknown
and requires further investigation.
Secondly, abdominal pain and bloody diarrhea with
or without mucus are common symptoms of UC and
FAP. For patients with UC in addition to other polyposis,
it is possible that the early symptoms of UC masked
the symptoms of polyposis, however, in some cases,
UC is an initial symptom of polyposis, and vice versa. It
was reported that late-onset UC can present as filiform
polyposis, although there were no associated diverticula,
inflammatory lesions or adenomas on endoscopy and the
histology of intervening mucosa was strongly suggestive
of UC in remission[25]. Thus, there may be a relationship
between FAP and UC which needs to be clarified.
Another report suggested a link between IBD and FAP
as the offspring of an FAP patient suffered from IBD[26].
In this case, however, none of his family members
suffered from IBD or other polyposis syndromes, and his
polyps were diagnosed after inflammation was observed.
There are some differences among the three types of
lesions mentioned above. UC, HP and FAP are all closely
related to CRC, however, the chemoprophylaxis for CRC
is important, but is contraindicated in UC and neoplastic
polyposis. For CRC and some neoplastic polyposis,
non-steroidal anti-inflammatory drugs (NSAIDs) are
beneficial, but are harmful in UC. NSAIDs play a role
in postponing surgery in patients with mild colonic
polyposis, in patients with rectal polyposis after prior
colectomy, and as an adjunct to endoscopic surveillance;
the use of any NSAID regardless of type is associated
with a reduced risk of adenomatous polyps[27]. However,
the risk is increased in CD and UC [28] and NSAIDs
have been reported to induce irreversible exacerbation
of IBD[29,30]. As a chemopreventive agent in CRC, the
effectiveness of aspirin in FAP is unclear[31]. Researchers
have found that the use of aspirin and COX-2 inhibitors
was not associated with HP risk[27]. In UC patients, the
use of 5-aminosalicylic acid (5-ASA) can reduce the risk
of CRC[32], however, 5-ASA appears to have no effect on
reducing the number or shrinking the size of polyps in
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Case characteristics

Hundreds of polyps were found at the onset of ulcerative colitis in a teenage boy.

Clinical diagnosis

Ulcerative colitis complicated by inflammatory polyps: Large numbers of polyps
resulted in stenosis in the sigmoid lumen.

Differential diagnosis

Endoscopic and surgical examinations were required to distinguish
inflammatory polyposis from familial adenomatous polyposis and hyperplastic
polyposis.

Laboratory diagnosis

Laboratory diagnosis was ulcerative colitis with inflammatory polyps.

Imaging diagnosis

Colonoscopy images showed hundreds of polyps in the sigmoid causing colonic
stenosis.

Pathological diagnosis

Pathological diagnosis indicated inflammatory changes in the colon.

Treatment

The patient underwent a total colectomy and ileal pouch anal anastomosis.

Term explanation

There are no uncommon terms in this case report.

Experiences and lessons

Some inflammatory polyposis syndromes are similar to familial adenomatous
polyposis and hyperplastic polyposis. These disorders should be carefully
distinguished and accurately diagnosed to ensure an appropriate therapeutic
regimen.

Peer review

Inflammatory polyposis is not novel in ulcerative colitis but the review of the
literature is sound and complete for this case report.

REFERENCES
1

2
3

4

5

1047

Jang ES, Lee DH, Kim J, Yang HJ, Lee SH, Park YS, Hwang
JH, Kim JW, Jeong SH, Kim N, Jung HC, Song IS. Age as
a clinical predictor of relapse after induction therapy in
ulcerative colitis. Hepatogastroenterology 2009; 56: 1304-1309
[PMID: 19950781]
Meenakshisundaram. Isolated diffuse hyperplastic gastric
polyposis: a rare case. J Clin Diagn Res 2012; 6: 1428-1429
[PMID: 23205366 DOI: 10.7860/JCDR/2012/4413.2378]
Adelson JW, deChadarévian JP, Azouz EM, Guttman FM.
Giant inflammatory polyposis causing partial obstruction
and pain in “healed” ulcerative colitis in an adolescent. J
Pediatr Gastroenterol Nutr 1988; 7: 135-140 [PMID: 3335975
DOI: 10.1097/00005176-198801000-00025]
Maggs JR, Browning LC, Warren BF, Travis SP. Obstructing
giant post-inflammatory polyposis in ulcerative colitis: Case
report and review of the literature. J Crohns Colitis 2008; 2:
170-180 [PMID: 21172208 DOI: 10.1016/j.crohns.2007.10.007]
Oakley GJ, Schraut WH, Peel R, Krasinskas A. Diffuse
filiform polyposis with unique histology mimicking familial
adenomatous polyposis in a patient without inflammatory
bowel disease. Arch Pathol Lab Med 2007; 131: 1821-1824

January 21, 2015|Volume 21|Issue 3|

Feng JS et al . UC with inflammatory polyposis

6

7

8

9

10
11
12
13

14

15

16

17

18
19

[PMID: 18081442 DOI: 10.1043/1543-2165(2007)131]
Leal RF, Ayrizono Mde L, Milanski M, Fagundes JJ, Moraes
JC, Meirelles LR, Velloso LA, Coy CS. Detection of epithelial
apoptosis in pelvic ileal pouches for ulcerative colitis and
familial adenomatous polyposis. J Transl Med 2010; 8: 11
[PMID: 20113505 DOI: 10.1186/1479-5876-8-11]
Keljo DJ, Weinberg AG, Winick N, Tomlinson G. Rectal
cancer in an 11-year-old girl with hyperplastic polyposis. J
Pediatr Gastroenterol Nutr 1999; 28: 327-332 [PMID: 10067739
DOI: 10.1097/00005176-199903000-00023]
Macrae FA, Young GP. Neoplastic and nonneoplastic polyps
of the colon and rectum [M]//YAMADA T. Textbook of
gastroenterology. Oxford, UK, Blackwell Publishing Ltd,
2009: 1611-1639 [DOI: 10.1002/9781444303254.ch63]
Lin YC, Chiu HM, Lee YC, Shun CT, Wang HP, Wu MS.
Hyperplastic polyps identified during screening endoscopy:
reevaluated by histological examinations and genetic
alterations. J Formos Med Assoc 2014; 113: 417-421 [PMID:
24961182 DOI: 10.1016/j.jfma.2012.07.030]
Smith RJ, Bryant RG. Metal substitutions incarbonic
anhydrase: a halide ion probe study. Biochem Biophys Res
Commun 1975; 66: 1281-1286 [PMID: 3]
Burt R, Neklason DW. Genetic testing for inherited colon
cancer. Gastroenterology 2005; 128: 1696-1716 [PMID: 15887160
DOI: 10.1053/j.gastro.2005.03.036]
Burt RW, Samowitz WS. The adenomatous polyp and the
hereditary polyposis syndromes. Gastroenterol Clin North Am
1988; 17: 657-678 [PMID: 2852640]
Petersen GM, Slack J, Nakamura Y. Screening guidelines
and premorbid diagnosis of familial adenomatous polyposis
using linkage. Gastroenterology 1991; 100: 1658-1664 [PMID:
1673441]
Church JM, McGannon E, Burke C, Clark B. Teenagers
with familial adenomatous polyposis: what is their risk for
colorectal cancer? Dis Colon Rectum 2002; 45: 887-889 [PMID:
12130875]
Vasen HF, Möslein G, Alonso A, Aretz S, Bernstein I,
Bertario L, Blanco I, Bülow S, Burn J, Capella G, Colas C,
Engel C, Frayling I, Friedl W, Hes FJ, Hodgson S, Järvinen
H, Mecklin JP, Møller P, Myrhøi T, Nagengast FM, Parc
Y, Phillips R, Clark SK, de Leon MP, Renkonen-Sinisalo L,
Sampson JR, Stormorken A, Tejpar S, Thomas HJ, Wijnen
J. Guidelines for the clinical management of familial
adenomatous polyposis (FAP). Gut 2008; 57: 704-713 [PMID:
18194984 DOI: 10.1136/gut.2007.136127]
Cordero-Fernández C, Garzón-Benavides M, PizarroMoreno A, García-Lozano R, Márquez-Galán JL, López
Ruiz T, Sobrino S, Bozada JM, Laguna OB. Gastroduodenal
involvement in patients with familial adenomatous
polyposis. Prospective study of the nature and evolution of
polyps: evaluation of the treatment and surveillance methods
applied. Eur J Gastroenterol Hepatol 2009; 21: 1161-1167 [PMID:
19357520 DOI: 10.1097/MEG.0b013e3283297cf2]
Chow E, Lipton L, Lynch E, D’Souza R, Aragona C, Hodgkin
L, Brown G, Winship I, Barker M, Buchanan D, Cowie S,
Nasioulas S, du Sart D, Young J, Leggett B, Jass J, Macrae F.
Hyperplastic polyposis syndrome: phenotypic presentations
and the role of MBD4 and MYH. Gastroenterology 2006; 131:
30-39 [PMID: 16831587 DOI: 10.1053/j.gastro.2006.03.046]
Jass JR. Hyperplastic polyps of the colorectum-innocent or
guilty? Dis Colon Rectum 2001; 44: 163-166 [PMID: 11227930
DOI: 10.1007/BF02234287]
Ahn HS, Hong SJ, Kim HK, Yoo HY, Kim HJ, Ko BM, Lee
MS. Hyperplastic Polyposis Syndrome Identified with a

20

21

22

23

24

25

26

27

28

29
30
31
32

33

BRAF Mutation. Gut Liver 2012; 6: 280-283 [PMID: 22570761
DOI: 10.5009/gnl.2012.6.2.280]
Dörk T, Dworniczak B, Aulehla-Scholz C, Wieczorek D,
Böhm I, Mayerova A, Seydewitz HH, Nieschlag E, Meschede
D, Horst J, Pander HJ, Sperling H, Ratjen F, Passarge E,
Schmidtke J, Stuhrmann M. Distinct spectrum of CFTR gene
mutations in congenital absence of vas deferens. Hum Genet
1997; 100: 365-377 [PMID: 9272157]
Srivastava A, Redston M, Farraye FA, Yantiss RK, Odze RD.
Hyperplastic/serrated polyposis in inflammatory bowel
disease: a case series of a previously undescribed entity. Am J
Surg Pathol 2008; 32: 296-303 [PMID: 18223333 DOI: 10.1097/
PAS.0b013e318150d51b]
Ekbom A, Helmick C, Zack M, Adami HO. Ulcerative colitis
and colorectal cancer. A population-based study. N Engl
J Med 1990; 323: 1228-1233 [PMID: 2215606 DOI: 10.1056/
NEJM199011013231802]
Castano-Milla C, Chaparro M, Gisbert JP. Has the Risk of
Developing Colorectal Cancer in Patients With Ulcerative
Colitis Been Overstated? a Meta-Analysis. Gastroenterology
2012; 142: S251-S251 [DOI: 10.1016/S0016-5085(12)60944-5]
Castaño-Milla C, Chaparro M, Gisbert JP. Systematic review
with meta-analysis: the declining risk of colorectal cancer in
ulcerative colitis. Aliment Pharmacol Ther 2014; 39: 645-659
[PMID: 24612141 DOI: 10.1111/apt.12651]
Papathanasopoulos AA, Katsanos KH, Tsianos EV. Lateonset ulcerative colitis presenting as filiform polyposis.
J Crohns Colitis 2010; 4: 488-489 [PMID: 21122551 DOI:
10.1016/j.crohns.2010.07.009]
Brignola C, Belloli C, De Simone G, Varesco L, Walger
P, Areni A, Calabrese C, Di Febo G, Barbara L. Familial
adenomatous polyposis and inflammatory bowel disease
associated in two kindreds. Dig Dis Sci 1995; 40: 402-405
[PMID: 7851206 DOI: 10.1007/BF02065428]
Murff HJ, Shrubsole MJ, Chen Z, Smalley WE, Chen H,
Shyr Y, Ness RM, Zheng W. Nonsteroidal anti-inflammatory
drug use and risk of adenomatous and hyperplastic polyps.
Cancer Prev Res (Phila) 2011; 4: 1799-1807 [PMID: 21764857
DOI: 10.1158/1940-6207.capr-11-0107]
Ananthakrishnan AN, Higuchi LM, Huang ES, Khalili H,
Richter JM, Fuchs CS, Chan AT. Aspirin, nonsteroidal antiinflammatory drug use, and risk for Crohn disease and
ulcerative colitis: a cohort study. Ann Intern Med 2012; 156:
350-359 [PMID: 22393130 DOI: 10.1059/0003-4819-156-5-2012
03060-00007]
Hovde O, Farup PG. NSAID-induced irreversible exacerbation
of ulcerative colitis. J Clin Gastroenterol 1992; 15: 160-161 [PMID:
1401830]
Bonner GF. Exacerbation of inflammatory bowel disease
associated with use of celecoxib. Am J Gastroenterol 2001; 96:
1306-1308 [PMID: 11316199 DOI: 10.1016/s0002-9270(01)02293-6]
Kim B, Giardiello FM. Chemoprevention in familial
adenomatous polyposis. Best Pract Res Clin Gastroenterol 2011;
25: 607-622 [PMID: 22122775 DOI: 10.1016/j.bpg.2011.08.002]
Velayos FS, Terdiman JP, Walsh JM. Effect of 5-aminosalicylate
use on colorectal cancer and dysplasia risk: a systematic
review and metaanalysis of observational studies. Am J
Gastroenterol 2005; 100: 1345-1353 [PMID: 15929768 DOI:
10.1111/j.1572-0241.2005.41442.x]
Ritland SR, Leighton JA, Hirsch RE, Morrow JD, Weaver
AL, Gendler SJ. Evaluation of 5-aminosalicylic acid (5-ASA)
for cancer chemoprevention: lack of efficacy against nascent
adenomatous polyps in the Apc(Min) mouse. Clin Cancer Res
1999; 5: 855-863 [PMID: 10213222]
P- Reviewer: Mao AP, Mulberg AE S- Editor: Qi Y
L- Editor: A E- Editor: Wang CH

WJG|www.wjgnet.com

1048

January 21, 2015|Volume 21|Issue 3|

Published by Baishideng Publishing Group Inc
8226 Regency Drive, Pleasanton, CA 94588, USA
Telephone: +1-925-223-8242
Fax: +1-925-223-8243
E-mail: bpgoffice@wjgnet.com
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
http://www.wjgnet.com

I S S N 1 0  0 7  -   9  3 2  7
03

9 7 7 10  0 7   9 3 2 0 45

© 2015 Baishideng Publishing Group Inc. All rights reserved.

ISSN 1007-9327 (print)
ISSN 2219-2840 (online)

World Journal of
Gastroenterology
World J Gastroenterol 2015 January 28; 21(4): 1049-1370

Published by Baishideng Publishing Group Inc

Editorial Board
2014-2017
The World Journal of Gastroenterology Editorial Board consists of 1379 members, representing a team of worldwide
experts in gastroenterology and hepatology. They are from 68 countries, including Algeria (2), Argentina (7),
Australia (31), Austria (9), Belgium (11), Brazil (20), Brunei Darussalam (1), Bulgaria (2), Cambodia (1), Canada
(26), Chile (4), China (163), Croatia (2), Cuba (1), Czech (6), Denmark (2), Egypt (9), Estonia (2), Finland (6), France
(20), Germany (58), Greece (31), Guatemala (1), Hungary (15), Iceland (1), India (33), Indonesia (2), Iran (10), Ireland
(9), Israel (18), Italy (195), Japan (151), Jordan (1), Kuwait (1), Lebanon (7), Lithuania (1), Malaysia (1), Mexico (11),
Morocco (1), Netherlands (5), New Zealand (4), Nigeria (3), Norway (6), Pakistan (6), Poland (12), Portugal (8),
Puerto Rico (1), Qatar (1), Romania (10), Russia (3), Saudi Arabia (2), Singapore (7), Slovenia (2), South Africa (1),
South Korea (70), Spain (51), Sri Lanka (1), Sudan (1), Sweden (12), Switzerland (5), Thailand (7), Trinidad and
Tobago (1), Tunisia (2), Turkey (56), United Kingdom (49), United States (179), Venezuela (1), and Vietnam (1).

EDITORS-IN-CHIEF
Stephen C Strom, Stockholm
Saleh A Naser, Orlando
Andrzej S Tarnawski, Long Beach
Damian Garcia-Olmo, Madrid
ASSOCIATE EDITOR
Christine McDonald, Cleveland
Vincent Di Martino, Besancon
Han Chu Lee, Seoul
Nahum Mendez-Sanchez, Mexico City
Jurgen Stein, Frankfurt
Daniel von Renteln, Montreal
Roberto J Firpi, Gainesville
Anna Kramvis, Johannesburg
Hildegard M Schuller, Knoxville
Namir Katkhouda, Los Angeles
Dong-Wan Seo, Seoul
Angelo Sangiovanni, Milan
Chung-Feng Huang, Kaohsiung
Yoshio Yamaoka, Yufu
Yung-Jue Bang, Seoul
Bei-Cheng Sun, Nanjing
Suk Woo Nam, Seoul
Peter L Lakatos, Budapest
Shu-You Peng, Hangzhou
GUEST EDITORIAL BOARD
MEMBERS
Jia-Ming Chang, Taipei
Jane CJ Chao, Taipei
Kuen-Feng Chen, Taipei
Tai-An Chiang, Tainan
Yi-You Chiou, Taipei

WJG|www.wjgnet.com

Seng-Kee Chuah, Kaohsiung
Wan-Long Chuang, Kaohsiung
How-Ran Guo, Tainan
Ming-Chih Hou, Taipei
Po-Shiuan Hsieh, Taipei
Ching-Chuan Hsieh, Chiayi county
Jun-Te Hsu, Taoyuan
Chung-Ping Hsu, Taichung
Chien-Ching Hung, Taipei
Chao-Hung Hung, Kaohsiung
Chen-Guo Ker, Kaohsiung
Yung-Chih Lai, Taipei
Teng-Yu Lee, Taichung City
Wei-Jei Lee, Taoyuan
Jin-Ching Lee, Kaohsiung
Jen-Kou Lin, Taipei
Ya-Wen Lin, Taipei
Hui-kang Liu, Taipei
Min-Hsiung Pan, Taipei
Bor-Shyang Sheu, Tainan
Hon-Yi Shi, Kaohsiung
Fung-Chang Sung, Taichung
Dar-In Tai, Taipei
Jung-Fa Tsai, Kaohsiung
Yao-Chou Tsai, New Taipei City
Chih-Chi Wang, Kaohsiung
Liang-Shun Wang, New Taipei City
Hsiu-Po Wang, Taipei
Jaw-Yuan Wang, Kaohsiung
Yuan-Huang Wang, Taipei
Yuan-Chuen Wang, Taichung
Deng-Chyang Wu, Kaohsiung
Shun-Fa Yang, Taichung
Hsu-Heng Yen, Changhua



MEMBERS OF THE EDITORIAL
BOARD

Algeria
Saadi Berkane, Algiers
Samir Rouabhia, Batna

Argentina
N Tolosa de Talamoni, Córdoba
Eduardo de Santibanes, Buenos Aires
Bernardo Frider, Capital Federal
Guillermo Mazzolini, Pilar
Carlos Jose Pirola, Buenos Aires
Bernabé Matías Quesada, Buenos Aires
María Fernanda Troncoso, Buenos Aires

Australia
Golo Ahlenstiel, Westmead
Minoti V Apte, Sydney
Jacqueline S Barrett, Melbourne
Michael Beard, Adelaide
Filip Braet, Sydney
Guy D Eslick, Sydney
Christine Feinle-Bisset, Adelaide
Mark D Gorrell, Sydney
Michael Horowitz, Adelaide
Gordon Stanley Howarth, Roseworthy
Seungha Kang, Brisbane
Alfred King Lam, Gold Coast
Ian C Lawrance, PerthFremantle
Barbara Anne Leggett, Brisbane

January 12, 2015

Daniel A Lemberg, Sydney
Rupert W Leong, Sydney
Finlay A Macrae, Victoria
Vance Matthews, Melbourne
David L Morris, Sydney
Reme Mountifield, Bedford Park
Hans J Netter, Melbourne
Nam Q Nguyen, Adelaide
Liang Qiao, Westmead
Rajvinder Singh, Adelaide
Ross Cyril Smith, StLeonards
Kevin J Spring, Sydney
Debbie Trinder, Fremantle
Daniel R van Langenberg, Box Hill
David Ian Watson, Adelaide
Desmond Yip, Garran
Li Zhang, Sydney

Austria
Felix Aigner, Innsbruck
Gabriela A Berlakovich, Vienna
Herwig R Cerwenka, Graz
Peter Ferenci, Wien
Alfred Gangl, Vienna
Kurt Lenz, Linz
Markus Peck-Radosavljevic, Vienna
Markus Raderer, Vienna
Stefan Riss, Vienna

Belgium
Michael George Adler, Brussels
Benedicte Y De Winter, Antwerp
Mark De Ridder, Jette
Olivier Detry, Liege
Denis Dufrane Dufrane, Brussels
Sven M Francque, Edegem
Nikos Kotzampassakis, Liège
Geert KMM Robaeys, Genk
Xavier Sagaert, Leuven
Peter Starkel, Brussels
Eddie Wisse, Keerbergen

Brazil
SMP Balzan, Santa Cruz do Sul
JLF Caboclo, Sao jose do rio preto
Fábio Guilherme Campos, Sao Paulo
Claudia RL Cardoso, Rio de Janeiro
Roberto J Carvalho-Filho, Sao Paulo
Carla Daltro, Salvador
José Sebastiao dos Santos, Ribeirao Preto
Eduardo LR Mello, Rio de Janeiro
Sthela Maria Murad-Regadas, Fortaleza
Claudia PMS Oliveira, Sao Paulo
Júlio C Pereira-Lima, Porto Alegre
Marcos V Perini, Sao Paulo
Vietla Satyanarayana Rao, Fortaleza
Raquel Rocha, Salvador
AC Simoes e Silva, Belo Horizonte
Mauricio F Silva, Porto Alefre
Aytan Miranda Sipahi, Sao Paulo
Rosa Leonôra Salerno Soares, Niterói
Cristiane Valle Tovo, Porto Alegre
Eduardo Garcia Vilela, Belo Horizonte

WJG|www.wjgnet.com

Brunei Darussalam
Vui Heng Chong, Bandar Seri Begawan

Bulgaria
Tanya Kirilova Kadiyska, Sofia
Mihaela Petrova, Sofia

Cambodia
Francois Rouet, Phnom Penh

Canada
Brian Bressler, Vancouver
Frank J Burczynski, Winnipeg
Wangxue Chen, Ottawa
Francesco Crea, Vancouver
Mirko Diksic, Montreal
Jane A Foster, Hamilton
Hugh J Freeman, Vancouver
Shahrokh M Ghobadloo, Ottawa
Yuewen Gong, Winnipeg
Philip H Gordon, Quebec
Rakesh Kumar, Edmonton
Wolfgang A Kunze, Hamilton
Patrick Labonte, Laval
Zhikang Peng, Winnipeg
Jayadev Raju, Ottawa
Maitreyi Raman, Calgary
Giada Sebastiani, Montreal
Maida J Sewitch, Montreal
Eldon A Shaffer, Alberta
Christopher W Teshima, Edmonton
Jean Sévigny, Québec
Pingchang Yang, Hamilton
Pingchang Yang, Hamilton
Eric M Yoshida, Vancouver
Bin Zheng, Edmonton

Chile
Marcelo A Beltran, La Serena
Flavio Nervi, Santiago
Adolfo Parra-Blanco, Santiago
Alejandro Soza, Santiago

China
Zhao-Xiang Bian, Hong Kong
San-Jun Cai, Shanghai
Guang-Wen Cao, Shanghai
Long Chen, Nanjing
Ru-Fu Chen, Guangzhou
George G Chen, Hong Kong
Li-Bo Chen, Wuhan
Jia-Xu Chen, Beijing
Hong-Song Chen, Beijing
Lin Chen, Beijing
Yang-Chao Chen, Hong Kong
Zhen Chen, Shanghai
Ying-Sheng Cheng, Shanghai
Kent-Man Chu, Hong Kong
Zhi-Jun Dai, Xi’an

II

Jing-Yu Deng, Tianjin
Yi-Qi Du, Shanghai
Zhi Du, Tianjin
Hani El-Nezami, Hong Kong
Bao-Ying Fei, Hangzhou
Chang-Ming Gao, Nanjing
Jian-Ping Gong, Chongqing
Zuo-Jiong Gong, Wuhan
Jing-Shan Gong, Shenzhen
Guo-Li Gu, Beijing
Yong-Song Guan, Chengdu
Mao-Lin Guo, Luoyang
Jun-Ming Guo, Ningbo
Yan-Mei Guo, Shanghai
Xiao-Zhong Guo, Shenyang
Guo-Hong Han, Xi’an
Ming-Liang He, Hong Kong
Peng Hou, Xi’an
Zhao-Hui Huang, Wuxi
Feng Ji, Hangzhou
Simon Law, Hong Kong
Yu-Yuan Li, Guangzhou
Meng-Sen Li, Haikou
Shu-De Li, Shanghai
Zong-Fang Li, Xi’an
Qing-Quan Li, Shanghai
Kang Li, Lasa
Han Liang, Tianjin
Xing’e Liu, Hangzhou
Zheng-Wen Liu, Xi’an
Xiao-Fang Liu, Yantai
Bin Liu, Tianjin
Quan-Da Liu, Beijing
Hai-Feng Liu, Beijing
Fei Liu, Shanghai
Ai-Guo Lu, Shanghai
He-Sheng Luo, Wuhan
Xiao-Peng Ma, Shanghai
Yong Meng, Shantou
Ke-Jun Nan, Xi’an
Siew Chien Ng, Hong Kong
Simon SM Ng, Hong Kong
Zhao-Shan Niu, Qingdao
Bo-Rong Pan, Xi’an
Di Qu, Shanghai
Rui-Hua Shi, Nanjing
Bao-Min Shi, Shanghai
Xiao-Dong Sun, Hangzhou
Si-Yu Sun, Shenyang
Guang-Hong Tan, Haikou
Wen-Fu Tang, Chengdu
Anthony YB Teoh, Hong Kong
Wei-Dong Tong, Chongqing
Eric Tse, Hong Kong
Hong Tu, Shanghai
Rong Tu, Haikou
Jian-She Wang, Shanghai
Kai Wang, Jinan
Xiao-Ping Wang, Xianyang
Dao-Rong Wang, Yangzhou
De-Sheng Wang, Xi’an
Chun-You Wang, Wuhan
Ge Wang, Chongqing
Xi-Shan Wang, Harbin
Wei-hong Wang, Beijing
Zhen-Ning Wang, Shenyang
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Wai Man Raymond Wong, Hong Kong
Chun-Ming Wong, Hong Kong
Jian Wu, Shanghai
Sheng-Li Wu, Xi’an
Wu-Jun Wu, Xi’an
Qing Xia, Chengdu
Yan Xin, Shenyang
Dong-Ping Xu, Beijing
Jian-Min Xu, Shanghai
Wei Xu, Changchun
Ming Yan, Jinan
Xin-Min Yan, Kunming
Yi-Qun Yan, Shanghai
Feng Yang, Shanghai
Yong-Ping Yang, Beijing
He-Rui Yao, Guangzhou
Thomas Yau, Hong Kong
Winnie Yeo, Hong Kong
Jing You, Kunming
Jian-Qing Yu, Wuhan
Ying-Yan Yu, Shanghai
Wei-Zheng Zeng, Chengdu
Zong-Ming Zhang, Beijing
Dian-Liang Zhang, Qingdao
Ya-Ping Zhang, Shijiazhuang
You-Cheng Zhang, Lanzhou
Jian-Zhong Zhang, Beijing
Ji-Yuan Zhang, Beijing
Hai-Tao Zhao, Beijing
Jian Zhao, Shanghai
Jian-Hong Zhong, Nanning
Ying-Qiang Zhong, Guangzhou
Ping-Hong Zhou, Shanghai
Yan-Ming Zhou, Xiamen
Tong Zhou, Nanchong
Li-Ming Zhou, Chengdu
Guo-Xiong Zhou, Nantong
Feng-Shang Zhu, Shanghai
Jiang-Fan Zhu, Shanghai
Zhao-Hui Zhu, Beijing

Croatia
Tajana Filipec Kanizaj, Zagreb
Mario Tadic, Zagreb

Cuba
Damian Casadesus, Havana

Czech
Jan Bures, Hradec Kralove
Marcela Kopacova, Hradec Kralove
Otto Kucera, Hradec Kralove
Marek Minarik, Prague
Pavel Soucek, Prague
Miroslav Zavoral, Prague

Denmark
Vibeke Andersen, Odense
E Michael Danielsen, Copenhagen

Egypt
Mohamed MM Abdel-Latif, Assiut
Hussein Atta, Cairo

WJG|www.wjgnet.com

Ashraf Elbahrawy, Cairo
Mortada Hassan El-Shabrawi, Cairo
Mona El Said El-Raziky, Cairo
Elrashdy M Redwan, New Borg Alrab
Zeinab Nabil Ahmed Said, Cairo
Ragaa HM Salama, Assiut
Maha Maher Shehata, Mansoura

Estonia
Margus Lember, Tartu
Tamara Vorobjova, Tartu

Finland
Marko Kalliomäki, Turku
Thomas Kietzmann, Oulu
Kaija-Leena Kolho, Helsinki
Eija Korkeila, Turku
Heikki Makisalo, Helsinki
Tanja Pessi, Tampere

France
Armando Abergel Clermont, Ferrand
Elie K Chouillard, Polssy
Pierre Cordelier, Toulouse
Pascal P Crenn, Garches
Catherine Daniel, Lille
Fanny Daniel, Paris
Cedric Dray, Toulouse
Benoit Foligne, Lille
Jean-Noel Freund, Strasbourg
Hervé Guillou, Toulouse
Nathalie Janel, Paris
Majid Khatib, Bordeaux
Jacques Marescaux, Strasbourg
Jean-Claude Marie, Paris
Driffa Moussata, Pierre Benite
Hang Nguyen, Clermont-Ferrand
Hugo Perazzo, Paris
Alain L Servin, Chatenay-Malabry
Chang Xian Zhang, Lyon

Germany
Stavros A Antoniou, Monchengladbach
Erwin Biecker, Siegburg
Hubert E Blum, Freiburg
Thomas Bock, Berlin
Katja Breitkopf-Heinlein, Mannheim
Elke Cario, Essen
Güralp Onur Ceyhan, Munich
Angel Cid-Arregui, Heidelberg
Michael Clemens Roggendorf, München
Christoph F Dietrich, Bad Mergentheim
Valentin Fuhrmann, Hamburg
Nikolaus Gassler, Aachen
Andreas Geier, Wuerzburg
Markus Gerhard, Munich
Anton Gillessen, Muenster
Thorsten Oliver Goetze, Offenbach
Daniel Nils Gotthardt, Heidelberg
Robert Grützmann, Dresden
Thilo Hackert, Heidelberg
Joerg Haier, Muenster
Claus Hellerbrand, Regensburg
Harald Peter Hoensch, Darmstadt

III

Jens Hoeppner, Freiburg
Richard Hummel, Muenster
Jakob Robert Izbicki, Hamburg
Gernot Maximilian Kaiser, Essen
Matthias Kapischke, Hamburg
Michael Keese, Frankfurt
Andrej Khandoga, Munich
Jorg Kleeff, Munich
Alfred Koenigsrainer, Tuebingen
Peter Christopher Konturek, Saalfeld
Michael Linnebacher, Rostock
Stefan Maier, Kaufbeuren
Oliver Mann, Hamburg
Marc E Martignoni, Munic
Thomas Minor, Bonn
Oliver Moeschler, Osnabrueck
Jonas Mudter, Eutin
Sebastian Mueller, Heidelberg
Matthias Ocker, Berlin
Andreas Ommer, Essen
Albrecht Piiper, Frankfurt
Esther Raskopf, Bonn
Christoph Reichel, Bad Brückenau
Elke Roeb, Giessen
Udo Rolle, Frankfurt
Karl-Herbert Schafer, Zweibrücken
Peter Schemmer, Heidelberg
Andreas G Schreyer, Regensburg
Manuel A Silva, Penzberg
Georgios C Sotiropoulos, Essen
Ulrike S Stein, Berlin
Dirk Uhlmann, Leipzig
Michael Weiss, Halle
Hong-Lei Weng, Mannheim
Karsten Wursthorn, Hamburg

Greece
Alexandra Alexopoulou, Athens
Nikolaos Antonakopoulos, Athens
Stelios F Assimakopoulos, Patras
Grigoris Chatzimavroudis, Thessaloniki
Evangelos Cholongitas, Thessaloniki
Gregory Christodoulidis, Larisa
George N Dalekos, Larissa
Maria Gazouli, Athens
Urania Georgopoulou, Athens
Eleni Gigi, Thessaloniki
Stavros Gourgiotis, Athens
Leontios J Hadjileontiadis, Thessaloniki
Thomas Hyphantis, Ioannina
Ioannis Kanellos, Thessaloniki
Stylianos Karatapanis, Rhodes
Michael Koutsilieris, Athens
Spiros D Ladas, Athens
Theodoros K Liakakos, Athens
Emanuel K Manesis, Athens
Spilios Manolakopoulos, Athens
Gerassimos John Mantzaris, Athens
Athanasios D Marinis, Piraeus
Nikolaos Ioannis Nikiteas, Athens
Konstantinos X Papamichael, Athens
George Sgourakis, Athens
Konstantinos C Thomopoulos, Patras
Konstantinos Triantafyllou, Athens
Christos Triantos, Patras
Georgios Zacharakis, Athens
Petros Zezos, Alexandroupolis
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Demosthenes E Ziogas, Ioannina

Guatemala
Carlos Maria Parellada, Guatemala

Hungary
Mihaly Boros, Szeged
Tamás Decsi, Pécs
Gyula Farkas, Szeged
Andrea Furka, Debrecen
Y vette Mandi, Szeged
Peter L Lakatos, Budapest
Pal Miheller, Budapest
Tamás Molnar, Szeged
Attila Olah, Gyor
Maria Papp, Debrecen
Zoltan Rakonczay, Szeged
Ferenc Sipos, Budapest
Miklós Tanyi, Debrecen
Tibor Wittmann, Szeged

Iceland
Tryggvi Bjorn Stefánsson, Reykjavík

India
Brij B Agarwal, New Delhi
Deepak N Amarapurkar, Mumbai
Shams ul Bari, Srinagar
Sriparna Basu, Varanasi
Runu Chakravarty, Kolkata
Devendra C Desai, Mumbai
Nutan D Desai, Mumbai
Suneela Sunil Dhaneshwar, Pune
Radha K Dhiman, Chandigarh
Pankaj Garg, Mohali
Uday C Ghoshal, Lucknow
Kalpesh Jani, Vadodara
Premashis Kar, New Delhi
Jyotdeep Kaur, Chandigarh
Rakesh Kochhar, Chandigarh
Pradyumna K Mishra, Mumbai
Asish K Mukhopadhyay, Kolkata
Imtiyaz Murtaza, Srinagar
P Nagarajan, New Delhi
Samiran Nundy, Delhi
Gopal Pande, Hyderabad
Benjamin Perakath, Vellore
Arun Prasad, New Delhi
D Nageshwar Reddy, Hyderabad
Lekha Saha, Chandigarh
Sundeep Singh Saluja, New Delhi
Mahesh Prakash Sharma, New Delhi
Sadiq Saleem Sikora, Bangalore
Sarman Singh, New Delhi
Rajeev Sinha, Jhansi
Rupjyoti Talukdar, Hyderabad
Rakesh Kumar Tandon, New Delhi
Narayanan Thirumoorthy, Coimbatore

Indonesia
David Handojo Muljono, Jakarta
Andi Utama, Jakarta
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Iran
Arezoo Aghakhani, Tehran
Seyed Mohsen Dehghani, Shiraz
Ahad Eshraghian, Shiraz
Hossein Khedmat, Tehran
Sadegh Massarrat, Tehran
Marjan Mohammadi, Tehran
Roja Rahimi, Tehran
Farzaneh Sabahi, Tehran
Majid Sadeghizadeh, Tehran
Farideh Siavoshi, Tehran

Ireland
Gary Alan Bass, Dublin
David J Brayden, Dublin
Ronan A Cahill, Dublin
Glen A Doherty, Dublin
Liam J Fanning, Cork
Barry Philip McMahon, Dublin
RossMcManus, Dublin
Dervla O’Malley, Cork
Sinead M Smith, Dublin

Israel
Dan Carter, Ramat Gan
Jorge-Shmuel Delgado, Metar
Eli Magen, Ashdod
Nitsan Maharshak, Tel Aviv
Shaul Mordechai, Beer Sheva
Menachem Moshkowitz, Tel Aviv
William Bahij Nseir, Nazareth
Shimon Reif, Jerusalem
Ram Reifen, Rehovot
Ariella Bar-Gil Shitrit, Jerusalem
Noam Shussman, Jerusalem
Igor Sukhotnik, Haifa
Nir Wasserberg, Petach Tiqwa
Jacob Yahav, Rehovot
Doron Levi Zamir, Gedera
Shira Zelber-Sagi, Haifa
Romy Zemel, Petach-Tikva

Italy
Ludovico Abenavoli, Catanzaro
Luigi Elio Adinolfi, Naples
Carlo Virginio Agostoni, Milan
Anna Alisi, Rome
Piero Luigi Almasio, Palermo
Donato Francesco Altomare, Bari
Amedeo Amedei, Florence
Pietro Andreone, Bologna
Imerio Angriman, Padova
Vito Annese, Florence
Paolo Aurello, Rome
Salavtore Auricchio, Naples
Gian Luca Baiocchi, Brescia
Gianpaolo Balzano, Milan
Antonio Basoli, Rome
Gabrio Bassotti, San Sisto
Mauro Bernardi, Bologna
Alberto Biondi, Rome
Ennio Biscaldi, Genova

IV

Massimo Bolognesi, Padua
Luigi Bonavina, Milano
Aldo Bove, Chieti
Raffaele Bruno, Pavia
Luigi Brusciano, Napoli
Giuseppe Cabibbo, Palermo
Carlo Calabrese, Bologna
Daniele Calistri, Meldola
Vincenza Calvaruso, Palermo
Lorenzo Camellini, Reggio Emilia
Marco Candela, Bologna
Raffaele Capasso, Naples
Lucia Carulli, Modena
Renato David Caviglia, Rome
Luigina Cellini, Chieti
Giuseppe Chiarioni, Verona
Claudio Chiesa, Rome
Michele Cicala, Roma
Rachele Ciccocioppo, Pavia
Sandro Contini, Parma
Gaetano Corso, Foggia
Renato Costi, Parma
Alessandro Cucchetti, Bologna
Rosario Cuomo, Napoli
Giuseppe Currò, Messina
Paola De Nardi, Milano
Giovanni D De Palma, Naples
Raffaele De Palma, Napoli
Giuseppina De Petro, Brescia
Valli De Re, Aviano
Paolo De Simone, Pisa
Giuliana Decorti, Trieste
Emanuele Miraglia del Giudice, Napoli
Isidoro Di Carlo, Catania
Matteo Nicola Dario Di Minno, Naples
Massimo Donadelli, Verona
Mirko D’Onofrio, Verona
Maria Pina Dore, Sassari
Luca Elli, Milano
Massimiliano Fabozzi, Aosta
Massimo Falconi, Ancona
Ezio Falletto, Turin
Silvia Fargion, Milan
Matteo Fassan, Verona
Gianfranco Delle Fave, Roma
Alessandro Federico, Naples
Francesco Feo, Sassari
Davide Festi, Bologna
Natale Figura, Siena
Vincenzo Formica, Rome
Mirella Fraquelli, Milan
Marzio Frazzoni, Modena
Walter Fries, Messina
Gennaro Galizia, Naples
Andrea Galli, Florence
Matteo Garcovich, Rome
Eugenio Gaudio, Rome
Paola Ghiorzo, Genoa
Edoardo G Giannini, Genova
Luca Gianotti, Monza
Maria Cecilia Giron, Padova
Alberto Grassi, Rimini
Gabriele Grassi, Trieste
Francesco Greco, Bergamo
Luigi Greco, Naples
Antonio Grieco, Rome
Fabio Grizzi, Rozzano
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Laurino Grossi, Pescara
Simone Guglielmetti, Milan
Tiberiu Hershcovici, Jerusalem
Calogero Iacono, Verona
Enzo Ierardi, Bari
Amedeo Indriolo, Bergamo
Raffaele Iorio, Naples
Paola Iovino, Salerno
Angelo A Izzo, Naples
Loreta Kondili, Rome
Filippo La Torre, Rome
Giuseppe La Torre, Rome
Giovanni Latella, L’Aquila
Salvatore Leonardi, Catania
Massimo Libra, Catania
Anna Licata, Palermo
C armela Loguercio, Naples
Amedeo Lonardo, Modena
Carmelo Luigiano, Catania
Francesco Luzza, Catanzaro
Giovanni Maconi, Milano
Antonio Macrì, Messina
Mariano Malaguarnera, Catania
Francesco Manguso, Napoli
Tommaso Maria Manzia, Rome
Daniele Marrelli, Siena
Gabriele Masselli, Rome
Sara Massironi, Milan
Giuseppe Mazzarella, Avellino
Michele Milella, Rome
Giovanni Milito, Rome
Antonella d’Arminio Monforte, Milan
Fabrizio Montecucco, Genoa
Giovanni Monteleone, Rome
Mario Morino, Torino
Vincenzo La Mura, Milan
Gerardo Nardone, Naples
Riccardo Nascimbeni, Brescia
Gabriella Nesi, Florence
Giuseppe Nigri, Rome
Erica Novo, Turin
Veronica Ojetti, Rome
Michele Orditura, Naples
Fabio Pace, Seriate
Lucia Pacifico, Rome
Omero Alessandro Paoluzi, Rome
Valerio Pazienza, San Giovanni Rotondo
Rinaldo Pellicano, Turin
Adriano M Pellicelli, Rome
Nadia Peparini, Ciampino
Mario Pescatori, Rome
Antonio Picardi, Rome
Alberto Pilotto, Padova
Alberto Piperno, Monza
Anna Chiara Piscaglia, Rome
Maurizio Pompili, Rome
Francesca Romana Ponziani, Rome
Cosimo Prantera, Rome
Girolamo Ranieri, Bari
Carlo Ratto, Tome
Barbara Renga, Perugia
Alessandro Repici, Rozzano
Maria Elena Riccioni, Rome
Lucia Ricci-Vitiani, Rome
Luciana Rigoli, Messina
Mario Rizzetto, Torino
Ballarin Roberto, Modena
Roberto G Romanelli, Florence
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Claudio Romano, Messina
Luca Roncucci, Modena
Cesare Ruffolo, Treviso
L ucia Sacchetti, Napoli
Rodolfo Sacco, Pisa
Lapo Sali, Florence
Romina Salpini, Rome
Giulio Aniello, Santoro Treviso
Armando Santoro, Rozzano
Edoardo Savarino, Padua
Marco Senzolo, Padua
Annalucia Serafino, Rome
Giuseppe S Sica, Rome
Pierpaolo Sileri, Rome
Cosimo Sperti, Padua
Vincenzo Stanghellini, Bologna
Cristina Stasi, Florence
Gabriele Stocco, Trieste
Roberto Tarquini, Florence
Mario Testini, Bari
Guido Torzilli, Milan
Guido Alberto Massimo, Tiberio Brescia
Giuseppe Toffoli, Aviano
Alberto Tommasini, Trieste
Francesco Tonelli, Florence
Cesare Tosetti Porretta, Terme
Lucio Trevisani, Cona
Guglielmo M Trovato, Catania
Mariapia Vairetti, Pavia
Luca Vittorio Valenti, Milano
Mariateresa T Ventura, Bari
Giuseppe Verlato, Verona
Alessandro Vitale, Padova
Marco Vivarelli, Ancona
Giovanni Li Volti, Catania
Giuseppe Zanotti, Padua
Vincenzo Zara, Lecce
Gianguglielmo Zehender, Milan
Anna Linda Zignego, Florence
Rocco Antonio Zoccali, Messina
Angelo Zullo, Rome

Japan
Yasushi Adachi, Sapporo
Takafumi Ando, Nagoya
Masahiro Arai, Tokyo
Makoto Arai, Chiba
Takaaki Arigami, Kagoshima
Itaru Endo,Yokohama
Munechika Enjoji, Fukuoka
Shunji Fujimori, Tokyo
Yasuhiro Fujino, Akashi
Toshiyoshi Fujiwara, Okayama
Yosuke Fukunaga, Tokyo
Toshio Fukusato, Tokyo
Takahisa Furuta, Hamamatsu
Osamu Handa, Kyoto
Naoki Hashimoto, Osaka
Yoichi Hiasa, Toon
Masatsugu Hiraki, Saga
Satoshi Hirano, Sapporo
Keiji Hirata, Fukuoka
Toru Hiyama, Higashihiroshima
Akira Hokama, Nishihara
Shu Hoteya, Tokyo
Masao Ichinose, Wakayama
Tatsuya Ide, Kurume



Masahiro Iizuka, Akita
Toshiro Iizuka, Tokyo
Kenichi Ikejima, Tokyo
Tetsuya Ikemoto, Tokushima
Hiroyuki Imaeda, Saitama
Atsushi Imagawa, Kan-onji
Hiroo Imazu, Tokyo
Shuji Isaji, Tsu
Toru Ishikawa, Niigata
Toshiyuki Ishiwata, Tokyo
Soichi Itaba, Kitakyushu
Yoshiaki Iwasaki, Okayama
Tatehiro Kagawa, Isehara
Satoru Kakizaki, Maebashi
Naomi Kakushima, Shizuoka
Terumi Kamisawa, Tokyo
Akihide Kamiya, Isehara
Osamu Kanauchi, Tokyo
Tatsuo Kanda, Chiba
Shin Kariya, Okayama
Shigeyuki Kawa, Matsumoto
Takumi Kawaguchi, Kurume
Takashi Kawai, Tokyo
Soo Ryang Kim, Kobe
Shinsuke Kiriyama, Gunma
Tsuneo Kitamura, Urayasu
Masayuki Kitano, Osakasayama
Hirotoshi Kobayashi, Tokyo
Hironori Koga, Kurume
Takashi Kojima, Sapporo
Satoshi Kokura, Kyoto
Shuhei Komatsu, Kyoto
Tadashi Kondo, Tokyo
Yasuteru Kondo, Sendai
Yasuhiro Kuramitsu, Yamaguchi
Yukinori Kurokawa, Osaka
Shin Maeda, Yokohama
Koutarou Maeda, Toyoake
Hitoshi Maruyama, Chiba
Atsushi Masamune, Sendai
Hiroyuki Matsubayashi, Suntogun
Akihisa Matsuda, Inzai
Hirofumi Matsui, Tsukuba
Akira Matsumori, Kyoto
Yoichi Matsuo, Nagoya
Y Matsuzaki, Ami
Toshihiro Mitaka, Sapporo
Kouichi Miura, Akita
Shinichi Miyagawa, Matumoto
Eiji Miyoshi, Suita
Toru Mizuguchi, Sapporo
Nobumasa Mizuno, Nagoya
Zenichi Morise, Nagoya
Tomohiko Moriyama, Fukuoka
Kunihiko Murase, Tusima
Michihiro Mutoh, Tsukiji
Akihito Nagahara, Tokyo
Hikaru Nagahara, Tokyo
Hidenari Nagai, Tokyo
Koichi Nagata, Shimotsuke-shi
Masaki Nagaya, Kawasaki
Hisato Nakajima, Nishi-Shinbashi
Toshifusa Nakajima, Tokyo
Hiroshi Nakano, Kawasaki
Hiroshi Nakase, Kyoto
Toshiyuki Nakayama, Nagasaki
Takahiro Nakazawa, Nagoya
Shoji Natsugoe, Kagoshima City
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Tsutomu Nishida, Suita
Shuji Nomoto, Naogya
Sachiyo Nomura, Tokyo
Takeshi Ogura, Takatsukishi
Nobuhiro Ohkohchi, Tsukuba
Toshifumi Ohkusa, Kashiwa
Hirohide Ohnishi, Akita
Teruo Okano, Tokyo
Satoshi Osawa, Hamamatsu
Motoyuki Otsuka, Tokyo
Michitaka Ozaki, Sapporo
Satoru Saito, Yokohama
Chouhei Sakakura, Kyoto
Naoaki Sakata, Sendai
Ken Sato, Maebashi
Toshiro Sato, Tokyo
Tomoyuki Shibata, Toyoake
H Shimada, Tokyo
Tomohiko Shimatani, Kure
Yukihiro Shimizu, Nanto
Tadashi Shimoyama, Hirosaki
Masayuki Sho, Nara
Ikuo Shoji, Kobe
Atsushi Sofuni, Tokyo
Takeshi Suda, Niigata
M Sugimoto, Hamamatsu
Ken Sugimoto, Hamamatsu
Haruhiko Sugimura, Hamamatsu
Shoichiro Sumi, Kyoto
Hidekazu Suzuki, Tokyo
Masahiro Tajika, Nagoya
Hitoshi Takagi, Takasaki
Toru Takahashi, Niigata
Yoshihisa Takahashi, Tokyo
Shinsuke Takeno, Fukuoka
Akihiro Tamori, Osaka
Kyosuke Tanaka, Tsu
Shinji Tanaka, Hiroshima
Atsushi Tanaka, Tokyo
Yasuhito Tanaka, Nagoya
Shinji Tanaka, Tokyo
Minoru Tomizawa, Yotsukaido City
Kyoko Tsukiyama-Kohara, Kagoshima
Takuya Watanabe, Niigata
Kazuhiro Watanabe, Sendai
Satoshi Yamagiwa, Niigata
Takayuki Yamamoto, Yokkaichi
Hiroshi Yamamoto, Otsu
Kosho Yamanouchi, Nagasaki
Ichiro Yasuda, Gifu
Yutaka Yata, Maebashi-city
Shin-ichi Yokota, Sapporo
Norimasa Yoshida, Kyoto
Hiroshi Yoshida, Tama-City
Hitoshi Yoshiji, Kashihara
Kazuhiko Yoshimatsu, Tokyo
Kentaro Yoshioka, Toyoake
Nobuhiro Zaima, Nara

Jordan
Khaled Ali Jadallah, Irbid

Kuwait
Islam Khan, Kuwait
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Lebanon
Bassam N Abboud, Beirut
Kassem A Barada, Beirut
Marwan Ghosn, Beirut
Iyad A Issa, Beirut
Fadi H Mourad, Beirut
AIa Sharara, Beirut
Rita Slim, Beirut

Lithuania
Antanas Mickevicius, Kaunas

Malaysia
Huck Joo Tan, Petaling Jaya

Mexico
Richard A Awad, Mexico City
Carlos R Camara-Lemarroy, Monterrey
Norberto C Chavez-Tapia, Mexico City
Wolfgang Gaertner, Mexico City
Diego Garcia-Compean, Monterrey
Arturo Panduro, Guadalajara
OT Teramoto-Matsubara, Mexico City
Felix Tellez-Avila, Mexico City
Omar Vergara-Fernandez, Mexico City
Saúl Villa-Trevino, Cuidad de México

Morocco
Samir Ahboucha, Khouribga

Netherlands
Robert J de Knegt, Rotterdam
Tom Johannes Gerardus Gevers, Nijmegen
Menno Hoekstra, Leiden
BW Marcel Spanier, Arnhem
Karel van Erpecum, Utrecht

New Zealand
Leo K Cheng, Auckland
Andrew Stewart Day, Christchurch
Jonathan Barnes Koea, Auckland
Max Petrov, Auckland

Nigeria
Olufunmilayo Adenike Lesi, Lagos
Jesse Abiodun Otegbayo, Ibadan
Stella Ifeanyi Smith, Lagos

Norway
Trond Berg, Oslo
Trond Arnulf Buanes, Krokkleiva
Thomas de Lange, Rud
Magdy El-Salhy, Stord
Rasmus Goll, Tromso
Dag Arne Lihaug Hoff, Aalesund

VI

Pakistan
Zaigham Abbas, Karachi
Usman A Ashfaq, Faisalabad
Muhammad Adnan Bawany, Hyderabad
Muhammad Idrees, Lahore
Saeed Sadiq Hamid, Karachi
Yasir Waheed, Islamabad

Poland
Thomas Brzozowski, Cracow
Magdalena Chmiela, Lodz
Krzysztof Jonderko, Sosnowiec
Anna Kasicka-Jonderko, Sosnowiec
Michal Kukla, Katowice
Tomasz Hubert Mach, Krakow
Agata Mulak, Wroclaw
Danuta Owczarek, Kraków
Piotr Socha, Warsaw
Piotr Stalke, Gdansk
Julian Teodor Swierczynski, Gdansk
Anna M Zawilak-Pawlik, Wroclaw

Portugal
Marie Isabelle Cremers, Setubal
Ceu Figueiredo, Porto
Ana Isabel Lopes, LIsbon
M Paula Macedo, Lisboa
Ricardo Marcos, Porto
Rui T Marinho, Lisboa
Guida Portela-Gomes, Estoril
Filipa F Vale, Lisbon

Puerto Rico
Caroline B Appleyard, Ponce

Qatar
Abdulbari Bener, Doha

Romania
Mihai Ciocirlan, Bucharest
Dan LucianDumitrascu, Cluj-Napoca
Carmen Fierbinteanu-Braticevici, Bucharest
Romeo G Mihaila, Sibiu
Lucian Negreanu, Bucharest
Adrian Saftoiu, Craiova
Andrada Seicean, Cluj-Napoca
Ioan Sporea, Timisoara
Letiţia Adela Maria Streba, Craiova
Anca Trifan, Iasi

Russia
Victor Pasechnikov, Stavropol
Vasiliy Ivanovich Reshetnyak, Moscow
Vitaly Skoropad, Obninsk

Saudi Arabia
Abdul-Wahed N Meshikhes, Dammam
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Singapore
Brian KP Goh, Singapore
Richie Soong, Singapore
Ker-Kan Tan, Singapore
Kok-Yang Tan, Singapore
Yee-Joo Tan, Singapore
Mark Wong, Singapore
Hong Ping Xia, Singapore

Slovenia
Matjaz Homan, Ljubljana
Martina Perse, Ljubljana

South Korea
Sang Hoon Ahn, Seoul
Seung Hyuk Baik, Seoul
Soon Koo Baik, Wonju
Soo-Cheon Chae, Iksan
Byung-Ho Choe, Daegu
Suck Chei Choi, Iksan
Hoon Jai Chun, Seoul
Yeun-Jun Chung, Seoul
Young-Hwa Chung, Seoul
Ki-Baik Hahm, Seongnam
Sang Young Han, Busan
Seok Joo Han, Seoul
Seung-Heon Hong, Iksan
Jin-Hyeok Hwang, Seoungnam
Jeong Won Jang, Seoul
Jin-Young Jang, Seoul
Dae-Won Jun, Seoul
Young Do Jung, Kwangju
Gyeong Hoon Kang, Seoul
Sung-Bum Kang, Seoul
Koo Jeong Kang, Daegu
Ki Mun Kang, Jinju
Chang Moo Kang, Seodaemun-gu
Gwang Ha Kim, Busan
Sang Soo Kim, Goyang-si
Jin Cheon Kim, Seoul
Tae Il Kim, Seoul
Jin Hong Kim, Suwon
Kyung Mo Kim, Seoul
Kyongmin Kim, Suwon
Hyung-Ho Kim, Seongnam
Seoung Hoon Kim, Goyang
Sang Il Kim, Seoul
Hyun-Soo Kim, Wonju
Jung Mogg Kim, Seoul
Dong Yi Kim, Gwangju
Kyun-Hwan Kim, Seoul
Jong-Han Kim, Ansan
Sang Wun Kim, Seoul
Ja-Lok Ku, Seoul
Kyu Taek Lee, Seoul
Hae-Wan Lee, Chuncheon
Inchul Lee, Seoul
Jung Eun Lee, Seoul
Sang Chul Lee, Daejeon
Song Woo Lee, Ansan-si
Hyuk-Joon Lee, Seoul
Seong-Wook Lee, Yongin
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Kil Yeon Lee, Seoul
Jong-Inn Lee, Seoul
Kyung A Lee, Seoul
Jong-Baeck Lim, Seoul
Eun-Yi Moon, Seoul
SH Noh, Seoul
Seung Woon Paik, Seoul
Won Sang Park, Seoul
Sung-Joo Park, Iksan
Kyung Sik Park, Daegu
Se Hoon Park, Seoul
Yoonkyung Park, Gwangju
Seung-Wan Ryu, Daegu
Dong Wan Seo, Seoul
Il Han Song, Cheonan
Myeong Jun Song, Daejeon
Yun Kyoung Yim, Daejeon
Dae-Yeul Yu Daejeon

Spain
Mariam Aguas, Valencia
Raul J Andrade, Málaga
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EDITORIAL

Does endoscopic ultrasound-guided biliary drainage really
have clinical impact?
Takeshi Ogura, Kazuhide Higuchi
guided hepaticogastrostomy. More recently, EUS-gui
ded antegrade stenting and EUS-guided gallbladder
drainage have also been reported. many case reports,
series, and retrospective studies on EUS-BD have been
reported. However, because prospective studies and
comparisons between the different biliary drainage
methods have not been reported, the technical success,
functional success, adverse events, and stent patency
with long-term follow up of EUS-BD are still unclear.
Therefore, prospective, randomized controlled studies
addressing these issues are needed. Despite this, EUSBD undoubtedly is clinically useful as an alternative
biliary drainage method. EUS-BD has the potential to
be a first-line biliary drainage method instead of ERCP if
results of clinical trials are favorable and the technique
is simplified.
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Core tip: To date, many case reports, series, and
retrospective studies on EUS-guided biliary drainage
(EUS-BD) have been reported. However, because
prospective studies and comparisons between the
different biliary drainage methods have not been
reported, the technical success, functional success,
adverse events, and stent patency with long-term follow
up of EUS-BD are still unclear. Therefore, prospective,
randomized controlled studies addressing these issues
are needed. Despite this, EUS-BD undoubtedly is
clinically useful. EUS-BD has the potential to be a firstline biliary drainage method instead of endoscopic
retrograde cholangiopancreatography if results of clinical
trials are favorable and the technique is simplified.

Abstract
The well established, gold standard method for treatment
of obstructive jaundice involves biliary drainage under
endoscopic retrograde cholangiopancreatography (ERCP)
performed by pancreatobiliary endoscopists. Recently,
interventions using endoscopic ultrasound (EUS) have
been developed not only for obtaining cytological and
histological diagnosis, but also for biliary drainage as
alternative method. EUS-guided biliary drainage (EUSBD) was first reported by Giovannini et al . EUS-BD
broadly includes EUS-guided rendezvous technique,
EUS-guided choledochoduodenostomy, and EUS-
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duct is punctured by a 19G needle, the guidewire
is inserted, and the fistula is dilated using a needle
knife, dilator, or balloon dilator. Finally, a fully
covered metallic stent is usually placed from the
common bile duct to the duodenum. High technical
and clinical success rates of this procedure have
been reported. The biggest advantage of this
method is that it is not associated with acute
pancreatitis. EUS-CDS, thus, has the potential to
be the biliary drainage method of choice instead
of ERCP, although this needs to be confirmed by a
randomized controlled trial comparing ERCP and
EUS-CDS.
EUS-HGS has the widest indications among the
different EUS-BD procedures. It can be performed in
patients with altered anatomy, duodenal obstruction,
[18]
and hepatic hilar obstruction . In this procedure,
the intrahepatic bile duct (segment 3) is punctured
using a 19G needle, and the guidewire is advanced.
Various devices are then used to dilate the fistula.
[19]
Park et al
reported the predictors of adverse
events with EUS-BD. In their study, post-procedure
adverse events developed after EUS-BD in 11
patients (20%). Multivariate analysis demonstrated
that use of a needle knife was the single most
important risk factor for post-procedure adverse
events after EUS-BD (OR = 12.4; P = 0.01). Hence,
balloon or dilator catheters may be suitable for
dilation of the fistula. In addition, metallic stents
should also be used to avoid bile leakage. However,
this technique is associated with the risk of fatal
[20]
adverse events, such as stent migration . If its
adverse events can be minimized by various efforts,
EUS-HGS may become the EUS-BD technique of
choice because of its wide indications.
EUS-AS may also be a promising drainage
method. After the intrahepatic bile duct is punctured
using a 19G needle, the guidewire is advanced
through the site of obstruction. Thereafter, a stent
deliverer is inserted and the stent is placed in a
trans- or supra-papillary position. In this technique,
compared with EUS-HGS, stent migration does not
occur, indicating that it seems to be a safe technique.
However, re-intervention following stent occlusion, if
required, can be challenging. If occlusion of the EUSAS stent was to occur, we would need to do either
of the following: puncture the intrahepatic bile duct
and perform EUS-HGS, or place another stent inside
the occluded stent. However, the intrahepatic bile
duct may not always be dilated enough to allow for
[21]
puncturing . For this reason, EUS-AS should only
be performed in selected patients, such as those
with a limited prognosis.
EUS-GBD is probably the most easily performed
of all the EUS-BD procedures, because the ga
llbladder presents a large target for puncture. The
gallbladder can be visualized from the antrum or
duodenal bulb. After it is punctured using a 19G
needle, the guidewire is inserted. Then, the fistula

Ogura T, Higuchi K. Does endoscopic ultrasound-guided biliary
drainage really have clinical impact? World J Gastroenterol
2015; 21(4): 1049-1052 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i4/1049.htm DOI: http://dx.doi.
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INTRODUCTION
The well established, gold standard method for
treatment of obstructive jaundice involves biliary
drainage under endoscopic retrograde cholangio
pancreatography (ERCP) performed by pancrea
[1-3]
tobiliary endoscopists
. Percutaneous trans
hepatic cholangiography (PTC) has also been
established as an alternative method for biliary
[4,5]
drainage . However, PTC is associated with several
complications, such as cholangitis, bile leakage, and
pneumothorax. Moreover, the frequency of major
complications, leading to prolonged hospital stay
and permanent adverse sequelae, is 4.6%-25%,
[4,5]
and that of procedure-related deaths is 0%-5.6% .
Cosmetic issues due to external drainage also com
promise the patient’s quality of life. Moreover, a
large amount of ascites is a contraindication for PTC.
Recently, interventions using endoscopic ultrasound
(EUS) have been developed not only for obtaining
cytological and histological diagnosis (EUS-guided
fine needle aspiration), but also for biliary drainage.
EUS-guided biliary drainage (EUS-BD) was first
[6]
reported by Giovannini et al . EUS-BD broadly
includes EUS-guided rendezvous technique (EUS[7,8]
RV) , EUS-guided choledochoduodenostomy (EUS[9,10]
CDS)
, and EUS-guided hepaticogastrostomy
[11,12]
(EUS-HGS)
. Recently, EUS-guided antegrade
[13,14]
stenting (EUS-AS)
and EUS-guided gallbladder
[15,16]
drainage (EUS-GBD)
have also been reported.

Technical evaluation of EUS-BD

EUS-RV is mainly indicated for failed ERCP. This
technique involves puncture of the intrahepatic or
common bile duct using a 19G needle, following
which a guidewire is advanced toward the duodenum
through the site of stenosis or the ampulla of Vater.
However, the technical success rate of this procedure
[17]
is not very high (70%-100%) . In addition, this
technique is not indicated for cases of duodenal
obstruction that are caused by tumor invasion, or
those with altered anatomy, such as following the
Roux-en-Y procedure. To enhance the technical
success rate, the puncture needle and the guidewire
should be stiff or include some additional technical
features.
EUS-CDS is also normally indicated for failed
ERCP. Performance of EUS-CDS requires puncture of
the extrahepatic bile duct; therefore, this technique
is indicated in cases of duodenal obstruction that do
not involve the duodenal bulb. The extrahepatic bile
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[28]

is dilated using a dilation or balloon catheter, while a
pig tail type plastic stent is usually placed (sometimes
combined with a metallic stent) to prevent stent
migration. This technique is indicated in patients
whose cystic duct is intact. If the cystic duct is
invaded by tumor, stent dysfunction can occur.
Although EUS-CDS or EUS-HGS is usually performed
in cases requiring re-intervention, the patient’s
condition may not be suitable for re-intervention
because of tumor progression. In such cases, when
performance of EUS-CDS or EUS-HGS is challenging,
EUS-GBD may be performed.
To date, there are no reports of randomized
controlled studies comparing ERCP with EUS-BD.
However, recently, a retrospective study comparing
[22]
PTC and EUS-BD has been reported . In this paper,
of the 73 patients with failed ERCP complicated
by distal malignant biliary obstruction who were
included, EUS-BD was performed in 22 patients and
PTC in 51 patients. Although the technical success
rate of PTC was higher than that of EUS-BD, the
adverse event rate and total cost were also higher
than those of EUS-BD. Interestingly, EUS-BD is
associated with a decreased adverse event rate and
is significantly less costly due to the need for fewer
re-interventions. However, these results should be
further evaluated in a prospective clinical trial.

ends of the covered portion. Paik et al
described
a simplified and modified technique of EUS-HGS,
which resulted in a shorter procedural time (P <
0.001) and less frequent early adverse events (P =
0.02) compared with the conventional technique. Yet,
[29]
although various techniques have been reviewed ,
the best techniques and devices still need to be
determined by a prospective study.

CONCLUSION
In conclusion, to date, many case reports, series,
and retrospective studies on EUS-BD have been
reported. However, because prospective studies and
comparisons between the different biliary drainage
methods have not been reported, the technical
success, functional success, adverse events, and
stent patency with long-term follow up of EUS-BD
are still unclear. Therefore, prospective, randomized
controlled studies addressing these issues are
needed. Despite this, EUS-BD undoubtedly is
clinically useful as an alternative biliary drainage
method. EUS-BD has the potential to be a first-line
biliary drainage method instead of ERCP if results
of clinical trials are favorable and the technique is
simplified.

REFERENCES

Techniques to minimize adverse events following EUSBD

1

According to recent literature reviews of EUS-BD,
the adverse event rates of these procedures are still
[17]
high . Reportedly, several techniques and devices
have been introduced to reduce the adverse event
rates. In EUS-CDS or EUS-GBD, novel metallic stents
have been used to prevent stent migration. Itoi
[23]
et al
reported the technique of EUS-GBD using
AXIOS stent (Xlumena Inc., Mountain View, CA,
United States). This stent is a fully covered, 10 mm
diameter, 10 mm long braided stent with bilateral 20
[24]
mm diameter anchor flanges. Perez-Miranda et al
reported using this novel stent for EUS-CDS. This
unique stent design may be effective in preventing
[25]
stent migration. In addition, Teoh et al
described a
simplified method of EUS-GBD using a novel cauterytipped stent delivery system. However, since use
of these novel stents or methods has only been
reported as case reports, additional case studies and
trials are required for further development of EUSCDS and EUS-GBD as safe, simple, and effective
biliary drainage methods. Likewise, several methods
for improving the results of EUS-HGS have also
been reported. The clinical impact of EUS-HGS
[21]
combined with EUS-AS
and a novel method of
[26]
stent placement of EUS-HGS
have been previously
[27]
reported. Recently, Song et al
performed 10 EUSHGS cases using a novel hybrid metallic stent that
has proximal and distal antimigration flaps at both

WJG|www.wjgnet.com

2

3
4

5
6

7

8

9

1051

Cotton PB. Cannulation of the papilla of Vater by endoscopy
and retrograde cholangiopancreatography (ERCP). Gut 1972; 13:
1014-1025 [PMID: 4568802 DOI: 10.1136/gut.13.12.1014]
ASGE guidelines for clinical application. The role of ERCP in
diseases of the biliary tract and pancreas. American Society for
Gastrointestinal Endoscopy. Gastrointest Endosc 1999; 50: 915-920
[PMID: 10644191 DOI: 10.1016/S0016-5107(99)70195-1]
Fogel EL, Sherman S, Devereaux BM, Lehman GA. Therapeutic
biliary endoscopy. Endoscopy 2001; 33: 31-38 [PMID: 11204985
DOI: 10.1055/s-2001-11186]
Günther RW, Schild H, Thelen M. Percutaneous transhepatic
biliary drainage: experience with 311 procedures. Cardiovasc
Intervent Radiol 1988; 11: 65-71 [PMID: 2455599 DOI: 10.1007/
BF02577061]
Carrasco CH, Zornoza J, Bechtel WJ. Malignant biliary obstruction:
complications of percutaneous biliary drainage. Radiology 1984; 152:
343-346 [PMID: 6739796 DOI: 10.1148/radiology.152.2.6739796]
Giovannini M, Moutardier V, Pesenti C, Bories E, Lelong
B, Delpero JR. Endoscopic ultrasound-guided bilioduodenal
anastomosis: a new technique for biliary drainage. Endoscopy
2001; 33: 898-900 [PMID: 11571690]
Isayama H, Nakai Y, Kawakubo K, Kawakami H, Itoi T, Yamamoto
N, Kogure H, Koike K. The endoscopic ultrasonography-guided
rendezvous technique for biliary cannulation: a technical review. J
Hepatobiliary Pancreat Sci 2013; 20: 413-420 [PMID: 23179560
DOI: 10.1007/s00534-012-0577-8]
Dhir V, Bhandari S, Bapat M, Maydeo A. Comparison of EUSguided rendezvous and precut papillotomy techniques for biliary
access (with videos). Gastrointest Endosc 2012; 75: 354-359
[PMID: 22248603 DOI: 10.1016/j.gie.2011.07.075]
Hara K, Yamao K, Hijioka S, Mizuno N, Imaoka H, Tajika
M, Kondo S, Tanaka T, Haba S, Takeshi O, Nagashio Y,
Obayashi T, Shinagawa A, Bhatia V, Shimizu Y, Goto H, Niwa
Y. Prospective clinical study of endoscopic ultrasound-guided
choledochoduodenostomy with direct metallic stent placement

January 28, 2015|Volume 21|Issue 4|

Ogura T et al . EUS-guided biliary drainage

10

11

12
13

14

15

16

17

18

19

20

using a forward-viewing echoendoscope. Endoscopy 2013; 45:
392-396 [PMID: 23338620 DOI: 10.1055/s-0032-1326076]
Song TJ, Hyun YS, Lee SS, Park do H, Seo DW, Lee SK, Kim
MH. Endoscopic ultrasound-guided choledochoduodenostomies
with fully covered self-expandable metallic stents. World J
Gastroenterol 2012; 18: 4435-4440 [PMID: 22969210 DOI:
10.3748/wjg.v18.i32.4435]
Ogura T, Masuda D, Imoto A, Umegaki E, Higuchi K. EUSguided gallbladder drainage and hepaticogastrostomy for acute
cholecystitis and obstructive jaundice (with video). Endoscopy
2014; 46 Suppl 1 UCTN: E75-E76 [PMID: 24639366 DOI:
10.1055/s-0033-1359135]
Park do H. Endoscopic ultrasonography-guided hepaticogas
trostomy. Gastrointest Endosc Clin N Am 2012; 22: 271-80, ix
[PMID: 22632949 DOI: 10.1016/j.giec.2012.04.009]
Artifon EL, Safatle-Ribeiro AV, Ferreira FC, Poli-de-Figueiredo L,
Rasslan S, Carnevale F, Otoch JP, Sakai P, Kahaleh M. EUS-guided
antegrade transhepatic placement of a self-expandable metal stent
in hepatico-jejunal anastomosis. JOP 2011; 12: 610-613 [PMID:
22072253]
Ogura T, Edogawa S, Imoto A, Masuda D, Yamamoto K,
Takeuchi T, Inoue T, Uchiyama K, Higuchi K. EUS-guided
hepaticojejunostomy combined with antegrade stent placement.
Gastrointest Endosc 2014; Epub ahead of print [PMID: 25038002
DOI: 10.1016/j.gie.2014.05.323]
Hara K, Yamao K, Niwa Y, Sawaki A, Mizuno N, Hijioka S,
Tajika M, Kawai H, Kondo S, Kobayashi Y, Matumoto K, Bhatia V,
Shimizu Y, Ito A, Hirooka Y, Goto H. Prospective clinical study of
EUS-guided choledochoduodenostomy for malignant lower biliary
tract obstruction. Am J Gastroenterol 2011; 106: 1239-1245 [PMID:
21448148 DOI: 10.1016/j.gie.2011.03.1120]
Itoi T, Coelho-Prabhu N, Baron TH. Endoscopic gallbladder
drainage for management of acute cholecystitis. Gastrointest
Endosc 2010; 71: 1038-1045 [PMID: 20438890 DOI: 10.1016/
j.gie.2010.01.026]
Fabbri C, Luigiano C, Lisotti A, Cennamo V, Virgilio C, Caletti
G, Fusaroli P. Endoscopic ultrasound-guided treatments: are we
getting evidence based--a systematic review. World J Gastroenterol
2014; 20: 8424-8448 [PMID: 25024600 DOI: 10.3748/wjg.v20.
i26.8424]
Ogura T, Sano T, Onda S, Imoto A, Masuda D, Yamamoto K,
Kitano M, Takeuchi T, Inoue T, Higuchi K. Endoscopic ultrasoundguided biliary drainage for right hepatic bile duct obstruction: novel
technical tips. Endoscopy 2015; 47: 72-75 [PMID: 25264761]
Park do H, Jang JW, Lee SS, Seo DW, Lee SK, Kim MH. EUSguided biliary drainage with transluminal stenting after failed
ERCP: predictors of adverse events and long-term results.
Gastrointest Endosc 2011; 74: 1276-1284 [PMID: 21963067 DOI:
10.1016/j.gie.2011.07.054]
Martins FP, Rossini LG, Ferrari AP. Migration of a covered

21

22

23

24

25

26

27

28

29

metallic stent following endoscopic ultrasound-guided hepa
ticogastrostomy: fatal complication. Endoscopy 2010; 42 Suppl 2:
E126-E127 [PMID: 20405376 DOI: 10.1055/s-0029-1243911]
Ogura T, Masuda D, Imoto A, Takeushi T, Kamiyama R, Mohamed
M, Umegaki E, Higuchi K. EUS-guided hepaticogastrostomy
combined with fine-gauge antegrade stenting: a pilot study.
Endoscopy 2014; 46: 416-421 [PMID: 24573771 DOI: 10.1055/
s-0034-1365020]
Khashab MA, Valeshabad AK, Afghani E, Singh VK, Kumbhari V,
Messallam A, Saxena P, El Zein M, Lennon AM, Canto MI, Kalloo
AN. A Comparative Evaluation of EUS-Guided Biliary Drainage
and Percutaneous Drainage in Patients with Distal Malignant
Biliary Obstruction and Failed ERCP. Dig Dis Sci 2014; Epub
ahead of print [PMID: 25081224]
Itoi T, Binmoeller K, Itokawa F, Umeda J, Tanaka R. Endoscopic
ultrasonography-guided cholecystogastrostomy using a lumenapposing metal stent as an alternative to extrahepatic bile duct
drainage in pancreatic cancer with duodenal invasion. Dig Endosc
2013; 25 Suppl 2: 137-141 [PMID: 23617665 DOI: 10.1111/
den.12084]
Perez-Miranda M, De la Serna Higuera C, Gil-Simon P, Her
nandez V, Diez-Redondo P, Fernandez-Salazar L. EUS-guided
choledochoduodenostomy with lumen-apposing metal stent after
failed rendezvous in synchronous malignant biliary and gastric
outlet obstruction (with video). Gastrointest Endosc 2014; 80:
342; discussion 343-344 [PMID: 24814773 DOI: 10.1016/
j.gie.2014.03.010.]
Teoh AY, Binmoeller KF, Lau JY. Single-step EUS-guided
puncture and delivery of a lumen-apposing stent for gallbladder
drainage using a novel cautery-tipped stent delivery system.
Gastrointest Endosc 2014; 80: 1171 [PMID: 24830582 DOI:
10.1016/j.gie.2014.03.038]
Ogura T, Kurisu Y, Masuda D, Imoto A, Hayashi M, Malak
M, Umegaki E, Uchiyama K, Higuchi K. Novel method of
endoscopic ultrasound-guided hepaticogastrostomy to prevent stent
dysfunction. J Gastroenterol Hepatol 2014; 29: 1815-1821 [PMID:
24720511 DOI: 10.1111/jgh.12598]
Song TJ, Lee SS, Park do H, Seo DW, Lee SK, Kim MH.
Preliminary report on a new hybrid metal stent for EUS-guided
biliary drainage (with videos). Gastrointest Endosc 2014; 80:
707-711 [PMID: 25053527 DOI: 10.1016/j.gie.2014.05.327]
Paik WH, Park do H, Choi JH, Choi JH, Lee SS, Seo DW,
Lee SK, Kim MH, Lee JB. Simplified fistula dilation technique
and modified stent deployment maneuver for EUS-guided
hepaticogastrostomy. World J Gastroenterol 2014; 20: 5051-5059
[PMID: 24803818 DOI: 10.3748/wjg.v20.i17.5051]
Prichard D, Byrne MF. Endoscopic ultrasound guided biliary and
pancreatic duct interventions. World J Gastrointest Endosc 2014; 6:
513-524 [PMID: 25400865 DOI: 10.4253/wjge.v6.i11.513]
P- Reviewer: Albuquerque A, Chow WK, Guarneri F, Kurtoglu E,
Kouraklis G, Luo HS, Sulkowski S S- Editor: Qi Y L- Editor: A
E- Editor: Zhang DN

WJG|www.wjgnet.com

1052

January 28, 2015|Volume 21|Issue 4|

World J Gastroenterol 2015 January 28; 21(4): 1053-1060
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v21.i4.1053

© 2015 Baishideng Publishing Group Inc. All rights reserved.

REVIEW

Management of obstructed defecation
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and/or enterocele repair, retrograde Malone’s enema
and partial myotomy of the puborectalis muscle are
effective in selected cases. Laparoscopic ventral sacral
colporectopexy may be an effective surgical option.
Stapled transanal rectal resection may lead to severe
complications. The Transtar procedure seems to be
safer, when dealing with recto-rectal intussusception.
A multidisciplinary approach to ODS provides the best
results.
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Core tip: Obstructed defecation mainly effect women
and may be due both to functional and organic
disorders. Some of them, i.e. , rectocele, are more
evident and easy to detect. Two out of ten patients
present with occult causes, more difficult to diagnose,
which may be looked at as “underwater rocks” of an
iceberg. Most patients may be treated conservatively,
with fiber diet, laxatives, rectal irrigation, pelvic floor
rehabilitation and psychotherapy; and a minority
requires surgery, including rectocele repair, prolapse
excision, rectopexy and, more rarely, transanal
rectal resection. Due to its complex etiology and
psychological involvement, obstructed defecation needs
a multidisciplinary approach.

Abstract
The management of obstructed defecation syndrome
(ODS) is mainly conservative and mainly consists
of fiber diet, bulking laxatives, rectal irrigation or
hydrocolontherapy, biofeedback, transanal elec
trostimulation, yoga and psychotherapy. According
to our experience, nearly 20% of the patients need
surgical treatment. If we consider ODS an “iceberg
syndrome”, with “emerging rocks”, rectocele and
rectal internal mucosal prolapse, that may benefit
from surgery, at least two out of ten patients also
has “underwater rocks” or occult disorders, such as
anismus, rectal hyposensation and anxiety/depression,
which mostly require conservative treatment. Rectal
prolapse excision or obliterative suture, rectocele
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SYMPTOMS AND DIAGNOSIS
Obstructed defecation syndrome (ODS) is a type
of constipation characterized by fragmented stools,
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Podzemny V et al . Treatments of obstructed defecation
need for straining at defecation, sense of incomplete
evacuation, tenesmus, urgency, pelvic heaviness
[1,2]
and self-digitation . Most patients are females. The
aim of self-digitation is two-fold: (1) by compress
ing the rectocele pouch through the vagina, the pa
tient makes the anorectum straight and facilitates
the evacuation of the stool; and (2) by pushing
on the perineum, the transverse muscles of the
perineum are stimulated, and this elicits a reflex
[3]
rectal contraction aimed at evacuating the feces .
Unfortunately, self-digitation may cause anorectal
ulcerations followed by bleeding and discomfort and
anal fibrosis leading to a stricture. The diagnosis of
ODS is based on a careful evaluation of the patient’s
clinical history. The severity of symptoms may be
[4]
objectively evaluated using a validated score .
[5]
Transanal-vaginal ultrasound (US) , defecogra
[6]
phy , anorectal manometry and the balloon expuls
[7]
ion test , entero defecography, dynamic perineal US
[8,9]
and magnetic resonance imaging defecography ,
[10]
pudendal nerve motor latency
and psychological
[11]
evaluation
may be useful for the assessment of
ODS.

has a secondary role in correcting the above-men
tioned defects, as they are mainly psychological
and/or muscular and/or neurological. Unfortunately,
they would require long and complex treatment, i.e.,
change of dietary regimen, psychological support,
pelvic floor rehabilitation. Instead, both patients and
surgeons prefer a faster solution of the problem, i.e.,
a straightforward operation. This explains why most,
if not all surgical procedures tend to fail in the long
[14-17]
term
.
As reported by the Wexner group, many women
with rectocele suffer from ODS, but only in a minority
[18]
of them are the symptoms due to rectocele .
[19]
Vermeulen et al , when reporting the high failure
rate after surgery for rectocele, states that “to restore
anatomy does not mean to restore function”.
Therefore, caution is needed prior to recom
mending surgery in a patient with ODS.

CONSERVATIVE TREATMENT
Fiber diet, plenty of water and bulking laxatives are
the most used frequently conservative treatments
[20]
of ODS . Chocolate and other foods which in
crease stool viscosity thus making more difficult
[21]
stool expulsion “in one shot” should be avoided .
Hydrocolontherapy or lavage, consisting of retro
grade large bowel irrigation with warm water
through a tube gently inserted into the anorectum,
also has a positive role in the treatment of ODS and
[22,23]
there is no risk of side effects
. Several authors
are in favour of rectal irrigation, which is reported
to be effective in nearly half of the patients with
[24,25]
intestinal dysfunction
. Nevertheless it is well
known that the abuse of self- administered enemas
may cause anorectal fibrosis and stricture, due to
repeated microtrauma. Biofeedback is indicated in
[26,27]
[28]
case of anismus
and rectal hyposensation .
[29]
Anismus may be also cured with yoga exercises
and botulinum toxin A, (50 units injected into the
puborectalis muscle), with a short-term cure rate
of about 50% and minor or rare side effects, such
[30]
as transient anal incontinence and hypotension .
Transanal electrostimulation, which may be carried
out as a home procedure using small probe inserted
into the anus and connected with a portable elec
trostimulator, may be effective in both pudendal
[31]
neuropathy and rectal hyposensation .
Rectocele and recto-rectal intussusceptions, de
spite being organic lesions, may be successfully
treated with pelvic floor rehabilitation, provided
that they are not long-standing. When these le
sions become larger and more significant, they
become causes of the ODS symptoms and require
[32,33]
surgery
.
Psychological counselling is helpful in patients
with either depression or anxiety or both, whose
psychosomatic condition may be also diagnosed

ODS as an "iceberg syndrome"
ODS has been also defined an “iceberg syndrome”,
as the two most frequent lesions, i.e., rectocele
and rectal internal mucosal prolapse, present in
more than 90% of patients with ODS, are easily
detectable and may be considered “emerging rocks”,
whereas the “surgical ship” is likely to “sink” due to
the “underwater rocks”, i.e., the occult lesions. At
least two occult lesions were present in all patients
with ODS in a prospective study conducted by our
[12]
group .
They are more difficult to diagnose and may be
either functional or organic. The former are: anxiety/
depression, anismus or non-relaxing puborectalis
muscle on straining, rectal hyposensation, puden
dal neuropathy and spastic colon. The latter are:
peritoneo- entero- and sigmoidocele, colpocele,
cystocele, recto-rectal intussusception and solitary
rectal ulcer. Therefore, rectocele and rectal prolapse,
which are usually the target of surgery, are more
[13]
effects than causes of symptoms .
An excessive straining is likely to be the “primum
movens”, causing tissue weakness and organ descent,
and often is due to long-standing anxiety, muscle
tension and consequent non-relaxing puborectalis
muscle. The increased straining causes pudendal nerve
stretch which may lead to a pudendal neuropathy
which affects rectal sensation. The stool becomes
small and hard and more difficult to evacuate, as
they are less effective in stimulating the rectal wall,
and then eliciting the peristaltic reflex aimed at
inhibiting the rectal internal sphincter and facilitating
the evacuation of the stool. It is clear that surgery
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with reactive graphic tests such as the “draw-the[34,35]
family” test
. It should be noted that one-third
of the females complaining of ODS and proctalgia
report episodes of sexual trauma during childhood or
[36]
adolescence .
For the patients who are not willing to undergo
formal psychotherapy, simple pelvic floor and ab
dominal muscle relaxation exercises taught by a
psychologist may be useful to improve evacuation.
Recently a new procedure has been proposed
by our group for patient with anismus and altered
psychological pattern, combining guided imagery
and relaxation techniques with ultrasound-guided
biofeedback, namely psycho-echo-biofeedback, with
[37]
is successful in half of the cases at two year .
Unfortunately, in many papers on the surgical
treatment of ODS, at least half of the above- men
tioned therapies are not listed among the con
servative measures carried out before surgery is
[38,39]
proposed
, which shows that there is a tendency
towards surgical overtreatment, i.e., more than
half of patients with ODS undergo stapled transanal
rectal resection (STARR), compared with the lower
[40,41]
operative rate of 14% according to other series
.

the whole anterior aspect of the rectal mucosa is
excised transanally, followed by a “concertina”- like
[45]
plication of the denuded rectal muscle .
An alternative minimally invasive procedure,
which is indicated when dealing with smaller
prolapse and rectocele, consists of an over-running
suture on the anterior midline starting from the
dentate line up to the apex of the rectocele and
then reversal, going back to the dentate line. The
consequent plication of the rectal layers forms a
kind of barrier and reinforces the weakened rectovaginal septum obliterating both the prolapse and
[46]
the rectocele .
In case of mucosal prolapse, another minimally
invasive procedure has been proposed by El Sibai
[47]
and Shafik . It consists of cauterization and pli
cation of the prolapse. This and other transanal,
transperineal and abdominal operations have been
[48]
reported by Pescatori and Zbar .
Resection rectopexy, the internal Delorme pro
cedure or circumferential rectal mucosectomy with
rectal muscle plication, sacral rectopexy and ventral
[49-53]
laparoscopic rectopexy
have been used with
satisfactory short-term outcomes when dealing with
ODS due to recto-rectal intussusception, but the longterm outcomes are less encouraging, as nearly half of
the patients have a recurrence of ODS symptoms at
[14]
4 years .
Ventral mesh rectopexy can also be carried out
[54]
robotically .
Instead, nearly 90% of the patients are cured
at 4 years after a combined transanal-transperineal
and abdominal approach, i.e., positioning of mesh
at the pelvic outlet, for rectocele-internal rectal
prolapse and enterocele. The reason for the high
success rate is that the other occult concomitant
functional diseases, such as anismus, are cured with
psycho-echo-biofeedback. This novel procedure,
which involves a psychologist, consists of breathing
exercises accompanied by hypnotic words, while the
patient strains and is encouraged to carefully watch
the contraction-relaxation of the puborectalis muscle
on the screen of the transanal or, better yet, the
[37]
transvaginal US machine .
Recently, a surgical operation has been reported
as effective in patients whose ODS is due to animus.
It consists of a transperineal bilateral partial
myotomy of the puborectalis muscle, aimed at
favouring its relaxation on straining. According to
its inventor, the operation is more effective than
biofeedback conditioning and botulinum toxin A
[55,56]
injection
.
We developed a modified Farid procedure using
a semiclosed transperineal approach, with neither
sepsis nor incontinence postoperatively and an 80%
cure rate at one year in a small series (unpublished
data).
Rectocele repair may be carried out using other

Surgical treatment: manual
techniques
Basically, the options at disposal of the surgeon
who deals with ODS are as follows: (1) to perform a
kind of “surgical” irrigation; (2) to perform either a
resection or a plication or a pexy in case of internal
mucosal prolapse; (3) to reinforce the rectovaginal
septum and/or, again, resect the redundant mucosa,
in case of significant rectocele; and (4) to perform
miotomy in case ODS is due to a muscular disorder.
Malone and others have reported surgical pro
cedures which are modifications of the appendi
costomy performed to treat children with chronic
[42,43]
constipation
.
Either the appendix or a segment of terminal
ileum are sutured to the underskin of the umbilicus
or the right iliac fossa with a flap valve mechanism,
aimed at preventing the external leakage of fecal
matter.
Cosmesis is good because the surgical wound is
small. The patient has to irrigate his/her intestine
with water through a syringe, thus carrying out an
anterograde enema and facilitating defecation. The
limitation of the procedure is the relatively frequent
occurrence of a sliding of the bowel which affects the
valve mechanism and requires a reoperation.
Rectal prolapsectomy may be carried out via a
nd
rd
transanal route in case of significant, i.e., 2 or 3
degree rectal internal mucosal prolapse or recto-anal
[44]
intussusceptions .
In case of high rectocele and large mucosal prolapse,
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[76]

procedures than the above mentioned transanal ap
proaches, such as transperineal or transvaginal inter
[57]
position of a biological mesh of porcine collagen
anterior levatorplasty, which may cause dyspareunia
[58]
in sexually active females or the novel transvaginal
[59]
Schwandner repair . It may be also repaired using
a laparoscopic approach, as reported by Vermeulen
[19]
et al . Sacral neuromodulation with an implanted
pace-maker, which was first proposed by Pescatori
[60-62]
et al
in constipated patients is helpful in case of
slow transit constipation, but may be also effective
[63]
for ODS according to Falletto et al , provided that
patients are carefully selected.
The advantage is that the procedure is minimally
invasive as it may be performed under local anes
thesia. The disadvantage is the high cost of the
pace-maker, around 15000 euros.

excluded from the surgical community .
As far as clinical outcome is concerned, 55% of
the patients still had at least 3 symptoms of ODS at
18 mo after STARR in a retrospective multicentric
study of the Italian Society of Colo-Rectal surgery
and 19% of the cases required a reintervention,
either because of postoperative complications or
[77]
recurrence of symptoms . Reinterventions after
STARR are likely to fail in patients with an altered
[78]
mental pattern .
Some studies report lower complication rates and
[79,80]
better clinical results
.
A high recurrence rate in the long term has been
[15]
reported by Hussein .
Fecal urgency and anal incontinence after STARR
are most likely to be due to the reduced size of
[81,82]
the rectal reservoir
. The more recent Transtar
procedure, carried out with the Contour device (Eth
icon Endosurgery, Cincinnati, Ohio, United States),
seems to achieve better results, e.g., in terms of
[83]
chronic postoperative proctalgia . Nevertheless,
life-threatening retro-rectal hematoma has also been
[84]
reported following Transtar . A recent European
multicentre study reported a relief of symptoms in
most patient on the short term without a significant
improving of St. Mark’s score quality of life, neither
major complication nor post operative mortality was
[85]
reported .
Both clinical and functional results seem satis
factory in a large multicentre series reported by Jayne
[86]
et al
but the follow-up is short and incomplete.
However, this relatively novel procedure carried both
satisfactory and unsuccessful outcomes as reported
by several authors, and merits further evaluations
prior to be considered a fully safe and effective
[86-97]
operation
. It has to be performed by colorectal
surgeons specifically trained with novel instruments,
[98-100]
such as the Contour devices
.

SURGICAL TREATMENT: STAPLING
TECHNIQUES
The first stapled procedure for rectal mucosal pro
[64]
lapse causing ODS was reported by Pescatori et al ,
using a circular stapler in a small series with good
short-term results and no relevant complications.
[65]
It has been replicated by Zacharakis et al
with
encouraging results.
The first study on STARR, was published by
[66]
Boccasanta et al , who reported good results in
around 90% patients in the short term, but pain
ful defecation at one year in 20%. Post-STARR
chronic proctalgia, which may be severe and affect
patients’ quality of life, is likely to be due to the
fibrosis around retained staples, which triggers the
nerve spindles on the levator ani and puborectalis
[67]
muscles .
Removal of retained staples reduces pain only in
[68]
a minor proportion of patients .
According to the invited comment of Robin Phillips
to the above-mentioned paper by Boccasanta et
[66]
al , “to resect the rectum for constipation is like
resecting a lung for asthma”.
Other complications have been reported following
STARR, such as severe rectal bleeding, fecal urgency
and anal incontinence, recto-vaginal fistulae, retrorectal
hematoma, pelvic sepsis requiring a diverting stoma,
[69-73]
and deaths
. A comprehensive review of postSTARR complications has been reported by Pescatori
[74]
and Gagliardi .
Unfortunately, the potential risks of the STARR
procedure are underestimated, also in part due to a
strong media campaign, as shown by the definition
of STARR as a “sutureless operation” given by
[75]
newspapers .
Ira Kodner, the past-president of the American
Society of Colon and Rectal Surgeons stated that
those who report misleading messages should be
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CONCLUSION
The outcome of surgery alone for ODS may be good
in the short term, but it worsens over time, pro
bably due to the fact that both the diagnosis and
the management of the “occult” lesion(s) causing
symptoms are neglected. The psychosomatic com
ponent of ODS should be recognized and managed
as it affects two-thirds of the patients. Several
conservative treatments are available and should
be attempted prior to surgical management of ODS.
The holistic approach is important, i.e., psyche and
soma should be considered a unique entity. The
key to successful treatment of ODS appears to be a
multidisciplinary approach.
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Markers of acute rejection and graft acceptance in liver
transplantation
Giacomo Germani, Kryssia Rodriguez-Castro, Francesco Paolo Russo, Marco Senzolo, Alberto Zanetto,
Alberto Ferrarese, Patrizia Burra
immunological system. Various markers have been
studied in an attempt to identify a specific indicator
of graft rejection and graft acceptance after liver
transplantation. Considering acute rejection, the
most studied markers are pro-inflammatory and
immunoregulatory cytokines and other proteins re
lated to inflammation. However there is considerable
overlap with other conditions, and only few of them
have been validated. Standard liver tests cannot be
used as markers of graft rejection due to their low
sensitivity and specificity and the weak correlation
with the severity of histopathological findings. Several
studies have been performed to identify biomarkers of
tolerance in liver transplanted patients. Most of them
are based on the analysis of peripheral blood samples
and on the use of transcriptional profiling techniques.
Amongst these, NK cell-related molecules seem to be
the most valid marker of graft acceptance, whereas the
+
+
+
role CD4 CD25 Foxp3 T cells has still to be properly
defined.
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Core tip: this review explores the available data in
the literature concerning potential markers of acute
cellular rejection and graft acceptance after liver
transplantation, as well as their impact on decisionmaking for clinicians.

Abstract
The evaluation of the immunosuppression state in
liver transplanted patients is crucial for a correct posttransplant management and a major step towards the
personalisation of the immunosuppressive therapy.
However, current immunological monitoring after
liver transplantation relies mainly on clinical judgment
and on immunosuppressive drug levels, without a
proper assessment of the real suppression of the

WJG|www.wjgnet.com

Germani G, Rodriguez-Castro K, Russo FP, Senzolo M, Zanetto
A, Ferrarese A, Burra P. Markers of acute rejection and graft
acceptance in liver transplantation. World J Gastroenterol 2015;
21(4): 1061-1068 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i4/1061.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i4.1061

1061

January 28, 2015|Volume 21|Issue 4|

Germani G et al . Biomarkers in liver transplantation
patients with moderate/severe ACR are characterized
by higher bilirubin levels and cholestasis parameters,
with lower aspartate aminotransferase (AST), AST/
alanine aminotransferase (ALT) ratio than those with
mild or no ACR. However, the combination of these
serum parameters in the logistic regression analysis
had only a sensitivity of 73% and a specificity of
52.9%. ALT value was not related to the presence
or grading of ACR, and although ALP values were
related to ACR, this enzyme cannot be used as a
marker of ACR nor its severity, due to the myriad of
disorders in which it is elevated.

INTRODUCTION
During the past 25 years liver transplantation has
become the standard therapy for acute and chronic
liver failure. Nowadays, with a 5-year patient survival
[1]
rate of 73% , long-term outcome of patients is
becoming the main concern for clinicians, who have
to deal with the side effects of immunosuppressant
drugs in the long-term.
Current immunological monitoring after liver tr
ansplantation relies mainly on clinical judgment and
on measurement of immunosuppressive drug levels,
without a proper assessment of the real suppression
of the immunological system. Therefore, the eva
luation of the immunosuppression state in liver
transplanted patients is crucial for a correct posttransplant management and constitutes a major step
towards the personalisation of immunosuppressive
therapy.
The ideal diagnostic biomarker should be highly
sensitive and specific, non-invasive, and rapidly
[2]
available . Despite the elevated interest in the
evaluation of potential biomarkers of acute cellular
rejection (ACR) and graft acceptance, and in the
development of specific immune monitoring assays,
only few of them are used routinely in clinical
practice.
The aim of this review was to explore the avai
lable data in the literature concerning potential
markers of ACR or graft acceptance after liver
transplantation, as well as their impact on decisionmaking for clinicians.

Cytokines

After liver transplantation, the characteristics of the
inflammatory environment in which T cell recognition
of the alloantigen takes place determines the lineage
commitment of these cells. Thus, depending on the
cytokines that are present when antigen activation
+
occurs, naïve CD4 helper T cells may acquire
[8,9]
cytopathic and/or immunoregulatory phenotypes .
Based on this immunological background, the
first potential biomarkers studied to predict ACR
were cytokines. Products of activated T lymphocytes,
such as IL-2 or soluble components of its receptor
(sIL-2R), have been particularly well studied.
[10]
Boleslawski et al
evaluated the intracellular IL-2
+
+
quantification in CD3 CD8 cells in 21 liver transplant
recipients for 6 mo after liver transplantation,
+
showing that intracellular IL-2 expression in CD8
T cells before transplantation was closely related to
the development of ACR. These results were later
[11]
confirmed by Akoglu et al , who demonstrated that
patients experiencing ACR showed a significantly
+
+
higher intracellular percentage of IL-2 in CD8 T
cells compared to stable liver transplant recipients.
They also showed a good correlation between the
+
+
percentage of CD8 IL-2 cells and Banff score
(Spearman’s rho = 0.81; p = 0.027) (Table 1).
When the expression of IL-2 and IL-2 receptor
was evaluated in liver grafts of patients with and
without ACR, IL-2 and IL-2 mRNA were absent,
with minimal expression of IL-2 receptor in patients
experiencing ACR, whereas IL-4 and IL-4 mRNA
were highly expressed during ACR, being absent in
[12]
stable liver transplant recipients (Table 1).
[13]
In a recent study, Millán et al
evaluated the
intracellular expression and soluble production of
IFN-γ and IL-2 in 47 liver transplanted patients.
A pre-transplant cut-off value of 55.8% for the
+
+
percentage of CD8 IFN-γ identified patients at
high risk of ACR (sensitivity = 75% and specificity
= 82%). In the first week after transplantation,
patients with a percentage of inhibition for soluble
+
+
IFN-γ, a percentage of CD8 IFN-γ and a percentage
+
+
of CD8 IL2 lower than 40%, developed ACR.
Regarding TNF-α, it has been shown that pre-

MARKERS OF ACUTE CELLULAR
REJECTION
Various markers have been studied in an attempt
to identify a specific indicator of graft rejection after
liver transplantation. However, the use of these
markers has been hampered by the fact that there
is considerable overlap with other conditions, and
[3]
currently only a few of them have been validated .

Liver enzymes

The suspicion of ACR is usually driven by the rise of
liver enzymes after transplantation. However, several
reports have clearly shown that elevated standard
liver tests have a low sensitivity and specificity for
ACR and show a weak correlation with the severity
[4,5]
of histopathological findings
. Moreover, liver
enzymes do not allow for ACR to be differentiated
from others complications. A study based on
70 post-transplant liver biopsies demonstrated
that there is no single chemical parameter nor a
combination of parameters that can statistically or
clinically distinguish patients with ACR from those
[6]
with other causes of graft dysfunction . More
[7]
recently, Rodriguez-Peralvarez et al showed that
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1000 pg/ml). However, there was no correlation
between IL-6 elevation of and histological grade of
[17]
ACR (Table 1).
Plasma levels and “in situ” expression of IL-15
are enhanced during ACR compared with patients
without ACR (5.2 ± 1.3 pg/mL vs 0.6 ± 0.4 pg/mL,
p = 0.02), with this expression being particularly
evident when patients with steroid-resistant ACR
[18]
were considered (6.9 ± 1.1 pg/mL) (Table 1).
The role of IL-9, IL-23 and IL-17 in liver
transplantation remains to be clarified. As far as IL-9
is concerned, when serum levels were determined
in 50 liver transplanted patients (15 patients with
ACR episodes, and 35 patients without ACR) on day
1 and 7 after liver transplantation and on the day
of liver biopsy, no difference was found between
[19]
patients with and without ACR . Similarly, the
serum concentrations of IL-23 and IL-17 were not
different early in the post-transplantation period.
However, a significant increase in serum IL-23
levels in the ACR group was seen at the time of
[19,20]
liver biopsy
. These data were confirmed by a
[21]
latter prospective study
showing that the levels
+
+
of circulating CD4 IL-17 T cells were higher in
patients with ACR than those with no ACR (2.56%
± 0.43% vs 1.79% ± 0.44%, p < 0.001). Moreover,
+
+
the frequency of CD4 IL-17 cells in peripheral blood
was correlated with the histological severity of ACR (r
= 0.79, p = 0.0002) (Table 1).
In conclusion, pro-inflammatory and immuno
regulatory cytokines have been the most studied
markers to predict ACR. Despite most of them
showed an increased expression during ACR, many
of these cytokines cannot differentiate between ACR
and infections, making their utility limited in clinical
practice.

Table 1 Marker of acute cellular rejection after liver trans
plantation
Biomarker
Citokines
IL-2
IL-4
IL-6
IL-15
IL-18
IL-23
IFN-γ
TNF-α
Other markers related to
inflammation
CD28

CD38
CD25
ICAM-1
Bile markers
Bikle acid concentrations
IL-6
IL-8
Alanine Aminopeptidase N
Ascites markers
IL-2 receptor
IL-6
IL-1 receptor antagonist

Sample size

Ref.

66
21
20
169
35
Rat model
50
47
50

Akoglu et al[11]
Boleslawski et al[10]
Conti et al[12]
Kita et al[17]
Conti et al[18]
Fábrega et al[19]
Fábrega et al[20]
Millán et al[13]
Imagawa et al[15]

55
237
52
52
55
NA
12

Minguela et al[22]
Minguela et al[23]
Boleslawski et al[24]
Boleslawski et al[24]
He et al[25]
Adams et al[26]
Romero et al[27]

41

Janssen et al[30]

51
45
9

Umeshita et al[31]
Warlé et al[32]
Kim et al[33]

30
30
30

Ganschow et al[34]
Ganschow et al[34]
Ganschow et al[34]

IL: interleukin; IFN: Interferon; TNF: tumor necrosis factor; ICAM-1:
intercellular adhesion molecule 1.

transplant “in vitro” production of this molecule
was significantly increased in patients with posttransplant ACR (n = 9) compared with those who
[14]
did not develop ACR (n = 12) . When plasma
levels of TNF-α were measured in 50 adult patients
following liver transplantation, its concentration was
significantly higher in patients experiencing ACR
than in those with a stable clinical course (941 ± 83
[15]
pg/ml vs 240 ± 6 pg/ml, p = 0.0001) (Table 1).
An important role of IL-18 in liver allograft
rejection has been postulated in a recent study using
a rat model of liver transplantation, which showed
that specific suppression of IL-18 was associated
with significantly decreased serum alanine amino
transferase levels and less histologic hepatic injury
[16]
early after transplantation (Table 1).
In another study, serum levels of IL-6 were
evaluated in 20 liver transplanted patients with no
infections, and it was demonstrated that levels of
this cytokine were significantly higher 0-4 d before
histological diagnosis of ACR compared to those
of patients without ACR (131 ± 78 pg/ml vs 40
± 21 pg/ml, p < 0.01). IL-6 elevation due to ACR
appeared to be distinguishable from increases
caused by infection, being serum IL-6 levels un
relentingly elevated during bacterial infection (>
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Other markers related to inflammation

One of the first studies evaluating the expression of
CD28 after liver transplantation demonstrated that
patients experiencing ACR showed a clear increase
with respect to patients without ACR, and to healthy
+
controls. Significant differences in the total-CD28
lymphocytes between the ACR and non-ACR groups
were reached on days 7 to 9 (p < 0.01) and 10 to
[22]
13 (p < 0.05) after transplantation . The same
group, in a subsequent study, showed that ACR and
virus re-infection could be distinguished from each
+
other because CD28 was up-regulated on CD4
lymphocytes only in recipients with ACR, irrespective
[23]
of their HBV/HCV infection status (Table 1).
The expression of CD28 and CD38 was also
+
+
+
analysed on CD3 , CD4 and CD8 cells in 52 liver
transplanted patients in another study. The mean
frequencies of CD28 and CD38-expressing T cells
were significantly higher in patients with ACR (p
= 0.01 and p = 0.001, respectively). Moreover,
at multivariate analysis, only CD28 and CD38
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frequencies at day 14 were independently associated
with ACR (HR = 1.27, p = 0.04 and HR = 1.11, p =
[24]
0.01 respectively) (Table 1).
CD25 expression may also constitute a bio
logical marker of immune activation in transplant
+
high
+
recipients. Circulating CD4 CD25 FoxP3 T cells
were significantly lower in patients with ACR
compared with patients not experiencing ACR
(2.23% ± 0.54% vs 2.99% ± 0.86%, p = 0.01) in
a prospective analysis of 55 patients who underwent
liver transplantation. Longitudinal analysis revealed
+
high
+
circulating CD4 CD25 FoxP3 T cells of patients in
the rejection group to be significantly lower during
ACR than during quiescence (2.23% ± 0.54% vs
3.68% ± 0.70%, p = 0.0001). Furthermore, the
+
high
+
frequency of circulating CD4 CD25 FoxP3 T cells
negatively correlated with Rejection Activity Index (r
[25]
= 0.80, p = 0.01)
(Table 1).
During graft rejection, adhesion molecules play
a crucial role in infiltration, activation, and binding
of effector cells to target tissues. The expression
of intercellular adhesion molecule 1 (ICAM-1), for
instance, has been studied on liver tissue after
transplantation. It has been shown that ICAM-1
expression on bile ducts, endothelium, and perivenular
hepatocytes (structures affected by the rejection
process) is greater in patients with ACR than in
patients with no ACR. Moreover, it was demonstrated
that in patients with a resolving episode of rejection
ICAM-1 expression was greatly reduced after high[26]
dose corticosteroid treatment . The effect of steroid
therapy on ICAM-1 expression in liver biopsies of
patients with post-transplant ACR was confirmed in the
[27]
study by Romero et al . After steroid treatment, the
intensity of ICAM-1 expression decreased significantly
in sinusoids (1.5 ± 0.67 vs 2.41 ± 0.66, p < 0.05) and
in perivenular hepatocytes (0.25 ± 0.86 vs 0.83 ± 0.57,
p < 0.05) compared to the pre-treatment liver biopsy
samples (Table 1).
Lastly, graft eosinophilia has been identified
as an independently associated feature of ACR in
[28]
liver transplantation . In one study, the absence
of peripheral eosinophilia predicted the absence of
moderate/severe ACR, however it could not be used
to predict or to assess the response to corticosteroids
[29]
for the treatment of acute rejection . In a more
recent study, based on 690 consecutive first liver
transplant patients and using protocol liver biopsies,
peripheral eosinophil count was strongly associated
with moderate-severe ACR (OR = 2.15; p = 0.007),
although the area under ROC curve (AUROC) was
0.58. These investigators also found that the delta
in eosinophil count between the biopsies performed
before and after ACR treatment was the only
independent predictor of histological improvement
[7]
(OR = 3.12; p = 0.001) (Table 1).
In conclusion, the expression of CD28 and
CD38 on T cells at specific interval time form liver
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transplantation, seems to be a reliable marker of
ACR, being able to differentiate between ACR and
infection. Promising results have been found when
eosinophil count was evaluated, especially because
it is strongly associated with moderate-severe ACR,
which often require steroid treatment.

Bile and ascites markers

Contrasting data are available on the role of bile and
ascites markers as potential tools for predicting
which patients will develop ACR after liver trans
plantation.
In a study on 41 patients who underwent liver
transplantation, the investigators performed serum
bile acid concentration measurements and correlated
these with findings at liver biopsy. In patients with
ACR, bile acid concentrations were statistically
significantly increased 3 d prior to liver biopsy (from
a mean of 37 ± 31 µmol/L to 118 ± 46 µmol/L; p =
0.001). Moreover, successful antirejection treatment
correlated with a significant decrease of serum bile
acid as early as 1 d after initiation of therapy (p =
[30]
0.008) (Table 1).
Patients with ACR showed a significant increase of
bile IL-6 compared with patients who had uneventful
postoperative courses (1090 ± 990 pg/mL vs 18
± 3 pg/mL, p < 0.05) in a study performed on 51
[31]
liver transplant recipients . In a prospective study
on 45 patients who underwent liver transplantation,
biliary IL-8 levels were also demonstrated to be
significantly increased at the onset of ACR (11.62
± 4.25 pg/mL, p < 0.001) compared with patients
with an uneventful course and those with infectious
[32]
complications (Table 1).
Lastly, in a more recent study, alanine amino
peptidase N (APN/CD13) enzyme activity in bile
samples collected within 3 d before post-transplant
liver biopsy was significantly higher in patients with
ACR (584 ± 434 U/g protein) than in those free of
[33]
ACR (301 ± 271 U/g protein) (p = 0.004) (Table 1).
In another study, the value of cytokine quan
tification in drained ascites was evaluated in 30
children in the first 2 wk after liver transplantation.
There were no significant elevations of IL-2 receptor
and IL-6 in serum and ascites between patients
with and without ACR. However, the concentration
in ascites of the IL-1 receptor antagonist increased
48 h before ACR (p = 0.01 vs no ACR). The IL-1
receptor antagonist concentration in ascites was up
to 11-fold higher than in serum during ACR (15.43
[34]
vs 1.38 ng/mL)
(Table 1).
In conclusion, despite encouraging results, bile
and ascites markers have a controversial use in
diagnosing ACR. The main limit of these diagnostic
approaches is that they often requires invasive
procedures such as the position of a T tube (which
is no longer used in most of the liver transplant
centres) or performing a paracentisis. Therefore
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this aspect is of great relevance in clinical practice
because, liver biopsy, which is the gold standard for
ACR diagnosis, is an invasive procedures and the
clinical attention is posed mainly to non-invasive
markers.

of tolerance in liver transplanted patients; most of
them are based on the analysis of peripheral blood
samples and on the use of transcriptional profiling
[39]
techniques .

Non-specific genomic analysis

Future markers

In the first study using microarray gene expression
[40]
profiling, Martínez-Llordella et al
found that
genes encoding for γδT-cell, for NK receptors, and
for proteins involved in cell proliferation arrest
were up-regulated in tolerant liver transplanted
patients (n = 16) compared to immunosuppressiondependent patients (n = 16) or healthy individuals
(n = 10). A second study by the same group,
using a larger cohort of patients, confirmed these
+
results. Again, NK cell and γδTCR T cell transcripts
were predominantly expressed in tolerant liver
[41]
transplanted patients .
In a more recent study, transcriptional profiles
from 300 samples were examined by microarrays
and RT-PCR measurements of blood specimens
from paediatric and adult liver transplant recipients
and of normal tissues. Tolerance-specific genes
were validated in independent samples across two
different transplant programs and validated by RTPCR. A minimal set of 13 unique genes, highly
expressed in NK cells (p = 0.03), were significantly
expressed in both paediatric and adult liver
transplanted tolerant patients, and the performance
of this gene set analysis, tested in independent
samples, yielded a 100% sensitivity and 83%
[42]
specificity .
[43]
Lastly, Bohne et al
recently reported the re
sults of a multicentre prospective study evaluating
75 liver transplant recipients from whom cryopre
served liver tissue samples had been obtained
before the initiation of drug minimization and were
available for transcriptional analyses. Amongst
these, 33 recipients successfully discontinued all
immunosuppressive drugs, while 42 rejected their
allografts. Before initiation of drug withdrawal,
operationally tolerant and non-tolerant recipients
differed in the intragraft expression of genes
involved in the regulation of iron homeostasis.
Moreover, operationally tolerant patients exhibited
higher serum levels of hepcidin and ferritin and
increased hepatocyte iron deposition compared to
non-tolerant ones.

To date, the Cylex ImmuKnow assay, which quantifies
the amount of adenosine triphosphate produced by
+
CD4 T cells after in vitro stimulation by a non-donorspecific mitogen (phytohemagglutinin-L), is the only
commercially available test to evaluate the immune
status in transplanted patients.
A recent systematic literature review evaluated
the use of ImmuKnow in liver transplant recipients.
The study identified five studies analysing ImmuKnow
performance for infection and 5 studies analysing
ImmuKnow performance for ACR. Considering
the ability to predict ACR, the pooled sensitivity,
specificity, positive likelihood ratio, diagnostic odds
ratio, and AUROC curve for this analysis were
65.6% (95%CI: 55.0%-75.1%), 80.4% (95%CI:
76.4%-83.9%), 3.4 (95%CI: 2.4-4.7), 8.8 (95%CI:
3.1-24.8), and 0.835 ± 0.060 respectively, while
the respective values in the setting of infection were
83.8% (95%CI: 78.5%-88.3%), 75.3% (95%CI:
70.9%-79.4%), 3.3 (95%CI: 2.8-4.0), 14.6 (95%CI:
9.6-22.3), and 0.824 ± 0.034, respectively. Notably,
heterogeneity was low for infection studies and high
[35]
for ACR studies . Based on these data, it appears
that this assay could be more useful in order to
assess over-immunosuppression rather than under[36]
immunosuppression .
Due to the high number of proteins involved in
the ACR process, proteomic analysis could have a
crucial role in identifying a potential biomarker of
ACR. However, despite several studies have been
performed, the results are not conclusive and these
techniques have to progress from the research
[37]
bench to the clinical routine .
In conclusion, future markers of ACR such as
ImmuKnow and proteomic analysis, have been
evaluated, but well designed, prospective studied
are needed in order to better understand their
clinical applicability.

MARKERS OF GRAFT ACCEPTANCE
To date, liver biopsy is the gold standard to assess
the graft status after liver transplantation, but it is an
invasive procedure and is not suitable for monitoring
the graft on a daily basis. Moreover, it does not
provide any useful information for predicting future
[38]
development of tolerance . Therefore, biomarkers
of graft acceptance could be crucial in order to select
patients eligible for enrolment in immunosuppressive
drug weaning or withdrawal protocols. Thus, several
studies have been performed to identify biomarkers
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Peripheral blood immunophenotyping

An increase Vδ1/Vδ2 γδT-cells ratio has been found
in operationally tolerant liver transplanted patients
(n = 12, ratio = 1.5) when compared with liver
transplanted patients on immunosuppression (n =
19, ratio = 0.8; p < 0.01) and with age-matched
[44]
healthy controls (n = 24, ratio = 0.3; p < 0.05) .
+
The increase in the number of circulating Vδ1 T
cells in tolerant patients has also been confirmed

1065

January 28, 2015|Volume 21|Issue 4|

Germani G et al . Biomarkers in liver transplantation
[40]

allow transplant clinicians to modulate the immuno
suppressive therapy according to patient needs,
identifying, not only patients at risk of acute re
jection, and infection, but also understanding if the
immunological background would allow a progressive
reduction of the immunosuppressive therapy, favou
ring graft acceptance.
Despite these considerations, the current im
munological monitoring after liver transplantation relies
mainly on clinical judgment and on immunosuppressive
drug levels, without a proper assessment of the real
suppression of the immunological system.
Therefore, it becomes crucial to identify potential
biomarkers of immune activity, which can be used to
tailor immunosuppression after liver transplantation.
In this manuscript, we reviewed available data on
studies assessing the role of different biomarkers of
ACR and graft acceptance after liver transplantation.
Considering biomarkers for ACR, pro-inflammatory
and immunoregulatory cytokines are the most stu
died ones, showing an increased expression during
ACR. However many of these cytokines cannot
differentiate between ACR and infections, making
their utility limited in clinical practice. The expression
of other proteins related to inflammation, not only in
the blood, but also in the bile and in the ascites has
been evaluated, but the results are controversial.
Moreover, the use of ascites markers is an invasive
method and it needs the presence of ascites after
liver transplantation, therefore it is not applicable on
a daily basis.
When we evaluated available markers of graft
acceptance after liver transplantation, we found that
data are more encouraging compared to biomarkers
of ACR. Patients undergoing immunosuppression
withdrawal seem to present specific characteristics
compared to non-tolerant patients. One of the most
reliable blood marker, which could help clinicians
to differentiate between tolerant and non-tolerant
patients, are NK cells and their related transcripts. It
has been clearly demonstrated that they are already
present in the blood of tolerant liver transplanted
patients before the withdrawal of immunosuppressive
therapy. The role CD4+CD25+Foxp3+ T cells, which
seem to have a immunoregulatory effect, is less
clear due to the use of immunosuppressive drugs,
which could alter their expression. Independently
from the markers identified, there is a substan
tial difference between the expression of specific
markers in the blood and their expression in the
transplanted liver. This difference makes bloodrelated biomarkers less accurate in order to pre
dict graft acceptance and forces clinician still to
use liver biopsy to monitor patients undergoing
immunosuppression withdrawal.
Lastly, it is becoming evident that a single
biomarker cannot be able to reflect all the altera
tions of the immune system associated with organ

in a later study by Martínez-Llordella et al
who
+
demonstrated that Vδ1 subtype is the predominant
γδT-cell subpopulation in tolerant recipients.
Based on this, altered distribution of the Vδ1
and Vδ2 γδT cells in operationally tolerant liver
transplant recipients, γδT cells subset quantification
was proposed as a biomarker of immunologic risk
in liver transplantation. However, a recent study
showed that alterations in the γδT cell compartment
are not restricted to tolerant liver recipients, and
that most immunosuppressed liver recipients display
an enlarged peripheral blood γδT cell pool mainly
resulting from an expansion of Vδ1 T cells exhibiting
an oligoclonal repertoire and different phenotypic
and cytokine production traits than Vδ2 T cells.
The authors proposed that persistent viral infection
[45]
might be the cause of these alterations .
Several studies have shown that the numbers
+
+
of circulating CD4 CD25 T-cells is increased in
operationally tolerant patients after liver trans
[40,44,46,47]
plantation
. When peripheral blood mono
nuclear cell populations were analysed in 12 liver
transplant recipients with stable graft function for
+
high+
more than 2 years, the percentage of CD4 CD25
cells was significantly higher in tolerant patients
(n = 12, 2.3% ± 0.6%), compared with patients
who were still on immunosuppression (n = 19,
0.9% ± 0.7%; p < 0.01), and with age-matched
[44]
volunteers (n = 24, 1.8% ± 0.6%; p < 0.05) .
[46]
This data were confirmed by Pons et al
who
+
high+
found an increased frequency of CD4 CD25
cells when immunosuppressive therapy was
withdrawn in tolerant patients (n = 5). The most
interesting data of this study was that relative
mRNA FoxP3 expression increased 3.5-fold before
the complete withdrawal of immunosuppression
in tolerant patients, and this increase continued
when the immunosuppressive therapy was stopped.
Conversely, patients who suffered ACR (n = 7) did
+
high+
not exhibit an increase in CD4 CD25
cells or
FoxP3 expression.
When the expression of Foxp3 mRNA and the
presence of CD4, CD8, and Foxp3 cells were
quantified in liver biopsies from tolerant livingdonor liver transplanted patients, it was found that
Foxp3 mRNA expression was higher in tolerant
patients (n = 28), compared with patients on
immunosuppression (n = 29; p = 0.07), but was
equivalent to patients who experienced chronic
rejection (n = 7; p < 0.01). The number of Foxp3
cells was significantly increased in tolerant patients,
compared with patients on immunosuppression (p <
0.05), although the number of CD4 or CD8 cells did
[48]
not differ between the two groups .

CONCLUSION
The evaluation of the real suppression of the im
mune system after liver transplantation would
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transplantation. Therefore a panel of different bio
markers will be needed to properly evaluate the
immunological suppression and to modify immuno
suppressive treatment according to patient needs.
Once a panel of markers is identified, it should
undergo validation in large multicentre studies in
order to prove its real clinical utility.
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REVIEW

Preventing post-endoscopic retrograde
cholangiopancreatography pancreatitis: What can be done?
Goran Hauser, Marko Milosevic, Davor Stimac, Enver Zerem, Predrag Jovanović, Ivana Blazevic
pancreatitis (PEP) is the most common complication
of endoscopic retrograde cholangiopancreatography.
The incidence of post-endoscopic retrograde cho
langiopancreatography (ERCP) pancreatitis varies
substantially and is reported around 1%-10%, although
there are some reports with an incidence of around
30%. Usually, PEP is a mild or moderate pancreatitis,
but in some instances it can be severe and fatal.
Generally, it is defined as the onset of new pancreatictype abdominal pain severe enough to require hospital
admission or prolonged hospital stay with levels
of serum amylase two to three times greater than
normal, occurring 24 h after ERCP. Several methods
have been adopted for preventing pancreatitis,
such as pharmacological or endoscopic approaches.
Regarding medical prevention, only non-steroidal
anti-inflammatory drugs, namely diclofenac sodium
and indomethacin, are recommended, but there are
some other drugs which have some potential benefits
in reducing the incidence of post-ERCP pancreatitis.
Endoscopic preventive measures include cannulation
(wire guided) and pancreatic stenting, while the
adoption of the early pre-cut technique is still arguable.
This review will attempt to present and discuss different
ways of preventing post-ERCP pancreatitis.
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Core tip: Endoscopic retrograde cholangiopancrea
tography (ERCP) is a widely used procedure for
diagnosing and treating diseases of the pancreatobiliary
tree. Post-ERCP pancreatitis is the most frequent
complication. Prophylactic measures of post-endoscopic
pancreatitis include pharmacological and mechanical
ERCP related approaches. Prevention is suboptimal and
still not widely accepted.

Abstract
Post-endoscopic retrograde cholangiopancreatography
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PHARMACOLOGICAL PREVENTION

Hauser G, Milosevic M, Stimac D, Zerem E, Jovanović P,
Blazevic I. Preventing post-endoscopic retrograde cholan
giopancreatography pancreatitis: What can be done? World J
Gastroenterol 2015; 21(4): 1069-1080 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i4/1069.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i4.1069

Many pharmacological agents have been considered
in the prevention of PEP, although their effectiveness
remains debatable. These include allopurinol, gabexate
mesylate, octreotide, somatostatin, antibiotics, nonsteroidal anti-inflammatory drugs (NSAIDs) and many
others. The current literature reveals that basically all
of the suggested pharmacological agents have either
disappointing or inconclusive results so far, with the
[2,3,6-9]
exception of NSAIDs
.

INTRODUCTION
Endoscopic retrograde cholangiopancreatography
(ERCP) is a widely used procedure for diagnosing
and treating diseases of the pancreatobiliary tree,
with over 500000 ERCP procedures performed
[1]
annually in the United States alone . Most common
complications of ERCP are hemorrhage, pancreatitis,
cholangitis and perforation, with pancreatitis after
ERCP, or post-endoscopic pancreatitis (PEP) being
the most frequent complication. The incidence of
post-ERCP pancreatitis varies substantially and is
reported to be around 1%-10%, although there are
[2,3]
some reports with an incidence of around 30% .
Usually, it is a mild or moderate pancreatitis, but
[2]
in some instances it can be severe and fatal .
According to a consensus from 1991, PEP is the
presence of new pancreatic-type abdominal pain
severe enough to require hospital admission or
prolonged hospital stay with levels of serum amy
lase two to three times greater than normal,
[4,5]
occurring 24 h after ERCP . Although PEP is mostly
a mild complication of ERCP, it causes prolonged
hospitalization, anatomical complications, and
further procedures (endoscopies, laparoscopies,
open surgery, etc.). It can cause the deterioration
of the patient’s health, as well as a huge financial
burden to hospitals. Therefore, preventing PEP
could benefit both patients and hospitals. Attempts
at preventing PEP have been carried out using
pharmacological prophylaxis, technical measures or
proper patient selection.
Prophylactic measures of PEP include phar
macological and mechanical ERCP-related ap
proaches. Mechanical solutions for PEP prevention
have been found in prophylactic stenting of the
pancreatic duct in high risk patients and early
pre-cut cannulation. As a current gold standard,
placement of a pancreatic stent is recommended.
Nevertheless, endoscopists are looking for a ph
armacological solution which will be safe, cheap,
easily administered just before the procedure and
applicable to all types of patients requiring ERCP.
In this review, we attempt to present and discuss
different ways of preventing post-ERCP pancreatitis
by reviewing the literature that describes various
factors of PEP prevention and the possible utilization
of endoscopic techniques and drugs in preventing
PEP or lowering its incidence and severity.
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Nitrates

Some potential in the prevention of PEP has been
observed for glyceryl nitrate (GTN). Due to his
dilatatore properties, it is believed that its usage
could relax biliary and pancreatic sphincters, thus
alleviating cannulation of the common bile duct
(CBD). GTN can reduce the pressure of the sphincter
[10]
of Oddi . If used during and after ERCP, GTN can
relax pancreatobiliary sphincters, facilitating CBD
cannulation and reducing the chances of obstruction
of the pancreatic outflow. GTN is also cost effective
and easily administered. A meta-analysis was
conducted exploring the aforementioned effects of
[11]
GTN. More precisely, Chen et al
investigated the
effect of prophylactic administration of GTN on the
incidence of PEP, and the success of cannulation
of the CBD duct. They conducted the analysis on
a total number of 1841 patients. Out of the total
number, 150 patients developed PEP; 55 were
given GTN and 95 were given a placebo. They
found a statistically significant difference in risk
for acquiring PEP between the group who received
GTN and the placebo group. They also analyzed
the route of administration of GTN, and found that
there were 10/128 patients (7.8%) who developed
PEP after sublingual administration of GTN in
comparison to 26/132 patients in the placebo
group. On the other hand, transdermal application
of GTN was less successful, and PEP developed in
32/626 (5.1%) patients, whereas 50/640 (7.8%)
patients in the placebo group acquired PEP. They
concluded that sublingual administration of GTN
had a better success rate in prevention of PEP. The
second aim of their analysis was to determine if
GTN contributes to a more successful cannulation.
They found five and seven articles with 900 and
1294 patients, respectively, in which they did
not find any significant differences, meaning that
prophylactic administration of GTN has no effect
on facilitating bile duct cannulation. Wehrmann et
[12]
al
also concluded that there was no difference
between a group which received GTN and a group
which received placebo in time needed for successful
cannulation and the number of cannulation attempts.
They concluded that topical administration of GTN
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does not alleviate cannulation of the bile duct during
ERCP. The only adverse effects worth mentioning
were hypotension and headache, both easily treated
with intravenous administration of crystalloids.
[11]
Chen et al
concluded: (1) GTN administration can
prevent PEP and reduce its incidence; (2) GTN does
not facilitate cannulation of the CBD; and (3) GTN is
effective, cheap and easily administered.
There are other conflicting findings regarding the
[13]
efficacy of GTN in PEP prophylaxis. Kaffes et al
conducted a prospective, double-blind, placebocontrolled trial in which they evaluated the effect
of GTN on the prevention of PEP and success rates
of cannulation during ERCP. They included a total
number of 318 patients divided into two groupsone on a GTN transdermal patch (155 patients) and
the other receiving placebo. There was no notable
distinction between the two groups considering the
success of initial cannulation, deep cannulation, time
needed to achieve successful cannulation, usage of
the needle knife or guide wire and PEP. Following
their results, they concluded that transdermal
GTN had no effect on the prevention of PEP or
improvements in cannulation success rates. On the
[14]
other hand, Bai et al
performed a meta-analysis
of randomized, double-blind, placebo controlled
trials evaluating the prophylactic properties of GTN
in PEP prevention. They analyzed eight studies
with a total of 1920 patients and found that GTN
treatment significantly lowered the incidence rate of
PEP; incidence of PEP in the GTN group and placebo
group was 5.9% and 9.8%, respectively. Also,
patients who received GTN had a 39% less chance
of acquiring PEP.
Another, similar meta-analysis was performed
[15]
by Ding et al .They included 12 randomized,
controlled trials with 2649 patients; 11 of those trials
reported the occurrence of PEP and compared
GTN’s and placebo’s effect on PEP prevention. The
results showed an overall incidence of PEP of 8.8%
with a PEP incidence of 7.1% and 10.5% among
GTN and placebo patients, respectively. They also
conducted a sub-group meta-analysis comparing
transdermal and sublingual application of GTN with
the results suggesting that sublingual administration
of GTN had far more success in prevention of PEP.
In conclusion, their results indicated that GTN
administration is an effective prophylactic measure
in the prevention of PEP. An interesting approach
has been made by a group of Iranian authors.
[16]
Sotoudehmanesh et al
conducted a randomized
trial with a combination of sublingual nitrates and
indomethacin vs indomethacin alone as a method of
preventing PEP. They reported RR = 0.39, 95%CI:
0.18-0.96, P = 0.016, favoring the combination
therapy. Drug-induced adverse events were equal
among the study groups. They suggested that
the aforementioned combination of drugs is more
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effective in reducing PEP incidence than indomethacin
by itself. In conclusion, GTN is not recommended
for routine use in PEP prophylaxis but GTN in com
bination with some other agent such as NSAIDs
may further reduce PEP incidence. Further research
is needed in order to confirm and support these
findings.

Heparin

[17]

A group of Chinese authors
performed a review
and a meta-analysis of clinical trials on the potential
beneficial properties of low-dose heparin in the
prevention of PEP. Heparin has proven beneficial
effects in acute pancreatitis in animals. Lowmolecular-weight heparin (LMWH) promotes the
survival rate and decreases mortality in cases of
severe acute pancreatitis. It also reduces the severity
of pancreatitis related microcirculatory disorders in
rats. In combination with insulin, heparin is beneficial
in acute hyperlipidemic pancreatitis. However, there
is conflicting data about its prophylactic effect. In
[17]
their review Li et al
analyzed seven studies with
a total number of 1438 patients. The incidence
of PEP was 5.65% in the group which was given
heparin and 7.91% in the control group. Severe
PEP occurred in eight cases; 2/562 (0.35%) in the
heparin group and 6/872 (0.69%) in the control
group. Post-ERCP hemorrhage occurred in 23
patients; 8/562 (1.42%) in the heparin group, and
15/872 (1.72%) in the control group. These results
showed no significant correlation between the use
of heparin and reduction inPEP incidence. There was
no connection between the use of heparin and postERCP hemorrhage; low doses did not worsen postERCP hemorrhage. They also compared low dose
unfractioned heparin and low dose LMWH, finding no
difference in the success of PEP reduction, reduction
in the severity of PEP, or hemorrhage complications
[18]
after ERCP. However, Rabenstein et al
produced
results showing significant success in lowering PEP
incidence in patients using heparin. They conducted
an analysis on 815 patients that underwent ERCP
and sphincterotomy. Heparin was given to 268
patients, while the rest of the patients, precisely 547
of them formed the control group. The incidence
sof PEP were 3.4% and 7.9%, in the heparin group
and the control group, respectively. Furthermore,
heparin did not increase hemorrhagic complications.
Based on their findings, they concluded that heparin
administration correlated with a significantly lower
incidence of PEP.
[19]
Ung et al
also conducted a randomized, doubleblind, placebo-controlled trial over 89 patients. They
were randomly given either 0.2 mL of 25000 IE
of heparin or 0.2 mL of saline subcutaneously 4 h
before and 4 and 18 h after ERCP. They found that
patients which were given heparin had no elevations
in levels of amylase, ALT and AST. They concluded
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that heparin reduces the increase in amylase levels
[17]
which is typical for PEP. Li et al
concluded that
neither low dose unfractioned heparin nor LMWH had
a significant impact on reducing PEP incidence or its
prevention. Despite some promising results where
the beneficial effects of heparin were emphasized,
this is still not a recommended prevention method.
In addition to GTN and heparin, there are several
other potential chemoprophylactic agents considered
to be beneficial in the prevention of PEP.

or placebo, drop in oxygen saturation, or inability
to reach the papilla, were excluded from the study.
Cannulation of the common bile duct was performed
by a sphincterotome. If unsuccessful after 5 min,
a guide wire was used. In cases where guide wire
cannulation failed after 5 min, pre-cut papillotomy
was performed. A sphincterotome with guide wire
cannulation time over 5 min was deemed difficult
cannulation. They defined PEP according to the
[4]
consensus from 1991 . PEP was graded as “mild”
if lasting 3 d, “moderate” if therapeutic measures
were required for 4 to 10 d after ERCP and “severe”
if complications lasted longer than 10 d or if death
occurred. Also, PEP was severe if a CT scan showed
the presence of tissue necrosis in > 30% of the
pancreas or if it showed peripancreatic fluid.
The aims of this study were to determine whe
ther the aforementioned combination of drugs
could prevent PEP and affect the type of PEP and
[21]
side effects caused by the same combination .
The advantage of this study was that both groups
were comparable in sex, age, indications for the
rapeutic ERCP and ERCP findings. Also, there was
no significant difference in cannulation difficulty,
pancreatic opacification, number of guide wires
inserted, and use of pre-cut papillotomy.
After data analysis, the overall PEP inciden
ce was 7.2%, occurring in 39 patients. Mild PEP
occurred in 29 patients (5.6%), moderate in 8
(1.5%) and severe PEP in 2 patients (0.4%). They
found a significant difference between the two
groups in the rate of PEP: 4.7% in group A and
10.4% in group B. Moreover, the incidence of PEP
in high risk patients was significantly lower in the
group receiving the diclofenac and somatostatin
combination than in the placebo group, i.e., 5.8%
and 12.3%, respectively. However, there was no
significant distinction in low risk patients (group A
1.5% and group B 3.5%). Based on univariate and
multivariate analyses, they found that a history of
acute pancreatitis, pancreatic opacification of the
first class branches and beyond, and the absence
of pharmacoprophylaxis were all independent risk
factors for PEP development. Several problems arose
in this study. It was difficult to differentiate patients
with high and low risk for PEP. There are patientrelated factors such as suspected dysfunction of the
sphincter of Oddi and previous acute pancreatitis
which can be easily identified prior to the procedure.
However, ERPC-related risk factors such as difficult
cannulation, opacification of the pancreatic duct
and pre-cut papillotomy can be identified only
during and after ERCP. Logic therefore infers that
an ideal pharmacoprophylactic agent has to include
all patients undergoing ERCP. Further limitations
to this study were the low number of pancreatic
sphincterotomes, and only a few suspected sph
incters of Oddi dysfunctions (SOD), which are

Somatostatin and protease inhibitors

Somatostatin is a drug considered to have a
beneficial effect on PEP prevention. It inhibits the
secretory functions of the pancreas. It can also
restrain the motility of the sphincter of Oddi. This
combined action can contribute to PEP prevention.
The problem with somatostatin is that it has a short
half-life and has to be continuously administered
intravenously. Due to those disadvantages, oc
treotide, a somatostatin analogue is used. It
has a half-life of 3 h, and can be administered
[20]
subcutaneously. Arcidiacono et al
conducted a
study on 151 patients who were randomly divided
into two groups. Group A (75 patients) was given 0.1
mg of octreotide subcutaneously 120 and 30 min
before and 4 h after endoscopy, while group B (76
patients) was given a placebo (1 mL of saline).
They measured serum amylase levels before
octreotide administration and 4, 24 and 48 h after
ERCP. Group B had a greater rise in serum amylase
levels, but the statistically significant difference was
measured only 48 h after ERCP. Both groups had five
cases of pancreatitis and two cases of cholangitis.
Overall, octreotide administration showed no
advantages in the prevention of PEP. On the other
hand, octreotide contributed to less severe cases
of pancreatitis in the treated group, although the
difference was not statistically significant. Further
research should be conducted, especially on high
risk patients.
In relation with somatostatin, a randomized,
prospective, double blinded trial was conducted
[21]
by Katsinelos et al
on a total number of 540
patients divided into group A and group B in order
to see the potential benefits of administering a
combination of somatostatin and diclofenac sodium
in the prevention of PEP. Both groups had the same
number of patients, patients in group A received
1.5 mg of somatostatin intravenously diluted in 500
mL of saline solution 30 min before and 6 h after
ERCP. They also received a suppository of 100 mg
diclofenac sodium 30-60 min prior to ERCP. Patients
in group B received 500 mL of saline and placebo
suppositories which were same in appearance as
diclofenac sodium suppositories. Patients who had
complications or adverse reactions during ERCP,
such as hypotension, intolerance to somatostatin
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[31]

both known and confirmed risk factors for PEP.
Furthermore, ERCP was performed by experienced
endoscopists, which contributes to lower rates of
PEP.
The protease inhibitors gabexate mesilate,
ulinastatin and nafamostat mesilate have been
registered for the treatment of acute pancreatitis.
The rationale for their usage is a reduction in
the pancreatic secretion of proteolytic enzymes.
Gabexate mesilate has been shown to decrease
[22,23]
the incidence of PEP
, but this agent has to be
infused continuously for as long as 13 h because
of its short half-life; ulinastatin can be injected as
[23]
a bolus. Furthermore, Masci et al
compared two
infusion rates of gabexate mesilate; 13 h infusion
and 6.5 h infusion. They found no difference in
efficacy between the two infusion rates. In a recent
[24]
meta-analysis by Yuhara et al , only nafamostat
mesilate and NSAIDs showed the potential to reduce
PEP, while the other two protease inhibitors were,
gabexate mesilate and ulinastatin were shown
not to be efficient in reduction of PEP incidence.
Due to their high price and inconvenient route
of administration, protease inhibitors cannot be
recommended as a routine prophylactic measure.
Positive results from Japanese trials should be
replicated at other centers.

Non-steroidal anti-inflammatory drugs

In some previous studies, it has been pointed out
that phospholipase A2 has a pivotal role in the
initial inflammatory cascade in acute pancreatitis by
regulating a variety of proinflammatory mediators,
including arachidonic acid products and platelet[25-27]
[28]
activating factors
. Murray et al
was the
first one who described the potential of NSAIDs in
preventing PEP. These results have been confirmed
[7,29-32]
[29]
in several other trials
. Cheon et al
showed
no difference between oral administration of di
clofenac and placebo. They conducted a study on
207 patients, 72% of whom were high risk pati
ents (suspected SOD or pancreatic therapy). This
suggests that rectal administration of diclofenac
has advantages over oral administration. Katsinelos
[21]
et al
concluded that a combination of diclofenac
and somatostatin significantly lowers the incidence
of PEP, especially in high risk patients. Univariate
and multivariate analyses confirmed that pre-proce
dure administration of the mentioned combination
is associated with a significantly reduced risk of PEP.
They also found no relevant adverse effects of these
medications, especially no increases in bleeding after
sphincterotomy.
There is more evidence supporting the admi
[30]
nistration of NSAIDs. Elmunzer et al
performed
a meta-analysis of studies which investigated the
efficacy of NSAIDs on the prophylaxis of PEP. They
[28]
analyzed four studies by Murray et al , Khoshbaten
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[16]

et al , Sotoudehmanesh et al
and Montãno
[33]
Loza et al . First two studies compared rectal
administration of 100 mg of diclofenac with placebo,
while the latter two compared rectal administration
of 100 mg of indomethacin with placebo. Sotou
[32]
dehmanesh et al
conducted a trial on 442 patients
who were given either indomethacin or placebo
just before ERCP. Overall, the PEP incidence was
4.9%, which could be explained by the fact that
only 10% of the patients in this trial had SOD. There
was no significant difference in the PEP incidence
between the placebo group and the indomethacin
group, i.e., 3.2% (7/221) and 6.8% (15/221),
respectively. However, an additional analysis found
that indomethacin had a beneficial effect in patients
undergoing pancreatic duct injection. The same
group conducted an interesting trial where they
compared indomethacin plus sublingual nitrates
vs indomethacin alone. They reported a further
reduction in PEP incidence in the combined group
(indomethacin plus nitrates), i.e., RR = 0.39 and
95%CI: 0.18-0.86, which may be of particular
[16]
interest in high risk patients . None of those
patients developed moderate or severe pancreatitis,
unlike the seven patients in the placebo group who
had developed both modalities. Montãno Loza et
[33]
al
conducted the same test with indomethacin and
placebo. Their findings were different, and suggested
a statistically significant difference in PEP incidence;
5.3% in the indomethacin group and 16% in the
[28]
placebo group. Murray et al
and Khohsbaten et
[31]
al
conducted research as mentioned previously.
They found that the incidence of PEP in the placebo
group was higher, making the difference between
the two groups statistically significant. Murray et
[28]
al
reported a PEP incidence of 6.4% and 15.5%
in the diclofenac and placebo groups, respectively,
[31]
while Khoshbaten et al reported a PEP incidence of
15% in the diclofenac group and 26% in the placebo
group. No adverse effects were noted in this meta[30]
analysis. Elmunzer et al
concluded that patients
who received NSAIDs were 64% less likely to
develop pancreatitis and 90% less likely to develop
moderate to severe pancreatitis. Both diclofenac and
indomethacin have been proven to be effective in
preventing the development of moderate or severe
PEP. All of the four studies that were included in this
meta-analysis show a positive trend for prophylactic
use of NSAIDs.
Furthermore, these studies showed that using
NSAIDs is more cost effective. If an institution
performs 750 ERCPs annually, and the incidence
rate of PEP is 5%, we come to a number of 38 PEPs
per year. United States Medicare provides financial
support for PEP in the amount of 5700 USD per
case, which when multiplied by the number of PEPs
comes to 216600 USD per year. The cost of one
dose of NSAIDs is between 1.25 and 2 USD. The
annual cost of administering diclofenac before every
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ERCP would be around 1500 USD, but it would
reduce the number of PEPs to 13. Thus, a lower
number of PEPs equals a smaller amount of money
spent annually; we come to a figure of 74100 USD
per PEP. Adding the cost of NSAIDs (1500 USD),
the institution would spend 76500 USD, or 141000
USD less than if they were not using NSAIDs. Their
meta-analysis supports the use of NSAIDs in PEP
prophylaxis, giving an advantage to diclofenac.
[7]
Elmunzer et al conducted an additional trial
concerning the rectal application of NSAIDs. They
performed a multicenter, randomized, placebocontrolled, double-blind clinical trial including 602
patients with a high risk of PEP development. A high
risk for PEP was established based on previously
validated patient-related and procedure-related risk
factors. Out of the total number of patients, 493
(82%) had a suspicion of SOD. Patients were divided
into two groups: one received a single dose of
indomethacin rectally (295 patients) and the other
received placebo (307 patients). PEP occurred in 27
patients (9.2%) in the indomethacin group and in 52
patients (16.9%) in the placebo group (P = 0.005).
Furthermore, moderate/severe PEP was observed
in 13 patients (4.4%) in the indomethacin group
and in 27 patients (8.8%) in the placebo group (P
= 0.03). They concluded that rectal administration
of indomethacin notably reduced the incidence
of PEP in patients who were at a high risk of PEP
development. At the moment, it is absolutely clear
that rectal administration of NSAIDs (diclofenac
sodium and indomethacin) is the preferred method
for reducing the incidence of PEP. Due to their good
safety profile, low price and easy availability, NSAIDs
are at this moment the best pharmacological
prophylactic method. In the future, we are expecting
the results from more randomized controlled trials
regarding combination therapy (NSAIDs plus nitrates
or antibiotics) and possible further reductions in the
incidence of PEP.

biliary obstruction was resolved, antibiotics did not
have much effect. The conclusion was drawn that,
although antibiotics show beneficial properties in
PEP prophylaxis, the presence or absence of biliary
obstruction after ERCP is the determining factor in
the efficacy of antibiotics and the incidence of postERCP infections.
Antibiotic prophylaxis of PEP is still to be proven
and established and there are conflicting viewpoints
on this matter. For instance, the American Society
for Gastrointestinal Endoscopy recommends anti
biotic prophylaxis for ERCP in patients with bile duct
obstruction.
[35]
Research performed by Räty et al
suggests
that antibiotic prophylaxis effectively decreases the
risk of PEP development. They conducted a study on
321 patients, who were divided into two groups: a
prophylaxis group and a control group. There were
161 patients in the prophylaxis group; all received
2 g of cephtazidime, and 160 patients in the control
group who did not receive an antibiotic. Patients
with allergy to cephalosporins, immunodeficiency,
clinical jaundice or with any other condition requiring
antibiotic usage were excluded. Also, pregnant
patients did not participate. The diagnosis of acute
pancreatitis was based on increased levels of
serum amylase (> 900 IU/L), CRP level, leukocyte
count, no increase in liver chemical values and
clinical findings. Nine patients in the prophylaxis
group (6%) and 15 patients in the control group
(9%) had a notable increase in serum amylase
levels (> 900 U/L) after ERCP, but only four out of
nine patients in the prophylactic group developed
clinical signs of pancreatitis, leukocytosis and pain.
In comparison, all 15 patients from the control
group with hyperamylasemia had pain, elevated
CRP, leukocytosis and other signs of pancreatitis.
Multivariate analysis showed that lack of antibiotic
prophylaxis and sphincterotomy are independent
risk factors for the development of PEP. They
concluded that the application of antibiotics as
chemoprophylaxis effectively decreases the chances
of PEP development.
However, in the most extensive review and meta[36]
analysis by Bai et al
on antibiotic prophylaxis of
post-ERCP cholangitis, the authors included seven
trials and 1389 patients which were divided into two
groups: 705 patients in the control group and 684 in
the treated group. Cholangitis occurred in 5.8% of
control group patients and 3.4% of treated patients,
with no statistical significance. In accordance with
the ASGE recommendations for antibiotic pro
phylaxis, sensitivity analysis was performed tar
geting patients with suspicious biliary obstruction. It
showed that the incidence of post-ERCP cholangitis
was 2.8% in patients who received antibiotics and
5.4% in control group patients, suggesting that
there is no protective effect of antibiotics. In their

Antibiotics

Prophylactic use of antibiotics is recommended by
the British Society of Gastroenterology during ERCP
in patients who are expected to obtain full patency
of the bile duct, patients with advanced hematologic
cancer, history of liver transplantation, pancreatic
pseudocyst and patients with severe neutropenia.
Others recommend antibiotic prophylaxis before
ERCP, especially in the presence of biliary ob
struction. Antibiotics should decrease or prevent
post-ERCP complications, such as cholangitis,
cholecystitis, septicemia and pancreatitis. A meta[34]
analysis was conducted by Brand et al
on nine
randomized, controlled trials including 1573 patients.
They showed the beneficial properties of antibiotic
prophylaxis, but only in patients whose biliary
obstruction persisted after ERCP. In patients whose
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[41,42]

summary, they agreed that antibiotics cannot be
used as an effective means of post-ERCP cholangitis
prevention.
Although their data showed no correlation be
tween antibiotic prophylaxis and a reduced rate of
post-ERCP cholangitis, we can assume that the same
premise can be applied to the connection of antibiotic
prophylaxis and PEP prevention, i.e., antibiotic
administration will not be effective in the prophylaxis
of PEP. However, due to the lack of sufficient data on
this topic, we believe that further research should
be conducted in an attempt to show the potential
benefit of antibiotics as chemoprophylactic agents.

Other pharmacological treatments

There are some other pharmacological agents th
ought to be potentially beneficial in PEP prophylaxis.
For example, allopurinol has demonstrated beneficial
properties in animal models. However, three trials
with human subjects offer conflicting and inconclusive
[37,38]
results
. In two trials, the authors showed benefits
[37]
from the usage of allopurinol. Kastinelos et al
gave
600 mg of allopurinol per os to their patients 15 and
3 h before ERCP and saw significantly lower rates
of PEP in comparison to the placebo group; 3.2%
and 17.8%, respectively. Furthermore, patients with
pancreatitis who received allopurinol had shorter
duration of hospital stay than those who were in
[38]
the placebo group. Martinez-Torres et al
gave
300 mg of allopurinol per os to 85 patients at same
times as in the Katsinelos trial, while the other
85 patients received oral placebo. They observed
significantly lower rates in PEP incidence, i.e.,
2.3% in comparison to 9.4% in the placebo group.
[39]
However, Mosler et al
conducted a trial where they
randomly administered allopurinol and placebo 4 h
and 1 h prior to ERCP. PEP incidence was 12.96%
and 12.14%, in allopurinol and placebo groups,
respectively. They concluded that there is no efficacy
of allopurinol prophylaxis of PEP.
A new possible treatment to the prevention
of PEP is being used by German physicians who
[40]
recently published a study protocol . They designed
a randomized, double-blind, placebo controlled
study where they will test the effect of magnesium
sulfate on the incidence and severity of PEP. They
will include a total of 502 patients distributed into
two groups. One group of patients will receive 4930
mg of magnesium sulfate 60 min before and 6 h
after ERCP and the other group will receive placebo
at the same time intervals. The incidence of PEP and
hyperlipasemia, the degree of pain, analgesic usage
and the length of hospitalization will be observed
and analyzed. Their opinion is that, if successful,
magnesium sulfate could become a routinely used a
pharmacological prophylactic agent.
There are some alternative approaches with
promising results such as aggressive hydration with
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[41]

Ringer’s lactate
. Buxbaum et al
performed a
study in which patients who were undergoing ERCP
for the first time were randomly assigned to groups
(2:1) that either received aggressive hydration
with lactated Ringer’s solution (3 mL/kg per hour
during the procedure, a 20-mL/kg bolus after the
procedure, and 3 mL/kg per hour continuously for
8 h post-ERCP) or standard hydration with Ringer’s
solution (1.5 mL/kg per hour during and for 8 h
post-procedure). They concluded that aggressive
intravenous hydration with lactated Ringer’s solution
reduces development of PEP. Since these are the
results of a pilot study with only 62 patients, this
benefit has to be shown in trials with an adequate
sample size.
Although we have adequate pharmacological
agents such as NSAIDs, which can significantly
reduce the incidence of PEP, possible new approa
ches are very welcome. We are eager to see the
results from adequately powered trials regarding
aggressive hydration. If we get positive results, this
may become the easiest preventive method.

Non-pharmacological approaches
[43]

Vila et al
presented an article reviewing the
factors contributing to PEP and other post-ERCP
complications, such as non-technical factors and
technical factors. They also emphasized the role of
pancreatic stenting and NSAIDs in PEP prophylaxis
as the two methods with the most scientific
evidence. Non-technical factors include placement of
the pancreatic stent and administration of NSAIDs.
Multiple studies have shown the benefits of placing a
pancreatic stent.

Pancreatic stent placement

There are many reviews and analyses suggesting
the beneficial impact of pancreatic stent placement.
[44]
Singh et al
conducted a meta-analysis which
included five studies and 481 patients. They showed
that the incidence of PEP in the stented group was
significantly lower (5.8%) in contrast to the nostent group (15.5%).They drew a conclusion stating
that temporary placement of a stent in the main
pancreatic duct lowers risk for PEP. Additional meta[45]
analysis of one more study by Andriulli et al
showed similar results. They conducted a metaanalysis of 6 controlled studies with an addition of
12 uncontrolled studies. Their results showed that
the stented group had a PEP rate of 12% while the
control group rate was 24.1%. They also showed
a reduction in the number of cases of severe
[46]
pancreatitis in stented patients. Choudhary et al
conducted a meta-analysis on eight randomized,
controlled trials and 656 patients, and 10 nonrandomized studies including 4904 patients. They
observed the incidence of PEP, incidence of hy
peramylasemia, incidence of mild, moderate and
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severe pancreatitis, and possible adverse effects
of stent placement. The results of the randomized,
controlled studies showed a significant decrease
in the PEP incidence in the stented group, i.e.,
4.6%. The incidence of PEP in the control group
was 19.7%. Furthermore, fewer PEP cases were
observed in patients with a stent < 3 cm, but with
no statistical significance. No statistically significant
difference was noted in using flanged and unflanged
stents. Concerning hyperamylasemia, levels were
significantly lower in the stented group. Analysis of
the non-randomized trials also showed a statistically
significant lower incidence of PEP in five trials.
Moreover, pancreatic stenting led to fewer cases of
severe pancreatitis. Although there is no doubt that
pancreatic stents decrease the incidence of PEP,
several questions remains unanswered, possibly vital
questions which if answered could lower the PEP
incidence even more. Who should get a pancreatic
stent? What is the best time of placement - before
or after therapy, e.g., before sphincterotomy? How
long do stents have to remain in place? For now,
pancreatic stents are placed in high risk patients.
Further research has to be done in order to provide
answers to these questions. However, the European
Society of Gastrointestinal Endoscopy recommends
stent placement in high risk patients undergoing
[2]
ERCP . High risk patients are, according to a
consensus, patients with SOD, young women,
patients with previous pancreatitis, and patients
with a high number of cannulations and injections
of the pancreatic duct during ampullectomy or
cannulation. The recommended size of the stent
is 5-Fr. Furthermore, pancreatic stents should be
placed taking endoscopists’s rate of success into
[2]
consideration, which has to be > 75% .
[9]
Mazaki et al reviewed and conducted a metaanalysis on 8 studies including 680 patients.
All studies included different kinds of high risk
patients, such as SOD, difficult cannulation, precut
sphincterotomy, biliary balloon dilatation of an
intact papilla for stone extraction, ampullectomy
or pancreatic brush cytology. Pancreatic stent
placement had a success rate of 90% to 100% in
five studies. Out of the total number of 680 patients,
336 received a pancreatic stent, while 344 were in
the control group. Total number of PEPs was 82; 19
patients (6%) in the stent group, and 64 patients
(19%) in the control group, which was statistically
significant. They also showed that pancreatic stents
were more efficient in high risk patients. This metaanalysis showed that pancreatic stent placement is a
good and effective prophylaxis for PEP. Furthermore,
it is consistent with previously performed meta[44,45]
analyses
.
[47]
Ito et al
conducted a study on 9192 ERCP
procedures. Out of the total number of ERCPs,
414 patients were included in this study as they
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were high risk patients for the development of
PEP. High risk criteria were: female gender, history
of pancreatitis, SOD, difficult cannulation of the
bile duct, pancreatic duct cytology/biopsy, precut
sphincterotomy, pancreatic sphincterotomy and
endoscopic ampullectomy. The size of stents used
was 5-Fr, 3 cm long with a single pigtail. The goals
of this study were to explore the frequency and
severity of PEP, the frequency of hyperamylasemia
and risk factors for PEP. The incidence of PEP was
9.9% and 90% of those were mild cases. Taking the
high risk factors of these patients into consideration,
the PEP incidence in this study was acceptable. The
frequency of moderate to severe cases of PEP was
[48,49]
10%. In two important studies
, the rates of
moderate and severe pancreatitis were 47% and
25%, respectively. In conclusion, the results of
this study suggested that pancreatic duct stenting
decreases the incidence of PEP, and could possibly
contribute to less severe cases of PEP, thereby
easing the patient’s recovery.
[50]
Zolotarevsky et al
conducted a trial regarding
the optimal stent size for insertion into the pan
creatic duct for PEP prevention. The current view
point on stent size goes in favor of 5-Fr stents.
[50]
Zolotarevsky et al
compared 5-Fr and 3-Fr stents
in order to see which one led to better results in
[51]
pancreatic stenting. A large trial by Rashdan et al
was conducted on 2283 patients who underwent
ERCP and had a 3-4-Fr, unflanged stent placed.
Incidence of pancreatitis was 7.5% and 10.6% for
3-Fr and 4-Fr stents, respectively in comparison
with rates of 9.8% and 14.6% for larger stents,
5-Fr and 6-Fr, respectively. They concluded that
smaller sized stents were superior to larger ones in
[52]
preventing PEP. However, Chahal et al
showed a
completely different situation; 5-Fr stents correlated
with higher rates of spontaneous stent passage and
lower rates of PEP. In addition, this study showed
that placing 3-Fr stents had more failed attempts.
Failure in placing a stent can prolong the procedure
and thus augment the chances of PEP development.
A comparison of 5-Fr and 3-Fr stents done by
[50]
Zolotarevsky et al was performed on 234 patients
by random assignment of those stents. Out of the
total number of patients, 78 were at high risk for
PEP. Pancreatic stent placement was successful in 77
patients. Spontaneous passage rates duringa twoweek period were 68.4% and 75% for the 5-Fr and
3-Fr stents, respectively. Lack of stent passage at 2
wk was also nearly the same, i.e., 10.5% and 10%
for the 5-Fr and 3-Fr stents, respectively.
Another important aspect in comparison of
these two stents and their efficacy was the number
of wires needed for stent placement. One wire
was sufficient in 22 cases of 5-Fr stent placement
(59.4%), whereas 3-Fr stent placement with
one wire occurred in only eight cases (20.5%); a
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significant difference. The time required to place
a stent was more frequently prolonged during
the placement of 3-Fr stents. Furthermore, the
placement of 5-Fr stents was deemed easier than
placing a 3-Fr stent.
Eleven patients (14.1%) developed PEP, which
manifested a sa mild or moderate form. There
was no statistically significant difference in PEP
incidence between the stent groups. In conclusion,
an increased number of wires needed for successful
stent placement, prolonged attempts for stent
placement and a higher number of failed stenting
attempts may be associated with a higher incidence
of PEP. In this study, the results showed that the
technical aspects of the 5-Fr stent render it favorable
over the 3-Fr stent; its placement is easier, faster
and requires fewer wires. These criteria alone should
be enough to give the 5-Fr stent an advantage in
choosing the better and more effective stent in
pancreatic stent placement. A recent, excellent
network meta-analysis has provided definite results
[53]
regarding some of these dilemmas. Afghani et al
analyzed 6 randomized, controlled studies including
561 patients. The authors concluded that the 5-Fr
stent is superior to the 3-Fr pancreatic stent for the
prevention of PEP in high risk patients. Also, the
performance of 5 Fr stents was not influenced by the
design (flanged, straight, pigtail), suggesting that
the diameter is more important for the prevention of
PEP than the type of stent.
Despite the robust data which favor the usage of
NSAIDs and pancreas stenting in the prevention of PEP,
gastroenterologists still have some doubts. Dumonceau
[54]
et al
completed a survey about prophylactic
pancreatic stenting and NSAID administration. They
distributed the survey to 467 medical doctors, but
collected only 141 completed ones. The majority
of respondents (61.7%) worked in a community
hospital where the ERCP volume was ≤ 500 per
year. Diagnostic ERCP was used in < 20% of cases
by the majority of respondents (83%). The majority
of the respondents did not attempt prophylactic
pancreatic stenting in the presence of procedurerelated risks for PEP, such as prolonged or difficult
cannulation, previous PEP or needle pre-cut. Only
in the case of ampullectomy did the majority of
respondents (54.5%) attempt pancreatic stenting.
They attempted the procedure in more than 50% of
cases. However, pancreatic stenting was attempted
more frequently when patient-related risk factors
were present. Thirty respondents (21.3%) did
not attempt pancreatic stenting at all. Those who
attempted pancreatic stenting used mainly 5-Fr
stents (64.5%). Fourteen of them used either 3-Fr
or 7-Fr stents. The majority of respondents, namely
118 of them (83.7%) did not use NSAIDs for PEP
prevention; 88.1% of those 118 respondents cited
lack of evidence as the main reason.
This survey showed a huge gap between the
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scientific evidence supporting prophylactic pancreatic
stenting and its actual application in practice. The
reasons for this are a lack of experience and the
difficulty of the procedure itself (pancreatic stenting
has the highest degree of difficulty). Many of the
respondents have little or no confidence in using
NSAIDs due to the lack of supporting evidence.
Further investigations into PEP prophylaxis and
better and more frequent ERCP education could
provide a more stable ground for the implementation
of techniques and increasing knowledge of the
prevention of PEP.

Cannulation

Other technical factors include techniques used in
duct cannulation, sphincterotomy and ampullectomy.
Guide wire cannulation is one of these factors, and
there are many variations. Guide-wire hovering is a
variation of direct cannulation where the guide wire
hovers a few millimeters to a couple of centimeters
through the catheter or sphincterotome. It is useful
in pancreatic cannulation when access through the
minor papilla is needed.
The guide wire technique has advantages in
comparison to contrast cannulation. For example,
[55]
Cennamo et al
conducted a meta-analysis of five
randomized controlled studies with 1762 patients
who showed that guide wire cannulation improves
the cannulation rate from 74.9% to 85.3% and,
more importantly, reduces the incidence of PEP
from 8.6% to 1.6%. Subsequently, guide wire can
nulation is considered to be the standard for can
nulation. Another variation is pancreatic stenting
[56]
after guide wire placement. Fogel et al
reported a
significant difference in the incidence of PEP between
pancreatic stent placement followed by needle-knife
sphincterotomy and double wire cannulation. Placing
a stent led to a PEP incidence of 10.7%, while the
double wire technique had a rate of 28.3%. Madacsy
[57]
et al
also showed the benefits of stent placement.
There were no cases of PEP in stented patients,
while the PEP incidence in patients who underwent
needle-knife with guide wire cannulation was 43%.
It is well known that pre-cut sphincterotomy
increases the rate of PEP. It is still not well-defined
regarding what is the best approach: to persistently
attempt to cannulate or an early (five to ten minutes)
switch to pre-cut. A meta-analysis by Cennamo et
[58]
al
analyzed six trials by comparing the rates of
cannulation and the incidence of PEP in early pre-cut
cannulation and persistent cannulation with a late
pre-cut. The analyzed data showed no difference
in the success rate, i.e., 90.2% and 89.6%, res
pectively. However, the incidence of PEP differed
significantly. PEP occurred in 2.48% in early pre-cut,
while its rate was 5.34% in late pre-cut. Another
[59]
meta-analysis by Gong et al
also suggests that
early pre-cut is more beneficial in PEP prophylaxis.
Debate is still ongoing because two recent meta-
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[60,61]

analyses have not provided a consistent answer
.
While one group suggests that the rates of PEP
are similar in the pre-cut sphincterotomy group
and in the persistent attempt group (OR = 0.58,
[61]
95%CI: 0.32-1.05) , in the other meta-analysis,
the authors claimed to have concluded that the
early pre-cut technique decreases the trend of PEP
[60]
incidence . According to the recent literature,
we may conclude that we have an obvious trend
towards a reduction in PEP incidence by adopting the
early pre-cut approach, but further data are needed.
While it is obvious that the wire-guide cannulation
technique and pancreatic duct stenting significantly
reduce PEP incidence, we are still lacking data
regarding the early pre-cut technique. Endoscopists
have dilemmas about continuing with attempts to
cannulate and possibly further traumatizing the
papilla, which can hamper cannulation later on, or
switch to the needle knife early but possibly increase
the risk of PEP, bleeding or perforation. With une
quivocally positive results regarding early pre-cut,
our decision would be easier.

5
6

7

8

9

10
11

CONCLUSION
In summarizing the prophylactic measures against
PEP, we can conclude that only two methods of
prophylaxis are currently recommended: pancreatic
stent placement and NSAID administration, preferably
with diclofenac.
Pancreatic stent placement is a recommended
and effective method for preventing PEP today.
Much is known of its beneficial properties, the type
of stent needed, the duration of stent placement
and so on. It is a method which has been proven to
be effective. NSAIDs are cheap, can be easily given
to patients and have little or negligible adverse
effects, making diclofenac and other NSAIDs an
attractive approach in PEP prevention, but there is
still resistance to its usage due to the lack of reliable
supporting evidence and/or the lack of information.
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Hyperhomocysteinemia as a potential contributor of
colorectal cancer development in inflammatory bowel
diseases: A review
Ammar Hassanzadeh Keshteli, Vickie E Baracos, Karen L Madsen
suffering from inflammatory bowel diseases (IBD)
including ulcerative colitis and Crohn’s disease are
at increased risk of developing colorectal cancer in
comparison to healthy individuals. Furthermore, the
risk of hyperhomocysteinaemia is significantly higher
in IBD patients when compared with controls. In the
present article, we review the mechanisms in which
hyperhomocysteinemia may contribute to increased risk
of colorectal cancer in IBD patients.
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Core tip: There is growing evidence suggesting hy
perhomocysteinemia to be associated with increased
colorectal cancer risk. Taking this into account that
hyperhomocysteinemia and its related contributors
are prevalent among patients with inflammatory
bowel disease, we suggest performing well designed
epidemiological, experimental, and clinical trial studies
to investigate such association in these patients.
Keshteli AH, Baracos VE, Madsen KL. Hyperhomocysteinemia
as a potential contributor of colorectal cancer development in
inflammatory bowel diseases: A review. World J Gastroenterol
2015; 21(4): 1081-1090 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i4/1081.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i4.1081

Abstract
Homocysteine is an amino acid generated me
tabolically by the S-adenosylmethionine-dependent
transmethylation pathway. In addition to being a
well-known independent risk factor for coronary
heart disease, is also a risk factor for cancer. Patients
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INTRODUCTION
Inflammatory bowel disease (IBD) is a chronic
relapsing-remitting immune disorder of unknown
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etiology that afflicts millions of individuals throughout
the world with debilitating symptoms, which impair
[1]
performance and quality of life . IBD is precipitated
by a complex interaction of environmental, genetic,
and immunoregulatory factors. Higher rates of IBD
[2]
are seen in northern, industrialized countries .
Recurrent inflammation with ulceration and tissue
restitution confers an increased risk of colorectal
cancer in both ulcerative colitis (UC) and Crohn’s
[3]
disease (CD) . Although colorectal cancer occurs
in a minority of IBD patients (1%), it carries a high
mortality and accounts for 20% of IBD-related
[4]
mortality .
Homocysteine is a sulfur-containing amino acid
derived from the metabolism of methionine via
[5]
methyl group metabolism . There is little doubt
that hyperhomocysteinemia plays a role in the de
velopment of cardiovascular disease. This is not only
supported by human population studies identifying
it as an independent risk factor, but strong evidence
[5]
resides in animal models, as well . More recently,
a relationship between hyperhomocysteinemia
and increased risk of different cancers has been
[6-11]
indicated
. In the present article, we review the
association between hyperhomocysteinemia and
increased risk of colorectal cancer in IBD and the
possible mechanisms.

COLORECTAL CANCER IN
INFLAMMATORY BOWEL DISEASE
The development of colorectal cancer is a serious
[13]
long-term complication of chronic inflammation .
Colorectal cancer still accounts for 10%-15% of
[18]
deaths in patients with IBD. Herrinton et al
demonstrated a 60% greater relative risk of co
lorectal cancer among individuals with CD and
UC compared with an age- and gender-matched
cohort of patients without IBD. IBD-associated
colorectal cancer affects patients at a younger
age than sporadic colorectal cancer. The prognosis
for sporadic colorectal cancer and IBD associated
colorectal cancer is similar, with a 5-year survival of
approximately 50%. The increased risk of colorectal
cancer in association with IBD is thought to be due
[19]
to genetic and acquired factors . The relationship
between inflammation and cancer has been well
established in the gastrointestinal system. The role
of toll-like receptors and tumour necrosis factor-α
(TNF-α) in the activation of nuclear factor κB,
which induces transcription of genes involved in
tumorigenesis, including COX-2 have been indicated
in colitis-associated cancer. Defective signaling via
p53 may be an early event in the progression of
colitis-induced dysplasia to cancer. Without p53induced apoptosis, aberrant cells are not eliminated
[20]
and cancer may develop .

INFLAMMATORY BOWEL DISEASE
IBD, including UC and CD, is characterized by
chronic inflammation of the gastrointestinal tract in
genetically susceptible individuals that are exposed
[12]
to environmental risk factors . CD may affect all
parts of the gastrointestinal tract, from mouth to
anus, but most commonly involves the distal part of
the small intestine or ileum, and colon. UC results in
colonic inflammation that can affect the rectum only
(proctitis) or can cause continuous disease from the
rectum proximally, to involve part of or the entire
colon. Clinical symptoms include diarrhea, abdominal
[13]
pain, gastrointestinal bleeding, and weight loss .
IBD has become one of the most common chronic
[14]
inflammatory conditions worldwide . The incidence
and prevalence of IBD are increasing with time and
in different regions around the world, indicating its
[12]
emergence as a global disease . In Canada, there
are approximately 280000 patients with medically
diagnosed IBD, which accounts for 0.8% of the
[15]
population . Although IBD has long been considered
a disease that affects predominantly Western
populations, recent data have shown significantly
higher rates in Asians and time trend studies have
[16]
shown an increase in its incidence across Asia .
IBD is mostly prevalent in young adults and currently
is not curable, with patients usually requiring
lifelong medication and may undergo devastating
[17]
surgeries .
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RISK FACTORS OF COLORECTAL
CANCER DEVELOPMENT IN
INFLAMMATORY BOWEL DISEASE
The extent and duration of colonic disease, the coexistence of primary sclerosing cholangitis, and a
family history of sporadic colorectal cancer have
been confirmed as risk factors of colorectal cancer
in IBD patients. The risk of UC-associated colorectal
cancer starts to increase after 7 years of extensive
[21]
colonic disease . In a meta-analysis of 41 studies
the cumulative incidence of IBD associated colorectal
cancer in patients with UC was 2% at 10 years, 8%
[22]
at 20 years, and 18% after 30 years of disease .
The extent of mucosal inflammation has also been
correlated with the risk of developing colorectal
cancer. While patients with extensive disease
(pancolitis and left-sided colitis) have an increased
risk of developing colorectal cancer, patients with
[21]
only proctitis or proctosigmoiditis do not . There
is conflicting evidence as to whether younger age
at diagnosis of IBD is an independent risk factor for
colorectal cancer in IBD. This evidence is not easy to
evaluate, as children tend to have more extensive
and severe colitis than those diagnosed as adults,
and younger people have the potential for longer
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Figure 1 Metabolism of homocysteine [7]. dUMP: Desoxyuridine monophosphate; dTMP: Desoxytimidine monophosphste; THF: Tetrahydrofolate; DHF:
Dihydrofolate; 5-MTHF: 5-methyltetrahydrofolate; 5,10-MTHF: 5,10-methyltetrahydrofolate; 5,10 MTHFR: 5,10- methyltetrahydrofolate reductase; MS: Metionin
synthase; MSR: Metionin synthase reductase; B12: Vitamin B12; SAM: S-adenosylmethionine; SAH: S-adenosylhomocysteine; CBS: Cystathionine β-synthase; GCT:
γ-cystathionase; B6: Vitamin B6.
[19]

colitis duration, which is itself a risk factor . IBD
patients with a first-degree relative with colorectal
cancer have twice the risk of developing colorectal
cancer than those who do not. Moreover, if a firstdegree relative suffered from colorectal cancer
before the age of 50 years, the risk of developing
colorectal cancer in IBD patients increases nine[21]
fold . Some genetic polymorphisms have been
proposed to be associated with the risk of colorectal
[23]
cancer in UC patients . So far, there has not been
any specific biomarker useful to identify the highrisk patients for progression to colorectal cancer in
[21]
IBD patients .

form methionine. The reaction with MTHF occurs
in all tissues and is vitamin B12-dependent, while
the reaction with betaine is confined mainly to the
liver and is vitamin B12-independent. ATP then
activates a considerable proportion of methionine
to form S-adenosylmethionine (SAM). SAM serves
primarily as a universal methyl donor to a variety of
acceptors including guanidinoacetate, nucleic acids,
neurotransmitters, phospholipids, and hormones.
S-adenosylhomocysteine (SAH), the by-product
of these methylation reactions, is subsequently
hydrolyzed, thus regenerating homocysteine,
which then becomes available to start a new cycle
of methyl-group transfer. In the transsulfuration
pathway, homocysteine condenses with serine
to form cystathionine in an irreversible reaction
catalyzed by the pyridoxal-5’-phosphate (PLP)containing enzyme, cystathionine β-synthase (CBS).
Cystathionine is hydrolyzed by a second PLPcontaining enzyme, gamma-cystathionase, to form
cysteine and alpha-ketobutyrate. Excess cysteine is
oxidized to taurine and inorganic sulfates or excreted
in the urine. Thus, in addition to the synthesis of
cysteine, this transsulfuration pathway effectively
catabolizes excess homocysteine which is not re

HOMOCYSTEINE METABOLISM
AND PATHOGENESIS OF
HYPERHOMOCYSTEINEMIA
Homocysteine is a non-protein-forming, sulfur ami
no acid whose metabolism is at the intersection
[24]
of two metabolic pathways : remethylation and
transsulfuration (Figure 1). In remethylation, ho
mocysteine acquires a methyl group from N-5methyl-tetrahydrofolate (MTHF) or from betaine to
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quired for methyltransfer, and delivers sulfate for
the synthesis of heparin, heparan sulfate, dermatan
sulfate, and chondroitin sulfate. It is important to
note that since homocysteine is not a normal dietary
constituent, the only source of homocysteine is me
[25]
thionine .
Two enzymes and three vitamins play a key role
in the regulation of circulating homocysteine levels.
Of the enzymes, cystathionine-β-synthase controls
the breakdown of homocysteine to cystathionine
in the transsulfuration pathway, while methylene
tetrahydrofolate reductase (MTHFR) is involved in
the remethylation pathway, in which homocysteine
is converted back to methionine. Folic acid, vitamin
B6 and vitamin B12 are essential cofactors in
homocysteine metabolism and a lack of them due
to a deficient diet or disease can produce elevated
[26]
plasma homocysteine . In addition, a genetic
defect in one of the enzymes of homocysteine
metabolism can lead to metabolic disruption and
[24]
potentially to hyperhomocysteinemia . Of the gene
defects, the most common is the C-to-T substitution
at nucleotide 677 in the coding region of the gene
for MTHFR, the so-called thermolabile variant.
There is an elevated homocysteine concentration
and a decreased plasma folate concentration in
the homozygous mutant genotype of C677TMTHFR
[26]
gene .
Depending on its severity, hyperhomocysteinemia
is classified into several categories: (1) severe
hyperhomocysteinemia which is characterized by
high homocysteine levels at all times, caused by
deficiencies in CBS, MTHFR, or enzymes of vitamin
B12 metabolism; (2) mild hyperhomocysteinemia
during fasting which is characterized by moderately
high homocysteine levels under fasting conditions
and reflects impaired homocysteine methylation
(folate, vitamin B12, or moderate enzyme defects
(e.g., thermolabile MTHFR); and (3) mild hyper
homocysteinemia during post-methionine load that
is defined as abnormal increase in homocysteine
after methionine load which reflects impaired
homocysteine transsulfuration (heterozygous CBS
[25]
defects, vitamin B6 deficiency) .
It should be noted that in addition to the above
mentioned key enzymes and vitamins, a variety of
other factors affect the regulation and function of
these enzymes, including diet, age, physiological
state, and hormonal imbalance. Moreover, and in
addition to the MTHFR C677T polymorphisms, the
majority of these enzymes exhibit polymorphic
forms that certainly have the potential to influence
homocysteine balance for specific individuals, as has
[27]
been discussed .

resulting from the inability of malignant cells to
[28]
convert homocysteine to methionine . Elevated
total homocysteine could be an early marker
of carcinogenesis and a sensitive marker for
detecting recurrence. The change of serum levels
of homocysteine paralleled that of different tumor
markers in cases of ovarian, breast, pancreatic
and colon cancer suggesting that serum total
homocysteine level, like tumor markers, reflected
the tumor cell activity or the rapid proliferation rate
of tumor cells. In addition, hyperhomocysteinemia
caused by the proliferation of tumor cells was
also demonstrated from the study of cell tissue
[28]
cultures .
Several biochemical changes indicate that elevated
homocysteine in blood creates a risk for cancer,
and it is likely that hyperhomocysteinemia is a risk
factor for carcinogenesis. Hyperhomocysteinemia is
frequently associated with folate deficiency. In fact,
homocysteine has become a sensitive marker for the
deficiency of folate and the majority of the cancer
risk derived from hyperhomocysteinemia is likely to
be related to folate status. Polymorphism of MTHFR
may reduce the production of its product, 5-MTHF,
and increase the risk for cancer. 5-MTHF is the major
form of folate in serum that provides the methyl
group for DNA methylation. Reduction of 5-MTHF
[28]
results in global genomic hypomethylation , which
is an early and consistent event in carcinogenesis.
Global hypomethylation of the coding and noncoding
regions and demethylation of repetitive DNA se
quences may contribute to the development of cancer
through the following mechanisms: chromosomal
instability, increased mutations, reactivation of
intragenomic parasitic sequences that could be
transcribed and moved to other sites, where
they could disrupt normal cellular genes mitotic
recombination leading to loss of heterozygosity
and promotion of rearrangements, aneuploidy,
loss of imprinting, and up-regulation of proto[29]
oncogeneses . Hyperhomocysteinemia has been
shown to be a potential oxidative stress indicator via
its impact on folate status. The overproduction of
oxygen free radicals generated from the oxidation of
homocysteine causes of endothelial injury and DNA
damage. As reduced free homocysteine contains
a free sulfhydryl group, free radicals including
hydrogen peroxide can be generated upon oxidation
of homocysteine, forming a disulfide linkage with
free sulfhydryl group of albumin, cysteine or ho
mocysteine. Actually, the plasma level of reduced
free homocysteine affects and enhances oxidative
stress. The endogenous attack on DNA by hydrogen
peroxide and oxygen free radicals may cause gene
mutations such as P53 and ras gene, and eventually
[28,30,31]
lead to carcinogenesis
. However, a recent
[32]
case-control study by Chiang et al
indicated
that that increased homocysteine concentration is
strongly associated with the risk of colorectal cancer

ROLE OF HYPERHOMOCYSTEINEMIA IN
CANCER DEVELOPMENT
Many malignant cells are methionine dependent,
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independently of oxidative stress indicators and
antioxidant capacities.
Another mechanism by which homocysteine
might predispose to cancer is the activation of
proinflammatory genes due to region-specific
hypomethylation. Results of in vitro and in vivo
experiments have suggested that homocysteine might
provoke intestinal mucosal injury by modulating
TNF-α-mediated cytotoxicity. Indeed, plasma homo
cysteine has been regarded as a determinant of
TNF-α in pathological conditions characterized by lowgrade inflammation and targeting the TNF pathway
can significantly reduce homocysteine, suggesting a
[33]
role for this cytokine in homocysteine metabolism .
Finding out the biological mechanisms in which
hyperhomocysteinemia plays its carcinogenic effects
requires further investigations including well-designed
experimental studies.

HYPERHOMOCYSTEINEMIA IN THE
PATHOGENESIS OF COLORECTAL
CANCER
It has been shown that homocysteine enhances
growth of colon cancer cells in culture and the
growth-promoting effect of homocysteine is reversed
[42]
[43]
by folate . In 1999, Kato et al
published the
first epidemiological study showing the relationship
between biological markers for folate status and
colorectal cancer risk among women. Since 1999,
different studies that have investigated the potential
role of homocysteine status in the pathogenesis of
colorectal cancer reported controversial results.
In a case-control study, total homocysteine levels
were significantly higher in cancer patients (18
cases of breast cancer and 29 cases of colorectal
[44]
cancer) compared to controls . Univariate analysis
demonstrated that total homocysteine levels sig
nificantly correlated with both interleukin-6 and
TNF-α both in breast and colorectal cancer patients.
In addition, TNF-α was independently associated
with total homocysteine in patients with breast or
colorectal cancer suggesting that cancer-related
inflammation may be associated with elevated
total homocysteine levels. The authors concluded
that homocysteine-induced damage related to
cell adhesion molecules, cytokines and chemoki
nes might therefore contribute to the biology of
[44]
[26]
cancer . Battistelli et al
reported that nonmetastatic colorectal cancer patients, who were
eligible for curative surgery, had statistically higher
levels of homocysteine than healthy individuals
did. They also found that the increase of plasma
homocysteine observed in the C/C and C/T genotype
of C677TMTHFR gene carriers in the cancer group
might be related to the methionine-dependent
proliferation rate of colorectal cancer cells and might
act as a permissive factor for thrombosis in the
context of cancer thrombophilia. The homocysteine
increase observed in T/T genotype carriers in
both groups, on the other hand, was probably
dependent on the enzymatic deficit associated
with the homocysteine conversion to methionine
and/or the depletion of folate. However, it should
be mentioned that conflicting data exists on the
relationship between different C677TMTHFR
polymorphisms and risk of colorectal cancer de
velopment. For instance, while The TT genotype of
MTHFR was found to associated with an increased
risk of CRC in older populations, possibly due to
[45]
age related disturbances in folate metabolism ,
the C677T was reported to have a protective effect
on colorectal cancer development in a population
with low allelic variability and an optimal intake of
[46]
folic acid . A recent meta-analysis of 70 published
studies concluded that the MTHFR 677TT allele was

HOMOCYSTEINE STATUS IN
INFLAMMATORY BOWEL DISEASE
[34]

In 1996, Lambert et al . were the first who reported
elevated homocysteine levels in patients suffering
from CD in comparison with healthy controls Since
then, several studies reported the higher pre
valence of hyperhomocysteinemia in IBD patients
in comparison with healthy subjects. Recently,
[35]
Oussalah et al
performed a meta-analysis of 28
studies that had evaluated plasma homocysteine
level and/or hyperhomocysteinemia risk in IBD
patients. They found that the mean plasma homo
cysteine level was significantly higher in IBD
patients when compared with controls and the mean
plasma homocysteine level did not differ between
UC and CD. In addition, they reported that the risk
of hyperhomocysteinemia was significantly higher
in IBD patients when compared with controls (OR =
4.65; 95%CI: 3.04-7.09). Hyperhomocysteinemia
in IBD patients has been mainly attributed to
[36-38]
[36-38]
low folate
, vitamin B12
, and vitamin B6
[39]
status . A meta-analysis on genetic variants of
homocysteine metabolism pathway in IBD did not
find a relationship between MTHFR C677T poly
[40]
morphism and IBD risk . It should be noted that
the impact of MTHFR C677T polymorphism on IBD
risk according to plasma folate concentration was not
assessed in this study. However, in another meta[35]
analysis, Oussalah et al
found that MTHFR 677TT
genotype was associated with higher IBD risk in
patients with low plasma folate status. As mentioned
before, this genotype is accompanied by elevated
[26]
homocysteine concentration . Furthermore, the
hyperhomocysteinemia in IBD patients is suggested
to be associated with advanced age, male sex,
vitamin B12 deficiency or lower vitamin B12 serum
[41]
levels, multivitamin therapy, and disease severity .
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of outcome that have been investigated in colo
rectal cancer is microsatellite instability (MSI).
Approximately 15% of colorectal cancers are
characterized by MSI, reflecting inactivation of the
mismatch repair genes. The remaining 85% of
colorectal cancers develop from the chromosomalinstability (microsatellite-stable) pathway. In
comparison to patients with microsatellite stable
tumors, those with tumors having a high degree of
[59]
MSI (MSI-H) have a significantly better prognosis .
A strong association between sporadic MSI-H and
plasma homocysteine has been indicated in Danish
[57]
patients with colorectal cancer . In addition, the
authors indicated that systemic folate did not reflect
the level of folate in tumor tissue and systemic
homocysteine but not systemic folate found to be a
[60]
biomarker for MSI-H . Hyperhomocysteinemia has
also been suggested as the missing link between
[61]
type 2 diabetes mellitus and colorectal cancer risk .
The relationship between homocysteine status
and colorectal cancer has been investigated in
[62]
clinical trials, as well. Martínez et al
assessed
the relation of plasma folate and homocysteine
and colorectal adenoma recurrence separately in
two studies. The first involved an intervention of a
cereal supplement that contained folic acid, wheat
bran fiber (WBF), and the second was conducted
primarily during postfortification of the food supply
using ursodeoxycholic acid (UDCA). It is worthy
to note that UDCA may prevent colonic neoplastic
transformation by countering the tumor-promoting
effects of secondary bile acids, such as deoxycholic
acid (DCA). UDCA exerts cytoprotective effects and
has been shown to antagonize DCA-induced cell
[63]
death of transformed colonocytes . In these trials,
among non-multivitamin users, individuals in the
highest vs the lowest quartile of homocysteine had
higher odds of adenoma recurrence, in both the WBF
(OR = 2.25) and UDCA (OR = 1.93) populations.
[64]
Using the data from WBF trial, Martínez et al
found that relative to subjects in the highest quartile
of plasma homocysteine, those in the lowest quartile
had an OR of adenoma recurrence of 0.69 (P-value
for trend = 0.02) after adjustment for confounding
factors. They reported a significant dose response
between plasma homocysteine and adenoma
recurrence. Using the data from 627 participants
from the control arm of Polyp Prevention Trial, a
large 4-year multicenter randomized, controlled
trial in United States the authors found that high
homocysteine concentrations were positively
associated with two times increased likelihood of
[65]
any and multiple adenoma recurrence . Also,
there was a suggestive positive association between
high homocysteine concentrations and high-risk
[65]
adenoma recurrence . In the analysis of subjects,
participating in a randomized clinical trial of folate
and/or aspirin for the prevention of colorectal

associated with a decreased risk of colorectal cancer
in comparison to CT + CC polymorphisms (OR =
[47]
0.86; 95%CI: 0.76-0.96) .
The mean plasma homocysteine level in 226
cases of colorectal cancer and 437 matched referents
from the population-based Northern Sweden Health
and Disease Study did not differ significantly and
plasma homocysteine concentrations were not
[48]
significantly associated with colorectal cancer risk .
Although high homocysteine concentration was
reported to be inversely correlated with colorectal
tumorigenesis in patients suffering from end-stage
[49]
renal disease , the association between increasing
plasma total homocysteine levels and colorectal
cancer was reported in three other case-control
[50-52]
[53]
studies
. Kim et al
performed an observational
study on 30 persons with colorectal polyps and
found that the mean concentration of serum ho
mocysteine was 22% higher in patients with ade
nomatous polyps than in those with hyperplastic
polyps. It should be noted that hyperplastic polyps
are generally regarded as not having malignant
potential. A recent study among 422 Korean patients
with colorectal adenoma and 617 controls indicated
a higher plasma homocysteine concentration to
be significantly correlated with increased risk of
[54]
adenoma among women . In a nested case-control
study within the Norwegian JANUS cohort, total
homocysteine was associated with increased risk of
[55]
colorectal cancer . Odds ratio (OR) for the upper
vs lower tertile was 1.32 (95%CI: 1.04-1.68; P-value
for trend = 0.02). In addition, no interaction between
MTHFR polymorphisms and total homocysteine was
detected. However, in a case-control study nested
within the Multiethnic Cohort study in United States,
investigators analyzed prospectively collected
blood samples from 224 incident colorectal cancer
cases and 411 matched controls and reported no
association between plasma homocysteine levels
[56]
and risk of colorectal cancer . Similarly, in another
nested case control study from the Alpha-Tocopherol,
Beta-Carotene Cancer Prevention Study cohort in
Finland, serum homocysteine was unrelated to risk
[57]
of colon or rectal cancer . In a recent nested case[58]
control study, Miller et al
demonstrated that high
plasma homocysteine was associated with increased
risk of colorectal cancer among a large sample (n
= 988/group) of United States postmenopausal
women. In this study, multivariate-adjusted OR
(95%CI) for colorectal cancer was 1.46 (1.05, 2.04)
for the highest quartile of homocysteine compared
with the lowest quartile. In another recent casecontrol study in Taiwan, high serum homocysteine
level was significantly associated with increased
odds of colorectal before and after adjustment for
different potential confounders including oxidative
[32]
stress indicators and antioxidant capacities .
One of the most promising molecular markers
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adenomas there was no association between ba
seline plasma total homocysteine and adenoma
recurrence risk in either the placebo or the folic acid
[66]
supplementation groups . The lack of association
between plasma total homocysteine and recurrence
risk was similar for all adenoma end-points. In
this study, baseline plasma total homocysteine
was associated with the number of adenomas at
the baseline examination, but this association was
attenuated and no longer statistically significant
after controlling for potential confounders, including
plasma total folate and other B vitamins. About
half the subjects in the study were recruited after
voluntary folate fortification of the United States
food supply began in 1996, and the first 3-year
observation period overlapped a time of gradually
increasing folic acid availability in United States and
Canadian diets, with consequently decreasing total
homocysteine levels. The authors discussed that it
was possible that their negative results were due to
the progressively lower plasma total homocysteine,
which might have fallen to levels below a threshold
for an association with adenoma risk. They con
cluded that their data would suggest one of two
possibilities: there is no independent association
between plasma total homocysteine and adenoma
recurrence risk or that any association between
plasma total homocysteine and adenoma recurrence
may be limited to plasma total homocysteine levels
higher than their study population who were largely
[66]
folic acid-fortified .

hyperhomocysteinemia without folate deficiency
had 2.5 times as many carcinogenic lesions
as patients with normal homocysteinemia, the
association was not statistically significant (P =
0.08). They concluded that hyperhomocysteinemia
was significantly associated with oncogenesis
when there was concomitant folate deficiency and
in the subgroup of patients with low folate and
no hyperhomocysteinemia, no increased risk of
oncogenesis or preoncogenesis was shown.

CONCLUSION
Overall, studies investigating the relationship be
tween hyperhomocysteinemia and risk of colorectal
cancer have shown a tendency toward increased
risk of colorectal cancer in association with ele
vated homocysteine levels. Although, most stu
dies have also demonstrated that the effect of
hyperhomocysteinemia on carcinogenesis is asso
ciated with low folate status and other vitamin B
deficiencies mainly due to the underlying metabolic
pathways that cause hyperhomocysteinemia, there is
some evidence from well-designed studies showing
independent effects of hyperhomocysteinemia
on colorectal cancer development. In addition,
there is some evidence suggesting that hyper
homocysteinemia may be a risk factor for cancer
development in IBD. There should be further well
designed prospective studies to investigate if
hyperhomocysteinemia is associated with increased
colorectal cancer risk in IBD patients. Currently, the
primary strategy for managing colorectal risk in IBD
is to conduct high quality colonoscopy screening at
[70]
regular intervals in at risk individuals . With the
finding that hyperhomocysteinemia is associated
with increased risk of colorectal cancer, it is highly
suggested to include IBD patients with elevated
levels of homocysteine as an “at risk” group of
patients to perform regular colonoscopic screening,
and in addition, to provide hyperhomocysteinemia
lowering therapy using B vitamins (e.g., folic acid,
B6 and B12).

ROLE OF HYPERHOMOCYSTEINEMIA IN
THE DEVELOPMENT OF COLORECTAL
CANCER IN INFLAMMATORY BOWEL
DISEASE
Although the role of folate deficiency in the increased
risk of colorectal cancer in IBD patients has been
[67-69]
indicated in different studies
, to date only
one study investigated the relationship between
homocysteine status and colorectal cancer in
[29]
IBD patients. Phelip et al
performed a crosssectional study to analyze the factors (especially
hyperhomocysteinemia and folate deficiency) as
sociated with the development of dysplasia-asso
ciated lesions or masses, or colorectal carcinoma
in 114 IBD patients. In univariate analysis, the
risk of oncogenesis in the IBD patients was sig
nificantly associated with low level of folate, and
hyperhomocysteinemia. In multivariate analysis,
neither hyperhomocysteinemia nor folate deficiency
were associated with increased risk of colorectal
cancer. However, when hyperhomocysteinemia
was associated with folate deficiency, there was a
significant increased risk of carcinogenesis (OR =
16.9, 95%CI: 2.3-126.7). Although, patients with
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Benign esophageal lesions have a wide spectrum of
clinical and pathologic features. Understanding the
endoscopic and pathologic features of esophageal lesions
is essential for their detection, differential diagnosis,
and management. The purpose of this review is to
provide updated features that may help physicians to
appropriately manage these esophageal lesions. The
endoscopic features of 2997 patients are reviewed. In
epithelial lesions, the frequency of occurrence was in
the following order: glycogenic acanthosis, heterotopic
gastric mucosa, squamous papilloma, hyperplastic polyp,
ectopic sebaceous gland and xanthoma. In subepithelial
lesions, the order was as follows: hemangioma,
leiomyoma, dysphagia aortica and granular cell tumor.
Most benign esophageal lesions can be diagnosed
according to their endoscopic appearance and fin
dings on routine biopsy, and submucosal lesions, by
endoscopic resection. Management is generally based
upon the confidence of diagnosis and whether the lesion
causes symptoms. We suggest endoscopic resection
of all granular cell tumors and squamous papillomas
because, while rare, these lesions have malignant
potential. Dysphagia aortica should be considered in the
differential diagnosis of dysphagia in the elderly.
Key words: Benign tumor; Esophagus; Epithelial lesions;
Subepithelial lesions; Endoscopy
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Benign esophageal tumors have a lower
detection rate due to the fact that most patients are
asymptomatic. The majority of these benign lesions
are asymptomatic, and diagnoses are often made
incidentally during investigations for other symptoms.
Although biopsy or excision is required for a definitive
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diagnosis, understanding the endoscopic appearances
provides essential help for differential diagnosis. In
epithelial lesions, the frequency of occurrence was in
the following order: glycogenic acanthosis, heterotopic
gastric mucosa, squamous papilloma, hyperplastic polyp,
ectopic sebaceous gland and xanthoma. In subepithelial
lesions, the order was as follows: hemangioma,
leiomyoma, dysphagia aortica and granular cell tumor.

A

Tsai SJ, Lin CC, Chang CW, Hung CY, Shieh TY, Wang HY,
Shih SC, Chen MJ. Benign esophageal lesions: Endoscopic
and pathologic features. World J Gastroenterol 2015; 21(4):
1091-1098 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i4/1091.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i4.1091
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INTRODUCTION
Esophageal benign lesions have a diverse spectrum
of etiologies in terms of clinical course and under
lying pathologic features. Benign esophageal tu
mors, while uncommon compared with esophageal
carcinoma, can sometimes cause dysphagia but
often have insignificant clinical outcomes. Endoscopic
findings are essential for detection, diagnosis,
staging, and treatment planning. Benign esophageal
[1]
tumors are rare, with a prevalence ≤ 0.5% ,
while benign tumors represent 20% of esophageal
[2]
neoplasms on autopsy . Since many of these tu
mors are small and asymptomatic, few benign
esophageal lesions attract clinical attention. Benign
esophageal lesions could be detected more often
with the widespread use of endoscopes, radiologic
[3]
imaging , and increased awareness of the disease.
Esophageal lesions can be classified in two different
ways; histologically depending on the involved
layer into epithelial or subepithelial lesions and
endoscopically depending on endoscopic features
such as flat, raised, or cystic lesions.
In this article, we review the endoscopic and
pathological features of esophageal benign lesions. In
all, 149 benign esophageal lesions in 2997 endoscopic
examinations are retrospectively reviewed. We re
moved the esophageal epithelial lesions by biopsy
or resected the subepithelial lesions by endoscopic
mucosal resection or endoscopic submucosal dis
section for histological analysis. In this article, we
divide these lesions into epithelial or subepithelial
lesions based on the final histological findings. The
Institutional Review Board at Mackay Memorial Hos
pital approved this project.

Figure 1 Heterotopic gastric mucosa. A: Heterotopic gastric mucosa
appears salmon-colored under conventional endoscopy and is recognized as
flat or slightly elevated; B: Narrow band imaging facilitates mucosal surface
evaluation of heterotopic gastric mucosa by adjusting reflected light to enhance
the contrast between the esophageal mucosa and the gastric mucosa and may
improve the diagnosis of heterotopic gastric mucosa.

age: 48 years, range: 25-69 years), which appears
salmon-colored under conventional esophagogas
troduodenoscopy (EGD) and is recognized as flat
or slightly elevated (Figure 1A), while the iodine
reaction is negative. Narrow band imaging facilitates
mucosal surface evaluation by adjusting the refle
cted light to enhance the contrast between the
esophageal mucosa and the HGM and may improve
the diagnostic rate of HGM (Figure 1B). It is easily
overlooked because it is typically located just below
the upper esophageal sphincter.
[4-6]
The prevalence of HGM is 0.1%-10%
, and
[5,6]
most patients have no symptoms
. Some pati
ents present with pharyngeal globus sensation,
heartburn, acid regurgitation, or dysphagia because
HGM produces mucin and acid. Two types of HGM
have been recognized: one with foveolar epithelium
and fundic glands and the other with only foveolar
[7]
epithelium . The foveolar epithelium produces
neutral mucins. The number of reported cases with
neoplastic changes or malignant transformation is
very low and these cases are considered extremely
[8]
rare . Management is generally required only if
symptoms or complications develop.

EPITHELIAL LESIONS
Heterotopic gastric mucosa

Squamous cell papilloma

In all, 21 patients had histologically proven heteroto
pic gastric mucosa (HGM) (12 men, 9 women; mean
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In all, 20 patients had histologically proven squamous
cell papilloma (SCP) (3 men, 17 women; mean age:
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A

B

Figure 3 Hyperplasia polyp. Hyperplasia polyp occurs as a polypoid lesion and
is located on edematous inflamed gastric folds at the gastroesophageal junction.

Figure 2 Squamous cell papilloma. A: Squamous cell papilloma is recognized
as whitish-pink, wart-like exophytic projections on conventional endoscopy; B:
Narrow band imaging facilitates mucosal surface evaluation of squamous cell
papilloma and shows that microvessels in the lesion are not dilated.

49 years, range: 26-68 years), which is recognized
as whitish-pink, wart-like exophytic projections on
conventional endoscopy (Figure 2A) and is a rare
benign esophageal lesion, with a prevalence of
[9,10]
0.01%-0.45%
. Narrow band imaging facilitates
mucosal surface evaluation of squamous cell pa
pilloma and shows that microvessels in the lesion
are not dilated (Figure 2A). Most cases of SCP are
[10,11]
solitary and asymptomatic
. The etiology of
SCP is not fully understood, although there are
two possible hypotheses: chronic mucosal irrita
[12]
tion and infection with human papillomaviruses .
The hypotheses of inflammatory reactions such as
gastroesophageal reflux disease were based on the
high frequency of SCP occurring in the lower third
of the esophagus. To our best knowledge, whether
SCP is associated with human papillomavirus is
[13]
controversial . Papillomatosis in the proximal
esophagus seems to favor involvement of the human
[14]
papillomavirus .
In the majority of the cases, SCP of the eso
phagus can be removed using endoscopic biopsy
forceps because most are only a few millimeters
in size. Larger papillomas can be removed using
endoscopic mucosectomy. We suggest removing
these lesions endoscopically because, while rare,
these lesions have malignant potential.

Figure 4 Xanthoma. Xanthomas are endoscopically recognized as elevated,
granular, yellowish, fern-like lesions and scattered on a normal mucosal surface.

perplasia polyp (HP) (12 men, 6 women; mean age:
36 years, range: 18-69 years). In our patients, HPs
were most common in the region of the esophago
cardiac junction (67%), followed by the distal
esophagus (27%) and mid-esophagus (6%). HP
appears as a polypoid lesion on edematous inflamed
gastric folds at the gastroesophageal junction (Figure
3). HPs of the esophagus and esophagogastric junc
tion region are characterized by the presence of
mixed inflammatory infiltrates with plasma cells,
eosinophils, fibroblasts, and inflamed stroma. HPs
are associated with concurrent erosive esophagitis in
the majority of cases, but other potential etiologies
including medication-induced pill esophagitis,
infection, and previous anastomosis or polypectomy
[15]
have been reported . These results suggest that
the pathogenesis of HP is a mucosal regenerative
[16]
response to surrounding mucosal injury .
Treatment for HP is similar to that for gastro
esophageal reflux. In our experience, HP regresses
after anti-acid therapy such as proton pump inhibitors.
Careful clinical history and biopsy of the nonpolypoid mucosa are essential for determining the
clinicopathological context in which the HP developed.
When HP is found with Barrett’s esophagus, en
[17]
doscopic mucosal resection is recommended .

Hyperplastic polyp

In all, 18 patients had histologically proved hy
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A

B

Figure 5 Ectopic sebaceous gland. A: The number of ectopic sebaceous gland is variable from single to B: more than one hundred yellowish plaques measuring 1
to 2 mm in the esophagus.

A

B

Figure 6 Glycogenic acanthosis. A: Esophagogastroduodenoscopy reveals multiple, uniformly sized, oval or round glycogenic acanthosis usually < 1 cm, involving
otherwise normal esophageal mucosa; B: In chromoscopy with iodine spray, glycogenic acanthosis is recognized as slightly elevated iodine-positive, brownish areas.

Xanthoma

(ESGs).

We reported on esophageal xanthomas localized
in the lower esophagus in a 62-year-old man. EGD
revealed some well-defined, fern-like, and yellowish
lesions scattered over the middle and lower eso
phagus (Figure 4).
In terms of endoscopic findings, xanthoma is most
commonly solitary, 2-10 mm across, and located in
the lower esophagus, but cases of multifocal lesions
[18,19]
have been reported
. Microscopically, they consist
of fat accumulation in foamy histiocytes beneath
[20]
the squamous epithelium . One study showed
the most common location of ectopic xanthoma in
the gastrointestinal tract was the stomach (76%),
followed by the esophagus (12%) and duodenum
[21]
(12%) . The etiology of esophageal xanthoma
remains unknown, but one study theorized that
these xanthomas were derived from focal mucosal
damage, and that lipids derived from broken
down cell membranes are captured by interstitial
[13]
histiocytes . This may explain why they occur less
frequently in the esophagus than stomach because
the esophageal mucosa can better tolerate mucosal
[21]
injury .
Xanthoma must be distinguished on endoscopy
from other yellowish lesions such as carcinoid tumor,
granular cell tumors, and ectopic sebaceous glands

WJG|www.wjgnet.com

ESGs

In all, three patients (one man and two women;
mean age: 52 years, range: 45-69 years) had
histologically proven ESGs within the esopha
gus. EGD revealed variable numbers from single
(Figure 5A) to > 100 (Figure 5B) yellowish plaques
measuring 1-2 mm in diameter in the middle and
lower esophagus.
ESGs have been found in various tissues, such
as the lips and mouth, external genitalia, parotid
[22]
glands, palms, soles, and various organs . Ty
pically, the mean age of affected patients is ap
proximately 50 years, and the condition has equal
[23]
gender distribution . The numbers of ESGs in the
esophagus varied from single to > 100, while their
[23,24]
size was 1-20 mm (the majority were < 0.5 cm)
.
The ESGs are most likely the result of a metaplastic
process rather than a congenital anomaly because
the ESGs are derived from endodermal tissue unlike
the sebaceous glands, which are derived from
[22,25]
ectodermal tissue
.
The apparent low incidence of this condition
may be because of the lack of obvious clinical signs
and symptoms. Most cases have been discovered
incidentally by endoscopy during a referral for a
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A

B

Figure 7 Leiomyoma. A: Leiomyoma commonly arises from the muscularis propria layer of the esophagus and presents as submucosal tumor; B: Leiomyoma arising
from the muscularis mucosae can present as a polypoid intraluminal tumor.

A

B

Figure 8 Granular cell tumor. A: Granular cell tumor is endoscopically recognized as a firm, yellowish subepithelial tumor covered with the normal mucosa in the
esophagus; B: Endoscopic ultrasonography of granular cell tumor shows a homogenous hypo-echogenic tumor extending from the muscularis mucosa layer, and the
musculais propria is not involved.

gastrointestinal tract examination. Most cases have
no significant overall changes in ectopic sebaceous
[26]
gland number, size, or shape during follow-up . We
suggest that ESGs do not need further treatment.

SUBEPITHELIAL LESIONS
Leiomyoma

Leiomyoma was observed in three patients (3 men;
mean age: 37 year, range: 25-43 years). Leiomyomas
were located at the middle esophagus in 1 case and
at the distal esophagus in 2 cases. The mean size
of leiomyoma is 1.26 ± 0.4 cm. It commonly arises
from the muscularis propria layer of the esophagus
and presents as a submucosal tumor (Figure 7A).
In rare circumstances, those cases arising from
the muscularis mucosae can present as polypoid
intraluminal tumors (Figure 7B).
Leiomyomas are the most common benign eso
phageal neoplasm, accounting for roughly two[29]
thirds of all benign tumors of this organ . Because
they arise from smooth muscle cells, they are
located mainly in the middle and distal thirds of
the esophagus but are uncommon in the upper
third of the esophagus, where the muscular layer is
predominately skeletal in origin.
Most patients are asymptomatic, but dysphagia
and pain may develop depending on lesion size and
encroachment degree into the esophageal lumen.
[30]
Treatment options include endoscopic enucleation ,

Glycogenic acanthosis

Glycogenic acanthosis was demonstrated as nodules
involving otherwise normal esophageal mucosa in
66 patients (42 men and 24 women; mean age:
52 years, range: 45-79 years). Glycogenic acan
thosis is defined as nodules involving otherwise
normal esophageal mucosa. This is endoscopically
recognized as slightly elevated areas on conven
tional endoscopy (Figure 6A) and slightly elevated
iodine-positive areas on chromoscopy (Figure 6B).
These lesions most commonly appear as multiple,
uniformly sized, and oval or round elevations < 1
[27]
cm in diameter . Biopsies after periodic acid-Schiff
staining demonstrate that the nodules that represent
glycogenic acanthosis are combinations of cellular
[27]
hyperplasia and increased cellular glycogen .
Although glycogenic acanthosis was thought to
be related to gastroesophageal reflux, antireflux
therapy improved symptoms but failed to eradicate
[27,28]
glycogenic acanthosis lesions
.
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A

B

Figure 9 Hemangioma. On endoscopy, esophageal hemangioma appears
cystic and bluish-red and can be pressed with biopsy forceps.
[31]

submucosal tunneling endoscopic resection , and
[32]
surgical enucleation
or observation. Esophageal
leiomyomas have a benign clinical course and
typically do not recur after surgery.

Granular cell tumor

Granular cell tumor was observed in one 39-year-old
health woman who presented with acid regurgitation
and discomfort sensation when swallowing. EGD
revealed one 12 mm × 15 mm firm, slightly elevated,
whitish-to-yellow, and smooth nodular tumor covered
by an intact epithelium (Figure 8A). Endoscopic
ultrasonography showed one homogenous hypoechogenic tumor extending from the muscularis
mucosa layer (Figure 8B). The muscularis propria
was not involved. Endoscopic submucosal dissection
was performed.
Granular cell tumors are the secondary common
cause of non-epithelial tumors in the esophagus.
Most of the patients with esophageal granular cell
[33]
tumor are asymptomatic , but some complain of
mild dysphagia or retrosternal discomfort. Although
most granular cell tumors have a clinically indolent
course, it is estimated that 1%-3% are malignant
[34]
with a 5-year survival rate < 35% . Microscopically,
granular cell tumors are composed of nests of ovoid
or polygonal cells separated by collagen bundles.
The tumor has malignant potential in the presence
of necrosis, increased mitotic count, vesicular nuclei
[35]
with large nucleoi, and high Ki67 index .
Resection is the main treatment for granular cell
tumors. Endoscopic mucosal resection and endoscopic
submucosal dissection were introduced and were
considered the therapy of choice for tumors within
the subepithelial layer or submucosa separated from
the muscularis propria.

Figure 10 Dysphagia aortica. A: Esophagogastroduodenoscopy reveals a
pulsatile extrinsic compression at about 25 cm from the incisor; B: The chest
computed tomography showed aortic arch and descending aorta tortuosity with
compression into adjacent esophagus. The arrow indicates the esophagus.

cystic and bluish-red and can be pressed with
biopsy forceps (Figure 9). The prevalence of eso
phageal hemangiomas in the general population
was 0.04% based upon the findings of an autopsy
[36]
series . The majority of these hemangiomas are
cavernous; however, capillary lesions have been
described. Although usually solitary, multiple lesions
can be seen in congenital blue rubber bleb nevus
[37]
syndrome . Esophageal hemangiomas are usually
found incidentally. When symptomatic, they are most
often associated with bleeding and dysphagia. In
such cases, surgical resection has been performed,
but endoscopic resection has also been accomplished
[38]
safely . Although esophageal hemangiomas are
uncommon, careful consideration during endoscopy
[39]
is required to avoid the misdiagnosis of varices .

Dysphagia aortica

In dysphagia aortica was observed in three patients (1
man, 2 women; mean age: 68 years, range: 63-78
years). They visited our clinics with postprandial
abdominal fullness and progressive dysphagia to
solid meals. The esophagus begins on the right side
of the thoracic aorta and then, descends and crosses
the aorta anteriorly across its lower third. EGD
reveals external compression of the middle-to-lower
esophagus by the tortuous aorta with pulsations
from the great vessels (Figure 10A).

Hemangioma (venous bleb)

Esophageal hemangiomas were observed in 13
patients (4 men, 9 women; mean age: 67 years,
range: 45-82 years). On endoscopy, they appear
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Dysphagia aortica is a rare etiology of dysphagia
resulting from the extrinsic compression of the
esophagus by a thoracic aortic aneurysm or the
tortuosity and elongation of the thoracic aorta
(Figure 10B). The clinical findings resemble those
of esophageal malignancy or esophageal motility
disorders. Esophageal compression by a vascular
[40]
structure is a common cause of dysphagia . Nonaneurysmatic aortic dysphagia is usually observed
in the elderly, especially in hypertensive women
[41,42]
with enlarged heart and kyphosis
.
The treatment of dysphagia aortica depends on
symptom severity. Symptoms of mild dysphagia often
improve with diet modifications (e.g., by avoiding
lying down immediately after taking drugs or food,
eating small but frequent meals, and chewing well)
and treatment of the coexistent disease, such as
heart failure or hypertension. Some patients with
[43,44]
more severe symptoms may respond to surgery
.
Dysphagia aortica should be considered in the
differential diagnosis of dysphagia, especially in
the growing elderly population with underlying car
diovascular disease or hypertension.

4

5

6

7

8

9

CONCLUSION

10

Benign esophageal lesions have a lower detection
rate due to the fact that most patients are asy
mptomatic. But it could be easily found with the
widespread use of endoscopes and the increasing
awareness of this disease. The majority of these
benign tumors are asymptomatic, and diagnoses
are often made incidentally during investigations
for other complaints or symptoms. Although biopsy
or excision is required for a definitive diagnosis,
understanding the endoscopic appearances provides
essential help for differential diagnosis. We suggest
endoscopic resection of all granular cell tumors and
squamous papillomas because, while rare, these
lesions have malignant potential. Hyperplastic polyps
could regress after anti-acid therapy such as proton
pump inhibitors. We suggest that ectopic sebaceous
glands and xanthoma do not need further treatment.
Esophageal hemangiomas are uncommon, and
careful consideration during endoscopy is required to
avoid the misdiagnosis of varices. Dysphagia aortica
should be considered in the differential diagnosis of
dysphagia in the elderly.
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Novel insights into the mechanisms whereby isoflavones
protect against fatty liver disease
Long-Xin Qiu, Tong Chen
has been reported to be involved in the development
of FLD by modulating hepatic fructose production,
peroxisome proliferator-activated receptor (PPAR)α
activity, cytochrome P450 (CYP)2E1 expression, and
gut bacterial endotoxin-induced cytokine release. It
has been reported that some isoflavones are potent
AR inhibitors. Here, we review the anti-FLD actions
of isoflavones and the proposed mechanism whereby
isoflavones protect against FLD, with regard to the
AR/polyol pathway. We propose that isoflavones block
the AR/polyol pathway and in turn reduce fructose
production and subsequent fat accumulation in the liver
in diabetic or high-glucose-diet mice. In addition, in
rodents with alcoholic liver disease or nonalcoholic fatty
liver disease/nonalcoholic steatohepatitis, inhibition of
AR by isoflavones may improve PPARα-mediated fatty
acid oxidation, reduce hepatic steatosis, and attenuate
CYP2E1-mediated oxidative stress or AR/gut bacterial
endotoxin-mediated cytokine overproduction, to alle
viate progression of FLD.
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Core tip: The aldose reductase (AR)/polyol pathway
has recently been reported to be involved in the
development of fatty liver disease (FLD) via various
pathways. Some isoflavones have been reported to
be potent AR inhibitors. Here, we review the anti-FLD
actions of isoflavones and the proposed mechanism
whereby isoflavones protect against FLD, with regard
to the AR/polyol pathway. We propose that isoflavones
block the AR/polyol pathway to suppress fructose
production in the liver, improve peroxisome-proliferatoractivated-receptor-α-mediated fatty acid oxidation,
ameliorate cytochrome-P450-2E1-mediated oxidative
stress, and attenuate AR/gut bacterial endotoxinmediated cytokine overproduction, which in turn alle

Abstract
Fatty liver disease (FLD) is a growing public health
problem worldwide. There is an urgent requirement for
alternative and natural medicine to treat this disease. As
phytochemicals, isoflavones have attracted considerable
attention for the prevention of FLD. Numerous studies
have revealed that isoflavones protect against FLD
through various pathways which modulate fatty acid
β-oxidation, lipid synthesis, and oxidative stress.
Recently, the aldose reductase (AR)/polyol pathway
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viates the progression of FLD.

consistently associated with insulin resistance and
the metabolic syndrome (obesity, diabetes mellitus,
[10]
hypertension, and dyslipidemia) . Although many
investigations have been carried out to elucidate the
mechanisms of ALD development, the pathogenesis
of ALD is still not fully understood. It is generally
accepted that increased release of proinflammatory
cytokines, induced oxidative stress, and elevated
gut bacterial endotoxins play important roles in the
[11,12]
development of ALD
. In contrast, the underlying
cause of NAFLD/NASH is still not clear. However,
there are several factors, which may be involved
[13,14]
including insulin resistance
, toxic inflammatory
[15]
[14,16]
cytokines , oxidative stress inside liver cells
,
[17]
[18]
gut microbiota , endoplasmic reticulum stress ,
[19]
[20]
and genetics . Day et al
proposed the hypothesis
of “two hits” to clarify the mechanisms underlying
the progression from steatosis to steatohepatitis. The
first hit is insulin resistance, which causes hepatic
steatosis and excess fatty acids. The second hit is
oxidative stress and associated lipid peroxidation
and cytokines within the liver, which may initiate
progression from steatosis to steatohepatitis and
ultimately to cirrhosis. Recently, Basaranoglu et
[21]
al
suggested that possible candidates for the
second hit included increased oxidative stress, lipid
peroxidation and release of toxic products, decreased
antioxidants, adipocytokines, transforming growth
factor-β, Fas ligand, mitochondrial dysfunction, fatty
acid oxidation by cytochrome P450s, peroxisomes,
excess iron, small intestinal bacterial overgrowth,
and the generation of gut-derived toxins such
as lipopolysaccharide and ethanol. In addition to
the two-hit hypothesis, a “multiple parallel hits”
[18]
hypothesis was recently proposed by Tilg et al
to
clarify the mechanisms underlying the development
of liver inflammation. Many parallel hits derived from
the gut and/or the adipose tissue may promote liver
inflammation, such as endoplasmic reticulum stress,
adipocytokines, and innate immunity.

Qiu LX, Chen T. Novel insights into the mechanisms where
by isoflavones protect against fatty liver disease. World J
Gastroenterol 2015; 21(4): 1099-1107 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i4/1099.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i4.1099

INTRODUCTION
Fatty liver disease (FLD) is a condition where neutral fat
accumulates in liver cells, and may be accompanied
by progressive inflammation of the liver. In light of
the contribution of alcohol, fatty liver may be termed
alcoholic liver disease (ALD) or non-alcoholic fatty
liver disease (NAFLD), and the more severe forms of
NAFLD as non-alcoholic steatohepatitis (NASH). It is
difficult to distinguish ALD from NAFLD histologically.
The histological spectrum of ALD includes steatosis,
hepatitis and fibrosis, and NAFLD can mimic the
entire spectrum of hepatic changes in ALD.
FLD is a growing public health problem worldwide.
The prevalence of NAFLD is approximately 30% in
developed countries and nearly 10% in developing
[1]
nations . FLD is increasingly recognized as an im
[2]
portant cause of end-stage liver disease . Current
treatments for FLD focus on the factors that may
cause the disease. In general, these treatments
include weight loss, cholesterol management, blood
glucose control, or treatment of alcoholism. Although
several pharmacological agents for the prevention of
FLD have been investigated, they have been found
[3]
to be effective, but have side effects . Thus, there
is an urgent requirement for alternative and natural
medicine to treat this disease. Isoflavones are phy
tochemicals and have been reported to prevent
FLD in numerous studies through the regulation of
peroxisome proliferator-activated receptors (PPARs),
carbohydrate responsive element binding protein and
Wnt signaling, to regulate fatty acid β-oxidation, lipid
[4]
synthesis and oxidative stress . Recently, the aldose
reductase (AR)/polyol pathway has been reported to
[5-7]
be involved in the development of FLD . Of note,
isoflavones such as genistein, daidzein and puerarin
[8,9]
have been recognized as AR inhibitors . However,
only a few studies have investigated the effect of
isoflavones on FLD by inhibition of AR. Thus, this
article reviews the biological effects of isoflavones
on FLD, and the mechanisms whereby isoflavones
protect against ALD and NAFLD/NASH, with regard
to the AR/polyol pathway.

ISOFLAVONES FOR PREVENTION OF FLD
Isoflavones are phytochemicals found in various
legumes including soybean, kudzu, red clover, fava
beans, alfalfa, chickpeas and peanuts. Numerous
reports indicate that the consumption of isoflavones
has many health benefits, including protection against
menopausal symptoms, osteoporosis, cardiovascu
lar disease, atherosclerosis, hyperlipidemia, and
[22,23]
cancer
.
Recent studies have demonstrated that isofla
vones can protect against ALD or NAFLD (Table 1).
The most studied isoflavones are soy isoflavones,
including genistein and daidzein. Among the soy
isoflavones, genistein is the most beneficial and
protects against both ALD and NAFLD/NASH in
[24-33]
rodents
. In addition to soy isoflavones, kudzu
isoflavones and their main bioactive component,

CAUSES OF ALD AND NAFLD
The causes of FLD are alcoholism, toxins, inherited
metabolic disorders, and certain drugs. Almost all
heavy drinkers develop fatty liver. NAFLD has been
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Table 1 Effects of soy, kudzu and red clover isoflavones on fatty liver disease in rodents
Experimental model

Treatment

Mice fed high-fat diet

Genistein

Rats fed high-fat diet
Rats fed MCD diet
Rats fed high-fructose
diet
Mice fed high-fat diet

Genistein
Soy isoflavone
Genistein

Rats fed high-fat diet

Genistein

Rats provided with
ethanol

Genistein

ApoE-/- mice fed highfat diet
Mice fed high-fat diet

Genistein

Rats fed high-fat diet

Daidzein

Rats fed high-fat diet

Puerarin

Rats provided with
ethanol
Mice provided with
ethanol
Hepatocytes treated
with ethanol
Mice fed high-fat diet

Puerarin

Rats provided with the
Liber-DeCarli liquid
diet
db/db diabetic mice
Mice fed cholesterolenriched diet
Mice fed MCD diet

Genistein

Daidzein

Tectoridin
Puerarin
Puerariae flower extract
(isoflavone-rich)
Puerarin

Red clover extract
(isoflavone-rich)
2-heptyl-formononetin,
formononetin
Red clover extract
(isoflavone-rich)

Effects

Ref.

Alleviates NAFLD by stimulating hepatic fatty acid β-oxidation and increasing
Lee et al[24]
antioxidative enzyme
Prevents emergence of NASH by attenuating oxidative stress
Yalniz et al[25]
Prevents liver damage by decreasing lipid peroxidation in NASH model
Ustundag et al[26]
Reduces NAFLD via activation of antioxidant profiles and decreases IL-6 and Mohamed Salih et al[27]
TNF-α
Reduces NAFLD by regulating adipocyte fatty acid β-oxidation and
Kim et al[28]
adipogenesis
Slows down NASH progression by inhibiting IκB-α phosphorylation, nuclear
Ji et al[29]
translocation of NF-κB p65 subunit, and activation of JNK
Ameliorates alcoholic liver injury and liver fibrosis by reducing lipid
Huang et al[30]
peroxidation, recruiting the anti-oxidative defense system, inhibiting CYP2El
activity, and promoting extracellular matrix degradation
Alleviates metabolic abnormalities including hypercholesterolemia and NASH
Kwon et al[31]
-/in ApoE mice
Prevents NAFLD through the direct regulation of hepatic de novo lipogenesis
Kim et al[32]
and insulin signaling, and the indirect control of adiposity and adipocytokines
Reduces weight gain and fat content in liver by affecting PPARα/γ and
Crespillo et al[33]
stearoyl coenzyme A desaturase 1
Reduces NAFLD via hepatic leptin signaling activation (leptin receptor/
Zheng et al[34]
JAK2/STAT3)
Prevents acute alcoholic liver injury by inhibiting oxidative stress
Zhao et al[35]
Xiong et al[36]

Protects against ethanol-induced liver steatosis by modulating disturbance of
PPARα pathway and ameliorating mitochondrial function
Restores viability of cells and reduces lipid accumulation in ethanol-treated
hepatocytes by activating autophagy via AMPK/mTOR-mediated signaling
Exerts anti-fatty liver effects by suppressing lipogenesis in the liver

Noh et al[37]
Kamiya et al[38]

Alleviates chronic alcoholic liver injury by inhibiting endotoxin gut leakage,
Kupffer cell activation, and endotoxin receptors expression

Peng et al[39]

Reduces liver TG and cholesterol levels by activating hepatic PPARα and
inhibiting hepatic fatty acid synthase
Induces hepatic steatosis, but decreases markers of inflammation and liver
injury
Improves hepatic steatosis, but does not alleviate liver inflammation

Qiu et al[40]
Andersen et al[42]
Qiu et al[41]

AMPK: Adenosine 5‘-monophosphate-activated protein kinase; IκB: Inhibitor of NF-κB; JAK2: Janus kinase 2; mTOR: Mammalian target of rapamycin;
STAT3: Signal transducer and activator of transcription 3; NAFLD: non-alcoholic fatty liver disease; NASH: non-alcoholic steatohepatitis; TNF: Tumor
necrosis factor; IL: Interleukin; MCD: methionine-choline-deficient; PPAR: peroxisome proliferator-activated receptor.

puerarin, have received considerable attention due to
[34-39]
their beneficial effect on ALD and NAFLD/NASH
.
Red clover isoflavones have also attracted attention.
We reported that red clover isoflavones can improve
[40]
hepatic steatosis in db/db obese diabetic mice
and methionine-choline-deficient (MCD) diet-induced
[41]
NASH mice . However, we did not find that red
clover isoflavones alleviated liver inflammation in
MCD-diet-induced NASH mice. Surprisingly, for
mononetin, one of the major isoflavones in red clover,
is reported to induce hepatic steatosis and decrease
markers of inflammation and liver injury in mice
[42]
fed a cholesterol-enriched diet . There are few
data on the effect of biochanin A, the other major
isoflavone in red clover, on FLD. It is known that
biochanin A can protect against CCl4-induced liver
[43]
fibrosis . Therefore, the effect of biochanan A and
formononetin on FLD cannot be concluded from the
present studies and requires further investigation.
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AR/POLYOL PATHWAY IN FLD
The polyol pathway is a glucose metabolic shunt
that is defined by two enzymatic reactions catalyzed
respectively by AR (EC1.1.1.21) and sorbitol de
hydrogenase (SDH, EC1.1.1.14). AR catalyzes the
rate-limiting reduction of glucose to sorbitol with the
aid of co-factor NADPH and then SDH converts sorbitol
+[44]
to fructose using NAD
.
It is well documented that the AR/polyol path
way is involved in the development of diabetes
[45,46]
complications
. Elevated AR can lead to serious
diseases affecting the heart and blood vessels, eyes,
kidneys and nerves. AR is induced in diseased liver,
other than in the above mentioned tissues that are
vulnerable to complications of diabetes. AR was
detected in the livers of two human subjects with
[47]
ALD, but was undetected in healthy humans .
Moreover, AR is induced in human livers obtained
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from patients undergoing liver transplantation
for fulminant (acute) liver failure or end-stage
liver disease from cirrhosis due to various chronic
liver diseases, including ALD, chronic hepatitis
B and C, primary biliary cirrhosis, autoimmune
[48]
hepatitis, and hepatocellular carcinoma . These
studies indicate that AR may play an important
role in the development of liver injuries. Recently,
investigations were conducted to elucidate the role
[5]
of AR in the development of FLD. Lanaspa et al
demonstrated that genetic ablation of the AR gene
resolved high-glucose-diet-induced hepatic steatosis
in mice. We previously demonstrated that inhibition
of AR ameliorated hepatic steatosis in db/db diabetic
[6]
mice , and lentivirus-mediated knockdown of the
AR gene alleviated MCD-diet-induced NASH in db/db
[7]
mice . These studies confirm the involvement of AR
in the development of FLD.

ISOFLAVONES PREVENT FLD BY
SUPPRESSING AR AND SUBSEQUENTLY
IMPROVING PPARα-MEDIATED FATTY
ACID OXIDATION
It is well established that PPARα, a nuclear receptor,
[54]
is a central regulator for hepatic lipid catabolism .
It regulates the enzymes involved in fatty acid
oxidation, for example, acyl-CoA oxidase (ACO),
carnitine palmitoyl transferase (CPT)-1, and liver fat
ty acid binding protein. The ablation of PPARα gene
[55,56]
causes the development of FLD
. Administra
tion of PPARα agonists improves MCD-diet-indu
[57,58]
[59]
ced NASH
and ethanol-induced liver injury .
Genistein, daidzein, biochanin A and formononetin
[60,61]
are well known PPARα agonists
. Genistein and
daidzein alleviate NAFLD in animals fed a high-fat
diet by stimulating the hepatocyte and adipocyte
[24,28,33]
PPARα pathway and fatty acid β-oxidation
.
Red clover isoflavones also reduce liver triglycerides
and cholesterol levels in db/db mice by activating
[40]
hepatic PPARα . These studies indicate that some
isoflavones may act as PPARα agonists to prevent
FLD.
Overexpression of AR in hepatocytes stimulates
extracellular signal-regulated kinase (ERK)1/2
activation, sequentially phosphorylates hepatic
PPARα at the OH group of serine 12 and 21, and
reduces mRNA expression of ACO and CPT-1, two
[62]
target genes transcriptionally regulated by PPARα .
This study indicates that AR overexpression in
hepatocytes inhibits lipid degradation by suppressing
PPARα activity. In diabetic db/db mice with hepatic
steatosis, elevated hepatic AR also stimulates
ERK1/2 activation and phosphorylates PPARα and
suppresses its activity. The AR inhibitor, zopolrestat,
attenuates the phosphorylation of PPARα and the
suppression of PPARα activity, which improves
[6]
hepatic steatosis in db/db mice . These studies
indicate that AR inhibitors may improve hepatic
steatosis by modulating the phosphorylation of
PPARα and its transcriptional activity. Indeed,
genistein can reduce the level of phosphorylated
PPARα and increase the mRNA expression of ACO in
high-glucose-treated HepG2 cells (unreported data).
[63]
Mezei et al
demonstrated that soy isoflavones
modulate lipid metabolism in part via a PPARαdependent mechanism in mice fed a high-fat diet.
CPT-1 mRNA is consistently found to be induced by
[64]
soy isoflavones in obese Zucker rats
and ACO
mRNA is induced by soy isoflavones in Agouti (A(vy)/
a) mice fed an AIN-93G diet to alleviate hepatic
[65]
steatosis . These studies suggest that isoflavones
may improve FLD, at least in part, via the regulation
of AR/PPARα mediated fatty acid oxidation.

ISOFLAVONES PREVENT HIGHGLUCOSE-INDUCED FATTY LIVER BY
BLOCKING THE AR/POLYOL PATHWAY
Numerous reports show that isoflavones have sig
[9]
nificant AR inhibitory activity. Park et al reported
that genistein, daidzein and puerarin inhibited AR in
rat lens with IC50 values of 4.5, 7.9 and 44.7 μmol/
L, respectively, whereas formononetin exhibited
weak AR inhibitor activity (IC 50 > 100 μmol/L).
[49]
Hsieh et al
reported that genistein inhibited AR
in rat lens with an IC50 of 16.9 μmol/L, while Choi
[50]
et al
reported that genistein inhibited AR in pig
lens with an IC50 of 20 μmol/L. Moreover, tectoridin
has also exhibited potent activity, with an IC50 value
[51]
of 1.08 μmol/L . Furthermore, biochanin A shows
better binding interactions with AR than epalrestat,
a synthetic AR-specific inhibitor, which indicates
that biochanin A possesses significant AR inhibitory
[52]
activity .
[5]
Recently, Lanaspa et al found that mice deficient
in AR were protected against fatty liver after exposure
to 10% glucose for 14 wk. They demonstrated that
the metabolic conversion of glucose to endogenous
fructose by the AR/polyol pathway in the liver is
a key step in the development of glucose‑induced
fatty liver in mice. In addition, we demonstrated
that inhibition of AR ameliorates hepatic steatosis in
[6]
db/db diabetic mice . Therefore, we postulate that
isoflavones can block the AR/polyol pathway and
subsequently reduce fructose production in the liver
and alleviate fatty liver in humans and animals with
high glucose diet or in diabetic conditions. Indeed,
genistein, daidzein and red clover isoflavones
improve hepatic steatosis and dyslipidemia in
diabetic mice, although their mechanisms of action
[40,53]
are reported to be through different pathways
.
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CYP2E1 activity to alleviate oxidative stress and
improve liver inflammation in humans and animals
with ALD or NASH, although there is no direct
evidence that isoflavones suppress CYP2E1 activity
by blocking the AR/polyol pathway.

ISOFLAVONES PREVENT FLD BY
SUPPRESSING AR/CYP2E1-MEDIATED
OXIDATIVE STRESS
Oxidative stress within the liver may act as the second
hit and initiate the progression from steatosis alone
[16,20]
to steatohepatitis and ultimately to cirrhosis
.
Isoflavones as antioxidants have been well do
[66,67]
cumented
. Genistein is reported to activate antio
xidative enzymes and attenuate oxidative stress in
animals fed a high-fat diet, thus alleviating NAFLD and
[24,25]
preventing the emergence of NASH
. Puerarin is
also reported to prevent acute alcoholic liver injury by
[35]
inhibiting oxidative stress .
There is accumulating evidence that cytochrome
P450 (CYP)2E1 plays an important role in the
[68]
pathogenesis of liver tissue injury . Upregulation
of CYP2E1 may initiate lipid peroxidation by the
production of reactive oxygen species (ROS) and
[69]
promote liver inflammation . Previous studies
have shown that CYP2E1 activity correlates with
ethanol-induced liver injury, and alcohol-induced
hepatotoxicity is reduced when CYP2E1 is inhibited
[70-73]
by inhibitors or by ablation of the CYP2E1 gene
.
In addition to ALD, elevated CYP2E1 protein expre
ssion and activity are also found in both humans
and animals with NAFLD/NASH and promote the
[74-76]
progression of NAFLD/NASH
.
We found that overexpression of AR in hepa
tocytes results in induction of CYP2E1 mRNA and
protein, and simultaneously, ROS production is also
induced by AR overexpression. Lentivirus-mediated
knockdown of the AR gene attenuates MCD-dietinduced CYP2E1 expression, reduces the levels
of lipid peroxidation, suppresses expression of
proinflammatory cytokines, and alleviates NASH in
[7]
db/db and C57BL/6 mice . Our observation indicates
that CYP2E1 expression is induced by elevated AR in
fatty liver and generates ROS production, resulting
in oxidative stress. AR inhibitors may alleviate
steatohepatitis by attenuating CYP2E1 induction.
Several studies have revealed that isoflavones
can reduce expression of CYP2E1 in healthy or
diseased animals with liver injury. Soybean extract
(rich in isoflavones) significantly decreases hepatic
[77]
CYP2E1 expression in healthy rats
or in rats with
[78]
high-fat-diet-induced NASH . In addition, genistein
significantly inhibits CYP2E1 activity and protects
[30]
against alcohol-induced chronic liver injury in rats .
Moreover, in mice, pretreatment with puerarin prior
to the administration of CCl4 significantly suppresses
the expression of CYP2E1 protein, and prevents
[79]
hepatic malondialdehyde formation . These studies
suggest that the protective effects of isoflavones
against hepatotoxicity possibly involve mechanisms
related to its ability to block CYP2E1 activity. We
propose that isoflavones inhibit AR activity and, at
least in part, cause the subsequent suppression of
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ISOFLAVONES PREVENT FLD BY
SUPPRESSING AR/GUT BACTERIAL
ENDOTOXIN-MEDIATED CYTOKINE
PRODUCTION
In addition to oxidative stress, the gut bacterial
endotoxin, toxic lipopolysaccharide (LPS), plays an
important role in the development of alcoholic liver
[12]
[80]
injury
or NAFLD/NASH . Bacterial endotoxin
reaches the liver through the portal circulation to
activate hepatic Kupffer cells (special macrophages
located in the liver) and stimulate their production
of NO and cytokines, which subsequently cause
damage to hepatocytes. Inhibition of the AR pre
vents nuclear factor (NF)-κB-dependent activation of
tumor necrosis factor (TNF)-α, interleukin (IL)-12,
IL-6, and macrophage chemoattractant protein-1
[81]
in livers of mice injected with LPS . Moreover,
pharmacological inhibition or siRNA ablation of AR
prevents the biosynthesis of inflammatory cytokines
and chemokines in LPS-activated RAW264.7 murine
[81,82]
macrophages
. These studies indicate that
inhibition of AR can prevent LPS-induced production
of cytokines and chemokines in mice.
Pretreatment of RAW264.7 macrophages with
genistein, luteolin, luteolin-7-glucoside and quercetin
inhibits LPS-stimulated TNF-α and IL-6 release,
whereas eriodictyol and hesperetin only inhibit
[83]
TNF-α release . Of these, luteolin and quercetin are
the most potent inhibitors of cytokine production,
with an IC50 < 1 and 5 μmol/L for TNF-α release,
respectively. The cytokine-production-inhibiting
potential of these flavonids is in accordance with
their AR inhibitory activity (IC50: luteolin 0.5-0.6
μmol/L, quercetin 3.3-7.73 μmol/L, and genistein
4.5-16.9 μmol/L against rat lens AR), suggesting
that these compounds inhibit LPS-stimulated
cytokine production, at least in part, through inhi
bition of AR activity.
Genistein is reported to have a beneficial effect
on LPS-induced injury in rodent liver, RAW264.7
murine macrophages, and murine Kupffer cells.
[84]
Zhao et al
reported that genistein suppresses
hepatic production of LPS-induced TNF-α, IL-1β and
IL-6 in rats. In vitro preincubation of liver slices from
naïve rats with genistein suppresses LPS-induced
TNF-α production in a dose-dependent manner.
Both in vivo and in vitro administration of genistein
suppresses LPS-induced liver proinflammatory
[85]
cytokine overproduction. Lin et al
reported that
genistein treatment significantly protects against
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Figure 1 Proposed mechanism whereby isoflavones protect against fatty liver disease. Isoflavones inhibit the AR/polyol pathway to suppress fructose
production in the liver, improve phosphorylated PPAR-α-mediated fatty acid oxidation, ameliorate CYP2E1-mediated oxidative stress, and attenuate AR/gut bacterial
endotoxin-mediated cytokine overproduction, which in turn alleviates the progression of FLD. FLD: Fatty liver disease; AR: aldose reductase; PPAR: peroxisome
proliferator-activated receptor; ROS: reactive oxygen species.

LPS/D-galactosamine-induced liver injury in mice,
and alleviates proinflammatory cytokines, including
TNF-α and NO/inducible NO synthase, by inhibiting
NF-κB activity.
The preventive effect of genistein on LPS-stimulated
cytokine production has been found to be through
[86]
inhibition of tyrosine kinase activity . Genistein is
a well-known inhibitor of tyrosine kinase, whereas
daidzein does not inhibit tyrosine kinase activity.
Genistein attenuates the liver injury caused by LPS
in rats, whereas daidzein does not, which indicates
the involvement of tyrosine kinase in LPS-induced
liver injury. However, the AR inhibitory potential
of daidzein is also weaker than that of genistein.
Inhibiting AR activity is not an exclusive mechanism
by which isoflavones protect against endotoxininduced liver injury.

ALD and NAFLD/NASH in rodents, and these effects
are partially achieved by the following mechanisms:
(1) blocking the AR/polyol pathway to reduce
fructose production in the liver under high-glucose
conditions; (2) suppressing hepatic AR activity,
which in turn improves PPARα-mediated fatty acid
oxidation; (3) inhibiting AR activity and subsequently
ameliorating CYP2E1-mediated oxidative stress; and
(4) attenuating AR/gut bacterial endotoxin-mediated
cytokine overproduction. The proposed mechanisms
of action of isoflavones regarding the AR/polyol
pathway are depicted in Figure 1.
Therefore, isoflavones may be useful in preventing
ALD and NAFLD/NASH. Clarifying the mechanisms
of action of isoflavones regarding the AR/polyol
pathway will help to develop efficient anti-FLD
medications. However, the literature reviewed in this
paper was limited to animal models. Human data on
the anti-FLD effect of isoflavones are scarce. Further
clinical trials are necessary to affirm the beneficial
effect of isoflavones on FLD in humans.

CONCLUSION
Collectively, isoflavones have been found to alleviate
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Metabolic shift in liver: Correlation between perfusion
temperature and hypoxia inducible factor-1α
Andrea Ferrigno, Laura Giuseppina Di Pasqua, Alberto Bianchi, Plinio Richelmi, Mariapia Vairetti
factor (HIF)-1α expression to the perfusion temperature
and the hepatic oxygen uptake in a model of isolated
perfused rat liver. Livers from Wistar rats were perfused
for 6 h with an oxygenated medium at 10, 20, 30 and
37 ℃ . Oxygen uptake was measured by an oxygen
probe; lactate dehydrogenase activity, lactate release
and glycogen were measured spectrophotometrically;
bile flow was gravitationally determined; pH of the
perfusate was also evaluated; HIF-1α mRNA and protein
expression were analyzed by real time-polymerase chain
reaction and ELISA, respectively.
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RESULTS: livers perfused at 10 and 20 ℃ showed no
difference in lactate dehydrogenase release after 6 h
of perfusion (0.96 ± 0.23 vs 0.93 ± 0.09 mU/min per
g) and had lower hepatic damage as compared to 30
and 37 ℃ (5.63 ± 0.76 vs 527.69 ± 45.27 mU/min per
g, respectively, P s < 0.01). After 6 h, tissue ATP was
significantly higher in livers perfused at 10 and 20 ℃
than in livers perfused at 30 and 37 ℃ (0.89 ± 0.06
and 1.16 ± 0.05 vs 0.57 ± 0.09 and 0.33 ± 0.08 nmol/
mg, respectively, P s < 0.01). No sign of hypoxia was
observed at 10 and 20 ℃, as highlighted by low lactate
release respect to livers perfused at 30 and 37 ℃ (121.4
± 12.6 and 146.3 ± 7.3 vs 281.8 ± 45.3 and 1094.5
± 71.7 nmol/mL, respectively, P s < 0.02), and low
relative HIF-1α mRNA (0.40 ± 0.08 and 0.20 ± 0.03 vs
0.60 ± 0.20 and 1.47 ± 0.30, respectively, P s < 0.05)
and protein (3.72 ± 0.16 and 3.65 ± 0.06 vs 4.43 ± 0.41
and 6.44 ± 0.82, respectively, P s < 0.05) expression.
CONCLUSION: livers perfused at 10 and 20 ℃ show
no sign of liver injury or anaerobiosis, in contrast to
livers perfused at 30 and 37 ℃.

Abstract
AIM: to study at what temperature the oxygen carried
by the perfusate meets liver requirements in a model of
organ perfusion.

Key words: Anaerobiosis; hypoxia inducible factor-1α;
Ischemia; Liver transplantation; Machine perfusion
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

METHODS: in this study, we correlated hypoxia inducible
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hypothermic machine perfusion in comparison to
patients who received grafts preserved by cold
[15]
storage. Tolboom et al
showed that, in a rat liver
transplantation model, the survival rate after 4 wk
was 100% for animals receiving livers preserved
by subnormothermic machine perfusion; on the
contrary, no cold stored graft survived after trans
plantation.
The mechanism by which machine perfusion
better preserves marginal livers is not yet fully
understood, nor a rationale was given for applying
particular perfusion conditions. Nonetheless,
cold storage compromises the ability to reoxidi
[16]
ze NAD(P)H through mitochondrial respiration ,
whereas machine perfusion is always associated
[17,18]
with ATP and glycogen recovery
, suggesting
a decisive role of oxygenation in the control of
ischemic damage during preservation. For these
reasons, it is of primary importance to ensure
adequate oxygenation during perfusion. The issue
of oxygenation is strictly related to perfusion tem
perature; both the oxygen carried by the perfusate
and liver oxygen requirement are strongly related
to temperature, with the first decreasing and the
second exponentially increasing at increasing tem
[19]
peratures .
In our previous works, we evaluated the machine
perfusion at subnormothermic temperature for the
[20]
[6]
preservation of ischemic
and steatotic rat livers,
in a model of ex vivo reperfusion. In this work, we
studied how the liver responds to different perfusion
conditions, with the goal of determining at what
temperature the oxygen carried by the perfusate
and the liver oxygen requirement meet or, from a
different point of view, at what temperature the liver
switches from aerobiosis to anaerobiosis, taking the
road to ischemia.
We perfused rat livers at various temperatures
saturating the perfusion solution with O 2 :CO 2
(95%:5%). The considered temperature range
allows for maintenance of homogeneous perfusion
conditions, as long-term liver perfusion at 4 ℃
is usually performed at lower flow rate, and may
require additives to prevent cell swelling. For these
reasons, we did not include livers perfused at 4 ℃
in the experimental design. Liver injury, function,
and energetic status were evaluated. The switch to
anaerobic metabolism was evaluated using lactate
release and mRNA/protein expression of hypoxia
inducible factor (HIF)-1α, a transcription factor that
precociously responds to decreases in available
[21]
oxygen in the cellular environment .

Core tip: Among the techniques developed to improve
the preservation of marginal organs for transplantation,
hypothermic perfusion is the preferred choice. We show
that it is possible to perfuse a rat liver at 20 ℃ without
incurring ischemia. We evaluated liver injury, energetic
status, lactate release, and hypoxia inducible factor-1α
expression. Results show that symptoms of ischemia
appear at temperatures > 20 ℃, whereas there is no
detectable advantage below 20 ℃ . These findings
have interesting implications in liver preservation;
maintaining the liver in a mild metabolic state could be
useful for pharmacologic treatment and regeneration of
the energetic status in ATP-depleted organs.
Ferrigno A, Di Pasqua LG, Bianchi A, Richelmi P, Vairetti
M. Metabolic shift in liver: Correlation between perfusion
temperature and hypoxia inducible factor-1α. World J
Gastroenterol 2015; 21(4): 1108-1116 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i4/1108.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i4.1108

INTRODUCTION
Orthotopic liver transplantation is the treatment of
choice for end-stage liver disease. The employment
of this technique is limited by the shortage of viable
donor organs. Recently, the donor acceptance criteria
for organ retrieval have been expanded, including
[1]
livers with low degrees of steatosis and grafts from
[2]
non-heart-beating donors .
The use of marginal livers for organ transplantation
emphasizes a fundamental flaw of conventional
cold storage: despite all improvements, marginal
organs are at greater risk of preservation-associated
primary nonfunction because of increased sensitivity
to preservation-induced ischemia/reperfusion in
[3]
jury . Increasing grades of donor liver steatosis
[4,5]
were associated with worse initial poor function
due to impaired metabolism of the steatotic hepa
[6,7]
tocytes , to the crystallization of lipids during cold
[8]
ischemia , and to an increased sensitivity to oxygen
[9]
radicals during reperfusion . Livers from nonheart-beating donors exhibited postoperative biliary
[10,11]
complications
due to the superimposing effects of
[12]
cold and warm ischemia .
In order to overcome the limits of cold storage,
animal studies concerning preservation by machine
perfusion are flourishing; this technique reducing
ischemic injury is usually associated with organ
preservation. Different settings have been tested.
St Peter and colleagues showed that oxygenated,
normothermic (sanguineous) machine perfusion
[13]
recovers ischemic livers to a viable level . In a
[14]
clinical trial, Guarrera et al
demonstrated improved
clinical parameters and shorter duration of hospital
stay in patients who received grafts stored by
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Animals and surgery and liver perfusion

Male Wistar rats (Harlan Laboratories Inc., Indian
apolis, IN, United States) weighing 250-300 g were
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allowed free access to water and food until the
beginning of all experiments. The use and care of
animals in this experimental study were approved by
the Italian Ministry of Health and by the University
Commission for Animal Care. All surgeries were
performed under anesthesia, and all efforts were
made to minimize suffering. Rats were anesthetized
with sodium pentobarbital (40 mg/kg, ip) and livers
[20,22]
were isolated as already described
. Briefly, after
median laparotomy followed by bilateral subcostal
incisions, the animals received 200 U of heparin
per 100 g of body weight via the inferior vena cava
(5000 IU/mL; Marvecs Services, Agrate Brianza,
MI, Italy). The bile duct was cannulated with 50 G
polyethylene tubing (Intramed; Becton, Dickinson,
and Co., Franklin Lakes, NJ, United States), and the
portal vein was cannulated with a 16 G catheter
(Johnson and Johnson, New Brunswick, NJ, United
States). The liver was washed out with 50 mL of
modified Krebs-Henseleit buffer via the portal vein
cannula, then was freed from ligaments, removed
and placed in a jacketed chamber for perfusion at
different temperatures. At the end of liver perfusion,
liver samples were immediately snap frozen in liquid
nitrogen and stored at -80 ℃.
Livers were divided into four experimental groups
depending on perfusion temperature: 10, 20, 30 or
37 ℃ (n = 6/group). Livers were placed in an organ
chamber, connected to a recirculating perfusion
system, and perfused for 6 h. The perfusion medium
[18]
was a modified Krebs-Henseleit buffer continuously
gassed with O2:CO2 (95%:5%). Perfusion flow was
[20]
kept constant at 2.6 mL/min per gram .

assay kit (Perkin Elmer Inc., Waltham, MA, United
States) according to the manufacturer’s instructions
with minor changes. Briefly, frozen tissue was
homogenized in ice-cold 100 mmol/L phosphate
buffer with 3 mmol/L EDTA; the homogenate was
immediately precipitated in 30% trichloroacetic acid
and centrifuged at 3000 × g for 15 min at 4 ℃ .
The supernatant was diluted 50× in 100 mmol/L
[20]
phosphate buffer and assayed .
The glycogen assay was performed as described by
[24]
Bennett et al . Frozen samples were homogenized
in a solution of 10% HClO4 and centrifuged at 280 ×
g for 15 min. The pellets were resuspended in 2 ml
of deionized H2O. Samples (0.1 ml) were mixed with
0.2 ml of 5% phenol and 1 ml of H2SO4. After 30 min,
[24]
absorbance at 490 nm was measured .
HIF-1α mRNA was analyzed using real-timePCR using total RNA isolated from frozen liver
samples with TRI reagent (Sigma-Aldrich, St. Louis,
[25]
MO, United States) . The cDNA was generated
using iScript Supermix (Bio-Rad Laboratories Inc.,
Hercules, CA, United States). The RNA was assayed
by measuring the absorbance at 260/280 nm. HIF1α, ubiquitin C and GAPDH gene amplification
efficiencies were established by means of calibration
curves (108.8, 98.6 and 97.4%, respectively). The
expression of the housekeeping gene remained
constant in the considered experimental group.
Sequences for the primers used are: HIF-1α:
5′-ACA AGA AAC CGC CTA TGA CG-3′ (forward)
3′-TAA ATT GAA CGG CCC AAA AG-5′ (reverse);
ubiquitin C: 5′-CAC CAA GAA CGT CAA ACA GGA
A-3′(forward), 3′-AAG ACA CCT CCC CAT CAA
ACC-5′ (reverse); GAPDH: 5′-AAC CTG CCA AGT
ATG ATG AC-3′ (forward), 5′-GGA GTT GCT GTT
GAA GTC GTC A-3′ (reverse). Gene expression was
analyzed using Platinum Sybr Green qPCR mix UDG
(Life Technologies of Thermo Fisher Scientific Inc.,
Waltham, MA, United States). Ubiquitin c and GAPDH
were used as reference genes. The amplification was
performed through two-step cycling (95-60 ℃) for
45 cycles, in an ABI prism 7000 sequence detection
system (Applied Biosystems of Thermo Fisher
Scientific), following the instructions of the supplier.
All samples were assayed in duplicate. The results
were normalized to the endogenous controls, and
fold change of the gene expression was calculated
using threshold cycle (Ct) values.
At the end of the preservation, the nuclear
fraction was immediately isolated from fresh tissue
with the Nuclear Extraction Kit (Cayman Chemical
Co., Ann Arbor, MI, United States). The HIF-1α
protein expression was analyzed on the nuclear
fraction with an ELISA kit (HIF-1α Transcription
Factor Assay Kit; Cayman). The lactate was assayed
using the Lactate Colorimetric Assay Kit (BioVision
Inc., Milpitas, CA, United States).

Assays

Liver parenchyma viability was assessed through
release of lactate dehydrogenase (LDH) into the
effluent perfusate, as described by Bergmeyer et
[23]
al . The perfusion temperature was continuously
monitored with a probe placed inside the isolated
organ chamber. The portal venous pressure was
continuously measured throughout the perfusion by
means of a water column connected to the portal
vein inflow catheter; pre-calibration was performed
each time just before connecting the liver to the
circuit. The basal perfusion pressure was 12-14
mmHg. Dissolved oxygen in the perfusion solution
was measured with a probe (OXY 340i; WTW
GmbH, Weilheim, Germany) at intervals of 1 h,
both in the inlet and outlet perfusion solution;
oxygen delivery rate and liver oxygen uptake rate
(OUR) were calculated. The pH was continuously
evaluated both in the perfusion solution reservoir
and in a reference solution, consisting of the
perfusion buffer kept at the same temperature and
pO2 conditions but not circulated through the liver.
Tissue ATP was measured with the luciferinluciferase method using the ATPlite luminescence
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Figure 1 Liver oxygen uptake rate and lactate dehydrogenase release rate in rat livers perfused for 6. A: OUR; and B: Lactate-dehydrogenase (LDH) release
rate over 6 h of perfusion at 10, 20, 30 or 37 ℃ (n = 6/group; bP < 0.01 vs 20 ℃). OUR: Oxygen uptake rate.

Statistical analysis

th

rising rapidly to out-of-scale values after the 4 hour
(data not shown).
The increase in basal bile flow was logarithmically
proportional to perfusion temperature. Basal bile
flow in livers perfused at 10 and 20 ℃ was very
similar, and was significantly different in comparison
to livers perfused at both 30 and 37 ℃ (Ps < 0.05)
(Figure 2A). Bile flow remained constant in livers
perfused at 10 and 20 ℃ during the whole perfusion.
On the contrary, bile flow fell rapidly after 2 h of
perfusion in livers perfused at 30 ℃, and especially
at 37 ℃ (figure 2B).

Data are presented as the mean ± SE. Statistical
analyses for multiple comparisons were performed
using one-way analyses of variance tests with
Bonferroni’s corrections.

RESULTS
Liver OUR and oxygen delivery rate

In our experiments, OUR was constant during 6 h of
perfusion at 10, 20, and 30 ℃. At 37 ℃, perfusion
OUR dropped after 3 h, probably due to massive
necrosis of the liver (Figure 1A). We observed a
strong linear correlation between the basal OUR
2
and the perfusion temperature (R = 0.9979). A
dependence of oxygen delivery rate on temperature
was also observed; the available oxygen in the
perfusion solution decreased with perfusion tem
perature (data not shown).

ATP and glycogen in tissue

ATP and glycogen were measured in tissue samples
frozen at the end of the 6-h perfusions. ATP in
livers perfused at 20 ℃ was significantly higher
in comparison to both 30 and 37 ℃ (ps < 0.01).
Interestingly, the ATP content in the 20 ℃ perfusion
group was also higher when compared to livers
perfused at 10 ℃ (p < 0.01) (Figure 2C). The 37 ℃
group had significantly lower glycogen content in
comparison to the other three groups (P < 0.01);
no difference was observed between the 10, 20 and
30 ℃ groups (Figure 2D).

Release of LDH, portal pressure and bile production

Livers perfused at 10 and 20 ℃ showed a very
low level of LDH release; livers perfused at 30 and
37 ℃ released significantly more LDH at the end
of perfusion in comparison to livers perfused at
20 ℃ (Ps < 0.01). Furthermore, LDH release rate
was near zero in 10 and 20 ℃ perfusion groups,
suggesting a stationary condition, whereas it
increased exponentially in livers perfused at 30 and
37 ℃ (Figure 1B).
At the starting time-point, portal pressure was
associated with perfusion temperature. Basal pre
ssure was higher in livers perfused at 10 ℃ (5.8 ±
0.2 mmHg), intermediate in livers perfused at 20
and 30 ℃ (4.9 ± 0.1 mmHg and 4.9 ± 0.2 mmHg,
respectively), and lower at 37 ℃ (4.2 ± 0.1 mmHg).
Livers perfused at 20 and 30 ℃ had identical portal
pressure and differed significantly from the other
groups (ps < 0.01). During perfusion, pressure did
not significantly change within each group, with the
exception of the 37 ℃ group, where portal pressure
rd
significantly increased from the 3 hour of perfusion,
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pH and lactic acid release

We observed that there was no significant aci
dification during perfusion at 10 and 20 ℃. On the
contrary, at 30 ℃, the pH of the perfusion solution
was significantly lower in comparison to the basal
values (P < 0.01); the pH also significantly dropped
rd
at 37 ℃ starting at the 3 hour of perfusion, in
comparison to the pH values at 10 and 20 ℃ for the
same time points (Ps < 0.01) (Figure 3A).
To justify the pH fall at higher perfusion tem
peratures, we evaluated lactic acid release in
the perfusion buffer as an index of anaerobiotic
metabolism. Livers perfused at 10 and 20 ℃ did not
release lactic acid during perfusion. In livers perfused
nd
at 30 ℃, lactic acid concentrations at the 2 hour of
perfusion were identical to the respective time points
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rise of HIF-1α mRNA expression in livers perfused at
37 ℃ (p < 0.01 vs 10 and 20 ℃) (Figure 4A). Livers
perfused at 10 and 20 ℃ did not show an increase
in HIF-1α mRNA expression in comparison to control
livers. We used an ELISA kit to evaluate HIF-1α
protein expression in liver tissues at the end of
perfusion, obtaining results similar to those observed
for HIF-1α mRNA expression (Figure 4B).

at 10 and 20 ℃, but increased significantly in the
subsequent time points (Ps < 0.05) (Figure 2B). In
livers perfused at 37 ℃, lactic acid was significantly
nd
higher at the 2 hour of perfusion, and increased
dramatically during perfusion (Ps < 0.05).

HIF-1α mRNA and protein expression

HIF-1α mRNA and protein expression were assayed
to identify which livers were perfused in hypoxic
conditions. We observed a slight increase of HIF1α mRNA expression in livers perfused at 30 ℃ (p
< 0.05 vs 10 and 20 ℃) and a more accentuated
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DISCUSSION
The difficulty in perfusing the liver with acellular
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Figure 4 Hepatic hypoxia inducible factor-1a expression in rat livers perfused for 6 h. A: mRNA; and B: Protein expression of hypoxia inducible factor (HIF)-1a
in livers perfused for 6 h at 10, 20, 30 or 37 ℃ (n = 6/group; aP < 0.05, bP < 0.01 vs 10 and 20 ℃; cP < 0.05 vs 10 and 20 ℃).

solutions at normothermic temperatures results from
two different causes: (1) as stated by Henry’s Law,
oxygen solubility decreases at higher temperatures;
and (2) at increasing temperature, liver metaboli
sm increases proportionally. These two aspects
act synergistically so that oxygen carried by the
perfusate and liver oxygen requirement inevitably
diverge at increasing temperatures. Because of this,
one of the major drawbacks of acellular perfusion
at normothermic temperatures is the inadequate
oxygenation of the liver parenchyma, which leads to
[26]
anaerobic glycolysis and acidosis . In the isolated
perfused rat liver model, this problem is partially
solved by raising the perfusion flow at higher-thanphysiologic levels; by speeding up the flow, the
oxygen carried to the parenchyma will increase;
on the other hand, according to Poiseuille’s Law,
a higher flow is not associated with an abnormal
increase in physiologic portal pressure, due to the
lower viscosity of acellular solutions compared to
[26,27]
blood
. In our model, we increased the flow
through the portal vein from the physiologic value
of 1.7 to 2.6 ml/min per gram, obtaining a basal
pressure similar to the physiologic portal pressure.
Unfortunately, this procedure is not sufficient to
fulfill liver oxygen requirement at 37 ℃ . In our
previous works, we showed that machine perfusion
at subnormothermic temperature in a model of ex
[20]
vivo reperfusion better preserves ischemic
and
[6]
steatotic rat livers with respect to conventional
preservation.
The aim of the present work was to determine
at what temperature the oxygen carried by the
perfusate and the liver oxygen requirement meet,
allowing long-term perfusion or, conversely, at what
temperature liver metabolism shifts from aerobiosis
to anaerobiosis. In isolated mitochondria, respiration
[28]
rate increases exponentially with temperature .
[29]
Considering the whole organ, Fujita et al
studied
the oxygen requirement at different temperatures
in perfused livers, and worked out an equation
showing that liver oxygen requirement increases
exponentially as a function of temperature. This
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observation has a key implication: below a certain
temperature threshold, liver oxygen requirement
slightly increases with temperature, whereas
above such threshold it increases dramatically. The
data obtained herein suggest that this threshold
temperature may lie between 20 and 30 ℃. In our
perfusion model, the OUR of livers perfused at 10
and 20 ℃ was identical to the theoretical oxygen
[29]
requirement according to Fujita et al , but uptake
rate of livers perfused at 30 and 37 ℃ was lower
than theoretical oxygen requirement, suggesting
that oxygen requirements are not completely ful
filled at higher temperatures. The data obtained on
liver injury and function support this hypothesis:
LDH release rate was near zero in livers perfused at
10 and 20 ℃, whereas LDH increased significantly in
livers perfused at 30 and 37 ℃.
The literature clearly shows that bile formation
depends on the activity of various ATP-driven
[30,31]
pumps
, and consequently is strictly related to
mitochondrial respiration rate. Due to dependence
[28,32]
on temperature of both respiration rate
and
[33]
enzyme activity , a similar bile flow dependence
is expected. In our model, the basal bile flow
followed this trend. Importantly, bile flow remained
constant during perfusion at 10 and 20 ℃ , but
dramatically dropped after 2 and 3 h of perfusion in
both 30 and 37 ℃ perfused livers, suggesting that
liver is unable to maintain baseline bile production
rate, due to oxygen deficiency. Accordingly, livers
perfused at 30 and 37 ℃ contained significantly
less ATP compared to livers perfused at 20 ℃. ATP
content of livers perfused at 10 ℃ was significantly
higher when compared to 30 and 37 ℃ groups as
well, but, interestingly, was significantly lower than
ATP measured in the 20 ℃ perfusion group. This
difference may be explained by a lower coupling
efficiency of oxidative phosphorylation, usually
[28]
occurring at low temperatures . Furthermore,
while glycogen stores are not affected at 30 ℃, we
observed a significant reduction of liver glycogen at
37 ℃.
These data suggest that livers perfused at 30 and
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37 ℃ are in anaerobic conditions. Livers perfused at
20 and 10 ℃ show aerobic conditions during the whole
perfusion. Accordingly, we observed that, contrary to
livers perfused at 30 and 37 ℃, livers perfused at
10 and 20 ℃ did not acidify the perfusion medium.
Lactic acid release is a suitable and sensitive marker
[34]
of occurring anaerobic metabolism . Livers perfused
at 10 and 20 ℃ showed identically low lactate
release with release rates near zero, demonstrating
that, at these temperatures, the liver can support
aerobic metabolism during the perfusion interval
used in our experiments. Livers perfused at 30 ℃
showed a significantly higher lactate release rate
compared to those perfused at 10 ℃ and 20 ℃ .
Livers perfused at 37 ℃ had dramatically higher
lactate release rates, suggesting a huge difference
between oxygen uptake and oxygen requirement
at this temperature. Indeed, in our model of
acellular perfusion, the liver cannot support aerobic
metabolism at 37 ℃ and his metabolism is mainly
anaerobiotic, wasting ATP and glycogen stores, and
releasing great amounts of unprocessed lactic acid
in the perfusate.
HIF-1α is a transcriptional activator of genes whose
products, including glycolytic enzymes, are involved
in systemic, local, and cellular responses to hypoxia,
such as inducing alternative metabolic pathways
[35]
that do not require O2 . In hypoxic conditions,
[36,37]
HIF-1α mRNA expression can increase
. To the
best of our knowledge, HIF-1α mRNA and protein
expression have not been assayed in a model of rat
liver perfusion. We observed an increase in both
HIF-1α mRNA and protein in livers perfused at 30 ℃,
and a larger increase in livers perfused at 37 ℃ .
Interestingly, expression levels did not differ in livers
perfused at 10 ℃ and 20 ℃, which were similar to
controls.
These data clearly demonstrate that long term
liver perfusion with simple acellular solutions is not
possible above 30 ℃. Livers perfused at 37 ℃ are
evidently in anaerobic conditions; livers perfused at
30 ℃ seem to be in an intermediate state, showing
the first signs of distress, but not as much as livers
perfused at 37 ℃ , suggesting that the optimal
temperature should certainly lie below 30 ℃. Should
this optimal temperature necessarily be lower than
20 ℃? Our data, both those registered as a time
course along perfusion period, and those assayed in
the tissue, demonstrate that livers perfused at 10
and 20 ℃ exhibit quite similar and stable conditions,
suggesting that the temperature where oxygen liver
requirement and oxygen delivery meet is certainly
below 30 ℃, but not necessarily below 20 ℃.
One of the most important applications of longterm liver perfusion is machine perfusion for organ
transplantation. Recently, liver machine perfusion
has been evaluated as a suitable alternative to
simple cold storage, particularly for marginal organ
[38,39]
preservation
. Furthermore, liver hypothermic
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machine perfusion (4-8 ℃) has recently been tested
[14,40,41]
in a clinical trial with encouraging results
.
In this trial, a starch-added solution was used to
perfuse livers at 0.667 mL/min per liver g, without
oxygenation. Subnormothermic perfusion has not
yet been used in clinical trial, although some au
thors referred to the subnormothermic machine
perfusion as “the way in-between” that could
potentially bypass the flaws of both hypothermic
[42,43]
and normothermic machine perfusion
. The sub
normothermic temperature should allow the use
of low-viscosity solutions and consequently higher
flow rates, sustaining a mild liver metabolism useful
for restoring energy stocks before transplantation,
particularly in livers from donation after cardiac
death. Moreover, the avoidance of hypothermia
could be useful in fatty livers, and maintaining the
liver in a mild metabolic state could be useful for
genetic and immunologic manipulations before trans
[41,42]
plantation
.
These data clearly show that livers perfused at
20 ℃ have no sign of anaerobiosis; therefore, re
ducing the perfusion temperature below 20 ℃ is
unlikely to further improve this technique. On the
contrary, livers perfused at 30 ℃ start to show the
symptoms of lack of oxygenation. The adequate
oxygenation of livers preserved by perfusion at 20 ℃
highlights this technique’s concrete potential to avoid
ischemic insult, the real culprit of the preservation
injury observed in cold storage-transplanted organs.
The subnormothermic temperature, allowing a less
complicated setting, might also favor the successful
translation of this technique from experimental
studies into clinical practice.
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COMMENTS
COMMENTS
Background

Cold (0-4 ℃) storage is considered the gold standard in organ preservation
for transplantation. Currently, as new perfusion techniques are developed to
improve the preservation of marginal organs, hypothermic machine perfusion
is the preferred choice, though it presents drawbacks of cold injury, a slowed
down metabolism, and a more complex setting.

Research frontiers

Clinical trials show improved clinical parameters and shorter duration of hospital
stay in patients who receive grafts stored by hypothermic machine perfusion in
comparison to patients who receive grafts preserved by cold storage.

Innovations and breakthroughs

Currently, new perfusion techniques have being developed for the preservation
of marginal livers. The preferred technique is hypothermic machine perfusion
(0-4 ℃). The authors demonstrated that livers perfused at 20 ℃ show no sign
of ischemia. Therefore, reducing the perfusion temperature below 20 ℃ is
unlikely to further improve this technique. On the contrary, livers perfused at
30 ℃ start to show the symptoms of lack of oxygenation.
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Applications

The adequate oxygenation of livers perfused at 20 ℃ highlights this tech
nique’s concrete potential to avoid cold injury and ischemic insult during
liver preservation for transplantation. Furthermore, the subnormothermic
temperature, allowing a less complicated setting, might also favor the successful
translation of this technique from experimental studies into clinical practice.
Finally, maintaining the liver in a mild metabolic state during preservation could
be useful for pharmacologic, genetic and immunologic manipulations, and
for regeneration of the energy status in ATP-depleted organs, avoiding both
ischemic and cold-induced insult. This possibility could be extremely suitable
for the preservation of livers rejected as non heart beating donor organs and
steatotic organs.

11

12

Terminology

13

Oxygenated machine perfusion is a technique currently under development
for the preservation of organs for transplantation. This technique is aimed at
reducing the ischemic injury and better preserving marginal organs, which
suffer cold and ischemic injury from static cold storage, the gold standard for
organ preservation.

14

Peer review

This manuscript showed that perfusion of livers at higher temperatures (>
30 ℃) leads to hypoxia and increased hypoxia inducible factor-1α expression.
15

REFERENCES
1

2

3

4

5

6

7

8

9

10

Monbaliu D, Van Gelder F, Troisi R, de Hemptinne B, Lerut J,
Reding R, de Ville de Goyet J, Detry O, De Roover A, Honore P,
Donckier V, Gelin M, Ysebaert D, Aerts R, Coosemans W, Pirenne
J. Liver transplantation using non-heart-beating donors: Belgian
experience. Transplant Proc 2007; 39: 1481-1484 [PMID: 17580167
DOI: 10.1016/j.transproceed.2007.02.077]
Urena MA, Moreno Gonzalez E, Romero CJ, Ruiz-Delgado FC,
Moreno Sanz C. An approach to the rational use of steatotic donor
livers in liver transplantation. Hepatogastroenterology 1999; 46:
1164-1173 [PMID: 10370686]
Ploeg RJ, D’Alessandro AM, Knechtle SJ, Stegall MD, Pirsch JD,
Hoffmann RM, Sasaki T, Sollinger HW, Belzer FO, Kalayoglu M.
Risk factors for primary dysfunction after liver transplantation--a
multivariate analysis. Transplantation 1993; 55: 807-813 [PMID:
8475556]
Burke A, Lucey MR. Non-alcoholic fatty liver disease, nonalcoholic steatohepatitis and orthotopic liver transplantation. Am
J Transplant 2004; 4: 686-693 [PMID: 15084161 DOI: 10.1111/
j.1600-6143.2004.00432.x]
Verran D, Kusyk T, Painter D, Fisher J, Koorey D, Strasser S,
Stewart G, McCaughan G. Clinical experience gained from the use
of 120 steatotic donor livers for orthotopic liver transplantation.
Liver Transpl 2003; 9: 500-505 [PMID: 12740794 DOI: 10.1053/
jlts.2003.50099]
Vairetti M, Ferrigno A, Carlucci F, Tabucchi A, Rizzo V,
Boncompagni E, Neri D, Gringeri E, Freitas I, Cillo U. Subnor
mothermic machine perfusion protects steatotic livers against
preservation injury: a potential for donor pool increase? Liver
Transpl 2009; 15: 20-29 [PMID: 19109848 DOI: 10.1002/lt.21581]
Chavin KD, Yang S, Lin HZ, Chatham J, Chacko VP, Hoek
JB, Walajtys-Rode E, Rashid A, Chen CH, Huang CC, Wu TC,
Lane MD, Diehl AM. Obesity induces expression of uncoupling
protein-2 in hepatocytes and promotes liver ATP depletion. J Biol
Chem 1999; 274: 5692-5700 [PMID: 10026188 DOI: 10.1074/
jbc.274.9.5692]
Fukumori T, Ohkohchi N, Tsukamoto S, Satomi S. The mechanism
of injury in a steatotic liver graft during cold preservation.
Transplantation 1999; 67: 195-200 [PMID: 10075580 DOI: 10.109
7/00007890-199901270-00002]
Soltys K, Dikdan G, Koneru B. Oxidative stress in fatty livers
of obese Zucker rats: rapid amelioration and improved tolerance
to warm ischemia with tocopherol. Hepatology 2001; 34: 13-18
[PMID: 11431728 DOI: 10.1053/jhep.2001.25452]
Fung JJ, Eghtesad B, Patel-Tom K. Using livers from donation
after cardiac death donors--a proposal to protect the true Achilles

WJG|www.wjgnet.com

16

17

18

19

20

21
22

23
24

25

1115

heel. Liver Transpl 2007; 13: 1633-1636 [PMID: 18044764 DOI:
10.1002/lt.21388]
Suárez F, Otero A, Solla M, Arnal F, Lorenzo MJ, Marini M,
Vázquez-Iglesias JL, Gómez M. Biliary complications after liver
transplantation from maastricht category-2 non-heart-beating
donors. Transplantation 2008; 85: 9-14 [PMID: 18192905 DOI:
10.1097/01.tp.0000297945.83430.ce]
Reddy SP, Bhattacharjya S, Maniakin N, Greenwood J, Guerreiro
D, Hughes D, Imber CJ, Pigott DW, Fuggle S, Taylor R, Friend
PJ. Preservation of porcine non-heart-beating donor livers by
sequential cold storage and warm perfusion. Transplantation
2004; 77: 1328-1332 [PMID: 15167586 DOI: 10.1097/01.
TP.0000119206.63326.56]
St Peter SD, Imber CJ, Lopez I, Hughes D, Friend PJ. Extended
preservation of non-heart-beating donor livers with normothermic
machine perfusion. Br J Surg 2002; 89: 609-616 [PMID: 11972552
DOI: 10.1046/j.1365-2168.2002.02052.x]
Guarrera JV, Henry SD, Samstein B, Odeh-Ramadan R,
Kinkhabwala M, Goldstein MJ, Ratner LE, Renz JF, Lee HT,
Brown RS, Emond JC. Hypothermic machine preservation
in human liver transplantation: the first clinical series. Am J
Transplant 2010; 10: 372-381 [PMID: 19958323 DOI: 10.1111/
j.1600-6143.2009.02932.x]
Tolboom H, Izamis ML, Sharma N, Milwid JM, Uygun B,
Berthiaume F, Uygun K, Yarmush ML. Subnormothermic machine
perfusion at both 20°C and 30°C recovers ischemic rat livers for
successful transplantation. J Surg Res 2012; 175: 149-156 [PMID:
21550058 DOI: 10.1016/j.jss.2011.03.003]
Cleta Croce A, Ferrigno A, Vairetti M, Bertone R, Freitas I,
Bottiroli G. Autofluorescence spectroscopy of rat liver during
experimental transplantation procedure. An approach for hepatic
metabolism assessment. Photochem Photobiol Sci 2005; 4:
583-590 [PMID: 16052263 DOI: 10.1039/b503586d]
Dutkowski P, Furrer K, Tian Y, Graf R, Clavien PA. Novel shortterm hypothermic oxygenated perfusion (HOPE) system prevents
injury in rat liver graft from non-heart beating donor. Ann Surg
2006; 244: 968-976; discussion 976-977 [PMID: 17122622 DOI:
10.1097/01.sla.0000247056.85590.6b]
Vairetti M, Ferrigno A, Rizzo V, Boncompagni E, Carraro A,
Gringeri E, Milanesi G, Barni S, Freitas I, Cillo U. Correlation
between the liver temperature employed during machine perfusion
and reperfusion damage: role of Ca2+. Liver Transpl 2008; 14:
494-503 [PMID: 18383108 DOI: 10.1002/lt.21421]
van der Plaats A, ‘t Hart NA, Verkerke GJ, Leuvenink HG,
Ploeg RJ, Rakhorst G. Hypothermic machine preservation in
liver transplantation revisited: concepts and criteria in the new
millennium. Ann Biomed Eng 2004; 32: 623-631 [PMID: 15117035
DOI: 10.1023/B:ABME.0000019181.18194.51]
Ferrigno A, Rizzo V, Boncompagni E, Bianchi A, Gringeri E, Neri
D, Richelmi P, Freitas I, Cillo U, Vairetti M. Machine perfusion at
20°C reduces preservation damage to livers from non-heart beating
donors. Cryobiology 2011; 62: 152-158 [PMID: 21315707 DOI:
10.1016/j.cryobiol.2011.02.004]
Smith TG, Robbins PA, Ratcliffe PJ. The human side of hypoxiainducible factor. Br J Haematol 2008; 141: 325-334 [PMID:
18410568 DOI: 10.1111/j.1365-2141.2008.07029.x]
Ferrigno A, Richelmi P, Vairetti M. Troubleshooting and
improving the mouse and rat isolated perfused liver preparation. J
Pharmacol Toxicol Methods 2013; 67: 107-114 [PMID: 23079697
DOI: 10.1016/j.vascn.2012.10.001]
Bergmeyer HU, Bernt E, Hess B. Lactate-dehydrogenase, UVassay with pyruvate and nadh. Methods of enzymatic analysis.
New York: Academic, 1965: 736-743
Bennett LW, Keirs RW, Peebles ED, Gerard PD. Methodologies
of tissue preservation and analysis of the glycogen content of
the broiler chick liver. Poult Sci 2007; 86: 2653-2665 [PMID:
18029813 DOI: 10.3382/ps.2007-00303]
Chomczynski P, Sacchi N. Single-step method of RNA isolation
by acid guanidinium thiocyanate-phenol-chloroform extraction.
Anal Biochem 1987; 162: 156-159 [PMID: 2440339]

January 28, 2015|Volume 21|Issue 4|

Ferrigno A et al . Temperature changes cause aerobiosis/anaerobiosis shift
26

27
28

29

30
31

32
33
34
35

Bessems M, ‘t Hart NA, Tolba R, Doorschodt BM, Leuvenink HG,
Ploeg RJ, Minor T, van Gulik TM. The isolated perfused rat liver:
standardization of a time-honoured model. Lab Anim 2006; 40:
236-246 [PMID: 16803641 DOI: 10.1258/002367706777611460]
Izamis M. Meeting the oxygen requirements of an isolated
perfused rat liver. Cambridge: Massachusets Institute of Tech
nology, 2006
Quentin E, Avéret N, Guérin B, Rigoulet M. Temperature
dependence of the coupling efficiency of rat liver oxidative phos
phorylation: role of adenine nucleotide translocator. Biochem
Biophys Res Commun 1994; 202: 816-821 [PMID: 8048953 DOI:
10.1006/bbrc.1994.2003]
Fujita S, Hamamoto I, Nakamura K, Tanaka K, Ozawa K. Isolated
perfusion of rat livers: effect of temperature on O2 consumption,
enzyme release, energy store, and morphology. Nihon Geka Hokan
1993; 62: 58-70 [PMID: 8239863]
Stieger B, Meier Y, Meier PJ. The bile salt export pump. Pflugers
Arch 2007; 453: 611-620 [PMID: 17051391 DOI: 10.1007/
s00424-006-0152-8]
Oude Elferink RP, Paulusma CC, Groen AK. Hepatocanalicular
transport defects: pathophysiologic mechanisms of rare diseases.
Gastroenterology 2006; 130: 908-925 [PMID: 16530529 DOI:
10.1053/j.gastro.2005.08.052]
Klingenberg M, Grebe K, Appel M. Temperature dependence of
ADP/ATP translocation in mitochondria. Eur J Biochem 1982;
126: 263-269 [PMID: 6290218]
Freehold NJ. Manual of clinical enzyme measurements. Freehold,
NJ: Worthington Biomedical Corporation, 1972
Vincent JL, Dufaye P, Berré J, Leeman M, Degaute JP, Kahn RJ.
Serial lactate determinations during circulatory shock. Crit Care
Med 1983; 11: 449-451 [PMID: 6406145]
Semenza GL. Transcriptional regulation by hypoxia-inducible
factor 1 molecular mechanisms of oxygen homeostasis. Trends
Cardiovasc Med 1996; 6: 151-157 [PMID: 21232289 DOI: 10.101

36

37

38
39

40

41

42
43

6/1050-1738(96)00039-4]
Wiener CM, Booth G, Semenza GL. In vivo expression of
mRNAs encoding hypoxia-inducible factor 1. Biochem Biophys
Res Commun 1996; 225: 485-488 [PMID: 8753788 DOI: 10.1006/
bbrc.1996.1199]
Knudsen AR, Kannerup AS, Grønbæk H, Andersen KJ, FunchJensen P, Frystyk J, Flyvbjerg A, Mortensen FV. Effects of ischemic
pre- and postconditioning on HIF-1α, VEGF and TGF-β expression
after warm ischemia and reperfusion in the rat liver. Comp Hepatol
2011; 10: 3 [PMID: 21771288 DOI: 10.1186/1476-5926-10-3]
Lee CY, Mangino MJ. Preservation methods for kidney and liver.
Organogenesis 2009; 5: 105-112 [PMID: 20046672 DOI: 10.4161/
org.5.3.9582]
Olschewski P, Gass P, Ariyakhagorn V, Jasse K, Hunold G, Menzel
M, Schöning W, Schmitz V, Neuhaus P, Puhl G. The influence of
storage temperature during machine perfusion on preservation
quality of marginal donor livers. Cryobiology 2010; 60: 337-343
[PMID: 20233587 DOI: 10.1016/j.cryobiol.2010.03.005]
Tulipan JE, Stone J, Samstein B, Kato T, Emond JC, Henry SD,
Guarrera JV. Molecular expression of acute phase mediators is
attenuated by machine preservation in human liver transplantation:
preliminary analysis of effluent, serum, and liver biopsies.
Surgery 2011; 150: 352-360 [PMID: 21801971 DOI: 10.1016/
j.surg.2011.06.003]
Henry SD, Guarrera JV. Protective effects of hypothermic ex vivo
perfusion on ischemia/reperfusion injury and transplant outcomes.
Transplant Rev (Orlando) 2012; 26: 163-175 [PMID: 22074785
DOI: 10.1016/j.trre.2011.09.001]
van Gulik TM. New concepts in liver preservation: how the
pendulum sways back. Liver Transpl 2009; 15: 1-3 [PMID:
19109850 DOI: 10.1002/lt.21642]
Monbaliu D, Brassil J. Machine perfusion of the liver: past, present
and future. Curr Opin Organ Transplant 2010; 15: 160-166 [PMID:
20125022 DOI: 10.1097/MOT.0b013e328337342b]

P- Reviewer: Jiang ZY

WJG|www.wjgnet.com

1116

S- Editor: Ma YJ

L- Editor: AmEditor
E- Editor: Wang CH

January 28, 2015|Volume 21|Issue 4|

World J Gastroenterol 2015 January 28; 21(4): 1117-1124
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v21.i4.1117

© 2015 Baishideng Publishing Group Inc. All rights reserved.

ORIGINAL ARTICLE
Basic Study

Effects of traditional Chinese herbal medicine San-HuangXie-Xin-Tang on gastrointestinal motility in mice
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METHODS: The in vivo effects of SHXXT on GI
motility were investigated by measuring the intestinal
transit rates (ITRs) using Evans blue in normal mice
and in mice with experimentally induced GI motility
dysfunction (GMD).
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RESULTS: In normal ICR mice, ITRs were significantly
and dose-dependently increased by SHXXT (0.1-1
g/kg). GMD was induced by injecting acetic acid or
streptozotocin intraperitoneally. The ITRs of GMD mice
were significantly reduced compared to normal mice, and
these reductions were significantly and dose-dependently
inhibited by SHXXT (0.1-1 g/kg).
CONCLUSION: These results suggest that SHXXT is
a novel candidate for the development of a prokinetic
agent that may prevent or alleviate GMD.
Key words: Gastrointestinal disorders; San-Huang-XieXin-Tang; Motility; Gastrointestinal tract; Intestinal
transit rate
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: San-Huang-Xie-Xin-Tang (SHXXT), a traditional
Chinese medicinal formula, is widely used in Eastern
Asia, particularly to ameliorate the symptoms of
gastrointestinal (GI) disorders. Our data suggest that
SHXXT is a novel candidate for the development of
a prokinetic agent that may prevent or alleviate GI
motility dysfunctions in humans. Considering the effects
of this drug on GI motility, further research is required
to identify the compounds responsible for the effects of
SHXXT and to determine their mechanisms of action.

Abstract
AIM: To investigate the effects of San-Huang-Xie-XinTang (SHXXT), a herbal product used in traditional
Chinese medicine, on gastrointestinal (GI) motility in
mice.
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mouse GI tract.

MATERIALS AND METHODS
Reagents and plant materials

HPLC grade ethanol, acetonitrile, and water were
purchased from Fisher Scientific (Pittsburgh, PA,
United States). Baicalein (> 97.2%), wogonin (>
99.8%), and sennoside A (> 97.7%) were obtained
from the Korean Food and Drug Association
(O-song, South Korea). Baicalin (> 95%), berberine
(> 95%), palmatine chloride hydrate (> 97%),
aloe-emodin (> 95%) and emodin (> 95%) were
from Sigma-Aldrich (St. Louis, MO, United States).
SHXXT (Coptidis rhizoma (Coptis chinesis Franch)
0.23 g, Scutellariae radix (Scutellaria baicalensis
Georgi) 0.56 g, and Rhei rhizoma (Rheum officinale
Baill) 1.28 g: total 2.07 g) was obtained from
I-World Pharm Co., Ltd. (Anyang, South Korea). The
preparation and analysis of some active fractions
[24]
have been previously reported . To compare
the prokinetic activities of the drugs tested in this
study, the aqueous extract of the dried immature
fruit of Poncirus trifoliata Raf. (PF) was obtained as
[26]
previously described . PF, one of the most popular
traditional folk medicines in South Korea derived
from the Rutaceae fruits, is known to have unique
and potent prokinetic activities in normal and GI
[26,29]
motility dysfunction (GMD) rodents
.

INTRODUCTION
San-Huang-Xie-Xin-Tang (SHXXT), a traditional Chinese
medicinal formula, is widely used in Eastern Asia,
to ameliorate the symptoms of gastrointestinal
(GI) disorders related to gastritis, gastric bleeding,
[1-3]
peptic ulcers, and abnormal GI motility
. SHXXT
is composed of Coptidis rhizoma (Coptis chinesis
Franch), Rhei rhizoma (Rheum officinale Baill), and
Scutellariae radix (Scutellaria baicalensis Georgi).
Coptidis Rhizoma has been previously reported to
have protective effects against ischemia induced
by the renal dysfunction associated with various
metabolic conditions, such as hypercholesterole
[4-6]
mic diseases
. Rhei Rhizoma has been reported
to regulate hepatic and pancreatic functions,
[7-10]
to ameliorate senility and improve cognition
.
Scutellariae Radix has been suggested to have
anticonvulsant activity, cytoprotective properties and
[11-13]
anti-inflammatory effects
.
In traditional Chinese medicine, SHXXT is th
ought to reduce heat and the effects of toxins and
to promote defecation; thus, it is used to treat
constipation with high fever, restlessness, thirst,
and insomnia. Recently, SHXXT has been reported
to possess a variety of pathophysiological and
pharmacological properties, which include anti[14-16]
[17,18]
inflammatory
, anti-oxidant
, anti-hyper
[19]
[20]
[21]
tensive , immunomodulatory , anti-apoptotic ,
[22,23]
and neuroprotective
effects. In addition, SHXXT
is thought to inhibit gastric secretion and promote
[1]
gastric muscle relaxation .
In our previous study, we investigated the
effects of SHXXT on the pacemaker potentials of
cultured interstitial cells of Cajal (ICCs) derived
[24]
from the murine small intestine . ICCs are GI
pacemaker cells that generate rhythmic oscillations
[25-28]
in membrane potentials known as slow waves
.
SHXXT was found to modulate pacemaker po
tentials in ICCs via 5-HT 3 and 5-HT 4 receptor2+
mediated pathways, external Ca influx, and
2+
Ca release from internal stores in a mitogenactivated protein kinase dependent manner. In
addition, of the ingredients in SHXXT, Coptidis
rhizome and Rhei rhizome have been reported
[24]
to regulate pacemaker potentials . Therefore,
we hypothesized that SHXXT could modulate the
pacemaking activities of ICCs in the GI tract and
thus has potential pharmacological relevance for
the treatment of GI motility disorders. However,
despite the considerable use of SHXXT to treat GI
dysfunction, little is known of its in vivo regulatory
effects on GI motility. Therefore, we performed this
study to investigate the effects of SHXXT on the

WJG|www.wjgnet.com

Preparation of standard and sample solutions

To prepare stock solutions of standard compounds,
we accurately weighed out 10 mg of each of the
compounds, except for aloe-emodin and sennoside
A, and dissolved them in 10 mL of methanol. Aloeemodin was dissolved in methanol containing 1% of
DMSO, and sennoside A was dissolved in an NaHCO3
solution as described in The Korean Pharmacopoeia.
Stock solutions were then diluted (10-fold) and
filtered through a 0.2 µm syringe filter before
injection. The final concentration of the standard
solutions injected was 100 µg/mL. Sample solutions
were made by dissolving 1.000 g of SHXXT in 10
mL of 60% methanol, diluted 10-fold, and filtered
through a 0.2 µm syringe filter prior to injection. The
final concentration of the sample solution injected
was 10 mg/mL.

Chromatographic conditions

A smart LC system comprised of an LC800 (GL
sciences, Japan) equipped with a solvent delivery
unit, an autosampler, a column oven, and a UVvisible detector was used. Chromatographic se
paration was performed on an Inertsil ODS-4 column
(2.1 mm x 150 mm, i.d. 3 µm; GL Sciences, Japan)
at 40 ℃. The mobile phase consisted of water (A)
and acetonitrile (B), and the gradient program used
was as follows: 25% (B) for 2 min, 25%-68% (B)
from 2 to 18.5 min, 68%-25% (B) from 18.5 to
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20 min, and 25% (B) for 2 min. The flow rate was
set at 0.3 mL/min and the injection volume was
1 µL. The detection wavelength used for standard
compounds was set at 280 nm. Acquired data were
processed using EZChrom Elite software (Ver. 3.3.2
SP1, Pleasanton, CA, United States).

in mice 30 min after the intragastric administration
of SC extract (or DW as vehicle). Peritoneal irritation
was induced by an intraperitoneal injection of acetic
acid (0.6%, w/v, in saline) at a dose of 10 ml/kg, as
[29,30]
previously described
. After injecting acetic acid,
mice were placed in individual cages and allowed to
recover for 30 min.

Animals

streptozotocin-induced diabetic mouse model

All animals were obtained from Samtako Bio Korea
Co., Ltd. Male ICR mice weighing 25-30 g were
used in the study. Animals were maintained under
controlled conditions (22 ± 3 ℃, humidity 52% ±
6%, and illumination from 6 a.m. to 6 p.m.). Animal
care and experiments were conducted in accordance
with the principles issued by the ethics committee
of Pusan National University (South Korea). Animals
were allowed free access to a commercial diet and
tap water, but were deprived of food for 24 h before
experiments. All experiments were conducted
between 10 a.m. and 6 p.m.

Male ICR mice (aged 5 wk) were used in this
experiment. Mice were randomly allocated to either
a control group or a diabetic group. To produce
diabetes, mice were fasted overnight and, on
the following day, streptozotocin (STZ) (SigmaAldrich, St. Louis, MO) solution was administered
intraperitoneally. STZ was prepared freshly in
0.1 mol/L ice-cold citrate buffer (pH = 4.0) and
administered at a dose of 200 mg/kg body weight.
Control mice were intraperitoneally administered
the same volume of 0.1 mol/L citrate buffer.
Animals had free access to food and water and
were maintained under standard housing conditions
(24-27 ℃, RH: 60%-65%) under a 12 h light/dark
cycle. After two months, blood was withdrawn via
the tail vein after an 8 h fast and blood glucose
concentrations were measured using a one-touch
blood glucose monitoring system (Johnson and
Johnson). Diabetes was defined as a blood glucose
level > 16 mmol/L.

Single oral dose toxicity of SHXXT extract in mice

SHXXT extract was administered intragastrically
to mice through an orogastric tube at doses of
0, 0.5, 1, 2 or 5 g/kg delivered at 10 ml/kg. Se
venty mice were tested for each dose and gender
combination, and thus, a total of 60 mice were
used. Each group was carefully observed for overt
clinical signs and mortality at hourly intervals
for 5 h after administration, and then on a daily
basis for 14 d. Individual body weights were
measured before dosing and on days 1, 3, 7 and
14 after administration. On day 14, the last day
of observation, all animals were euthanized under
ether anesthesia and necropsied.

Statistical analysis

Results are expressed as means ± SE. The Student’s
t-test for unpaired data was used to compare the
control and experimental groups. Statistical significance
was accepted for p-values < 0.05.

Measurement of evans blue intestinal transit rates

RESULTS

The effect of SHXXT extract on intestinal propulsion
was assessed by measuring the intestinal transit
distance of Evans blue solution (5%, w/v, in DW). At
30 min after the intragastric administration of SHXXT
extract in normal mice, Evans blue solution was
intragastrically administered through an orogastric
tube at a volume of 0.1 ml/kg of body weight.
Animals were sacrificed 30 min after administration,
and intestinal transit distance was determined by
measuring the distance the Evans blue had migrated
in the intestine from the pylorus. Intestinal transit
rate (ITR) (%) was defined as the distance traveled
by Evans blue expressed as a percentage of total
small intestine length (from the pylorus to the ileal
extremity). In order to minimize inter-day variations,
ITRs were determined in normal and GDM mice on
the same day.

Acute toxicity of SHXXT extract in normal mice

To examine the effect of SHXXT extract on GI
motility, we used ICR normal mice. Of the 70 mice
tested, no fatality occurred during 2 wk postadministration even at a dose of 5 g/kg, indicating
that the minimal lethal dose of SHTTX extract in
normal mice exceeds 5 g/kg. Furthermore, no
abnormal clinical signs were observed and near
identical increases in body weight were observed
in treated and untreated mice. In addition, no
abnormal findings were evident at the 14 d ne
cropsy. Accordingly, SHXXT extract appeared to be
safe, which is consistent with its widespread use in
traditional Korean medicine at single doses of 9-12 g
[31]
in humans .

Effects of SHXXT extract on ITR in normal mice

Mouse model of peritoneal irritation induced by acetic
acid

Mean ITR (%) values for Evans blue after 30 min
in normal mice are shown in Figure 1. Mean ITR
for non-treated normal mice (control) was 55.8%

Peritoneal irritation was induced using acetic acid (AA)
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Figure 2 Effect of San-Huang-Xie-Xin-Tang extract on intestinal transit rate
in acetic acid treated mice. Mice (n = 6 for each bar) were treated with SanHuang-Xie-Xin-Tang extract and then intragastrically administered Evans blue
30 min later. Intestinal transit rate (ITR) (%) values were determined 30 min after
Evans blue administration. Bars represent mean ± SE. aP < 0.05 vs control group;
b
P < 0.01 vs control group. CTRL: Control; PF: Poncirus trifoliata Raf.

± 1.7%. PF significantly accelerated ITR at an
intragastric dose of 1 g/kg (69.5% ± 2.3%, p <
[32,33]
0.01), which is consistent with previous reports
.
On the other hand, the ITR values for SHXXT extract
at 0.01, 0.1 and 1 g/kg were 58.0% ± 1.5%, 62.3%
± 2.1% and 69.3% ± 1.6%, respectively (p < 0.01;
Figure 1).

PF
(1 g/kg, ig )

0.01
0.1
1
San-Huang Xie-Xin-Tang
(g/kg, ig )

Effects of coptidis rhizoma, rhei rhizoma, and
scutellariae radix extract on ITR in GI motility

SHXXT is composed of Coptidis rhizoma (CR, Coptis
chinesis Franch), Rhei rhizoma (RR, Rheum offi
cinale Baill) and Scutellariae radix (SR, Scutellaria
baicalensis Georgi). Therefore, we investigated the
effects of these components in normal mice and
in mouse GMD models. Mean ITR values for Evans
blue during 30 min in normal mice treated with CR
and RR are shown in Figures 4 and 5. CR and RR
significantly accelerated ITR at intragastric doses
of 1 g/kg [63.1% ± 1.4% (p < 0.05) and 59.2% ±
1.8% (p < 0.05), respectively; Figures 4A and 5A].

Effects of SHXXT extract on ITR in mice with GMD

To examine the effect of SHXXT extract on GI
motility, we used AA mouse and STZ-induced dia
betic mouse models with experimental GMD. As
expected, a significant retardation in ITR (%) was
observed in the AA mouse model (41.5% ± 2.6%;
Figure 2). Conversely, significant inhibition of this
retardation was observed when SHXXT extract was
intragastrically administered at 0.01, 0.1, or 1 g/kg
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CTRL

[42.3% ± 2.2%, 47.8% ± 2.1% (p < 0.05) and
56.7% ± 2.4% (p < 0.01), respectively; Figure
2]. Additionally, PF (an intragastric dose of 1 g/kg)
significantly accelerated ITR in a similar manner to
SHXXT in the AA mouse model (58.8% ± 1.5%,
p < 0.01; Figure 2). No abnormal clinical signs
or changes were observed in AA mice after the
intragastric administration of SHXXT. A significant
retardation in ITR (%) was also observed in STZinduced diabetic mice (48.5 ± 2.0%; Figure 3), and
significant inhibition of this retardation was observed
after intragastric administration of SHXXT extract at
0.01, 0.1 or 1 g/kg [51.2% ± 1.3%, 55.5% ± 1.9%
and 57.8% ± 2.4% (p < 0.01), respectively; Figure
3]. PF (an intragastric dose of 1 g/kg) significantly
accelerated ITR in a similar manner to SHXXT in
STZ-induced diabetic mice (58.1% ± 1.8%, p < 0.01;
Figure 3). No abnormal clinical signs or changes
were observed in STZ-induced diabetic mice after
administering SHXXT extract at any intragastric
dose. These results suggest that SHXXT extract
increased ITR in mice with GMD.

a

50

Normal

Figure 3 Effect of San-Huang-Xie-Xin-Tang extract on intestinal transit rate
in streptozotocin-induced diabetic mice. Two months after administering
streptozotocin (STZ), mice (n = 7 for each bar) were treated with San-HuangXie-Xin-Tang extract and then intragastrically administered Evans blue 30 min
later. Intestinal transit rate (ITR) (%) values were determined 30 min after Evans
blue administration. Bars represent mean ± SE. bP < 0.01 vs control group.
CTRL: Control; PF: Poncirus trifoliata Raf.
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Figure 1 Effect of San-Huang-Xie-Xin-Tang extract on intestinal transit rate
(%) in normal mice. Mice (n = 7 for each bar, except for control) were treated
with San-Huang-Xie-Xin-Tang extract and then intragastrically administered
Evans blue 30 min later. Intestinal transit rate (ITR) (%) values were determined
30 min after Evans blue administration. Bars represent mean ± SE. bP < 0.01 vs
control group. CTRL: Control; PF: Poncirus trifoliata Raf.
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Figure 4 Effect of Coptidis rhizoma extract on intestinal transit rate in normal
mice and mice with gastrointestinal motility dysfunction. Intestinal transit rate
(ITR) values were determined 30 min following the intragastric administration of an
Evans blue solution to normal mice (A), to mice 30 min after the induction of acetic
acid (B), and to mice 2 mo after the induction of streptozotocin (STZ) (C) with
Coptidis rhizoma extract. Bars represent mean ± SE. aP < 0.05 vs control group.
CTRL: Control; PF: Poncirus trifoliata Raf.

Figure 5 Effect of Rhei rhizoma extract on intestinal transit rate in
normal mice and mice with gastrointestinal motility dysfunction. Intestinal
transit rate (ITR) values were determined 30 min following the intragastric
administration of an Evans blue solution to normal mice (A), to mice 30 min
after the induction of acetic acid (B) and to mice 2 mo after the induction of
streptozotocin (STZ) (C) with Rhei rhizoma extract. Bars represent mean ± SE.
a
P < 0.05 vs control group. CTRL: Control. PF: Poncirus trifoliata Raf.

In addition, as expected, a significant retardation
in ITR was observed in the AA and STZ-induced
diabetic mouse models, and significant inhibition of
this retardation was observed when CR or RR extract
was intragastrically administered at 1 g/kg in the AA
mouse model [51.1% ± 2.1% (p < 0.05) and 49.1%
± 0.8% (p < 0.05), respectively; Figures 4B and
5B] and in the STZ-induced diabetic mouse model
[51.1% ± 1.6% (p < 0.05) and 50.1% ± 2.1% (p <

0.05), respectively; Figures 4C and 5C]. No abnormal
clinical signs or changes were observed in the AA and
STZ-induced diabetic mouse models after CR or RR
administration. PF (an intragastric dose of 1 g/kg)
significantly accelerated ITR in a similar manner to
CR and RR (Figures 4 and 5). However, when SR
was administered, no ITR changes were observed
in normal or GDM mouse models (Figure 6). These
results suggest that CR and RR increased ITR in mice.
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ITR of evans blue (%)

A

Fructus Aurantii, the unripe fruit of Citrus aurantium
Linn (Rutaceae), is a Qi-regulating drug that is
used in traditional Chinese medicine to improve
GI function. Fructus Aurantii has been reported to
enhance GI motility by altering 5-HT and vasoactive
intestinal peptide expression levels in the rat GI
[34]
tract . Aqueous extracts from the dried mature
fruits of Aurantii nobilis Pericarpium have been used
in traditional folk medicine to treat GI motility dis
orders in South Korea, and have been suggested
to be potential prokinetic agents for the prevention
[29]
or alleviation of GMD in humans . On the other
hand, Crotonis Fructus is the mature fruit of Croton
tiglium L. (Euphorbiaceae), and has been used for
thousands of years in traditional Chinese medicine to
treat GI diseases, such as constipation, abdominal
pain, peptic ulcer, and intestinal inflammation.
Crotonis Fructus has been reported to regulate GI
motility via the activation of M3 muscarinic recep
2+
2+
[35]
tors and Ca influx through L-type Ca channels .
Atractylodes Japonica Koidz (Compositae) is co
mmonly used to treat GI disorders in Korean tra
ditional medicine. It specifically acts on the distal
colon longitudinal muscles within the GI smooth
muscles via the activation of acetylcholinergic
[36]
muscarinic receptors . Daikenchuto (TU-100) is
a traditional Japanese (Kampo) medicine used to
treat postoperative ileus, and it has been reported
to increase GI motility by modulating cholinergic and
serotonergic mechanisms. Furthermore, it was found
to have beneficial effects on functional constipation
[37]
and irritable bowel syndrome . SHXXT was widely
used to ameliorate the symptoms of GI disorders
related to gastritis, gastric bleeding, peptic ulcers,
and abnormal GI motility. In addition, SHXXT has
gastric protective mechanisms and promotes gastric
muscle relaxation. SHXXT has been reported to
decrease phosphodiesterase activity and smooth
muscle tone in the GI tract, and the extents of
phosphodiesterase inhibition and smooth muscle
relaxation were found to be more prominent in the
[2,3]
lower GI tract .
In a previous study, SHXXT was found to re
gulate ICC pacemaker activity. Furthermore, Co
ptidis rhizome and Rhei rhizoma modulated ICC
pacemaking activity, whereas Scutellariae radix
[24]
had no effect . In the present study, ITR was
significantly and dose-dependently increased by
SHXXT (0.1-1 g/kg) in normal mice; in GMD mice,
ITR was significantly retarded vs normal mice.
However, this retardation was significantly and
dose-dependently inhibited by SHXXT (0.1-1 g/kg),
demonstrating that SHXXT has a modulatory effect
on GI motility.
The GI tract consists of enteric neurons, interstitial
cells, immune cells and smooth muscle cells. Inter
stitial cells include ICCs and are platelet-derived
+
growth factor receptor alpha-positive (PDGFRα ).
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Figure 6 Effect of Scutellariae radix extract on intestinal transit rate in
normal mice and mice with gastrointestinal motility dysfunction. Intestinal
transit rate (ITR) values were determined 30 min following intragastric
administration of an Evans blue solution to normal mice (A), mice 30 min after the
induction of acetic acid (B) and to mice 2 mo after the induction of streptozotocin
(STZ) (C) with Scutellariae radix extract. Bars represent mean ± SE. aP < 0.05 vs
control group. CTRL: Control. PF: Poncirus trifoliata Raf.

DISCUSSION
The purpose of the present study was to investigate
the effects of SHXXT on GI motor function. The
findings of this study indicate for the first time that
SHXXT has potent prokinetic activity in normal and
GMD mice. Although traditional oriental medicines
have been widely used for the treatment of a variety
of digestive dysfunctions, few studies have been
conducted on their effects on GI motor functions.
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come in frequent contact with this substance.

They generate pacemaker activity throughout the GI
tract and transduce enteric nerve signals to adjacent
[38]
smooth muscle cells . Though we experimented
with the effects of SHXXT on only ICCs, SHXXT
depolarized the pacemaker activity of ICCs and
increased the ITR of GI motility. Therefore, we
think that SHXXT may have a potential role in the
regulation of GI motility through the modulation
of ICCs. In the future, we will experiment with the
effects of SHXXT on enteric neurons and smooth
muscle cells. In addition, it has been shown that the
pacemaker activities of ICCs in the murine small
intestine are primarily due to periodic activations of
[25,39]
[40]
nonselective cation channels
or Cl channels .
[25]
Kim et al
(2005) suggested that transient
receptor potential melastatin (TRPM) 7 is required
for ICC pacemaker activity in the murine small
[41]
intestine, while Hwang et al
(2009) suggested
2+
that a Ca -activated Cl channel (CaCC, Tmen16A,
anoctamin 1 (ANO1)) is involved in ICC slow wave
generation. Therefore, it has been proposed that
TRPM7 and ANO1 may be important targets for the
pharmacological treatment of GI motility disorders.
In the future, because the TRPM7 or ANO1 channels
are involved in the pacemaker activity of ICC, we will
investigate which ion channel is involved in SHXXT
action.
Taken together, our results suggest that SHXXT
is a good candidate for the development of a gas
troprokinetic agent. In addition, we suggest that the
active mechanism of SHXXT on GI motility should be
explored in vivo.
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Abstract
AIM: To examine the effect of Weichang’an (WCA) and
5-fluorouracil (5-fu) on colorectal tumor and hepatic
metastasis in a mouse model.
METHODS: Quantitative determination of hesperidin,
the effective component in WCA decoction, was
performed using HPLC. In vitro cytotoxicity of WCA was
determined by treating HCT-116 cells with WCA diluents
or serum extracted from rats that received WCA by
oral gavage for 1 wk and MTT assays. Forty-eight
nude mice received cecum implantation with tumor
blocks subcutaneously amplified from human colon
cancer cell line HCT-116. Mice were randomly divided
into four treatment groups: control (CON), WCA,
5-FU and combination (WCA + 5-FU). Pathological
examination of tumors consisted of tissue sectioning
and hematoxylin and eosin staining. Tumor weight and
size were measured, and the number of metastatic
lesions was counted. Serum carcinoembryonic
antigen (CEA) level was determined by ELISA. The
expression levels of tumor genesis and metastasisrelated proteins β-catenin and matrix metalloproteinase
(MMP)-7 were measured by real-time quantitative
reverse transcriptase polymerase chain reaction (RTPCR), immunohistochemistry and immunoblotting.
Cell fractionation was used to investigate intracellular
distribution of β-catenin.
RESULTS: Parenchymal tumors were palpable in
the abdomens of nude mice 2 wk post-implantation
and orthotopic tumor formation rate was 100% in all
groups. 5-FU treatment alone significantly decreased
tumor weight compared to the CON group (1.203 ±
0.284 g vs 1.804 ± 0.649 g, P < 0.01). WCA treatment
alone reduced the rate of metastasis (50% vs 100%,
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P < 0.05). Combination treatment of WCA + 5-FU

survival rate of patients with hepatic metastases and
[3,9]
not undergoing surgical treatment is low . Patients
with unresectable hepatic metastases require
multidisciplinary treatments, including surgery,
chemotherapy, liver-targeting therapies, and tra
ditional Chinese medicine (TCM). TCM has been
used extensively in China for treatment of various
diseases, including cancer. TCMs have a number
of benefits, including decreasing the negative
side effects associated with chemotherapy and
radiotherapy, improving patients’ immune function,
and enhancing the effects of conventional cancer
[10-12]
treatments
.
Weichang’an (WCA) is a traditional Chinese formula
prescribed by practitioners of TCM, based on clinical
experiences and pharmaceutical screening. The
principal elements comprising WCA are invigorating
spleen herbs, whereas heat-clearing and detoxicating
herbs, hard lump-resolving herbs and blood stasis
removing herbs are adjuvant components. Previous
clinical studies have indicated that patients with
[13,14]
gastric carcinoma benefit from WCA treatment
. In
addition, WCA has been shown to increase the 5-year
survival rate and reduce the 1- and 2-year metastatic
[15]
rates in patients with colorectal cancer . However,
whether WCA is effective in colorectal cancer with
hepatic metastasis is still unclear.
Many studies have shown that the Wnt/β-catenin
signaling pathway regulates tumor cell invasion and
metastasis. In oral squamous cell carcinoma cells,
the accumulation of β-catenin in the cytoplasm
induced T-cell factor/lymphoid enhancing factor
transcriptional activity, and increased matrix me
talloproteinase (MMP)-7 expression, thereby inducing
the conversion of epithelial cells to mesenchymal
cells, as well as enhancing invasion and me
[16]
tastasis . The Wnt/β-catenin pathway also plays a
[17]
critical role in colorectal cancer development . We
hypothesized that WCA may affect the Wnt/β-catenin
pathway.
To elucidate the efficacy of WCA in inhibiting
colorectal cancer cell growth and hepatic metastasis
and underlying mechanisms, we administrated
WCA combined with 5-fluorouracil (5-FU) in an
orthotopic transplant nude mouse model grafted with
HCT-116 human colon cancer cells. The pathological
phenotype, tumor genesis, metastatic lesions,
carcinoembryonic antigen (CEA) levels and β-catenin/
MMP-7 expression were detected.

was the most effective, reducing the tumor weight
(1.140 ± 0.464 g vs 1.804 ± 0.649 g, P < 0.01) and
3
size (1493.438 ± 740.906 mm vs 2180.259 ± 816.556
3
mm , P < 0.05), the rate of metastases (40% vs 100%,
P < 0.01), and serum CEA levels (31.263 ± 7.421 μg/L
vs 43.040 ± 11.273 μg/L, P < 0.05). Expression of
β-catenin and MMP-7 was decreased in drug-treated
groups compared to controls, as detected using realtime quantitative RT-PCR, immunohistochemistry and
immunoblotting, respectively. Cell fractionation assays
revealed that nuclear translocation of β-catenin was
reduced by WCA and/or 5-FU treatments.
CONCLUSION: Combination of WCA with 5-FU sig
nificantly inhibited colon tumor growth and hepatic
metastases. Decreased expression of β-catenin and
MMP-7 may be important.
Key words: Colorectal cancer; Hepatic metastasis;
Weichang’an formula; Orthotopic transplant nude
mouse model; Chemotherapeutics 5-fluorouracil
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: In this study, the anti-colon cancer activity
of Weichang’an (WCA), a Chinese herbal medicine,
was assessed in an orthotopic transplantation nude
mouse model. Combination of WCA with 5-fluorouracil
inhibited orthotopic tumor growth and hepatic me
tastases. Decreased expression of β-catenin and me
talloproteinase-7, which are crucial proteins modulating
tumor aggression, may be important for the anti-tumor
properties of WCA.
Tao L, Yang JK, Gu Y, Zhou X, Zhao AG, Zheng J, Zhu YJ.
Weichang’an and 5-fluorouracil suppresses colorectal cancer in
a mouse model. World J Gastroenterol 2015; 21(4): 1125-1139
Available from: URL: http://www.wjgnet.com/1007-9327/
full/v21/i4/1125.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i4.1125

INTRODUCTION
Colorectal cancer is the third most commonly diag
nosed cancer and the third most common cause of
cancer-related death worldwide. Approximately one
million new cases of colorectal cancer are diagnosed
in both men and women around the world each
[1]
year . It is estimated that 50%-60% of patients
diagnosed with colorectal cancer will develop hepatic
[2-4]
metastases during the course of their disease
,
and unfortunately, 80%-90% of these metastases
[5-7]
will be unresectable
. While metastatic lesions
may be found throughout the body following lo
coregional treatments, the most frequent site of
[8]
colorectal cancer metastasis is the liver . The 5-year

WJG|www.wjgnet.com

MATERIALS AND METHODS
Drugs

WCA was provided by the Dispensary of TCM, Long
hua Hospital, Shanghai University of Traditional
Chinese Medicine, Shanghai, China. The composition
of WCA includes Pseudostellaria heterophylla (Miq.)
Pax, Atractylodes macrocephala koidz., Poria cocos
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(Schw.) Wolf, Glycyrrhiza uralensis Fisch., Sar
gentodoxa cuneata, and Prunella vulgaris L. The
preparation of the WCA decoction has been described
[13,14]
previously
. The concentration of hesperidin
(National Institutes for Food and Drug Control,
Beijing, China) in the WCA formula was determined
by HPLC (Agilent 1100; Palo Alto, CA, United States)
using the following conditions: Agilent 1100 C 18
column (250 mm × 4.6 mm, 5 μm); mobile phase,
acetonitrile:water 8% HAC (18:82); wavelength, 284
nm; flow rate, 1 mL/min; and column temperature,
15 ℃. 5-FU was purchased from Shanghai Xudong
Haipu Pharmaceutical Co. Ltd. (Shanghai, China). In
the present study, 5-FU was used at a concentration
of 2.5 mg/ml.

Animals

was dissolved by gentle agitation for 10 min. Optical
density (OD) for each well was determined using a
plate reader (Synergy2; Bio-tek, Winooski, VT, United
States) at a wavelength of 490 nm. All experiments
were performed three times.

Establishment of the colon cancer transplant nude
mouse model and drug administration
7

HCT-116 cells (2 × 10 ) were subcutaneously injected
into the right axilla of nude mice. After 3 wk, tumors
3
were excised and cut into 1-2 mm pieces using
sterile techniques. Tumor blocks were transplanted
into the cecum of 48 nude mice by a purse-string
suture (Figure 1A and 1B). Drug administration
started 7 d after tumor implantation. The 48 nude
mice were randomly divided into four treatment
groups (12 mice/group). Mice in the control (CON)
group received saline by OG (0.5 mL/d) and by
intraperitoneal (IP) injection (0.4 mL/time, once/
week). Mice in the WCA group received WCA by OG
(0.5 ml/d) and saline by IP injection (0.4 ml/time,
once/week). Mice in the 5-FU group were given
saline by OG (0.5 ml/d) and 5-FU by IP injection
(50 mg/kg per time, once/week). Mice in the WCA
+ 5-FU group received WCA by OG (0.5 ml/d) and
5-FU by IP injection (50 mg/kg per time, once/
week). All treatments lasted for 7 wk. Twentyfour hours after the final drug administration,
laparotomy was performed and blood samples were
collected from each animal. Tumors (both orthotopic
and metastatic) and tumor-adjacent tissues were
collected, and conventional pathological examination,
immunohistochemistry (IHC), real-time polymerase
chain reaction (PCR), and immunoblotting assays
were performed.

-nu/nu

Male BALB/C
mice, aged 4-6 wk and weighing
18-20 g, were purchased from the Shanghai SLAC
Laboratory Animal Co. Ltd. [Shanghai, China;
certification NO. SCXK (Shanghai) 2012-0002].
Mice were housed under specific pathogen-free
conditions and were given free access to food and
water. All animal experiments were performed in
accordance with the Guidelines for the Care and
Use of Laboratory Animals, Ministry of Science and
Technology, China. This study was approved by
the Animal Care and Scientific Committee of the
Shanghai University of traditional Chinese medicine.

Cell culture

The human colon cancer cell line HCT-116 was pur
chased from the Cell Bank of the Chinese Academy
of Sciences (Shanghai, China). Cells were cultured
in McCoy’s 5A modified medium (Gibco, Carlsbad,
CA, United States) containing 10% heat-inactivated
fetal bovine serum and supplemented with penicillin
(100 U/ml) and streptomycin (100 g/ml). Cells were
maintained at 37 ℃ and 5% CO2.

Tumor measurement and observation

Weights of the orthotopic tumors were measured
using an electronic platform balance. The width
(a) and length (b) of each orthotopic tumor were
measured with a caliper, and tumor size was
calculated according to the following formula: tumor
3
2
size (mm ) = π × a × b/6. Inhibition of tumor
growth caused by drug treatment was estimated
based on the following formula: inhibition rate of
tumor (%) = (1 - mean tumor weight in treatment
group/mean tumor weight in CON group) × 100%.

MTT assay

During the logarithmic growth phase, HCT-116 cells
were conventionally digested, after which the cells
were seeded into a 96-well plate at a density of 2 ×
4
10 cells/mL. The control group was set, and the cells
were cultured at 37 ℃ in a humidified atmosphere
of 5% CO2 in air. The medium was discarded when
cells had reached 70%-80% confluence. Medium
containing 0, 3%, 6% and 9% WCA decoction or
5%, 10% and 20% of serum extracted from rats
that received WCA by oral gavage (OG) (2 ml/d
for 1 wk) was added to each well (100 μL/well).
Each condition was tested in quadruplicate, and
the cells were treated for 0, 24, 48 and 72 h. After
treatment, 20 μL MTT reagent (Sigma, St Louis,
MO, United States) was added to each well for 4
h. The culture medium was discarded, and 150 μL
dimethyl sulfoxide (Sigma) was added. Formazan
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Pathological examination

Orthotopic tumors, tumor-adjacent tissues, and me
tastatic tumors were embedded in paraffin and cut
into sections. These sections were then stained with
hematoxylin and eosin (HE; Sigma) and visualized
under a BH2 optical microscope (Olympus, Tokyo,
Japan).

Determination of serum CEA level

Blood samples obtained from mice and were naturally
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Figure 1 Pathology of primary colon cancer tissues (HE staining) and gross anatomy of nude mice implanted with human colon cancer HCT-116 cells. A, B:
tumor pieces were transplanted into the cecum of nude mice by purse-string suture; C, E, G and I: HE staining of colon cancer tissues from mice in the CON, WCA,
5-FU and WCA + 5-FU groups (magnification × 100); D, F, H and J: Gross anatomy of mice in the CON, WCA, 5-FU and WCA + 5-FU groups. Black arrows indicate
orthotopic tumors, and white arrows indicate the abdominal wall tumor. WCA: Weichang’an; 5-FU: 5-fluorouracil; CON: Control.
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coagulated for 20 min after collection. Samples
were centrifuged at 1000 g for 10 min, and the
supernatant was collected and stored at -20 ℃.
Serum CEA levels were determined using a CEA
ELISA kit (Bio-Swamp, Wuhan, China) according to
the manufacturer’s instructions. Absorbance was
measured at 450 nm on an MK3 microplate reader
(Thermo Fisher Scientific, Waltham, MA, United
States).

orthotopic tumor tissues and hepatic metastatic
cancer tissues were collected, washed with PBS
and centrifuged at 500 × g. Pelleted cells were
resuspended in ice-cold 0.1% NP40-PBS and lysed
by pipetting up and down several times. A portion
of the cell suspension was kept as a whole cell
lysate. The cell lysates were centrifuged at 14000
× g for 1 min and the supernatants were collected
as a cytosolic fraction, while the pellets (nuclei)
were washed twice with ice-cold 0.1% NP40-PBS.
The harvested pellets were resuspended in Laemmli
sample buffer (Bio-Rad), sonicated for 30 s, and
collected as nuclear fractions. Equivalent proportions
of two fractions were analyzed by SDS-PAGE and
immunoblotting. The purity of the fractions was
assessed by detecting specific subcellular marker
proteins such as GAPDH as cytosolic protein and H3
as nuclear protein.

Real-time PCR

Total RNA was extracted with Trizol (Invitrogen, Car
lsbad, CA, United States), and the concentration
and purity of RNA were determined using a UV
spectrophotometer. Total RNA was reverse-transcribed
into cDNA with reverse transcriptase reagents
(Shanghai Jierdun Biotech Co. Ltd., Shanghai, China)
according to the manufacturer’s protocol. An ABI Step
One Plus Real-Time-PCR System (Applied Biosystems,
Foster City, CA, United States) was used with SYBR
Green Master Mix (ABI) and primers (Invitrogen,
Shanghai, China) for measurement of β-catenin and
MMP-7. Primers were: β-catenin sense (5’-GGT TTC
CCA TTG GTT CAC-3’) and antisense (5’-CAT AAA
TCC CGC CTA ACG-3’); and MMP-7 sense (5’-GAA
CAG GCT CAG GAC TAT CTC-3’) and antisense (5’-ACA
TCT GGC ACT CCA CAT C-3’). GAPDH was used as a
reference to obtain the relative fold change for target
genes using the comparative Ct method. Primer
sequences for GAPDH were: sense (5’-CGG AGT CAA
CGG ATT TGG TCG TAT-3’) and antisense (5’-AGC
CTT CTC CAT GGT GGT GAA GAC-3’). Relative
β-catenin and MMP-7 expression were estimated
-∆∆CT
using the 2
method.

Immunoblotting

Total protein was extracted from both orthotopic
tumor tissues and hepatic metastatic cancer tissues,
and protein concentration was determined using the
BCA protein assay kit (Thermo Fisher Scientific).
Immunoblotting was performed with the following
primary antibodies: rabbit monoclonal anti-β-catenin
antibody (diluted 1:1000, rabbit IgG1; ab79089,
Abcam, Cambridge, MA, United States) and antiMMP-7 antibody (diluted 1:300, rabbit IgG1;
ab4044, Abcam, Cambridge, MA, United States).
Anti-rabbit horseradish-peroxidase-conjugated
secondary antibody was used at a dilution of 1:2000.
Detection of GAPDH [diluted 1:1500; Cell Signaling
Technology (CST), Beverly, MA, United States] and
H3 (diluted 1:1000, #4499S, CST) served as internal
loading controls. All blots were scanned with the
Labwork imaging processing system. Protein band
pixels were calculated using Gel-pro Analyzer 4.0
(Media Cybernetics, Rockville, MD, United States).

IHC

We performed IHC on orthotopic and metastatic
tumors to determine protein expression levels of
both β-catenin and MMP-7. The following primary
antibodies were used: rabbit monoclonal antiβ-catenin antibody (diluted 1:200, rabbit IgG1;
ab79089, Abcam, Cambridge, United Kingdom) and
anti-MMP-7 antibody (diluted 1:200, rabbit IgG1;
ab4044, Abcam, Cambridge, United Kingdom). The
secondary antibody used was a biotinylated goat
anti-rabbit IgG (Beyotime Institute of Biotechnology,
Shanghai, China). Sections were visualized with
diaminobenzidine (DAB; Shanghai Jierdun Biotech
Co. Ltd., Shanghai, China) and counterstained with
HE. IHC images were captured with a digital camera
(Nikon, Tokyo, Japan) and analyzed using the IMS
imaging processing system (Shanghai Jierdun
Biotech). Positively stained regions were counted
and analyzed.

Statistical analysis

Continuous data are expressed as mean ± standard
deviation (SD) and comparison of the means among
four groups was performed using one-way analysis
of variance (ANOVA). If Levene’s test revealed
homogeneity of variance, multiple comparisons were
performed using Fisher’s least significant difference
test. If the Levene’s test revealed heterogeneity
of variance, the Welch and Brown-Forsythe tests
were used. In this case, multiple comparisons were
performed using Dunnett’s T3 and Dunnett’s C tests.
Data with small sample size are expressed as mean
± SD and comparisons among four groups were
performed using Kruskal-Wallis tests. Nemenyi tests
were further used to perform multiple comparisons.
2
Categorical data were analyzed using χ tests. R
3.1 software was used to perform Nemenyi tests
and other statistical analyses were performed using

Cell fractionation

Cells were fractionated into cytosolic and nuclear
[18]
fractions, with little modification . Cells from both
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Figure 2 HPLC fingerprinting of hesperidin (A) and Weichang’an (B); HCT-116 cells were treated with different concentrations of Weichang’an (C) and
different concentrations of Weichang’an-containing serum (D) in vitro. Proliferation of cells was detected using the MTT assay. Cell viability was expressed as
optical density (OD) value (mean ± SD). aP < 0.05 vs cell viability of the control group at the same time point. WCA: Weichang’an.

SPSS version 18.0 (SPSS Inc., Chicago, IL, United
States). P < 0.05 were considered significant.

control hesperidin as the X axis. HPLC fingerprinting
of control hesperidin was performed at 8.832 min
(Figure 2A), and HPLC fingerprinting of WCA was
done at 8.839 min (Figure 2B). Three batches of WCA
had similar concentrations of hesperidin.
The human colon cancer cell line HCT-116 was
treated with 0, 3%, 6% and 9% WCA decoction
filtrate or with 5%, 10% and 20% of serum extracted
from rats that received WCA by OG (2 ml/d for
1 wk). As shown in Figure 2C and 2D, 72 h after
treatment, WCA exerted significant inhibition on
HCT-116 cell proliferation (P < 0.05).

RESULTS
Determination of WCA concentration and ex vivo effects
on HCT-116 cells

To normalize the concentration of WCA, the con
centration of hesperidin in WCA was determined by
HPLC and a standard curve (y = 1639.7x + 9.1343;
correlation coefficient r = 0.9990) was obtained with
the peak area as the Y axis and concentration of
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between the CON and the WCA + 5-FU groups was
significantly different (P = 0.031); however, no other
significant differences were identified (Table 1).
Compared with the CON group, mice in the
WCA and the WCA + 5-FU groups had fewer liver,
abdominal and intestinal metastases (Figure 3).
Hepatic metastatic tumors appeared as nodules
with massive atypia in mice belonging to the CON
group. Cancer cells were large, and little connective
tissue was observed in the interstitium. Infiltration
and necrotic alteration of monocytes were found in
the tumor interstitium. There were hepatic tissue
necrosis and lymphocyte infiltration at the boundary
of the tumor interstitium (figure 3A). As for hepatic
metastatic tumors in mice in the WCA group, no
apparent boundary between the metastases was
evident. There were obvious hepatic tissue necrosis
and infiltration of both lymphocytes and monocytes
(Figure 3B). In hepatic metastatic tumors in mice
from the 5-FU and WCA + 5FU groups, cancer cells
were irregularly arranged and an increase in the
interstitium was observed. Massive bleeding has also
occurred (Figure 3C and 3D). The gross metastatic
rates in the WCA and the WCA + 5-FU groups were
significantly lower than in the CON group (P = 0.012
and 0.004, respectively). However, there was no
significant difference in hepatic metastases among
any of the drug-treated groups (Table 2).

Table 1 Weight and size of orthotopic tumors in nude mice
and tumor inhibition rates resulting from drug treatments
3

Group

n

Weight (g)

Size (mm )

Tumor inhibition

CON
WCA
5-FU
WCA + 5-FU

11
10
11
10

1.804 ± 0.649
1.459 ± 0.431
1.203 ± 0.284b
1.140 ± 0.464b

2180.259 ± 816.556
1616.795 ± 566.260
1695.657 ± 656.594
1493.438 ± 740.906a

19.087%
33.298%
36.802%

a

P < 0.05 vs CON; bP < 0.01 vs CON. WCA: Weichang’an; 5-FU: 5-fluorouracil;
CON: Control.

Mouse survival and pathogenic manifestations after
tumor implantation

One mouse in each group died within 1 wk of or
thotopic transplant surgery; in each instance, death
may have been caused by the surgical procedure itself.
Additionally, one mouse died 12 d after surgery in the
WCA group, and one 10 d after surgery in the WCA
+ 5-FU group. Therefore, 42 mice survived the entire
length of the procedure and drug administration.
Parenchymal tumors were palpable in the abdomens
of mice 2 wk post-surgery. Furthermore, the body
weights of mice were reduced by 5 wk after surgery.
At 7 wk post-surgery, marasmus and loss of appetite
occurred. Additionally, feces appeared soft and red
in color; mice also displayed skin casting and slow
movement and activity.

Effect of WCA on orthotopic tumor growth and hepatic
metastasis

Effect of WCA on serum CEA level

All mice that underwent orthotopic transplantation
surgery developed tumors. HE staining and gross
anatomy of tumors are shown in Figure 1. The CON
group showed obvious atypia of orthotopic cancer
cells; large cancerous cells displaying karyokinesis
could also be seen. Irregularly arranged tumorgiant cells were also present. Blood vessels were
abundant, and there was little connective tissue
found in the interstitium. Monocyte infiltration and
necrosis were apparent in the tumor interstitium
(Figure 1A). The WCA, 5-FU and WCA + 5FU groups
showed reduced atypia of orthotopic cancer cells and
the presence of large cancerous cells. Irregularly
arranged tumor-giant cells were also seen. Blood
vessels were abundant in the interstitium. Increased
monocyte infiltration was observed in the tumor
interstitium, and enlarged necrotic areas were apparent.
A significant increase in the cavity-like structure
could also be observed (Figure 1B, 1C and 1E).
One-way ANOVA showed significant differences in
the mean tumor weight among the four groups (P
= 0.010). Moreover, the mean tumor weight in the
CON group was significantly different from the mean
tumor weight in both the 5-FU (P = 0.005) and WCA
+ 5-FU groups (P = 0.003). Treatment of mice with
WCA, 5-FU and WCA + 5-FU inhibited tumor growth
by 19.087%, 33.298% and 36.802%, respectively
(Table 1). The average size of orthotopic tumors
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There was no significant difference in serum CEA
levels among the CON (43.040 ± 11.273 μg/L),
WCA (34.282 ± 14.731 μg/L), and 5-FU (35.462 ±
11.022 μg/L) groups (P = 0.122). However, serum
CEA levels in the WCA + 5-FU group (31.263 ± 7.421
μg/L) were significantly lower than that in the CON
group (P = 0.023).

Effect of WCA on β -catenin and MMP-7 mRNA
expression in orthotopic tumors and liver metastases

To begin to investigate the molecular mechanisms
underlying metastasis in our model, we measured
mRNA expression of β-catenin, a Wnt pathway
regulator of cell-cell adhesion, by real-time RT-PCR.
One-way ANOVA revealed significant differences in
β-catenin expression in orthotopic tumors among the
four groups (P = 0.001). Specifically, mice treated
with WCA, 5-FU and WCA + 5-FU showed decreased
β-catenin mRNA expression in orthotopic tumors
compared to control treated mice (P = 0, 0.021 and
0.006, respectively; Table 3).
In liver metastases, as sample size was small (3-5
per group), Kruskal-Wallis nonparametric tests were
performed. The results showed that there was no
significant difference in β-catenin mRNA expression
levels in the CON, WCA, 5-FU and WCA + 5-FU
treatment groups (P = 0.155; Table 3).
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Figure 3 Hepatic metastases of colon cancer in the orthotopic transplant nude mouse model. A-D: HE staining of hepatic metastases tissues from mice in the
CON, WCA, 5-FU and WCA + 5-FU groups (magnification × 200); E-H: Gross anatomy of mice in the CON, WCA, 5-FU and WCA + 5-FU groups. The black arrow
indicates orthotopic tumor, the long white arrow indicates the hepatic metastatic tumor, and the short white arrow indicates the metastasis of colon cancer to the
intestinal wall. WCA: Weichang’an; 5-FU: 5-fluorouracil; CON: Control.
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Table 2 Cancer metastases in nude mice implanted with tumors formed from HCT-116 cell injection
Group

n

Hepatic
metastases

Abdominal wall
metastases

Mesenteric
metastases

Splenic
metastasis

Renal
metastasis

Gross metastatic
rate

Hepatic metastasis
rate

11
10
11
10

5
3
4
3

4
2
2
0

2
0
1
0

0
0
1
0

0
0
0
1

100%
50%a
72.72%
40%b

45.45%
30%
36.36%
30%

mice survived,

CON
WCA
5-FU
WCA + 5-FU
a

P < 0.05 vs CON; bP < 0.01 vs CON. WCA: Weichang’an; 5-FU: 5-fluorouracil; CON: Control.

Table 3 β-catenin and matrix metalloproteinase-7 mRNA levels in orthotopic and hepatic metastatic tumors in the transplant model
β-catenin

Group
Orthotopic tumors
CON
WCA
5-FU
WCA + 5-FU

MMP-7

Hepatic metastatic tumors

n

relative expression

n

relative expression

11
10
11
10

0.809 ± 0.354
0.271 ± 0.173b
0.513 ± 0.261a
0.445 ± 0.325b

5
3
4
3

20.588 ± 13.595
3.679 ± 3.271
4.559 ± 5.491
5.788 ± 2.029

Orthotopic tumors
1

Hepatic metastatic tumors

n

relative expression

n

11
10
11
10

5.688 ± 3.255
2.236 ± 1.528a
2.427 ± 2.111
0.918 ± 1.011b

5
3
4
3

relative expression

2

1.211 ± 0.593
0.030 ± 0.025b
0.061 ± 0.021
0.044 ± 0.019a

1

β-catenin mRNA expression levels in hepatic metastatic tumors were presented as mean ± SD and nonparametric tests (Kruskal-Wallis tests) were
performed, P = 0.155; 2Matrix metalloproteinase-7 (MMP-7) mRNA expression levels in hepatic metastatic tumors were presented as mean ± SD and
nonparametric tests (Kruskal-Wallis tests) were performed, P = 0.012. aP < 0.05 vs CON; bP < 0.01 vs CON. WCA: Weichang’an; 5-FU: 5-fluorouracil; CON:
Control.

MMP-7 is an important target gene in the Wnt/
β-catenin signaling pathway and the main member
of the MMP family, and it was also examined in our
model. The Welch and Brown-Forsythe tests showed
significant differences in MMP-7 mRNA expression
in orthotopic tumors among the four groups (P =
0.001). Moreover, MMP-7 transcript levels were
significantly decreased in both the WCA and WCA
+ 5-FU treatment groups (P = 0.038 and 0.003,
respectively; Table 3).
In liver metastases, MMP-7 mRNA was significantly
decreased (P = 0.012, Kruskal-Wallis tests; Table
3) and Nemenyi tests revealed that both WCA and
WCA + 5-FU treatments decreased MMP-7 mRNA
expression compared to the CON group (P = 0.001
and 0.013, respectively; Table 3).

membrane staining and some staining of the tumor
interstitium. Expression of MMP-7 was reduced in the
WCA, 5-FU and WCA + 5-FU groups compared with
the CON group. The structure of the tumor tissue was
also destroyed by massive necrotic areas.
One-way ANOVA analysis of IHC staining showed
a significant difference in β-catenin protein expression
in orthotopic tumors among the four groups (P =
0.012, 10 or 11 per group). Furthermore, β-catenin
protein was decreased in all treatment groups
compared with CON (WCA, P = 0.003; 5-FU, P =
0.033; WCA + 5-FU, P = 0.008; Figure 4A).
Levene’s test revealed heterogeneity of variance
in MMP-7 protein levels in the orthotopic tumors,
and the Brown-Forsythe test showed significant
differences in MMP-7 protein expression in the
orthotopic tumors among the four groups (P = 0.020,
10 or 11 per group). Pairwise comparisons showed
no significant difference between groups (all P >
0.05). However, a decreasing trend was observed
in both the WCA group (776.30 ± 124.030) and the
WCA + 5-FU group (907.30 ± 359.492) compared
with the CON group (1663.73 ± 975.557; Figure
4A).
β-catenin protein expression in hepatic metastases
detected using IHC was significantly different among
the four groups [CON group (1272.40 ± 234.658);
WCA group (982.67 ± 17.039); 5-FU group (949.75
± 86.083); and WCA + 5-FU group (838.00 ±
46.936); P = 0.025 using the Kruskal-Wallis test,
Figure 4B, 3-5 per group]. Pairwise comparisons
using Nemenyi tests revealed that the WCA + 5-FU
treatment decreased β-catenin expression compared
to the CON group (P = 0.002).

Effect of WCA on β -catenin and MMP-7 protein
expression in orthotopic tumors and liver metastases

We measured protein expression of β-catenin and
MMP-7 in both orthotopic tumors and liver me
tastases by IHC and immunoblotting. Figure 4A and
4B show integrated OD of β-catenin and MMP-7
protein detected by IHC in orthotopic tumors and
liver metastases, respectively. As shown in Figure
4C and 4E, in both orthotopic tumors and liver
metastases, β-catenin was expressed at high levels
and was located in both the nucleus and cytoplasm
in the CON group, and total expression of β-catenin
was reduced in the WCA/5-FU/WCA + 5-FU groups
compared with the CON group. As shown in Figure 4D
and 4F, MMP-7 was highly expressed (brown staining)
in the cytoplasm of orthotopic and liver metastatic
tumors from the CON group. We also observed some
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Figure 4 immunohistochemistry detection of β-catenin and matrix metalloproteinase-7 in orthotopic tumors and hepatic metastatic tumors. A, B: Integrated
optical density (OD) of β-catenin and matrix metalloproteinase (MMP)-7 protein expressed in orthotopic tumors (A) or hepatic metastatic tumors (B) from mice in the
CON, WCA, 5-FU and WCA + 5-FU groups. Data are presented as mean ± SD and aP < 0.05 vs corresponding CON group; C: IHC staining for β-catenin in orthotopic
tumors (magnification × 200); D: IHC staining for MMP-7 in orthotopic tumors (magnification × 200); E: IHC staining for β-catenin in hepatic metastatic tumors
(magnification × 200); F: IHC staining for MMP-7 in hepatic metastatic tumors (magnification × 200). WCA: Weichang’an; 5-FU: 5-fluorouracil; CON: Control.

MMP-7 expression in hepatic metastases was
not significantly different among the groups (P =
0.113 using Kruskal-Wallis test, 3-5 per group),
while a trend toward drug-mediated decrease in
MMP-7 protein expression was observed in hepatic
metastases by IHC (1709.00 ± 371.485, 1026.67
± 245.194, 1026.00 ± 546.233 and 1353.00±
421.138 in the CON, WCA, 5-FU and WCA + 5-FU
groups and mean rank 11.40, 5.67, 4.75 and 9.0,
respectively).
Figure 5A and B show gray scale scanning of
β-catenin and MMP-7 protein detected by western
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blot in orthotopic tumors and liver metastases (3
per group), respectively. β-catenin expression was
significantly different among the four groups in both
orthotopic and hepatic metastatic tumors (P = 0.043
and P = 0.041 by Kruskal-Wallis test, respectively).
Pairwise comparisons using Nemenyi tests showed
decreased expression of β-catenin in the 5-FU and
WCA + 5-FU groups compared with the CON group (P
= 0.023 and P = 0.043, respectively) in orthotopic
tumors, while in hepatic metastatic tumors, β-catenin
expression in the WCA + 5-FU group was decreased
compared with the CON group (P =0.012).
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Figure 5 Western blot analysis of β-catenin and matrix metalloproteinase-7 protein expression in orthotopic and hepatic metastatic tumors. A, B:
Quantification of β-catenin and matrix metalloproteinase (MMP)-7 expression in orthotopic tumors (A) and hepatic metastatic tumors (B). Data were presented as
mean ± SD and aP < 0.05 vs corresponding CON group; C: β-catenin expression in orthotopic tumors; D: MMP-7 expression in orthotopic tumors; E: β-catenin
expression in hepatic metastatic tumors; F: MMP-7 expression in hepatic metastatic tumors. Lanes 1-3, CON group; 4-6, WCA group; 7-9, 5-FU group; and 10-12,
WCA + 5-FU group. WCA: Weichang’an; 5-FU: 5-fluorouracil; CON: Control.

0.031) β-catenin expression among groups, and
Nemenyi tests showed that WCA + 5-FU treatment
significantly decreased cytosolic (P < 0.001) and
nuclear (P = 0.001) β-catenin.
These data showed that WCA/5-FU treatments
not only depressed β-catenin expression but also
inhibited nuclear translocation both in orthotopic
tumors and hepatic metastatic tumors.

Using Kruskal-Wallis tests, MMP-7 showed a di
fference in orthotopic tumors among the four groups
(P = 0.033) but not in hepatic metastatic tumors (P
= 0.069). Pairwise comparisons using Nemenyi tests
showed decreased expression of MMP-7 in the WCA +
5-FU group compared with the CON group (P = 0.001)
in orthotopic tumors.

Effect of WCA on intracellular distribution of β -catenin
protein

DISCUSSION

To clarify whether the intracellular distribution of
β-catenin was affected by WCA, we performed
cell fractionation and detected β-catenin in the
cytosolic and nuclear fractions in orthotopic tumors
and hepatic metastatic tumors, respectively. The
immunoblotting images and quantitative diagrams
are shown in Figure 6.
In orthotopic tumors (Figure 6A), Kruskal-Wallis
tests showed significant cytosolic and nuclear
β-catenin expression (P = 0.019 and P = 0.033,
respectively). Pairwise comparisons using Nemenyi
tests revealed that WCA + 5-FU treatment decreased
cytosolic β-catenin expression compared to the CON
group (P < 0.001), while WCA and WCA + 5-FU
decreased nuclear β-catenin expression compared
to the CON group (P = 0.043 and P = 0.012,
respectively).
In hepatic metastatic tumors (Figure 6B), KruskalWallis tests revealed that there was a significant
difference in cytosolic (P = 0.016) or nuclear (P =

WJG|www.wjgnet.com

Colorectal cancer most frequently metastasizes
to the liver; an event that is the primary cause of
[8,19]
death in patients with this disease
. Those with
unresectable colorectal hepatic metastases have
a median survival of 6.9 mo and a 5-year survival
[20,21]
rate close to zero
. Therefore, it is critical to
understand better the mechanisms underlying the
process of metastasis development from colorectal
cancer to the liver, in order to prolong patient
survival and improve quality of life.
Quantitative determination of WCA was con
ducted using HPLC detection of hesperidin, which is
a citrus flavonoid known to be active against some
oxidative-stress-mediated diseases. Hesperidin found
in orange peel is a flavanone glycoside consisting
of the flavone hesperidin bound to the disaccharide
rutinose. The sugar group makes hesperidin more
water-soluble than hesperitin; another compound
[22]
in orange peel . Hesperidin may moderately
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Figure 6 Cell fractionation and western blot analysis of β-catenin protein expression in both orthotopic tumors and hepatic metastatic tumors. A, B:
Quantification of β-catenin expression in cytosolic fraction and nuclear fraction in orthotopic tumors (A) and in hepatic metastatic tumors (B). Data were presented as
mean ± SD and aP < 0.05 vs corresponding CON group; C: β-catenin expression in cytosolic fraction and nuclear fraction in orthotopic tumors and hepatic metastatic
tumors. Lanes 1-3, CON group; 4-6, WCA group; 7-9, 5-FU group; and 10-12, WCA + 5-FU group. WCA: Weichang’an; 5-FU: 5-fluorouracil; CON: Control.

stimulate the gastrointestinal tract, promote the
secretion of digestive enzymes, remove intestinal
pneumatosis, and invigorate the stomach to relieve
phlegm. Exogenous hesperidin has been shown to
influence a wide variety of biological functions, such
as inducing apoptosis and suppressing proliferation
[23]
of human cancer cells , as well as inhibiting tumor
development in various tissues, including colon
[24,25]
cancer
. In WCA, hesperidin cooperates with
other components to exert spleen invigorating,
heat clearing, detoxicating and hard lump resolving
effects. Hesperidin is a stable and controllable
component, and HPLC detection of hesperidin
facilitates the monitoring of WCA concentration.
In our current study, orthotopic colon tumors
grown in 100% of the mice. Importantly, tumors
displayed pathogenic characteristics similar to those
observed in clinical cases of advanced colorectal
[26]
cancer . The mean weights of the orthotopic
tumors in the 5-FU and WCA + 5-FU groups were
significantly lower than in the CON group (both P
< 0.01). Additionally, the mean size of orthotopic
tumors in the WCA + 5-FU group was significantly
smaller than in the CON group (P < 0.05). Treatment
with WCA, 5-FU, or their combination resulted in
orthotopic tumor inhibition of 19.09%, 33.30%
and 36.80%, respectively, compared with controls.
We detected hepatic metastases in a third of the
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mice used in the study. Overall, the occurrence of
hepatic metastasis in the CON group was 45.45%
and 36.36% in the 5-FU group, 30% in the WCA
group, and 30% in the WCA + 5-FU group. Although
the percentage of hepatic metastasis was lower
in the three treatment groups compared with the
CON group, statistical significance was not reached.
This should be followed up by additional studies
with larger sample sizes to determine if the drugmediated decrease in metastatic rate is significant.
We also found a significantly lower gross metastatic
rate in the WCA group (50%) and in the WCA +
5-FU group (40%) compared with the CON group
(100%). Upon treatment by OG, WCA is primarily
absorbed by the intestine, resulting in a high
concentration of WCA in the liver. This likely reduces
hepatic metastasis of colon cancer. Furthermore,
administration of WCA combined with abdominal
5-FU chemotherapy reduces peritoneal metastasis of
the tumor cells.
Previous research has established that deregulated
Wnt signaling is involved in the development of
tumors and closely correlates with the invasiveness
[27]
and metastatic potential of colorectal cancer .
β-catenin is a key downstream mediator of the
[28,29]
Wnt signaling pathway
. Nuclear accumulation
of β-catenin at the invasive front of tumors and
within blood vessels is strongly associated with
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hepatic metastasis and may be a useful predictor of
[30-32]
hepatic metastasis in colorectal cancer
. MMP-7
is transcribed in response to active Wnt-β-catenin
signaling. Once translated into a functional protein,
MMP-7 assists in the degradation of extracellular
matrix, which is a critical event in tumor invasion
and metastasis. IHC expression of MMP-7 has
been shown to correlate with Dukes’ classification
in colorectal cancer specimens, and introduction
of MMP-7 into colorectal cancer cells markedly
upregulates their in vivo invasive and metastatic
[33]
potential . Furthermore, MMP-7 promotes hepatic
[34]
metastasis in colorectal cancer . Research has also
shown that elevated MMP-7 expression is related to
decreased survival, and it is considered as a predictor
[35]
of disease recurrence and hepatic metastasis .
The present study showed that administration
of WCA significantly reduced the expression of
β-catenin and MMP-7 mRNA in orthotopic tumors
and in hepatic metastatic tumors in mice. Similarly,
WCA, alone and in combination with 5-FU, reduced
β-catenin and MMP-7 protein expression in orthotopic
and metastatic tumors. Some results detected using
immunoblotting, IHC and real-time PCR did not show
significant differences. The orthotopic transplant
model used in this study is a relatively natural
nude mouse model of hepatic metastases, and the
metastasis rate is not very high. Only 3-5 animals
in each group developed liver metastases, which is
not statistically powerful. In a future study, we will
increase the sample size and this problem may be
resolved.
CEA is often expressed in colorectal cancer and
mediates the metastasis of these cancerous cells from
[36]
the colon to the liver . CEA binds to receptors on
the surface of Kupffer cells and promotes the release
of interleukin (IL)-1, IL-6, and tumor necrosis
[37]
factor-α . In turn, these molecules increase the
expression of intercellular adhesion molecule-1 and
vascular cell adhesion molecule-1 by endothelial
cells, thereby reinforcing the adhesion between the
tumor cells and endothelial cells. Recent reports
have shown that measurement of serum CEA levels,
in combination with CA199 and CA125, can serve
as an important predictor of hepatic metastasis of
[36]
colorectal cancer . Moreover, serum CEA levels in
combination with imaging techniques may accurately
predict tumor recurrence following radical surgery
[38]
of colorectal hepatic metastases . Importantly,
our data showed that administration of WCA and
5-FU effectively reduced serum CEA levels in the
orthotopic transplant nude mouse model, which may
be associated with the decreased rate of hepatic
metastasis that we observed.
Pathological analysis revealed that the degree
of atypia in both orthotopic tumors and hepatic
metastases was significantly lower in the WCA
group compared with the CON group. The difference
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between the CON group and the WCA + 5-FU group
was even more striking. Considering the relatively
low rate of adverse effects of TCM, the combination
of WCA with 5-FU may present a good strategy in
colon cancer treatment.
Limitations of this study included the relatively
small number of animals in each group, unclear
exact components in WCA, and inadequate as
sessment of the immunological effects of WCA.
In addition, different treatment strategies need
to be investigated to optimize the effect of WCA.
Furthermore, how WCA affects the angiogenesis
of metastatic tumor, tumor microenvironment and
immunological response requires further research.
In summary, combination of the TCM WCA with
5-FU inhibited colon tumor growth and hepatic
metastasis in an orthotopic transplant nude mouse
model. Decreased expression of β-catenin and MMP-7
may be important for the anti-tumor properties of
WCA and 5-FU.

COMMENTS
COMMENTS
Background

It is estimated that 50%-60% of patients diagnosed with colorectal cancer will
develop hepatic metastases and the most frequent site of metastasis is the liver.
Eighty to ninety percent of these metastases will be unresectable and require
multidisciplinary treatments, including chemotherapy, liver-targeting therapies
and traditional Chinese medicine (TCM). TCM has a number of benefits,
including decreasing the negative side effects associated with chemotherapy
and radiotherapy, improving patients’ immune function, and enhancing the
effects of conventional cancer treatments.

Research frontiers

A previous clinical study has indicated that patients with gastric carcinoma
benefit from Weichang’an (WCA) treatment. In addition, WCA has been shown
to increase the 5-year survival rate and reduce the 1- and 2-year metastatic
rates in patients with colorectal cancer.

Innovations and breakthroughs

We demonstrated that combination of WCA with 5-fluorouracil (5-FU)
suppressed colon tumor growth and hepatic metastases, reducing the tumor
weight and size, the rate of metastases and serum carcinoembryonic antigen
levels. The authors also confirmed that expression levels of β-catenin and
matrix metalloproteinase (mmp)-7 are involved in the process of metastasis
from colorectal cancer to the liver, as well as the inhibitory effect of WCA and
5-FU.

Applications

This study provided a new therapeutic strategy for colorectal cancer with
hepatic metastasis and may greatly contribute to prolong patient survival and
improve their quality of life.

Terminology

Orthotopic transplant nude mouse model: HCT-116 cells were subcutaneously
injected into the right axilla of nude mice. After 3 wk, tumors were excised
and cut into 1-2-mm 3 pieces using sterile techniques. Tumor blocks were
transplanted into the cecum of nude mice by a purse-string suture.

Peer review

The authors analyzed the effect of the TCM wca on colorectal carcinoma in
a clinically interesting orthotopic model. their major finding was a reduction
in tumor weight and size as well as the number of metastases when wca
was combined with 5-fu. they also speculate that decreased expression of
β-catenin and mmp-7 may be involved in the anti-tumorigenic properties of
wca. the design, technical performance and some of the conclusions made
in this study are comprehensible. the authors address a clinically very relevant
topic. the manuscript is overall written in good English.
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RESULTS: CAV-1 expression was detected in tumor
and stromal cells. The expression of stromal CAV-1 was
closely associated with histological type (P = 0.022),
pathologic tumor-node-metastasis stage (P = 0.047),
pathologic N stage (P = 0.035) and recurrence (P =
0.000). However, tumor cell CAV-1 did not show any
correlation with clinical parameters. Additionally, the
loss of stromal CAV-1 expression was associated with
shorter disease-free survival (P = 0.000) and overall
survival (P = 0.000). Multivariate analysis revealed
that the loss of stromal CAV-1 expression was an
independent prognostic factor for both overall survival (P
= 0.014) and disease-free survival (P = 0.006).
CONCLUSION: The loss of stromal CAV-1 expression
in CRC was associated with poor prognosis and could
be a prognostic factor for CRC patients.
Key words: CAV-1; Stroma; Colorectal cancer; Prognosis
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Caveolin-1 (CAV-1), an essential structural
protein of the endocytic caveolae plasma membrane,
plays a major role in modulating tumorigenic processes.
Recent studies have revealed that the loss of stromal
CAV-1 results in an activated tumor microenvironment
and is signiﬁcantly related to tumor recurrence and
a poor prognosis for many tumors. However, the
association between CAV-1 and colorectal cancer
remains unknown. In our study, we observed CAV-1
expression in both tumor and stromal cells. Our
results demonstrate that the loss of stromal CAV-1 is
an independent predictor of poor overall survival and
disease-free survival, whereas CAV-1 expression in
tumor cells has no prognostic value.

Abstract
AIM: To investigate the clinicopathological signiﬁcance
and prognostic value of caveolin-1 (CAV-1) in both
tumor and stromal cells in colorectal cancer (CRC).
METHODS: A total of 178 patients with CRC were
included in this study. The correlation between CAV-1
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MATERIALS AND METHODS

Zhao Z, Han FH, Yang SB, Hua LX, Wu JH, Zhan WH. Loss
of stromal caveolin-1 expression in colorectal cancer predicts
poor survival. World J Gastroenterol 2015; 21(4): 1140-1147
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i4/1140.htm DOI: http://dx.doi.org/10.3748/wjg.v21.i4.1140

Patients and specimens

Colorectal tissue samples were obtained from the
pathology department at the First Affiliated Hospital
of Sun Yat-sen University between May 2004 and
November 2009. The patients included in this study
fulfilled the following criteria: (1) pathologically
confirmed diagnosis of colorectal adenocarcinoma;
(2) no treatment prior to curative excision of the
primary tumor; (3) no previous malignancy or second
primary tumor; (4) no severe coincident diseases;
and (5) the availability of clinical information and
follow-up data. The tumors were classified according
to the American Joint Committee on Cancer staging
th
manual (7 edition).
All patients were followed every 3 mo for the first
year, every 6 mo from the second to fifth years and
every 12 mo after 5 years. The study protocol was
approved by the Ethics and Scientific Committee of
the First Affiliated Hospital of Sun Yat-sen University
and conforms to the Declaration of Helsinki. All
patients and their families provided written informed
consent prior to surgery for their information to
be stored in the hospital database and used for
research.

INTRODUCTION
Colorectal cancer (CRC) is the third most common
cancer and the third leading cause of cancer mortality
in the United States, with an estimated 142820 new
[1]
cases and 50830 deaths per year . Over the past
ten years, the rate of death from CRC has declined
by 3%, but 30% to 40% of CRC patients will
develop distant metastases, and 50% will die of CRC
[2]
recurrence .
The tumor microenvironment has recently been
recognized to play an important role in determining
[3-6]
tumor initiation and progression
. The tumor
microenvironment is composed of immune cells,
stromal cells (including cancer-associated fibroblasts
(CAFs), adipocytes, and bone marrow-derived
[5,7]
progenitors), and the vasculature . Under normal
physiological conditions, the stroma serves as a
critical barrier to prevent malignant transformation.
However, during neoplastic tumorigenesis, the
stroma facilitates tumor progression and metastasis
in response to molecular signals derived from
carcinoma cells and other host cell types.
Caveolin-1 (CAV-1), an essential structural protein of
endocytic caveolae plasma membrane invaginations, is
present in most mammalian cells, such as adipocytes,
endothelial cells, pneumocytes, ﬁbroblasts, and
[8,9]
smooth muscle cells . CAV-1 plays a major role
in modulating tumorigenic processes through its
various functions, such as gene regulation, mem
[10-12]
brane trafficking, and signal transduction
.
However, CAV-1 shows a compartment-dependent
role in tumors. Furthermore, the role of CAV-1 is
controversial in epithelial tumor cells. Several authors
have proposed that high CAV-1 expression in tumor
[13,14]
cells predicts poor survival
. In contrast, El-Gendi
[15]
et al
reported that CAV-1 expression in tumor
cells has no prognostic value. Recent studies have
revealed that the loss of CAV-1 in the tumor stroma
results in an activated tumor microenvironment and
is signiﬁcantly related to early tumor recurrence,
metastasis, and poor clinical outcome in breast
[16-19]
cancer, prostate cancer, and other solid tumors
.
However, the association between CAV-1 and
colorectal cancer remains unknown. Thus, to explore
the relationship between CAV-1 expression and
colorectal cancer, we analyzed CAV-1 expression
in CRC stromal cells and tumor cells in a series of
human CRC tissue sections.

WJG|www.wjgnet.com

Immunohistochemistry

Tissue section immunohistochemistry was performed
according to the instructions provided by the ma
nufacturer. Briefly, 4 μm formalin-fixed, paraffinembedded tissue sections were deparaffinized and
rehydrated through a graded alcohol series. Antigen
retrieval was performed in 10 mmol/L sodium citrate
(pH 6.0) for 5 min using a pressure cooker and the
sections were allowed to cool for 45 min at room
temperature. After blocking with 3% hydrogen
peroxide for 10 min to inactivate endogenous
peroxidase, the slides were washed three times
with phosphate-buffered saline and incubated with
10% goat serum for 30 min at room temperature.
The sections were then incubated with an antiCAV-1 antibody (rabbit monoclonal, dilution 1:100,
Cell Signaling Technology, CST) overnight at 4 ℃,
and the slides were then incubated with an HRPconjugated sheep anti-rabbit secondary antibody
(GTVision; Shanghai, China) for 30 min at room
temperature. Immunoreactivity was revealed using
3,3’-diaminobenzidine and counterstained with
Mayer’s hematoxylin. A known positive tissue sample
(breast cancer slide) was used as a positive control.

Evaluation of immunostaining

The staining of stromal CAV-1 was scored semiquantitatively as negative (0, no staining), weak (1,
either diffuse weak staining or strong staining in less
than 30% of the stromal cells) or strong (2, strong
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Figure 1 Immunohistochemical staining for caveolin-1. High caveolin-1 (CAV-1) expression in colorectal cancer stroma (A: × 200; B: × 400). Panel C (× 200)
shows moderate stromal CAV-1 expression, and panel D (× 200) shows negative stromal CAV-1 expression. Panel E (× 200) depicts normal colorectal tissue. Panel F
(× 400) demonstrates CAV-1 expression in colorectal tumor cells.
[20]

staining of 30% or more of the stromal cells) .
We also evaluated CAV-1 expression in tumor cells.
Any expression in tumor cells was considered to
[20]
be positive CAV-1 staining . The immunostaining
results were evaluated by two independent pa
thologists.

to DFS and OS. All P-values are two-sided and were
considered statistically signiﬁcant at the level of <
0.05.

RESULTS
The present study included 178 matched colorectal
cancer tissues and 30 paraneoplastic normal tissues,
which were more than 5 cm from the primary tumor
sites. Of the 178 CRC patients, 103 were male
(57.9%) and 75 (42.1%) were female. The median
age was 54 years (range: 24-85 years). The median
follow-up period was 50 (range: 9-127) months for
all patients.
CAV-1 expression was observed in both the tumor
and stromal cells. Additionally, adipocytes, endothelial
cells, and perineurial cells showed strong CAV-1
expression and served as internal positive controls.

Statistical analysis

All statistical calculations were carried out using
SPSS 17.0 statistical software. The associations
between CAV-1 expression and various clinical
parameters were evaluated using the Mann-Whitney
2
test, Spearman’s test or χ test. The Kaplan-Meier
test was used to evaluate disease-free survival (DFS)
and overall survival (OS), and the survival curve was
compared using the Log rank test. Multivariate Cox
regression models were applied to evaluate CAV-1
expression and other prognostic factors with respect
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Table 1 Association of stromal caveolin-1 expression with
clinicopathologic parameters n (%)
Variable

P -value

Cav-1
0

Age (yr)
≤ 50
22 (33.8)
> 50
27 (23.9)
Gender
Male
26 (25.2)
Female
23 (30.7)
Tumor size (cm)
<5
28 (27.7)
≥5
21 (27.3)
Tumor location
Colon
32 (30.8)
Rectum
17 (23.3)
Histological type
Well
1 (12.5)
Moderate
31 (23.8)
Poor
17 (42.5)
Pathologic T stage
T1
1 (50.0)
T2
0 (0)
T3
45 (29.2)
T4
3 (37.5)
Pathologic N stage
N0
10 (16.4)
N1
23 (29.1)
N2
16 (42.1)
Pathologic TNM stage
0 (0)
Ⅰ
10 (18.9)
Ⅱ
39 (33.3)
Ⅲ
Tumor cell Cav-1
Negative
26.7 (61.8)
Positive
3 (50.0)
Recurrence
No
Yes

Table 2 Association between tumor cell caveolin-1 expression
and clinicopathologic parameters n (%)

1

2

19 (29.2)
31 (27.4)

24 (36.9)
55 (48.7)

29 (28.2)
21 (28.0)

48 (46.6)
31 (41.3)

30 (29.7)
20 (26.0)

43 (42.6)
36 (46.8)

28 (26.9)
22 (30.1)

44 (42.3)
34 (46.6)

4 (50.0)
35 (26.9)
11 (27.5)

3 (37.5)
64 (49.2)
12 (30.0)

0 (0)
5 (35.7)
44 (28.6)
1 (12.5)

1 (50.0)
9 (64.3)
65 (42.2)
4 (50.0)

20 (32.8)
23 (29.1)
7 (18.4)

31 (50.8)
33 (41.8)
15 (39.5)

4 (50.0)
16 (30.2)
30 (25.6)

4 (50.0)
27 (50.9)
48 (41.0)

29.1 (63.8)
0 (0)

76 (44.2)
3 (50.0)

28 (24.1)
21 (36.2)

68 (58.6)
10 (17.2)

Variable

0.0951

Age (yr)
≤ 50
> 50
Gender
Male
Female
Tumor size (cm)
<5
≥5
Tumor location
Colon
Rectum
Histological type
Well
Moderate
Poor
Pathologic T stage
T1
T2
T3
T4
Pathologic N stage
N0
N1
N2
Pathologic TNM stage
Ⅰ
Ⅱ
Ⅲ
Stromal Cav-1
0
1
2
Recurrence
No
Yes

0.4041

0.6881

0.3781

0.0222,a

0.1182

0.0352,a

0.0472,a

0.6971

< 0.0011,a

Mann-Whitney test; 2Spearman’s test; aP < 0.05, stromal CAV-1 vs clinical
variables. CAV-1: Caveolin-1; TNM: Tumor-node-metastasis.

P -value

Cav-1
Negative

Positive

63 (96.9)
109 (96.5)

2 (3.1)
4 (3.5)

100 (97.1)
72 (96.0)

3 (2.9)
3 (4.0)

96 (95.0)
76 (98.7)

5 (5.0)
1 (1.3)

101 (97.1)
71 (95.9)

3 (2.9)
3 (4.1)

8 (100)
124 (95.4)
40 (100.0)

0 (0)
6 (4.6)
0 (0)

2 (100.0)
14 (100)
150 (97.4)
6 (75.0)

0 (0)
0 (0)
4 (2.6)
2 (25.0)

57 (93.4)
77 (97.5)
38 (100)

4 (6.6)
2 (2.5)
0 (0)

8 (100)
49 (92.5)
115 (98.3)

0 (0)
4 (7.5)
2 (1.7)

46 (93.9)
50 (100)
76 (96.2)

3 (6.1)
0 (0)
3 (3.8)

110 (94.8)
58 (100)

6 (5.2)
0 (0)

1.000

0.698

0.237

0.694

0.498

0.073

0.304

0.158

0.208

0.180

1

CAV-1: Caveolin-1; TNM: Tumor-node-metastasis.

Survival analysis

Analyses for CAV-1 expression in the stroma re
vealed positive expression in 129 patients (72.5%)
and negative expression in 49 patients (27.5%). Of
the 129 positive cases, 50 (28.1%) had a score of
1, and 79 (44.4%) had a score of 2. Representative
examples are shown in Figure 1. The correlations
between stromal CAV-1 and clinical variables are
listed in Table 1. The expression of stromal CAV-1
was closely associated with histological type (P =
0.022), pathologic tumor-node-metastasis (TNM)
stage (P = 0.047), pathologic N stage (P = 0.035)
and recurrence (P < 0.001). However, there was
no significant correlation between the expression
level of CAV-1 and age, gender, tumor size, tumor
location, pathologic T stage, or tumor cell CAV-1.
Interestingly, with regard to CAV-1 expression
in tumor cells, we only observed 6 tissues that
were positive for expression in our study. However,
as presented in Table 2, tumor cell CAV-1 did not
showed any correlation with clinical parameters.

WJG|www.wjgnet.com

Next, we evaluated the prognostic value of CAV-1
expression in colorectal cancer. Figure 2 shows that
the patients who were positive for stromal CAV-1
expression had significantly longer overall survival
and disease-free survival (P < 0.001 for both) than
the patients who were negative. Of note, the patients
with high levels of stromal CAV-1 (score = 2) had a
good prognosis, with 89.8% of the patients surviving
the follow-up period. Similarly, 77.4% of the patients
with moderate stromal CAV-1 staining (score = 1)
survived. In contrast, 46.9% of the patients who
were negative for stromal CAV-1 expression (score =
0) survived. The 5-year survival rates showed similar
patterns. CRC patients with high stromal CAV-1 had
a good 5-year survival rate (92%), whereas CRC
patients with moderate or absent stromal CAV-1
expression had progressively worse 5-year survival
rates (61% and 46%, respectively). We also analyzed
the prognostic significance of CAV-1 expression
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A

Stromal CAV1 expression
2
1
0

1.0

B
1.0
0.8
Disease-free survival

0.8
Overall survival

Stromal CAV1 expression
2
1
0

0.6
0.4
0.2

0.6
0.4
0.2

P < 0.001

P < 0.001

0.0

0.0
0.00

25.00

50.00 75.00
t/mo

100.00 125.00

0.00

25.00

50.00 75.00
t/mo

100.00 125.00

Figure 2 Kaplan-Meier curves of overall survival and disease-free survival. Patients with high stromal caveolin-1 expression have good overall survival (A) and
disease-free survival (B).

In a multivariable analysis, stromal CAV-1 expression
was a signiﬁcant independent prognostic factor
for OS and DFS (P = 0.006, HR = 0.546, 95%CI:
0.353-0.844; P = 0.014, HR = 0.578, 95%CI:
0.373-0.895, respectively). Moreover, the results
also showed that recurrence was an independent
prognostic factor for OS and that TNM and recurrence
were independent prognostic factors for DFS (Table 3).

Table 3 Univariate and multivariate analyses of prognostic
factors in colorectal cancer with respect to overall survival
and disease-free survival
Parameter

OS
Age (> 50)
Gender
Tumor location
Tumor cell Cav-1
Stromal Cav-1
Tumor size
Histological type
Pathological T stage
Pathological N stage
TNM
Recurrence
DFS
Age (> 50)
Gender
Tumor location
Tumor cell Cav-1
Stromal Cav-1
Tumor size
Histological type
Pathological T stage
Pathological N stage
TNM
Recurrence

Univariate
analysis
P -value

Multivariate analysis
HR (95%CI)

P -value

0.185
0.794
0.384
0.216
< 0.001a
0.443
0.533
0.067
< 0.001a
0.025a
< 0.001a

0.578 (0.373-0.895)
2.065 (1.121-3.803)

1.632
1.431
1.414
0.742
0.014a
0.382
0.666
0.347
0.868
0.378
< 0.001a

0.165
0.664
0.061
0.189
< 0.001a
0.603
0.478
0.171
0.002a
0.184
< 0.001a

0.546 (0.353-0.844)
0.451 (0.233-0.874)
1.863 (1.106-2.434)

0.218
0.833
0.325
0.705
0.006a
0.511
0.553
0.888
0.510
0.018a
< 0.001a

DISCUSSION
In this study, we evaluated the expression of CAV-1
in the stroma and tumor cells of CRC. Our results
demonstrated that the loss of CAV-1 expression in
the stroma is a strong and independent predictor
of poor OS and DFS, whereas CAV-1 expression
in tumor cells had no prognostic value. Moreover,
stromal CAV-1 expression was closely associated
with histological type (P = 0.022), pathologic
TNM stage (P = 0.047), pathologic N stage (P
= 0.035) and recurrence (P < 0.001). However,
CAV-1 expression in tumor cells did not show any
correlation with the clinical parameters.
Tumors, which are composed of tumor cells
and stromal cells, grow within a complex tumor
microenvironment. CAFs were recently demonstrated
to promote tumor initiation, prevent cancer cell
apoptosis, induce cancer cell proliferation, and
stimulate tumor angiogenesis by secreting a large
amount of growth factors, extracellular matrix
[4,6]
components, and matrix metalloproteinases
.
Although the underlying mechanisms are not fully
elucidated, the loss of CAV-1 in the stroma plays a
major role.
[16]
Witkiewicz et al
reported that the absence
of stromal CAV-1 expression predicts early tumor
recurrence and poor clinical outcome in human
[21]
breast cancer. Di Vizio et al
found that the loss
of stromal CAV-1 expression was closely related

a

P < 0.05, univariate analysis vs multivariate analysis. CAV-1: Caveolin-1;
TNM: Tumor-node-metastasis; OS: Overall survival; DFS: Disease-free
survival.

in tumor cells, but no prognostic signiﬁcance for
either OS or DFS was found (P = 0.216 and 0.189,
respectively).
A univariate analysis of possible prognostic
indicators identified stromal CAV-1, pathologic N
stage, pathologic TNM stage and recurrence as
indicators of OS, and stromal CAV-1, pathologic N
stage and recurrence as indicators of DFS (Table 3).
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[18]

to disease progression and metastasis. Jia et al
indicated that the down-regulation CAV-1 expression
in the stroma predicts lymph node metastases, early
tumor recurrence, and poor prognosis in esophageal
squamous cell carcinoma. Consistent with previous
studies, we found that the loss of CAV-1 expression
in the stroma is a strong and independent predic
tor of a poor prognosis in CRC. In our cohort, the
patients with high levels of stromal CAV-1 had a
better prognosis, with 89.8% surviving the followup period. Similarly, 77.4% of the patients with
moderate stromal CAV-1 staining survived. In
contrast, 46.9% of the patients who were negative
for stromal CAV-1 expression survived. We found
a similar pattern for the 5-year survival rates. CRC
patients with high stromal CAV-1 had a good (92%)
5-year survival rate. In contrast, CRC patients with
moderate levels or absent CAV-1 expression in the
stroma had progressively worse 5-year survival rates
(61% and 46%, respectively). These results suggest
that stromal CAV-1 expression could be used as an
important prognostic factor for CRC patients.
In accordance with previous studies, we also
found that the absence of CAV-1 expression in the
stroma was signiﬁcantly associated with early tumor
[17,20]
recurrence
. Patients who had lower stromal
CAV-1 expression were more likely to experience
tumor recurrence. This finding highlights the role of
the tumor stroma in determining disease recurrence
in CRC patients. Therefore, new drugs that target
the tumor stroma may have unexpected effects in
CRC therapies.
We also found that the loss of stromal CAV-1
expression was signiﬁcantly associated with lymph
node invasion. Thus, the stromal CAV-1 status
may serve as a predictor of lymph node invasion.
CAV-1 expression in the stroma of a biopsy sample
may also be useful in deciding whether endoscopic
surgery should be performed for patients with early
CRC. Moreover, considering that the loss of CAV-1
expression in the stroma may predict a high risk of
lymph node invasion, it would also be informative
when choosing a postoperative therapy for patients
with no lymph node invasion.
The role of CAV-1 in tumor cells is controversial.
[14]
Steffens et al
reported that low CAV-1 expression
in renal cell carcinoma predicts a good clinical
outcome compared with patients with high CAV-1
[15]
expression. However, El-Gendi et al
reported that
CAV-1 expression in tumor cells has no prognostic
[22]
value. Additionally, Friedrich et al
reported that
CAV-1 deficiency in Apc (min/+) mice facilitates
[23]
colorectal initiation. Luo et al
suggested that
CAV-1 could be a biomarker of early-onset CRC. In
our study, we also examined CAV-1 expression in
epithelial tumor cells in the same patients. However,
we only found 6 patients with positive tumor cell
expression, and our results revealed no signiﬁcant
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correlation between tumor cell CAV-1 and clinical
characteristics or prognosis. The discrepancy could
be explained by the tumor speciﬁcity of CAV-1
expression. Additionally, variation in scoring methods
could explain some of the observed discrepancies.
Although the role of CAV-1 in the tumor stroma
is not fully understood, recent ﬁndings support the
hypothesis that CAV-1 plays a crucial role in the
[24]
stroma. Koleske et al
were the first to find that
CAV-1 functions as a tumor suppressor in ﬁbroblasts.
The reduction of CAV-1 levels by the constitutive
activation of oncogenes, such as c-Myc, v-Src, H-Ras
(G12V), and Neu/ErB2, can signiﬁcantly promo
[25-27]
te tumor growth
. The tumor suppressor p53
can also transcriptionally regulate stromal CAV-1
expression and p53 inactivation induces CAV-1 down[28]
regulation and promotes tumor progression . In a
xenograft model, CAV-1-deﬁcient cancer-associated
ﬁbroblasts were found to promote both tumor growth
[29]
and angiogenesis . Several studies have found that
the loss of CAV-1 in ﬁbroblasts is sufficient to induce
the conversion of benign stromal fibroblasts to tumor[30,31]
associated fibroblasts via the TGF-β pathway
.
In turn, CAFs promote tumor initiation, progression,
and prevent cancer cell apoptosis. Recently, Pavlides
[32]
et al
proposed a new tumor metabolism model,
the Reverse Warburg Effect. In this model, the loss
of CAV-1 causes stromal CAFs to undergo autophagy
and aerobic glycolysis. As a consequence, the CAFs
secrete energy-rich metabolites and chemical building
blocks to adjacent tumor cells to prompt growth. The
results of the present study support this hypothesis
and indicate that the loss of CAV-1 expression in CAFs
plays an important role in supporting tumor growth.
There are several limitations to this study. This
research is a retrospective study, and there are
limitations to any retrospective data collection, which
is prone to bias. The relatively small sample size and
the reliability of immunohistochemical techniques
are other limitations.
In conclusion, our results suggest that the loss of
CAV-1 expression in the stroma could be a predictor
of poor clinical outcomes. As such, stromal CAV-1
levels could be used as a valuable biomarker for
stratifying CRC patients into high-risk and lowrisk groups at diagnosis; this information could be
used to provide a more personalized approach to
postoperative therapy. Further studies are needed
to elucidate the mechanisms of stromal CAV-1
reduction and the tumor-stroma cross-talk that is
crucial for tumor growth and metastasis.
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approach to postoperative therapy.

13

Terminology

The stroma is a component of tumors. During neoplastic tumorigenesis, the
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present in most stromal cells.
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Abstract
AIM: To develop a safe and effective agent for
cholangiocarcinoma (CCA) chemotherapy.
METHODS: A drug combination experiment was
conducted to determine the effects of β-escin in
combination with chemotherapy on CCA cells.
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium
bromide assay was performed to determine the effects
of β-escin and common chemotherapeutics on the
proliferation of human CCA cells (QBC939, Sk-ChA-1,
and MZ-ChA-1). Immunocytochemistry was used to
detect the expression of P-glycoprotein (P-gp) protein.
Luciferase reporter assay was used to detect the
activation of the Wnt/β-catenin pathway. The protein
levels of P-gp, pS9-GSK3β, pT216-GSK3β, GSK3β,
β-catenin, and p-β-catenin were further confirmed by
western blotting.
RESULTS: The drug sensitivity of QBC939 and
QBC939/5-fluorouracil (5-FU) cells to 5-FU, vincristine
sulfate (VCR), or mitomycin C was significantly en
hanced by β-escin compared with either agent alone
(P < 0.05). In addition, the combination of β-escin
(20 µmol/L) with 5-FU and VCR was synergic with a
combination index < 1. Further investigation found that
the mRNA and protein expression of P-gp was downregulated by β-escin. Moreover, β-escin induced GSK3β
phosphorylation at Tyr-216 and dephosphorylation at
Ser-9, resulting in phosphorylation and degradation
of β-catenin. Interestingly, activation of the GSK3β/
β-catenin pathway induced by Wnt3a resulted in upregulation of P-gp, which was effectively abolished by
β-escin, indicating that β-escin down-regulated P-gp
expression in a GSK3β-dependent manner.
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[8]

CONCLUSION: β-escin was a potent reverser of P-gpdependent multidrug resistance, with said effect likely
being achieved via inhibition of the GSK3β/β-catenin
pathway and thus suggesting a promising strategy of
developing combination drugs for CCA.

in cancer cells . P-glycoprotein (P-gp) has been
[9]
implicated in MDR in the pathogenesis of CCA .
Recent evidence that inhibition of P-gp could lead to
an avoidance of drug resistance and the elimination
[10]
of tumor cells
underscores the importance of the
identification of different potential P-gp-mediated
MDR reversal agents (or chemosensitizers) which
may lead to strategies for developing improved
target-based drugs for CCA therapy. P-gp modu
lators that have thus been intensively studied as
prospective MDR reversers.
The ongoing search for P-gp inhibitors, applied in
combination with anticancer drugs, is urgent. Plantbased agents capable of inhibiting P-gp with minimal
adverse side effects are being increasingly utilized
[11]
in drug discovery and development programs .
β-escin, the major active compound in extracts
from the seeds of the horse chestnut (Aesculus
hippocastanum), has shown clinically significant anti[12]
inflammatory activity , as well as inhibitory effects
on colon cancer, lung cancer, leukemia, CCA, and
[13-17]
hepatocellular carcinoma
. β-escin has received
extensive attention because of its potent induction
[13]
of apoptosis and inhibition of cancer cell growth .
Several studies have elucidated that β-escin has
a synergistic interaction with chemotherapeutics
on cancer cells, such as the synergistic effects
of β-escin and 5-FU on human hepatocellular
[18]
carcinoma , β-escin potentiating the antitumor
[19]
activity of gemcitabine on pancreatic cancer , and
the synergistic effect of combinations of β-escin and
the monoterpenes alpha-pinene, thymol, menthol
[20]
in HeLa, and Cos7 cells . Compelling evidence has
spurred on efforts to search for the mechanisms by
which β-escin regulates diverse biological functions.
In this study, we sought to investigate the me
chanisms of β-escin that improve the sensitivity of
CCA cells to common chemotherapeutics. We found
that β-escin suppressed P-gp expression via the
inhibition of the GSK3β/β-catenin pathways. Our
results may provide a reference for gaining additional
insight into the potential synergistic effects of β-escin
in combination with chemotherapeutics on CCA
cells, and to find a better method for the further de
velopment of anticancer drugs.

Key words: β-escin; Multi-drug resistance; P-glycoprotein;
GSK3β; Cholangiocarcinoma
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: In our study, we received interesting and
challenging results concerning the role of β-escin in
reversing the multidrug resistance of cholangiocarcinoma
(CCA). β-escin could enhance drug sensitivity of
cholangiocarcinoma cells to common chemotherapeutics.
5-Fluorouracil, vincristine sulfate, or mitomycin C
significantly reduced cell proliferation when combined
with β-escin. In the molecular study, we found that
β-escin could down-regulate P-gp expression via inhibiting
the activation of GSK3β/β-catenin pathways. This study
might offer a possible molecular basis for the further
development of combinations of β-escin with common
agents as a novel therapeutic approach for multidrug
resistant CCA patients.
Huang GL, Shen DY, Cai CF, Zhang QY, Ren HY, Chen QX.
β-escin reverses multidrug resistance through inhibition of the
GSK3β/β-catenin pathway in cholangiocarcinoma. World J
Gastroenterol 2015; 21(4): 1148-1157 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i4/1148.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i4.1148

INTRODUCTION
Cholangiocarcinoma (CCA) is the second most common
primary hepatobiliary cancer, and originates from
[1]
the biliary epithelium . Incidence and mortality
rates of CCA have been increasing worldwide over
[2]
time , with the incidence rising by 22% between
1979 and 2004, accompanied with a 39% increase
[3]
in mortality . Surgical resection is the best available
[4]
and potentially curative therapy for CCA . However,
it is difficult to make an early diagnosis of CCA
[5]
patients , as most patients with CCA are not
[6]
resectable at the time of diagnosis , and the results
of surgical resection tend to be disappointing due
[7]
to recurrence . Hence, there is an urgent need for
effective therapeutic strategies and drugs to combat
this lethal tumor.
The problem of multidrug resistance (MDR), which
affects a superfamily of ATP-dependent transporters,
is a major obstacle to successful cancer therapy.
One of the main reasons for MDR is the overexpression of the membrane pump, an active efflux
pump affecting the pharmacokinetic profiles of drugs

WJG|www.wjgnet.com

MATERIALS AND METHODS
Reagents and antibodies

Vincristine sulfate (VCR), 5-fluorouracil (5-FU), mi
tomycin C (MMC), cisplatin (CDDP), 3-(4,5-Dime
thylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide
(MTT), and Wnt3a were purchased from SigmaAldrich (Indianapolis, IN, United States). β-escin was
purchased from Aladdin Chemistry Co (Shanghai,
China). RPMI-1640 medium and fetal calf serum
were purchased from Gibco (Grand Island, NY, United
States). Monoclonal antibodies against β-catenin, p-β-
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catenin, P-gp, and β-actin were purchased from Santa
Cruz Biotechnology (San Jose, CA, United States).
Polyclonal GSK3β, pS9-GSK3β, and pT216- GSK3β
antibodies were from Abcam Ltd (Cambridge, United
Kingdom). Goat anti-rabbit and anti-mouse secondary
antibodies conjugated to horseradish peroxidase
were purchased from Thermo Scientific Pierce Co. Ltd
(Rockford, IL, United States). Polyvinylidene difluoride
(PVDF) membranes were from Millipore (Billerica, MA,
United States). EliVision Plus Kit was from Maixin Bio
(Fuzhou, China). Dual-Luciferase Reporter Assay Kit
was from Promega (Madison, WI, United States).

reverse primer CACACACTAGGGCTACCAGC;
MRP2, forward primer CTGCCACTTTGTTTTGAGCA,
reverse primer TACAAGGGCCAGCTCTATGG; MRP3,
forward primer CTCCAAGTTCTGGGACTCCA, reverse
primer CAGGTGGGAGAGGATGATGT; P-gp, forward
primer GACATCCCAGTGCTTCAGG, reverse primer
GCCACTGAACATTCAGTCG; GAPDH, forward primer
CACATGGCCTCCAAGGAGTAAG, reverse primer
TGAGGGTCTCTCTCTTCCTCTTGT. Real-time PCR was
performed using a fluorescent temperature cycler
(LC480 Real Time PCR System, Roche Co., Ltd).
GAPDH was used as an internal standard.

Cell culture and treatment

Western blot analysis

The human CCA cell line QBC939 was kindly provided
by Professor Shu-Guang Wang from Southwest
Hospital, Third Military Medical University, Chongqing,
China. The human cholangiocarcinoma MDR cell line
QBC939/5-FU was established in our lab. The cells
were cultured in RPMI-1640 medium supplemented
with 10% FBS, 100 U/mL of ampicillin, and 100 U/
mL of streptomycin sulfate at 37 ℃ in a humidified
atmosphere under 5% CO2. The cells were treated
with culture medium containing various concen
trations of drugs after 24 h seeding.

Cell lysates containing equal amounts of proteins
were separated on 10% SDS-polyacrylamide gels
and electrotransferred onto PVDF membranes,
which were blocked in 5% milk in PBST (NaCl 137
mmol/L, KCl 2.7 mmol/L, Na 2HPO 4 10 mmol/L,
KH2PO4 2 mmol/L, and 0.05% Tween-20) for 1 h,
with the primary indicated antibody then being
incubated overnight at 4 ℃. After three washes
in PBST, blots were incubated with horseradish
peroxidase-conjugated secondary antibody and
visualized by chemiluminescence. β-Actin was used
as an internal control.

Cell proliferation assay

Luciferase reporter assay

Cell proliferation was analyzed by MTT method. The
3
cells were seeded at 5 × 10 per well into 96-well
plates overnight. After treatment of the cells with a
series of concentrations of 5-FU, CDDP, VCR, MMC,
and β-escin, alone or in combination for 24 h, 20
µL MTT (5 mg/mL) was added to each well, and
the cells were cultured for another 4 h at 37 ℃.
Formazan crystals were then were dissolved in
DMSO. The absorbance was measured at 490 nm
using an ELISA microplate reader. The experiment
was performed in triplicate.

Drug combination experiment

Combination effect was analyzed using the com
bination index (CI) method. The CI was defined by
the following equation: CI= (OD490)AB/[(OD490)A +
(OD490)B], where (OD490)AB was the absorbance of
the drug A and B combined treated group, whereas
(OD490)A and (OD490)B were that of the drug A
or B alone treated group. Parameter CI values >
1 indicated antagonism, CI values = 1 indicated
additivity, CI values < 1 indicated synergy, and CI
values < 0.7 indicated significant synergy. Each
represented CI ratio was the mean value derived
from at least three independent experiments.

Immunocytochemistry

After overnight culture, QBC939 and QBC939/5FU cells were treated with 20 µmol/L β-escin for
0.5 h, fixed in 4% paraformaldehyde for 15 min,
permeabilized with 0.5% Triton X-100 for 20 min,
and then incubated with primary P-gp antibody
overnight at 4 ℃, followed by incubation with
horseradish peroxidase-conjugated secondary
antibody for 30 min at room temperature. Images
were collected and analyzed using an inverted
fluorescence microscope (Leica, Barcelona, Spain).
The experiment was performed in triplicate.

qPCR

Total RNA was extracted and reverse transcribed.
The PCR primers are as follows:
MRP1, forward primer ATCTCTCCCGACATGACCGA,

WJG|www.wjgnet.com

5

QBC939 cells and QBC939/5-FU cells (1.0 × 10
cells/well) were seeded in 24-well plates and
incubated overnight before transfection. The
cells were co-transfected with reporter plasmid
200 ng pTOP-Flash or pFOP-Flash and 200 ng
β-galactosidase (β-gal) using Lipofectamine 2000.
TCF-responsive TOP-Flash reporter contains three
TCF binding sites and the corresponding FOP-Flash
[21]
contains three mutated TCF sites . The indicated
cells treated with β-escin (20 µmol/L) and Wnt3a (50
ng/mL) alone or together for 4 h were analyzed for
luciferase activity using a Dual-Luciferase Reporter
Assay System according to the manufacturer’s
instructions. Luciferase activity was normalized for
transfection efficiency using the corresponding β-gal
activity. The experiment was performed in triplicate.
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A

QBC939/5-FU

5-FU
CDDP

100

RESULTS

VCR
MMC

Effect of β -escin in combination with chemotherapeutics
on CCA cells

Cell survival (%)

80

To explore the mechanisms of MDR in CCA, we
established a human MDR CCA cell line QBC939/5[22]
FU . The MTT assay was performed after exposure
of QBC939/5-FU cells to a series of concentrations
of 5-FU, CDDP, VCR, and MMC. MDR tumor cells
QBC939/5-FU presented resistant to all che
motherapeutics (Figure 1A). To identify effective
treatment for human CCA, our findings showed that
β-escin at a concentration of 20 µmol/L showed a
significant synergistic effect in combination with
5-FU, VCR, and MMC on CCA cells (P < 0.05)
(Figures 1B and C). The effects of β-escin in
combination with 5-FU and VCR on QBC939 and
QBC939/5-FU cells are further detailed in Tables 1
and 2. The 50% inhibition concentrations (IC50) of
QBC939 cells to 5-FU in combination with β-escin (0,
5, 10, and 20 µmol/L) were 114 ± 2.17, 101 ± 1.14,
96 ± 1.54, and 31 ± 1.89 µmol/L, respectively
(Table 1). Similarly, the IC50 of QBC939/5-FU
cells to 5-FU were 135 ± 2.59, 130 ± 2.75, 99 ±
2.96, and 37 ± 1.32 µmol/L, respectively (Table
1). Significantly, the IC50 of 5-FU in QBC939 and
QBC939/5-FU cells was decreased, especially when
combined with β-escin (20 µmol/L). Similar results
for VCR were showed in Table 2. The IC50 of
QBC939 and QBC939/5-FU cells to VCR were 102
± 1.83, 88 ± 2.47, 72 ± 1.53, 18 ± 1.25 µmol/L,
125 ± 2.37, 104 ± 1.59, 82 ± 2.57, and 35 ± 1.36
µmol/L, respectively. These results indicate that
drug sensitivity of QBC939 and QBC939/5-FU cells
to 5-FU and VCR was enhanced by β-escin.
CI analysis was performed to determine the
effect of β-escin in combination with 5-FU or VCR.
The results of β-escin in combination with 5-FU or
VCR on QBC939 and QBC939/5-FU cells are showed
in Tables 1 and 2. The CIs of β-escin (20 µmol/L)
in combination with 5-FU (20, 40, 80 µmol/L) on
QBC939 and QBC939/5-FU cells were 0.992, 0.907,
0.768, 0.793, 0.693, and 0.507, respectively,
indicating synergistic interactions (0.7 < CI < 1)
and significantly synergistic interactions (CI < 0.7).
However, the CIs of β-escin (5, 10 µmol/L) were
mostly greater than 1, which showed an antagonistic
interaction (Table 1). Likewise, the effects of β-escin
(20 µmol/L) in combination with VCR were also
synergistic interactions and significantly synergistic
interactions, which were better than that of β-escin
(5, 10 µmol/L) (Table 2). Together, these results
demonstrated that a combination of β-escin with
chemotherapeutics might be an effective therapy for
CCA.
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80
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B 100
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Control
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80
a
60
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a
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C 100

CDDP
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QBC939/5-FU
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b-escin (20 mmol/L)

80
Cell survival (%)

MMC

a
60
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a

40
20
0

5-FU
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Figure 1 β-escin enhanced the sensitivity of cholangiocarcinoma cells to
chemotherapeutic drugs. A: MDR cell line QBC939/5-FU cells were treated
with different concentrations of 5-FU, CDDP, VCR, and MMC for 24 h. Cell
viability measured by MTT assays; B-C: Effects of β-escin (20 µmol/L) in
combination with chemotherapeutics (40 µmol/L) on QBC939 cells and
QBC939/5-FU cells. Cell viability measured by MTT assays after treatment
for 24 h. aP < 0.05 vs control. MDR: Multidrug resistance; MTT: 3-(4,5-Di
methylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide; 5-FU: 5-fluorouracil; VCR:
Vincristine sulfate; MMC: Mitomycin C; CDDP: Cisplatin.

Statistical analysis

SPSS 16.0 statistical software (SPSS Inc., Chicago,
IL, United States) was used for statistical analysis.
The data were expressed as the mean ± SEM for
samples and evaluated by one-way analysis of
variance or Kruskal-Wallis tests to compare mean
values. Each assay was repeated in triplicate. The
level of significance was set at P < 0.05.
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Down-regulation of P-gp mRNA and protein expression
induced by β-escin

To investigate the mechanisms that cause β-escin
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Table 1 Effect of β-escin in combination with 5-fluorouracil on QBC939 and QBC939/5-fluorouracil cells
β-escin
(μmol/L)
0
5
10
20
0
0
0
5
5
5
10
10
10
20
20
20

5-FU
(μmol/L)

A490

QBC939

0
0
0
0
20
40
80
20
40
80
20
40
80
20
40
80

1.058 ± 0.073
1.003 ± 0.112
0.943 ± 0.088
0.658 ± 0.033
0.964 ± 0.023
0.872 ± 0.067
0.812 ± 0.089
0.932 ± 0.014
0.852 ± 0.082
0.798 ± 0.041
0.892 ± 0.066
0.802 ± 0.072
0.724 ± 0.018
0.595 ± 0.062
0.492 ± 0.041
0.388 ± 0.024

QBC939/5-FU

CI

IC50

114 ± 2.17
1.0191
1.0311
1.0371
1.0381
1.0311
1.0002
0.9923
0.9073
0.7683

101 ± 1.14

96 ± 1.54

31 ± 1.89

A490

CI

0.998 ± 0.063
0.992 ± 0.091
0.894 ± 0.072
0.653 ± 0.027
0.997 ± 0.051
0.952 ± 0.071
0.882 ± 0.099
0.989 ± 0.031
0.901 ± 0.062
0.797 ± 0.026
0.851 ± 0.045
0.747 ± 0.036
0.657 ± 0.031
0.517 ± 0.041
0.452 ± 0.020
0.331 ± 0.015

IC50

135 ± 2.59
1.0002
0.9523
0.9093
0.9533
0.8763
0.8323
0.7933
0.6934
0.5074

130 ± 2.75

99 ± 2.96

37 ± 1.32

1

Antagonism, CI > 1; 2Additivity, CI = 1; 3Synergy, CI < 1; 4Significant synergy, CI < 0.7. 5-FU: 5-fluorouraci.

Table 2 Effect of β-escin in combination with vincristine sulfate on QBC939 and QBC939/5-fluorouracil cells
β-escin
(μmol/L)
0
5
10
20
0
0
0
5
5
5
10
10
10
20
20
20

VCR

QBC939

(μmol/L)

A490

0
0
0
0
20
40
80
20
40
80
20
40
80
20
40
80

1.112 ± 0.093
0.989 ± 0.089
0.902 ± 0.064
0.674 ± 0.044
0.922 ± 0.071
0.752 ± 0.053
0.689 ± 0.032
0.901 ± 0.045
0.687 ± 0.052
0.614 ± 0.042
0.815 ± 0.036
0.631 ± 0.026
0.556 ± 0.024
0.559 ± 0.025
0.368 ± 0.011
0.289 ± 0.008

QBC939/5-FU

CI

IC50

102 ± 1.83
1.0981
1.0271
1.0021
1.0891
1.0341
0.9953
1.0002
0.8073
0.6924

88 ± 2.47

72 ± 1.53

18 ± 1.25

A490

CI

1.005 ± 0.042
0.988 ± 0.086
0.933 ± 0.067
0.712 ± 0.044
0.992 ± 0.052
0.892 ± 0.035
0.743 ± 0.028
0.985 ± 0.035
0.851 ± 0.022
0.698 ± 0.017
0.901 ± 0.043
0.784 ± 0.035
0.602 ± 0.011
0.605 ± 0.021
0.499 ± 0.009
0.326 ± 0.010

IC50

125 ± 2.37
1.0101
0.9613
0.9463
0.9783
0.9463
0.8723
0.8613
0.7893
0.6194

104 ± 1.59

82 ± 2.57

35 ± 1.36

1

Antagonism, CI > 1; 2Additivity, CI = 1; 3Synergy, CI < 1; 4Significant synergy, CI < 0.7. VCR: Vincristine sulfate.

QBC939/5-FU cells.

to enhance the drug sensitivity of CCA cells to
common chemotherapeutics, real-time PCR, im
munocytochemistry (ICC), and western blot were
performed to assess the expression of MDRassociated genes in QBC939 and QBC939/5-FU
cells after treatment with various concentrations
of β-escin (0, 5, 10, and 20 µmol/L) for 24 h.
As shown in Figure 2A, there was no significant
change in MRP1, MRP2, or MRP3 mRNA expression
after β-escin treatment, but a significant decrease
was found in P-gp mRNA expression (Figure 2B). In
addition, results of ICC show that β-escin reduced
the expression of P-gp in a dose-dependent manner
(Figure 2C) consistent with the suppressed protein
expression detected by western blot (Figure 2D).
These results indicated that β-escin could downregulate the expression of P-gp in QBC939 and
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Down-regulation of P-gp induced by β -escin via
inhibition of GSK3β /β -catenin pathway

We recently reported that P-gp might be a downstream
target gene of the Wnt/β-catenin pathway in CCA
[23]
cells , so we evaluated whether down-regulation
of P-gp induced by β-escin was associated with
the inhibition of said pathway. Luciferase reporter
assays showed that activation of the Wnt/β-catenin
pathway was remarkably enhanced by Wnt3a
treatment and significantly reduced by β-escin on
both QBC939 and QBC939/5-FU cells. Moreover,
Wnt3a-induced activation of the Wnt/β-catenin
pathway was almost completely prevented by
β-escin (Figure 3A). In an effort to study the precise
regulation of β-escin on Wnt/β-catenin signaling, we
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Figure 2 Expression of P-gp down-regulated by β-escin. A: Expression of MRP mRNA analyzed using real-time PCR after treatment with β-escin for 24 h; B:
Expression of MDR mRNA analyzed using real-time PCR (upper panel) and agarose gel electrophoresis analysis (lower panel) after treatment with β-escin for 24
h. Data were normalized to GAPDH; C: Expression of P-gp protein detected by ICC. Zoom: × 400; D: Expression of P-gp protein detected by western blot. β-Actin
used as loading control. E: β-escin. aP < 0.05, bP < 0.01 vs control. PCR: Polymerase chain reaction; MDR: Multidrug resistance; MRP: MDR-related protein; P-gp:
P-glycoprotein; ICC: Immunocytochemistry.

examined the expression levels of related proteins
in this pathway. As shown in Figure 3B, the levels
of β-catenin phosphorylation and degradation were
increased after β-escin treatment. In addition, the
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level of phosphorylation at Ser-9 was decreased
and dephosphorylation at Tyr-216 was increased,
indicating that β-escin inhibited the activation of
the GSK3β/β-catenin pathway in both QBC939 and
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Figure 3 Down-regulation of P-glycoprotein induced by β-escin via inhibiting the activation of the GSK3β/β-catenin pathway. A: The activation of the Wnt/
β-catenin pathway assessed by TCF/LEF responsive luciferase reporter activity in QBC939 and QBC939/5-FU cells after treatment with β-escin. Data were shown
as the mean ± SD of three independent experiments; B: Western blot analysis of GSK3β and β-catenin expression in QBC939 and QBC939/5-FU cells treated with a
series of concentrations of β-escin; C: Western blot analysis of GSK3β and P-gp in QBC939 and QBC939/5-FU cells after different treatments for 24 h. β-actin used
as loading control. E: β-escin (20 μmol/L); W: Wnt3a (50 μg/L); C: Control (PBS). aP < 0.05, bP < 0.01 vs control. TCF: T-cell factor; LEF: Lymphoid enhancer factor.

QBC939/5-FU cells.
We further studied whether β-escin-induced P-gp
down-regulation was GSK3β dependent. Western blot
analysis showed that β-escin led to phosphorylation
in Tyr-216 of GSK3β and dephosphorylation in Ser-9
of GSK3β, as well as down-regulation of P-gp (Figure
3C). In contrast, Wnt3a led to phosphorylation in
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Ser-9, dephosphorylation in Tyr-216 of GSK3β, and
up-regulation of P-gp. Interestingly, co-treatment
of cells with β-escin almost completely suppressed
the increase of P-gp induced by Wnt3a. Similar
changes were seen in the protein expression of pS9GSK3β with β-escin and Wnt3a treatment. These
data suggested that β-escin-induced P-gp down-

1154

January 28, 2015|Volume 21|Issue 4|

Huang GL et al . β-escin inhibits the GSK3 β/β-catenin pathway
[23]

regulation was GSK3β dependent.

of human cancers, including CCA . When stable,
non-phosphorylated β-catenin migrates from the
cytoplasm to the nucleus, where it interacts with
T-cell factor/lymphoid enhancer factor that binds
to the promoters of downstream target genes,
[30,32,33]
recruiting transcriptional activators
. Our
results showed that β-escin suppressed Wnt3ainduced β-catenin-mediated expression of P-gp.
Therefore, β-escin might represent a lead for
classes of anticancer agents targeting the Wnt/
β-catenin pathway for CCA therapy.
[34]
GSK3β, a “destruction complex”
and key
mediator of the Wnt/β-catenin pathway, suppresses
tumor progression by down-regulating the Wnt
survival pathway through the phosphorylation and
[35]
degradation of β-catenin . The phosphorylation in
[36]
Ser-9 of GSK3β inhibits its activity . In contrast to
ser-9 phosphorylation, phosphorylation of GSK3β
[37]
on Tyr-216 increases its activity . Activated GSK3β
[35]
phosphorylates and degrades β-catenin . We found
that β-escin activated GSK3β via phosphorylation
of Tyr-216 and simultaneous dephosphorylation of
Ser-9 and, paralleled with a decreasing accumulation
of free cytoplasmic β-catenin, consequently led to
the down-regulation of P-gp expression. Additionally,
expression of P-gp was up-regulated after Wnt3a
treatment, which is an activator of the GSK3β/
β-catenin pathway. Conversely, down-regulation of
P-gp expression induced by β-escin was consistent
with the inhibition of the GSK3β/β-catenin pathway.
Upregulation of P-gp expression induced by Wnt3a
could be suppressed by β-escin, providing insight
into the mechanism of GSK3β-mediated P-gp
regulation.
Taken together, our study has demonstrated
that β-escin can sensitize CCA cells to common
chemotherapeutics, and also clarified that β-escin
could inhibit P-gp expression through the inhibition
of the GSK3β/β-catenin pathways. This study
might offer a possible molecular basis for the
further development of combinations of β-escin and
common agents as a novel therapeutic approach for
CCA patients.

DISCUSSION
An increase in basic research on CCA has been seen
in recent years. However, there is still a notable lack
of an effective targeted therapy for CCA patients
[7,22,24]
because of MDR
. Overexpression of ATPbinding cassette transporters of the MDR protein
and MDR-related protein (MRP) family in cancer cells
[24]
is a major cause of multidrug resistance . P-gp,
intrinsically over-expressed in many neoplasms,
including the majority of carcinomas arising in the
colon, rectum, pancreas, liver, kidneys, and bile
[22,24]
duct
, is known to play a pivotal role in the
development of MDR, which leads to the failure
of chemotherapy in numerous cancers, including
[10]
CCA . Due to the complex pathological me
chanisms of CCA, drug combination treatments have
received extensive attention. In an effort to research
a series of potent and efficacious P-gp-dependent
MDR reversers, we have undertaken the screening
of common chemotherapeutics, and found that
β-escin combined with 5-FU, VCR, or MMC produced
remarkable inhibitory effects in CCA cells. The
IC50 of 5-FU and VCR in combination with β-escin
were reduced significantly, showing a synergistic
effect. Due to the combination of β-escin and other
drugs (such as 5-FU and VCR) being particularly
efficacious on CCA cells, we speculated that β-escin
might decrease the expression of the tumor’s drugresistant protein P-gp, thus allowing another kind
of drug to enter the cell and prevent the tumor
from adapting its microenvironment. Furthermore,
in agreement with our previous studies that P-gp
expression was up-regulated in MDR CCA cell line
[22]
QBC939/5-FU , we demonstrated that β-escin
reversed MDR of human CCA cell line QBC939 and
QBC939/5-FU at least partly via the down-regulation
of P-gp.
Overcoming MDR is broadly known to be effective
in cancer therapy. β-escin, obtained via its isolation
[25]
from the seed of the horse chestnut , played an
important role in circumventing drug resistance
in drug combination on CCA cells. However, the
molecular mechanisms of β-escin on down-regu
lating P-gp expression remain unclear. It has been
confirmed that the PI3K/Akt, NF-κB, Wnt/β-catenin,
and ERK signal pathways are associated with
[26,27]
P-gp expression in cancer
. In our previous
study, we found that the role of the Wnt/β-catenin
pathway has been implicated in chemoresistance in
[22]
CCA . An important finding of the present study
is that the Wnt/β-catenin pathway was involved
in the β-escin-induced down-regulation of P-gp on
CCA cells. Aberrant regulation of Wnt/β-catenin
signaling has been shown to cause a wide spectrum
[28-31]
of diseases, and especially tumors
. It is very
clear that the activation of β-catenin through the
canonical Wnt pathway plays a role in a number
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Background

Cholangiocarcinoma (CCA), a chemoresistant bile duct carcinoma which results
in a poor prognosis, is resistant to all currently available chemotherapeutics
because of its multidrug resistance (MDR). A safe and effective agent for CCA
chemotherapy is therefore urgently needed.

Research frontiers

β-escin could enhance the drug sensitivity of cholangiocarcinoma cells to
common chemotherapeutics. Furthermore, β-escin could down-regulate
P-gp expression via inhibiting the activation of GSK3β/β-catenin pathways.
The results may provide a reference for additional insight into the potential
synergistic effects of β-escin in combination with chemotherapeutics on CCA
cells.

Innovations and breakthroughs

Overcoming MDR is broadly known to be effective in cancer therapy.
β-escin, isolated from the seed of the horse chestnut, plays an important
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role in circumventing drug resistance in drug combination on CCA cells. An
important finding of the present study is that the Wnt/β-catenin pathway was
involved in the β-escin-induced down-regulation of P-gp on CCA cells. This
study has demonstrated that β-escin can sensitize CCA cells to common
chemotherapeutics, and also clarified that β-escin could inhibit P-gp expression
through the inhibition of the GSK3β/β-catenin pathways.

13

Applications

14

β-escin was a potent reverser of P-gp-dependent MDR, and this effect was
likely through the inhibition of the GSK3β/β-catenin pathway, suggesting a
promising strategy of developing combination drugs for CCA.

Terminology

β-escin, the major active compound in extracts of the horse chestnut (Aesculus
hippocastanum) seed, has shown clinically significant anti-inflammatory activity,
as well as inhibitory effects on colon cancer. MDR belonging to a superfamily
of ATP-dependent transporters, is the major obstacle to a successful cancer
therapy.
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Peer review

This is a comprehensive manuscript with fine structure which adequately
highlights the role of β-escin in cholangiocarcinoma. To date, there is no
sufficiently adequate study concerning this subject. Usually this disease is
already at the advanced stage by the time of diagnosis, and thus responds
poorly to chemotherapy. Genetic study of the tumor and research into inhibitors
of pathways make up the future of targeted therapy.
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Abstract
AIM: To investigate the prevalence of significant liver
fibrosis assessed using transient elastography (TE) and
its predictors in asymptomatic general population.
METHODS: A total of 159 subjects without chronic
viral hepatitis who underwent comprehensive medical
health check-up between January 2012 and July 2012
were prospectively recruited. Significant liver fibrosis
was defined as liver stiffness value > 7.0 kPa.
RESULTS: The mean age and body mass index (BMI)
of the study population (men 54.7%) was 56.0 years
2
and 24.3 kg/m . Among the study subjects, 11 (6.9%)
showed significant liver fibrosis. On univariate analysis,
BMI, alanine aminotransferase (ALT), homeostasis
model assessment of insulin resistance, carotid intimal
media thickness (IMT), number of calcified plaques on
carotid ultrasound, and visceral fat area on computed
tomography were significantly higher in subjects with
significant liver fibrosis than in those without (all P <
0.05). However, on multivariate analysis, BMI [odds
ratio (OR) =1.487; P = 0.045], ALT (OR = 1.078; P =
0.014), carotid IMT (OR = 3.244; P = 0.027), and the
number of calcified carotid plaques (OR = 1.787; P =
0.031) were independent predictors of significant liver
fibrosis.
CONCLUSION: The prevalence of significant liver
fibrosis assessed using TE was 6.9% in apparently
healthy subjects. High BMI, high ALT, thicker carotid
IMT, and higher numbers of calcified carotid plaques
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were independently associated with the presence of
significant liver fibrosis.

with CLDs and this effective screening will eventually
reduce medical costs and improve prognosis.
Although liver biopsy has been regarded as the
gold standard for detecting liver fibrosis, it is innately
invasive and can lead to mortality, misdiagnosis
due to interpretational variability, and sampling
errors due to uneven fibrosis distribution within the
[5]
liver parenchyma . Recently, liver stiffness (LS)
measurement using transient elastography (TE)
has emerged as a promising noninvasive tool for
assessing the degree of liver fibrosis. This technique
is non-invasive, accurate, reproducible, convenient,
[6-9]
and useful for serial measurement in various CLDs .
However, few studies have investigated TE for use
identifying asymptomatic subjects with significant
liver fibrosis by screening the population without
[10,11]
overt liver diseases
.
Hence, this study investigated whether TE can
screen asymptomatic general population with
out history of chronic viral hepatitis who received
comprehensive medical health check-ups and
identify subjects with significant liver fibrosis. In
addition, we examined which factors other than
chronic viral hepatitis are associated with the
presence of significant liver fibrosis in this study
population.

Key words: Transient elastography; Healthy subjects;
Fibroscan; Liver fibrosis; Non-alcoholic fatty liver di
sease; Non-alcoholic steatohepatitis; Body mass index;
Alanine aminotransferase; Carotid intimal medial th
ickness; Carotid artery plaque
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This is the first study which investigated the
prevalence of significant liver fibrosis assessed using
transient elastography and the correlation between
comprehensive clinical metabolic parameters (body
weight, visceral adiposity, insulin resistance, hepatic
steatosis, and atherosclerosis) and the presence
of significant liver fibrosis in asymptomatic general
subjects. Finally, we found that the prevalence of
significant liver fibrosis was fairly high (6.9%) and
several factors including higher body mass index,
higher alanine aminotransferase, thicker carotid intimal
media thickness, and higher numbers of calcified
carotid plaques on carotid sonography were significantly
correlated to the risk of significant liver fibrosis.
You SC, Kim KJ, Kim SU, Kim BK, Park JY, Kim DY, Ahn SH,
Lee WJ, Han KH. Factors associated with significant liver fibrosis
assessed using transient elastography in general population.
World J Gastroenterol 2015; 21(4): 1158-1166 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v21/i4/1158.htm
DOI: http://dx.doi.org/10.3748/wjg.v21.i4.1158

MATERIALS AND METHODS
Patients

This study prospectively and consecutively included
190 apparently healthy subjects who underwent a
comprehensive medical health check-up including TE
examination in Severance Hospital, Yonsei University
College of Medicine, Seoul, Korea, between January
2012 and July 2012.
According to the exclusion criteria (Figure 1), 31
patients were excluded; the remaining 159 patients
were selected for statistical analysis. Five patients
were excluded due to LS measurement failure (no
valid shot) or unreliable LS value. An additional 26
patients were excluded due to (1) chronic hepatitis
B or C (n = 4); (2) missing laboratory test data (n =
7); (3) missing carotid sonography data (n = 5); (4)
missing fat computed tomography data (CT) (n =
8); (6) right-sided heart failure (n = 0); or (7) lack
of informed consent (n = 2). Baseline characteristics
of the 31 excluded subjects were not statistically
different from the 159 subjects included in this study
(all P > 0.05, data not shown).
The study was performed in accordance with the
ethical guidelines of the 1975 Declaration of Helsinki.
Written informed consent was obtained from each
participant or a responsible family member. This
study was approved by the Institutional Review
Board of Severance Hospital.

INTRODUCTION
Along with tremendous progress in antiviral agents and
treatment strategies, a vigorous national vaccination
program has resulted in a gradually decreasing
prevalence of chronic viral hepatitis. Despite this, the
socioeconomic cost for managing chronic liver diseases
(CLDs) is continuously increasing every year in South
[1]
Korea . This phenomenon is attributed to other
CLDs, particularly non-alcoholic fatty liver disease
(NAFLD), which has an estimated prevalence of up
[2]
to 45% in the Asian population .
The prognosis of CLDs, including chronic viral
hepatitis and NAFLD, generally depends on the
severity of liver fibrosis. However, a non-negligible
fraction of patients with CLDs, especially NAFLD,
remain asymptomatic and even show normal liver
[3,4]
function tests . This makes it difficult to prevent
the progression of liver fibrosis to liver cirrhosis and
hepatocellular carcinoma. Thus, accurate and timely
determination of significant liver fibrosis is important
to prevent progression of liver fibrosis in patients
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was valid for the same signals, ensuring that liver
ultrasonic attenuation was achieved simultaneously
and in the same volume of liver parenchyma as the
LS measurement.
In this study, only procedures with at least ten
valid measurements, a success rate of at least 60%,
and an IQR/M of LS value < 0.3 were considered
reliable and used for statistical analysis. Because the
influence of IQR/MCAP on the accuracy of CAP has not
been fully validated, IQR/MCAP was not adopted as a
determinant for invalid CAP values.

190 patients who received
medical health check-up
(1) Failure of liver stiffness
measurement (n = 3)
(2) Invalid liver stiffness value (n = 2)
185 subjects with valid liver
stiffness values
(1) Chronic hepatitis B and C (n = 4)
(2) Missing data in laboratory tests (n = 7)
(3) Missing data in carotid Doppler
sonography (n = 5)
(4) Missing data in fat computed
tomography (n = 8)
(5) Right-sided heart failure (n = 0)
(6) Not available informed consent (n = 2)

Definition of significant liver fibrosis

In this study, a cut-off LS value of 7.0 kPa was
defined to identify significant liver fibrosis. This value
is based on a previous study from South Korea that
proposed a normal LS range of 3.7-7.0 kPa in men
[16]
and 3.3-6.8 kPa in women
and a study from Hong
Kong that proposed the optimal cut-off LS value as
7.0 kPa to diagnose significant liver fibrosis (≥ F2)
[17]
in patients with NAFLD .

159 subjects were
analyzed

Figure 1 Recruitment algorithm. A total of 190 consecutive subjects who
received full medical health check-ups were recruited. Five patients were
excluded due to inappropriate liver stiffness measurements. Of 185 subjects
with valid liver stiffness values, 26 were excluded based on exclusion criteria. A
total of 159 subjects were selected for final statistical analysis.

Statistical analysis

Results were expressed as mean ± SD, median
(range), or n (%), as appropriate. The means or
percentages of baseline characteristics between
patients with and without significant fibrosis were
compared using independent Student t-tests or
Mann-Whitney U tests for continuous variables
2
and χ tests or Fisher’s exact tests for categorical
variables. Univariate and multivariate logistic re
gression analyses were performed for variables that
were significantly different between groups with and
without significant fibrosis. All statistical analyses
were performed with standard procedures (SAS,
version 18). Statistical significance was considered
at P < 0.05.

Laboratory and imaging studies

In addition to demographic data, a comprehensive
medical health check-up with laboratory and imaging
studies was performed on the same day of LS
measurement using TE. Aspartate aminotransferase
(AST) level, alanine aminotransferase (ALT) level,
platelet count, fasting plasma glucose (FPG), Ho
meostatsis Model Assessment of Insulin Resistance
(HOMA-IR), and HbA1c were measured. HOMA-IR
was calculated using the following formula: [(Fasting
[12]
plasma insulin (μU/mL)*FPG (mg/dL))/405] .
Imaging studies including fat CT and carotid sono
graphy. Liver ultrasonography measured degree of
[13]
hepatic steatosis as described previously .

RESULTS

Measurement of LS and controlled attenuation
parameter

Baseline characteristics

Baseline characteristics of the 159 study subjects
are shown in Table 1. The mean age and body
mass index (BMI) of the study population (87 men
2
and 72 women) was 56.0 years and 24.3 kg/m ,
respectively. The prevalence of obesity, defined
2
as BMI > 25 kg/m , was 41.5% (n = 66). Mean
AST and ALT levels were 23.3 and 23.1 IU/L,
respectively. On carotid sonography, mean intimal
media thickness (IMT) was 0.75 mm. A carotid
plaque was noted in 34 (21.4%) subjects, and the
mean number of calcified carotid plaques was 0.48.
Mean CAP and LS values were 248.3 dB/m and 4.7
kPa, respectively.

The principles of LS and controlled attenuation
parameter (CAP) measurement using TE have been
[14,15]
described previously
. TE was performed by one
experienced technician (> 10000 examinations)
blind to clinical subject data. TE results are
expressed as kilopascals (kPa) for LS and dB/m for
CAP. The interquartile range (IQR) was defined as
an index of the intrinsic variability of LS and CAP
values corresponding to the interval of LS and CAP
results containing 50% of the valid measurements
th
th
between the 25 and 75 percentiles. The median
value of successful measurements was selected as
representative of the LS and CAP values of a given
patient. As an indicator of variability, the ratio of
the IQR of LS and CAP values to the median values
(IQR/M and IQR/MCAP, respectively) was calculated.
CAP was only calculated when the LS measurement
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Distribution of LS values

LS values were statistically similar between genders
(4.5 kPa in men and 4.8 kPa in women, P = 0.360).
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37.7%

Table 1 Baseline characteristics of study population (n =
159)
30.2%
Values

Demographic variables
Age, yr
Male gender
Body mass index, kg/m2
Diabetes mellitus
Hypertension
Daily alcohol intake, mg
Laboratory variables
Aspartate aminotransferase, IU/L
Alanine aminotransferase, IU/L
Platelet count, 109/L
Fasting plasma glucose, mg/dL
HOMA-IR
HbA1c, %
Imaging variables
Severe fatty liver on sonography
Carotid sonography
Intimal media thickness, mm
Presence of carotid plaque
Calcified carotid plaque, n
Computed tomography
Visceral fat area, cm2
Transient elastography
Controlled attenuation parameter, dB/m
Interquartile rangeCAP, dB/m
Interquartile range/medianCAP
Liver stiffness value, kPa
Interquartile rangeLS, kPa
Interquartile range/medianLS

Percentage (%)

Variables

56.0 ± 10.6
87 (54.7)
24.3 ± 3.1
19 (11.9)
40 (25.2)
15.4 ± 30.5
23.3 ± 8.5
23.1 ± 12.2
235.5 ± 57.9
100.5 ± 24.5
1.84 ± 1.35
6.0 ± 0.7

8.8%
5.0%
1.9%

2-2.9

3-3.9

4-4.9
5-5.9
6-6.9
Liver stiffness value (kPa)

7-7.9

≥8

Figure 2 Distribution of liver stiffness values. Among study participants,
significant liver fibrosis (> 7 kPa) was observed in 11 (6.9%).

30 (18.9)

(age, BMI, ALT, HOMA-IR, visceral fat area on CT,
number of calcified carotid plaques, and carotid
IMT), BMI [odds ratio (OR) = 1.487; 95% confidence
interval (CI): 1.009-2.193; P = 0.045], ALT (OR =
1.078, 95%CI: 1.015-1.145; P = 0.014), carotid
IMT (OR = 3.244, 95%CI: 1.140-9.234; P = 0.027),
and number of calcified carotid plaques (OR = 1.787,
95%CI: 1.055-3.026; P = 0.031) were selected as
independent predictors of significant liver fibrosis
based on positive correlations (Table 4).

0.75 ± 0.57
34 (21.4)
0.48 ± 1.13
112.4 ± 54.8
248.3 ± 44.4
35.91 ± 13.56
0.16 ± 0.06
4.7 ± 2.2
0.52 ± 0.21
0.13 ± 0.06

Values are expressed as the mean ± SD (range) or n (%). HOMA-IR:
Homeostasis model assessment of insulin resistance; HbA1c: Glycated
hemoglobin; CAP: Controlled attenuation parameter; LS: Liver stiffness.

Relative risk according to independent predictors

The study population was divided according to the
2
medians of four independent factors (24.2 kg/m for
BMI, 19 IU/L for ALT, 0.68 mm for carotid IMT, and
one or more calcified carotid plaques) to calculate
the relative risks between groups (Figure 3).
Significant liver fibrosis was observed in ten of 79
2
(12.7%) subjects with BMI ≥ 24.2 kg/m , nine of
78 (11.5%) subjects with ALT ≥ 19 IU/L, and ten of
79 (12.7%) subjects with carotid IMT ≥ 0.68 mm.
In contrast, significant liver fibrosis was noted in
2
one of 80 (1.3%) subjects with BMI < 24.2 kg/m
(P = 0.005; OR = 11.4, 95%CI: 1.2-91.7), two of
81 (2.5%) subjects with ALT < 19 IU/L (P = 0.030;
OR = 5.2, 95%CI: 1.1-24.7), and one of 80 (1.3%)
subjects with carotid IMT < 0.68 mm (P = 0.005;
OR = 11.4, 95%CI: 1.4-91.7). In addition, the
prevalence of significant liver fibrosis tended to be
higher in subjects with calcified carotid plaques than
in those without [5/35 (14.3%) vs 6/124 (4.8%); P
= 0.065].

Among the study subjects, most subjects (n = 60,
37.7%) had LS values of 4.0-4.9 kPa, whereas 11
(6.9%) subjects had LS values higher than 7 kPa,
indicating the presence of significant liver fibrosis
(Figure 2). Characteristics of patients with significant
fibrosis are shown in Table 2, published online.

Factors associated with significant liver fibrosis

Various characteristics were compared between
subjects with and without significant liver fibrosis
(Table 3). BMI, ALT, HOMA-IR, carotid IMT, number
of calcified carotid plaques on carotid sonography,
and visceral fat area on CT were significantly higher
in subjects with significant liver fibrosis than in those
2
without (27.5 vs 24.1 kg/m ; 32.3 vs 22.2 IU/L;
2.9 vs 1.7; 1.4 vs 0.7 mm; 1.5 vs 0.4, and 171.5
2
vs 107.2 cm , respectively; all P < 0.05). CAP value
was elevated in patients with significant liver fibrosis
but failed to show significant differences between
the groups.

DISCUSSION
Despite the increasing popularity and reliability of
LS measurement using TE to assess the degree
of liver fibrosis in subjects with CLDs, only a few
Western studies have shown the applicability of
[10,11]
screening the general population
. Thus, we

Independent factors associated with significant liver
fibrosis

On multivariate logistic regression analysis using
variables that were significant in univariate analysis
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Table 2 Characteristics of patients with significant fibrosis
No.

2

Age (yr) Gender BMI (kg/m )

1
2
3
4
5
6
7
8
9
10
11

47
69
52
77
53
68
77
56
52
67
77

F
F
F
M
M
M
M
M
M
M
F

Alcohol intake (g/d)

ALT (IU/L)

CAP (dB/m)

Degree of fatty liver on US

LS value (kPa)

0
0
23
0
29
38
0
11
5
0
0

11.0
46.0
43.0
13.0
70.0
42.0
35.0
22.0
41.0
24.0
44.0

259
348
212
185
324
274
281
258
287
259
247

Normal
Moderate
Mild
Normal
Moderate
Mild
Moderate
Mild
Mild
Mild
Mild

7.1
7.1
7.2
7.6
7.6
7.8
7.8
7.9
8.0
14.3
25.7

24.7
28.1
25.9
27.9
30.2
26.5
33.9
23.1
30.3
25.7
26.6

BMI: Body mass index; ALT: Alanine aminotransferase; CAP: Controlled attenuation parameter; US: Ultrasound; LS: Liver stiffness.

Table 3 Comparison between patients with and without significant liver fibrosis (> 7 kPa)
Variables

Patients without significant fibrosis
[n = 148 (93.1%), LS value ≤ 7 kPa]

Patients with significant fibrosis
[n = 11 (6.9%), LS value > 7 kPa]

P value

55.5 ± 10.4
80 (54.1)
24.1 ± 3.0
17 (11.5)
38 (25.7)
16.2 ± 31.7
22.2 ± 11.4
235.6 ± 55.5
99.7 ± 24.3
1.7 ± 1.2
6.0 ± 0.7
53 (35.8%)
0.7 ± 0.2
31 (20.9)
0.4 ± 1.0
107.2 ± 47.7
246.4 ± 43.8

63.2 ± 11.5
7 (63.6)
27.5 ± 3.0
2 (18.2)
2 (18.2)
11.0 ± 16.4
32.3 ± 17.1
234.2 ± 92.0
106.1 ± 24.9
2.9 ± 2.0
6.2 ± 0.6
9 (81.8%)
1.4 ± 2.1
3 (27.3)
1.5 ± 1.8
171.5 ± 93.0
266.7 ± 45.6

NS
NS
0.001
NS
NS
NS
0.024
NS
NS
0.034
NS
0.004
0.011
NS
0.019
0.002
NS

Age, yr
Male gender
Body mass index, kg/m2
Diabetes mellitus
Hypertension
Daily alcohol intake, mg
Alanine aminotransferase, IU/L
Platelet count, 109/L
Fasting plasma glucose, mg/dL
HOMA-IR
HbA1c, %
Presence of fatty liver on Sonography, n
Intimal media thickness, mm
Presence of carotid plaque
Calcified carotid plaque, n
Visceral fat area, cm2
Controlled attenuation parameter, dB/m

Values are expressed as the mean ± SD (range), median (range), or n (%). NS: Not significant; LS: Liver stiffness; HOMA-IR: Homeostasis model assessment
of insulin resistance; HbA1c: Glycated hemoglobin.

a cohort of apparently healthy native Korean sub
jects without history of chronic viral hepatitis who
underwent a comprehensive medical health checkup. The prevalence of significant liver fibrosis
was fairly high (6.9%) in this cohort. In addition,
the associations between significant liver fibrosis
and other clinical factors were investigated. BMI,
ALT, carotid IMT, and number of calcified carotid
plaques were identified as independent predictors
of significant liver fibrosis. Although an exact
comparison is not feasible due to differences in
ethnicity and BMI, lack of histological information,
and potential bias caused by reasons for the
medical health check-up, the prevalence of sig
nificant liver fibrosis in this study was similar to
that of a previous French study (6.9% and 7.5%,
respectively) that adopted 8 kPa as the cutoff value
[11]
for screening the general population .
Regardless of etiology, significant liver fibrosis
is associated with a risk of fibrosis progression

Table 4 Factors associated with significant liver fibrosis (> 7
kPa)
Variable

Univariate

Age, yr
Body mass index, kg/m2
Alanine aminotransferase,
IU/L
HOMA-IR
Visceral fat area, cm2
Intimal media thickness,
mm
Calcified carotid plaque, n

Multivariate

P value

Odds ratio

0.021
0.001
0.010

1.065
1.487
1.078

0.981-1.156 NS
1.009-2.193 0.045
1.015-1.145 0.014

0.013
0.004
0.195

0.950
0.995
3.244

0.555-1.626 NS
0.979-1.011 NS
1.140-9.234 0.027

0.008

1.787

1.055-3.026 0.031

95%CI

P value

HOMA-IR: Homeostasis model assessment of insulin resistance; NS: Not
significant.

tried to demonstrate the applicability of TE as a
screening tool to identify subjects with potential
significant liver fibrosis. For this aim, we included
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A

B

P = 0.005
98.8%

P = 0.030

LS value ≤ 7.0 kPa
LS value > 7.0 kPa

97.5%
87.3%

88.5%

12.7%

11.5%

1.3%

2.5%
2

BMI < 24.2 kg/m

C

2

BMI ≥ 24.2 kg/m

ALT < 19 IU/L

D

P = 0.005

95.2%

ALT ≥ 19 IU/L

P = 0.065
85.7%

98.8%
87.3%

14.3%

12.7%
4.8%

1.3%
IMT < 0.68 mm

IMT ≥ 0.68 mm

Number of calcified
carotid plaque = 0

Number of calcified
carotid plaque ≥ 1

Figure 3 Proportion of subjects with significant liver fibrosis (> 7 kPa) according to four independent predictors. A: Body mass index; B: Alanine
aminotransferase; C: Calcified carotid plaque; D: Number of calcified carotid plaques. The proportion of significant liver fibrosis was higher in subjects with high body
mass index (≥ 24.2 kg/m2), high alanine aminotransferase (≥ 19 IU/L), and thicker IMT (≥ 0.68 mm) than in their counterparts (12.7% vs 1.3%, 11.5% vs 2.5%,
12.7 vs 1.3%, respectively; All P < 0.05). Subjects with higher numbers of calcified carotid plaques (≥ 1) were prone to have significant liver fibrosis with borderline
statistical significance (14.3% vs 4.8%, P = 0.065).
[18,19]

and poor prognosis
. Thus, it is of paramount
importance to establish a screening strategy using noninvasive tools such as TE to detect potential underlying
significant liver fibrosis in the asymptomatic general
population. This will eventually reduce the social
burden of liver fibrosis while improving patients’
quality of life and survival by preventing disease
progression. BMI, ALT, carotid IMT, and number of
calcified carotid plaques, four independent predictors
of significant liver fibrosis in this study, are generally
[20-22]
known to have significant correlation to NAFLD
,
which is the leading cause of CLDs in the general
population, with no evidence of chronic viral hepatitis
[23-25]
worldwide
. This indicates that most subjects
with significant liver fibrosis in the current study
cohort may have NAFLD. Indeed, most patients with
significant fibrosis (n = 9, 81.8%) showed more
than mild fatty liver on ultrasonography. Of these, 6
patients showed elevated ALT level.
To evaluate the relative risks of significant liver
fibrosis, the study population was divided into two
groups by BMI, ALT, carotid IMT, and number of
calcified carotid plaques. Subjects with ALT higher
than a cutoff value of 19 IU/L had significantly

WJG|www.wjgnet.com

increased risk of significant liver fibrosis. This finding
that subjects with normal ALT level are not completely
free from the risk of significant liver fibrosis is
consistent with the results of previous studies.
Elevated ALT level, even within the current normal
range (≤ 35-40 IU/L), has been associated with a
[26]
[27]
[28]
risk of metabolic syndrome , CLDs , NASH , and
[29,30]
mortality in the Korean population
.
2
Subjects with BMI > 24.2 kg/m showed a higher
prevalence of significant liver fibrosis. Weight gain
has been shown to be closely related to liver fibrosis
[19,31]
progression
. Although the exact mechanism for
fibrotic progression in patients with NAFLD has not
been fully recognized, obesity with a combination
of insulin resistance and visceral adiposity causes
hepatic lipid accumulation with various free fatty
acid influx into the liver, up-regulation of hepatic
lipogenic transcription factors, and inhibition of free
[32]
fatty acid oxidation .
Interestingly, liver fibrosis had a significant re
lationship with carotid IMT and the number of
calcified carotid plaques in this study. In a previous
study, the close association between the degree of
NAFLD-related liver fibrosis and increased carotid
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IMT independent of metabolic syndrome and insulin
[33]
resistance was reported . This suggests that
atherosclerosis can independently influence risk
of liver fibrosis progression. Further studies are
required to reveal how cardio- or cerebrovascular
diseases due to atherosclerosis can be affected by
[19,24]
liver fibrosis in subjects with NAFLD
. In addition,
studies are needed to determine whether TE can
be incorporated into screening protocols to identify
high-risk subjects with cardio- or cerebrovascular
diseases.
Age and prevalence of diabetes mellitus, which
may have significant correlation with NAFLD or liver
[28]
fibrosis , were higher in subjects with significant
liver fibrosis, but the results were not statistically
significant. These negative findings should be
interpreted with caution due to a relatively small
sample size. Unexpectedly, CAP values were not
significantly different between groups, although
we assumed that most subjects with significant
liver fibrosis suffered from NAFLD and would have
increased CAP values. This can be explained by
[15]
that CAP, similar to other imaging modalities ,
cannot generally differentiate NASH which is related
to fibrosis progression from simple steatosis, al
though CAP does accurately reflect the amount of
[34]
steatosis .
Our study still involves several unresolved issues.
[10,11]
First, although previous studies
and our cur
rent study have demonstrated the applicability of
TE as a screening tool for diagnosing significant
liver fibrosis in the general population, insufficient
histological examinations for subjects assumed
to have significant liver fibrosis can be a major
limitation. Since significant hepatic dysfunction is
rarely observed in the asymptomatic general po
pulation, liver biopsies are not usually justified to
confirm the histological diagnosis of liver disease.
Thus, well-designed prospective studies that include
a sufficient number of subjects with high LS value
and histological evaluation are required. Second,
we cannot be sure that the study participants are
representative of the general population due to
potential selection bias caused by recruiting subjects
from health check-ups. However, because most
baseline characteristics of the study subjects were
similar to those in the general population, including
[35]
daily alcohol intake , prevalence of hypertension
[36]
[37]
[16]
and DM , carotid IMT thickness , and LS value ,
the results were not significantly influenced. Third,
because this study was cross-sectional, further
studies are needed to trace dynamic changes in LS
values according to treatment interventions and to
investigate the influence of LS changes on long-term
clinical outcomes.
In conclusion, the prevalence of significant liver
fibrosis assessed using TE was high in asymptomatic
Korean general population, despite no evidence of
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underlying CLDs. High BMI, high ALT, thicker carotid
IMT, and higher numbers of calcified carotid plaques
were independently associated with the presence
of significant liver fibrosis. Our results are helpful
for identifying subjects who are at risk of significant
asymptomatic liver fibrosis and for developing
guidelines regarding the optimal utilization of TE in
the general population.
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The prevention from progression of mild liver fibrosis to liver cirrhosis and
hepatocellular carcinoma is essential in management of chronic liver diseases
(CLD). However, a considerable number of patients with CLD remains
asymptomatic and even show normal liver function tests.
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Recently, liver stiffness measurement assessed using transient elastography
(TE) has emerged as a promising noninvasive tool for serial measurement
of liver fibrosis in various chronic liver diseases. However, few studies have
investigated TE for identifying asymptomatic subjects with significant liver
fibrosis by screening apparently healthy population.
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The prevalence of significant liver fibrosis was 6.9% in apparently healthy
Korean population. Body mass index, alanine aminotransferase, carotid intima
media thickness, and number of calcified carotid plaques were identified as
independent predictors of significant liver fibrosis in this study.

Applications

Significant liver fibrosis in apparently healthy subjects raises necessity of
rigorous screening strategy for CLDs in general Korean population. Predictors
of significant fibrosis demonstrated in this study can help to identify subjects
who are at risk.

Terminology

The TE is the machine using a non-invasive probe, similar to an ultrasound
probe. Ultrasound transducer of TE generates elastic shear wave propagating
through the liver and measures its velocity. Since elastic shear wave runs faster
in stiffer tissue, the velocity of shear wave is proportional to liver stiffness. Many
previous studies reported that liver stiffness measurement assessed using TE
accurately reflects degree of fibrosis in liver.
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Long-term outcome and quality of life after transoral
stapling for Zenker diverticulum
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operative data, morbidity, time to oral feeding, and
length of hospital stay were recorded. All patients
underwent upper gastrointestinal endoscopy and a
barium swallow study to measure the length of the
diverticulum from the apex of the septum to the bottom
of the pouch. Transoral stapling was performed using
a Weerda diverticuloscope under general anesthesia.
Over time, the technique was modified by applying
traction sutures to ease engagement of the common
septum inside the stapler jaws. Perioperative variables,
symptoms, long-term outcome, and quality of life were
analyzed. The operation was considered successful
if the patient reported complete remission (grade
1) or marked improvement (grade 2) of dysphagia,
regurgitation, and respiratory symptoms. Statistical
analysis was performed using Statistical Package for
Social Science (SPSS, Version 15, SPSS, Inc., Chicago,
IL).
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RESULTS: Between 2001 and 2013, the transoral
approach was successfully completed in 100 patients
with a median age of 75 years. Patients with a larger (≥
3 cm) diverticulum were older than those with a smaller
pouch (P < 0.038). Complications occurred in 4% of
the patients but there was no mortality. A statistically
significant improvement of dysphagia and regurgitation
scores (P < 0.001) was recorded over a median followup of 63 mo. Similarly, a significant decrease in the
median number of pneumonia episodes per year (P <
0.001) was recorded after surgery. The overall longterm success rate of the procedure was 76%. The
success rate of the operation was greater in patients
of 70 years of age or older compared to younger
individuals (P = 0.038). Use of traction sutures on the
septum was associated with an improved success rate
compared with the standard procedure (P = 0.04). All
items of the health related quality of life questionnaire
were significantly higher compared to baseline (P <
0.05).

Abstract
AIM: To investigate long-term results and quality of life
after transoral stapling of Zenker diverticulum.
METHODS: The data of all patients admitted to
our institution for the surgical treatment of Zenker
diverticulum were entered into a prospective database.
Demographics, symptoms, intraoperative and post
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CONCLUSION: Transoral stapling is safe and effective.
The operation significantly improves patients’ quality
of life. It appears that elderly patients with large
diverticula significantly benefit from the procedure and
that the modified surgical technique including traction
sutures can further improve the success rate.

Zenker diverticulum who have been treated with the
transoral stapling operation in a single center.

MATERIALS AND METHODS
The data of all patients admitted to our institution
for the surgical treatment of Zenker diverticulum
were entered into a prospective database. De
mographics, symptoms, intraoperative and post
operative variables, morbidity, time to oral feeding,
and length of hospital stay were recorded. An upper
gastrointestinal endoscopy and a barium swallow
study were routinely performed to measure the
length of the diverticulum from the apex of the
septum to the bottom of the pouch and to exclude
the presence of concomitant esophagogastric
disorders. A questionnaire on symptoms was ad
ministered to grade the severity of dysphagia
on a scale of 1 (absent) to 4 (liquid diet only).
Regurgitation and respiratory symptoms such as
cough, hoarseness, and episodes of pneumonia
were recorded as to their frequency on a scale of
1 (absent) to 4 (daily). Preoperative quality of life
was evaluated according to the short-form health
survey questionnaire (SF-36), an instrument
designed to characterize a person’s view of health
[18,19]
and quality of life
. Evaluation of the results
was done by attributing scores to each question.
A change of more than five scale points on any of
the eight domains of the SF-36 is considered to be
[20]
clinically relevant . Each dimension was analyzed
separately. The body mass index, the Mallampati
and Cormack scores, the distance (in mm) between
upper and lower incisors, the thyromental distance,
and the distance from incisors to the upper
esophageal sphincter were recorded. The Mallam
pati score is determined by the direct visibility of
[21]
tonsils, uvula, and soft palate . The Cormack
score is based on the laryngeal view during direct
[22]
laryngoscopy . Postoperatively, an office visit was
scheduled within 6 mo after surgery. Patients were
then interviewed yearly by letter or by phone. A
barium swallow study and an upper gastrointestinal
endoscopy were performed at 1 year and during
the follow-up whenever dysphagia, regurgitation,
or other symptoms occurred. At the last follow-up,
postoperative residual symptoms were assessed
and quality of life was compared to preoperative
values. The degree of postoperative satisfaction
was also evaluated using a scale of 1 to 4. The
operation was considered successful if the patient
reported complete remission (grade 1) or marked
improvement (grade 2) of dysphagia, regurgitation,
and respiratory symptoms. The Statistical Package
for Social Science (SPSS, Version 15, SPSS, Inc.,
Chicago, IL) was used for data analysis. Quantitative
variables were expressed as mean ± SD or median
(range). Fisher’s exact test was performed for
categorical data. Ordinal and quantitative variables

Key words: Zenker diverticulum; Dysphagia; Aspiration
pneumonia; Cricopharyngeal myotomy; Diverticulectomy;
Transoral stapling; Flexible endoscopy; Short-form health
survey questionnaire
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Transoral stapling was introduced 20 years
ago as an alternative to standard open cricopharyngeal
myotomy and diverticulectomy for the treatment
of Zenker diverticulum. Long-term results after this
operation have seldom been reported and quality of life
data are lacking. Between 2001 and 2013, 100 patients
underwent transoral stapling under general anesthesia.
Perioperative variables, symptoms, long-term outcome,
and quality of life were analyzed. The median followup was longer than 5 years. The success rate of
the operation was significantly greater in patients
of 70 years of age or older compared to younger
individuals. All items of the health related quality of life
questionnaire were significantly higher compared to
baseline.
Bonavina L, Aiolfi A, Scolari F, Bona D, Lovece A, Asti
E. Long-term outcome and quality of life after transoral
stapling for Zenker diverticulum. World J Gastroenterol 2015;
21(4): 1167-1172 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i4/1167.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i4.1167

INTRODUCTION
Zenker diverticulum is a relatively rare disease, with
an annual incidence of about 2 cases per 100000,
[1]
and occurs most often in elderly men . The transoral
approach to the pharyngoesophageal diverticulum
was first described almost a century ago by Mosher
[2]
et al who performed an endoscopic diverticulotomy
with the blade of a knife. Electrocautery or laser
have been used later on, but failed to gain consensus
[3]
because of the risk of perforation . The transoral
approach using a stapler to divide the septum
between the esophagus and the diverticulum was
[4]
first described by Collard et al , Martin-Hirsch et
[5]
[6]
al , and Narne et al in 1993 to overcome the
limitations and increase safety of the endoscopic
approach. Subsequent studies have confirmed
[7-17]
the safety and effectiveness of this operation
.
The goal of this report was to review the longterm results and the quality of life of patients with
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Table 1 Comparison of rate of patients with preoperative
and postoperative grade 3-4 symptoms
Pre

Post

P

75.6%
59.1%
38.1%

8.3%
7.5%
7.8%

0.001
0.001
0.001

Symptoms
Dysphagia
Regurgitation
Respiratory symptoms

Table 2 Outcome of the operation according to clinical and
operative variables n (%)
Success rate
Age groups (yr)
< 70
> 70
Diverticulum size (cm)
<3
>3
Endostitch use
No
Yes

were analyzed by Wilcoxon test. The Kaplan Meier
method was used to calculate the recurrence rate. P
< 0.05 was considered significant.

Statistical analysis

35 (65.7)
65 (84.6)

0.038

31 (54.9)
69 (88.4)

0.033

49 (68)
51 (85)

0.04

Intraoperative complications consisted of two dental
lesions and one minor lip laceration. There were two
postoperative complications (2%), atrial fibrillation
in one patient and mediastinal abscess necessitating
trans-cervical drainage in the other. Most patients
started eating on the first postoperative day and
were discharged on the second postoperative day.
At the latest follow-up, which was completed in
94 of the 100 patients, a significant decrease in the
rates of grade 3-4 symptoms was reported (Table 1).
Furthermore, in twelve octogenarian patients who
presented preoperatively with recurrent episodes
of pneumonia as the predominant symptom, a
decrease in the median number of pneumonia epi
sodes per year from 4.3 to 1.1 was recorded (P <
0.001). Overall, 84% of the patients were highly
satisfied with the outcome (grade 1-2), whereas
10 (10.6%) were unsatisfied (grade 4). A further
5 (5.4%) patients, who were scored as grade 3,
admitted that despite some residual or recurrent
symptoms they would give consent to the operation
if the decision had to be made again. Over a median
follow-up time of 63 mo (range 12-139 mo), the
long-term success rate of the operation was 76%.
Patients’ age, size of the diverticulum, and use of
traction sutures significantly affected the outcome of
the operation (Table 2).
Twenty-four patients complained of recurrent
symptoms after a median follow-up time of 13
mo (range 2-60 mo). Among these patients, 14
refused further treatment due to mild symptoms, 3
required open diverticulectomy and cricopharyngeal
myotomy, and 5 successfully underwent redo stap
ling without morbidity. The recurrence rate was
higher in patients with a diverticulum < 3 cm (32%
vs 11%, P = 0.04). Interestingly, these patients
were significantly younger than patients with larger
diverticula. The recurrence rate was lower in patients
who underwent the modified surgical technique
with the use of traction sutures (15% vs 32%, P =
0.008). Similarly, in the subgroup of patients with
a diverticulum < 3 cm, there was a trend toward a
lower recurrence rate when the traction suture was
used (24% vs 38.9%, P = NS).
Assessment of quality of life parameters according

The operation was performed under general an
esthesia with orotracheal intubation and with the
patient in the supine position. The technical details
[23]
of the procedure have been described elsewhere .
Briefly, a bivalved Weerda diverticuloscope (Karl
Storz, Tuttlingen, Germany) was introduced in the
cervical esophagus and then withdrawn until the
common septum was identified. The septum was
divided using a linear endostapler (ETS 35 mm,
Ethicon Endosurgery, Cincinnati, OH). Over the past
five years, one or two full-thickness traction sutures
were routinely applied at the apex of the common
septum using a laparoscopic suturing device
(Endostitch, Covidien, Norwalk, CT) to improve vis
ualization and purchase of the septum within the
stapler jaws.

RESULTS
Between July 2001 and April 2013, 116 patients
with Zenker diverticulum were admitted to our
Department. Three of these patients with a very
small pouch (1-2 cm) underwent primary crico
pharyngeal myotomy and are excluded from this
study. The other patients were all considered eligible
for transoral stapling. In 13 (11.5%) of the 113
patients, who are also excluded from the present
study, the procedure required conversion to an open
diverticulectomy combined with cricopharyngeal
myotomy. Patients undergoing uneventful transoral
approach had a larger mouth opening as assessed
by the incisor distance (45 ± 7 mm vs 34 ± 6 mm,
P = 0.001) and a longer thyromental distance (96
± 9 mm vs 85 ± 15 mm, P = 0.02) compared to
individuals requiring conversion to open surgery. The
BMI, the Mallampati and Cormack scores, and the
distance between incisors and the upper esophageal
sphincter were similar in both groups.
Overall, 100 patients (57 males, 43 females)
with a median age of 75 years (range 24-90 years)
successfully underwent transoral stapling. The
median diverticulum length was 3.5 cm (range 2-6
cm). Patients with a larger (≥ 3 cm) diverticulum
were older than those with a smaller (< 3 cm) pouch
(63.5 ± 14 years vs 78.8 ± 7.6 years, P = 0.038).
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Figure 1 Preoperative and postoperative quality of life according to the 36-item short-form health survey health questionnaire. All items were significantly
higher compared to baseline (P < 0.05 vs baseline). FC: Functional capacity; PA: Physical aspect; BP: Bodily pain; GH: General health; VT: Vitality; SF: Social
function; RE: Role emotional; MH: Mental health.

left cervical incision.
The long-term outcome analysis in our patients
showed an overall success rate of 76%. This is
comparable to other smaller series with shorter
[28]
follow-up time . Over the past five years we
have modified our transoral technique by applying
to the septum one or two full-thickness traction
sutures. The average gain in length of stapled tissue
provided by the traction sutures was 1 cm. This
suggests that the transoral approach is suitable
also for patients with a diverticulum of 2-3 cm
as measured intraoperatively. The use of traction
sutures was safe, did not increase operative time,
and was associated with a significant reduction of
the symptom recurrence rate compared with the
standard technique.
In the present study we have also evaluated
the effect of transoral stapling on patients’ quality
of life using the SF-36 questionnaire. A significant
improvement of all 8 items was recorded. To our
knowledge, objective quality of life assessment
before and after transoral stapling for Zenker di
verticulum has not been previously reported in the
literature.
In the future, transoral stapling should be pro
spectively compared with interventional flexible
endoscopy, especially in the management of patients
with small (< 3 cm) diverticula. At present, both
techniques appear safe and effective, but long-term
results of the flexible endoscopic approach are still
[29-33]
lacking
.
In conclusion, first-line minimally invasive treatment
of Zenker diverticulum by means of transoral stapling
appears to be safe and provides symptom control
and good quality of life in the long-term follow up.
The low morbidity associated with the operation
makes this procedure suitable and of special interest
for the elderly patient population.

to the eight domains of the SF-36 showed a statistically
significant effect of the operation on the items
functional capacity, physical aspects, pain, general
health, vitality, social aspects, emotional aspects, and
mental health. All scores were significantly higher at
the last patient follow-up compared to preoperative
assessment (Figure 1).

DISCUSSION
This study confirms that transoral stapling is a safe,
effective and repeatable procedure for Zenker di
[24]
verticulum . Manometric and scintigraphic studies
from our group had shown that transoral stapling
of the septum can restore pharyngoesophageal
physiology by decreasing hypopharyngeal intrabolus
[25]
pressure . Potential advantages of the transoral
approach include low morbidity, short length of hospital
stay, and similar medium-term outcome compared
with open diverticulectomy and cricopharyngeal
myotomy. The higher long-term recurrence rate is
offset by the lower morbidity and the ease by which
the procedure can be successfully repeated. However,
no prospective clinical trials are available and clear
evidence to prove which surgical method is more
[26]
effective is still lacking . A recent retrospective
review showed that the results of transoral stapling
may decline over time and the outcome may be
worse in patients with small diverticula in whom a
complete cricopharyngeal myotomy is unlikely to
[27]
be performed . In some patients, an unfavorable
anatomy and/or technical difficulties in positioning
the diverticuloscope preclude optimal visualization
and engagement of the septum in the stapler. The
conversion rate in our series was 11.5%, and we
found that only the degree of mouth opening and the
thyromental distance were significantly associated with
conversion of the procedure to open surgery through a
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Abstract
AIM: To evaluate the effect of gastrectomy on diabetes
mellitus (DM) and hypertension (HTN) in non-obese
gastric cancer patients.
METHODS: A total of 100000 patients, diagnosed
with either type 2 DM or HTN, were randomly selected
from the 2004 Korean National Health Insurance
System claims. Among them, 360 diabetes and 351
hypertensive patients with gastric cancer who had been
regularly treated without chemotherapy from January
2005 to December 2010 were selected. They were
divided into three groups according to their treatment
methods: total gastrectomy (TG), subtotal gastrectomy
(STG) and endoscopic resection (ER).
RESULTS: The drug discontinuation rate of antidiabetic and anti-hypertensive agents after gastric
cancer treatment was 9.7% and 11.1% respectively.
DM appeared to be improved more frequently (22.8%)
and earlier (mean ± SE 28.6 ± 1.8 mo) in TG group
than in the two other groups [improved in 9.5% of ER
group (37.4 ± 1.1 mo) and 6.4% of STG group (47.0
± 0.8 mo)]. The proportion of patients treated with
multiple drugs decreased more notably in TG group
compared to others (P = 0.001 in DM, and P = 0.035
in HTN). In TG group, adjusted hazard ratio for the
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improvement of DM was 2.87 (95%CI: 1.15-7.17) in
a multi-variate analysis and better control of DM was
observed with survival analysis (P < 0.001).

with gastric cancer was not different from that in
[8]
general population; Ogle et al reported comorbid
DM was 8% of patients with gastric cancer using
data from National Cancer Institute Surveillance,
Epidemiology, and End Results program and Sarfati
[9]
et al reported DM with complication occurred in
10% of gastric cancer patients using administrative
data from New Zealand Cancer Registry.
Obesity is one of the most important factors
commonly contributing to an increased risk of DM
and HTN. Thus, obesity has become a major public
health concern and incurred enormous socioeconomic
costs. Fortunately, several studies suggest that
bariatric surgery results in a remarkable improvement
for the obesity epidemic and it has been recently
recommended that surgery (preferably the Roux-en-Y
gastric bypass procedure) should be considered as an
[10]
appropriate treatment for obese diabetic patients .
However, there are only a few large population-based
[11]
studies conducted on non-obese population . In
addition, most of the studies compared metabolic
changes before and after bariatric surgery, lacking
an appropriate control enough to exclude the effect
of dietary-habit changes. In this work, we assessed
the effect of gastrectomy on DM and HTN compared
to the control group of endoscopic resection using a
nationwide data.

CONCLUSION: TG was found to decrease the need
for anti-diabetic medications which can be reflective
of improved glycemic control, to a greater extent than
either ER or STG in non-obese diabetic patients.
Key words: Diabetes; Hypertension; Gastrectomy; Gas
tric cancer; National cohort
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: By following the long term outcome of
diabetes and hypertension after gastrectomy, we have
discovered that total gastrectomy has a profound
impact on the improvement of both diabetes and
hypertension compared with endoscopic resection in
non-obese population.
Lee EK, Kim SY, Lee YJ, Kwak MH, Kim HJ, Choi IJ, Cho
SJ, Kim YW, Lee JY, Kim CG, Yoon HM, Eom BW, Kong
SY, Yoo MK, Park JH, Ryu KW. Improvement of diabetes and
hypertension after gastrectomy: A nationwide cohort study. World
J Gastroenterol 2015; 21(4): 1173-1181 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i4/1173.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i4.1173

MATERIALS AND METHODS
Database

The Korean National Health Insurance System (KNHI)
program is a mandatory social insurance, covering
approximately 97% of the Korean population. The
database includes all information for the purpose of
reimbursement, such as sex, age, residential area,
diseases, prescription history and survival outcome.
The KNHI claims database has been analyzed for
[12,13]
[14]
epidemiological
and health policy studies .
From the KNHI claims database, we identified
1314168 type 2 DM and 2667621 HTN patients who
had been treated with either condition between
the dates of January 1, 2004, through December
31, 2004. The data from January 1, 2005 through
December 31, 2010 were collected including patient
sociodemographic information, specific target
diseases (DM, HTN, and gastric cancer), surgical
procedures (total gastrectomy, subtotal gastrectomy
and endoscopic resection), prescriptions (antihypertensive, anti-diabetics and chemotherapy
drugs), and deaths. Patients of both DM and HTN
were analyzed separately for each disease. Patients
were grouped into one of the three categories by
residential area (rural, urban, and metropolitan)
according to their Korean ZIP code, since regional
difference could affect medical behavior.
We extensively reviewed prescription history
including the duration and the types of drugs; all

INTRODUCTION
Gastric cancer is the fourth most common cancer
and the second leading cause of cancer death in the
[1]
world with the highest mortality rates reported
in Eastern Asia. Although the worldwide incidence
of gastric cancer has been declining, its prevalence
[2]
still remains high in South Korea with the propor
tion of early gastric cancer (EGC) reported to have
[3]
increased . The 5-year survival rate of EGC has
reached 90% or higher, resulting in the increase of
long-term survivors. Thus, the quality of life after
cancer treatment has emerged as an important
health factor for gastric cancer patients, especially
for those suffering with additional chronic diseases
such as diabetes mellitus (DM) and hypertension
(HTN).
DM and HTN are two of the most common chronic
diseases, which increase the risk of vascular com
plications such as stroke, myocardial infarction,
and renal failure. There is a growing concern about
striking increase of these two diseases. The Asian
[4]
population is not exceptional ; the age-standardized
[5]
prevalence of DM was 9.7% in China and 9.1%
[6]
in South Korea , while the age-standardized
prevalence of HTN was 25.3% in Korean adults 20
[7]
years or older . The prevalence of DM in patients
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Patients treated for DM or HTN in the year of 2004
(DM: 1314168 HTN: 2667621)

Random sampling
(DM: 100000, HTN: 100000)

Patients treated for gastric cancer during 2005-2010
(DM: 2310, HTN: 1929)

No active treatment during
observation period
(DM: 1647, HTN: 1310)
Active treatment for gastric cancer
(DM: 663, HTN: 619)

Endoscopic resection
DM: 85, HTN: 53

Subtotal gastrectomy
DM: 218, HTN: 244

Excluded due to chemotherapy,
medication< 6 mo, mortality
(DM: 303, HTN: 268)

Total gastrectomy
DM: 57, HTN: 54

Figure 1 Flow chart of study population. No treatment during the follow-up period due to precedent operation, patient’s condition, patients’ refusal, etc. DM:
Diabetes mellitus; HTN: Hypertension.

drugs used for treatment of DM were classified
into one of the following groups: sulfonylurea, met
formin, thiazolidinedione, α-glucosidase inhibitor
and insulin, while drugs used for treatment of
HTN were classified into the groups as “calcium
channel blocker, diuretics, beta-blocker, angiotensin
converting enzyme inhibitor, angiotensin receptor
blocker”. This study was approved by the Ins
titutional Review Board of the National Cancer
Center, South Korea (IRB No. NCCNCS-12-563).
Informed consent was waived since the study was
based on routinely collected administrative data.

Finally, the remaining patients were divided into
three groups: total gastrectomy (TG), subtotal gas
trectomy (STG) and endoscopic resection (ER).
The endoscopic resection procedure included both
endoscopic mucosal resection and endoscopic sub
mucosal dissection. Patients were considered to have
shown an improvement of DM or HTN if anti-diabetic
or anti-hypertensive drugs had not been prescribed
for a minimum of 6 mo. Relapses were considered
to have occurred if anti-hypertensive or anti-diabetic
drugs were resumed for three months or more after
remission.

Study population

Statistical analysis

Descriptive analyses were performed to identify
patient demographics and procedural distributions.
Continuous variables were analyzed by using Stu
2
dent’s unpaired two-sided t-test, whereas χ ap
proximations were performed for discrete variables
such as differences in patient characteristics and
remission rates in each group. Categorical variables
were analyzed by Fisher’s exact test. Survival
analysis was used to determine the time from cancer
treatment to discontinuation of drugs for DM or
HTN. The cumulative probabilities of remission and
the survival curves of disease relapse were obtained
with Kaplan-Meier estimates. The Wilcoxon twosample test was also used to assess whether the
effect of each procedure on remission was stronger

Once DM and HTN patients were identified from
the KNHI claims database, we randomly sampled
100000 subjects for each disease (Figure 1). After
sampling, we selected the patients with gastric
cancer (code C16), according to the International
Classification of Diseases, Tenth Edition, Clinical
Modification (ICD-10-CM) and excluded patients
who did not undergo active gastric cancer treatment
during the follow-up period. In addition, to confine
study population to the patients with early stage of
gastric cancer and to be unable to assess nutritional
status and effects of chemotherapy on DM or HTN,
subjects who were treated with chemotherapeutic
agents were excluded. Mortality cases in the
observational periods were also excluded.
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Table 1 Baseline characteristics of diabetic patients n (%)
Endoscopic resection (n = 85) Subtotal gastrectomy (n = 218)
Male
Age at treatment (yr, mean ± SE)
Comorbid HTN
Diabetes medication
Sulfonylurea (S)
Metformin (M)
α-glucosidase inhibitor
Thiazolidinedione (T)
Insulin
Combination (M, S)
Combination (M, T)
Others
Diabetes medications (n)
1
2
3
≥4

Total gastrectomy (n = 57)

P

39 (45.9)
64.9 ± 7.4
57 (67.1)

142 (65.1)
65.1 ± 8.7
120 (55.0)

40 (70.2)
64.1 ± 8.5
29 (50.9)

0.0031
0.74
0.09

72 (84.7)
42 (49.4)
20 (23.5)
8 (9.4)
54 (63.5)
3 (3.5)
1 (1.2)
1 (1.2)

178 (81.7)
126 (57.8)
45 (20.6)
16 (7.3)
181 (83.0)
5 (2.3)
2 (0.9)
9 (4.1)

47 (82.5)
30 (52.6)
19 (33.3)
1 (1.8)
47 (82.5)
2 (3.5)
0 (0.0)
1 (1.8)

0.82
0.39
0.13
0.20
0.0011
0.73
1.00
0.48

12 (14.1)
38 (44.7)
25 (29.4)
10 (11.8)

22 (10.1)
79 (36.2)
85 (39.0)
32 (14.7)

6 (10.5)
23 (40.4)
15 (26.3)
13 (22.8)

0.24

1

P-value by χ2 test. HTN: Hypertension.

Table 2 Baseline characteristics of hypertensive patients n (%)
Endoscopic resection (n = 53)

Subtotal gastrectomy (n = 244)

Total gastrectomy (n = 54)

P

36 (67.9)
65.2 ± 8.1
5 (9.4)

153 (62.7)
65.8 ± 8.5
46 (18.9)

41 (75.9)
66.3 ± 9.3
13 (24.1)

0.17
0.79
0.13

8 (15.1)
22 (41.5)
1 (1.9)

52 (21.3)
93 (38.1)
5 (2.0)

13 (24.1)
22 (40.7)
2 (3.7)

0.49
0.87
0.85

41 (77.4)
19 (35.8)
19 (35.8)
15 (28.3)
9 (17.0)
0 (0.0)
0 (0.0)

166 (68.0)
92 (37.7)
76 (31.1)
82 (33.6)
41 (16.8)
9 (3.7)
6 (2.5)

33 (61.1)
21 (38.9)
17 (31.5)
18 (33.3)
5 (9.3)
1 (1.9)
3 (5.6)

0.19
0.95
0.80
0.75
0.37
0.54
0.19

18 (33.3)
25 (46.3)
11 (20.4)

73 (29.9)
97 (39.8)
74 (30.3)

16 (30.2)
22 (41.5)
15 (28.3)

0.70

Male
Age at treatment (yr, mean ± SE)
Comorbid DM
Cardiovascular medication
Lipid lowering agent
Antithrombotic agent
Other
Antihypertensive agent
Calcium channel blocker (C)
Diuretics (D)
Beta-blocker (B)
ACEi or ARB (A)
Combination (A, D)
Combination (B, D)
Combination (A, C)
Antihypertensive medications (n)
1
2
≥3

ACEi: Angiotensin-converting enzyme inhibitor; ARB: Angiotensin receptor blocker; DM: Diabetes mellitus.

in the earlier phases of administration or became
[15]
less effective over time .
After adjusting for age, sex and coexisting
disease (DM or HTN), the effects of each procedure
were evaluated using Cox’s proportional hazard
regression analyses. Proportionality assumption
was examined by log-log plots of the hazard
estimates against follow-up time and was considered
satisfactory. Schoenfeld residuals for each adjusted
co-variate indicated that the proportional-hazard
assumption was met (P > 0.05). The proportional
changes of multiple drug medication after treatment
were compared using the generalized linear mixed
model. Statistical analyses were performed by
SAS (version 9.2; SAS Institute Inc, Cary, North
Carolina), with the predetermined upper limit of

WJG|www.wjgnet.com

probability set at P < 0.05.

RESULTS
Subject characteristics

Among 100000 randomly sampled patients, 2310
diabetics and 1929 hypertensive patients who were
treated for gastric cancer from January 2005 to
December 2010 were identified. Patients who did
not undergo active treatment during observation
period (1647 diabetics and 1310 hypertensive
patients) and who were dead, were ever prescribed
chemotherapeutic agents, or treated with antidiabetic or anti-hypertensive agents for less than 6 mo
(303 diabetics and 268 hypertensive patients) were
excluded. Finally, 360 diabetics and 351 hypertensive
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25

P = 0.0003

89% to 30% after TG, from 90% to 56% after
STG and from 86% to 57% after ER, which were
all statistically significant (P = 0.001) (Figure 3B).
The probabilities of improvement of HTN were not
different among three groups with survival analysis
(Figure 3C). However, the proportion of patients
treated with two or more anti-hypertensive drugs
was lowered in TG group than other two groups (P =
0.035) (Figure 3D).
Cox-proportional multi-variate regression analysis,
adjusted for age, sex and comorbid HTN, indicated
that total gastrectomy was significantly related to
improvement of DM, when compared to ER group
[control; adjusted hazard ratio (aHR), 2.87, 95%CI:
1.15-7.17] (Table 3). In contrast, the extent of
surgical procedure was not related to improvement
of HTN.

Rate of improvement (%)

20

P = NS

15

P = NS
10

5

0

Time to
improvement
DM, mo
HTN, mo

ER

STG
DM

TG

Endoscopic
resection (ER)
37.4 ± 1.1
35.7 ± 1.3

ER

STG TG
HTN

Subtotal
Total gastrectomy
gastrectomy (STG)
(TG)
47.0 ± 0.8
49.7 ± 1.1

28.6 ± 1.8
10.8 ± 0.4

Resumption of medications for diabetes or hypertension

Figure 2 Comparison of improvement of diabetes mellitus or hyper
tension among endoscopic resection, subtotal gastrectomy and
total gastrectomy. DM: Diabetes mellitus; HTN: Hypertension; TG: Total
gastrectomy; STG: Subtotal gastrectomy; ER: Endoscopic resection.

The resumption rate of anti-diabetic drug was
significantly lower (P = 0.001) in TG group (69.2%)
than in either STG (92.9%) or ER groups (75.0%).
However, hypertensive patients relapsed in similar
patterns among all three groups [proportion of
relapse, 66.7% in ER, 75.9% in STG, and 100% in
TG; and time to relapse (mean ± SE), 18.2 ± 4.5
mo in ER, 19.7 ± 3.2 mo in STG, and 26.6 ± 7.3
mo in TG]. According to Cox-proportional regression
analysis, diabetic medications were re-prescribed
more frequently after STG compared to ER (aHR
for relapse, 5.21, 95%CI: 1.64-16.60), but the risk
of relapse in HTN was not different among three
treatment methods.

patients were included in this study (Figure 1). For
the diabetic patients, TG was performed in 57, STG
in 218, and ER in 85. In the case of HTN, TG was
performed in 54 patients, STG in 244 patients, and ER
in 53 patients. In comparison among three treatment
groups, no difference was found for age, residential
area, or the rate of coexisting DM or HTN; only the
sex ratio differed between the treatment groups of the
diabetic patients (Tables 1 and 2). There were also no
differences in the number or class of anti-hypertensive
drug at the time of gastric cancer treatment; for the
diabetic patients, only the rate of patients on insulin
differed between the treatment groups.

DISCUSSION
As indicated by the cessation of anti-diabetic drugs,
this study showed that total gastrectomy has
enduring effects on improving DM in gastric cancer
patients. This study was the first report to evaluate
the metabolic improvement of gastrectomy using a
nationwide retrospective cohort study of South Korea.
It has been reported that gastrectomy improves
glycemic control in morbidly obese population, even
independent of weight loss. However, the effect of
gastrectomy in non-obese diabetic patients was
controversial. In Asia including South Korea, obesity
rates of general population are relatively low. The
2
prevalence of obesity 25 kg/m above body mass
[16]
index (BMI) was 27% in South Korea
or 29% in
[17]
[18]
China , compared to 34% in the United States .
Thus, most Koreans (about 73%) are non-obese,
which is closely related with early insulin secretary
[19]
defects, a unique feature of Korean diabetes . Our
study population was randomly sampled from all
diabetic or hypertensive patients in South Korea,
which suggests the average BMI of study population
would reflect that of the Korean population. Our study

Metabolic improvement after gastric cancer treatment

During follow-up period of median 36.7 mo in DM
and 36.8 mo in HTN, approximately 10% of patients
discontinued the anti-diabetics or anti-hypertensive
drugs (9.7% in DM and 11.1% in HTN). Patients in
TG group discontinued anti-diabetic drugs more often
(ER 9.5%, STG 6.4% and TG 22.8%; P = 0.0003)
and earlier [time to discontinue (means ± SE); 37.4
± 1.1 mo in ER, 47.0 ± 0.8 mo in STG, and 28.6 ± 1.8
mo in TG] than patients in STG or ER groups (Figure
2). However, there was no difference in the ratio of
patients showing improvement of HTN among the
three groups (ER 11.3%, STG 11.9% and TG 7.4%).

Probability of metabolic improvement and its
contributing factors

With survival analysis, the probability of improvement
of DM was greater in TG group (Figure 3A) and the
proportion of patients who were prescribed two
or more anti-diabetic drugs was decreased from
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1-probability of discontinuation of antihypertensive drugs

C

B
Proportion of patients treated with two
or more anti-diabetic drugs (%)

1.0
0.9
0.8
0.7
0.6
0.5

ER

0.4

STG
TG

0.3

P < 0.001

0.2
0.1
0.0

0

1

2
3
4
Time to remission (yr)

5

D

0.8

0.6
ER
STG
TG

P = NS

0.2

0.0

0

1

2
3
4
Time to remission (yr)

5

90

70
60
50
40
30
20
10

Time after treatment (mo)
3
58
50
47

6
55
49
37

9
55
50
38

12
58
54
37

15
63
50
41

18
69
53
38

21
61
50
41

24
59
48
52

27
60
51
50

30
61
50
41

33
59
51
48

36
60
57
42

39
69
53
43

42
70
52
35

45
67
55
33

48
59
52
40

51
67
53
36

54
71
49
31

57
61
60
42

60
57
56
30

54
55
49
10

57
61
44
13

60
47
49
13

80
70
60
50
40
30

P = 0.035

20
10
0

0
ER 70
STG 70
TG 67

6

P = 0.001

80

0
ER 86
STG 90
TG 89

1.0

0.4

100

0

6

Proportion of patients treated with two
or more anti-hypertensive drugs (%)

1-probability of discontinuation of anti-diabetics

A

Time after treatment (mo)
3
58
51
33

6
62
43
30

9
65
38
29

12
57
42
23

15
63
41
29

18
59
39
26

21
62
42
24

24
50
43
20

27
45
40
25

30
58
37
20

33
53
36
21

36
56
42
19

39
53
51
24

42
57
48
16

45
57
52
14

48
68
56
14

51
67
52
17

Figure 3 Time response of diabetes mellitus or hypertension after treatment of gastric cancer. A: Kaplan-Meier estimate of probability of improvement of
diabetes mellitus (DM) after treatment; B: Proportion of patients used two or more anti-diabetic drugs after treatment; C: Kaplan-Meier estimate of probability of
improvement of hypertension (HTN) after treatment; D: Proportion of patients used two or more anti-hypertensive drugs after treatment. TG: Total gastrectomy; STG:
Subtotal gastrectomy; ER: Endoscopic resection.

observed that about two times of number of patients
in TG group could discontinue anti-diabetics compared
to STG or ER group. This observation suggested that
TG might be beneficial for glycemic control in even
non-obese diabetic patients, who randomly sampled
from general population.
Many investigators have investigated metabolic
improvement after bariatric surgery compared to
after medical intervention or efficacy of various
surgical strategies such as laparoscopic gastric
banding, sleeve-gastrectomy, gastric-bypass, or
[20,21]
biliopancreatic diversion
. We compared the
outcomes in three groups of TG, STG and ER to
evaluate the effects depending on surgical extent. As
a result, only TG was effective in the improvement
of DM. One reason for the difference of two surgical
methods (STG and TG) in the metabolic effect may
be due to the size of the remnant stomach. Intake
is larger in STG than TG, because the remnant
stomach plays the role of a reservoir to store food.

WJG|www.wjgnet.com

There were no differences found in daily food intakes
from preoperative to 1 year after subtotal gas
[22]
trectomy .
A second reason could be due to the effect of gut
hormones such as ghrelin, an orexigenic and pro
diabetic foregut hormone secreted from the fundus.
Serum ghrelin levels were decreased by Roux-en-Y
gastric bypass surgery due to the ghrelin-producing
cells in the gastric fundus being unable to contact
ingested nutrients, leading to profound weight
[23-25]
loss
. Recently, one randomized prospective
trial comparing Roux-en-Y gastric bypass to sleeve
gastrectomy reported that the decrement of the
hindgut hormones, glucagonlike peptide 1 and peptide
YY after surgery, are also responsible for improved
[26]
glucose homeostasis . Yet another study suggested
that metabolic markers show a similar improvement
in both Roux-en-Y gastric bypass and sleeve gas
[21]
trectomy . However, it remains unclear whether
the changes of gut hormones also occur in a non-
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many Koreans tend to change their style of food
intake to avoid salty food, reduce the amount of
[33]
carbohydrates, and consume fresh vegetables .
This kind of nutritional change (low carbohydrate
and salt) could temporarily improve DM and HTN.
For this reason, an investigation of the metabolic
effects of gastrectomy on DM or HTN should be
compared to that of endoscopic resection, rather
than the general population. In this study, we
confined the study population in a single disease
entity of gastric cancer, and compared the outcome
of gastrectomy with endoscopic resection, not with
medical intervention.
One of the limitations of this study is that data on
the reconstruction methods used after gastrectomy
were not available. However, most Korean gastric
surgeons generally perform gastroduodenostomy
(Billroth Ⅰ ) or loop gastrojejunostomy (Billroth
Ⅱ) after distal gastrectomy and Roux-en Y eso
[3]
phagojejunostomy after TG . The effect on DM
and HTN after TG might be caused by either gastric
resection or Roux-en Y bypass but this could not
reach to conclusion due to limited information. A
larger population is required to obtain more detailed
information.
Another limitation was that the database did
not contain the patient’s body mass index, glycated
hemoglobin or blood pressure information. Thus,
the improvement of disease control could only be
assessed from the cessation of medication (antidiabetic or anti-hypertensive). Due to the limitation
of the KNHI data, we did not adopt the concept of
disease improvement, but simply discontinuation of
therapeutic agents. In spite of lack of biochemical
data, cessation of drugs for 6 or more months
might be a powerful surrogate marker, because all
prescription history have been collected in KNHI
database under precise electronic medical system
in South Korea. In addition, it could be supportive
information that the sequential change of proportion
of multiple drug prescription showed similar trends
with survival curve for improvement of DM or HTN
and best outcome also occurred in TG group.
In conclusion, TG showed decreased requirement
of antidiabetic medications than STG or ER in the
Korean general population who affected by gastric
cancer. In addition, a transient improvement and
reduction of the number of drugs were seen in
hypertensive patients after gastrectomy.

Table 3 Age and sex-adjusted hazard ratios for dis
continuation and resumption of anti-diabetics or antihypertensive by treatment methods
Prescription history
Discontinuation
Endoscopic resection
Subtotal gastrectomy
Total gastrectomy
Resumption
Endoscopic resection
Subtotal gastrectomy
Total gastrectomy

Diabetic patients

Hypertensive patients

HR

95%CI

HR

95%CI

1.00
0.70
2.87a

0.29-1.71
1.15-7.17

1.00
1.01
0.63

0.41-2.46
0.18-2.27

1.00
5.21a
0.93

1.64-16.60
0.31-2.79

1.00
2.19
1.10

0.65-7.39
0.23-5.17

a

P < 0.05 vs other groups. Adjusted by sex, age, coexistence of each disease.

obese population; therefore, a prospective study in
a non-obese population is needed.
In our study, drug discontinuation rate of DM
and HTN after gastric surgery were relatively lower
than previous studies (9.7% in DM and 11.1%
in HTN). The remission rate of DM after bariatric
surgery has been reported to range between 55 to
[11,20,21,27-29]
95% in previous studies
. One randomized
prospective trial of obese DM patients compared
bariatric surgery to intensive medical therapy and
found a remarkable reduction in mean glycated
hemoglobin, the use of glucose lowering drugs,
[21]
lipid and blood pressure level . A meta-analysis
including 136 observational studies and 22094
patients of morbid obesity (mean BMI of 46.85
2
kg/m ) showed that resolution occurred in 76.8%
of DM patients and 61.7% of HTN patients after
[30]
bariatric surgery . Recently, the rate of glycemic
improvement after bariatric surgery reported
38% in gastric-bypass group and 24% in sleeve[31]
gastrectomy group , which was lower than other
short-term trials. The only study including diabetic
2
patients with mild obesity (BMI, 30-35 kg/m )
suggested that remission of DM occurred in 88%
[32]
of patients . Our study analyzed the effect of
gastrectomy on DM in a non-obese population with
gastric cancer, which was the reason for relatively
lower remission rate than those of other studies. In
addition, the definition of improvement was so tight
(cessation of the drugs for six or more subsequent
months) that the discontinuation rate might be lower
than expected.
The improvement of DM after the treatment of
gastric cancer has been reported in non-obese pa
2
tients of mean BMI 23.4-24.9 kg/m . The researchers
evaluated the efficacy of three reconstruction
methods (Roux-en-Y, Billroth Ⅰ and Billroth Ⅱ ).
However, the outcome was not compared with “nonreconstructed” control. We discovered an interesting
phenomenon that remission of DM or HTN also
occurred even in endoscopic treatment, a control
group. We suspect this is due to a change in food
intake style. After the diagnosis of gastric cancer,
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COMMENTS
Background

Gastrectomy can induce improvement of diabetes or obesity, so it is
recommended to treat diabetes in morbidly obese patients. But, there are no
data about the long term effect of gastrectomy underwent in non-obese diabetic
patients.

Research frontiers

Gastrectomy is also a standard method for the treatment of gastric cancer and
numerous operations were applied to cure gastric cancer, especially in South
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Korea, one of prevalent area of gastric cancer and of lower average body mass
index than in other countries. In the scope of effect on public health, metabolic
outcome of gastrectomy should be elucidated, but not yet. The research
hotspots are how big impact of gastrectomy lied on metabolic disease such as
diabetes and how long the metabolic effect of gastrectomy could be sustained.

9

Innovations and breakthroughs

10

In the previous publications, metabolic effect of gastrectomy was compared in
individuals, before gastrectomy and after gastrectomy. The results can observe
the degree of change of metabolic diseases; however, the effect of dietary habit
change or life style modification was not excluded, which were one of important
treatment modality of diabetes and hypertension. To overcome confounding
effect of these factors, authors analyzed the metabolic change of patients with
gastrectomy by comparing with patients with endoscopic intervention.

11

12

Applications

The study results suggest that total gastrectomy would induce the improvement
of diabetes and hypertension, even in non-obese diabetic patients. Furthermore,
clinicians should predict risk of hypoglycemia or symptomatic hypotension
caused by metabolic improvement when they meet patients who underwent
gastrectomy in clinic.

13

Terminology

14

Gastrectomy is a sort of surgical method to resect part of stomach. Gastrectomy
is usually performed to treat gastric cancer or gastric perforation; Endoscopic
resection is an alternative method to remove small size of gastric cancer or
gastric polyp and a confirmative test for pathologic diagnosis of gastric disease.

15

Peer review

This is a good case-control study using nationwide administrative data in which
the authors analyzed the beneficial effect of gastrectomy on diabetes and
hypertension in non-obese patients. The results are interesting and suggest that
total gastrectomy can be considered in morbidly obese gastric cancer patients
with poorly controlled diabetes to expect their metabolic improvement with less
number of medications.

16

REFERENCES

19

1

2

3

4

5

6

7

8

17
18

Ferlay J, Shin HR, Bray F, Forman D, Mathers C, Parkin DM.
Estimates of worldwide burden of cancer in 2008: GLOBOCAN
2008. Int J Cancer 2010; 127: 2893-2917 [PMID: 21351269 DOI:
10.1002/ijc.25516]
Jung KW, Park S, Won YJ, Kong HJ, Lee JY, Park EC, Lee JS.
Prediction of cancer incidence and mortality in Korea, 2011.
Cancer Res Treat 2011; 43: 12-18 [PMID: 21509158 DOI: 10.4143/
crt.2011.43.1.12]
Jeong O, Park YK. Clinicopathological features and surgical
treatment of gastric cancer in South Korea: the results of 2009
nationwide survey on surgically treated gastric cancer patients. J
Gastric Cancer 2011; 11: 69-77 [PMID: 22076206 DOI: 10.5230/
jgc.2011.11.2.69]
Chan JC, Malik V, Jia W, Kadowaki T, Yajnik CS, Yoon
KH, Hu FB. Diabetes in Asia: epidemiology, risk factors, and
pathophysiology. JAMA 2009; 301: 2129-2140 [PMID: 19470990
DOI: 10.1001/jama.2009.726]
Yang W, Lu J, Weng J, Jia W, Ji L, Xiao J, Shan Z, Liu J, Tian H,
Ji Q, Zhu D, Ge J, Lin L, Chen L, Guo X, Zhao Z, Li Q, Zhou Z,
Shan G, He J. Prevalence of diabetes among men and women in
China. N Engl J Med 2010; 362: 1090-1101 [PMID: 20335585
DOI: 10.1056]
Choi YJ, Kim HC, Kim HM, Park SW, Kim J, Kim DJ. Prevalence
and management of diabetes in Korean adults: Korea National
Health and Nutrition Examination Surveys 1998-2005. Diabetes
Care 2009; 32: 2016-2020 [PMID: 19675201 DOI: 10.2337/
dc08-2228]
Kim K, Cho Y, Youn T, Cho G, Chae I, Choi D, Kim C.
Prevalence, awareness, treatment, and control of hypertension in
Korea; Korean National Health and Nutrition Examination Survey
2007: Pp.28.103. J Hypertens 2010; 28: e480 [DOI: 10.1097/01.
hjh.0000379641.25142.21]
Ogle KS, Swanson GM, Woods N, Azzouz F. Cancer and
comorbidity: redefining chronic diseases. Cancer 2000; 88: 653-663

WJG|www.wjgnet.com

20

21

22

23

24

25
26

27

1180

[PMID: 10649261 DOI: 10.1002/(SICI)1097-0142(20000201)88]
Sarfati D, Gurney J, Lim BT, Bagheri N, Simpson A, Koea J,
Dennett E. Identifying important comorbidity among cancer
populations using administrative data: Prevalence and impact on
survival. Asia Pac J Clin Oncol 2013; Epub ahead of print [PMID:
24354451 DOI: 10.1111/ajco.12130]
Dixon JB, Zimmet P, Alberti KG, Rubino F. Bariatric surgery:
an IDF statement for obese Type 2 diabetes. Arq Bras Endocrinol
Metabol 2011; 55: 367-382 [PMID: 22011853]
Yang J, Li C, Liu H, Gu H, Chen P, Liu B. Effects of subtotal
gastrectomy and Roux-en-Y gastrojejunostomy on the clinical
outcome of type 2 diabetes mellitus. J Surg Res 2010; 164: e67-e71
[PMID: 20863527]
Jee SH, Sull JW, Park J, Lee SY, Ohrr H, Guallar E, Samet JM.
Body-mass index and mortality in Korean men and women. N Engl
J Med 2006; 355: 779-787 [PMID: 16926276]
Lee SY, Jung KY, Lee IK, Yi SD, Cho YW, Kim DW, Hwang SS,
Kim S. Prevalence of treated epilepsy in Korea based on national
health insurance data. J Korean Med Sci 2012; 27: 285-290 [PMID:
22379340]
Lee JA, Park JH, Lee EJ, Kim SY, Kim Y, Lee SI. High-quality,
low-cost gastrectomy care at high-volume hospitals: results from
a population-based study in South Korea. Arch Surg 2011; 146:
930-936 [PMID: 21502444]
Kleinbaum DG, Klein M. Survival analysis: a self-learning text.
2nd ed. New York, NY: Springer, 2005
Kim DM, Ahn CW, Nam SY. Prevalence of obesity in Korea. Obes
Rev 2005; 6: 117-121 [PMID: 15836462]
Reynolds K, Gu D, Whelton PK, Wu X, Duan X, Mo J, He J.
Prevalence and risk factors of overweight and obesity in China.
Obesity (Silver Spring) 2007; 15: 10-18 [PMID: 17228026]
Flegal KM, Carroll MD, Ogden CL, Curtin LR. Prevalence and
trends in obesity among US adults, 1999-2008. JAMA 2010; 303:
235-241 [PMID: 20071471]
Kim DJ, Lee MS, Kim KW, Lee MK. Insulin secretory
dysfunction and insulin resistance in the pathogenesis of korean
type 2 diabetes mellitus. Metabolism 2001; 50: 590-593 [PMID:
11319722]
Mingrone G, Panunzi S, De Gaetano A, Guidone C, Iaconelli A,
Leccesi L, Nanni G, Pomp A, Castagneto M, Ghirlanda G, Rubino
F. Bariatric surgery versus conventional medical therapy for type 2
diabetes. N Engl J Med 2012; 366: 1577-1585 [PMID: 22449317]
Schauer PR, Kashyap SR, Wolski K, Brethauer SA, Kirwan JP,
Pothier CE, Thomas S, Abood B, Nissen SE, Bhatt DL. Bariatric
surgery versus intensive medical therapy in obese patients with
diabetes. N Engl J Med 2012; 366: 1567-1576 [PMID: 22449319]
Jeon TY, Lee S, Kim HH, Kim YJ, Lee JG, Jeong DW, Kim YJ.
Long-term changes in gut hormones, appetite and food intake 1
year after subtotal gastrectomy with normal body weight. Eur J
Clin Nutr 2010; 64: 826-831 [PMID: 20485300]
Li F, Zhang G, Liang J, Ding X, Cheng Z, Hu S. Sleeve
gastrectomy provides a better control of diabetes by decreasing
ghrelin in the diabetic Goto-Kakizaki rats. J Gastrointest Surg
2009; 13: 2302-2308 [PMID: 19727970]
Langer FB, Reza Hoda MA, Bohdjalian A, Felberbauer FX,
Zacherl J, Wenzl E, Schindler K, Luger A, Ludvik B, Prager G.
Sleeve gastrectomy and gastric banding: effects on plasma ghrelin
levels. Obes Surg 2005; 15: 1024-1029 [PMID: 16105401]
Thaler JP, Cummings DE. Minireview: Hormonal and metabolic
mechanisms of diabetes remission after gastrointestinal surgery.
Endocrinology 2009; 150: 2518-2525 [PMID: 19372197]
Peterli R, Steinert RE, Woelnerhanssen B, Peters T, ChristoffelCourtin C, Gass M, Kern B, von Fluee M, Beglinger C. Metabolic
and hormonal changes after laparoscopic Roux-en-Y gastric bypass
and sleeve gastrectomy: a randomized, prospective trial. Obes Surg
2012; 22: 740-748 [PMID: 22354457]
Buchwald H, Avidor Y, Braunwald E, Jensen MD, Pories
W, Fahrbach K, Schoelles K. Bariatric surgery: a systematic
review and meta-analysis. JAMA 2004; 292: 1724-1737 [PMID:
15479938]

January 28, 2015|Volume 21|Issue 4|

Lee EK et al . Post-gastrectomy improvement of DM and HTN
28

29

30

Lee WJ, Chong K, Ser KH, Lee YC, Chen SC, Chen JC, Tsai
MH, Chuang LM. Gastric bypass vs sleeve gastrectomy for type 2
diabetes mellitus: a randomized controlled trial. Arch Surg 2011;
146: 143-148 [PMID: 21339423]
Chang SH, Stoll CR, Song J, Varela JE, Eagon CJ, Colditz
GA. The effectiveness and risks of bariatric surgery: an updated
systematic review and meta-analysis, 2003-2012. JAMA Surg
2014; 149: 275-287 [PMID: 24352617]
Cohen RV, Pinheiro JC, Schiavon CA, Salles JE, Wajchenberg
BL, Cummings DE. Effects of gastric bypass surgery in patients
with type 2 diabetes and only mild obesity. Diabetes Care 2012;
35: 1420-1428 [PMID: 22723580]

31

32
33

Schauer PR, Bhatt DL, Kirwan JP, Wolski K, Brethauer SA,
Navaneethan SD, Aminian A, Pothier CE, Kim ES, Nissen SE,
Kashyap SR. Bariatric surgery versus intensive medical therapy for
diabetes--3-year outcomes. N Engl J Med 2014; 370: 2002-2013
[PMID: 24679060]
Kim JW, Cheong JH, Hyung WJ, Choi SH, Noh SH. Outcome
after gastrectomy in gastric cancer patients with type 2 diabetes.
World J Gastroenterol 2012; 18: 49-54 [PMID: 22228970]
Yu EJ, Kang JH, Yoon S, Chung HK. Changes in nutritional status
according to biochemical assay, body weight, and nutrient intake
levels in gastrectomy patients. J Korean Diet Assoc 2012; 18:
16-29
P- Reviewer: Apikoglu-Rabus S, Saglam F, Xu XH
S- Editor: Gou SX L- Editor: A E- Editor: Zhang DN

WJG|www.wjgnet.com

1181

January 28, 2015|Volume 21|Issue 4|

World J Gastroenterol 2015 January 28; 21(4): 1182-1188
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v21.i4.1182

© 2015 Baishideng Publishing Group Inc. All rights reserved.

ORIGINAL ARTICLE
Retrospective Study

Optimizing perioperative Crohn's disease management:
Role of coordinated medical and surgical care
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dical therapy after Crohn’s disease (CD) surgery at a
tertiary care referral center.
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METHODS: CD patients having small bowel or ileocolonic
resections with a primary anastomosis between
2009-2012 were identified from a tertiary academic
referral center. CD-specific features, medications, and
surgical outcomes were abstracted from the medical
record. The primary outcome measure was compliance
rates with medical follow-up within 4 wk of hospital
discharge and surveillance colonoscopy within 12 mo of
surgery.
RESULTS: Eighty-eight patients met study inclusion
criteria with 92% (n = 81) of patients returning for
surgical follow-up compared to only 41% (n = 36) of
patients with documented gastroenterology follow-up
within four-weeks of hospital discharge, P < 0.05. Factors
associated with more timely postoperative medical
follow-up included younger age, longer length of
hospitalization, postoperative biologic use and academic
center patients. In the study cohort, 75.0% of patients
resumed medical therapy within 12 mo, whereas only
53.4% of patients underwent a colonoscopy within 12
mo of surgery.
CONCLUSION: Our study highlights the need for
coordinated CD multidisciplinary clinics and structured
handoffs among providers to improve of quality of care
in the postoperative setting.
Key words: Coordinated care; Crohn’s disease; Postoperative prophylaxis; Multidisciplinary clinics; Surgery
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Abstract

Core tip: Adherence to evidence based management
of patients with Crohn’s disease requires care co
ordination and communication between surgeons and

AIM: To investigate rates of re-establishing gas
troenterology care, colonoscopy, and/or initiating me
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gastroenterologists. Surgeons need to facilitate return
visits after surgery to the gastroenterologists.

ileal resection provided the postoperative recovery is
unremarkable. Evaluation with repeat colonoscopy
during the 6-12 mo after surgery to establish the
presence of early disease recurrence is a cornerstone
[10]
of this algorithm .
Little is known about the barriers of reesta
blishing care with gastroenterologists, early colo
noscopy, and/or initiation of postoperative medical
therapy after surgery for Crohn’s disease in an
academic surgery setting with referrals from both
within the health system and from the community.
We hypothesized that patient, provider, and systemrelated factors impact a patient’s adherence to
current postoperative medical management pro
phylaxis recommendations. Identification of these
factors may guide quality improvement efforts
aimed at improving the care of Crohn’s patients and
support the use of coordinated multidisciplinary care
in this patient population.

Bennett JL, Ha CY, Efron JE, Gearhart SL, Lazarev MG, Wick
EC. Optimizing perioperative Crohn’s disease management: Role
of coordinated medical and surgical care. World J Gastroenterol
2015; 21(4): 1182-1188 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i4/1182.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i4.1182

INTRODUCTION
Most patients with Crohn’s disease will require
surgical intervention during the course of their
[1,2]
disease . Despite the high lifetime risk of surgery,
surgical resection is not curative and disease
recurrence is relatively common. As a result, the
decision to pursue surgical treatment for Crohn’s
disease is highly personalized. Historically, pro
phylactic medical therapy after surgery was not
routinely recommended and instead, patients were
managed expectantly, with initiation of treatme
nt at the time of symptoms recurrence. Emerging
evidence suggests that early postoperative con
sideration of medical therapy, especially for higherrisk patients, to prevent Crohn’s disease recurrence
[3,4]
may obviate the need for additional operations .
In Crohn’s disease, postoperative disease re
currence is the norm. Within the first year of surgery,
70%-90% of patients develop endoscopic recurrence
and within three years recurrence rates increase to
[2,5,6]
80%-100%
. Although clinical or symptomatic
recurrence occurs in up to 30% of patients with
a 10% increase each additional year, subjective
manifestations of Crohn’s disease may lag behind
objective evidence of disease recurrence based on
[6,7]
endoscopy . Severity of early endoscopic lesions
can predict the symptomatic course of disease
after surgery. Therefore, postoperative surveillance
evaluating for early endoscopic recurrence is
helpful for identifying patients who will benefit from
[8]
early, aggressive medical management . As an
example, early use of Infliximab after surgery has
been demonstrated to significantly decrease the
risk of endoscopic disease in patients with a history
of multiple surgeries, stricturing, or penetrating
[9]
disease . Based on this and other emerging
data on the benefits of aggressive postoperative
medical management, recommendations for the
postoperative management of Crohn’s disease
have been updated to include timely initiation of
[10]
biologics or immunomodulators . As Crohn’s
disease can recur starting almost immediately
after surgical resection, particularly among higherrisk patients, recommendations are to initiate or
resume medical therapy within the first 4 wk after

WJG|www.wjgnet.com

MATERIALS AND METHODS
Patient population

We performed a single-center retrospective cohort
study of Crohn’s disease patients who underwent
small bowel or ileocolonic resection surgery at the
Johns Hopkins Hospital between January 2009
and January 2012. Patients who did not have a
primary anastomosis at the time of operation
were excluded, as surveillance recommendations
do not apply to patients without an anastomosis.
Additionally, patients with primary colon surgery
(e.g., colectomies) and incomplete postoperative
data for review were excluded from evaluation. The
Johns Hopkins University Institutional Review Board
approved this study.

Patient and procedure-related data

Patient, procedure, and 30-d outcome information
was abstracted from hospital’s National Surgical
[11]
Quality Improvement Program (NSQIP) database .
Specific information related to the patients gas
troenterology care (provider location, office and
colonoscopy visit dates and reports, medical therapy,
providers, and past medical history including
smoking history) were abstracted from the electronic
health record by two clinicians (JB and CH). Co
lonoscopy reports were reviewed; preoperative
Inflammatory Bowel Disease phenotypic information
using the Montreal classification and Rutgeerts
scores for postoperative surveillance colonoscopies
[12,13]
were assigned (CH)
. Disease recurrence was
classified as a Rutgeerts score of i2 or greater.
The majority of patients received their Crohn’s
disease care at two hospitals in the Johns Hopkins
Health System (Johns Hopkins Hospital and Johns
Hopkins Bayview Medical Center). For these
patients, complete medical records were available
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Table 1 Comparison of patients with > 4-wk, within 4-wk and no gastrointestinal follow-up n (%)
Demographics

4 wk follow-up with GI
(n = 36)

> 4 wk follow-up with GI
(n = 35)

No follow-up or lost to GI
follow-up (n = 17)

24 (67)
22 (61)a
33.6 +/- 10.8a,c
20 (56)
11 (31)
8 (22)

18 (51)
22 (63)
44.5 +/- 15.2
21 (60)
6 (17)
13 (37)

6 (35)
4 (24)
44.5 +/- 14.9
5 (29)
4 (24)
2 (12)

1 (2.8)
19 (53)
16 (44)
4 (11)

1 (2.9)
24 (69)
10 (29)
6 (17)

1 (5.9)
12 (71)
4 (24)
4 (24)

16 (44)
19 (53)
17 (47)
9 (25)
20 (56)c
9 (25)
8.5 +/- 5.5c
6 (167)
6 (17)
5 (14)
2 (5.6)

10 (29)
19 (54)
13 (37)
5 (14)
11 (31)
3 (8.6)
6.5 +/- 5.5
4 (11)
8 (23)
7 (20)
3 (8.6)

4 (24)
8 (47)
5 (29)
5 (29)
7 (41)
3 (18)
9.8 +/- 4.9
4 (24)
1 (5.9)
1 (5.9)
0 (0)

Male
Receiving all care at Johns Hopkins Hospital
Age at operation
Laparoscopic Technique
Preoperative Admission within < 60 d
Current smoker
Disease phenotype
B1
B2 Stricturing
B3 Penetrating
Perianal disease
Preoperative Therapy
Preoperative antibiotics
Preoperative ASA
Preoperative Steroids
Preoperative IMM
Preoperative anti-TNF
Preoperative TPN
Mean Length of Hospital Stay
Postoperative Readmission within 30 d
Any Postoperative Complication
Postoperative Medical Complication
Postoperative Surgical Complication
a

P < 0.05 vs > 4 wk follow-up with GI; cP < 0.05 vs no follow-up or lost to gastrointestinal follow-up. GI: Gastrointestinal; anti-TNF: Anti-tumor necrosis.

a

100%

92.0%

hospital discharge and surveillance colonoscopy
within 12 mo of surgery.

Colorectal surgery
GI

80%

Statistical analysis

60%

a
40.9%

40%

39.8%

a
19.3%

20%

3.4%
0%

Descriptive statistics were reported as percentages,
means, and standard deviations of the mean. All
continuous variable comparisons were unpaired,
and all tests of significance were two-tailed. Con
tinuous variables were compared using the Student
t test for normally distributed variables. The Fisher’s
exact test was used for comparison of categorical
variable with a P-value ≤ 0.05 considered as
statistically significant. Statistical analyses were
performed using SPSS version 20, IBM Corp.

4.5%

No follow-up
< 4 wk
> 4 wk
Time to outpatient follow-up post-hospital discharge

Figure 1 Comparison of postoperative follow-up to colorectal surgery and
gastroenterology at 4 wk and greater than 4 wk. aP < 0.05 vs 4 wk or greater
than 4 wk.

RESULTS
We identified 88 patients with Crohn’s disease who
underwent resectional surgery with a primary
anastomosis between January 2009 and January
2012. The average age at time of operation was
40.0 ± 14.4 years and at Crohn’s disease diagnosis
was 26.2 ± 12.5 years. Twenty two patients (26%)
reported smoking cigarettes at the time of surgery
and 11 patients (13%) were former smokers.
Surgery was performed for non-stricturing nonpenetrating disease (n = 3, 3.4%), stricturing
disease (n = 55, 62.5%), and penetrating disease
(n = 30, 34.0%). Forty percent (n = 38) of patients
had prior intestinal resections for strictures or
abdominal abscesses. Most patients were receiving
medical therapy at the time of surgery: 43% (n =

in the health system electronic medical records. For
patients referred for surgical resection from nonJohns Hopkins gastroenterologists, written consent to
review pre and postoperative gastroenterology office
and colonoscopy records was obtained. Consent and
medical records were obtained from 44.1% (15/34)
of patients receiving care from non-Johns Hopkins
gastroenterology practices. Records were reviewed
from the 12 mo prior to and following the operation
date.

Outcome

The primary goal of the study was to determine
compliance with medical follow-up within 4 wk of
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Table 2 Comparison of postoperative recurrence risk subgroups: 4-wk follow up to gastrointestinal vs colorectal surgery and 12 mo
care measures n (%)
Postoperative follow-up at 4 wk

Overall (n = 88)
Patient subgroups:
Less than 10 yr since diagnosis or B2 disease
(n = 35)
2 or more surgeries (n = 38)
B3 disease (n = 30)
Current smokers (n = 23)
Preoperative anti-TNF (n = 38)
Preoperative Immunomodulator (n = 19)
Preoperative steroids (n = 35)

Postoperative 12 mo

With GI

With colorectal
surgery

P -value

Colonoscopy

Medical therapy
resumption

36 (40.9)

81 (92.0)

< 0.0001

47 (53.4)

66 (75.0)

13 (37.1)

33 (94.3)

< 0.0001

20 (57.1)

18 (51.4)

16 (42.1)
16 (53.3)
8 (34.8)
20 (52.6)
9 (47.4)
17 (48.6)

36 (94.7)
28 (93.3)
21 (91.3)
35 (92.1)
19 (100.0)
33 (94.3)

< 0.0001
0.0009
0.0001
0.0002
0.0004
< 0.0001

21 (84.0)
15 (50.0)
14 (60.9)
20 (52.6)
10 (52.6)
20 (57.1)

25 (65.8)
16 (53.3)
17 (73.9)
25 (65.8)
12 (63.2)
26 (74.3)

anti-TNF: Anti-tumor necrosis; GI: Gastrointestinal.

of patients (n = 66, 75%) resumed or initiated
at least one type of Crohn’s disease medication
by 12 mo: 48.9% (n = 43) on anti-TNFs, 13.6%
(n = 12) on immunomodulators, and 21.6% (n
= 19) on antibiotics. However, 8% (n = 7) were
started on corticosteroids and 30.7% (n = 27) on
5-aminosalycilatesaminosalicylates, despite having
a minimal role in postoperative Crohn’s disease
management.

38) anti-tumor necrosis-alpha (anti-TNF) therapy,
22% immunomodulators (n = 19), and 40% steroids
(n = 35). About a quarter (27%, n = 24) of patients
were not on immunosuppression preoperatively
and 17% (n = 15) were receiving total parenteral
nutrition.

Postoperative follow-up

Almost all patients returned for surgical follow-up
(n = 81, 92%) within a four-week window following
hospital discharge. However, only 41% (n = 36) of
patients returned to their medical provider during
this interval (Figure 1). Patients who had established
medical care at Johns Hopkins Hospital prior to
surgery, were being treated with TNF-alpha inhibitors
before surgery, were younger patients, and had a
longer length of stay at the time of operation were
more likely to re-establish medical care (Table 1).
A subgroup analysis of patients with Crohn’s
disease stratified by risk factors for postoperative
recurrences is summarized in Table 2. All patient
subgroups had lower rates of postoperative gas
troenterology follow-up compared to colorectal
surgery follow-up. In all patient subgroups, the rate
of follow-up to colorectal surgery exceeded 90%,
while rates of follow-up to gastroenterology varied
among subgroups from only 34.8% to 53.3%. The
subgroup with the lowest gastroenterology follow-up
was current smokers. They also had the lowest rate
of return to colorectal surgery.
Overall, about half of all patients (n = 47, 53.4%)
received their postoperative surveillance colonoscopy
within 12 mo. The subgroup of patients with two
or more prior surgeries was most likely to have a
postoperative colonoscopy (n = 21, 84%) compared
to the remaining subgroups. Among patients whom
underwent a postoperative colonoscopy by 12 mo,
27% had evidence of endoscopic recurrence with a
Rutgeerts i2 score or higher.
Even though early postoperative gastroenterology
follow-up was low among our study cohort, most
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DISCUSSION
Crohn’s disease postoperative management is
a complex interplay of coordination between
patients, gastroenterologists, and surgeons. From
the patient perspective, postoperative follow-up
care is involved and the role of complementary
providers can be confusing, particularly with respect
to care coordination. In our study, we chose fourweeks as a primary endpoint for clinic follow-up
based on the studies that investigated starting
[9]
postoperative therapy within four-weeks of surgery .
The 12-mo cut-off for colonoscopy was based on the
recommendation to undergo surveillance colonoscopy
within 6-12 mo of surgery depending on disease
[14]
behavior . Our study demonstrates a substantial
discrepancy in follow-up clinic visit rates to surgeons
compared to gastroenterologists, driving the call to
address gastroenterology follow-up for operative
patients and motivating providers to redefine Crohn’s
disease perioperative management. The necessity of
gastroenterology follow-up may be undermined by
the overall sense of wellness Crohn’s patients may
feel following surgery, with substantially less disease
burden following a surgically-induced “remission.” It
has been well documented that adherence to therapy
and patients’ perceptions regarding the need for
continued therapy decreases during the maintenance
[15,16]
of remission phase
.
As we have discovered, the majority of patients
returned to their surgeons for a postoperative ap
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Medical-surgical multidisciplinary clinic

Immediate postop

PREOP

Identify higher-risk
recurrence patients
Discuss post-op
medical therapy
options and role of
post-op therapy
Optimize nutrition,
anemia and functional
status (if applicable)
Obtain pre-approval for
medications

Close monitoring for wound
infection
Wean steroids
Monitor for other post-op
complications: (e.g., DVT,
pneumonia, urinary tract
infection)
TB testing, hepatitis serologies,
TPMT in house (if needed)
Obtain prior authorizations for
medications

Post-discharge visit
(2-4 wk post d/c)

Check for wound infection
Check postop labs (pretreatment)
Start appropriate IBD
Treatment
Schedule post-op colonoscopy
Counseling regarding
medication adherence during
maintenance phase

Post-op colonoscopy
(6-12 mo) based on disease
behavior

Endoscopic disease activity
assessment
Assess adherence to
therapy
Adjust therapy
Continued GI clinic followup to monitor labs,
assess response and
adherence, and health care
maintenance

Figure 2 Proposed coordinated surgical and gastroenterology perioperative care plan for Crohn’s patients. IBD: Inflammatory bowel diseases; GI:
Gastrointestinal.

pointment. The decision for surgical intervention
is best made with the gastroenterologist and
[17]
surgeon in conjunction with the patient . There
by, the preoperative integration of surgery and
gastroenterology should be continued into the
[17]
postoperative period . The need for surgical fo
llow-up in the postoperative period may be more
apparent to patients who develop postoperative
complications, as they do not return to their baseline
sense of wellness as rapidly as those who do not
experience complications. Patients may be unaware
of any disease recurrence until it progresses further
as clinical symptoms of Crohn’s disease are often
[18]
absent with endoscopic recurrence . The absence
of symptoms underscores the importance of close
gastroenterology follow-up, yet patients are less likely
to accept treatment risks when their symptoms are
[19,20]
minimal
. Patients need to be well-informed on
their options for postoperative therapy as it tends to
be a long-term commitment and patients dissatisfied
with their medication may discontinue them or
[21]
seek care from another provider . Conversations
and structured education prior to surgery about
postoperative medical therapy is a prime opportunity
to reiterate that surgery is not curative and restarting
medical therapy postoperatively at some point should
be an expectation.
In understanding the discrepancy in followup to surgeons compared to gastroenterologists
in our data, we acknowledge the limitations in
our ability to examine detailed reasons for the
lack of gastroenterology follow-up. Patients may
have been given follow-up appointments but
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may have cancelled or failed to appear. We also
acknowledge that lack of a follow-up appointment
does not inherently indicate that a patient is not
receiving disease and medication counseling
by their gastroenterologist as our data shows a
sizable proportion of patients on postoperative
medications by 12 mo. Furthermore, our study
was not sufficiently powered to establish if medical
follow-up/early resumption of medications impacted
disease recurrence or Rutgeerts scores.
Despite our institution being a tertiary referral
center, we feel our results are likely to reflect many
institutions in the United States. Inefficiencies within
the increasingly more complicated and disjointed
healthcare system along with lack of coordination
between healthcare providers has led to higher
[22,23]
costs, errors and complications
. The Institute
of Healthcare Improvement has suggested the
creation of multidisciplinary teams along with
effective teamwork and communication as means
to decrease patient harm and mortality, improve
patient satisfaction, ensure reliable evidence-based
care is provided without gaps in care by race,
[24]
ethnicity or language . In other fields, the creation
and implementation of multidisciplinary teams have
improved the quality of care provided for patients and
[22,25,26]
patient outcomes
. A Cochrane Review found
evidence to support practice-based interprofessional
collaborations can improve healthcare processes and
[27]
outcomes . The multidisciplinary clinic model should
be considered as the new standard for perioperative
Crohn’s disease management as outlined in Figure 2.
Although the ability to create a multidisciplinary clinic
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may be influenced by the patient care setting and
the resources available to fund a multidisciplinary
clinic, the coordination of care is an important im
provement for perioperative Crohn’s management.
Structured handoffs between providers should be
considered for patients seeking care from multiple
institutions. Other groups have also endorsed the
effectiveness of multidisciplinary clinics and proposed
multidisciplinary clinics as the new standard of care
at academic centers for inflammatory bowel disease
[28-31]
patients
.
We view our data as an introduction into the
issues and barriers surrounding the postoperative
management of operative Crohn’s disease pa
tients. Effective multidisciplinary care will allow
gastroenterology and surgery to take joint res
ponsibility for the care of Crohn’s patients and
ultimately improve the quality of perioperative
management and maintain care continuity.
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METHODS: We reviewed the records of all patients
with NAFLD associated HCC between 2000 and 2012.
Data collected included demographics; histology;
presence or absence of cirrhosis, size and number of
HCC, alpha-fetoprotein, body mass index (BMI), and the
presence of diabetes, hypertension, or dyslipidaemia.
RESULTS: Fifty-four patients with NAFLD associated
HCC were identified. Mean age was 64 years with 87%
male. Fifteen percent (8/54) were not cirrhotic. 11%,
2
2
24% and 50% had a BMI of < 25 kg/m , 25-29 kg/m
2
and ≥ 30 kg/m respectively. Fifty-nine percent were
diabetic, 44% hypertensive and 26% hyperlipidaemic.
Thirty-four percent of the patients had ≤ 1 of these
risk factors. Non-cirrhotics had a significantly larger
mean tumour diameter at diagnosis than cirrhotics (p =
0.041). Multivariate analysis did not identify any other
patient characteristics that predicted the size or number
of HCC.
CONCLUSION: HCC can develop in NAFLD without
cirrhosis. At diagnosis such tumours are larger than
those in cirrhotics, conferring a poorer prognosis.
Key words: Hepatocellular carcinoma; Non-alcoholic
fatty liver disease; Cryptogenic cirrhosis; Metabolic
syndrome; Screening
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Our study confirms that hepatocellular car
cinoma can occur in non-cirrhotic non-alcoholic fatty
liver disease, the incidence of which is rising worldwide.
Moreover, these cancers were found to be significantly
larger and more likely to be beyond Milan criteria for

Abstract
AIM: To determine characteristics and prognostic
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liver transplantation than those occurring in cirrhotic
patients. Further research is needed to identify clinical
risk factor profiles predisposing to cancer development
in patients with non-alcoholic fatty liver disease such
that screening if implemented can be appropriately
targeted.

factor profile of these patients focussing on features
of the metabolic syndrome; (2) to determine any
demographic or risk factor profile differences be
tween cirrhotics and non-cirrhotics; and (3) to
determine if any risk factors correlated with poorer
prognosis, in terms of HCC size and number.

Leung C, Yeoh SW, Patrick D, Ket S, Marion K, Gow P, Angus
PW. Characteristics of hepatocellular carcinoma in cirrhotic
and non-cirrhotic non-alcoholic fatty liver disease. World J
Gastroenterol 2015; 21(4): 1189-1196 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i4/1189.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i4.1189

MATERIALS AND METHODS
This retrospective study was conducted at the
Victorian Liver Transplant Unit which provides all
liver transplant services to the states of Victoria and
Tasmania covering a population of approximately 5
million people. As the sole liver transplant referral
centre for this population, it has become the major
tertiary referral centre for patients with HCC. The
records of patients with “hepatocellular carcinoma”,
“HCC”, “liver cell cancer” or “hepatoma” and “NAFLD”,
“fatty liver”, “NASH” or “cryptogenic cirrhosis”
between 2000 and 2012 based on International Classi
fication of Diseases 10 coding were audited, using
hospital medical records and pathology department
databases.
Patients were considered to have HCC if they had
radiological and/or histological diagnoses according
[22]
to AASLD guidelines . Patients were included if
they had characteristic radiological or histological
features of NAFLD as recommended in Asia-Pacific
[23]
Guidelines , or if the diagnosis of NAFLD or cryp
togenic cirrhosis had previously been made in a
patient with relevant risk factors and if concomitant
causes of liver diseases including cleared or chronic
hepatitis B (defined as having detectable hepatitis
B core antibody, with or without positive surface
antigen), chronic hepatitis C, Wilson’s disease,
haemochromatosis, autoimmune hepatitis, alpha1antitrypsin deficiency, cystic fibrosis, primary biliary
cirrhosis, primary sclerosing cholangitis and other
chronic biliary tract diseases and other hepatic
malignancies had been excluded by relevant blood
tests and/or liver histology. Patients were excluded
if they had an alcohol intake of over 140 g per
week for men and 70 g per week for women.
These diagnostic criteria broadly concur with those
in international (Chinese, Italian, European and
American) guidelines as summarised by Nascimbeni
[24]
et al .
Information was collected from the time of HCC
diagnosis including patient sex, age, radiological or
histological evidence of cirrhosis, Child-Pugh scores,
histological NAFLD grade and stage where available
[25]
according to Brunt criteria , size and number of
HCCs, alpha-fetoprotein (AFP); metabolic profile
(presence of diabetes, hypertension, dyslipidaemia
and obesity) and medications. Obesity was measured
via body mass index (BMI) instead of waist cir
cumference which was not recorded in a majority of
patients. No patients were of Asian background (in
whom altered BMI cut-offs for overweight or obesity

INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD) affects up
to 30% of the population in industrialised countries
and is becoming more prevalent in the developing
world as living standards rise and dietary habits
[1,2]
change
. Although most individuals with this
condition do not develop serious liver disease, it
is associated with an increased annual incidence
of hepatocellular carcinoma (HCC) of 76-201 per
[3,4]
100000
compared to a background incidence of
[5,6]
sporadic HCC of 4.9-16 per 100000 . Recent studies
identified NAFLD or cryptogenic cirrhosis (which is
[7]
thought to often represent end-stage NAFLD ) as
the underlying cause in 13% to 38.2% of patients
[8-10]
presenting with HCC
.
Diabetes and obesity have been suggested as
risk factors for HCC in large cohort and case-control
[11-13]
studies
both with and without pre-existing
[14]
of 10
NAFLD. A meta-analysis by Larsson et al
cohort studies found a relative risk of HCC of 1.89
in obese patients. Another meta-analysis of 17 case
control studies and 32 cohort studies by Wang et
[15]
al
found a relative risk of HCC of 2.31 in diabetics.
Whether other features of the metabolic syndrome
such as hypertension and dyslipidaemia may also
contribute to HCC risk is less well studied, though
these conditions have been shown to independently
correlate with NAFLD fibrotic severity which itself
[16-18]
may increase HCC risk
.
2012 American Association for the Study of
Liver Diseases (AASLD) guidelines state that the
risk of HCC in NAFLD is “likely limited to those with
[19]
advanced fibrosis and cirrhosis”
and as such
there are no established HCC screening guidelines
[20]
for NAFLD patients in general . However, recent
international reports that HCC occurs in non cirrhotic
[21]
patients with NAFLD
suggest that work is needed
to identify factors other than severe fibrosis or
cirrhosis that could be used to identify patients in
whom HCC screening may be justified.
The aims of this study in a cohort of patients with
NAFLD associated HCC were: (1) to describe the risk
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A

Table 1 Comparison between non-alcoholic fatty liver disease
cirrhotics and cryptogenic cirrhosis in terms of demographics
and hepatocellular carcinoma risk factors

Number of patients

65
31.35
72%
72%
29%
48%

65
28
73%
40%
33%
13%

2
6
10
9
4

1
6
6
2
0

0.680
0.407
0.919
0.058
0.952
0.025
0.310

15
10

0

24% (n = 13)
15% (n = 8)

11% (n = 6)

BMI < 25

BMI 25-29.9
BMI 30+
BMI at diagnosis of HCC

BMI not recorded

B
20

33% (n = 18)

18

6
4
5

28% (n = 15)

Number of patients

16

NAFLD: Non-alcoholic fatty liver disease; BMI: Body mass index.

would have otherwise applied).
Diabetes was defined as having had a previous
diagnosis of the disorder and/or being on relevant
medication. Hypertension was defined as having a
systolic blood pressure of over 130 mmHg and/or
being on relevant medication. Dyslipidaemia was
defined as being on relevant medication, having
serum triglyceride levels > 2.0 mmol/L and/or total
serum cholesterol levels > 5.5 mmol/L.
Univariate analysis was performed using KruskalWallis testing, Fisher’s exact test and two-sample t
testing to analyse for differences between cirrhotic
and non-cirrhotic cohorts. Multivariate analysis was
performed with Pearson correlation analysing for
predictors of tumour size and number, and thus
prognosis. Ethical approval was obtained by the
Austin Hospital Human Research Ethics Committee.

24% (n = 13)

14
12
10
8
6
4

9% (n = 5)
6% (n = 3)

2
0

0

1

2
3
Number of risk factors

4

Figure 1 Body mass index at diagnosis of hepatocelullar carcinoma
demonstrating that a large proportion of patients were overweight or obese
(A) and prevalence of number of risk factors for hepatocelullar carcinoma overweight or obesity, diabetes, hypertension and dyslipidaemia (B). Notably
34% of patients had less than 2 risk factors.

with just simple steatosis (grade 0) in our cohort.
Twenty four patients did not have biopsies or
had missing biopsy information, despite a previous
diagnosis of either NAFLD or cryptogenic cirrhosis.
Twenty two of these had evidence of cirrhosis on CT
or ultrasound scanning, while another two were noncirrhotic on imaging.
In total, forty six of the fifty four patients had
cirrhosis which was diagnosed either histologically
in 24 (52%) patients or radiologically in 22 (48%)
patients. Of these, 18 (40%), 14 (30%) and 13 (28%)
had Child-Pugh scores of A, B and C respectively at
time of HCC diagnosis. One patient had missing
biochemical information and thus a Child-Pugh sc
ore could not be calculated. Demographic and risk
factor profiles of patients with NAFLD associated
cirrhosis and cryptogenic cirrhosis were not sta
tistically different, except for a higher prevalence of
hypertension in the former cohort (Table 1).

RESULTS
Patients

Between 2000-2012, 39 (13%) patients with HCC
had a primary diagnosis of NAFLD and 15 (5%)
cryptogenic cirrhosis. Therefore 54 patients were
included in our study, 47 (87%) were male and
mean age was 64 years.
Liver fibrosis and cirrhosis: Thirty (57%) patients
had diagnostic biopsies of non-HCC liver parenchyma
available for review. Of these, 7 (23%), 11 (37%), 9
(30%) and 3 (10%) had NAFLD grade 0, 1, 2 and 3
respectively. Twenty four were cirrhotic (stage 4) on
biopsy. Six were non-cirrhotic: 2 were stage 0 with
NAFLD grade 1; and 4 were stage 1-2 with NAFLD
grade 2. As such, all non-cirrhotic patients had some
degree of inflammation. Notably, there were none

WJG|www.wjgnet.com

20

5

0.880
12
10
8

50% (n = 27)

25

NAFLD cirrhotics
Cryptogenic
P value
(n = 31)
cirrhotics (n = 15)
Median age (yr)
Median BMI (kg/m2)
Overweight/obesity
Diabetes
Hyperlipidaemia
Hypertension
Number of risk factors (n)
0
1
2
3
4
Child-Pugh Score
A
B
C

30

Other HCC risk factors: Thirteen patients (24%)
were overweight at HCC diagnosis (BMI 25-29.9
2
kg/m ) and 27 (50%) were obese (BMI equal to or
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Table 4 Correlations between patient characteristics and
tumour size

Table 2 Comparison between cirrhotics and non-cirrhotics in
terms of demographics, non-alcoholic fatty liver disease grade
and hepatocellular carcinoma characteristics
Cirrhotics
(n = 46)
Median age (yr)
Median BMI (kg/m2)
Median HCC diameter (cm)
Median number of HCCs
Number of risk factors (n)
0
1
2
3
4
NAFLD grade (n)
0
1
2
3
Level of HCC differentation (n)
Well
Moderate
Poor
Necrotic

65
30
3.2
1

Non-cirrhotics
(n = 8)
69
30
4.7
2

3
12
16
11
4

0
3
2
2
1

8
9
5
3

0
2
4
0

10
7
0
1

4
1
0
0

P value

Overweight/obesity
Diabetes
Hypertension
Dyslipidaemia
Age at diagnosis
Gender
BMI
Number of risk factors
Stage of fibrosis
Grade of NAFLD
Child-Pugh Score

0.227
0.939
0.041
0.147
0.969

0.188

Differences between non-cirrhotics and cirrho
tics: Between non-cirrhotics and cirrhotics there
were no statistically significant differences in BMI,
age or level of HCC differentiation, number of risk
factors, number of HCC’s or NAFLD grade. However
non-cirrhotic patients had a higher median HCC
diameter than cirrhotics at diagnosis (4.7 cm vs 3.2
cm, p = 0.041). Similarly, a greater proportion of
non-cirrhotics failed the Milan criteria for transplan
tation (87.5% vs 28.2%, p = 0.003) (Table 2).
There were no statistically significant differences
between cirrhotics and non cirrhotics in terms of the
prevalence of individual HCC risk factors (Table 3).

Table 3 Comparison between cirrhotics and non-cirrhotics in
terms of hepatocelullar carcinoma risk factors

Overweight/obesity
Diabetes
Hyperlipidaemia
Hypertension

P value

74%
61%
24%
43%

75%
50%
37.50%
50%

0.660
0.410
0.340
0.767

Predictors of tumour characteristics: Multiva
riate analysis was conducted to determine if patient
characteristics apart from presence or absence
of cirrhosis could predict the size or number of
HCCs and thereby the prognosis. Characteristics
including sex, presence of diabetes, hypertension,
hyperlipidaemia and/or overweight/obesity, number
of risk factors, Child-Pugh scores, NAFLD grade
and fibrosis stage, age at diagnosis of HCC and
BMI were analysed. Only fibrosis stage significantly
correlated with tumour size, with non-cirrhotics
more likely to have larger tumours than cirrhotics
(p = 0.03) (Table 4). No characteristics significantly
correlated with tumour number (Table 5).

2

greater than 30 kg/m ) according to World Health
Organisation guidelines. Six (11%) had a BMI
2
2
under 25 kg/m . Median BMI was 31 kg/m . In the
remaining 8 patients, BMI was not recorded (Figure
1A).
Overall 40 (74%) were either overweight or
obese, 32 (59%) were diabetic, 24 (44%) had
hypertension and 14 (26%) had dyslipidaemia. Six
percent, 28%, 33%, 24% and 9% had 0, 1, 2, 3, 4
of the above risk factors respectively (Figure 1B).
HCC characteristics: Twenty seven (60%) cirrhotic
patients were diagnosed while asymptomatic by
scheduled screening, with 9 (20%) diagnosed due
to symptoms of hepatic decompensation and 10
(20%) diagnosed incidentally when being imaged
for other reasons. Four (50%) non-cirrhotic patients
were diagnosed due to symptoms and in 4 it was
found incidentally. Eighteen (33%) patients had AFP
levels in the normal range (< 5.8 kU/L). Median AFP
was 12.2 kU/L. In twenty four patients (43%), HCC
was already multifocal by time of diagnosis. The
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0.093
0.791
0.470
0.510
0.320
0.770
0.867
0.534
0.030
0.196
0.238

median maximum diameter was 3 cm. Twenty patients
[26]
(37%) were already outside the Milan criteria
for
transplantation at diagnosis.

NAFLD: Non-alcoholic fatty liver disease; HCC: Hepatocellular carcinoma;
BMI: Body mass index.

Non-cirrhotics
(n = 8)

P value

-0.256
0.038
0.106
0.146
0.142
0.042
-0.026
-0.090
-0.308
0.243
-0.170

NAFLD: Non-alcoholic fatty liver disease; BMI: Body mass index.

0.317

Cirrhotics
(n = 46)

Pearson correlation

DISCUSSION
This is the first cohort study to examine NAFLDassociated HCC in an Australian context, where the
majority were obese and diabetic. Furthermore, it is
the first, to our knowledge, to include patients with
cryptogenic cirrhosis as a subset of NAFLD given
evidence strongly linking the two conditions. Indeed,
in our cohort, patients with NAFLD cirrhosis had
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[39]

bioavailability promoting cellular proliferation .
More novel pathways being investigated include
the phosphorylation of adenosine monophosphateactivated protein kinase and activation of target of
rapamycin complex 1 which then inhibits hepatic
autophagy and its “quality control” effects in the
[40]
liver to remove carcinogenic material .
Our finding that HCCs in non-cirrhotic patients
are significantly larger at diagnosis is concerning
as tumour size correlates with worse prognosis
according to the Barcelona Clinic Liver Cancer
[6]
staging system and likely reflects lead time bias
due to a lack of screening. Also, importantly, none
of these patients with HCC had cholangiocarcinoma.
[32]
A similar result was found by Paradis et al
in a
French audit of 31 patients in whom 20 (65%) were
non-cirrhotic with F0-F2 fibrosis scores, with larger
tumours than in cirrhotics (median diameter 10.1
cm vs 6.6 cm, p = 0.05). While this suggests that
HCC screening programs in non-cirrhotic NAFLD
patients may prevent significant morbidity, the
high prevalence of NAFLD in the general population
makes such screening difficult to justify in terms of
cost-effectiveness.
Furthermore, the incidence of HCC development
in non-cirrhotic NAFLD appears to be low. There is
limited literature addressing this issue with many
longitudinal cohort studies having either focussed on
NAFLD patients who are cirrhotic at baseline, or are
confounded by not analysing if non-cirrhotic NAFLD
patients who develop HCC had also become cirrhotic
in the interim. In 399 non-cirrhotic NAFLD patients
followed up over a mean of 7.6 years who did not
[41]
develop cirrhosis on serial biopsies, Adams et al
found no HCCs. Similarly, no HCCs were found in a
study of 64 non-cirrhotic patients followed up over a
[42]
mean of 13.7 years
and a cohort of 109 patients
[43]
over 16.7 years . In the largest cohort of NAFLD
[3]
patients prospectively studied, Arase et al found in
1600 ultrasound-diagnosed NAFLD patients followed
up over a median of 8.2 years, a HCC incidence of
0.6% (10 patients) was found, which is equivalent
to 0.08% per year. Out of these 10 patients, 7 had
histology taken at the time of HCC diagnosis with 6
being non-cirrhotic (Stage 0-3). Unfortunately, this
study did not specify the proportion of cirrhotics in
the total cohort. These low rates correlate with the
data from our large centre study which identified
only 15 non-cirrhotic NAFLD patients in 13 years.
Moreover, there is no way to establish a clear causal
link between steatosis and carcinogenesis in all
these patients. Some may have been patients who
developed sporadic HCC in whom the presence
of hepatic steatosis may have been coincidental.
Others may have had HCC derived from a preexisting adenoma, since there is increasing literature
postulating that the metabolic syndrome may drive
[44]
malignant transformation of adenomas .
If HCC screening of non-cirrhotic NAFLD patients

Table 5 Correlations between patient characteristics and
tumour number

Overweight/obesity
Diabetes
Hypertension
Dyslipidaemia
Age at diagnosis
Gender
BMI
Number of risk factors
Stage of fibrosis
Grade of NAFLD
Child-Pugh Score

Pearson correlation

P value

0.174
-0.270
-0.040
0.080
-0.041
-0.090
0.064
0.055
-0.058
-0.192
0.179

0.248
0.053
0.779
0.715
0.771
0.523
0.677
0.696
0.682
0.310
0.208

NAFLD: Non-alcoholic fatty liver disease; BMI: Body mass index.

similar demographic and risk factor profiles to those
with cryptogenic cirrhosis. This concurs well with
other studies which have found that patients with
cryptogenic cirrhosis are more likely to be obese
and up to four times as likely to have diabetes than
[27]
other forms of cirrhosis . Moreover, there is a high
rate of NAFLD development after transplantation for
[28]
cryptogenic cirrhosis .
Our study also adds to the increasing body of
evidence that HCC can occur in patients with noncirrhotic NAFLD, even in those who are non-obese.
This concurs well with recent studies including two
[29]
[30]
large Japanese studies of of 292
and 87 patients
with NAFLD and HCC that reported non-cirrhotic
patients comprised 38% and 49% respectively of
[31]
these patients. Duan et al , pooling 169 NAFLD
patients from 25 smaller cohorts in the literature,
found 40% were non-cirrhotic and a French series
of 31 HCC patients with at least 2 features of the
metabolic syndrome (25 of whom had histological
evidence of hepatic steatosis) found 66% were non[32]
cirrhotic .
There are multiple postulated mechanisms for
HCC occurring in non-cirrhotic NAFLD. Hepatic st
eatosis and concomitant insulin resistance causes
[33]
oxidative (via increased reactive oxygen species
and carcinogenic metabolites of lipid peroxidation
[34]
such as trans-4-hydroxy-nonenal ), inflamma
tory (upregulation of tumour necrosis factor-α,
interleukin-6 and nuclear factor kappa-light-chain[35]
enhancer of activated B cells ), apoptotic and
hormonal changes. Increased activity of c-Jun aminoterminal kinase 1 and consequent phosphorylation
[36]
increase hepatic
of insulin receptor substrate-1
inflammation and apoptosis through downstream
modulation of such pathways as mitogen-active
protein kinase and phosphatidylinositol-3 kina
[37]
se . Adiponectin levels are decreased in NAFLD
with subsequent loss of its anti-angiogenic and
[38]
anti-inflammatory effects . There are also de
creased levels of binding proteins of insulin-like
growth factor-1, with its subsequent increased
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(HCC). Furthermore, the condition of “cryptogenic cirrhosis” is often thought to
represent end stage-NAFLD.

were to be viable, this would require narrowing
the screened population by targeting those with
specific risk factor profiles associated with HCC.
Unfortunately we could not identify such a profile
that defined our non-cirrhotic group. Comparisons of
previous large cohort studies suggest that patients
with NAFLD-associated HCC are more likely to be
diabetic than the general NAFLD population (up
[29]
[45]
to 70%
vs 46% , respectively). However, the
proportion of non-cirrhotics who develop HCC in
these studies was not clear and they were per
formed in Japanese cohorts making their findings
potentially less generalisable to a Western population.
Moreover, the high prevalence of diabetes in the
NAFLD population means this cannot be used alone
as an indication for cost-effective HCC screening. We
have also shown that the cumulative number of HCC
risk factors is not useful in determining HCC risk,
as many of our non-cirrhotic cohort had less than
2 risk factors. Similarly we were unable to identify
patient characteristics or risk factors correlating with
poorer tumour prognosis that theoretically could
guide targeted screening. Finally we have found AFP
poorly sensitive for the presence of HCC, reflecting
previous literature and 2011 AASLD guidelines
that recommend against the use of AFP to guide
[22]
screening .
In conclusion, this is the first Australian study
describing the risk factor profile of patients with
NAFLD-associated HCC. Even though we have a
small study size and a significant bias toward males,
we have shown that HCC occurs in non-cirrhotic
NAFLD patients. However this is of uncertain clinical
significance in the context of the burgeoning NAFLD
epidemic as rates of this phenomenon still appear
low. In such patients, tumours are larger than in
cirrhotics which may be due to delayed diagnosis
due to lack of screening. In regards to screening,
we suggest, firstly, that novel biomarkers with more
accuracy than AFP should be identified to better
complement radiological screening. Secondly, of
more importance, HCC screening in non-cirrhotic
NAFLD cannot be deemed cost-effective without
further studies identifying specific risk factor
profiles that significantly restrict the potential target
population.

Research frontiers

Basic science research has elucidated pro-carcinogenic mechanisms by which
NAFLD could cause HCC in the absence of cirrhosis. At present, however, no
guidelines recommend screening for HCC in non-cirrhotic NAFLD patients.

Innovations and breakthroughs

Of concern, there have been increasing reports of HCC occurring in noncirrhotic NAFLD internationally over the last decade. This phenomenon,
however, has not yet been described in an Australian cohort. Diabetes and
obesity have been found to be independent risk factors for HCC development in
NAFLD, but further research is needed to define such risk factors in specifically
non-cirrhotic NAFLD cohorts that could guide cost-effective HCC screening.

Applications

This study reaffirms that HCC can develop in non-cirrhotic NAFLD, but could
not identify particular risk factor profiles differentiating such patients from
cirrhotic patients who develop HCC. Non-cirrhotic patients, however, had larger
tumours at diagnosis than cirrhotic patients. This study thus underlines the
need for further research into HCC risk factors amongst non-cirrhotic NAFLD
patients, such that future HCC screening guidelines may take such patient
groups into consideration in a cost-effective and targeted manner.

Peer review

In this paper, the authors examined clinicopathological features of cases of
NAFLD that developed HCC. As a result, they confirmed that HCC could
develop in NAFLD without cirrhosis, and non-cirrhotics had a significantly larger
mean tumour diameter than cirrhotics. HCC cases originating from NAFLD have
been increasing, and to elucidate clinicopathological features of these cases is
important. The present study elucidates a clinical aspect of carcinogenesis in
NAFLD, and its results are important in establishing the screening method for
non-cirrhotic NAFLD patients.
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Abstract
AIM: To evaluate the demographic characteristics and
clinical phenotypes of inflammatory bowel disease (IBD)
in a geographic area in Northeastern Brazil.
METHODS: This retrospective study was conducted
at the Hospital of the Federal University of Piauí in
Northeastern Brazil. Demographic characteristics and
clinical phenotypes of IBD were analyzed in relation
to the time of diagnostic confirmation, which was
defined as the date of disease onset. Data were
collected between January 2011 and December 2012
and included all census patients 18 years of age or
older during that period for whom there was diagnos
tic confirmation of Crohn’s disease (CD), ulcerative
colitis (UC), or unclassified colitis according to the
Montreal criteria. We also analyzed the period of time
between the onset of clinical manifestations and the
diagnosis of IBD (delay in the diagnosis). Statistical
analyses included means and standard deviations for
2
numeric variables and the Pearson χ adherence test
for nominal variables. The annual index occurrence
and overall prevalence of IBD at our institution were
also calculated, with P values < 0.05 indicating
statistical significance. This study was approved by the
Institutional Ethics and Research Committee.
RESULTS: A total of 252 patients with IBD were
included, including 152 (60.3%) UC patients and 100
(39.7%) CD patients. The clinical and demographic
characteristics of all patients with IBD showed a
female to male ratio of 1.3:1.0 and a mean age of
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[1]

35.2 (SD = 14.5) years. In addition, the majority
of patients were miscegenated (171, 67.9%), had
received higher education (157, 62.4%), lived in urban
areas (217, 86.1%), and were under the age of 40
years (97, 62.5%). For patients with CD, according to
the Montreal classification, the predominant features
present from the onset of disease were an age between
17 and 40 years (A2); colonic disease location (L2);
and nonstricturing, nonfistulizing disease behavior (B1).
However, approximately one-quarter of all CD patients
demonstrated perineal involvement. We also observed
considerable delay in the diagnosis of IBD throughout
the entire study period (mean = 35.5 mo). In addition,
the annual index occurrence rose from 0.08 to 1.53
5
cases/10 inhabitants/year during the study period, and
5
the prevalence rate was 12.8 cases/10 inhabitants in
2012. Over the last two decades, there was a noted
increase in the frequency of IBD in the study area.

and ulcerative colitis (UC), have been highlighted .
CD is characterized by discontinuous and transmural
inflammation that can involve any segment of the
GIT, sometimes presenting stenotic or penetrating
behavior with the formation of abscesses and
[2]
fistulas . UC is an inflammatory process confined to
the mucosa and submucosa of the large intestine,
with a characteristic gradient of greater to minor
[3,4]
severity in the distal to proximal direction . Un
classified colitis is defined when the disease involves
only the large intestine and presents superimposed
clinical and endoscopic characteristics of both CD
[5,6]
and UC .
The incidence and prevalence of IBD are higher
in countries with greater economic development,
especially in the northern countries of Western Europe,
Canada, the United States of America, Australia,
[7,8]
and New Zealand . In recent decades, there has
also been an increase in these rates in countries
of Southern and Eastern Europe and, to a lesser
extent, the Middle East, North Africa, and some
[9-11]
Asian countries
. In Latin America, there are few
epidemiological studies of IBD, although some studies
have reported growth in the frequencies of both CD
and UC in this region, despite the low incidence of
[12,13]
these diseases
.
In Brazil, epidemiological studies of IBD are
also very scarce, although increased frequencies of
outpatient visits and hospitalizations in the major urban
[14-16]
centers of Brazil have been observed
. However,
no studies have been conducted with large Brazilian
territorial coverage regarding the demographic and
clinical aspects of IBD.
The purpose of this study was to address the
lack of data on IBD in the state of Piauí, an area in
the Brazilian Northeast, where living conditions are
considered the worst (Figure 1). In recent decades,
Brazil has experienced a continuous increase in the
Human Development Index (HDI) from 0.590 in
1990 to 0.718 in 2010, although the country still
th
stands at 84 in United Nations rankings. In Piauí,
the HDI was reportedly lower (0.646 in 2010) than
the HDI of southern and southeastern Brazilian
states (HDIs between 0.731 and 0.783) and the
[17]
federal capital (an HDI of 0.824) .
The main objective of this study was to identify the
demographic characteristics and clinical phenotypes
of IBD in a geographic area in Northeastern Brazil
with a low HDI. In addition, we sought to calculate
the annual index rate for the occurrence and pre
valence of IBD at our institution.

CONCLUSION: In this study, there was a predominance
of patients with UC, young people under 40 years of
age, individuals with racial miscegenation, and low
annual incomes.
Key words: Inflammatory bowel diseases; Crohn’s disease;
Ulcerative colitis; Epidemiology; Human Development
Index
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This study addressed the demographic
characteristics and clinical phenotypes of inflammatory
bowel disease (IBD) patients in Northeastern Brazilian,
where living conditions are poor and there is a lack of
data on this subject. Over the last two decades, there
was a noted increase in the frequency of IBD in the
study area, although there was considerable delay
in disease diagnosis throughout the study period.
There was a predominance of patients with ulcerative
colitis, but there was no difference between males and
females in terms of disease frequency. Most individuals
were aged below 40 years, had miscegenated ethnic
characteristics, and received low annual incomes.
Parente JML, Coy CSR, Campelo V, Parente MPPD, Costa LA,
da Silva RM, Stephan C, Zeitune JMR. Inflammatory bowel
disease in an underdeveloped region of Northeastern Brazil.
World J Gastroenterol 2015; 21(4): 1197-1206 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v21/i4/1197.htm
DOI: http://dx.doi.org/10.3748/wjg.v21.i4.1197

INTRODUCTION

MATERIALS AND METHODS

Inflammatory bowel disease (IBD) encompasses
a group of chronic and idiopathic inflammatory di
seases preferentially affecting the gastrointestinal
tract (GIT). Two subcategories, Crohn’s disease (CD)

Study location

WJG|www.wjgnet.com

The study was conducted at the Hospital of the
Federal University of Piauí (HU-UFPI), which is
considered a reference center for the treatment of
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Study design

N
W

The study was designed to describe the demographic
and clinical characteristics of patients with IBD at the
time of diagnostic confirmation, which was defined
as the date of disease onset. This retrospective study
involved a cohort of patients who were in clinical
follow-up at HU-UFPI. The subjects’ demographic
and clinical data were collected directly from the
medical records of the Digestive System Unit of HUUFPI and were supplemented with patient interviews
during periodic outpatient clinical reviews.
The data were collected between January 2011
and December 2012 and included all census pa
tients 18 years of age or over for whom there was
diagnostic confirmation of CD, UC, or unclassified
colitis. Individuals who received disease diagnoses
during childhood or adolescence but who were at
least 18 years of age at the time of data collection
were also included.
The dependent variables included diagnosis (CD
or UC), classification of CD and UC according to the
[6]
Montreal criteria , and the period of time between
the onset of clinical manifestations and the diagnosis
of IBD. The independent demographic variables
included age, gender, race, education, family income,
and residence in an urban or rural area. The inde
pendent clinical variable was a family history of IBD.
Patients who were diagnosed with unclassified colitis
at the onset of the disease were included in the CD
or UC groups, considering the subsequent diagnostic
definition established during clinical follow-up of
these individuals.

E
S

The equator

Piaui
Brazil

South America

Figure 1 Study area (Piauí State), located in the tropical zone in the
northeastern region of Brazil.

patients with IBD. The strategic location of this
hospital in the capital of Piauí, Teresina, and its
inclusion in a computerized public health network
result in the referral of patients from all other
hospitals and public health centers throughout the
state. In the state of Piauí, approximately 85% of the
population receives health care solely through the
public system, and our institution has been the only
public hospital in the state to care for patients above
15 years of age with IBD.

Statistical analysis

To perform statistical analyses, we first created a
database using Microsoft Excel, the results of which
are presented in tables and graphs. The following
analyses were used: means and standard deviations
2
for numeric variables and the Pearson χ adherence
test for nominal variables (gender, race, education,
and income). These variables were compared with
the respective census data for the population of the
state of Piauí. The significance level used for all tests
was 5%.
We also calculated the annual index occurrence
and the prevalence rate of IBD in our hospital
based on the annual frequency of IBD and annual
population data from the state of Piaui (85% of
people over 15 years of age, as explained in the
“study location” section) for the period from 1988 to
2012, according to census data from the Brazilian
government (Instituto Brasileiro de Geografia e Es
[18]
tatística) .

Diagnosis of IBD

The diagnosis of IBD was established according
[1]
to previously developed criteria for CD and UC ,
including clinical, ileocolonoscopic, laboratory, and
histopathological aspects as well as computed
tomography (CT) or magnetic resonance imaging
enterography studies of the small intestine. When
necessary, we performed endoscopic examinations
of the upper GIT to evaluate the esophagus,
stomach, and duodenum. All patients underwent
investigation for gastroenteritis (coproculture) and
intestinal parasites (stool test). In view of the high
prevalence of enteroparasitoses in the study region,
all patients received antiparasitic treatment with
albendazole, secnidazole, and ivermectin regardless
of the outcome of the stool examinations. The
differential diagnosis of intestinal tuberculosis was
based on clinical data, chest radiography, Mantoux
intradermal testing, and the histological results
of biopsy specimens. Mansonic schistosomiasis is
endemic in many areas of Northeastern Brazilian,
although there were no outbreaks in the region
covered by this study.

WJG|www.wjgnet.com

Ethical considerations

This study was approved by the Research Ethics
Committee of our institution (CAAE: 0140.0.045.000-11),
and ethical principles for medical research involving
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human subjects were observed during all stages,
including ensuring the anonymity of patients. All par
ticipants were adequately informed about the study
and signed an informed consent form authorizing
their inclusion in the study.

cases of IBD (CD = 12, UC = 13) in 2012. In this
context, given both the natural population growth
of the state of Piauí and the gross annual rate
of new cases identified in this study, the annual
index occurrence of IBD at our institution was
5
0.08 cases/10 inhabitants/year in 1988, and this
5
rate reached its peak in 2007 with 1.53 cases/10
inhabitants/year (Figure 3). In 2012, the prevalence
5
of IBD at our institution was 12.8 cases/10 inha
bitants.
Throughout the study period, there was consi
derable delay in the diagnosis of IBD. In particular,
the mean time (in mo) between the onset of clinical
manifestations and the diagnosis of IBD throughout
the entire study period was 35.5 mo.
Regarding the etiopathogenesis of IBD, we ana
lyzed two aspects: a family history of UC or CD and
tobacco use. There was a history of IBD among firstand second-degree relatives in 29/252 (11.5%)
cases, including 16/100 (16.0%) CD patients and
13/152 (8.6%) UC patients. A personal history of
previous or current smoking was noted in 53/252
(21.0%) of all patients with IBD, including 21/100
(21.0%) with CD and 32/152 (21.1%) with UC.

RESULTS

DISCUSSION

The confirmation of IBD diagnosis for all patients
included in this study occurred between 1988 and
2012. Two hundred fifty-two consecutive patients
treated in the IBD outpatient unit were included,
of which 152 (60.3%) had UC and 100 (39.7%)
had CD. The age at disease onset ranged from 12
years to 82 years, with a mean of 35.2 (SD = 14.5)
years. The mean ages for the onset of CD and UC
were 32.9 (SD = 13.6) years and 36.8 (SD = 14.8)
years, respectively. Figure 2 shows the frequency
distribution of the ages of patients with CD and UC at
the time of diagnosis.
Regarding gender, there was a male to female
ratio of 1.2 to 1.0 in the group of patients with
CD, but there was no significant association with
gender upon statistical analysis (P = 0.32). Patients
with UC were predominantly female, with a female
to male ratio of 1.8 to 1.0; this association was
statistically significant (P = 0.005). Table 1 shows
the demographic aspects of the study subjects
and the population characteristics of the state of
Piauí for comparison and statistical analysis. The
[6]
patients' clinical features according to the Montreal
classification are shown in Table 2 for CD and Table
3 for UC.
The annual rate of new IBD cases increased
slowly between 1988 and 1998, corresponding to
a rate of one to five new patients per year in that
decade. In the last years of the twentieth century
and the first decade of this century, significant
increases in the gross annual frequencies of these
diseases were observed, reaching a rate of 25 new

Historical data for overall IBD geographic distribution
worldwide have consistently shown higher rates
of incidence and prevalence in more developed
countries, the populations of which are predominantly
[12]
Caucasian . More recently, IBD has been detected
with increasing frequency across all continents,
including less developed countries, affecting people
[9,10,19]
with different ethnic characteristics
.
This study was conducted in a Brazilian region
with the lowest socioeconomic human development
indicators. In line with the low HDI, the average
income per capita of the population of the state
of Piauí (2965.00 USD per year) is well below the
average per capita income of Brazil (4602.12 USD
per year), while the average family income of
participating patients in this research was higher
[18]
[7084.80 (SD = 531.50) USD] . In this Brazilian
region with poor living conditions, IBD is still a
rare clinical condition compared to countries with
high HDIs, where incidence rates are historically
5
much higher, usually from 10.0 to 20.0 cases/10
inhabitants/year as well as higher than 20.0
5
[8]
cases/10 inhabitants/year . However, in the 25
years of this study, we found that there was a
gradual increase in the annual index occurrence at
5
our hospital, reaching 1.53 cases/10 inhabitants/
year and culminating in an intermediate pre
5
valence rate corresponding to 12.8 cases/10
inhabitants in 2012. Our results were still much
lower compared to those reported by Victoria et
[15]
al
for the period of 1986 to 2005 in a more
industrialized area of Southeastern Brazil, where

50

UC

45

CD

40

Frequency (n )

35
30
25
20
15
10
5
0

< 20

20-30

31-40

41-50
Age (yr)

51-60

61-70

> 70

Figure 2 Distribution of patients with ulcerative colitis and Crohn’s
disease according to age group in Piauí State (Brazil), 1988-2012. UC:
Ulcerative colitis; CD: Crohn’s disease.
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Table 1 Demographic characteristics of the population of the state of Piauí (Brazil) in 2010 and of patients with inflammatory
bowel disease (total), Crohn’s disease, and ulcerative colitis according to gender, race, education, family income, and residence (urban
or rural) in Piauí (Brazil), 1988-2012
Demographic variables

General population of
1
Piauí : (n = 3118360)

Gender

Race

Education (yr of schooling)

Residence

Average income

Male
Female
2
χ test
Miscegenated
White
Black
Yellow
2
χ test
Uneducated and < 9 yr
≥ 9 yr
2
χ test
Urban area
Rural area
2
χ test
Monthly3

49.0%
51.0%
64.0%
24.4%
9.4%
2.2%
58.2%2
41.8%
65.8%
34.2%
247.00 USD

IBD phenotype
CD (n = 100)
n (%)

UC (n = 152)
n (%)

Overall IBD (n = 252)
n (%)

54 (54.0)
46 (46.0)
P = 0.32
64 (64.0)
26 (26.0)
10 (10.0)
0 (0)
P = 0.50
25 (25.0)
75 (75.0)
P = 0.00
93 (93.0)
7 (7.0)
P = 0.00
643.50 USD

55 (36.2)
97 (63.8)
P = 0.00
107 (70.4)
34 (22.4)
10 (6.6)
1 (0.6)
P = 0.24
70 (46.0)
82 (53.9)
P = 0.00
124 (81.6)
28 (18.4)
P = 0.00
555.40 USD

109 (43.3)
143 (56.7)
P = 0.07
171 (67.9)
60 (23.8)
20 (7.9)
1 (0.4)
P = 0.18
95 (37.8)
157 (62.4)
P = 0.00
217 (86.1)
35 (13.9)
P = 0.00
590.40 USD

1

Source: Brazilian Institute of Geography and Statistics (Instituto Brasileiro de Geografia e Estatística - IBGE [database online], 2010); 2Individuals aged > 18
yr; 3State of Piauí = income per capita, study population: family income. IBD: Inflammatory bowel disease; CD: Crohn’s disease; UC: Ulcerative colitis.

Table 2 Clinical features of patients with Crohn’s disease at diagnosis according to the Montreal classification6 in Piauí (Brazil),
1988-2012
Phenotypic elements
Age at diagnosis (A)

Disease location (L)

Disease behavior (B)

A1: ≤ 16 yr old
A2: 17-40 yr old
A3: > 40 yr old
L1: Terminal ileum
L2: Colonic
L3: Ileocolonic
L4: Isolated upper disease
L1, L2 or L3: Concomitant with L4
B1: Nonstricturing, nonfistulizing
B1 + p (perianal disease modifier)
B2: Stricturing
B2 + p (perianal disease modifier)
B3: Penetrating1
B3 + p (perianal disease modifier)

n (%)

Female, n (%)

Male, n (%)

8 (8.0)
71 (71.0)
21 (21.0)
15 (15.0)
36 (36.0)
17 (17.0)
7 (7.0)
25 (25.0)
69 (69.0)
19 (27.0)
18 (18.0)
3 (16.7)
13 (13.0)
5 (38.5)

2 (25.0)
30 (42.3)
14 (66.7)
7 (46.7)
17 (47.2)
7 (41.2)
1 (14.3)
14 (56.0)
33 (47.8)
7 (36.8)
6 (33.3)
2 (66.7)
7 (53.8)
2 (40.0)

6 (75.0)
41 (57.7)
7 (33.3)
8 (53.3)
19 (52.8)
10 (58.8)
6 (85.7)
11 (44.0)
36 (52.2)
12 (63.2)
12 (66.7)
1 (33.3)
6 (46.2)
3 (60.0)

1

Rectovaginal fistula = 4; Entero-cutaneous fistula = 6; Entero-enteric fistula = 2; Acute perforated abdomen = 1.

5

the incidence rates rose from 1.0 to 8.0 cases/10
inhabitants/year and the prevalence increased
5
from 1.2 to 20.5 cases/10 inhabitants in the same
period. However, our results are consistent with
the findings of researchers from other Brazilian
[20,21]
[12,13]
regions
and South American countries
,
who have observed higher frequencies of CD
and UC in hospitals based in South America.
This finding suggests that IBD is also increasing
in Latin America, even in regions with specific
geographical, climatic, and socioeconomic cha
racteristics that differ from those where IBD was
commonly reported a few decades ago.
We assumed that the above data pertaining to
the annual index occurrence and prevalence rates
were not the true incidence and prevalence rates

WJG|www.wjgnet.com

for IBD in the entire population of the state of Piauí
but instead represent only an estimated statistical
calculation, as this was not the main focus of the
study design. In addition, other relevant factors in
this regard should be emphasized, including the
possibility that patients were diagnosed and treated
without being referred to our institution and the
lack of a state-wide registry of billing codes to verify
that all IBD patients were identified and registered.
Despite these potential biases, and considering that
there are no epidemiological studies of IBD in this
Brazilian region, we believe that the annual index
occurrence and prevalence rates found in this study
are representative of the true rates in the state of
Piauí, which have yet to be properly calculated in
future studies.
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Table 3 Clinical aspects of patients with ulcerative colitis (n = 152) at the time of diagnosis according to the modified Montreal
classification in Piauí (Brazil), 1988-2012
Phenotypic elements
Age at diagnosis (A)1

A1: ≤ 16 yr old
A2: 17-40 yr old
A3: > 40 yr old
E1: Ulcerative proctitis
E2: Keft-sided ulcerative colitis
E3: Extensive ulcerative colitis (pancolitis)
S1: Mild
S2: Moderate
S3: Severe

Disease extent (E)

Disease severity (S)

n (%)

Female, n (%)

Male, n (%)

7 (4.6)
88 (57.9)
57 (37.5)
14 (9.2)
93 (61.2)
45 (29.6)
41 (27.0)
60 (39.5)
51 (33.5)

3 (42.9)
56 (63.6)
38 (66.7)
9 (64.3)
63 (67.7)
25 (55.6)
28 (68.3)
40 (66.7)
29 (56.9)

4 (57.1)
32 (36.4)
19 (33.3)
5 (35.7)
30 (32.3)
20 (44.4)
13 (31.7)
20 (33.3)
22 (43.1)

1

Age at diagnosis is not a phenotypic element of the Montreal classification for ulcerative colitis.

the results of other studies that characterized these
diseases as clinical entities emerging in the most
diverse latitudes and longitudes of the planet, which
are gradually and increasingly affecting other races
[11,23-26]
and ethnicities in addition to Caucasians
.
The literature data show that there are usually
similar prevalence rates of IBD in men and women,
although some studies have reported a slight
[27,28]
predominance in males
. Our study showed that
for UC patients, there was a significantly greater
prevalence of women with this disease. These results
are consistent with those reported by Kleinumbing[14]
Júnior et al
in Southern Brazil.
In relation to the patient’s age at CD diagnosis,
we observed disease occurrence in all age groups,
although there was a predominant initial involvement
in young individuals, with a well-pronounced peak
incidence between 21 and 30 years of age. Our
data are in agreement with the results reported
[29]
by Thia et al
in a large population-based study,
in which most patients were aged between 17 and
40 years (A2 in the Montreal classification). When
segments of the GIT were considered individually,
the topographic region most affected by CD in
our study was the large intestine. However, the
overall involvement of the small intestine above
the distal ileum (L4 alone or associated with L1-L3)
was well above that reported by other studies in
the literature. Considering the behavior of CD,
our results are similar to those reported by other
[14,27-30]
researchers
. Approximately one-quarter of
all CD patients demonstrated perineal involvement
from the time of disease onset, which was more
predominant in patients with involvement of the
terminal ileum.
As observed in the group of patients with CD,
the onset of UC occurred in groups of younger
individuals. In UC, the highest peak incidence
occurred in the age groups between 21 and 40
years, although this disease also achieved sig
nificant frequency in middle-aged individuals,
with a second peak in the age groups between 41
and 60 years. As a result, IBD has strong social,
educational, economic, and family impacts on
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Figure 3 Annual index occurrence of inflammatory bowel disease (total),
ulcerative colitis, and Crohn’s disease in Piauí State (Brazil) in the period
from 1988-2012. IBD: Inflammatory bowel disease; UC: Ulcerative colitis; CD:
Crohn’s disease.

The racial phenotype of Brazil’s population is
extremely heterogeneous. In particular, the po
pulation of Brazil has historically been influenced
by individuals with European, African, Asian, and
Amerindian ancestries, and there is significant
miscegenation variability across geographical
regions of the country. The general population of
the state of Piauí, where the subjects of this study
resided, predominately consists of individuals with
miscegenated ethnic characteristics, with only a
small portion of people with unique characteristics
of white or black race and with little representation
[18]
of Asian or purely indigenous individuals . The
subjects participating in our study also exhibited an
ethnic profile similar to the general population where
they reside; that is, the study showed no correlation
between racial phenotype and the occurrence of IBD.
Therefore, it appears that the ethnic characteristics
of the study population differ from the pattern
established in countries where there are higher
traditional IBD incidence and prevalence rates,
i.e., countries with a predominance of Caucasian
[22]
individuals . In fact, this miscegenated aspect of
IBD patients in this region of Brazil is in keeping with
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affected individuals, as the phases of disease activity
coincide with the period of life when they are in
full educational activity, starting their professional
career, and forming their family bases. Our results
are very similar to those reported by Manninen et
[31]
al
in Finland and the multicenter study conducted
[32]
by Tozun et al
in Turkey. However, studies of
other populations, such as the multicenter study
[19]
conducted by Ng et al
in Asia-Pacific countries,
[33]
the review by Rocchi et al
on IBD in Canada, and
the population-based study conducted by Vind et
[34]
al
in Denmark, have indicated that UC can start at
all ages, commencing with a peak incidence in the
first decades of life but maintaining a plateau of new
cases in all subsequent age groups, even after 60
years of age.
Regarding the extent of UC, there are variations
in the results presented in various studies, but
in general, there is a higher incidence of distal
UC (proctitis) in the initial presentation of the di
sease, followed by left UC and, to a lesser degree,
[3]
pancolitis . Our series disagreed on this point, as
we observed a higher frequency of involvement of
left UC and a low frequency of involvement of the
rectum (E2 > E3 > E1, according to the Montreal
classification for UC). These results are similar
[27]
to those of studies by Zeng et al
in China and
[28]
Lakatos et al
in Hungary. Regarding the profile of
clinical severity, there was a slight predominance of
the moderate form of UC, followed by the mild and
severe forms (S2 > S3 > S1).
Given the low frequency of IBD in Brazil until a
few decades ago, it has been difficult for physicians
to readily recognize these diseases as a result of
various factors, including the lack of IBD-related
knowledge among health professionals and the
lack of adequate diagnostic resources. For these
reasons, there has been a delay in making correct
IBD diagnoses in Brazil. We observed that there was
a noted reduction in the time interval between the
onset of clinical manifestations and the diagnosis of
IBD in the last three 5-yr periods; the mean delay
in diagnosis was initially 67.5 mo, although this time
decreased to 40.7 mo and more recently to 25.1
mo. We can likely ascribe this fact to the opening
of specialized services for the treatment of IBD in
HU-UFPI, with improvements in physical facilities
and complementary examinations, in addition to
better training of health care staff responsible for
patient service. Currently, the time required for IBD
diagnosis in the state of Piaui is still well above the
few months of delay observed by Gower-Rousseau
[30]
[34]
et al
in France and Vind et al
in Denmark,
[27]
although similar to results obtained by Zeng et al
[31]
in China and Manninen et al
in Finland.
Our analysis of educational data indicated that
patients with IBD had a higher level of education
than the general population of the state where they
reside, which signifies that they had fully completed
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primary education, had at least 9 years of schooling,
and had attended or completed high school or higher
education. The results of the demographic profile of
the subjects of our research, including educational
level and age at disease onset, were similar to the
results reported in other epidemiological studies of
IBD; this profile consisted of disease onset at any
age, but affecting mainly young people and tending
to occur in individuals with higher educational
[28,30,35-37]
levels
.
Family history is considered the main risk fact
or for the onset of IBD because of several stu
dies that demonstrated the existence of familial
aggregation, concordance between monozygotic
twins, and a greater prevalence in Ashkenazi Jews.
The involvement of CD or UC in a family member
indicates a significant increase for the risk of a first[2,3,38,39]
degree relative also having the same disease
.
In this sense, our results revealed that 4.0% of
patients with IBD also had first-degree relatives with
one of these diseases, and this rate was increased
to 11.5% when second-degree relatives were also
considered. In this regard, there was a greater
association with family history in the CD group
(16.0%) than in the UC group (8.6%).
In addition to familial aggregation, other co
rrelations between IBD and environmental factors
have been considered. We analyzed some of the
factors that may influence the pathogenesis of
IBD in this group of patients, including the recent
population migration to urban centers. In the
last 50 years, there has been an acceleration of
population migration from rural to urban areas in
Brazil, although this phenomenon has become more
significant only in the last 30 years in Northeastern
Brazil. In the period from 1980 to 2010, the urban
Brazilian population increased sharply from 67.6% to
84.4% in all regions of Brazil, from 50.5% to 73.2%
in Northeastern Brazil, and from 42.0% to 65.8%
[18]
in the state of Piaui . The progressive increase in
the annual index occurrence of IBD in this study
(Figure 2) coincides precisely with the period in
which the migratory wave of rural populations to
urban areas was observed. In fact, most patients
with IBD in our study resided in urban areas, while
only 14% lived in the countryside when the disease
was diagnosed. It is possible that the level of higher
education among patients with IBD may be related
to increased access to education in urban areas,
in contrast to the lower education of the general
population of the state of Piauí, rather than to an
etiopathogenic association or an increased risk to
develop these diseases. However, further studies
need to be conducted in this developing and newly
urbanized population group to assess the impact
of social changes, including lifestyle, eating habits,
types of occupation and other environmental factors,
on the risk of IBD emergence. Such a study would
make it possible to demonstrate whether there is in
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fact a positive association between the environment
in urban areas, possibly related to lifestyle and
eating habits, and the onset of both CD and UC, as
[40-44]
previously suggested in several studies
.
Analysis of the association between prior or
current tobacco use and the onset of IBD in our
patients indicated that the frequency was similar
in both groups with CD and UC. Therefore, no pro
tective effects or increased susceptibility to CD
were observed in relation to tobacco use, as pre
[39,42,43]
viously suggested by some epidemiological
[45]
and experimental studies . However, this issue
was not analyzed in greater depth, and there may
be other factors that could adequately explain the
associations between onset, phenotypes, or IBD
behavior and tobacco smoking.
In conclusion, the results of our study showed
that there was a predominance of IBD patients with
UC. In total, there was no difference between males
and females in terms of disease frequency, although
there was a significantly greater UC frequency
in women. Most individuals were aged below 40
years, had miscegenated ethnic characteristics,
and received low annual incomes. There was also a
significant increase in the annual index occurrence of
IBD at our institution. The IBD prevalence rate was
found to be intermediate, lying between the high
rates measured in more developed countries and the
low prevalence rates in other areas. There was also
considerable delay in the diagnosis of IBD, which, on
average, was approximately two and a half years.

The results of the study showed some similarities with other studies: most
subjects lived in urban areas, were aged under 40 years, had a higher level
of education and higher family income than the population of that region.
On the other hand, this population presented some other characteristics:
they were predominantly female, especially patients with UC and they had
ethnic characteristics similar to those of the population of the studied region:
predominantly with characteristics of racial miscegenation and less interaction
between white and black people. Of considerable interest was the observation
that there was a marked increase in the incidence of IBD in the studied region
during recent decades.

Applications

The study results suggest that IBD have become more frequent in recent
decades in this region of Brazil, and they affect populations with different racial
and socioeconomic characteristics than those with a historically high prevalence
and incidence of CD and UC.

Terminology

The HDI, the index adopted by the United Nations, classifies countries into:
developed (HDI from 0.800 to 1.000, i.e., very high development), developing
(HDI from 0.700 to 0.799 and HDI from 0.600 to 0.699, i.e., high and medium
human development, respectively) and underdeveloped countries (HDI from
0.500 to 0.599 and HDI from 0.000 to 0.499, i.e., low and very low human
development, respectively). According to this classification, Brazil has a high
human development (HDI = 0.730). However, the region studied has a medium
human development (HDI = 0.646).

Peer review

This is an excellent descriptive study in which the authors analyzed the
increased frequency of IBD in a region of Brazil that has a medium human
development index. The study results showed that IBD are expanding to other
parts of the world, and they also occur in populations other than those that have
a higher prevalence of individuals with Caucasian ethnic characteristics.
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AIM: To determine the best cut-off value between
the early and late recurrence periods after the initial
recurrence of hepatocellular carcinoma (HCC).
METHODS: The clinical records of 404 patients who
underwent macroscopic curative hepatectomy for HCC
between 1980 and 2010 were retrospectively examined.
We divided the 252 patients experienced a recurrence
of HCC into two groups, the early and late recurrence
groups using the “minimum P -value” approach. Factors
for early recurrence were investigated using all 404
patients, and factors related to late recurrence were
investigated in the patients who were confirmed to
be recurrence free at the end of the early recurrence
period.
RESULTS: For the 252 patients who experienced a
recurrence, the optimal cut-off value for differentiating
early and late recurrence based on the overall survival
after initial recurrence was 17 mo (5-year overall
survival after initial recurrence: 15.4% vs 36.3%, P =
0.000018). Cox proportional hazard analysis identified
early recurrence (P = 0.003) as one of the independent
prognostic factors associated with overall survival after
initial recurrence. A logistic regression model showed
that an alpha-fetoprotein level > 100 ng/mL (P <
0.001), multiple HCC (P < 0.001), serosal invasion (P
= 0.031), and microvascular invasion (P = 0.012) were
independent factors associated with early recurrence,
whereas the only independent factor related to late
recurrence was liver cirrhosis (P = 0.002).
CONCLUSION: Seventeen months after hepatectomy
is a useful cut-off value between early and late
recurrence of HCC based on the prognosis and different
etiologies.
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MATERIALS AND METHODS

© The Author(s) 2015. Published by Baishideng Publishing
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A total of 404 patients underwent macroscopic
curative hepatectomy for HCC between 1980 and
2010 at the Department of Surgery, Division of
Digestive Surgery, Kyoto Prefectural University of
Medicine, and all of these patients were analyzed
in this study. There were 316 men and 88 women
included in this study. The mean ± SD age was
62.0 ± 9.7 years. Underlying liver diseases included
cirrhosis in 210 patients (52.0%) and non-cirrhotic
liver diseases in 194 patients (48.0%). A total of 90
patients were seropositive for hepatitis B surface
antigen, and 186 were seropositive for antibodies
to hepatitis C. One patient died within 30 d of the
surgery as a result of acute renal failure. According
to Child’s classification system modified by Pugh et
[13]
al , 393 patients (97.2%) were grouped in class
A and 11 (2.8%) in class B. The mean ± SD tumor
diameter was 4.1 ± 3.0 cm. Hepatectomies and the
tumor location were defined according to Couinaud’s
[14]
definition of liver segmentation .

Patients

Core tip: The optimal cut-off value for differentiating
early and late recurrence after hepatectomy for the
hepatocellular carcinoma based on the overall survival
after initial recurrence was 17 mo, and this cut-off may
distinguish recurrences with different etiologies.
Yamamoto Y, Ikoma H, Morimura R, Konishi H, Murayama
Y, Komatsu S, Shiozaki A, Kuriu Y, Kubota T, Nakanishi M,
Ichikawa D, Fujiwara H, Okamoto K, Sakakura C, Ochiai T,
Otsuji E. Optimal duration of the early and late recurrence
of hepatocellular carcinoma after hepatectomy. World J
Gastroenterol 2015; 21(4): 1207-1215 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i4/1207.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i4.1207

INTRODUCTION

Treatment

Hepatocellular carcinoma (HCC) is one of the most
common malignant tumors worldwide, especially
[1]
in East Asian countries . Several studies have
demonstrated that patients who underwent resection
for HCC more recently had better survival results
[2,3]
in the past decade . Whereas, the time interval
between resection for HCC and recurrence has
been reported to influence the survival time after
[4]
recurrence , and the early recurrence of HCC is now
recognized as an important condition with a poor
[4-8]
prognosis .
Recurrent HCC can originate from either me
tastases from the primary tumor or a multicentric
occurrence. Several authors have stated that early
recurrence might primarily represent metastasis
from the primary tumor, whereas late recurrence
[9-11]
is most likely due to a multicentric occurrence
.
However, the term “early recurrence” has never
been clearly defined. The period from 6 mo to 2
years after hepatectomy has been used as the early
[6,10,12]
recurrence period in previous reports
. There is
no consensus regarding the meaning of the terms
“early recurrence” and “late recurrence” using an
evidence-based cut-off value to provide the greatest
difference in prognosis between the two groups.
The aim of this study was to determine the best
cut-off value between the early and late recurrence
periods based on the difference in the prognosis of
the two groups after the initial recurrence of HCC. In
addition, we investigated factors that may contribute
individually to early and late recurrence and
evaluated the differences in the prognostic factors
for survival between the early and late recurrence
groups.

WJG|www.wjgnet.com

The indications for hepatectomy and the type of
surgical procedure used were usually determined
based on the patients’ liver function, which was
primarily assessed using the Makuuchi criteria,
which comprise preoperative measurements of
ascites, the serum bilirubin level and the indocyanine
[15]
green retention rate at 15 min (ICGR15) . A total
of 350 patients underwent anatomical resection, and
54 underwent non-anatomical resection. Anatomical
hepatectomy was defined here as the removal
of a Couinaud’s hepatic segment (subsegment)
or segments confined by tumor-bearing portal
tributaries. Limited resection or enucleation smaller
than Couinaud’s segment (subsegment) was defined
as non-anatomical resection. Adjuvant therapy was
not administrated during the current study.

Pathological examination

All resected liver specimens were cut at a thickness
of approximately 5 mm, and microscopic sections
were viewed after staining with hematoxylin and
eosin. The pathologic diagnosis and classification of
the resected HCC tissues were performed according
to The General Rules for the Clinical and Pathological
Study of Primary Liver Cancer. Tumors were staged
using the TNM classification scheme of the Inter
[16]
national Union Against Cancer . Liver cirrhosis was
defined as formation of regenerative nodules with
surrounding fibrotic septa in liver parenchyma.

Follow-up

The follow-up evaluations of the patients involved
hepatic ultrasonography, computed tomography, and
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Figure 1 Kaplan-Meier analysis of the interval between the initial hepatectomy and recurrence. The minimum P value approach indicated that the most
significant cut-off value for the interval prior to recurrence time was 17 mo. OS: Overall survival.

measurement of the serum alpha-fetoprotein (AFP)
level and the serum protein induced by vitamin K
absence Ⅱ level every 3-6 mo. Disease-free survival
(DFS) was defined as the interval between surgery
and the date of diagnosis of the first recurrence or
the last follow-up. Overall survival (OS) was defined
as the interval between surgery and the date of
death caused by HCC recurrence or the last followup. The median follow-up duration was 44.6 mo.

pathologic factors that were potentially associated
with overall survival. Survival was calculated using
the Kaplan-Meier method and was compared between
groups using the log-rank test. For the purpose to
compare the prognostic value of the early recurrence
to that of the late recurrence, Cox proportional hazard
model was used in analysis of categorical variables
influencing overall survival after initial recurrence
using 252 patients who developed recurrence of
HCC. Factors for early recurrence after the initial
hepatectomy for HCC were investigated using all
404 patients who underwent hepatectomy for HCC.
Factors related to late recurrence were investigated
in the patients who were confirmed to be recurrence
free at the end of the early recurrence period. All
significant factors identified in the univariate analysis
were entered into a multivariate regression analysis
to identify independent factors. A P value < 0.05
was considered statistically significant. All statistical
analyses were performed using SPSS for Windows
11.5 (SPSS, Chicago, IL).

Optimal cut-off value between early and late recurrence
of HCC

Of the 404 patients, 252 patients (62.3%) experienced
a recurrence of HCC. We divided the 252 patients
experienced a recurrence of HCC into two groups,
the early and late HCC recurrence after hepatectomy
groups. The “minimum P-value” approach, which
was performed using the log-rank test for the overall
survival after the initial recurrence of HCC, was used
to determine the best cut-off with which to divide up
patients based on their overall survival after the initial
[17,18]
recurrence of HCC
. The clinicopathological data
were analyzed and compared between patients in the
early and late HCC recurrence groups.

RESULTS
The cumulative 5-year overall survival (5-year OS)
and disease-free survival (5-year DFS) rates for
all 404 patients together were 58.8% and 30.9%,
respectively. In the 252 patients who experienced
a recurrence of HCC, the optimal cut-off value
between early and late recurrence for dividing
patients into two groups based on the greatest
difference in overall survival after initial recurrence
was 17 mo (P = 0.000018) by using the minimum
P value approach (Figure 1). The 107 patients who
experienced an initial recurrence of HCC within 17
mo were defined as the early recurrence group,
and the 145 patients who had an initial recurrence
after more than 17 mo were defined as the late
recurrence group. Figure 2 shows the comparison
of the overall survival curves after the initial hepatic

Treatment for the hepatic recurrence of HCC

Local treatment for the initial hepatic recurrence of
HCC consisted of percutaneous ethanol injection
therapy, radiofrequency ablation and repeat he
patectomy. Repeat hepatectomy was performed in
32 patients, and local ablation methods were used in
30 patients. Transarterial chemoembolization (TACE)
was performed in 148 patients using the Seldinger
[19]
technique
with iodized oil (Lipiodol) or gelatin
sponge cubes as an embolus material and adriamycin
(10-30 mg) and mitomycin C (10-20 mg) as anticancer drugs.

Statistical analysis

We performed univariate analyses of the clinical and

WJG|www.wjgnet.com

1209

January 28, 2015|Volume 21|Issue 4|

Yamamoto Y et al . Early and late recurrence of HCC

OS after initial recurrence (%)

differentiation with primary tumor.
Recurrence was observed in 145 patients after
more than 17 mo. Two patients developed distant
metastatic disease (lung metastasis in one and
brain metastasis in one), one patient developed
both intrahepatically and extrahepatically (bone
metastasis), and the other 142 patients developed
intrahepatic recurrences. Factors related to late
recurrence (≥ 17 mo) were investigated in the 236
patients who were confirmed to be recurrence free
at 17 mo after the initial hepatectomy for HCC.
Table 3 shows the results of the univariate and
multivariate analyses of the clinicopathologic factors
contributing to late recurrence, independent factor
related to late recurrence was only liver cirrhosis (P
= 0.002). Twenty-three patients underwent repeat
hepatectomy for the recurrence of HCC after more
than 17 mo, and pathological data of recurrent
HCC of 12 patients were available. Nine of them
were same differentiation with primary tumor. On
the other hand, 2 of them were well differentiated
HCC, despite primary tumors were moderately
differentiated HCC.

Late recurrence (n = 143)
5 yr: 36.3%
Early recurrence (n = 107)
5 yr: 15.4%

100

80
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40

20

0
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2

4

t /yr
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Figure 2 Comparison of the overall survival curves after initial hepatic
recurrence for the early and late recurrence groups. The overall survival (OS)
after initial recurrence in the late recurrence group was significantly better than
that of the early recurrence group (5-year OS after initial recurrence: 36.3% vs
15.4%, P = 0.000018).

recurrence between the early and late recurrence
groups. The OS after initial recurrence in the late
recurrence group was significantly better than that
of the early recurrence group (5-year OS after initial
recurrence: 36.3% vs 15.4%, P = 0.000018).
Table 1 shows the results of the univariate and
multivariate analyses of prognostic factors associated
with overall survival after initial recurrence. Cox
proportional hazard analysis identified an ICGR15
≥ 10% (P = 0.021), liver cirrhosis (P = 0.048),
multiple HCC (P = 0.021), infiltrating growth (P
= 0.008), and early recurrence (P = 0.001) as
independent prognostic factors associated with
overall survival after initial recurrence.
Recurrence was observed in 107 patients within
17 mo after initial hepatectomy. Seven patients
developed only distant metastatic disease (lung
metastasis in two, bone metastasis in two, lymph
node metastasis in two, and brain metastasis in
one), 4 patients developed both intrahepatically and
extrahepatically (lung metastasis in two and adrenal
grand metastasis in two), and the other 96 patients
developed intrahepatic recurrences. In addition,
we examined the risk factors for early recurrence
within 17 mo after the initial hepatectomy for HCC
using all 404 patients who underwent hepatectomy
2
for HCC. Table 2 shows the results of the χ test
and the logistic regression model used to analyze
the 12 clinicopathological factors related to early
recurrence. An AFP level ≥ 100 ng/mL (P < 0.001),
multiple HCC (P < 0.001), serosal invasion (P =
0.031), and Microvascular invasion (P = 0.012) were
identified as independent factors associated with
early recurrence. Nine patients underwent repeat
hepatectomy for the recurrence of HCC within 17
mo, and pathological data of recurrent HCC of 5
patients were available. All of them were same
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DISCUSSION
The early recurrence of HCC after the initial
hepatectomy has been reported to be a prognostic
[4-8]
factor for survival after recurrence . However, in
previous reports, the term “early recurrence” has
not been defined based on the best cut-off value
for prognosis between the early and late recurrence
[5]
[6]
groups. Hayashi et al and Shah et al used 1
year as the period of early recurrence without any
[7]
[8]
sufficient reasons. Park et al and Lu et al used
6 mo as the period of early recurrence because
multinodular recurrence most often recurred within
[11]
6 mo after surgery. Imamura et al
used 2 years
as the period of early recurrence after the initial
hepatectomy because after the early peak for
recurrence at approximately 1 year postoperatively,
the recurrence rate decreased but persisted over a
long period, resulting in a second peak at 4 years
after surgery. We could not found any previous
studies that classified patients into early and late
recurrence groups based on the assessment of the
best cut-off value to provide the largest difference
in prognosis between the two groups. In this study,
we analyzed the cut-off value between early and late
recurrence based on minimum P-value approach,
and we found that the best cut-off value was 17
mo after the initial hepatectomy. This is the first
study to calculate the most significant cut-off value
between early and late recurrence based on the
prognosis after the initial recurrence of HCC. The
minimum P-value approach has been proposed as a
means of reducing the risk of missing a significant
[17,18]
association
. However, this approach may give
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Table 1 Results of the univariate and multivariate analyses of prognostic factors
Total
(n )
Age (yr)
< 60
≥ 60
Sex
Male
Female
Indocyanine green retention rate at 15 min
< 10%
≥ 10%
Underlying liver disease
Other
Cirrhosis
Alpha-fetoprotein (ng/mL)
< 100
≥ 100
Type of resection
Non-anatomical resection
Anatomical resection
Number of tumors
Single
Multiple
Growth pattern
Expanding
Infiltrating
Histological differentiation
Poorly differentiated
Others
Capsule
Absent
Present
Serosal invasion
Negative
Positive
Microvascular invasion
Absent
Present
Surgical margin
Negative
Positive
Tumor size (mm)
< 50
≥ 50
Recurrence period
Early group (< 17 mo)
Late group (≥ 17 mo)

5-yr OS after initial
recurrence

MST (mo)

Univariate
analysis P

Multivariate analysis
Hazard ratio (95%CI)

P

0.726
115
137

29.9%
24.1%

30.6
32.3

204
48

26.3%
32.7%

30.6
38.1

58
194

47.4%
21.3%

41.1
28.4

110
142

37.3%
20.0%

39.7
27.4

163
89

29.4%
23.1%

35.8
21.3

52
200

17.5%
28.5%

33.4
28.5

177
75

31.7%
17.0%

37.6
21.6

229
23

28.8%
12.4%

33.9
14.3

27
225

10.6%
28.7%

11.1
35.7

54
198

13.1%
31.5%

25.4
33.4

218
34

26.2%
31.7%

33.3
21.6

185
67

27.0%
26.8%

35.7
14.4

232
20

26.7%
34.3%

28.7
48.7

187
65

25.0%
20.3%

26.9
16.6

107
145

15.4%
36.3%

19.2
41.1

0.464

0.023

0.021
1
1.680 (1.081, 2.613)

0.017

0.048
1
1.422 (1.003, 2.017)

0.010

0.561

0.009

0.021
1
1.530 (1.066, 2.196)

0.001

0.008
1
1.963 (1.191, 3.234)

0.001

0.242

0.905

0.012

0.839

0.182

< 0.001

0.001
1.735 (1.237, 2.432)
1

The results of the univariate and multivariate analyses of prognostic factors associated with overall survival after initial recurrence in the 252 patients who
developed recurrence of hepatocellular carcinoma (HCC) after hepatectomy for HCC. MST: Median survival time.

false positive associations. The potential validity and
use of such an approach is currently further tested
using the clinical material of the present and other
studies.
There are two possible causes of HCC recurrence,
metastasis from primary tumor and metachron
ously multicentric occurrence. Both types of disease
may have been present before hepatectomy in
the early postoperative recurrent cases. Some
authors have noted that early recurrence might re
present primarily metastasis from primary tumor,
whereas late recurrence might most likely be due to
[8,9,20]
multicentric occurrence
. However, it is usually

WJG|www.wjgnet.com

difficult to distinguish intrahepatic recurrences of
different etiologies because histopathological analysis
is not performed in clinical practice. Previously
reported risk factors for early recurrence include
PIVKAⅡ, AFP, Milan criteria status, nonanatomic
resection, microscopic vascular invasion, intrahepatic
[5-8,11]
metastasis, and positive surgical margins
.
In this study, serosal invasion, multiple tumors,
microvascular invasion, and an AFP ≥ 100 ng/
mL, which were only primary tumor factors, were
associated with early recurrence after the initial
hepatectomy. In contrast, the factors associated with
late recurrence included only liver cirrhosis, which

1211

January 28, 2015|Volume 21|Issue 4|

Yamamoto Y et al . Early and late recurrence of HCC
Table 2 Results of the univariate and multivariate analyses of the clinicopathologic factors
Total (n )
Age (yr)
< 60
≥ 60
Sex
Male
Female
Indocyanine green retention rate at 15 min
< 10%
≥ 10%
Underlying liver disease
Other
Cirrhosis
Alpha-fetoprotein (ng/mL)
< 100
≥ 100
Number of tumors
Single
Multiple
Growth pattern
Expanding
Infiltrating
Capsule
Absent
Present
Serosal invasion
Negative
Positive
Microvascular invasion
Absent
Present
Surgical margin
Negative
Positive
Tumor size (mm)
< 50
≥ 50

Early group
(n = 107)

Others
(n = 297)

Univariate analysis

P

Multivariate analysis
RR (95%CI)

P

0.290
175
229

51
56

124
173

316
88

84
23

232
65

110
294

24
83

86
211

194
210

46
61

148
149

280
124

52
55

228
69

306
98

63
44

243
54

372
32

91
16

281
16

82
322

26
81

56
241

358
46

87
20

271
26

312
92

64
43

248
49

374
30

95
12

279
18

312
92

73
34

239
58

0.933

0.193

0.225

< 0.001

< 0.001
1
2.939 (1.788, 4.830)

< 0.001

< 0.001
1
2.633 (1.548, 4.445)

0.002

0.230

0.006

0.031
1
2.110 (1.069, 4.164)

< 0.001

0.012
1
2.001 (1.163, 3.441)

0.081

0.010

The results of the univariate and multivariate analyses of the clinicopathologic factors contributing to early recurrence after the initial hepatectomy for
hepatocellular carcinoma.

are the host-related factor reflecting the increased
carcinogenicity of the liver. Consistent with our
[11]
[10]
results, Imamura et al
and Poon et al
reported
that the grade of hepatitis activity and cirrhosis,
respectively, are risk factors for late recurrence.
These findings support the hypothesis that early
recurrence is mainly influenced by factors related to
the status of the primary tumor and late recurrence
is chiefly caused by a second primary lesion and not
by the initial tumor stage. Moreover, 17 mo after the
initial hepatectomy may be a good cut-off value to
distinguish recurrences of different etiologies, which
strongly influence the prognosis after recurrence.
A multivariate analysis showed that liver cirrhosis,
an ICGR15 ≥ 10%, an infiltrating growth pattern,
multiple HCC and early recurrence were independent
prognostic factor associated with overall survival
after initial recurrence. The four former parameters
were related to liver function and HCC stage, which
have been previously reported to be important
[21-23]
prognostic factors
. It is not surprising that early
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recurrence was also an independent prognostic
factor, because early recurrence represents mainly
metastatic recurrence, and it may be associated with
the presence of minimal metastasis at the time of
the initial hepatectomy. In contrast, late recurrence
represents mainly multicentric recurrence. To pre
vent early and late recurrence, different adjuvant
therapeutic methods may be required.
In patients with a high risk of early recurrence
after the initial hepatectomy for HCC, early detection
through close postoperative surveillance is necessary.
To date, various systemic adjuvant treatments,
such as chemotherapy, immunotherapy, and TACE,
[24,25]
have been tried
. There are several systematic
reviews on the role of neoadjuvant/adjuvant therapy
[26-30]
for HCC treated with hepatectomy
. A clinical
trial to examine the recurrence-preventing effect
of sorafenib when administered after curative
treatments such as resection or ablation (STORM
[29]
[27]
trial) is in progress . Whereas, Lau et al
reported
131
that adjuvant intra-arterial I-lipiodol after curative
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Table 3 Results of the univariate and multivariate analyses of the clinicopathologic factors
Total (n )
Age (yr)
< 60
≥ 60
Sex
Male
Female
Indocyanine green retention rate at 15 min
< 10%
≥ 10%
Underlying liver disease
Other
Cirrhosis
Alpha-fetoprotein (ng/mL)
< 100
≥ 100
Number of tumors
Single
Multiple
Growth pattern
Expanding
Infiltrating
Capsule
Absent
Present
Serosal invasion
Negative
Positive
Microvascular invasion
Absent
Present
Surgical margin
Negative
Positive
Tumor size (mm)
< 50
≥ 50

Late group
(n = 145)

Without recurrence
(n = 91)

Univariate
analysis P

Multivariate analysis
RR (95%CI)

P

0.125
95
141

64
81

31
60

189
47

120
25

69
22

70
166

34
111

36
55

123
113

64
81

59
32

187
49

111
34

76
15

194
42

114
31

80
11

225
11

138
7

87
4

45
191

28
117

17
74

216
20

131
14

85
6

199
37

121
24

78
13

224
12

137
8

87
4

193
43

114
31

79
12

0.194

0.008

0.002

0.002
1
2.333 (1.359, 4.008)

0.199

0.069

0.878

0.905

0.411

0.641

0.703

0.113

The results of the univariate and multivariate analyses of the clinicopathologic factors contributing to late recurrence in the 236 patients who were
confirmed to be recurrence-free at 17 mo after the initial hepatectomy for hepatocellular carcinoma.

liver resection provided a survival benefit in a
randomized control trial. If these risk factors for
early recurrence are found after resection for HCC,
clinical trials involving adjuvant therapy should be
performed.
Considering that the late recurrence was not
related to primary tumor factors, but related only
liver cirrhosis, late recurrence may be consider
secondary primary tumors. The management of
late recurrence should be similar to that of an initial
[31]
diagnosis of HCC. Muto et al
mentioned that
polyprenoic acid can prevent second primary tumors
in patients who are clinically free of disease after
their primary hepatomas are treated in a randomized
controlled study, although the mechanism of action
of polyprenoic acid is not fully revealed. On the
[32]
other hand, Singal et al
reported that interferon
treatment after curative resection or ablation of HCC
in HCV-related cirrhotics prevents HCC recurrence
and improves survival. To prevent late recurrence,
the suppression of multicentric occurrence using
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polyprenoic acid or interferon treatment will be
indicated in patients with cirrhotic livers.
In conclusion, this study demonstrates that 17 mo
after hepatectomy is a good cut-off value between
early and late recurrence based on the prognosis
after the initial recurrence of HCC, and this cut-off
may distinguish recurrences of different etiologies.
The early recurrence was influenced mainly by
the primary tumor stage, and late recurrence was
influenced only by the liver function status. It is
important to prevent early and late recurrences using
different adjuvant therapeutic approaches.
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The time interval between resection for hepatocellular carcinoma (HCC) and
recurrence has been reported to influence the survival time after recurrence,
and the early recurrence of HCC is now recognized as an important condition
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of the terms “early recurrence” and “late recurrence” using an evidence-based
cut-off value to provide the greatest difference in prognosis between the two
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The period from 6 mo to 2 years after hepatectomy has been used as the early
recurrence period in previous reports without any sufficient reasons. Authors
could not found any previous studies that classified patients into early and late
recurrence groups based on the assessment of the best cut-off value to provide
the largest difference in prognosis between the two groups.
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Authors firstly examined the best cut-off value between the early and late
recurrence periods based on the difference in the prognosis of the two groups
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may contribute individually to early and late recurrence and evaluated the
differences in the prognostic factors for survival between the early and late
recurrence groups.
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Authors divided the patients experienced a recurrence of HCC into two groups,
the early and late HCC recurrence after hepatectomy groups. The “minimum
P-value” approach, which was performed using the log-rank test for the overall
survival after the initial recurrence of HCC, was used to determine the best cutoff with which to divide up patients based on their overall survival after the initial
recurrence of HCC.
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HCC is one of the most common malignant tumors worldwide, especially in
East Asian countries. Several studies have demonstrated that patients who
underwent resection for HCC more recently had better survival results in the
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primary tumor or a multicentric occurrence. Several authors have stated that
early recurrence might primarily represent metastasis from the primary tumor,
whereas late recurrence is most likely due to a multicentric occurrence.
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Preoperative CA 125 is significant indicator of curative
resection in gastric cancer patients
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makers [Carcinoembryonic antigen, Carbohydrate
antigen (CA) 19-9, and CA 125] and elective gas
trectomy between January 2000 and December 2009
at Chungbuk National University Hospital were enrolled
in this study. We analyzed the relationship among
the tumor makers, curative resection and recurrence,
retrospectively.
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RESULTS: Among the 679 patients with gastric cancer,
curative resection was 93.6% (n = 636) and noncurative resection was 6.4% (n = 43). The independent
risk factors for the non-curative resection were tumor
location and the positivity of preoperative serum CA
19-9 and CA 125 levels. After curative resection, the
independent prognostic risk factors for recurrence in
curative resection were gender, stage, and preoperative
increased serum CA 125 level (HR = 2.431, P =0.020),
in a multivariate analysis.
CONCLUSION: Preoperative CA 125 is a useful predictive
biomarker for curative resection and prognostic biomarker
for recurrence in gastric cancer patients.
Key words: Gastric Cancer; Tumor Marker; Carcin
oembryonic antigen; Carbohydrate antigen 19-9; Carbo
hydrate antigen 125
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Tumor marker such as carcinoembryonic
antigen, Carbohydrate antigen (CA) 19-9, and CA 125 in
gastric cancer are usual tools for predicting prognosis or
monitoring. The aim of this study was to investigate the
correlation among tumor markers, curative resection,
and recurrence in gastric cancer. Our data showed that
preoperative CA 19-9 and CA 125 are independent
risk factor of non-curative operation. And preoperative
CA 125 is independent risk factor for recurrence after
curative operation. Preoperative CA 125 is considered
useful marker for predicting curative operation and

Abstract
AIM: To investigate the correlation among tumor
markers, curative resection, and recurrence in gastric
cancer.
METHODS: The patients with preoperative tumor
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prediction of recurrence after curative resection in gastric
cancer patients.

Table 1 Causes for a non-curative operations
Peritoneal
Direct
dissemination invasion

Kim DH, Yun HY, Ryu DH, Han HS, Han JH, Yoon SM, Youn
SJ. Preoperative CA 125 is significant indicator of curative
resection in gastric cancer patients. World J Gastroenterol 2015;
21(4): 1216-1221 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i4/1216.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i4.1216

Peritoneal
dissemination
Direct invasion
Distant
metastasis
Incomplete
resection
Total

INTRODUCTION

3

3
3

13

21

16

3

21

3

16
6

6

6

6

6

49

follow-up performed biannually after gastric operation.
Preoperative measurement of CEA, CA19-9, and
CA 125 were performed by radioimmunoassay. The
normal ranges for CEA, CA 19-9, and CA 125 were:
< 5 ng/mL, 25 U/mL, and 37 U/mL, respectively.
We excluded remnant gastric cancer, synchronous
primary malignancy, or gastric cancer with neoadjuvant therapy. Recurrence pattern was classified
into four categories: loco-regional recurrence,
peritoneal dissemination, hematogenous and distant
lymph node. We performed gastric cancer operation
according to Japanese gastric cancer treatment
[12]
guidelines . Pathologic staging was conducted
after the operation according to the AJCC sixth
[13]
edition . Non-curative operations were defined as
microscopically or macroscopically residual tumor
after gastric operation.
We retrospectively analyzed the relationship
among a non-curative operation, recurrence and
tumor marker. We employed SPSS 20.0 for Windows
for statistical analyses (SPSS, Inc., Chicago, IL,
2
United States). The χ and Fisher’s exact tests were
used to assess clinical and pathological characteristics
for univariated analysis and logistic regression test
for multivariate analsysis. The disease free survival
was analyzed using the Kaplan-Meier method, and
significance testing was performed with the logrank test. The Cox proportional hazards model was
used for multivariate analysis. Differences with P
values less than 0.05 (P < 0.05) were considered sta
tistically significant.

Serum tumor marker is a simple and convenie
nt study for predicting prognosis or monitoring,
and it is widely being used in a gastrointestinal
[1]
malignancy . Carcinoembryonic antigen (CEA)
is a glycoprotein that is often elevated in the
serum of patients with variety malignancies such
as gastric, pancreatic, colorectal, breast and lung
[2]
cancer . Carbohydrate antigen 19-9 (CA 19-9)is
an incomplete glycolipid antigen of the Lewis
blood group, and it can be increased in colorectal,
[3]
liver, ovarian, bile duct and gastric cancer . CEA
and CA 19-9 are known prognostic risk factors in
[4,5]
gastric cancer . In American Joint Committee on
th
Cancer (AJCC) 7 edition, CEA and CA 19-9 been
recognized as prognostic factors, but Cancer antigen
[6]
125 (CA 125) is not . CA 125 is a heterogeneous
cell membrane glycoprotein and it is related with
malignant conditions such as ovarian, uterine,
[7]
lung, or pancreatic cancers . CEA is related to liver
metastasis, peritoneal metastasis, histologic type
and CA 19-9 is related to T, N stage, and peritoneal
[8]
dissemination . CA 125 is related to peritoneal
[9]
dissemination . Peritoneal dissemination, after
curative gastrectomy with extended lymphadectomy,
[10]
is most common recurrence pattern in the east .
As diagnosis of peritoneal dissemination is not high
as that of distant metastasis and direct invasion of
[11]
adjacent organs in preoperative image studies ,
surgeons face to unforeseen non-curative operation.
It has been reported that CA 125 is related with
[9]
peritoneal dissemination in gastric cancer , but
there were few or no studies concerning the co
rrelation between CA 125 and prognosis.
This study was to clarify prognostic value of
preoperative CA 125 for prognostic biomarker,
and to investigate the correlation between tumor
markers (CEA, CA 19-9 and CA 125) and prediction
of curative resection in gastric cancer patients.

RESULTS
Of the 679 patients, 447 patients were male and
232 patients were female with a mean age of 60.7
± 11.4 years, and the median follow-up period was
32.4 mo. Forty-three patients (6.3%) received noncurative operations. The main causes of a noncurative operations were peritoneal dissemination (n
= 21) followed by direct invasion (n = 16) (Table 1).
Risk factors for non-curative operation were tumor
location, CEA, CA 19-9, and CA 125 in univariate
analysis. In a multivariate analysis, location of tumor
(HR = 21.303; P < 0.001), CA 19-9 positivity (HR
= 5.883; P < 0.001), and CA 125 positivity (HR =

MATERIALS AND METHODS
A total of 679 gastric cancer patients admitted
through the outpatient department of surgery from
2000 to 2009 were enrolled. All enrolled patients
checked tumor marker before gastric operation and
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Table 2 Univariate and multivariate analysis of the risk factors for a non-curative operations n (%)
Variables

Univariate analysis
Curative

Age, yr
< 60
≥ 60
Sex
Male
Female
Differentiation
Differentiated
Undifferentiated
Location
Lower 1/3
Middle 1/3
Upper 1/3
Whole
CEA
Negative
Positive
CA 19-9
Negative
Positive
CA 125
Negative
Positive

Multivariate analysis

P value

Non-curative

P value

HR (95%CI)

0.189
272 (95.1)
364 (92.6)

0.238

14 (4.9)
29 (7.4)

1.599 (0.733-3.487)
0.574

417 (93.3)
219 (94.4)

0.642

30 (6.7)
13 (5.6)

0.832 (0.384-1.803)
0.080

382 (95.0)
254 (91.7)

0.082

20 (5.0)
23 (8.3)

1.937 (0.919-4.085)
< 0.001

359 (93.2)
212 (97.2)
60 (90.9)
5 (50.0)

26 (6.8)
6 (2.8)
6 (9.1)
5 (50.0)

579 (94.3)
57 (87.7)

35 (5.7)
8 (12.3)

586 (95.6)
50 (75.8)

27 (4.4)
16 (24.2)

< 0.001
0.334 (0.120-0.928)
1.223 (0.421-3.555)
21.303 (4.985-91.036)

0.036
0.711
< 0.001

0.038
0.792
1.142 (0.427-3.056)
< 0.001

< 0.001
5.883 (2.569-13.474)

< 0.001
616 (95.7)
20 (57.1)

< 0.001

28 (4.3)
15 (42.9)

15.549 (6.473-37.352)

CEA: Carcinoembryonic antigen; CA: Carbohydrate antigen.
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Figure 1 Disease free survival curve according to positivity of Carcinoembryonic antigen (A), Carbohydrate antigen 19-9 (B) and Carbohydrate antigen 125
(C).
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Table 3 Univariateand multivariate analysis of prognostic risk factors for disease-free survival after curative operations
Variables

Univariate analysis
5-year DFS

Age, yr
< 60 (n =272)
≥ 60 (n = 364)
Sex
Male (n = 417)
Female (n = 219)
Differentiation
Differentiated (n = 382)
Undifferentiated (n = 254)
Location
Lower 1/3 (n = 359)
Middle 1/3 (n = 212)
Upper 1/3 (n = 60)
Whole (n = 5)
Lymphovascular invasion
Negative (n = 513)
Positive (n = 123)
Perineural invasion
Negative (n = 582)
Positive (n = 54)
Stage
ⅠA (n = 292)
ⅠB (n = 102)
Ⅱ (n = 75)
ⅢA (n = 69)
ⅢB (n = 39)
Ⅳ (n = 59)
CEA
Negative (n = 579)
Positive (n = 57)
CA 19-9
Negative (n = 586)
Positive (n = 50)
CA 125
Negative (n = 616)
Positive (n = 20)

Multivariate analysis

P value
0.865

78.3%
80.1%

P value
0.282

1.250 (0.833-1.877)
0.194

78.3%
81.7%

0.037
0.616 (0.391-0.971)

0.020
81.6%
75.6%

0.292
0.797 ( 0.524-1.215)

0.004
76.0%
86.8%
70.8%
40.0%

0.454
0.797 (0.489-1.297)
1.172 (0.643-2.135)
0.487 (0.138-1.720)

< 0.001
81.8%
69.4%

0.709
1.085 (0.708-1.662)

< 0.001
81.4%
54.4%

0.072
1.629 (0.958-2.770)

< 0.001
98.7%
89.4%
79.8%
49.5%
46.2%
32.7%

< 0.001
6.613 (1.703-25.674)
15.415 (4.297-55.300)
43.857 (12.999-147.966)
66.090 (18.643-234.289)
93.720 (27.252-319.103)

< 0.001
82.1%
51.3%

0.006
< 0.001
< 0.001
< 0.001
< 0.001
0.073

1.559 (0.959-2.535)
< 0.001

81.7%
51.7%

0.694
0.901 (0.535-1.516)

< 0.001
80.6%
30.8%

0.020
2.431 (1.153-5.123)

15.549; P < 0.001) were independent risk factors
for a non-curative operation. (Table 2) Recurrences
after curative operation were 124 cases among
636 patients, and 64 patients had two or more
recurrence site; hematogenous (n = 72), peritoneal
(n = 50), loco-regional (n = 46) and distant lymph
node metastases (n = 41). The 5-year disease-free
survival rate after curative operation was 77.9%,
and the 5-year disease-free survival rate of CEA, CA
19-9 and CA 125 are 51.3%, 51.7% and 30.8%,
respectively (Figure 1). Risk factors of recurrence
were tumor location, differentiation, lymphovascular
invasion, perineural invasion, stage, and CEA, CA
19-9, and CA 125. In a multivariate analysis, gender,
stage, and positivity of CA 125 (HR = 2.431; P =
0.020) were independent risk factors for recurrence
(Table 3).

is useful to predicting survival rate in each stage.
However, it was difficult to estimate N stage, to
predict survival rate in each stage and to decide
treatment of modality in preoperative clinical
TNM stage. Many prognostic risk factors of gastric
cancer were investigated, and tumor marker is
one of the prognostic factors of gastric cancer. CEA
and CA 19-9 are the most common tumor markers
[14]
for predicting prognosis in gastric cancer .
The sensitivities of CEA and CA 19-9 in gastric
[15-17]
.
cancer are 16%-58.4% and 34.1%-64.9%
Preoperative positivity for CEA and CA 19-9 is
[4,5,18]
associated with a poor prognosis
, but there
is a few report for preoperative CA 125 in gastric
cancer. The preoperative CEA and CA 19-9 were not
prognostic factor for palliative gastric surgery, but
it was independent prognostic factors in curative
[4]
surgery . The postoperative CEA positivity in
early gastric cancer and postoperative CEA and
CA 72-4 positivity in advanced gastric cancer
[18]
were independent prognostic factors . In our
study, the preoperative CEA and CA 19-9 were not
independent prognostic risk factors for recurrence

DISCUSSION
Depth of invasion and lymph node metastasis were
most important independent prognostic risk factors
in gastric cancer, and currently used TNM stage
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[19]

as other study , interestingly preoperative CA
125 was an independent risk factor for recurrence
with a HR of 2.431. In early stage (data was not
shown), no recurrence observed in the patients
with positivity of CA 125 in stage IA (n = 2),
but there were two cases of recurrences among
4 patients with positivity of CA 125 in stage IB,
one is peritoneal carcinomatosis, and the other is
loco-regional recurrence, respectively. We think
that this finding may be related with recurrence
patterns of gastric cancer. The sensitivity of CA 125
[20,21]
, and it is related with peritoneal
is 6%-31.6%
[22]
metastasis . In the Japan Clinical Oncology Group
(JCOG9501) trial, recurrence patterns were peritoneal
recurrence, regional lymph node recurrence, hepatic,
and others were: 38.1%, 21.9%, 20.9%, and
[23]
19.7%, respectively . In Korean study, recurrent
patterns were observed according to time period.
Hematogenous recurrence was the most common
recurrent pattern in the 1990s, whereas peritoneal
recurrence was the most common recurrent pattern
in the 2000s. Furthermore, peritoneal dissemination
was the most frequent recurrence pattern (32.1%)
[10]
during the entire period . In our study, peritoneal
dissemination and hematogenous metastasis were
the main recurrence patterns. The positivity of CA
125 may be reflected recurrent patterns of peri
toneal dissemination.
In our study, stage Ⅰ and Ⅱ are 61.8%, this is
why non-curative operation smaller (6.4%) than
[24,25]
. In general,
other studies (17.9%-35.8%)
diagnostic accuracy of preoperative T stage in
[26]
gastric cancer is 65%-92.1% . and sensitivity
and specificity of hematogenous metastasis es
[27]
pecially liver are 87.5% and 99.0% . Diagnostic
accuracy of preoperative for peritoneal metastasis
[27]
[11]
is 30%-100% , but sensitivity is only 28.8% .
Diagnostic laparoscopy maybe useful for border
line peritoneal dissemination in image study.
[28]
Kapiev et al
reported that 29.5% of patients
with borderline unresectable gastric cancer were
diagnosed as peritoneal metastasis by diagnostic
laparoscopy. In our study, the proportion of noncurative resection with peritoneal dissemination
is low (3.1%), according to our data, diagnostic
laparoscopy is not necessary even in far advanced
gastric cancer. Peritoneal metastasis is the main
cause of non-curative operation in our study and to
avoid unnecessary operation precise diagnosis of
peritoneal dissemination is important. In general,
tumor markers (CEA, CA 19-9 and CA 125) are
[8,9,22]
related with peritoneal dissemination
. There is a
few report of relationship between curative resection
[16]
and preoperative tumor marker. Pectasides et al
reported that the sensitivity of CEA and CA 19-9 in
inoperable or metastatic disease gastric cancer were
48.6% and 64.9%, retrospectively. As compared to
our study, their study did not checked tumor marker
preoperative, and there was no data of CA 125.

WJG|www.wjgnet.com

In our study, 24.2% and 42.9% of patients with
increased levels of CA 19-9 and CA 125 received
a non-curative operation. The HRs of CA 19-9 and
CA 125 for non-curative operations were 4.153 and
10.796, each representing statistically significant
levels. We think that the positivity of CA 19-9 and
CA 125 may reflect peritoneal dissemination. Thus,
it would be useful biomarker to avoid unnecessary
laparotomy for patients with borderline resectability
on preoperative imaging test if they show increased
CA 19-9 and CA 125 levels.
In far advanced gastric cancer, the positivity of
CA 19-9 and CA 125 showed a higher frequency
of receiving non-curative operations, a more ca
reful approach is necessary. Additionally, a more
aggressive treatment is required even if a curative
operation is performed, as preoperative increased
CA 125 is related to possible recurrence.

COMMENTS
COMMENTS
Background

Preoperative image study is a useful diagnostic tool for staging in gastric
cancer. But its role in resectability and prognosis in a part of gastric cancer
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CA 125 is related to peritoneal dissemination, and it has been reported that
CA 125 is related with peritoneal dissemination in gastric cancer. However, the
clinical significant of CA 125 in gastric cancer is not clarified. The current hot
spot is to clarify the role of CA 125 in gastric cancer.
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Previous studies showed that CA 125 is related with peritoneal carcinomatosis
in gastric cancer. But, there were few or no studies concerning the relation
between preoperative CA 125 and curative operation or prognosis. In this
study, the preoperative CA 125 is related with non-curative operation and poor
prognosis.

Applications

In far advanced gastric cancer, the positivity of CA 125 showed a higher
frequency of receiving non-curative operations, a more careful approach is
necessary. Additionally, a more aggressive treatment is required even if a
curative operation is performed, as preoperative increases in CA 125 are
related to possible recurrence.
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This is a retrospective study that analyzes clinical significance of tumor marker
in gastric cancer. The results are interesting and show that the positivity
of preoperative CA 125 associated with non-curative operations and poor
prognosis. This finding suggest that CA 125 is a useful tumor marker predicting
non-curative operation and poor prognosis.
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ORIGINAL ARTICLE
Retrospective Study

Survival in gastric cancer in relation to postoperative
adjuvant therapy and determinants
Sevgi Ozden, Zerrin Ozgen, Hazan Ozyurt, Cengiz Gemici, Gokhan Yaprak, Huseyin Tepetam, Alpaslan Mayadagli
METHODS: A total of 201 patients (mean ± SD age:
56.0 ± 11.9 years, 69.7% were males) with gastric
carcinoma who were operated and followed up at Lutfi
Kirdar Kartal Training and Research Hospital between
1998 and 2010 were included in this retrospective
study. Follow up was evaluated divided into two
consecutive periods (before 2008 and 2008-2010, re
spectively) based on introduction of 3-D conformal
technique in radiotherapy at our clinic in 2008. Data
on patient demographics, clinical and histopathological
characteristics of gastric carcinoma and the type of
treatment applied after surgery [postoperative adjuvant
treatment protocols including chemoradiotherapy (CRT)
and chemotherapy (CT), supportive therapy or follow
up without any treatment] were recorded. The median
duration and determinants of local recurrence free (LRF)
survival, distant metastasis free (DMF) survival and
overall survival were evaluated in the overall population
as well as with respect to follow up years [1998-2008 (n
= 127) vs 2008-2010 (n = 74)].
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RESULTS: Median duration for LRF survival, DMF survival
and overall survival were 31.9, 24.1 and 31.9 mo,
respectively in patients with postoperative adjuvant CRT.
No significant difference was noted in median duration
for LRF survival, DMF survival and overall survival with
respect to treatment protocols in the overall population
and also with respect to followed up periods. In the
overall population, CT protocols FUFA [5-fluorouracil (400
2
2
mg/m ) and leucovorin-folinic acid (FA, 20 mg/m )] (29.9
®
®
mo) and UFT + Antrex [a fixed combination of the oral
2
FU prodrug tegafur (flouroprymidine, FT, 300 mg/m
®
per day) with FA (Antrex ), 15 mg tablet, two times a
day] (42.5 mo) was significantly associated with longer
LRF survival times than other CT protocols (P = 0.036),
while no difference was noted between CT protocols
in terms of DMF survival and overall survival. Among
patients received CRT, overall survival was significantly
longer in patients with negative than positive surgical
margin (27.7 mo vs 22.4 mo, P = 0.016) in the overall

Abstract
AIM: To evaluate survival data in patients with gastric
cancer in relation to postoperative adjuvant therapy
and survival determinants
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study population, while time of radiotherapy initiation
had no significant impact on survival times. Nodal stage
was determined to be independent predictor of LRF
survival in the overall study population with 4.959 fold
(P = 0.042) increase in mortality in patients with nodal
stage N2 compared to patients with nodal stage N0,
and independent predictor of overall survival with 5.132
fold (P = 0.006), 5.263 fold (P = 0.027) and 4.056 fold (P
= 0.009) increase in the mortality in patients with nodal
stage N3a (before 2008), N3b (before 2008) and N2
(overall study population) when compared to patients
with N0 stage, respectively.

associated with high-level evidence for improved
[2-5]
survival in Western populations .
Besides, based on data from the phase Ⅲ, INT
0116-SWOG0008 study in which better survival
rates were achieved by adding CT (5-fluorouracil
and leucovorin-folinic acid) and concurrent 45 Gy
[2]
radiotherapy to surgery , postoperative CRT has
become a standard in gastric carcinoma, especially
[6]
in United States .
Additionally, a past meta-analysis and the Sur
veillance, Epidemiology, and End Results database
have demonstrated a favorable survival impact
of radiotherapy in patients with resectable gastric
[7,8]
cancer
. However, despite increasing evidence
available for a survival advantage from adjuvant
therapies, adjuvant treatment strategies in patients
[9,10]
with resectable gastric cancer still remains debated
particularly in terms of favour of radiotherapy
associated with CT, the adequacy of nodal dissection,
the likelihood of CT related toxic effects and incon
sistency of different therapeutic trials in terms of
[11-13]
survival and relapse rates
.
Given that radiotherapy has been included as a
component of adjuvant therapy at our institution, the
present single-centre retrospective study (1998-2010)
was designed to analyze survival data in patients with
gastric cancer after surgical resection in relation to
efficacy of postoperative adjuvant therapy protocols
and survival determinants.

CONCLUSION: Our findings emphasize the likelihood
of postoperative adjuvant CRT to have a survival
benefit in patients with resectable gastric carcinoma.
Key words: Gastric carcinoma; Local recurrence free
survival; Distant metastasis free survival; Postoperative
adjuvant therapy; Overall survival
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This retrospective single centre analysis of
survival data in patients with resected gastric carcinoma
revealed median 31.9 mo of local recurrence free (LRF)
survival, 24.1 mo of distant metastasis free survival and
31.9 mo of overall survival via postoperative adjuvant
chemoradiotherapy during follow up from 1998 to
2010. Use of 5-fluorouracil and leucovorin-folinic acid
and uracil/tegafur based chemotherapy protocols
and the absence of positive surgical margin but not
the interval between surgery and radiotherapy had a
significant impact on survival times, while the nodal
stage was the independent prognostic factor for LRF
and overall survival.

MATERIALS AND METHODS
Study population

A total of 201 patients (mean ± SD age: 56.0 ±
11.9) years, 69.7% were male with gastric cancer
who were operated and followed up at Lutfi Kirdar
Kartal Training and Research Hospital between 1998
and 2010 were included in this retrospective study.
In order to prevent the likelihood of misinterpretation
of survival outcome, follow up was evaluated divided
into two consecutive periods (before 2008 and
2008-2010, respectively) based on introduction of
3-D conformal technique in radiotherapy in 2008. All
patients who were operated due to gastric cancer
with stage T3 or T4 and/or any T level with positive
lymph node (stage Ⅰ B-Ⅲ C) were included in the
study except for 2 patients who had radiotherapy
per se as the post adjuvant treatment.
While the present study was exempt from the
requirement of ethical approval in relation to its
retrospective design, the permission was obtained
from our institutional ethics committee for the use of
patient data for publication purposes.

Ozden S, Ozgen Z, Ozyurt H, Gemici C, Yaprak G, Tepetam H,
Mayadagli A. Survival in gastric cancer in relation to postoperative
adjuvant therapy and determinants. World J Gastroenterol
2015; 21(4): 1222-1233 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i4/1222.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i4.1222

INTRODUCTION
Despite advances in surgical techniques, patients
with gastric cancer show poor prognosis and cure
rate remains dismal with 5-year survival rates of
8%-34% and locoregional recurrence of 40%-90%
[1]
even after curative resection .
Accordingly implication of neoadjuvant or adjuvant
therapy in patients with resectable gastric cancer
mainly in the form of postoperative chemoradiotherapy
(CRT) and perioperative chemotherapy (CT) has been
considered by several studies in terms achievement
of better therapeutic outcomes and shown to be

WJG|www.wjgnet.com

Study parameters

Data on patient demographics, clinical and his
topathological characteristics of gastric carcinoma
and the type of treatment applied after surgery
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Figure 1 Schema of postoperative chemoradiotherapy. 1Total duration of RT (45 Gy/25 fractions) = 5 wk. FUFA: 5-fluorouracil and leucovorin-folinic acid; CEF:
Cyclophosphamide, epirubicin, and fluorouracil; UFTR: Uracil/tegafur; TCF: Docetaxel, cisplatin, and fluorouracil; RT: Radiation therapy.

(postoperative adjuvant treatment protocols including
CRT, CT, supportive therapy or follow up without
any treatment) were recorded and the rate and de
terminants of local recurrence free (LRF) survival,
distant metastasis free (DMF) survival and overall
survival were evaluated in the overall population as
well as with respect to follow up years [1998-2008 (n
= 127) vs 2008-2010 (n = 74)].

evaluation.

Chemoradiotherapy

Figure 1 illustrates the schema of postoperative
chemoradiotherapy. The CT regimen involved 1-2
cycles of bolus FUFA [5-fluorouracil (5-FU, 400
2
mg/m per day) and leucovorin-folinic acid (FA, 20
2
mg/m ) D1-5 every 28 d]. Usually third and fourth
or fourth and fifth cycles of FUFA or fifth and sixth
cycles of FUFA according to performance status of
patient and patient waiting list for machine, were
applied concomitantly during first and last weeks of
RT course, remaining cycles of CT were given in 4 wk
after the completion of radiotherapy or CEF [(cisplatin
2
2
50 mg/m ), eprubicin (50 mg/m ) and 5-FU (500
2
mg/m ), D1 every 21 d], followed by 45 Gy simulator
planned concurrent radiotherapy in 25 daily fractions
of for 5 wk. For CEF regime, usually after 3 cycles,
concomitantly FUFA was applied during first and
last week of radiotherapy the same as FUFA regime,
after completion of CRT, remaining 3 cycles of CEF

Staging

Clinical staging was performed according to Ame
rican Joint Committee on Cancer (AJCC) Staging
Manual, Sixth Edition (2002 and 2010), published
by Springer Science + Business Media. Details of
tumour site, histology and stage were recorded,
as was the type of surgical resection on the basis
of histopathological reports. Thorax and total ab
dominal computed tomography, complete blood
counts including liver and renal function tests and
bone scan if elevated alkaline phosphotase or bone
pain present were performed for distant metastasis

WJG|www.wjgnet.com

1224

January 28, 2015|Volume 21|Issue 4|

Ozden S et al . Survival in gastric cancer after resection
was applied. At 3 weekly intervals 14 d of UFTR [a
fixed combination of the oral FU prodrug tegafur
2
(flouroprymidine, FT, 300 mg/m per day in two
divided doses) with FA (Antrex®), 15 mg tablet, two
times a day] was given for two to three course and
then the same doses with radiotherapy throughout
the whole radiotherapy course excluding weekends
for 5 wk. Few patients were applied TCF regime
without radiotherapy including TCF (docetaxel 75 mg/
2
m in combination with cisplatin 75 mg/m² on Day
2
1 and fluorouracil 750 mg/m per day by continuous
infusion for five days).

histological type; the tumor was poorly differentiated
in 64.2% of patients and located in the antrum in
47.2% with T3T4 stage in 68.7% and AJCC 2002
nodal stage of N1 in 48.3% and AJCC 2010 nodal
stage of N1 in 21.9% (Table 1).
In patients followed up before 2008, adenocar
cinoma type (72.4% vs 52.7%, P = 0.001) was
more common and vascular involvement (64.8%
vs 80.6%, P = 0.033) was less common than in
patients followed up after 2008, while demographic
and other clinicopathological characteristics were
similar between the two groups (Table 1).

Radiotherapy

Postoperative adjuvant treatment protocols

CRT was the leading postoperative treatment applied
in 73.1% of overall patients and more commonly
in the follow up period of 2008-2010 compared to
follow up before 2008 (85.1% vs 66.1%, P = 0.023).
CT per se, supportive treatment and follow up
without treatment were more prevalent in the follow
up before 2008 compared with later years (Table 2).
FUFA (55.7% in the overall population, 55.1%
before 2008, and 56.8% in 2008-2010) was the
most commonly applied CT protocol regardless of
the follow up period, as followed by CEF (14.9%)
and UFT (11.9%). CEF in patients followed up in
2008-2010 (28.3% vs 7.1%, P < 0.001) and UFT in
patients followed up before 2008 (18.1% vs 1.4%, P
< 0.001) were more common CTs (Table 2).
60
Considering radiotherapy use of Co or Lineer
accelerator 6-15 MV photon with 2-D simulator
planning (62.7%) before 2008, while use of 6-23
MV photon lineer accelaretors with 3-D simulator
planning (75.7%) after 2008 were more common (P
< 0.001, Table 2).

Two dimensional (2D) treatment was applied with
Saturn 41, 1996, France, GE using plan Target 2;
3D treatments were applied with Siemens Onco
impression 2007, with XiO planning system, 2007 or
DHX, varian, United States, eclips planning, 2007.
Fields included tumor site, residual stomach and
peripheral lymph nodes. All the rules of RTOG for
organ at risks were strictly obeyed, no overdose was
used.

Follow up

After completion of treatments every three months
for two years, 6 mo up to 5 years, annually after
wards, controls of patients included physical exami
nation, whole blood counts liver and renal function
tests, tumor markers carcinoembryonic antigen
and carbohydrate antigen 19-9, total abdominal
ultrasonography or magnetic resonance imaging,
chest X-ray when patient has any complaints.

Statistical analysis

Statistical analysis was made using MedCalc Statistical
Software version 12.7.7 (MedCalc Software bvba,
2
Ostend, Belgium; http://www.medcalc.org; 2013), χ
and Fisher-Exact tests were used for the comparison
of categorical data, while numerica data were
analyzed using Student-t test and Mann-Whitney U
test for variables with normal distribution and for nonnormally distributed variables, respectively. Survival
analysis was made via Kaplan Meier analysis and
comparisons were made via Log-Rank test. Correlates
of survival were determined via Cox-Regression
analysis with inclusion of independent variables with
P < 0.2 significance in the univariate analysis into
the model via Hosmer-Lemeshow method. Data were
expressed as “mean ± SD”, minimum-maximum
and percent (%) where appropriate. P < 0.05 was
considered statistically significant.

Median survival with respect to study variables

Median duration for LRF survival, DMF survival
and overall survival were 31.9, 24.1 and 31.9 mo,
respectively in patients who received postoperative
adjuvant CRT. Local recurrence occurred in 27
(13.7%) patients during the entire follow up and in
18 (14.4%) and 9 (12.5%) patients in the follow up
periods of 1998-2008 and 2008-2010, respectively.
No significant difference was noted in median
duration for LRF survival, DMF survival and overall
survival with respect to treatment protocols during
the entire follow up period as well as in patients
followed up before or after 2008 (Table 3).
In the overall population, CT protocols FUFA (29.9
mo) and UFT (42.5 mo) were significantly associated
with longer median duration for LRF survival than
CEF (13.3 mo) and TCF (15.0 mo) (P = 0.036
for each), while no difference was noted between
CT protocols in terms of DMF survival and overall
survival (Table 3). Among patients received CRT,
overall survival was significantly longer in patients
with negative than positive surgical margin (27.7 mo

RESULTS
Demographic and clinicopathological characteristics of
patients

Adenocarcinoma (65.2%) was the most common
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Table 1 Demographic and clinicopathologic characteristics of patients n (%)
Total (n = 201)

P value

54.7 ± 10.3

56.0 ± 11.9

0.2701

36 (28.3)
91 (71.7)

25 (33.8)
49 (66.8)

61 (30.3)
140 (69.7)

0.4192

92 (72.4)
33 (26.0)
2 (1.6)
0

39 (52.7)
31 (41.9)
0
4 (5.4)

131 (65.2)
64 (31.8)
0
4 (2.0)

0.0012

49 (43.0)
60 (52.6)
5 (4.4)

28 (47.5)
23 (39.0)
8 (13.6)

77 (44.5)
83 (48.0)
13 (7.5)

0.0552

56 (44.8)
29 (23.2)
37 (29.6)
3 (2.4)

37 (51.4)
15 (20.8)
15 (20.8)
5 (6.9)

93 (47.2)
44 (22.3)
52 (26.4)
8 (4.1)

0.2492

2 (1.7)
41 (35.3)
73 (62.9)

1 (1.8)
18 (31.6)
38 (66.7)

3 (1.7)
59 (34.1)
111 (64.2)

0.8852

64 (50.4)
63 (49.6)

37 (50.0)
37 (50.0)

101 (50.2)
100 (49.8)

0.9572

114 (89.8)
13 (10.2)
81 (64.8)
80 (64.0)

61 (82.4)
13 (17.6)
58 (80.6)
52 (72.2)

175 (87.1)
26 (12.9)
139 (70.6)
132 (68.4)

0.1352

40 (31.5)
87 (68.5)

23 (31.1)
51 (68.9)

63 (31.3)
138 (68.7)

0.9512

30 (24.2)
55 (44.4)
26 (21.0)
13 (10.5)

12 (16.7)
26 (36.1)
24 (33.3)
10 (13.9)

42 (21.4)
81 (41.3)
50 (25.5)
23 (11.7)

0.2542

32 (25.2)
62 (48.8)
26 (20.5)
6 (4.7)
1 (0.8)

14 (18.9)
35 (47.3)
15 (20.3)
8 (10.8)
2 (2.7)

46 (22.9)
97 (48.3)
41 (20.4)
14 (7.0)
3 (1.5)

0.3642

32 (25.2)
32 (25.2)
31 (24.4)
25 (19.7)
6 (4.7)
1 (0.8)
15 (13.0)

14 (18.9)
12 (16.2)
23 (31.1)
15 (20.3)
8 (10.8)
2 (2.7)
17.5 (13.0)

46 (22.9)
44 (21.9)
54 (26.9)
40 (19.9)
14 (7.0)
3 (1.5)
16 (14.0)

0.2312

66 (52.4)
60 (47.6)

30 (40.5)
44 (59.5)

96 (48.0)
104 (52.0)

0.1062

38 (30.2)
88 (69.8)
2 (6.0)

18 (24.3)
56 (75.7)
4 (7.0)

56 (28.0)
144 (72.0)
3 (6.0)

0.3752

Follow up (yr)
Demographics
Age (yr), mean ± SD
Gender
Female
Male
Clinicopathologic characteristics
Pathological type
AdenoCa
Signet ring
Squamous
Mucinous
Tumor size
< 5 cm
5-10 cm
> 10 cm
Tumor location
Antrum
Cardia
Corpus
> 1 region
Differentiation
Well
Moderate
Poor
Surgery type
Total gastrectomy
Subtotal gastrectomy
Surgical margin
Negative
Positive
Vascular involvement
Perineural involvement
TM stage
T1T2
T3T4
Nodal stage
N0
N1
N2
N3
AJCC 2002 nodal stage
N0
N1
N2
N3
NX
AJCC 2010 nodal stage
N0
N1
N2
N3a
N3b
Nx
Dissected lymph nodes, median (IQR)
LN1
< 15
≥ 16
LN2
< 10
≥ 11
Involved lymph nodes, median (IQR)

Before 2008 (n = 127)

2008-2010 (n = 74)

56.7 ± 12.7

0.0333
0.4263

0.2164

0.0734

1

Student-t test; 2χ 2 test; 3Fisher-Exact test; 4Mann-Whitney U test. AJCC: American Joint Committee on Cancer.
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Table 2 Postoperative adjuvant treatment protocols n (%)
Treatment

Before 2008 (n = 127)

2008-2010 (n = 74)

84 (66.1)
19 (15.0)
10 (7.9)
14 (11.0)

63 (85.1)
6 (8.1)
2 (2.7)
3 (4.1)

147 (73.1)
25 (12.4)
12 (6.0)
17 (8.5)

43 (33.9)
84 (66.1)

11 (14.9)
63 (85.1)

54 (26.9)
147 (73.1)

70 (55.1)
9 (7.1)
14 (11.0)
23 (18.1)
1 (0.8)
10 (7.9)

42 (56.8)
21 (28.3)
3 (4.1)
1 (1.4)
5 (6.8)
2 (2.7)

112 (55.7)
30 (14.9)
17 (8.5)
24 (11.9)
6 (3.0)
12 (6.0)

21 (25.3)
58 (69.9)
4 (4.8)

0 (0.0)
7 (11.1)
56 (88.9)

21 (14.4)
65 (44.5)
60 (41.1)

79 (62.7)
4 (3.2)
43 (34.1)

7 (9.5)
56 (75.7)
11 (14.9)

86 (43.0)
60 (30.0)
54 (27.0)

Chemoradiotherapy
Chemotherapy
Supportive treatment
None (follow up)
Radiotherapy
No
Yes
Chemotherapy protocol
FUFA
CEF
None
UFT
TCF
Supportive
Type of radiotherapy device
Co60
Linak
Varian-Siemens
Simulator planning
2 dimensional
3 dimensional
No radiotherapy

P value1

Total (n = 201)

Follow up (yr)

0.023

0.003

< 0.001

< 0.001

< 0.001

1 2

χ test. FUFA: 5-fluorouracil and leucovorin-folinic acid; CEF: Cyclophosphamide, epirubicin, and fluorouracil; UFT: Uracil/tegafur; TCF: Docetaxel,
cisplatin, and fluorouracil.

Table 3 Median survival (mo) in study groups according to variables
Total (n = 201)
Treatment protocols
Chemoradiotherapy
Chemotherapy
P value1
Chemotherapy protocolsa
FUFA
UFT
CEF
TCF
P value (FUFA-UFT)1
Surgical margin2
Positive
Negative
P value1
RT simulator planningb
2 dimensional
3 dimensional
P value3
Time of RT initiation
< 4 mo
≥ 4 mo
P value

Before 2008 (n = 127)

2008-2010 (n = 74)

LFS

DFS

OS

LFS

DFS

OS

LFS

DFS

OS

31.9
25.9
0.793

24.1
20.6
0.834

31.9
27.1
0.597

37.8
43.6
0.792

24.1
22.3
0.656

37.8
51.7
0.630

11.7
15.0
0.959

19.2
18.2
0.848

11.7
15.3
0.715

29.9
42.5
13.3
15.0
0.036

23.8
20.6
16.0
1.6
0.6

31.9
53.0
13.3
15.0
0.477

20.6
26.0
0.509

21.4
19.2
0.511

22.4
27.7
0.016

43.8
41.5
0.239

20.5
48.2
0.126

52.2
50.9
0.053

15.0
15.0
0.519

19.1
18.3
0.699

15.0
15.3
0.185

42.4
14.1
NA

23.1
16.0
NA

50.4
14.1
NA

36.3
39.8
0.0581

20.6
16.8
NA

40.9
39.8
0.3704

1

Kaplan Meier-Log rank test; 2Based on patients on chemoradiotherapy; 3Not calculated to exclude potential bias since mean follow up duration was
significantly longer in the 2 dimensional simulator planning group. Analysis was performed in the overall population, since aOnly 1 patient recevied
FUFA in the “after 2008” group; b2-dimensional planning was the leading option before 2008 and 3 dimensional planning after 2008; 4Breslow test. FUFA:
5-fluorouracil and leucovorin-folinic acid; CEF: Cyclophosphamide, epirubicin, and fluorouracil; UFT: Uracil/tegafur; TCF: Docetaxel, cisplatin, and
fluorouracil; RT: Radiation therapy; NA: Not available; OS: Overall survival; PFS: Progression-free survival; DFS: Disease-free survival.

Univariate analysis for the correlates of survival

vs 22.4 mo, P = 0.016), while the interval between
surgery and radiotherapy had no significant impact
on survival times (Table 3).
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= 0.005 in follow up before 2008), AJCC 2002 nodal
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Table 4 Univariate analysis for the correlates of median local recurrence free, distant metastasis free and overall survival
Local recurrence free survival (mo)

Distant metastasis free survival (mo)

Overall survival (mo)

Before 2008 2008-2010
Total
Before 2008 2008-2010
Total
Before 2008 2008-2010
Total
(n = 127)
(n = 74)
(n = 201) (n = 127)
(n = 74) (n = 201) (n = 127)
(n = 74) (n = 201)
Age
≤ 50 yr
> 50 yr
P value
Type of treatment
Chemoradiotherapy
Chemotherapy
P value
Type of gastrectomy surgery
Total
Subtotal
P value
Vascular involvement
No
Yes
P value
Perineural involvement
No
Yes
P value
T stage
T1
T2
T3
T4
P value
Nodal stage
N0
N1
N2
N3
P value
Nodal stage (AJCC 2002)
N0
N1
N2
N3
P value
LN1
< 15
> 16
P value
LN2
< 10
> 11
P value
Nodal stage (AJCC 2010)
N0
N1
N2
N3a
N3b
P value
Involved lymph nodes (n)
≤5
>5
P value

44.1
39.1
0.066

20.6
26.0
0.471

49.8
43.6
0.312

14.0
15.9
0.747

23.1
18.3
0.925

14.0
15.9
0.48

28.7
26.0
0.044

20.6
22.2
0.65

33.7
26.7
0.181

37.8
43.6
0.792

24.1
22.3
0.656

37.8
51.7
0.63

11.7
15.0
0.959

19.2
18.2
0.848

11.7
15.3
0.715

31.9
25.9
0.793

24.1
20.6
0.834

31.9
27.1
0.597

39.8
43.3
0.885

15.9
13.8
0.122

26.7
25.9
0.888

29.8
14.9
0.395

18.3
19.1
0.636

24.0
16.0
0.393

43.9
46.9
0.318

15.9
13.8
0.1

29.1
28.5
0.092

49.7
35.0
0.697

11.5
16.0
0.005

39.7
23.5
0.594

26.0
24.0
0.858

18.3
-

26.0
21.4
0.81

49.8
37.8
< 0.001

11.5
16.2
0.795

43.9
24.0
< 0.001

45.9
41.2
0.706

14.9
15.0
0.353

31.3
25.0
0.822

24.0
22.4
0.609

16.0
-

24.0
20.5
0.999

48.6
43.6
0.122

14.9
15.2
0.275

32.5
25.9
0.058

55.4
54.4
37.0
30.9
0.054

20.2
16.4
14.1
24.4
0.959

48.6
28.3
25.1
24.4
0.128

27.6
29.4
24.1
18.6
0.668

30.2
18.3
12.6
0.223

27.6
29.8
22.1
16.6
0.353

55.4
54.4
41.1
31.8
0.04

20.2
16.9
14.1
30.6
0.28

48.6
32.4
26.0
30.6
0.002

54.9
46.9
23.2
27.1
0.515

13.7
14.6
16.0
13.4
0.504

45.7
29.1
19.2
16.6
0.647

41.1
30.6
16.6
16.1
0.02

22.2
21.0
18.3
12.6
0.887

41.1
27.7
16.6
15.0
0.014

54.9
53.7
24.1
35.0
< 0.001

14.8
14.8
16.0
13.4
0.439

47.8
37.0
19.2
20.7
< 0.001

54.9
42.4
19.3
31.0
0.057

11.3
16.9
15.5
10.7
0.283

42.1
28.3
16.1
15.0
0.024

41.1
30.6
14.2
19.5
0.011

22.2
20.5
13.8
19.8
0.817

41.1
26.0
14.2
19.8
0.001

54.9
49.2
20.1
31.0
< 0.001

11.3
16.9
15.5
10.7
0.224

45.7
29.1
19.1
15.0
< 0.001

40.5
42.7
0.181

14.9
15.0
0.768

30.5
25.4
0.423

24.0
24.0
0.309

19.1
18.3
0.742

23.1
20.5
0.664

45.7
44.9
0.724

14.9
15.2
0.461

33.2
25.7
0.523

34.0
46.4
0.169

15.9
14.6
0.768

25.4
26.8
0.373

20.9
24.1
0.204

22.2
16.0
0.742

22.2
22.2
0.349

40.5
47.8
0.985

16.2
14.6
0.464

31.0
28.0
0.822

54.9
51.0
32.5
19.6
31.0
0.131

11.3
16.9
16.0
15.0
15.0
0.402

42.1
39.1
25.8
16.1
16.3
0.057

41.1
29.4
28.0
15.4
19.5
0.06

22.2
36.8
18.3
13.8
19.8
0.849

41.1
33.1
22.3
14.6
19.8
0.039

54.9
53.8
37.8
20.7
31.0
< 0.001

11.3
16.9
17.0
15.0
15.0
0.098

45.7
44.9
25.9
17.7
16.3
< 0.001

48.6
20.7
0.002

35.5
16.9
0.564

52.2
26.0
< 0.001

15.9
15.0
0.036

24.1
16.0
0.191

16.2
15.2
0.218

35.5
16.1
0.23

31.9
16.3
0.001

38.3
16.6
< 0.001

AJCC: American Joint Commission on Cancer; LN: Lymph nodes.

stage (P = 0.024 in overall study population) and
the number of involved lymph nodes (P = 0.002 in
follow up before 2008 and P < 0.001 in the overall
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study population) were significantly associated with
LRF survival (Table 4).
Nodal stage (P = 0.020 in follow up before 2008,
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10856.260
21845.678
24325.273

2.278

0.146

0.772
0.938
0.934
0.933

0.458

0.073
0.782
0.255
0.232
0.452
0.344

0.464
2.322
P = 0.053

3.526
3.853
3.407
5.380

1.191

0.748

0.707

0.748

P = 0.218

0.284

0.118

Exp(B)

2008-2010

Sig.

2.748
4.959
1.380
2.330

18774.638
23091.062
62667.340

0.242
2.573
P = 0.017

0.167
0.217
0.0421
0.786
0.502

0.318
0.936
0.935
0.928

1.468

Exp(B)

Overall

0.387

Sig.

1.196
1.025
1.266
1.471

0.863

0.283
2.677
P = 0.153

0.994
0.754
0.969
0.814
0.761

0.722

Exp(B)

Before 2008
Sig.

Exp(B)

0.207
2.245
P = 0.196

Sig.

2008-2010

P = 0.054

1.118
1.614
3.218
3.446

Exp(B)

Overall

0.052
0.831
0.313
0.014
0.060

Sig.

Distant metastasis free survival

1.624
2.439
5.132
5.263

P = 0.001

0.033
0.404
0.122
0.0061
0.0271

0.820

0.656
0.781
0.995
0.674
0.969
0.995
1.425
0.962

2.375

1.742

0.099

0.122

Exp(B)

Before 2008
Sig.

0.426

Exp(B)

0.303
1.742
P = 0.151

0.147

Sig.

2008-2010

Overall survival

2.184
4.056
4.733
4.292

0.967
1.447
1.369

0.707

2.106

0.726
1.245
P < 0.0011

0.104
0.162
0.0091
0.059
0.098

0.326
0.762
0.967
0.651
0.734

0.085

Exp(B)

Overall
Sig.

None of the variables determined to be significantly associated with LRF survival in the univariate analysis (vascular involvement and number of involved lymph

Multivariate Cox regression analysis for the determinants of survival

P = 0.014 in the overall study population), AJCC 2002 nodal stage (P = 0.011 in follow up before 2008, P = 0.001 in the overall study population), AJCC
2010 nodal stage (P = 0.039 in the overall study population) and the number of involved lymph nodes (P = 0.036 in follow up before 2008) were significantly
associated with DMF survival (Table 4).
Age (P = 0.014 in the overall study population), vascular involvement (P < 0.001 in follow up before 2008 and in the overall study population), T stage (P =
0.04 in follow up before 2008 and P = 0.002 in the overall study population), nodal stage, AJCC 2002 nodal stage and AJCC 2010 nodal stage in follow up before
2008 and in the overall study population, P < 0.001 for each) and the number of involved lymph nodes (P = 0.001 in follow up before 2008 and P < 0.001 in the
overall study population) were the significant correlates of overall survival (Table 4).

Indicate statistical significance at α = 0.05 level. Only the variables with P < 0.2 significance in the univariate analysis were included into the Cox-regression model on the basis of Hosmer-Lemeshow method. Since both American
Joint Commission on Cancer (AJCC) 2002 and 2010 nodal staging variables met the criteria to be included in the multivariate analysis, only AJCC 2010 nodal staging was included.

1

Age (yr)
< 50 vs > 50
Operaton type
Total vs subtotal
Vascular involvement
Yes vs No
Perinueral involvement
Yes vs No
T stage
T1
T2
T3
LN1
< 15 vs > 16
LN2
< 10 vs > 11
Nodal stage (AJCC 2010)
N1
N2
N3a
N3b
İnvolved lymph nodes (n)
≤ 5 vs > 5
Significance of the model

Exp(B)

Before 2008

Sig.

Local recurrence free survival

Table 5 Multivariate Cox regression analysis for the correlates of local recurrence free, distant metastasis free and overall survival
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nodes) was significant correlates of LRF survival in
the multivariate analysis in patients followed before
2008. Multivariate analysis confirmed the association
between nodal stage and LRF survival in the overall
study population with 4.959 fold (P = 0.042)
increase in mortality in patients with nodal stage N2
compared to patients with nodal stage N0, while no
significant association was noted in terms of number
of involved lymph nodes (Table 5).
None of the variables determined to be significantly
associated with DMF survival in the univariate analysis
(nodal stage and number of involved lymph nodes)
was significant correlates of DMF in the multivariate
analysis in patients followed before 2008 or in the
overall study population (Table 5).
Except for 5.132 fold (P = 0.006), 5.263 fold
(P = 0.027) and 4.056 fold (P = 0.009) increase
in the mortality in patients with nodal stage N3a
(before 2008), N3b (before 2008) and N2 (overall
study population) when compared to patients
with N0 stage, respectively, none of the variables
significantly associated with overall survival in the
univariate analysis was significant correlates of
overall survival in the in the multivariate analysis
in patients followed before 2008 and in the overall
study population (Table 5).

CT protocols as well as 3-D conformal technique in
RT when compared to patients followed up before
2008, while the two groups of follow up were
homogenous in terms of demographic and other
clinicopathological characteristics.
Although the demonstration of the efficacy of
postoperative CRT for locally advanced gastric cancer
in randomized clinical trials provide a basis for the
consideration of this therapy as the standard of care
for resectable high-risk disease, local recurrence
rates have been indicated to remain at 19% even
[2,4]
after adjuvant CRT , which seems in line with the
local recurrence rate (13.7%) demonstrated in our
study population.
Although the efficacy of postoperative CT following
complete resection has been associated with a
significant survival benefit in some studies especially
[2,3,14]
with fluoropyrimidine based regimens
.
Nonetheless, preceding the landmark Intergroup
Trial INT-0116 on the effect of surgery plus posto
perative CRT on the survival of patients resected
for adenocarcinoma of the stomach after a 10-year
[2]
median follow-up , postoperative adjuvant CRT has
consistently been associated with improved overall
and relapse free survivals rates in comparison to
[2,15-17]
patients without CRT in several clinical trials
.
Past studies concerning direct comparison of
CT plus radiotherapy with CT-only in patients with
gastric cancer revealed significant improvement in
[12]
disease free survival
and in median duration of
[2]
relapse-free survival with 30 mo vs 19 mo and 50
[18]
mo vs 36 mo) , while a significant increase (36 mo
[2]
vs 27 mo) as well as no significant improvement
[18]
(58 mo vs 48 mo)
were noted for overall survival
in CRT vs CT-only arm.
Accordingly, albeit not statistically significant,
a tendency for higher rates for LRF survival (31.9
mo vs 25.9 mo), DMF survival (24.1 mo vs 20.6
mo) and overall survival (31.9 mo vs 27.1 mo) with
postoperative CRT vs CT in our study population
are in agreement with the survival benefit of CRT
indicated in the past studies.
Indeed, due to variability of accepted standards
for incorporation of postoperative CRT into the
routine clinical practice in different countries, the
ideal oral chemotherapeutic agent to be used in CRT
[6]
protocol has not yet been defined .
Tried primarily in advanced stage gastric cancer
as an alternative to FU, UFT was shown to be as
effective as FU in postoperative therapy in the
[19,20]
past studies
. Notably, type of CT protocol had
significant influence on LRF survival but not on DMF
survival and overall survival in our study population
with significantly improved LRF survival rates
obtained similarly in patients received UFT (42.5
mo) and FUFA (29.9 mo) based regimens. This
finding seems in line with the previously emphasized
survival benefit of fluoropyrimidine (FT) as well as

DISCUSSION
The present retrospective single centre analysis
of survival data (1998-2010) in patients with gas
tric carcinoma revealed median 31.9 mo of LRF
survival, 24.1 mo of DMF survival and 31.9 mo
of overall survival via postoperative adjuvant CRT
during follow up from 1998 to 2010 with local
recurrence rate of 13.7% in the overall study po
pulation. No significant difference was observed
in median duration of LRF survival, DMF survival
and overall survival with respect to treatment
protocols (CRT vs CT), interval between surgery
and radiotherapy and the type of radiotherapy (2-D
vs 3-D), while FUFA (29.9 mo) and UFT (42.5 mo)
based CT protocols and absence of positive surgical
margin (27.7 mo) were associated with significantly
longer median durations of LRF survival and overall
survival, respectively. Multivariate analysis revealed
higher nodal stage to be a significant determinant
of LRF in the overall study population, while to
predict overall survival both in patients followed up
in 1998-2008 and in overall study population.
Regardless of the follow up period, adeno
carcinoma type, location in antrum, poor differen
tiation, T3T4 and N1-N2 stage were the leading
histopathological characteristics of the tumor as
identified in most of patients. Patients followed up in
2008-2010 period were associated with significantly
higher rate of signet ring cell type of carcinoma,
vascular involvement, use of CRT and CEF based
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[13,15]

FU
based regimens, while also supports that
concurrent UFT with radiotherapy is an equally
effective regimen in the postoperative treatment of
[6]
gastric adenocarcinoma when compared to FUFA .
It should also be noted that restriction of the
radiation dose to the intra-abdominal target volume
which to 45-50 Gy due to adjacent dose-limiting
organs in conventional RT has been suggested
not be sufficient for disease control in patients
[4,21]
with locally advanced gastric adenocarcinoma
.
Nonetheless, use of escalated radiation doses with
concurrent CT in an adjuvant setting has currently
been considered as a strategy that deserves to
be optimized and further evaluated in randomized
[4]
clinical trials .
Extended interval between surgery and radiation
has been considered to allow accelerate proliferation
of cancer cells under stress and thus delivery of a
larger dose early in the course of treatment has
been suggested to further improve disease control of
[4]
gastric cancer after surgical resection . However, in
our study population, the interval between surgery
and radiotherapy initiation had no significant impact
on survival times and similar values for overall
survival was noted in patients who underwent
radiotherapy within 4 mo (40.9 mo) vs after 4 mo
(39.8 mo) of surgery.
Divided based on introduction of 3-D conformal
technique in radiotherapy in 2008 at our clinic, the
two consecutive periods of follow up (from 1998 to
2008 and from 2008 to 2010) in our study showed
distinct median durations for LRF survival (37.8 mo
vs 24.1 mo), DMF survival (11.7 mo vs 19.2 mo)
and overall survival (31.9 mo vs 24.1 mo) with
postoperative adjuvant CRT. However one must
remain prudent when comparing these results, given
that no significant difference was noted in median
duration of survival with respect to treatment
protocols (CRT vs CT) as well as type of radiotherapy
(2-D vs 3D) along with higher proportion of patients
under UFT therapy in the 1998-2008 group, and
more importantly the remarkable difference between
these groups in terms of duration of follow up (10
years vs 3 years). In this regard, longer term followup is needed to determine the actual treatment
outcome and thereby the optimal therapy in our
patients with gastric cancer.
Additionally, it should be emphasized that in
creasing evidence for a survival advantage from
adjuvant therapies seems to enable postoperative
CRT to become standard practice in patients wi
th resectable gastric cancer only if treatmentrelated complications are minimized to ensure the
[2,15,17]
maintenance of the survival advantage
.
Lymph node metastasis was reported amongst
the prognostic factors for gastric cancer in several
[22-24]
studies
. In patients with gastric cancer, the
5-year survival rate N0, N1, N2, N3a and N3b after D2
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lymph node dissection were reported to be 89.7%,
73.6%, 54.9%, 23.1% and 5.4%, respectively in a
[25]
recent study , while positive lymph node and TNM
stage were documented as independent prognostic
factors for gastric cancer in a recent multivariate
[18]
analysis . Likewise, our findings indicated higher
nodal stage as the common predictor of LRF survival
in the overall population while of overall survival
both in 1998-2008 group and in the overall study
population
While higher nodal stage, T stage, and the
number of involved lymph nodes were amongst
the factors significantly associated with overall
survival according to univariate analysis in our
study population, these findings were not confirmed
in the multivariate analysis. Larger scale studies
with longer term follow up are needed to clarify
prognostic determinants in patients with gastric
carcinoma who received postoperative adjuvant CRT.
Certain limitations to this study should be con
sidered. The major limitation seems to be the
difference among study groups with respect to
duration of follow up. Due to switching from 2-D
to 3-D conformal technique in radiotherapy at our
clinic in 2008, overall population was evaluated as
divided into two consecutive periods of follow up
including periods from 1998 to 2008 and between
2008 and 2010. However since data from patients
in the first group are based on remarkably longer
follow up of 10 years when compared to data
from patients in the second group with 3 years
of follow up, difference in survival times between
two groups should be cautiously interpreted, given
that no difference was noted in median duration of
survival with respect to type of either post-adjuvant
treatment protocol or the radiotherapy. Secondly,
retrospective design seems to be another pitfall of
our study which disabled to apply standard inclusion
criteria and to enable patients to be prospectively
randomized into treatment groups. Nevertheless,
while based on a retrospective analysis of a single
institution, our findings represent a solid ground
for future larger scale prospective studies on com
parison of different postoperative adjuvant treatment
protocols in patients with gastric cancer in the longer
term follow up.
In conclusion, based on identification of median
31.9 mo of LRF survival, 24.1 mo of DMF survival
and 31.9 mo of overall survival via postoperative
adjuvant CRT during follow up from 1998 to 2010
in our study population, our findings emphasize the
likelihood of postoperative adjuvant CRT to have a
survival benefit in patients with resectable gastric
carcinoma. Use of FUFA and UFT based CT protocols
and the absence of positive surgical margin in
patients received CRT seems to be in favor of LRF
survival and overall survival, respectively, while no
significant difference was observed in duration of
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survival with respect to treatment protocols (CRT vs
CT), interval between surgery and radiotherapy and
the type of radiotherapy (2-D vs 3-D). Nodal stage
was the independent prognostic factor for LRF and
overall survival, while concluding the efficacy of post
adjuvant CRT and exact determinants of survival
in gastric cancer patients seem to depend on con
duction of future prospective randomized trials on
comparison of surgery only and postoperative CRT
within a longer period of follow-up.
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AIM: To study the “hospital type-outcome” and “volumeoutcome” relationships in patients with esophageal
cancer who receive non-surgical treatments.
METHODS: A total of 6106 patients with esophageal
cancer diagnosed between 2008 and 2011 were
identified from a national population-based cancer
registry in Taiwan. The hospital types were defined as
medical center and non-medical center. The threshold
for high-volume hospitals was based on a median
volume of 225 cases between 2008 and 2011 (annual
volume, > 56 cases) or an upper quartile (> 75%)
volume of 377 cases (annual volume > 94 cases).
Cox regression analyses were used to determine the
effects of hospital type and volume outcome on patient
survival.
RESULTS: A total of 3955 non-surgically treated
patients were included in the survival analysis. In the
unadjusted analysis, the significant prognostic factors
included cT, cN, cM stage, hospital type and hospital
volume (annual volume, > 94 vs ≤ 94). The 1- and
3-year overall survival rates in the non-medical centers
(36.2% and 13.2%, respectively) were significantly
higher than those in the medical centers (33.5% and
11.3%, respectively; P = 0.027). The 1- and 3-year
overall survival rates in hospitals with an annual
volume of ≤ 94 (35.3% and 12.6%, respectively) were
significantly higher than those with an annual volume
of > 94 (31.1% and 9.4%, respectively; P = 0.001).
However, in the multivariate analysis, the hospital type
was not statistically significant. Only cT, cN, and cM
stages and hospital volume (annual volume > 94 vs ≤
94) were independent prognostic factors.
CONCLUSION: Whether the treatment occurs in medical
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centers is not a significant prognostic factor. Highvolume hospitals were not associated with better
survival rates compared with low-volume hospitals.

the impact of volume on patient survival. For ex
[7]
ample, Birkmeyer et al analyzed the Surveillance,
Epidemiology, and End Results database and reported
an absolute difference in 5-year likelihood of survival
rates after esophagectomy for cancer between the lowvolume hospitals (17%) and the high-volume hospitals
(34%). A recent meta-analysis also demonstrated a
long-term survival beneﬁt after esophageal cancer
resection for the high-volume hospitals (HR = 0.82;
95%CI: 0.75-0.90) compared with their low-volume
[8]
counterparts .
However, the majority of the reports focused
on the effect of hospital type and volume among
patients who had undergone esophagectomy. There
are few studies concerning how hospital type and
volume influence the survival rate in patients without
surgical resection. Therefore, we aimed to study
the differences in patient and tumor characteristics
according to hospital type and volume categories
in this population-based study. We emphasized
whether hospital type or volume affected the
prognosis in patients with esophageal cancer who
received non-surgical treatments.

Key words: Cancer registry; Esophageal cancer; Hospital
volume; Hospital type; Survival
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The hospital type-outcome and volumeoutcome relationships in patients with esophageal
cancer who receive surgical resection are well
established. However, little is known concerning the
hospital type- and volume-outcome relationships in
patients without surgical resection. Our populationbased study, including 3955 non-surgically treated
patients, showed that the medical center is not a
significant prognostic factor. Moreover, the high-volume
hospitals were not associated with better survival rates
compared with the low-volume hospitals.
Hsu PK, Chen HS, Wang BY, Wu SC, Liu CY, Shih CH, Liu CC.
Hospital type- and volume-outcome relationships in esophageal
cancer patients receiving non-surgical treatments. World J
Gastroenterol 2015; 21(4): 1234-1242 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i4/1234.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i4.1234

MATERIALS AND METHODS
The patient data were obtained from the Taiwan
Cancer Registry, which is a national populationbased cancer registration database organized and
funded by the Health Promotion Administration,
Ministry of Health and Welfare, the executive branch of
the central government. The hospitals with greater
than 50-bed capacity, which provide outpatient
care and hospitalized cancer care, are recruited
to participate in reporting all newly diagnosed
malignant neoplasms to the registry. The data were
collected and verified by cancer registrars at each
hospital. The clinical details including sex, date of
birth, date of hospitalization, care facilities, date of
diagnosis, clinical stage, surgical method, surgical
margin, pathological stage, treatment modality,
radiation dose, and survival status were recorded.
Using the International Classification of Diseases
for Oncology (ICD-O-3) site codes (C15.0, C15.1,
C15.2, C15.3, C15.4, C15.5, C15.8, and C15.9)
and morphology codes (8052, 8070, 8071, 8072,
8073, 8074, 8076, 8077, 8083 and 8084), 6106
patients who were diagnosed with esophageal
squamous cell carcinoma (ESCC) between January
1, 2008 and December 31, 2011 were identified.
The treatment modalities included the following: (1)
neoadjuvant chemoradiation followed by surgery (n
= 850); (2) surgery alone (n = 679); (3) surgery
followed by chemotherapy or/and radiotherapy (n
= 622); (4) definitive chemoradiation (n = 3020);
(5) radiotherapy alone (n = 442); (6) chemotherapy
alone (n = 333); and (7) unknown (n = 160).
To study the hospital type-outcome relationship,

INTRODUCTION
Even though multidisciplinary approaches and se
veral combinations of therapies, such as surgery,
chemotherapy, and radiotherapy, have been applied
to treat esophageal cancer, the prognosis of patients
with esophageal cancer is poor. Moreover, a large
number of patients develop either locoregional
recurrence or distant metastasis shortly after curative
treatments; the prognosis for these patients is
[1]
dismal . To improve outcome, centralized care for
esophageal cancer patients has been proposed.
Several authors have suggested that referring
patients to specialized units that have healthcare
professionals with adequate experience may improve
[2-4]
the quality of care as well as patient survival
.
Indeed, hospital type-outcome analyses have
demonstrated better outcome in university hospitals.
[5]
For example, Dikken et al reported that the 3-mo
mortality rate after esophagectomy was 2.5% in
university hospitals and 4.4% in non-university
teaching hospitals, which was a significant difference
[6]
(p < 0.05). Moreover, Verhoef et al reported that
the 5-year survival rate for surgical patients was
49.2% for the university hospitals versus 32.6% for
the teaching non-university hospitals and 27.3% for
the non-teaching hospitals (p < 0.05). The results
of the hospital volume-outcome analysis supported
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high-volume hospitals was based on the median
(Q3-4, > 50%) volume of 225 cases between 2008
and 2011 (annual volume, > 56 cases) or upper
quartile (Q4, > 75%) volume of 377 cases (annual
volume, > 94 cases). A subset of 3955 patients who
were treated without surgical resection was included
in the outcome analysis. The outcome measures
were 1- and 3-year overall survival. The survival
time was defined as the number of days between
the date of diagnosis and the date of death or the
end of the study on December 31, 2012, whichever
occurred first.

Table 1 Patient characteristics according to hospital type n (%)
Variables

Total

Patient number
Hospital number
Sex
Male
Female
Age (yr)
< 40
40-49
50-59
60-69
70-79
≥ 80
Tumor length (cm)
mean ± SD
cT stage
1
2
3
4
Unknown
cN stage
0
1/2/3
Unknown
cM stage
0
1
Unknown
Tumor location
Upper third
Middle third
Lower third
Unknown
Tumor differentiation
Well
Moderate
Poorly
Unknown
Treatment modality
Surgery with
neoadjuvant
chemoradiation
Surgery without
neoadjuvant
chemoradiation
No surgery
Hospital volume
Q1-Q2
Q3-Q4
Hospital volume
Q1-Q3
Q4

Medical center or not
Yes

No

6106
62

4180
19

1926
43

5768 (94.5)
338 (5.5)

3949 (94.5)
231 (5.5)

1819 (94.4)
107 (5.6)

189 (3.1)
1413 (23.1)
2272 (37.1)
1278 (20.9)
658 (10.8)
296 (4.9)

133 (3.2)
908 (21.7)
1577 (37.7)
915 (21.9)
433 (10.4)
214 (5.1)

56 (2.9)
505 (26.2)
695 (36.1)
363 (18.9)
225 (11.7)
82 (4.3)

P value

0.963

< 0.001

Statistical analysis

The categorical and continuous variables were com
2
pared using the χ test and Student’s t-test, res
pectively. The survival curves were plotted using the
Kaplan-Meier method and were compared using the
log-rank test. The differences in survival estimates
were calculated using the Cox proportional hazards
regression model, stratiﬁed for hospital type or
volume, and adjusted for known prognostic factors.
All of the statistical calculations were performed
using SAS version 9.3 (SAS Institute, Inc, Cary,
NC) and SPSS version 17.0 (SPSS Inc, Chicago, IL).
P less than 0.05 was considered to be statistically
significant.

0.006
5.3 ± 3.1

5.4 ± 3.0

5.1 ± 3.2

531 (8.7)
838 (13.7)
2994 (49.0)
1339 (21.9)
404 (6.6)

340 (8.1)
544 (13.0)
2086 (49.9)
901 (21.6)
309 (7.4)

191 (9.9)
294 (15.3)
908 (47.1)
438 (22.7)
95 (4.9)

1385 (22.7)
4488 (73.5)
233 (3.8)

862 (20.6)
3141 (75.1)
177 (4.2)

523 (27.2)
1347 (69.9)
56 (2.9)

4261 (69.8)
1731 (28.4)
114 (1.9)

2931 (70.1)
1167 (27.9)
82 (2.0)

1330 (69.1)
564 (29.3)
32 (1.7)

1445 (23.7)
2152 (35.2)
1134 (186)
1375 (22.5)

936 (22.4)
1390 (33.3)
758 (18.1)
1096 (26.2)

509 (26.4)
762 (39.6)
376 (19.5)
279 (14.5)

0.009

< 0.001

0.424

< 0.001

RESULTS
The characteristics of patients according to hospital
type are presented in Table 1. A total of 6106 patients
received treatments for ESCC in 62 hospitals, whe
reas 4180 (68.5%) of 6106 patients were treated in
19 medical centers and 1926 patients (31.5%) were
treated in non-medical centers. The patients who
were treated in medical centers were more likely to
be older than those treated in non-medical centers
(57.45 ± 11.4 years vs 56.89 ± 11.6 years). As for
tumor characteristics, a higher percentage of patients
with advanced stage tumors was found in medical
centers. The patients who were treated in medical
centers had tumors of larger size (5.4 ± 3.0 cm vs
5.1 ± 3.2 cm, p = 0.006), and a higher frequency
was noted to be cT3/4 (71.5% vs 69.8%, p = 0.009)
and clinical node-positive tumors (75.1% vs 69.9%,
p < 0.001). Furthermore, a higher proportion of
the patients in medical centers than in non-medical
centers received surgical resection (36.5% vs 32.6%,
p = 0.009).
Table 2 presents the characteristics of patients
according to hospital volume. There were 8 hos
pitals, including 7 medical centers, in quartiled 3-4,
whereas only 3 medical centers were in quartile 4.
There was no difference in the distribution of age
and sex between high- and low-volume hospitals.
However, the patients who were treated in highvolume hospitals had tumors of larger size (Q4 vs

< 0.001
150 (2.5)
2759 (45.2)
1309 (21.4)
1888 (30.9)

108 (2.6)
1781 (42.6)
916 (21.9)
1375 (32.9)

42 (2.2)
978 (50.8)
393 (20.4)
513 (26.6)

850 (13.9)

610 (14.6)

240 (12.5)

1301 (21.3)

914 (21.9)

387 (20.1)

3955 (64.8)

2656 (63.5)

1299 (67.5)

3137
2969

1504 (36.0)
2676 (64.0)

1633 (84.8)
293 (15.2)

4717
1389

2791 (66.8)
1389 (33.2)

1926 (100.0)
-

0.009

< 0.001

< 0.001

the hospital types were defined as medical center
and non-medical center according to Taiwan Joint
Commission on Hospital Accreditation (http://www.
tjcha.org.tw) based on the quality of process and
outcome in healthcare performance. There are a
total of 19 medical centers in Taiwan. To study the
volume-outcome relationship, the hospitals were
divided into quartiles (Q1-Q4) of total hospital
volume between 2008 and 2011. The threshold for

WJG|www.wjgnet.com

1236

January 28, 2015|Volume 21|Issue 4|

Hsu PK et al . Hospital volume in esophageal cancer
Table 2 Patient characteristics according to hospital volume n (%)
Variables

Hospital volume

No. of annual cases
No. of patients
No. of hospitals
Sex
Male
Female
Age (yr)
< 40
40-49
50-59
60-69
70-79
≥ 80
Tumor length (cm)
mean ± SD
cT stage
1
2
3
4
Unknown
cN stage
0
1/2/3
Unknown
cM stage
0
1
Unknown
Tumor location
Upper third
Middle third
Lower third
Unknown
Tumor differentiation
Well
Moderate
Poorly
Unknown
Treatment modality
Surgery with neoadjuvant chemoradiation
Surgery without neoadjuvant chemoradiation
No surgery
Hospital type
Medical center
Not center

Q1-Q2

Q3-Q4

≤ 225

3137
54

> 225
2969
8

2954 (94.2)
183 (5.8)

2814 (94.8)
155 (5.2)

88 (2.8)
715 (22.8)
1194 (36.9)
629 (20.1)
352 (11.3)
159 (5.1)

101 (3.4)
698 (23.5)
1078 (36.3)
649 (21.9)
306 (10.3)
137 (4.6)

5.3 ± 3.2

5.3 ± 2.9

245 (7.8)
466 (14.9)
1531 (48.8)
710 (22.6)
185 (5.9)

286 (9.6)
372 (12.5)
1463 (49.3)
629 (21.2)
219 (7.4)

820 (26.1)
2210 (70.5)
107 (3.4)

565 (19.0)
2278 (76.7)
126 (4.2)

2177 (69.4)
919 (29.3)
41 (1.3)

2084 (70.2)
812 (27.4)
73 (2.5)

801 (25.5)
1223 (39.0)
600 (19.1)
513 (16.4)

644 (21.7)
929 (31.3)
534 (18.0)
862 (29.0)

76 (2.4)
1611 (51.4)
677 (21.6)
773 (24.6)

74 (2.5)
1148 (38.7)
632 (21.3)
1115 (37.6)

381 (12.1)
643 (20.4)
2113 (67.4)

469 (15.8)
658 (22.2)
1842 (62.0)

1504 (47.9)
1633 (52.1)

2676 (90.1)
293 (9.9)

Q1-Q3

Q4

≤ 377

4717
59

> 377
1389
3

4465 (94.7)
252 (5.3)

1303 (93.8)
86 (6.2)

142 (3.0)
1108 (23.3)
1762 (37.1)
976 (20.6)
496 (10.5)
233 (4.9)

47 (3.3)
305 (22.0)
510 (36.7)
302 (21.8)
162 (11.7)
63 (4.5)

5.2 ± 3.0

5.7 ± 3.0

412 (8.7)
711 (15.1)
2167 (45.9)
1073 (22.8)
354 (7.5)

119 (8.6)
127 (9.1)
827 (59.5)
266 (19.2)
50 (3.6)

1183 (25.1)
3340 (70.8)
194 (4.1)

202 (14.5)
1148 (82.7)
39 (4.1)

3257 (69.1)
1362 (28.9)
98 (2.1)

1004 (72.3)
369 (26.6)
16 (1.2)

1192 (25.3)
1785 (37.8)
894 (19.0)
846 (17.9)

253 (18.2)
367 (26.4)
240 (17.3)
529 (38.1)

128 (2.7)
2256 (47.8)
892 (18.9)
1441 (30.6)

22 (1.6)
503 (36.2)
417 (30.0)
447 (32.2)

524 (11.1)
1056 (22.4)
3137 (66.5)

326 (23.5)
245 (17.6)
818 (58.9)

2791 (59.2)
1926 (40.8)

1389 (100.0)
0

0.295

P value

0.295

0.182

0.56

0.845

< 0.001

0.005

< 0.001

< 0.001

< 0.001

0.002

0.014

< 0.001

< 0.001

< 0.001

< 0.001

< 0.001

< 0.001

< 0.001

Q1-3: 5.7 ± 3.0 cm vs 5.2 ± 3.0 cm, p < 0.001),
a higher frequency was noted to be cT3/4 (Q4 vs
Q1-3: 78.7% vs 68.7%, p < 0.001) and clinical
node-positive tumors (Q4 vs Q1-3: 82.7% vs 70.8%,
p < 0.001). There was also a higher proportion of
patients in high-volume hospitals than in low-volume
hospitals who received surgical resections (Q4 vs
Q1-3: 41.1% vs 33.5%, p < 0.001).
Table 3 summarized the characteristics of patients
according to hospital volume. There was lower
frequency of clinical stage Ⅱ (10.2% vs 15.4%)
and higher frequency of stage Ⅲ (44.6% vs 39.2%)
patients in medical center compared to non-medical
center hospital. There was also more clinical stage Ⅱ
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Hospital volume

P value

< 0.001

(Q1-2 vs Q3-4: 14.1% vs 9.5%; Q1-3 vs Q4: 12.9%
vs 9.3%) and less stage Ⅲ (Q1-2 vs Q3-4: 40.5%
vs 45.0%; Q1-3 vs Q4: 42.4% vs 43.9%) patients
in low volume hospitals compared to high volume
hospitals. Besides, the percentage of radiotherapy
alone treatment was higher in non-medical center
(14.1% vs 9.8% in medical center) hospitals and
low volume (13.4% in Q-2 vs 8.7% in Q3-4; 12.5%
in Q1-3 vs 7.6% in Q4) hospitals.
In the survival analysis of 3955 patients with nonsurgical treatments, the significant prognostic factors
included cT stage, cN stage, cM stage, hospital type
and hospital volume (Q4 vs Q1-3) (Table 4). The
prognosis of patients without resection seemed to be
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Table 3 Patient characteristics according to hospital type and hospital volume in non-surgical treatment patients (n = 3955) n (%)
Variables

Medical center
Yes

Sex
Male
Female
Age (yr)
< 40
40-49
50-59
60-69
70-79
≥ 80
Tumor location
Upper third
Middle third
Lower third
Unknown
Tumor differentiation
Well
Moderate
Poorly
Unknown
Clinical stage
0/Ⅰ
Ⅱ
Ⅲ
Ⅳ

Unknown
Treatment modality
Chemotherapy
Radiotherapy
Chemoradiation
Unknown
Stage-specific 3-yr survival
Stage Ⅰ
Stage Ⅱ
Stage Ⅲ
Stage Ⅳ

No

Hospital volume

P value

Q1-2

NS
2523 (95.0)
133 (5.0)

1220 (94.0)
79 (6.0)

84 (3.2)
536 (20.2)
957 (36.0)
587 (22.1)
304 (11.4)
188 (7.1)

29 (2.2)
315 (24.2)
433 (33.3)
255 (19.6)
187 (14.4)
80 (6.2)

759 (28.6)
841 (31.7)
336 (12.7)
720 (27.1)

430 (33.1)
501 (38.6)
169 (13.0)
199 (15.3)

< 0.05a

Hospital volume

P value

Q3-4

Q1-3

Q4

2845 (94.8)
157 (5.2)

898 (94.2)
55 (5.8)

83 (2.8)
636 (21.2)
1052 (35.0)
645 (21.5)
371 (12.4)
215 (7.2)

30 (3.1)
215 (22.6)
338 (35.5)
197 (20.7)
120 (12.6)
53 (5.6)

642 (21.4)
1079 (35.9)
694 (23.1)
587 (19.6)

174 (18.3)
263 (27.6)
184 (19.3)
332 (34.8)

66 (2.2)
1176 (39.1)
534 (17.8)
1226 (40.8)

11 (1.1)
386 (40.5)
277 (29.1)
279 (29.3)

111 (3.9)
375 (12.9)
1233 (42.4)
1138 (39.1)
51 (1.8)

26 (2.5)
97 (9.3)
460 (43.9)
440 (42.0)
24 (2.3)

NS
1917 (94.2)
118 (5.8)

1826 (95.1)
94 (4.9)

50 (2.5)
425 (20.1)
723 (35.5)
417 (20.5)
270 (13.3)
150 (7.4)

63 (3.3)
426 (22.2)
667 (34.7)
425 (22.1)
221 (11.5)
118 (6.1)

680 (33.4)
773 (38.0)
222 (10.9)
360 (17.7)

509 (26.5)
569 (29.6)
283 (14.7)
559 (29.1)

43 (2.1)
910 (44.7)
428 (21.0)
654 (32.1)

34 (1.8)
652 (34.0)
383 (19.9)
851 (44.3)

77 (3.6)
298 (14.1)
865 (40.9)
841 (39.8)
32 (1.5)

60 (3.3)
174 (9.5)
828 (45.0)
737 (40.0)
43 (2.3)

NS

NS

< 0.01d

NS

< 0.05c

NS

NS

NS

50 (1.9)
985 (37.1)
547 (20.1)
1074 (40.4)

27 (2.1)
577 (44.4)
264 (20.3)
431 (33.2)

70 (2.7)
272 (10.2)
1184 (44.6)
1071 (40.3)
59 (2.2)

67 (5.2)
200 (15.4)
509 (39.2)
507 (39.0)
16 (1.2)

234 (8.8)
259 (9.8)
2040 (76.8)
123 (4.6)

99 (7.6)
183 (14.1)
980 (75.4)
37 (2.9)

175 (8.3)
282 (13.4)
1572 (74.4)
84 (4.0)

158 (8.6)
160 (8.7)
1448 (78.6)
76 (4.1)

228 (7.8)
362 (12.5)
2206 (75.9)
112 (3.9)

105 (10.0)
80 (7.6)
814 (77.8)
48 (4.6)

33.44%
21.1%
11.84%
6.6%

48.35%
21.12%
14.11%
5.05%

41.81%
22.53%
12.61%
6.2%

43.03%
18.74%
12.32%
6.03%

42.23%
22.60%
12.61%
6.04%

45.86%
15.76%
12.03%
6.36%

< 0.01b

< 0.05a

< 0.01d

< 0.01d

P value

< 0.01d

< 0.05c

< 0.01d

a

p < 0.05, patients in medical center vs non-medical center hospital; bp < 0.01, patients in medical center vs non-medical center hospital; cp < 0.05, patients in
low volume hospitals vs high volume hospitals; dp < 0.01, patients in low volume hospitals vs high volume hospitals. NS: Not significant.

better in the non-center hospitals (HR = 0.92, 95%
CI: 0.86-0.99; p = 0.028). The Kaplan-Meier plot
demonstrated that the 1- and 3-year overall survival
rates in the non-medical centers (36.2% and
13.2%, respectively) were significantly higher than
those in the medical centers (33.5% and 11.3%,
respectively; p = 0.027) (Figure 1A). However,
after adjustment for clinicopathological factors, the
hospital type was not a significant prognostic factor
of survival (p = 0.447) (Table 4, model 1). As for
the volume-outcome analysis, there was no survival
difference when comparing quartiles 3-4 to quartiles
1-2 (p = 0.315) (Table 4). The 1-/3-year overall
survival rates were 33.8%/11.3%, respectively,
in hospitals in quartiles 3-4 and 35.0%/12.6%,
respectively, in hospitals in quartiles 1-2 (p = 0.315)
(Figure 1B). However, when comparing hospitals
in quartile 4 to quartiles 1-3, a significant survival
benefit was noted in quartiles 1-3 (Table 4) (HR =
0.87; 95%CI: 0.80-0.94; p = 0.001). The Kaplan-
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Meier plot demonstrated that the 1- and 3-year
overall survival rates in quartiles 1-3 (35.3% and
12.6%, respectively) were significantly higher than
those in quartile 4 (31.1% and 9.4%, respectively;
p = 0.001) (Figure 1C). After adjustment for age,
sex and clinical tumor-node-metastasis (TNM) stage,
hospital volume (Q1-3 vs Q4) remained statistically
significant independent prognostic factors (HR =
0.91; 95%CI: 0.83-0.99; p = 0.028) (Table 3,
model 4).

DISCUSSION
[9]

Since Luft et al published the ﬁrst study on volumeoutcome relationship in surgery in 1987, subsequent
studies have investigated the volume-outcome
[10-13]
relationship in esophageal cancer surgery
. The
results of meta-analyses demonstrated an inverse
correlation between hospital volume and short-term
postoperative outcomes, including mortality and
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Table 4 Cox regression analysis of the relationship between prognostic factors and outcome in patients without esophagectomy
Variables

Univariate analysis

Multivariate analysis
Model 1

Age (yr)
< 55
≥ 55
Sex
Male
Female
cT stage
T1/2
T3/4
cN stage
N negative
N positive
cM stage
0
1
Hospital type
Medical center
Not center
Hospital volume
Q3-4
Q1-2
Hospital volume
Q4
Q1-3

Model 2

Model 3

HR

95%CI

P value

HR

95%CI

P value

HR

95%CI

P value

HR

95%CI

P value

1
0.94

0.88-1.01

0.091

1
0.96

0.90-1.03

0.288

0.96

0.90-1.03

0.297

0.96

0.90-1.04

0.322

1
0.86

0.73-1.00

0.053

1
0.9

0.76-1.06

0.19

0.9

0.76-1.05

0.185

0.89

0.76-1.05

0.176

1
1.77

1.61-1.96

< 0.001

1
1.55

1.40-1.73

< 0.001

1.56

1.40-1.73

< 0.001

1.55

1.39-1.73

< 0.001

1
1.64

1.48-1.81

< 0.001

1
1.22

1.09-1.37

0.001

1.22

1.09-1.37

0.001

1.21

1.08-1.36

0.001

1
1.67

1.56-1.80

< 0.001

1
1.52

1.41-1.64

< 0.001

1.52

1.41-1.64

< 0.001

1.52

1.41-1.64

< 0.001

1
0.92

0.86-0.99

0.028

1
0.97

0.90-1.05

0.447

1
0.97

0.90-1.03

1

-

0.315

0.99

0.92-1.06

0.694

1
0.87

0.80-0.94

0.001

0.91

0.83-0.99

0.028

Model 1: Impact of hospital type adjusted for age, sex and clinical tumor-node-metastasis (TNM) stages; Model 2: Impact of hospital volume (Q3-4 vs Q1-2)
adjusted for age, sex and clinical TNM stages; Model 3: Impact of hospital volume (Q4 vs Q1-3) adjusted for age, sex and clinical TNM stages.

[10-13]

complication rates in esophageal cancer surgery
.
Although the impact of hospital volume on long-term
survival after esophagectomy is controversial, the
[8]
recent meta-analysis by Brusselaer et al showed
that high-volume surgery results in better longterm survival than low-volume surgery. To promote
high-value health care, the Leapfrog Group has
advocated that esophagectomy be performed only
in institutions with an annual caseload of at least
[14]
13 . The research in the Netherlands also provided
evidence that the centralization of esophageal cancer
patients to specialized care would lead to better
outcome. In a retrospective study, van de Poll-Franse
[2]
et al showed that 63.2% of patients had surgery
in high-volume hospitals after the centralization of
esophageal cancer patients, whereas only 17.2%
of patients still underwent resections in low-volume
hospitals. The 3-year survival rates increased from
32.0% to 45.1% for patients who had surgery (p
= 0.004), and from 13.1% to 17.9% for all of the
patients included in the study (p = 0.026). They
concluded that the centralization of patients with
esophageal and gastric cardia cancer surgery was
associated with improvements in the overall survival
rate for surgically as well as non-surgically treated
patients. The majority of the volume-outcome
relationship studies supported the idea of “practice
makes perfect,” which means more experience
gained in hospitals that treat a greater number
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of patients could lead to improvements in the
management of patients as well as improvements
in the advantages in patient survival; moreover,
the volume-outcome relationship studies supported
the idea of “selective referral pattern,” which
means hospitals with better outcomes receive more
referrals, leading to higher volumes. These two
theories did not explain our results that patients
without resection had worse prognosis when treated
in very high-volume hospitals (> 75%, Q4). One
likely reason may be due to a higher percentage
of patients with advanced stage tumors in highvolume hospitals, which suggests that patients with
poor performance or higher-risk for treatments
were more likely to be referred to high-volume
hospitals. Furthermore, our observation that worse
prognosis in high-volume hospitals was compatible
with the findings in the report by Rouvelas et
[15]
al , which showed that patients operated by lowvolume surgeons had the highest 30-d mortality
risk compared with those operated by medium- and
high-volume surgeons; however, this risk did not
decrease with an additional increase in workload,
which indicates that the volume factor is not the
only determinant for patient outcome.
As for the hospital type-outcome relationship, the
results in the literature were conflicting. Theoretically,
the patients who are managed at a higher-level
hospital are more likely to receive a wider range
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A

1.0
0.8

Cumulative survival

[5]

quality of care. For example, Dikken et al and
[6]
Verhoef et al have demonstrated that patients
undergoing esophagectomy in university hospitals
exhibited better outcome in terms of 3-mo mortality
rates and 5-year survival rates. However, several
studies have reported opposing results. Viklund
[16]
et al
demonstrated no decreased risk of overall
complications at university hospitals compared with
[17]
nonuniversity hospitals. Similarly, Rodgers et al
showed that urban hospitals did not demonstrate
better inpatient mortality than did rural hospitals.
Although the teaching status appeared to confer
benefit in the univariate analysis, this significance
was lost once hospital volume was included. Con
[4]
sistent with Rodgers’ results, Bachmann et al found
that teaching hospital status was not independently
associated with postoperative mortality rate in the
case-mix adjusted survival analysis. Whereas the
hospital-type relationship remains uncertain in
patients undergoing surgical resection, our present
study demonstrated that the hospital type, medical
center vs non-medical center, did not influence
outcome in patients with non-surgical treatments.
Instead, the clinical TNM stages were significant
prognostic factors. Our findings suggested that
among those non-surgically treated patients, due to
either unresectable tumors or their unsuitable status
for surgery, the nature of the tumor apparently had
a greater influence on the likelihood of long-term
survival.
In our cohort, there was a higher proportion of
patients in medical centers or high-volume hospitals
who received surgical resections despite a higher
frequency of advanced stage tumors. The population[4]
based study by Bachmann et al showed that pa
tients treated in high-volume hospitals or by highvolume doctors were more likely to undergo surgical
resection. In Coupland’s report, increasing resection
rates were associated with lower mortality for all
of the patients, including with and without surgical
resection, with an HR of 0.86 (95%CI: 0.84-0.89)
in the highest resection quintile compared with the
[18]
lowest resection quintile . However, our study has
contradictory results: the higher resection rates in
medical centers and high-volume hospitals did not
translate into better outcomes in those patients
without resection in our study.
Our study has both strengths and weaknesses.
Its strengths include the population-based design
and the large number of patients. We focused
on cancers with squamous cell carcinoma histolo
gy, which is in contrast to the adenocarcinomapredominant databases from Western countries.
We emphasized the hospital type- and volumeoutcome relationships in patients with non-surgical
treatments, which has never been exclusively
discussed. However, the results of our study may be
limited by the nature of the population-based study.

Medical center
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P = 0.027
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Figure 1 Kaplan-Meier plot. A: showing that the overall survival was better
in the non-medical centers (blue line) compared with the medical centers (red
line) (p = 0.027, non-medical centers vs medical centers ); B: showing that no
overall survival difference was noted between the hospitals in Q3-4 (red line)
and Q1-2 (blue line) (p = 0.315, Q3-4 vs Q1-2); C: showing that the overall
survival was better in the low-volume hospitals (Q1-3, blue line) compared with
the very high-volume hospitals [Q4, red line (p = 0.001), low volume hospitals
vs high volume hospitals].

of diagnostic investigations, such as PET/CT scans
and endoscopic ultrasound scans, which would
result in accurate staging of a greater proportion
of tumors and the appropriate use of combined
oncological treatment modalities. Therefore,
the hospital type may be a likely surrogate for
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No detailed information was collected on the use of
diagnostic tools and the protocol of chemotherapy,
radiotherapy or any other non-surgical treatments
when surgery was not an option.
In conclusion, the present population-based study,
including 3955 non-surgically treated patients with
esophageal cancer, demonstrated that the hospital
type is not a significant prognostic factor. Moreover,
the high-volume hospitals are not associated with
better survival compared with the low-volume
hospitals. For patients with esophageal cancer who
receive non-surgical treatments, the nature of the
tumor, i.e., the clinical TNM stage, constitutes a
significant prognostic factor.

2

3

4
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Background

The prognosis of esophageal cancer is extremely poor. To improve outcome,
centralization of care for patients with esophageal cancer has been proposed.
Many reports have focused on the hospital type-outcome and volume-outcome
relationships in esophageal cancer after esophagectomy. Little is known about
the hospital type- and volume-outcome relationships in patients without surgical
resection. Therefore, the authors studied the differences in patient and tumor
characteristics according to the hospital type and the volume categories in this
population-based study. The authors aimed to investigate whether the hospital
type or volume would affect the prognosis in patients with esophageal cancer
who receive non-surgical treatments.
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Research frontiers

8

Hospital type-outcome analyses have shown better outcome in university
hospitals. Previous studies demonstrated a higher 5-year survival rate for
surgical patients in university hospitals compared with patients in teaching nonuniversity and non-teaching hospitals. The hospital volume-outcome analyses
also support the impact of volume on patient survival. The meta-analysis
results have demonstrated a long-term survival beneﬁt after esophageal cancer
resection for high-volume hospitals compared with the low-volume counterparts.
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Innovations and breakthroughs

Instead of investigating the outcome after esophagectomy, we focused on
patients with esophageal cancer who receive non-surgical treatments. The
data showed that hospital volume (annual volume, > 94 vs ≤ 94) remained
statistically significant (HR = 0.91, 95%CI: 0.83-0.99; p = 0.028) in the
multivariate analysis. The authors concluded that receiving non-surgical
treatments for esophageal cancer in medical centers or high-volume hospitals
is not associated with better survival. The nature of the tumor, i.e., the clinical
TNM stages, was a significant prognostic factor.
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Applications

For patients with non-surgically treated esophageal cancer, medical centers
or high-volume hospitals were not associated with better survival. The disease
aggressiveness, i.e., TNM stages, had a greater impact on patient survival.
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Terminology

Hospital types were defined as medical centers and non-medical centers
according to the Taiwan Joint Commission on Hospital Accreditation (http://
www.tjcha.org.tw) based on the quality of process and outcome in healthcare
performance. The threshold for high-volume hospitals was based on the median
(Q3-4, > 50%; annual volume, > 56 cases) or upper quartile (Q4, > 75%; annual
volume, > 94 cases).
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Peer review

The present article delivers an important cautionary recommendation that the
data regarding surgical patients with esophageal cancer should not be casually
extrapolated to non-surgical patients with esophageal cancer.
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AIM: To investigate the prognostic significance of
estrogen receptor 1 (ER1) and vascular endothelial
growth factor A (VEGF-A) expression in primary
gallbladder carcinoma (GBC) to identify new prognostic
markers for this malignancy.
METHODS: Using immunohistochemistry, we in
vestigated ER1 and VEGF-A expression in 78 GBC
and 78 cholelithiasis (CS) tissues. The results were
correlated with clinicopathological features. Univariate
and multivariate analyses were performed to evaluate
the relationship between ER1 and VEGF-A expression
and patients’ prognosis. Further Kaplan-Meier survival
analysis was also performed.
RESULTS: ER1 and VEGF-A expression was sig
nificantly higher in GBC compared with CS (47/78
vs 28/78, P < 0.05; 51/78 vs 33/78, P < 0.05). ER1
expression was correlated with gender (P < 0.05)
and VEGF-A expression was correlated with tumor
differentiation in GBC patients (P < 0.05). In univariate
analysis, age and tumor node metastasis (TNM)
stage were factors associated with GBC prognosis (P
< 0.05). Although there was no statistical difference
between the expression of ER1 or VEGF-A and overall
survival, the high expression of ER1 combined with
VEGF-A predicted a poor prognosis for GBC patients
(16.30 ± 1.87 vs 24.97 ± 2.09, log-rank P < 0.05). In
multivariate analysis, combined expression of ER1 and
VEGF-A and TNM stage were independent prognostic
factors for GBC patients (P < 0.05).
CONCLUSION: Combined expression of ER1 and
VEGF-A is a potential prognostic marker for GBC
patients. Clinical detection of ER1 and VEGF-A in
surgically resected GBC tissues would provide an
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important reference for decision-making of post
operative treatment programs.

As far as our knowledge, ER1 is able to promote
tumor development and indicates poor prognosis,
while ER2 usually suppresses tumor progression
[11-13]
and prefigures good survival
. Therefore, some
researchers assumed that ER1 possibly keep a
[14]
subtle balance with ER2 in normal conditions .
[13]
Sumi et al
have reported the relationship between
ER2 and GBC prognosis. However, although ER1
has been detected in GBC samples, its clinical
significance is still equivocal.
Angiogenesis is essential for cancer growth,
invasion and metastasis. It is well known that
vascular endothelial growth factor (VEGF) is a potent
vascular active molecule which directly stimulates
[15]
the proliferation of vascular endothelial cells .
Accumulating evidence suggested that VEGF plays
important roles in many kinds of tumors by inducing
neoangiogenesis. In human cholangiocarcinoma,
VEGF-A was positively expressed and was considered
[16]
to mediate the proliferative effects of estrogen .
Similar to other tumors, adequate blood supply and
sufficient angiogenesis are fundamental requirements
for the growth of GBC. In GBC, the VEGF-A single
nucleotide polymorphisms were implicated in GBC
[17]
risk . There was also investigations indicating
that VEGF-A was highly expressed in GBC and was
[18]
correlated with a poor prognosis . Nevertheless,
[19]
Giatromanolaki et al
reported that VEGF was not
associated with GBC patient survival, but combined
VEGF and thymidine phosphorylase expression
was considered an unfavorable prognostic factor.
Therefore, it is still controversial with regards to the
prognostic significance of VEGF in GBC.
ER1 and VEGF-A play important roles in GBC. Es
[20-23]
trogen can modulate VEGF expression
. However,
there have been no relevant reports about the
prognostic significance of ER1 and VEGF-A in GBC.
Hence, we investigated the expression status of ER1
and VEGF-A in resected human GBC tissues, and to
evaluate their prognostic value in GBC.

Key words: Gallbladder carcinoma; Estrogen receptor 1;
Vascular endothelial growth factor A
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Gallbladder carcinoma (GBC) is a serious
threat to public health for its poor prognosis. The
authors found that estrogen receptor 1 (ER1) and
vascular endothelial growth factor A (VEGF-A)
expression was significantly higher in GBC than in
cholelithiasis tissues, and high expression of ER1
combined with VEGF-A conferred a poor prognosis in
GBC patients after surgery. Combined expression of
ER1 and VEGF-A was an independent factor associated
with GBC prognosis. Clinical detection of ER1 and
VEGF-A may guide postoperative clinical treatment of
GBC patients.
Zhang LQ, Xu XS, Wan Y, Song SD, Wang RT, Chen W, Wang
ZX, Chang HL, Wei JC, Dong YF, Liu C. Prognostic implications
of estrogen receptor 1 and vascular endothelial growth factor
A expression in primary gallbladder carcinoma. World J
Gastroenterol 2015; 21(4): 1243-1250 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i4/1243.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i4.1243

INTRODUCTION
Primary gallbladder carcinoma (GBC), originating
from the bile duct epithelium, is characterized
[1,2]
by poor prognosis
. Most of GBC patients were
asymptomatic until the disease has progressed to
an advanced and non-curative stage. According to
epidemiological investigations, the 5-year survival
rate for GBC patients was less than 10%, with
the overall mean survival time of 6 mo. In clinical
practice, the tumor node metastasis (TNM) staging
system sometimes could not predict GBC patients’
prognosis accurately. In spite of this, except for the
TNM staging system, there were no other molecular
markers available to facilitate the evaluation of GBC
prognosis. Therefore, it is imperative to explore
new predictive factors to guide the postoperative
treatments for GBC patients.
Due to the female predominance in GBC incidence,
it is speculated that estrogen may play important
[3-5]
roles in the genesis and progression of GBC
.
Estrogen executes its biological functions by
binding to estrogen receptor (ER), and a number
of studies have reported that ER was associated
[6-10]
with carcinogenesis
. ER includes two subtypes,
ER1 (or ER-α) and ER2 (or ER-β). In spite of similar
molecular structure, ER1 and ER2 exhibited an
antagonistic effect in some biological processes.

WJG|www.wjgnet.com

MATERIALS AND METHODS
Tissue specimens

In the present study, tissue specimens were collected
from 156 patients who had undergone surgical
resection at the First Affiliated Hospital of Medical
College, Xi’an Jiaotong University (Xi’an, China)
between October 2009 and October 2010, including
78 patients with GBC confirmed by postoperative
pathological diagnosis, and 78 patients with cho
lelithiasis (CS) who underwent cholecystectomy. None
of them received any preoperative radiochemotherapy.
The two groups were matched in age and gender. The
clinicopathological information was obtained from
the hospital’s medical records. The following data of
each patient was included: age, gender, gallstone
status, tumor differentiation, and TNM stage. All
GBC patients were closely followed after surgery for
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4 to 53 mo, and we defined that GBC patient’s death
was the only positive outcome in our study.

determine statistical differences. Multivariate analysis
was performed using Cox proportional hazard model.
A P-value less than 0.05 was considered statistically
significant. All statistical analyses were performed
using SPSS 13.0 program.

Immunohistochemical staining

The streptavidin-peroxidase (SP) method was
performed using rabbit polyclonal antibody to ER1
and VEGF-A obtained from Santa Cruz Biotechnology
to detect the expression of ER1 and VEGF-A in
GBC and CS tissues. Formalin-fixed and paraffinembedded specimens were cut into 4-μm sections,
mounted onto slides treated with poly-L-lysine,
deparaffinized, and rehydrated. The slides were
heated at 96-98  ℃ in a microwave for 15 min in
a citrate buffer solution at pH 6.0 and cooled for
30 min at room temperature to retrieve antigen.
To quench the endogenous peroxidase activity,
sections were treated with 0.3% H2O2 for 30 min.
Subsequently, the sections were treated with 5%
normal goat serum in phosphate-buffered saline
for 1 h to block nonspecific sites. All sections in a
humidified box were incubated overnight at 4  ℃
with specific antibodies detecting ER1 and VEGF-A,
and then incubated with biotinylated anti-rabbit IgG
and avidin-biotin-peroxidase complex, respectively.
Antibody binding was visualized by exposure to
diaminobenzidine. Hematoxylin was used to weakly
counterstain sections. The sections were dehydrated
in graded alcohol and cleared in xylene. Finally, all
sections were mounted with neutral gum.

RESULTS
ER1 and VEGF-A expression is significantly higher in
GBC tissues compared with CS tissues

The expression status of ER1 and VEGF-A is shown in
Figure 2. VEGF-A was expressed in the cytoplasmic
compartment, and ER1 was expressed in the nucleus.
The expression of both ER1 and VEGF-A was sig
nificantly higher in GBC compared with CS (Table
1). Higher ER1 expression was observed in more
GBC (47/78, 60.3%) than in CS tissues (28/78,
35.9%) (P = 0.002). Similarly, higher expression of
VEGF-A was observed in more GBC (51/78, 65.4%)
than in CS tissues (33/78, 42.3%) (P = 0.004). In
GBC patients, there was no statistical significance
between the histological scores of ER1 and VEGF-A (r
= 0.176, P = 0.124).

Relationship between the expression of ER1 and
VEGF-A and clinicopathological features of GBC

ER1 expression was associated with gender. ER1
expression was more frequent in females than
males (P = 0.022). In addition, VEGF-A expression
was correlated with tumor differentiation (P =
0.01). No significant difference was found between
the expression of ER1 and VEGF-A and other
clinicopathological factors (Table 2).

Immunohistochemical assessment of ER1 and VEGF-A
[18,24,25]

According to the previous literature
, a semi
quantitative manner was used to evaluate the
staining of ER1 and VEGF-A. All of the sections were
assessed independently by two investigators in a
blind manner under a transmission light microscope.
The intensity of staining (IS) and the percentage
of positively stained (PS) cells were evaluated.
The IS was scored as 0 (absent), l (weak), 2
(moderate), and 3 (strong). The percentage of
PS cells was scored as 0 (none), 1 (1%-25%), 2
(26%-50%), 3 (51%-75%), and 4 (76%-100%).
Five fields per case and 100 tumor cells per × 40
field were examined. The mean value obtained was
the final score for each case. A final score (FS) was
calculated using the formula: FS = IS + PS. Finally,
all the sections were defined as “low” expression if
FS was 0-4 or “high” expression if FS was 5-7 for
assessment of ER1 and VFGF-A staining. The typical
histology corresponding to each histological score
used in this study is shown in Figure 1.

Statistical analysis

Expression of ER1 and VEGF-A and GBC prognosis

Univariate analysis (Table 3) revealed that age
and TNM stage were significantly associated with
GBC prognosis (P < 0.05). Patients with stage 2
GBC had a better survival than those with stages
3 and 4 disease (Figure 3A). Although there was
no statistical difference between ER1 or VEGF-A
expression status and GBC prognosis (Figure 3B
and 3C, P > 0.05), combined expression of ER1 and
VEGF-A was correlated with postoperative survival
of GBC patients (Figures 3D and 4, P < 0.05). GBC
patients with simultaneous high expression of ER1
and VEGF-A had a poorer prognosis. By multivariate
analysis, TNM stage and combined ER1 and VEGF-A
expression were identified as independent prognostic
factors (P < 0.05) (Table 4). There was no statistical
significance between ER1 and VEGF-A expression
and GBC recurrence (P > 0.05).

2

Fisher’s exact test or χ test as appropriate was
performed to assess the associations between the
ER1 and VEGF-A expression and clinicopathological
variables. Kaplan-Meier method was used to plot
survival curves, and the log-rank test was used to
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DISCUSSION
The present study examined the expression of
ER1 and VEGF-A in resected human GBC and CS
tissues. The main findings are: (1) ER1 and VEGF-A
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A

B

C

D

E

F

G

Figure 1 Typical histology corresponding to each histological score. A, B, C, D, E, F, and G were scored as 0, 2, 3, 4, 5, 6, and 7, respectively.

A

B

C

D

Figure 2 Immunohistochemical staining of estrogen receptor 1 and vascular endothelial growth factor A in gallbladder carcinoma and cholelithiasis
specimens. A: low vascular endothelial growth factor A (VEGF-A) expression in cholelithiasis (CS) tissue; B: high VEGF-A expression in gallbladder carcinoma (GBC)
tissue; C: low estrogen receptor 1 (ER1) expression in CS tissue; D: high ER1 expression in GBC tissue.
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Table 1 Comparison of expression of estrogen receptor 1
and vascular endothelial growth factor A between gallbladder
carcinoma and cholelithiasis

Table 3 Univariate analysis of prognostic factors associated
with overall survival in patients with gallbladder carcinoma
Risk factor

Group

ER1 expression
High

Low

47
28

31
50

GBC
CS

P -value

VEGF-A expression
High

Low

51
33

27
45

0.002

Gender
Male
Female
Age (yr)
≤ 55
> 55
Gallstones
Present
Absent
TNM stage

0.004

GBC: Gallbladder carcinoma; CS: Cholelithiasis; ER1: Estrogen receptor 1;
VEGF-A: Vascular endothelial growth factor A.

Table 2 Association between estrogen receptor 1 and
vascular endothelial growth factor A expression and clini
copathological characteristics of gallbladder carcinoma
Characteristic

Gender
Male
Female
Age (yr)
≤ 55
> 55
Gallstones
Present
Absent
TNM stage

ER1 expression P -value
High

Low

15
32

18
13

18
29

17
14

32
15

24
7

VEGF-A
expression
High

Low

25
26

8
19

23
28

12
15

33
18

23
4

0.022

0.056

0.177

Ⅱ
Ⅲ/Ⅳ

Differentiation
Well
Moderate/poor

17
30

16
15

16
31

15
16

12
15

15
36

16
11

0.205

0.010

0.007
27.16 ± 2.77
18.59 ± 1.74
0.685
23.19 ± 2.94
21.65 ± 1.86
0.053
19.81 ± 1.79
25.85 ± 2.86
0.155
20.35 ± 1.87
25.65 ± 2.86
0.007
16.30 ± 1.87
24.97 ± 2.09

molecular mechanisms of GBC, there have been no
effective prognostic biomarkers for GBC to guide
postoperative treatment. The present study exhibited
that combined ER1 VEGF-A expression was associated
with GBC prognosis, which would favor postoperative
treatment.
ER1 as a promising prognostic factor has been
investigated in several tumors. In ER-negative breast
cancer, ER1 expression was necessary and sufficient
in the bone marrow-derived cells themselves to
[12]
promote tumor formation in response to estrogen .
In biliary tract cancers (including tumors of the
gallbladder, bile duct and ampulla of Vater), the
single nucleotide polymorphisms of the gene coding
[26]
ER1 were correlated with risks of these tumors . In
our study, the results showed that ER1 expression
was significantly higher in GBC compared with CS.
This indicated that ER1 probably plays an important
role in GBC, despite that the exact mechanisms
are unclear at present. In addition, ER1 expression
in GBC tissue exhibited a female predominance. It
is well known that the overall level of estrogen in
females is obviously higher than in males. It is likely
that estrogen induces ER overexpression in females.
Thus, our findings may partially explain why GBC is
more frequent in females. Nevertheless, there was
no significant correlation between ER1 expression

ER1: Estrogen receptor 1; VEGF-A: Vascular endothelial growth factor A;
TNM: Tumor node metastasis.

expression were significantly higher in GBC than in CS
tissues, ER1 expression was significantly associated
with gender, and VEGF-A expression was associated
with tumor differentiation; and (2) high expression of
ER1 combined with VEGF-A in GBC predicted a poor
prognosis. This is the first study to report prognostic
significance of expression of ER1 combined with
VEGF-A in GBC.
The poor prognosis of GBC has caused wide public
attentions. Despite rapid improvement in medical
technology over past decades, the survival time of
GBC patients are far from satisfactory. Based on
many clinical and molecular investigations about
GBC, we speculated that the dismal prognosis of GBC
patients may be attributed to the following aspects:
(1) early diagnosis is difficult and most GBC cases are
diagnosed at an advanced stage and have lost the
best surgical chance; (2) GBC is relatively resistant
to chemotherapy and radiation; apart from surgical
resection, other effective measures are lacking; and
(3) postoperative therapy for GBC patients should be
selected according to patients’ prognosis. Despite a
number of studies have been conducted about the
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Figure 3 Kaplan-Meier survival curves. A: Stratified for tumor node metastasis stage. Patients with stage 2 disease had a better prognosis than patients with stages
3 and 4 disease (P = 0.07); B: Stratified for estrogen receptor 1 expression status. Low estrogen receptor 1 (ER1) expression was associated with a better survival
time than high ER1 expression, but there was no statistical significance between the two groups (P = 0.053); C: Stratified for vascular endothelial growth factor A
expression status. Low vascular endothelial growth factor A (VEGF-A) expression was associated with a better survival time than high VEGF-A expression, but there
was no statistical significance between two groups (P = 0.155); D: Stratified for estrogen receptor and vascular endothelial growth factor A expression. All patients
were clarified into two groups: high expression of estrogen receptor1 (ER1) and vascular endothelial growth factor A (VEGF-A) group (+/+), and low expression of
ER1 and VEGF-A group (+/-, -/+, -/-). Patients in high expression of ER1 and VEGF-A group had a worse prognosis than low expression of ER1 and VEGF-A group (P
= 0.009). +/+: high ER1 expression and high VEGF-A expression; +/-: high ER1 expression and low VEGF-A expression; -/+: low ER1 expression and high VEGF-A
expression; -/-: low ER1 expression and low VEGF-A expression.
+/+
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1.0

Overall survival
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Table 4 Multivariate analysis of factors associated with
survival in patients with gallbladder carcinoma
Item
Age, yr
≤ 55 vs > 55
TNM stage
Ⅲ/Ⅳ vs Ⅱ
ER1 combined with VEGF-A
+/+ vs +/-, -/+, -/-
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Figure 4 Kaplan-Meier survival curves stratified for estrogen receptor 1
and vascular endothelial growth factor A expression. Patients with high
expression of estrogen receptor1 (ER1) combined with vascular endothelial
growth factor A (VEGF-A) (+/+) had worst prognosis than other groups (+/-,-/+,-/-)
(P = 0.007). +/+: high ER1 expression and high VEGF-A expression; +/-: high
ER1 expression and low VEGF-A expression; -/+: low ER1 expression and high
VEGF-A expression; -/-: low ER1 expression and low VEGF-A expression.
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95% CI

0.615
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0.031
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ER1: Estrogen receptor 1; VEGF-A: Vascular endothelial growth
factor; TNM: Tumor node metastasis; +/+: High ER1 expression and
high VEGF-A expression; +/-: High ER1 expression and low VEGF-A
expression; -/+: Low ER1 expression and high VEGF-A expression; -/-:
Low ER1 expression and low VEGF-A expression.

0.0
0

Hazard ratio

and postoperative survival.
VEGF-A, a classic biological molecule in angio
genesis, has been investigated in various kinds of
cancer. In human intra-hepatic cholangiocarcinoma,
VEGF-A mediated the proliferative effect of estrogen to
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[16]

prognostic markers to guide postoperative treatment for GBC patients so as to
improve survival after surgery.

promote cholangiocarcinoma growth . As to VEGF-A
[17,18,24,25]
and GBC, there have been many reports
.
Recently, a study revealed that VEGF-A was hi
ghly expressed in GBC and correlated with poor
[18]
prognosis . Additionally, another study showed
that VEGF-A expression in GBC tissues is correlated
with histologic differentiation and is an independent
[24]
prognostic factor . Our results were inconsistent
with these previous investigations. Nevertheless,
of note in our results, the high expression of ER1
combined with VEGF-A in GBC tissues predicted a
poor prognosis. Based on this finding, we speculate
that there were potentially synergistic effects between
VEGF-A and ER1 in GBC progression. From the
perspective of biological significance, this assumption
is possible. Estrogen binding to ER can promote
production of VEGF as mentioned before. Increasing
VEGF can induce angiogenesis to provide plenty of
oxygen and nutrients, and thus promote GBC growth,
invasion and metastasis, finally leading to a poor
survival. Of course, this assumption needs to be
confirmed by further investigations.
Some limitations of this study should be taken into
account. The sample size of this study was small. In
addition, our study was not mechanistic, and there was
very little information about molecular mechanisms.
In conclusion, our study suggested that expression
of ER1 combined with VEGF-A confers a particularly
poor postoperative survival outcome, and represents
a potential prognostic biomarker for GBC. Clinical
detection of ER1 and VEGF-A in surgically resected
GBC tissues may provide a reference for decisionmaking of postoperative treatment programs. GBC
patients having high expression of ER1 and VEGF-A
deserve a close surveillance to reduce postoperative
mortality.

Applications

Clinical detection of ER1 and VEGF-A expression can predict prognosis of
GBC patients, and provides a reference for making-decision of postoperative
treatment programs. In addition, the identification of ER1 and VEGF-A
expression in human GBC tissues would help to investigate the molecular
mechanisms of GBC.

Terminology

ER1 also named estrogen receptor alpha, is a ligand-regulated transcription
factor and mediates biological actions of estrogen. ER1 is implicated in several
kinds of tumors. VEGF-A (vascular endothelial growth factor A) can promote
physiological and pathological angiogenesis, and is believed to play an
important role in various tumors.

Peer review

The authors reported that expression of ER1 combined with VEGF-A assessed
by immunohistochemistry was a potential prognostic marker for GBC patients
after surgery. Their findings were useful for the postoperative clinical treatment
of GBC patients.
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Abstract
AIM: To compare venous thromboembolism (VTE) in
hospitalized ulcerative colitis (UC) patients who respond
to medical management to patients requiring colectomy.
METHODS: Population-based surveillance from 1997
to 2009 was used to identify all adults admitted to
hospital for a flare of UC and those patients who
underwent colectomy. All medical charts were reviewed
to confirm the diagnosis and extract clinically relevant
information. UC patients were stratified by: (1) re
sponsive to inpatient medical therapy (n = 382); (2)
medically refractory requiring emergent colectomy (n
= 309); and (3) elective colectomy (n = 329). The
primary outcome was the development of VTE during
hospitalization or within 6 mo of discharge. Heparin
prophylaxis to prevent VTE was assessed. Logistic
regression analysis determined the effect of disease
course (i.e. , responsive to medical therapy, medically
refractory, and elective colectomy) on VTE after
adjusting for confounders including age, sex, smoking,
disease activity, comorbidities, extent of disease, and
IBD medications (i.e. , corticosteroids, mesalamine,
azathioprine, and infliximab). Point estimates were
presented as odds ratios (OR) with 95%CI.
RESULTS: The prevalence of VTE among patients
with UC who responded to medical therapy was
1.3% and only 16% of these patients received heparin
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years of diagnosis; though, colectomy rates have
[2,3]
been decreasing overtime
. Colectomy for UC
has been associated with postoperative morbidity
[4-6]
and mortality . An important contributor to post
operative complications is the occurrence of venous
[7,8]
thromboembolism (VTE)
, VTE carries risk of
significant morbidity and mortality, particularly due to
[9-11]
pulmonary embolism
.
The inflammatory bowel diseases (IBD) have
been established as an independent risk factor
[12,13]
for developing VTE as well as recurrent VTE
.
In recent years, several population-based studies
showed that IBD patients are at increased risk of
[7,14]
[7]
developing VTE
. Bernstein et al demonstrated
that IBD patients have a 3-4 fold increased risk of
developing a VTE requiring hospitalization. Similar
rates have been described in both ambulatory and
[12,15]
hospitalized IBD patients
, while specific studies
focusing on hospitalized IBD patients showed an
increased risk of 1.5-2 fold compared to hospitalized
[16]
non-IBD patients . In a meta-analysis the risk of
VTE among IBD patients was 2-fold higher than
[17]
individuals without IBD .
Studies have also highlighted some of the po
tential risk factors behind the development of VTE
in IBD. One study demonstrated that IBD patients
experiencing an acute flare that required steroid use
were associated with an over 8-fold increased risk of
[15]
VTE when compared to non-IBD patients . The risk
of VTE in IBD was driven by disease severity with
the risk steadily increasing across IBD patients in
remission, in a flare managed as an outpatient, and
[18]
a flare managed in-hospital . Among hospitalized
IBD patients risk factors for VTE included UC,
advanced age, IBD-related surgery, malnutrition,
[16,19]
and medical co-morbidities
. Further, the
prevalence of VTE among asymptomatic flaring IBD
patients was low, which suggests that in-hospital
[20]
factors drive the development of VTE . Surgery
has been recognized as an important risk factor for
[21,22]
VTE among IBD patients
. However, studies are
needed to explore the impact of VTE in UC patients
who respond to in-hospital medical management
as compared to those who are refractory to medical
management and require colectomy.
Guidelines recommend prophylaxis for VTE using
anti-coagulants (e.g., subcutaneous heparin) in
IBD patients who have been hospitalized for a flare
[23,24]
of disease and following surgery
. While the
use of VTE prophylactic doses of heparin in UC is
[25,26]
recognized as safe
, utilization of VTE prophylaxis
for hospitalized UC patients in clinical practice may
[27,28]
be suboptimal
. In a tertiary care referral center,
nearly half of UC patients admitted to medical service
were not provided VTE prophylaxis as compared
to over 90% who were prescribed in a surgical
[27]
service . However, population-based studies that
include VTE prescribing practices in community and

prophylaxis. In contrast, VTE was higher among pati
ents who underwent an emergent (8.7%) and elec
tive (4.9%) colectomy, despite greater than 90% of
patients receiving postoperative heparin prophylaxis.
The most common site of VTE was intra-abdominal
(45.8%) followed by lower extremity (19.6%). VTE
was diagnosed after discharge from hospital in 16.7%
of cases. Elective (adjusted OR = 3.69; 95%CI:
1.30-10.44) and emergent colectomy (adjusted OR =
5.28; 95%CI: 1.93-14.45) were significant risk factors
for VTE as compared to medically responsive UC
patients. Furthermore, the odds of a VTE significantly
increased across time (adjusted OR = 1.10; 95%CI:
1.01-1.20). Age, sex, comorbidities, disease extent,
disease activity, smoking, corticosteroids, mesalamine,
azathioprine, and infliximab were not independently
associated with the development of VTE.
CONCLUSION: VTE was associated with colectomy,
particularly, among UC patients who failed medical
management. VTE prophylaxis may not be sufficient to
prevent VTE in patients undergoing colectomy.
Key words: Inflammatory bowel diseases; Ulcerative
colitis; Deep vein thrombosis; Pulmonary embolism;
Surgery
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The occurrence of venous thromboembolism
(VTE) in our population-based cohort was about 5%,
which highlights the importance of this complication
among hospitalized ulcerative colitis (UC) patients.
However, the risk of VTE was low (about 1%) among
flaring ulcerative colitis patients who responded to
medical management. In contrast, UC patients who
underwent an elective (5%) or emergent colectomy
(8.7%) had higher occurrence of VTE. After adjusting
for covariates the leading risk factor for VTE was the
need for colectomy. VTE occurred in colectomy patients
despite > 90% postoperative VTE prophylaxis. Thus,
heparin prophylaxis may not be sufficient to prevent
VTE in patients undergoing colectomy.
Kaplan GG, Lim A, Seow CH, Moran GW, Ghosh S, Leung Y,
Debruyn J, Nguyen GC, Hubbard J, Panaccione R. Colectomy is
a risk factor for venous thromboembolism in ulcerative colitis.
World J Gastroenterol 2015; 21(4): 1251-1260 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v21/i4/1251.htm
DOI: http://dx.doi.org/10.3748/wjg.v21.i4.1251

INTRODUCTION
In the western countries the prevalence of ulcerative
colitis (UC) has been reported as high as 500 cases
[1]
per 100000 persons . Approximately, 16% of UC
patients will require colectomy within the first 10
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Outcomes

academic hospitals have not been explored.
We designed a large population-based study to
determine the rate of VTE among UC patients who
underwent an emergent or elective colectomy as
compared to those who responded to in-hospital
medical management. Furthermore, we explored
heparin utilization in clinical practice and the efficacy
of VTE prophylaxis in this population.

The primary outcome was the development of VTE.
Occurrence of VTE was defined according to anatomic
location: (1) deep vein thrombosis in a limb; (2)
deep vein thrombosis outside a limb including splenic,
hepatic, mesenteric, renal, cephalic, subclavian, or
portal vein thrombosis; and (3) pulmonary embolism,
diagnosed in isolation or with a co-existing site. The
diagnosis of VTE was evaluated in two settings:
(1) diagnosis occurring during hospitalization; and
(2) readmission to hospital for VTE within 6 mo
of discharge. Readmission to hospital for VTE was
included in the study population to capture VTE that
developed early after admission or during in-hospital
admission, but only recognized after discharge.
Among UC patients who underwent an emergent
colectomy, VTE were classified as preoperative or
postoperative.

MATERIALS AND METHODS
Data source

The Data Integration, Measurement and Reporting
(DIMR) hospital discharge abstract administrative
database captures all hospitalizations in the Calgary
Health Zone of Alberta Health Services, Canada. The
Calgary Health Zone is a population-based health
authority under a public, single payer system and
provides all levels of medical and surgical care to the
residents of the city of Calgary and over 20 nearby
smaller cities, towns, villages, and hamlets. The
estimated population of the Calgary Health Zone in
2009 was 1326115. The DIMR database contains
42 diagnostic and 25 procedural coding fields. The
International Classification of Disease, Ninth Revision,
Clinical Modification (ICD-9-CM) was used up to 2001,
while ICD-10-CA and the Canadian Classification of
Health Intervention (CCI) coding have been used
[29]
after 2001 .

Variables

The primary variable of interest was the disease
course, which was evaluated in 3 settings: (1) UC
patients admitted to hospital for a flare of disease
and discharged from hospital without colectomy after
responding to medical mangement; (2) UC patients
admitted to hospital for flare of UC requiring emergent
colectomy; and (3) UC patients admitted to hospital
for elective colectomy. The primary colectomy was
recorded as the index date and no other UC-related
bowel surgery was performed prior to the index date.
In addition, data extracted from hospital records
included: age at admission to hospital, stratified by
the tercile of the entire cohort; sex; smoking status
at hosptial admission (current, ex-smoker, or never
smoker); disease duration (time from diagnosis of
UC to admission to hospital); disease activity (> 5
stool/d and the presence of blood in stool versus ≤ 5
stool/d or absence of blood); extent of disease (leftsided colitis, pancolitis, or unknown); and a non-VTE
in-hospital complication.
All comorbidities observed in our patients were
recorded in the following groups as previously de
[29]
scribed : coronary artery disease; congestive
heart failure; other cardiovascular conditions (e.g.,
arrhythmia); cancer; diabetes; gastrointestinal
(e.g., pancreatitis); haematological (e.g., anemia);
hypertension; liver disease (e.g., primary sclerosing
cholangitis); neurological conditions (e.g., stroke);
pulmonary disease (e.g., asthma); renal disease (e.g.,
dialysis); rheumatological (e.g., rheumatoid arthritis);
and thyroid or adrenal disease (e.g., hypothyroidism).
Comorbidities were classified as having 0 or ≥ 1 and
[29]
have been validated in this population .
The chart reviewer determined the use (at time
of admission or past history) of the following me
dications: mesalamine or sulfasalazine; azathioprine
or 6-mercaptopurine; prednisone; and infliximab.
VTE prophylaxis was evaluated for each UC patient in

Study population

The DIMR administrative discharge database was
used to identify all adults ( ≥ 18 years of age)
who were admitted to hospital with a diagnosis of
UC (ICD-9-CM 556.X or ICD-10-CA K51.X) and
underwent colectomy (ICD-9-CM: 45.7 and 45.8 or
CCI: 1.NM.87, 1.NM.89, 1.NM.91, 1.NQ.89, 1. NQ.
st
90) between January 1 , 1997 and December 31,
[4]
2009 . Medical chart review confirmed all cases of
[29]
UC and colectomy . UC patients who underwent
a colectomy were further stratified by emergent
versus elective operation. An operation was defined
as “elective” if the decision to operate on the UC
patient was made prior to admission to hospital. In
contrast, the decision for an “emergent” colectomy
was determined during the hospital admission (e.g.,
acute complication or refractory to in-hospital medical
[4]
management) . For a control group, we searched
the administrative databases for all patients admitted
to hospital from 1997 to 2009 with UC (ICD-9-CM
556.X or ICD-10-CA K51.X) coded in the primary
diagnostic position and a random subset with UC
coded in the second or third diagnostic position.
Chart review confirmed that these patients were
admitted for a flare of UC, but were discharged after
responding to medical management. These patients
never underwent colectomy during the course of the
[29]
study period (1997 to 2009) .
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Ethical considerations

the following settings: (1) in-hospital VTE prophylaxis
among medically responsive UC flare patients; (2)
pre- and postoperative VTE prophylaxis among UC
patients who underwent emergent colectomy; and (3)
postoperative VTE prophylaxis among UC patients
who underwent elective colectomy. The primary
medical VTE prophylaxis used was subcutaneous
heparin; however, those using low molecular
weight heparin were included and classified as VTE
prophylaxis.

The study was approved by the Conjoint Health
Research Ethics Board of the University of Calgary.

RESULTS
st

Statistical analysis

We described the occurrence of VTE stratified by
disease course (i.e., medically responsive to inhospital management, emergent colectomy, and
elective colectomy). For each outcome and study
variable, descriptive statistics were performed using
the Fisher Exact test for proportions; continuous
variables were expressed as medians with in
terquartile ranges and compared using the KruskalWallis test. Multivariate logistic regression analysis
was performed to examine the association between
disease course (i.e., medically responsive, emergent
colectomy, and elective colectomy) and VTE after
adjusting for other clinical variables. Disease course
and age were a priori forced into the regression
model. The following variables were subsequently
evaluated for independent effects on VTE deve
lopment using the stepwise selection approach
with 0.1 as the entry and exit P value: sex; year of
admission; smoking status; comorbidities; disease
duration; extent of disease; disease activity; inhospital complication at anytime during admission
(i.e., pre- or postoperatively for surgical groups), but
excluding VTE; and IBD-related medications (i.e.,
mesalamine/sulfasalazine, prednisone, azathioprine/
6-mercaptopurine, and infliximab) prescribed prior
to admission. These variables were considered
significant if the two-sided P value was < 0.05. We
used a stepwise selection approach to adjust our
model for significant variables, while optimizing the
efficiency of the model by avoiding overfitting of
covariates.
In a subanalysis, we compared medically res
ponsive UC patients to UC patients who underwent an
emergent colectomy (i.e., elective colectomy patients
were excluded). We repeated the multivariate logistic
regression analysis described above, but included a
variable in the model for the use of VTE prophylaxis
prior to discharge (i.e.,medically responsive) and
prior to colectomy. Second, we compared UC patients
undergoing an elective colectomy to UC patients who
underwent an emergent colectomy. Similarly, we
included a variable in the logistic regression model
that represented VTE prophylaxis for UC patients
undergoing colectomy.
All statistical analyses were conducted using SAS
version 9.3 (SAS Institute Inc., Cary, United States).
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Between January 1 1997 and December 31 2009,
638 individuals with UC who underwent a colectomy
(309 emergent and 329 elective) were identified. A
further 382 UC patients were admitted emergently
with a flare, but were discharged after responding to
in-hospital medical management. The characteristics
of patients with UC are presented in Table 1. The
overall VTE rate was 4.7%, and 18.8% of these
individuals experienced a pulmonary embolism.
The most common site of VTE was intra-abdominal
(45.8%) followed by lower extremity (19.6%). Table
2 describes the location of VTE.
VTE occurred in 1.3% of medically responsive,
8.7% of emergent colectomy, and 4.9% of elective
colectomy UC patients (Table 1). Among the em
ergent colectomy group 88.9% were diagnosed
with a VTE postoperatively. Among the 48 UC pa
tients who were diagnosed with VTE, 16.7% were
diagnosed after discharge from hospital. No patients
died as a complication of the VTE. Postoperative
VTE prophylaxis with anticoagulants was prescribed
in over 90% of patients. However, VTE prophylaxis
was prescribed preoperatively or prior to discharge
in less than 20% of patients with UC who underwent
emergent colectomy or were emergently admitted
to hospital (i.e., medically responsive), respectively
(Table 1).
Among all UC patients (n = 1020), UC patients
requiring elective colectomy (adjusted OR = 3.69;
95%CI: 1.30-10.44) and emergent colectomy
(adjusted OR = 5.28; 95%CI: 1.93-14.45) were
significantly more likely to be diagnosed with a VTE
as compared to medically responsive UC patients
(Table 3). Furthermore, the odds of a VTE significantly
increased across time (adjusted OR = 1.10; 95%CI:
1.01-1.20). Patients who underwent emergent
colectomy (i.e., elective colectomy excluded) were
significantly more likely to develop a VTE (adjusted
OR = 4.62; 95%CI: 1.66-12.88) as compared to UC
patients who were medically responsive. Furthermore,
an in-hospital complication was associated with an
increased odds of VTE (adjusted OR = 2.68; 95%CI:
1.42-5.05) (Table 3).

DISCUSSION
This study identified a population-based cohort
of over 1000 hospitalised UC patients. All charts
were identified to confirm the diagnosis of VTE
both in-hospital and following discharge. The study
population was stratified according to the indication
for admission (i.e., medically responsive UC flare,
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Table 1 Characteristics of patients hospitalized for a ulcerative colitis flare, or undergoing a colectomy n (%)
Characteristics
Thrombosis
No
Yes
Age at Admission (tercile)
18-32
33-47
48+
Gender
Male
Female
Smoking
Current
Ex-smokers
Never
Missing (n)
Comorbidity
0 comorbidities
≥ 1 comorbidities
Primary sclerosing cholangitis
No
Yes
Ankylosing spondylitis or
sacroiliitis
No
Yes
Episcleritis, uveitis and iritis
No
Yes
Disease duration, years
Median (IQR)
Missing (n)
Cancer/dysplasia
No
Yes
Extent of disease
Left-sided
Pancolitis
Missing (n)
Blood in Stool and Stool
Frequency > 5/d1
No
Yes
Missing (n)
5-ASA2
No
Yes
Missing (n)
Prednisone2
No
Yes
Missing (n)
Azathioprine/6mercaptopurine2
No
Yes
Missing (n)
Infliximab2
No
Yes
Missing (n)
Complication in hospital3
0 or Clavien Ⅰ
Clavien Ⅱ/Ⅲ/Ⅳ
Postoperative heparin
No
Yes
Missing (n)

Total cohort
(n = 1020)

Elective colectomy
(n = 329)

Emergency colectomy
(n = 309)

Medically responsive
(n = 382)

P value
< 0.001

95.3 (972)
4.7 (48)

95.1 (313)
4.9 (16)

91.3 (282)
8.7 (27)

98.7 (377)
1.3 (5)

33.8 (345)
32.6 (333)
33.5 (342)

28.6 (94)
33.1 (109)
38.3 (126)

31.7 (98)
31.1 (96)
37.2 (115)

40.1 (153)
33.5 (128)
26.4 (101)

57.0 (581)
43.0 (439)

61.4 (202)
38.6 (127)

58.9 (182)
41.1 (127)

51.6 (197)
48.4 (185)

9.8 (94)
33.0 (317)
57.2 (549)
n = 60

7.9 (25)
30.5 (96)
61.6 (194)
n = 14

7.7 (23)
39.0 (117)
53.3 (160)
n=9

13.3 (46)
30.1 (104)
56.5 (195)
n = 37

46.3 (472)
53.7 (548)

48.3 (159)
51.7 (170)

40.5 (125)
59.6 (184)

49.2 (188)
50.8 (194)

97.6 (996)
2.4 (24)

97.0 (319)
3.0 (10)

97.7 (302)
2.3 (7)

98.2 (375)
1.8 (7)

0.002

0.022

0.011

0.047
0.572

0.222
99.0 (1010)
1.0 (10)

99.7 (328)
0.3 (1)

98.4 (304)
1.6 (5)

99.0 (378)
1.0 (4)

98.9 (1009)
1.1 (11)

98.5 (324)
1.5 (5)

99.4 (307)
0.6 (2)

99.0 (378)
1.0 (4)

3 (0-9)
n = 35

6 (2-14)
n = 18

2 (0-7)
n=9

1 (0-6)
n=8

-

83.0 (273)
17.0 (56)

-

-

29.4 (265)
70.6 (637)
n = 118

23.5 (73)
76.5 (237)
n = 19

20.9 (63)
79.1 (239)
n=7

44.5 (129)
55.5 (161)
n = 92

0.603

< 0.001

-

< 0.001

< 0.001
27.0 (217)
73.0 (588)
n = 215

46.4 (91)
53.6 (105)
n = 133

18.9 (54)
81.1 (232)
n = 23

22.3 (72)
77.7 (251)
n = 59

33.1 (336)
66.9 (680)
n=4

28.0 (91)
72.0 (234)
n=4

26.9 (83)
73.1 (226)

42.4 (162)
57.6 (220)

31.3 (318)
68.7 (698)
n=4

16.6 (54)
83.4 (271)
n=4

22.0 (68)
78.0 (241)

51.3 (196)
48.7 (186)

< 0.001

< 0.001

< 0.001
80.7 (820)
19.3 (196)
n=4

69.2 (225)
30.8 (100)
n=4

80.3 (248)
19.7 (61)

90.8 (347)
9.2 (35)

96.1 (976)
3.9 (40)
n=4

94.8 (308)
5.2 (17)
n=4

94.5 (292)
5.5 (17)

98.4 (376)
1.6 (6)

80.2 (818)
19.8 (202)

79.9 (263)
20.1 (66)

64.1 (198)
35.9 (111)

93.5 (357)
6.5 (25)

6.9 (44)
93.1 (593)
n=1

6.4 (21)
93.6 (307)
n=1

7.4 (23)
92.6 (286)

-

0.006

< 0.001

0.641

WJG|www.wjgnet.com

1255

January 28, 2015|Volume 21|Issue 4|

Kaplan GG et al . Venous thromboembolism in ulcerative colitis
Heparin prophylaxis prior to
surgery/discharge4
No
Yes
Missing (n)

0.310
82.9 (572)
17.1 (118)
n=1

-

81.2 (251)
18.8 (58)

84.3 (321)
15.7 (60)
n=1

1

Missing data is defined as missing on either the stool frequency, the presence of blood in stool, or both. 2Defined as medication used prior to or at the
time of admission to hospital. No refers to no record of drug use in the medical chart. 3Complication was classified as Clavien ≥ Ⅱ. 4Emergent colectomy heparin prophylaxis in hospital prior to colectomy. Medically Responsive - heparin prophylaxis in hospital prior to discharge.

Table 2 Location of venous thromboembolism n (%)
Total (n = 48)

Location of VTE
Upper extremity
Lower extremity
Intra-abdominal
Pulmonary embolism

8 (17.4)
9 (19.6)
22 (45.8)
9 (18.8)

Elective colectomy (n = 16) Emergency colectomy (n = 27) Medically responsive (n = 5)
1 (6.3)
3 (18.8)
11 (68.8)
1 (6.3)

6 (22.2)
6 (22.2)
10 (37.0)
5 (18.5)

1 (20.0)
0
1 (20.0)
3 (60.0)

VTE: Venous thromboembolism.

Table 3 Independent predictors of venous thromboembolism for all ulcerative colitis patients; those admitted emergently to hospital
and were medically responsive or underwent emergent colectomy; and those who underwent an emergent or elective colectomy

Age, yr
18-32
33-47
≥ 48
Disease course
Medical responsive
Elective colectomy
Emergent colectomy
VTE prophylaxis2
No
Yes
In-hospital complication
No
Yes
Year

Full cohort
VTE (n = 1020)
Adjusted OR (95%CI)

Emergent and medically responsive cohort
1
VTE (n = 690)
Adjusted OR (95%CI)

Emergent and elective cohort
1
VTE (n = 637)
Adjusted OR (95%CI)

1.00
1.56 (0.68-3.56)
1.63 (0.74-3.59)

1.00
2.44 (0.81-7.34)
2.29 (0.79-6.66)

1.00
1.35 (0.56-3.27)
1.65 (0.72-3.75)

1.00
3.69 (1.30-10.44)
5.28 (1.93-14.45)

1.00
Not applicable
4.62 (1.66-12.88)

Not applicable
1.00
1.59 (0.82-3.07)

Not applicable

1.00
2.24 (0.99-5.03)

1.00
1.38 (0.32-6.00)

1.00
2.68 (1.42-5.05)
1.10 (1.01-1.20)

1.00
2.80 (1.26-6.24)
Not significant3

1.00
2.53 (1.32-4.85)
Not significant3

1

One patient was excluded in each of these cases due to missing data. 2VTE prophylaxis with anticoagulants (e.g., heparin) was assessed preoperatively/inhospital for the emergent colectomy and medically responsive cohort, and postoperatively for the emergent and elective colectomy cohort. VTE prophylaxis
was not modeled for the entire cohort. 3P value was > 0.1 when fitted into the regression model using stepwise selection. The following variables were tested
in the multivariate model, but were not independent predictors in any of the models: sex, disease duration, comorbidities, extra-intestinal manifestations,
extent of disease, blood in stool and frequency of bowel movements. 5-ASA: Azathioprine, prednisone, and infliximab; VTE: Venous thromboembolism.

occurred in a number of locations including ex
tremity, intra-abdominal (i.e., portal and hepatic
vein thrombosis), and pulmonary embolism. VTE
were confirmed using multiple different testing
modalities including chest X-ray, D-Dimer, Doppler
ultrasound of the extremities, V/Q scan, CT PE
protocol, and angiography. While most VTE were
identified following the manifestation of clinical
symptoms, most of the intra-abdominal clots were
detected incidentally in asymptomatic patients
on CT scans performed to assess postoperative
symptoms or complications. While incidental cases
were primarily identified in postoperative patients
following colectomy (11 cases among elective
and 10 cases among emergent colectomy), one

emergent colectomy, or elective colectomy) in order
to explore the effect of surgery on the risk of VTE.
We demonstrated that colectomy was significantly
associated with the development of VTE. VTE
occurred in about 1% of the medically responsive UC
patients, whereas UC patients who failed to respond
to medical management and underwent a colectomy
had an over 5-fold increased odds of VTE. Similarly,
UC patients undergoing elective colectomy had an
over 3-fold increased odds of VTE when compared to
medically responsive UC inpatients. In contrast, the
risk of VTE was not associated with disease location,
or drug utilization including the use of corticosteroids,
immunomodulators, and biologics.
VTE occurred in 4.7% of UC patients. These
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incidental intra-abdominal VTE was identified in
the medically responsive group. Thus, some cases
of VTE that were asymptomatic may have been
missed. However, the proportion of clinically relevant
VTE that we missed was likely low. For example, a
recent study of inpatient and outpatient UC patients
who were actively flaring, but were asymptomatic
for a DVT, were not found to have any incidentally
[20]
diagnosed DVT on screening ultrasound . Also,
we evaluated every case for readmission to hospital
for a VTE within 6 mo of the discharge from hos
pital admission. Thus, we were able to capture
clinically meaningful cases of VTE that were missed
in hospital or developed post-discharge. Sixteen
percent of UC patients were readmitted to hospital
for VTE following discharge from hospital including
one patient who was readmitted 6 d after discharge
for mesenteric vein thrombosis that led emergent
resection of ischemic bowel. Consequently, physicians
should be aware of this complication, recognize
the signs and symptoms, and have a low threshold
to screen for VTE in the extremities and in the
abdomen in UC patients.
Current American College of Gastroenterology
guidelines recommend VTE prophylaxis for all
patients admitted to hospital with an IBD flare
as well as all postoperative patients undergoing
[23]
colectomy . The American College of Chest
Physicians (ACCP) guidelines recommend VTE
[30]
prophylaxis in IBD patients confined to a bed .
Though, ambulation alone would not prevent intraabdominal VTE. In our study, greater than 90% of
emergent and elective colectomy patients received
VTE prophylaxis postoperatively. Despite the high
utilization of postoperative heparin, the occurrence
of VTE remained high. Similarly, a smaller study
found that despite adequate postoperative heparin
use, rates of VTE in post-colectomy patients were
over 7-fold higher in UC patients as compared to
[31]
patients undergoing surgery for colorectal cancer .
A randomized controlled trial that included nearly
600 patients with inflammatory bowel disease
demonstrated that low dose heparin had significantly
lower rates of VTE (2.9%) as compared to patients
[32]
randomized to enoxaparin (9.0%) .
The current ACCP guidelines recommend that
patients undergoing abdominal or pelvic surgery
for cancer, with a high risk of postoperative VTE
(i.e., > 6%) and who do not have increased risk of
bleeding, should be considered for both mechanical
and pharmacological VTE prophylaxis and extended
[30]
duration of the latter . Our study was unique from
prior work because we explored VTE occurrence
up to 6 mo following discharge from hospital. We
demonstrated that 16% of our detected VTE were
diagnosed after discharge from hospital. Our findings
raise the issue of whether the same consideration for
extended postoperative VTE prophylaxis should be
given for IBD surgeries. Prior studies have reported
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lower DVT levels (< 3%) postoperatively for IBD
[31,32]
surgeries
, as compared to our study. However,
nearly half of our VTE population experienced an
intra-abdominal VTE. The clinical significance of
intra-abdominal VTE is controversial and depends on
[33,34]
the acuity, size, and location of the thrombosis
.
Given the uncertainty, these findings warrant a
randomized controlled trial to evaluate the efficacy
of VTE prophylaxis for 4 wk postoperatively.
Only 19% of patients admitted with an UC
flare who underwent emergent colectomy received
preoperative VTE prophylaxis. Similarly, only 16%
of patients who were admitted for an UC flare
and discharged without colectomy received VTE
prophylaxis in-hospital. A recent multicenter chart
audit of 29 Canadian hospitals also demonstrated
similarly low prophylaxis rates for hospitalized
[35]
medical patients requiring VTE prophylaxis .
Moreover, patients who received VTE prophylaxis
were more likely to be diagnosed with a VTE.
However, this finding likely reflected disease severity
(i.e., confounding by indication) because a metaanalysis indicated that heparin is safe to use in an
[25,36]
acute flare of UC
and randomized controlled
[32]
trials support the use of VTE prophylaxis in IBD .
Thus, in the absence of hemodynamically significant
haemorrhage VTE prophylaxis should be prescribed.
However, the adequate agent, dose, and duration of
VTE prophylaxis in medically managed UC patients
need further evaluation.
Our study could not differentiate whether the
increased risk of VTE among UC patients undergoing
colectomy was due specifically to the colectomy
or was caused by disease severity necessitating
colectomy. Though, most likely it was due to the
combination of disease severity and surgery. Thus,
the optimal approach of preventing VTE is to in
duce and maintain remission in UC. The majority
of UC patients were admitted to hospital prior to
publications demonstrating efficacy of infliximab in
[37]
[38]
the hospital
and outpatient setting . Additionally,
recent studies have demonstrated that infliximab
significantly reduced the risk of colectomy for up
[39-41]
to 3 years following initiation of treatment
.
Because less than 4% of the patients in our study
were prescribed infliximab, greater utilization of antiTNF therapies may lead to reduced colectomy and
hence, burden of VTE among UC patients.
Several limitations to this study should be
considered. While VTE events that resulted in a
readmission to hospital within 6 mo of hospital
discharge were captured, UC patients diagnosed
and managed for VTE as an outpatient following
discharge from hospital would not have been
accounted for in this study. Thus, the occurrence of
VTE may have been underestimated. While chart
review improves the accuracy of the data and
minimizes misclassification bias that occur with
[29,42]
studies using administrative databases
, some
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(VTE), which is a potentially life-threatening complication. Potential risk factors
for developing VTE among patients with UC include acute flares, hospitalization,
advanced age, comorbidities, colectomy, and malnutrition. Understanding the
leading risk factors of VTE for patients with UC will allow physicians to optimize
prevention of VTE.

data were missed due to incomplete recording in
the medical chart. For example, we were not able
to account for the use of oral contraceptive pills
prior to hospitalization due to unreliable recording
of this data. This study was not able to confirm if
other forms of VTE prophylaxis such as graduated
compression stockings or intermittent pneumatic
compression devices for hospitalized UC patients
were utilised. However, these modalities are only
recommended if heparin is contraindicated because
they are less effective at preventing proximal
extremity and intra-abdominal VTE. Also, due to the
retrospective nature of chart reviews we were not
able to assess the number of flares from diagnosis
to admission to hospital or to define disease severity
using a validated disease activity index (e.g., Mayo
score). Finally, despite the advantages of designing
a population-based study, regional practice pattern
differences may limit generalizability. Consequently,
we recommend hospitals assess their own utilization
of heparin prophylaxis and correlate these with VTE
outcomes.
VTE occurred commonly in UC patients who
underwent emergent (8.7%) and elective (4.9%)
colectomy despite greater than 90% rate of
postoperative heparin prophylaxis. In contrast,
about 1% of medically responsive UC inpatients
experienced a VTE, despite a 16% prophylaxis
rate. Thus, VTE prophylaxis should be prescribed
at time of admission in all IBD patients, and
VTE prophylaxis for flaring UC patients should
be considered a quality indicator of best clinical
practice. This population-based study confirmed
that the necessity of colectomy was significantly
associated with VTE. The high rates of VTE in
UC patients who underwent colectomy despite
postoperative VTE prophylaxis highlights potentially
serious outcomes associated with surgical mana
gement of UC. Consequently, these findings em
phasize the importance of optimizing medical the
rapy for UC patients.

Innovations and breakthroughs

The overall occurrence of VTE among hospitalized patients with UC was nearly
5%. However, the risk of VTE was low (about 1%) among flaring UC patients
who were responsive to medical in-hospital management. In contrast, patients
with UC who underwent an elective colectomy (5%) or emergent colectomy
(8.7%) had significantly higher occurrence of VTE. In contrast, about 1% of
medically responsive UC inpatients experienced a VTE.

Applications

Prescription of VTE prophylaxis for UC patients hospitalized for flare was
suboptimal (< 20%). In contrast, VTE prescriptions postoperatively were high
(> 90%) following a colectomy for UC. Thus, this data supports both VTE
prophylaxis and aggressive medical management of ulcerative colitis patients
to prevent VTE formation.

Terminology

Venous thromboembolism is a blood clot that forms within the venous
circulation. International Classification of Diseases is a set of codes used by
hospital health records to document diseases. These coded data can be used
for research and surveillance purposes.

Peer review

“This is an excellent original contribution analyzing cohort of 1020 hospitalised
UC patients towards risk of VTE. The Authors determined that patients who
underwent elective or emergent colectomy had 4-5-fold increased risk of VTE
when compared to UC patients treated non-surgically.”
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METHODS: Forty-one hepatitis B e antigen (HBeAg)negative chronic HBV infected pregnant women were
th
nd
prospectively evaluated between the 28 and the 32
week of gestation. Subjects were re-evaluated at 3-mo
intervals during the first post-partum year and every 6
mo during the following years. HBV DNA was determined
using real-time reverse transcription polymerase chain
reaction (Cobas TaqMan HBV Test) with a lower detection
limit of 8 IU/mL. Post-partum reactivation (PPR) was
defined as abnormal alanine aminotransaminase (ALT)
levels and HBV DNA above 2000 IU/mL.
RESULTS: Fourteen out of 41 women (34.1%) had prepartum HBV DNA levels > 2000 IU/mL, 18 (43.9%) had
levels < 2000 IU/mL and 9 (21.9%) had undetectable
levels. Fourteen women were lost to follow-up (failure
to return). PPR occurred in 8 of the 27 (29.6%) women
evaluated, all within the first 6 mo after delivery (5 at
month 3; 3 at month 6). Five of the 6 (83.3%) women
with pre-partum HBV DNA > 10000 IU/mL exhibited
PPR compared with 3 of the 21 (14.3%) women with
HBV DNA < 10000 IU/mL (two with HBV DNA > 2000
and the third with HBV DNA of 1850 IU/mL), P = 0.004.
An HBV DNA level ≥ 10000 IU/mL independently
predicted post-partum HBV infection reactivation (OR
= 57.02, P = 0.033). Mean pre-partum ALT levels
presented a non-significant increase in PPR cases (47.3
IU/L vs 22.2 IU/L, respectively, P = 0.094).
CONCLUSION: In the present study, PPR occurred
in approximately 30% of HBeAg-negative pregnant
women; all events were observed during the first
semester after delivery. Pre-partum HBV DNA level >
10000 IU/mL predicted PPR.

Abstract
AIM: To investigate the frequency and timing of post-
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serum aminotransferase levels seem to remain within
normal values, even in pregnant women with pre[12,13]
existing chronic liver disease
. However, there are
reports of severe HBV flares resulting in liver failure
during the peripartum period, mainly in hepatitis B e
[14]
antigen (HBeAg)-positive Asian women . Although
data from Europe concerning the clinical course of
chronic HBV-infected Caucasian pregnant women
in late pregnancy and early postpartum period are
[15]
limited , there are no data on post-partum HBV
reactivation among HBeAg-negative chronic HBVinfected women during long-term follow-up.
The aim of the study was to prospectively evaluate
the frequency and timing of post-partum HBV re
activation appearance and to identify any pre-partum
virological or hematological-biochemical predictive
factors.

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: According to our prospective study, the postpartum reactivation of chronic hepatitis B occurs in
approximately 30% of hepatitis B e antigen-negative
women; all cases are observed during the first 6 mo
after delivery. Among demographic, hematological,
biochemical and viral characteristics, the only prepartum parameter predictive for post-partum hepatitis
B virus reactivation is whether the maternal viral load
th
is greater than 10000 IU/mL between the 28 and the
nd
32 week of gestation.
Elefsiniotis I, Vezali E, Vrachatis D, Hatzianastasiou S, Pappas S,
Farmakidis G, Vrioni G, Tsakris A. Post-partum reactivation of
chronic hepatitis B virus infection among hepatitis B e-antigennegative women. World J Gastroenterol 2015; 21(4): 1261-1267
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i4/1261.htm DOI: http://dx.doi.org/10.3748/wjg.v21.i4.1261

MATERIALS AND METHODS
Between January 2007 and January 2008, a total
of 60 chronic HBV-infected pregnant women were
th
nd
evaluated between the 28 and the 32 week of
gestation. Namely, clinical examination, hematological,
biochemical and serological tests were performed at
the Department of Obstetrics and Gynecology of “Elena
Venizelou” Maternal and Perinatal Hospital of Athens,
Greece. A total of 2.0 mL of serum was obtained
from each woman with chronic hepatitis B and
kept at -80  ℃ until further analyses. Viral load in a
0.5-mL sample was determined by real-time reverse
transcription-polymerase chain reaction (COBAS®
AmpliPrep/COBAS® TaqMan® HBV Test, v2.0, lower
detection limit: 8 IU/mL, Roche, Basel, Switzerland).
Hepatitis B surface antigen, HBeAg, antibody to
HBeAg, antibody to hepatitis B core antigen (IgM/
total), antibody to hepatitis B surface antigen (antiHBs), antibody to hepatitis C virus (HCV), antibody
to hepatitis D virus (HDV) and antibodies to human
immunodeficiency virus (HIV) were detected using
commercially available enzyme immunoassays
(Abbott Laboratories, Abbott Park, IL, United States).
Routine hematological and biochemical tests were
performed using automated techniques.
Pregnant women with acute hepatitis B, HBeAgpositive chronic infection, co-infections (HCV, HDV,
and HIV), or any known pre-existing liver disease
were excluded from the study. Additionally, wo
men with known pregnancy-related complications
(intrahepatic cholestasis of pregnancy, HELLP
syndrome, preeclampsia, placental hemorrhage,
etc.), women taking medications (except for iron,
folic acid, calcium and other vitamins or diet su
pplements), as well as those with known bacterial,
fungal, parasitic or viral infections during pregnancy,
were also excluded from the final analysis. Treatment
and prophylaxis with nucleos(t)ide analogues were
also considered as exclusion criteria. Finally, failure

INTRODUCTION
Chronic hepatitis B virus (HBV) infection in pregnancy
is an important global health problem. Over 50%
of the 350 million chronic HBV carriers acquire their
infection perinatally, and the risk of progression to
chronic infection is inversely proportional to the age
[1,2]
at infection
. Women of childbearing age with
chronic HBV infection remain a significant source of
HBV transmission worldwide. Thus, the management
of chronic HBV infection during pregnancy is essential
[3]
to interrupt perinatal HBV transmission .
Several published reports and expert opinions
conclude that the major risk factor for immuno
prophylaxis failure is maternal HBV DNA levels during
[4-9]
the third trimester of pregnancy . Serum HBV DNA
determination is suggested between weeks 28 and
32 of pregnancy to determine whether treatment
with nucleoside or nucleotide analogues is needed in
[6-9]
highly viremic women . Moreover, the importance
of maternal viremia has been clearly documented in
the literature because it is positively associated with
cord blood viremia, a parameter that seems to also
[10,11]
affect pregnancy outcome
.
Data concerning the effect of pregnancy on
chronic HBV infection and HBV-related liver di
sease are limited. In general, there is usually no
deterioration of HBV-related liver disease during
[3]
pregnancy . HBV is a non-cytopathic virus and the
associated liver inflammation is mainly mediated by
the host’s immune response. Moreover, because of
pregnancy-induced immune mediated changes as
well as pregnancy-induced plasma volume expansion,
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Chronic HBV infected
Pregnant Women, n

60
Study candidates

19 excluded
3 intrahepatic cholestasis of pregnancy
3 pregnancy related HTN ± preeclampsia
3 HBeAg-positive serological status
4 nucleosi(t)ide analogue therapy
6 coinfections (2 HCV; 2 HDV; 2 HIV)

41
Initially evaluated

14 excluded
Failure to complete at least 6 follow-up months

27
Final population

Post-partum follow-up
st
1 year: quarterly
nd
2 year: semiannual

Figure 1 Flow chart diagram of the study population. HBV: Hepatitis B virus; HCV: Hepatitis C virus; HIV: Human immunodeficiency virus; HDV: Hepatitis D virus.
2

reactivation groups were evaluated using the χ
Fisher’s exact test. The Kaplan-Meier plot was
used to estimate cumulative hazard and event free
time for post-partum HBV reactivation for patients
according to their pre-partum serum HBV DNA levels
(< or ≥ than 10000 IU/mL); data regarding timing
of events were interval censored.
Multivariate logistic regression analysis (enter
method with forced entry of independent variables)
was performed to further evaluate the association of
HBV DNA levels ≥ 10000 IU/mL with post-parturm
HBV reactivation after adjustment for the percentage
of polynuclear cells and lymphocytes within the total
white blood cell count.
A P-value < 0.05 was considered statistically
significant. Statistical analysis was performed using
SPSS 19 for MacOS (SPSS Inc, Chicago, Illinois, United
States).

to complete at least a 6-mo post-partum follow-up
period also resulted in exclusion from the study.
All chronic hepatitis B-infected women were
prospectively clinically, virologically and biochemically
evaluated after delivery. In particular, all women
were evaluated virologically [quantitative serum
HBV DNA test, polymerase chain reaction (PCR)]
and biochemically [serum alanine aminotransferase
rd
th
(ALT) levels] at the 3 mo and the 6 mo of the
post-partum period and then only biochemically
(serum ALT levels) every 3 mo for the first postpartum year and every 6 mo for the following years.
HBV DNA testing was repeated annually in those
with ALT levels within the normal values proposed
by our laboratory (< 35 IU/L). In those with
abnormal serum ALT levels, HBV DNA was calculated
immediately.
Post-partum HBV reactivation was defined as
abnormal serum ALT levels and serum HBV DNA
levels above 2000 IU/L, irrespective of the prepartum levels.
Written informed consent was obtained from all
patients. Study protocol was in accordance with the
1975 Declaration of Helsinki and was reviewed and
approved by the “Elena Venizelou” Hospital Ethics
Committee.

RESULTS
A total of 60 women were initially considered to be
candidates for the study. Nineteen women were
excluded from the final analysis per the study
exclusion criteria. The flow chart diagram of the
study population is presented in Figure 1.
Among the remainder of the 41 chronically infected
pregnant women, 32/41 (78.1%) were HBV DNApositive whereas 9/41 (21.9%) had undetectable HBV
DNA levels in the pre-partum period. In particular,
18/41 (43.9%) women had detectable HBV DNA
levels that were lower than 2000 IU/mL, and 14/41
(34.1%) had HBV DNA levels above 2000 IU/mL.
Importantly, in a significant proportion of women
with viremia above 2000 IU/mL, the HBV DNA levels

Statistical analysis

Continuous variables are presented as the mean ±
SD unless stated otherwise. Because of the small
number of patients, continuous variable differences
between the groups presenting or not with HBV
reactivation were evaluated as independent samples
using the Mann-Whitney U-test. Categorical variable
differences between the HBV reactivation and no-
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rd

Table 1 Pre-partum (3 trimester of pregnancy) hematological,
biochemical and virological characteristics of chronic hepatitis
B virus-infected patients
No-reactivation

HBVreactivation

value

27
35.9% ± 4.0%
12.0 ± 1.4
8.677 ± 2.835
67.3% ± 10.3%
24.3% ± 9.1%
5.9% ± 1.8%
209 ± 41
27.6 ± 14.7
30.6 ± 28.2
12.8 ± 6.8
203.8 ± 85.6
0.51 ± 0.29
0.22 ± 0.20
6.67 ± 0.58
3.59 ± 0.39
3.07 ± 0.39
6 (22.2)

19
35.1% ± 3.0%
11.6 ± 1.1
8.835 ± 3.122
68.8% ± 11.0%
23.1% ± 9.8%
5.6% ± 1.9%
212 ± 45
23.8 ± 6.9
22.2 ± 13.0
14.2 ± 7.2
180.6 ± 79.5
0.53 ± 0.34
0.26 ± 0.24
6.84 ± 0.48
3.71 ± 0.32
3.10 ± 0.42
1 (5.2)

8
37.8% ± 5.6%
12.7 ± 1.8
8.308 ± 2.231
62.3% ± 6.2%
28.5% ± 5.2%
6.8% ± 1.0%
202 ± 31
35.3 ± 22.8
47.3 ± 42.4
9.8 ± 5.4
250.2 ± 88.8
0.47 ± 0.19
0.15 ± 0.06
6.23 ± 0.66
3.25 ± 0.39
2.97 ± 0.34
5 (62.5)

0.312
0.207
0.444
0.008
0.035
0.192
0.968
0.585
0.094
0.210
0.214
1.000
0.462
0.138
0.078
0.661
0.004

1.0

0.5

0.0
0

10

20

30

40

50

60

t/mo
HBV DNA, IU/mL Patients, n PPR, n PPR free time in months (95%CI)
≥ 10000

< 10000

6
21

5
3

5.2 ± 1.5 (2.2, 8.1)
51.6 ± 4.5 (42.8, 60.4)

Figure 2 Cumulative Hazard plot for post-partum hepatitis B virus
reactivation. HBV DNA: Hepatitis B virus deoxyribonucleic acid; PPR: Postpartum reactivation.

The pre-partum peripheral white blood cell eva
luation of the HBV-reactivation group revealed a
lower percentage of neutrophils and higher per
centage of lymphocytes (62.3% ± 6.2% vs 68.8%
± 11%, P = 0.008 and 28.5% ± 5.2% vs 23.1%
± 9.8%, P = 0.035, respectively) than in the noreactivation group.
The women who exhibited post-partum HBV
reactivation had comparable absolute lymphocyte
counts (2099 ± 230 vs 1862 ± 107, P = 0.382)
and exhibited a tendency toward lower absolute
neutrophil counts (4582 ± 381 vs 6278 ± 710, P
= 0.079) during the third trimester of pregnancy
compared to women without HBV reactivation.
The pre-partum serum aspartate transaminase,
ALT and gamma-glutamate transpeptidase levels
were comparable among the HBV-reactivation and
no-reactivation cases, as shown in Table 1. It is
important to note that the pre-partum serum ALT
levels were within the normal range of our laboratory
in the vast majority of patients, except for two
women with HBV DNA levels of 40000 and 45000
IU/L, who had serum ALT levels of 120 and 95
IU/L, respectively. Both of them continued to have
abnormal ALT and high HBV DNA levels during the
early post-partum period (at month 3 of follow-up).
On one hand, none of the chronic HBV-infected
pregnant women with undetectable HBV DNA
levels during the pre-partum period presented
HBV-reactivation. On the other hand, the majority
of HBV-reactivation cases (5/8 women, 62.5%)
had pre-partum HBV DNA levels above 10000 IU/
mL, and the remaining three reactivation cases
exhibited serum HBV DNA levels of 8620, 2550
and 1850 IU/mL. In the multivariate analysis, after
adjustment for lymphocyte and neutrophil blood
count, pre-partum serum HBV DNA levels above

HBV: Hepatitis B virus; Hct: Hematocrit; Hb: Hemoglobin; WBC: White
blood cells; PNL: Polynuclear cells; LYMPHO: Lymphocytes; MONO:
Monocytes; PLT: Platelets; AST: Aspartate transaminase; ALT: Alanine
transaminase; GGT: Gamma-glutamate transpeptidase; LDH: Lactate
dehydrogenase; TBIL: Total bilirubin; DBIL: Direct bilirubin; TPROT: Total
protein; ALB: Albumin; GLOB: Globulins.

were elevated more than >10000 IU/mL during the
third trimester.
Fourteen women failed to follow-up after delivery
and were excluded from the analysis. The remaining
27 women who were evaluated were followed for a
period of 6 to 60 mo.
Eight out of the 27 (29.6%) HBeAg-negative
chronic HBV-infected women showed a post-partum
ALT flare with concomitant elevation in viremia
above 2000 IU/mL. It is also important to note
that all HBV reactivation cases were documented
during the first 6 mo after delivery (5 cases were
observed during the third month; the remaining 3
cases during the sixth month of follow-up). Women
in whom HBV reactivation was not observed during
this early post-partum period did not present an
event during the follow-up period (17.6 ± 3.5 mo).
Age (27 ± 9.4 years vs 28.4 ± 5.8 years, P =
0.147), weight (70.8 ± 16.7 kg vs 69.2 ± 11.7 kg,
P = 0.283), height (1.64 ± 0.05 m vs 1.64 ± 0.05
2
m, P = 1.00), body mass index (26.1 ± 5.3 kg/m
2
vs 25.6 ± 3.9 kg/m , P = 0.849), as well as weight
gain during pregnancy (10.8 ± 0.83 kg vs 11.5 ±
3.59 kg, P = 0.594), were comparable among the
women who exhibited HBV reactivation and those
who did not. Detailed pre-partum hematological,
biochemical and virological characteristics of the
HBV-reactivation as well as no-reactivation cases are
presented in Table 1.
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10000 IU/mL continued to significantly predict
HBV reactivation. Using the cut-off of 10000 IU/mL
for pre-partum HBV DNA levels, it seems feasible
to discriminate HBV-reactivation cases from nonreactivation cases (P = 0.004), as shown in
Figure 2 and Table 1. Moreover, HBV DNA levels
≥ 10000 IU/mL independently predicted postpartum HBV infection reactivation after adjusting
for the percentage (within total white blood cells)
of neutrophils and lymphocytes (OR = 57.02, P =
0.033).
Five out of the 8 women with HBV reactivation
initiated treatment with nucleos(t)ide analogues
(three with tenofovir, one with entecavir and one
with telbivudine), achieving long-term biochemical
(normal ALT values) and virological (undetectable
HBV DNA levels) responses. It is important to
note that the remaining three women with HBV
reactivation who declined treatment because of
continuing lactation were followed up and had
spontaneous disease remission. In 2 of these 3
women, HBV DNA decreased < 2000 IU/mL and ALT
to normal levels in the following months of followup (36 and 24 mo, respectively), and only one had
normal ALT levels and HBV DNA levels between
2000-10000 IU/mL during 24 mo of follow-up.

DISCUSSION
During pregnancy, several alterations in immune
status allow women to tolerate the genetically di
fferent fetal tissues. Recently, there has been an
increasing interest in the aspects and the possible
mechanisms of a specific immunoregulation during
[15,16]
pregnancy
. In general, a shift in the Th1-Th2
balance toward a Th2 response with increased
amounts of regulatory T-cells is observed. This
could also explain the tolerance against infectious
agents, such as HBV. Pregnancy-induced endocrine
and immune changes result in elevation of HBV
DNA levels and normalization of liver tests between
the first, second and third trimester of pregnancy
[17]
in chronic HBV-infected women . Moreover, the
well-documented pregnancy-related plasma volume
[12,13]
expansion and serum dilution
, especially during
the third trimester of pregnancy, might significantly
affect serum HBV DNA levels as well as serum
aminotransferase levels. Therefore, both parameters
may be underestimated during late pregnancy.
All these changes in immune status recover after
delivery and the mother’s immune system fully
restores its function, a phenomenon that could
be responsible for the observed post-partum
exacerbation of chronic infections and autoimmune
[15,16]
diseases
.
Severe HBV reactivation cases causing fulminant
liver failure during pregnancy have been reported
in the literature. These cases mainly occurred in
Asian HBeAg-positive or negative chronic HBV-

WJG|www.wjgnet.com

rd

infected pregnant women during the 2 or the 3
[14]
trimester of pregnancy , as well as in HBeAgpositive Caucasian women with high HBV DNA
[18]
levels . There is only one retrospective cohort
study concerning the exacerbation of chronic HBV
infection after delivery in a mixed population of 38
HBeAg-positive and negative chronic HBV-infected
[19]
women . In that study, a significant increase of
liver disease activity was observed in 45% of cases
after delivery, irrespective of pre-partum serum
ALT or HBV DNA levels or the HBeAg status. It is
important to note that 63% of the patients of the
[19]
study of ter Borg et al
were HBeAg-positive and
45% were categorized in the immunotolerant phase
of chronic HBV infection. Our study is the only study
that specifically addresses the post-partum clinical
outcome of HBeAg-negative chronic hepatitis B
pregnant women. This population, characterized
by lower serum HBV-DNA levels compared to
their HBeAg-positive counterparts, represent the
majority of chronic patients of reproductive age in
[20]
Greece , as well as in other Mediterranean and
Balkan countries. We found that approximately onefifth of the study population (21.9%) presented
undetectable serum HBV DNA levels during the third
trimester of pregnancy using a sensitive PCR assay
and that about one-third (34.1%) of the HBeAgnegative chronic HBV-infected pregnant women
exhibited HBV DNA levels above 2000 IU/mL.
These findings are consistent with previous studies
in HBeAg-negative chronic HBV-infected pregnant
[11,20]
women
, among whom a considerable number
of inactive carriers may exist. Distinguishing inactive
carriers from chronic hepatitis B patients among
the total HBeAg-negative chronic HBV-infected
population is very difficult using only biochemical and
virological parameters. In general, the differential
diagnosis of HBeAg-negative chronic HBV-infected
patients should be initially based on the combination
of ALT activity and serum HBV-DNA levels. Patients
who present with HBV-DNA levels above 2000 IU/
mL almost always have elevated ALT values, as
opposed to patients with lower HBV DNA levels who
can be either inactive carriers or chronic hepatitis
[21]
B cases . Pregnancy-induced immune changes,
pregnancy-related plasma volume expansion and
serum dilution during the third trimester seem to
further impair the differential diagnosis, based on
virological and biochemical values. Only 2 out of
8 women with post-partum HBV reactivation had
abnormal pre-partum ALT levels, whereas the
majority of reactivation cases exhibited pre-partum
HBV-DNA levels above 10000 IU/mL. Only one
woman with HBV DNA < 2000 IU/mL and no women
with undetectable pre-partum HBV DNA levels
exhibited post-partum HBV reactivation.
Described early on by Rudolf Virchow, the
physiologic leucocytosis of the third trimester
of a normal, uncomplicated pregnancy that nor
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and timing of post-partum HBV reactivation, as well as its predictive factors.

malized readily after delivery represents a well[22-24]
known phenomenon
. Additionally, it has been
reported that pregnant women present lower ly
[25]
mphocyte counts than non-pregnant women .
Lymphocyte proliferation and activation is a well[26]
known phenomenon in patients with viral infections .
In our study, women who exhibited post-partum
HBV reactivation had a significant difference in the
percentage of neutrophils (62.3% ± 6.2% vs 68.8%
± 11%; P = 0.008) and lymphocytes (28.5% ± 5.2%
vs 23.1% ± 9.8%; P = 0.035) among total white
blood cells of the peripheral blood observed during
the pre-partum period compared to non-reactivation
cases. Moreover, the absolute lymphocyte count
was comparable and the absolute neutrophil count
was lower in the reactivation cases than in the nonreactivation cases. Although non-significant, this
finding is most likely because of the major effect of
pregnancy per se on the absolute neutrophil count.
It may be that the level of maternal viremia affects
the well-known pregnancy-induced leucocytosis, as
well as the left shift in myeloid-neutrophilic lineage;
a finding that needs further investigation in large
scale studies.
Nevertheless, our present study has some limi
tations, such as the relatively small number of study
subjects, of which a significant percentage were
excluded from the final analysis because of either
the exclusion criteria of the study or being lost to
follow-up. It is well-known that being lost to followup frequently occurs even in large, randomized
controlled trials of chronic HBV-infected pregnant
women. Despite these limitations, we believe that
the study population is able to represent the total
HBeAg-negative chronic HBV-infected Caucasian
population, prospectively examined in respect
to post-partum viral reactivation, taking into ac
count pre-partum virological, biochemical and
hematological data.
In conclusion, post-partum HBV reactivation
occurs in approximately 30% of HBeAg-negative
chronic HBV-infected women and all events are
recorded in the first semester after delivery. Prepartum HBV DNA levels above 10000 IU/mL appear
to be a significant predictor of post-partum HBV
reactivation.

Innovations and breakthroughs

Recent reports have highlighted the importance of maternal HBV DNA
levels during the third trimester of pregnancy as the major risk factor for
immunoprophylaxis failure. This is the first study demonstrating that postpartum HBV reactivation is observed in approximately 30% of HBeAg-negative
women, all during 6 mo after delivery and mainly in women with serum HBV
DNA > 10000 IU/mL during the third trimester of gestation.

Applications

The knowledge of timing and risk factors of chronic hepatitis B reactivation
helps clinicians optimize the measurements of HBV DNA during pregnancy,
modify the immunoprophylaxis of infants, and monitor women after delivery.

Terminology

Chronic hepatitis B may present either in HBeAg-positive or HBeAg-negative
form. Without immunoprophylaxis, perinatal transmission occurs in 5% to 20%
of infants born to HBeAg-negative mothers and in 70% to 90% of infants born to
HBeAg-positive mothers. Maternal viral load in the third trimester is correlated
with perinatal transmission.

Peer review

Data concerning post-partum reactivation of chronic HBV infection among
HBeAg-negative women are rare. This study evaluated the frequency and
timing of the appearance of post-partum HBV reactivation and identified its
pre post-partum virological and biochemical predictors. The results will help
clinicians optimize HBV management during pregnancy and identify women at
risk for HBV reactivation after delivery.
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Diagnosis of early gastric cancer using narrow band
imaging and acetic acid
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Jun Akiba, Keita Nakahara, Osamu Tsuruta, Takuji Torimura
METHODS: Ninety depressed-type EGCs in 72 patients
were macroscopically and histologically identified.
We evaluated the microvascular (MV) and mucosal
surface (MS) patterns of depressed-type EGCs using
magnifying endoscopy (ME) with narrow-band imaging
(NBI) (NBI-ME) and ME enhanced by 1.5% acetic acid,
respectively. First, depressed-type EGCs were classified
according to MV pattern by NBI-ME. Subsequently,
EGCs unclassified by MV pattern were classified
according to MS pattern by enhanced ME (EME) images
obtained from the same angle.
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RESULTS: We classified the depressed-type EGCs
into the following 2 MV patterns using NBI-ME: a
fine-network pattern that indicated differentiated
adenocarcinoma (25/25, 100%) and a corkscrew
pattern that likely indicated undifferentiated ad
enocarcinoma (18/23, 78.3%). However, 42 of the
90 (46.7%) lesions could not be classified into MV
patterns by NBI-ME. These unclassified lesions were
then evaluated for MS patterns using EME, which
classified 33 (81.0%) lesions as MS patterns, diagnosed
as differentiated adenocarcinoma. As a result, 76 of
the 90 (84.4%) lesions were matched with histological
diagnoses using a combination of NBI-ME and EME.
CONCLUSION: A combination of NBI-ME and EME was
useful in predicting the histological type of depressedtype EGC.
Key words: Narrow band imaging; Magnifying endoscopy;
Acetic acid; Early gastric cancer; Diagnosis
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Abstract

Core tip: Prediction of the histological diagnosis of early
gastric cancer (EGC) using endoscopy is important for
determining the appropriate therapeutic approach. In

AIM: To determine whether the endoscopic findings
of depressed-type early gastric cancers (EGCs) could
precisely predict the histological type.
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[11,12]

the present study, we combined magnifying endoscopy
(ME) with narrow-band imaging (NBI) and enhanced
ME (EME) to determine the associations between
microvascular (MV) and mucosal surface (MS) patterns
of depressed-type EGCs and the histological type.
Indeed, 82 of the 90 lesions (91.1%) were classified
according to MV or MS pattern, and 76 of the 90 lesions
(84.4%) were diagnosed according to histological
type. Therefore, our study suggested that the NBI-EME
combination was useful for diagnosing the histological
type in depressed-type EGC.

EME findings and histological diagnosis of EGC
.
[12]
Lee et al
reported that the accuracy of EME in
diagnosing undifferentiated adenocarcinoma seemed
unsatisfactory when compared with its accuracy in
diagnosing differentiated adenocarcinoma.
Therefore, in the present study, we combined NBIME and EME (NBI-EME combination) to determine
whether the MV and mucosal surface (MS) patterns
of depressed-type EGCs could precisely predict the
histological type.

MATERIALS AND METHODS

Matsuo K, Takedatsu H, Mukasa M, Sumie H, Yoshida H,
Watanabe Y, Akiba J, Nakahara K, Tsuruta O, Torimura T.
Diagnosis of early gastric cancer using narrow band imaging
and acetic acid. World J Gastroenterol 2015; 21(4): 1268-1274
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i4/1268.htm DOI: http://dx.doi.org/10.3748/wjg.v21.i4.1268

Patients

The study group included 72 consecutive patients
diagnosed with depressed-type EGC by four expert
endoscopists at Kurume University Hospital between
September 2007 and October 2011. Eighteen patients
had two EGC lesions, and a total of 90 lesions were
evaluated. Some of the clinical characteristics of the
patients with EGC are summarized in Table 1. In all
of the patients, the diagnosis of gastric cancer was
based on the examination of biopsy specimens and
was later confirmed by histopathology. The hospital
ethics committee approved the study protocol, and
all of the participating patients provided prior written
informed consent.

INTRODUCTION
Narrow-band imaging (NBI) is a video endoscopic
imaging technique that enhances the display of
microstructures and capillaries in the superficial
mucosal layer, using narrow band filters that ch
[1]
ange the spectral feature of the observation light .
Microvascular (MV) patterns detected using standard
magnifying endoscopy (ME) have been reported
to be useful for the diagnosis of early gastric
[2]
[3]
cancer (EGC) . Furthermore, Nakayoshi et al re
ported associations between images obtained by
ME combined with NBI (NBI-ME) and histological
findings. Their report concluded that the histological
type of gastric cancer could be predicted using NBIME, which yielded clear images of the fine mucosal
structure and the microvasculature of the gastric
mucosa; however, endoscopic pathology by NBI-ME
is not sufficient to replace conventional histology.
Additional methods and techniques are necessary
for predicting the histological type of EGC using
endoscopy.
Enhanced-magnification endoscopy (EME) is
a technique that combines ME with 1.5% acetic
acid instillation. This technique was initially used
to observe the specialized columnar epithelium of
[4]
Barrett’s esophagus , and it was later adopted
[5,6]
for the assessment of gastric neoplasms . When
the epithelial surfaces are sprayed with acetic acid,
they transiently whiten because of a reversible
alteration in the tertiary structure of cellular pro
[5]
teins . EME allows for the visualization of the
actual villi and cryptal areas, which appear similar
when observed with a stereoscopic microscope.
Several studies have demonstrated that EME was
[7]
useful in the diagnosis of EGC and the detection of
[8-10]
gastric cancer margins
. In contrast, only a few
studies have reported on the associations between
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NBI-EME combination

All of the procedures were performed using a GIFH260Z magnifying endoscope and a CV260SL/
CLV260SL endoscopic system (Olympus Medical
Systems Co., Tokyo, Japan). The GIF-H260Z in
strument not only maintains the capabilities of
a standard videoendoscope, but it also affords a
continuous range of image magnification adjustment.
A black hood (MB-46, Olympus Medical Systems
Co., Tokyo, Japan) was attached to the tip of the
endoscope to maintain the focal distance during
the procedure. The same endoscopy system se
ttings (image enhancement mode-B8; and color
enhancement mode-1) were maintained for all of
the methods. For EME, 20-30 mL of 1.5% acetic acid
were sprinkled onto the lesion using a syringe at low
pressure, through the endoscope accessory channel.
When the gastric mucosa whitened transiently,
enhancing the contrast of the surface patterns, EME
images were obtained from the same angle used to
obtain the NBI-ME images. The shape and regularity
on EME images were classified according to the form
of the mucosal surface, and the width of crypt was
classified by comparison with normal crypt size. All
of the observations were made on optimal foci and
at the highest achievable magnification ratios. Four
endoscopists performed the endoscopic procedures,
using a digital filing system to record the images.
For each lesion, endoscopic NBI-ME and EME images
were evaluated for MV and MS patterns, respectively,
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pattern, and an unclassified pattern (Figure 2). Table
2 shows that the fine-network pattern indicated
differentiated adenocarcinoma (25/25, 100%) and
that the corkscrew pattern was likely to indicate
undifferentiated adenocarcinoma (18/23, 78.3%).
It was significantly useful for diagnosing the his
tological type (P < 0.001). However, 42 of the 90
(46.7%) lesions were not classifiable under any
MV pattern by NBI-ME, and an unclassified pattern
is incapable of predicting the histological type of
depressed-type EGCs. Therefore, we considered it
necessary to evaluate the unclassified MV patterns
on NBI-ME images by additional methods.

Table 1 Characteristics of patients with depressed-type
electrocardiograph
Characteristics
No. of patients
Sex (M/F)
Tumors
Mean age
Size (major axis)
Histological diagnosis
Differentiated
Undifferentiated
Depth
Mucosal
Submucosal

72
47/25
90
64 (28-89)
16.5 mm (5-52 mm)
67
23
84
6

Associations between ME and EME findings and
histological type

by four expert endoscopists.

To evaluate the different characteristics of un
classified MV patterns (42 cases), we investigated the
associations between MS patterns evaluated by ME
and EME and the differentiation of adenocarcinoma
according to the following three categories: shape
(Figure 3); width of crypt; and regularity. Table
3 shows that sessile barnacle (4/4, 100%) and
villous type (21/22, 95.5%) shapes, narrow (16/16,
100%) and wide (9/10, 90%) crypts, and irregular
(19/19, 100%) and regular (6/7, 85.7%) patterns
indicated differentiated adenocarcinoma. However,
there were no associations between MS patterns
evaluated by ME and histological type because
several lesions remained unclassified (16/42,
38.1%) by ME. Next, we used EME to evaluate
MS patterns because EME is useful for visualizing
the mucosal surface structure. Table 4 shows that
sessile barnacle (10/10, 100%) and villous type
(23/24, 95.8%) shapes, narrow (29/29, 100%)
and wide (4/5, 80%) crypts, and irregular (31/31,
100%) and regular (2/3, 66.7%) patterns indicated
differentiated adenocarcinoma of EGC. Thirty-four
of the 42 (78.6%) lesions unclassified by NBI-ME
were classified for MS patterns by EME. Therefore,
82 of the 90 (91.1%) lesions were classified into
either MV or MS patterns, and 76 of the 90 (84.4%)
lesions were matched with histological diagnoses.
In 59 lesions, including 25 lesions classified into
fine-network patterns by NBI-ME (Table 2) and 34
lesions classified into MS patterns by EME (Table 4),
58 lesions (98.3%) were adequately diagnosed as
differentiated adenocarcinoma. With regard to the
diagnosis of undifferentiated adenocarcinoma, there
were no associations with MS patterns diagnosed
by EME, although the corkscrew pattern using NBIME was an exception (18/23, 78.3%). With regard
to the diagnosis of undifferentiated adenocarcinoma,
only 4 of the 8 lesions (50%) unclassified by NBIEME combination demonstrated undifferentiated
adenocarcinoma.

Endoscopic treatment and histopathology

All of the EGC patients underwent endoscopic
submucosal dissection (ESD) without any com
plications. The resected EGC specimens were then
extended on boards with pins for fixation in 20%
formalin. Each lesion, together with the surrounding
mucosa, was cut into 2- to 5-mm-wide serial-step
sections. The histologic criteria for diagnosing EGC
were based on the Japanese classification of gastric
[13]
carcinomas .

Statistical analysis

The NBI-ME/EME and histological findings were
2
evaluated by Fisher’s exact test and Pearson’s χ
test. All of the statistical tests were two sided with
a significance level of 0.05. Statistical analysis was
performed using JMP software (JMP, version 10.0;
SAS Institute Inc., Cary, NC, United States).

RESULTS
Association between NBI-ME findings and histological
type

All of the depressed-type EGCs were macroscopically
and histopathologically identified. The clinical
characteristics of the patients enrolled in this study
are summarized in Table 1. A total of 90 EGC lesions
in 72 patients were analyzed. Histopathologically,
67 lesions (74.4%) were diagnosed as differentiated
adenocarcinomas, and 23 lesions (25.6%) were
undifferentiated adenocarcinomas. The depth of
tumor invasion was mucosal in 93.3% (84/90) and
[14]
submucosal in 6.7% (6/90). Previously reported
MV patterns include irregular, regular, and absent
patterns (Figure 1). Table 2 shows that these
regularity patterns were not associated with the
differentiation of adenocarcinoma (P = 0.4174).
[3]
Therefore, we used another previously reported MV
pattern classification for depressed-type EGCs in the
present study: a fine-network pattern, a corkscrew
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Figure 1 Representative endoscopic images of the microvascular pattern of depressed-type early gastric cancer, obtained using magnifying endoscopy
combined with narrow-band imaging. A: Normal; B: Irregular pattern, C: Regular pattern, D: Absent.

because they are curable with minimally invasive
treatment, such as endoscopic mucosal resection
[19]
and ESD . However, the conventional white-light
imaging endoscopic approach alone is inadequate
for determining an accurate diagnosis. NBI-ME is
more reliable for characterizing gastric cancers and
[14,20]
for evaluating the area of EGCs
. MV patterns,
detected using standard ME and NBI-ME, are
reportedly capable of predicting the histological
[2,3]
type of gastric cancer
. Several studies have
demonstrated a fine-network pattern and a cor
kscrew pattern specific to differentiated and undi
fferentiated adenocarcinoma, respectively, using
[3,21]
NBI-ME
. The present study also demonstrated
a fine-network pattern indicating differentiated
adenocarcinoma (25/25, 100%) and a corkscrew
pattern indicating undifferentiated adenocarcinoma
[3]
(18/23, 78.3%). However, Nakayoshi et al
reported that 39 of the 165 (23.6%) lesions were
not classifiable according to MV patterns. Because
46.7% of lesions remained unclassified in the
present study, it was necessary to evaluate the MV
patterns unclassifiable by NBI-ME using additional
methods.
Several studies have reported associations between
[5,22]
MS patterns and histological type
. Standard ME
demonstrated that the depressed-type EGC had a
finer-pit pattern, characterized by the destruction
[2]
or disappearance of the mucosal microstructure .
[22]
Otsuka et al
classified MS patterns of gastric

Table 2 Associations between the microvascular pattern
by magnifying endoscopy with narrow band imaging and
histological type
Differentiated

Undifferentiated

Total

P value

50
8
9

17
1
5

67
9
14

0.4174

25
5
37

0
18
5

25
23
42

< 0.001

#1
Irregular
Regular
Absent
#2
Fine network
Corkscrew
Unclassified

DISCUSSION
Recently, ESD treatment has been increasingly used
[15,16]
to treat a subset of patients with EGC in Japan
.
Accurate preoperative diagnosis, which includes the
determination of the depth, spread of invasion, and
histological findings, is critical for safe endoscopic
therapy and for ensuring complete resection.
Several endoscopic modalities have been developed
to determine endoscopic pathology, resulting in
a more accurate endoscopic diagnosis than with
histological diagnosis. Early detection and accurate
diagnosis of depressed-type gastric cancers have
been effective in decreasing mortality because this
morphological type is most predominant among
[17,18]
all gastric cancers
. Moreover, the detection
of EGCs measuring ≤ 20 mm diameter is ideal
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Figure 2 Representative endoscopic images of the microvascular pattern of depressed-type early gastric cancer, obtained using magnifying endoscopy
combined with narrow-band imaging. A: Normal; B: Fine-network pattern; C: Corkscrew pattern; D: Unclassified pattern.
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Figure 3 Representative endoscopic images of the mucosal surface pattern of depressed-type early gastric cancer, obtained with enhanced magnifying
endoscopy using acetic acid staining. A: Normal; B: Sessile barnacle pattern; C: Villous pattern; D: Unclassified pattern.
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Table 3 Associations between the findings of magnifying
endoscopy and histological type
Differentiated Undifferentiated
Shape
Sessile barnacle
Villous
Unclassified
Width of Crypt
Narrow
Wide
Unclassified
Regularity
Irregular
Regular
Unclassified

Total

Table 4 Associations between the findings of magnifying
endoscopy with acetic acid staining and histological type

P value

4
21
12

0
1
4

4
22
16

0.1169

16
9
12

0
1
4

16
10
16

0.0901

19
6
12

0
1
4

19
7
16

0.0735

Differentiated Undifferentiated Total
Shape
Sessile barnacle
Villous
Unclassified
Width of Crypt
Narrow
Wide
Unclassified
Regularity
Irregular
Regular
Unclassified

cancers as evaluated by ME into the following three
patterns: small and regular patterns of sulci and
ridges; an irregular pattern of sulci and ridges;
and a lack of visible structure. With regard to
depressed-type EGCs, the latter two patterns were
more frequently associated with undifferentiated
adenocarcinoma (14/18), while the former pattern
was more frequently associated with differentiated
adenocarcinoma (22/45). However, ME was not
sufficient for predicting the histological type, be
cause 23 of 45 lesions were not adequately dia
gnosed by histological type. Furthermore, Tanaka
[5]
et al reported that the mucosal surface of gastric
cancer, as evaluated by EME, could be characterized
into five surface structure patterns: type Ⅰ (small
round pits of uniform size and shape), type Ⅱ (slitlike pits), type Ⅲ (a fine villous or gyrus pattern),
type Ⅳ (irregular arrangements and size of pattern
types Ⅰ , Ⅱ , and Ⅲ ), and type Ⅴ (destructive
pattern of type Ⅰ , Ⅱ , and Ⅲ ). Thirty lesions of
depressed-type EGCs were characterized by two
clearly recognizable surface patterns: type Ⅳ (70%,
21/30) and type Ⅴ (30%, 9/30). 8 (88.9%) of
the 9 lesions with type Ⅴ patterns demonstrated
undifferentiated adenocarcinoma. Although absent
patterns of depressed-type EGCs were associated
with undifferentiated adenocarcinoma, the diagnosis
of differentiated adenocarcinoma remained un
clear. In our study, 82 of the 90 (91.1%) lesions
were classified into either MV or MS patterns. The
decrease in unclassified lesions with the NBI-EME
combination resulted in improvement in the diagnosis
of differentiated adenocarcinoma. In fact, 76 of the
90 (84.4%) lesions were matched with histological
diagnoses. The results of the present study sugg
ested that the prediction of the histological type of
depressed-type EGCs was more precise with the
NBI-EME combination than with NBI-ME alone or
EME alone.
Previous studies have reported the usefulness
of NBI-ME and EME in predicting the histological
type of EGC, although the diagnostic accuracy was
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P value

10
23
4

0
1
4

10
24
8

0.0010

29
4
4

0
1
4

29
5
8

0.0005

31
2
4

0
1
4

31
3
8

0.0003

low because many lesions remained unclassified
in those studies. In the present study, most of the
lesions were classified into MV and MS patterns
using NBI-ME combined with EME, which show
ed increased diagnostic accuracy compared with
that of NBI-ME alone or EME alone. Therefore,
combination methods, e.g., NBI-ME followed by
EME, are more useful in identifying the histological
type of depressed-type EGCs. Increased accuracy
of the histological diagnosis of depressed-type EGCs
using endoscopy is necessary for determining an
appropriate therapeutic approach during the early
phase of the disease.

COMMENTS
COMMENTS
Background

The prediction of the histological diagnosis of early gastric cancer (EGC) using
endoscopy is important for determining the appropriate therapeutic approach.
However, an endoscopic technique for the histological diagnosis of EGC has
not been completely established. In the present study, we combined magnifying
endoscopy (ME) with narrow-band imaging (NBI) (NBI-ME) and enhanced ME
(EME) to determine whether the microvascular (MV) and mucosal surface (MS)
patterns of depressed-type EGCs could precisely predict the histological type.

Research frontiers

Previous studies reported associations between images obtained by NBIME and histological findings. This report concluded that the histological type
of gastric cancer could be predicted using NBI-ME; however, endoscopic
pathology by NBI-ME was insufficient to replace conventional histology.
Furthermore, only a few studies have reported on the associations between
EME findings and histological diagnosis of EGC. Research attention to this area
could help to establish methods and techniques for predicting the histological
type of EGC using endoscopy.

Innovations and breakthroughs

Previous studies have reported the usefulness of NBI-ME and EME in predicting
the histological type of EGC, although the diagnostic accuracy was low because
many lesions remained unclassified in those studies. In the present study, most
of the lesions were classified into MV and MS patterns using NBI-ME combined
with EME, which showed increased diagnostic accuracy compared to that
of NBI-ME alone or EME alone. Therefore, combination methods, e.g., NBIME followed by EME, were more useful in identifying the histological type of
depressed-type EGC.

Applications

The study results suggested that the increased accuracy of histological
diagnosis of depressed-type EGCs using the combination of NBI-ME and EME
was necessary to determine the appropriate therapeutic approach during the
early phases of gastric cancer.
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Terminology

10

Peer review

11

NBI is a video endoscopic imaging technique that enhances the display of the
microstructures and capillaries in the superficial mucosal layer using narrow
band filters that change the spectral features of the observation light. EME
is a technique that combines magnification endoscopy with 1.5% acetic acid
instillation. EME allows for the visualization of the actual villi and cryptal areas,
which appear similar when observed with a stereoscopic microscope.
Matsuo et al presented an interesting paper concerning the combination of
NBI-ME and EME in the diagnosis of early gastric cancer. In fact, as we can
see in previous reports, either of the methods could be applied to predict the
histological type of lesion; however, both of them lacked sufficient accuracy
when the samples were finally assessed by histological methods. In the current
study, the authors attempted to increase the accuracy further by combining
both of the above methods, and the results indicated that 84.4% of lesions were
finally matched with histological diagnoses.
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Abstract
AIM: To investigate the prognostic role of KRAS and
BRAF mutations after adjustment for microsatellite

instability (MSI) status in Japanese colorectal cancer
(CRC) population.
METHODS: We assessed KRAS and BRAF mutations
and MSI status in 813 Japanese patients with curatively
resected, stage Ⅰ-Ⅲ CRC and examined associations of
these mutations with disease-free survival (DFS) and
overall survival (OS) using uni- and multivariate Cox
proportional hazards models.
RESULTS: KRAS and BRAF mutations were detected
in 312 (38%) of 812 and 40 (5%) of 811 tumors,
respectively. KRAS mutations occurred more frequently
in females than in males (P = 0.02), while the presence
of BRAF mutations was significantly associated with the
female gender (P = 0.006), proximal tumor location (P
< 0.001), mucinous or poorly differentiated histology
(P < 0.001), and MSI-high tumors (P < 0.001).
After adjusting for relevant variables, including MSI
status, KRAS mutations were associated with poorer
DFS (HR = 1.35; 95%CI: 1.03-1.75) and OS (HR
= 1.46; 95%CI: 1.09-1.97). BRAF mutations were
poor prognostic factors for DFS (HR = 2.20; 95%CI:
1.19-4.06) and OS (HR = 2.30; 95%CI: 1.15-4.71).
Neither the BRAF by MSI interaction test nor the KRAS
by MSI interaction test yielded statistically significant
results for DFS and OS.
CONCLUSION: KRAS and BRAF mutations are associated
with inferior survival, independent of MSI status, in
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Japanese patients with curatively resected CRC.

BRAF mutations occur in approximately 4%-20%
[6,10-14]
CRCs
, with the vast majority being the V600E
hotspot mutation. Although some previous studies
have shown that BRAF mutations confer poorer
[10-12]
[6,13]
prognosis in CRC
, others have not
, probably
because of associations with favorable MSI-H CRC
[15-17]
prognosis
.
Although genetic background and geographical
factors may influence mutation frequency and pro
gnosis, most reports are from Western countries;
less data are available regarding the prognostic role
of KRAS and BRAF mutations in Asian populations.
Two independent studies from Taiwan and Japan
have been published recently. However, both had
a small sample size and heterogeneous cohorts
including metastatic disease; the study from Taiwan
[14,18]
did not examine MSI status
. Hence, a large
homogenous cohort with MSI status is essential for
assessing the prognostic value of various clinical
or molecular variables in CRC. Here, we clarified
associations of KRAS and BRAF mutations and MSI
status with survival outcomes in a larger Japanese
cohort of patients with curatively resected CRC.

Key words: Colorectal cancer; KRAS ; BRAF ; microsatellite
instability; Prognostic factor
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Although KRAS and BRAF mutations play a
critical role in colorectal cancer development, little is
known regarding the prognostic role of these genetic
alterations after adjustment for microsatellite instability
status in Asian populations. To the authors’ knowledge,
the current study is the first large-scale study to clarify
the impact of KRAS and BRAF mutations on the survival
outcomes of colorectal cancer in Asian populations. We
found that KRAS and BRAF mutations were separately
associated with inferior disease-free survival and overall
survival, independent of microsatellite instability status,
in patients with curatively resected colorectal cancer.
Kadowaki S, Kakuta M, Takahashi S, Takahashi A, Arai Y,
Nishimura Y, Yatsuoka T, Ooki A, Yamaguchi K, Matsuo
K, Muro K, Akagi K. Prognostic value of KRAS and BRAF
mutations in curatively resected colorectal cancer. World J
Gastroenterol 2015; 21(4): 1275-1283 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i4/1275.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i4.1275

MATERIALS AND METHODS
Patients and tissue samples

A total of 813 consecutive stage Ⅰ-Ⅲ CRC patients
undergoing curative resection at Saitama Cancer
Center between July 1999 and May 2006 were in
cluded. Written informed consent was obtained from
all patients. Patients with the following conditions
were excluded: (1) history of radiotherapy or che
motherapy preoperatively; (2) inflammatory bowel
disease; or (3) history of familial adenomatous
polyposis. Pathological staging was performed
according to the tumor, node, and metastasis (TNM)
th
[19]
classification system (6 edition) . CRCs were
typically divided into 3 types: rectum, distal colon
(splenic flexure and descending and sigmoid colon),
and proximal colon (cecum and ascending and
transverse colon). Adjuvant chemotherapy was ad
ministered to 40% (129/322) and 76% (232/307) of
stage Ⅱ and Ⅲ CRC patients, respectively. Among
361 patients treated with adjuvant chemotherapy,
only 10 patients received combination chemothera
py with 5-fluorouracil, leucovorin, and oxaliplatin,
while remaining were treated with single-agent
fluoropyrimidines. Patients were followed-up until
death or February 2012, whichever came first. We
obtained approval from the Ethics Committee of
Saitama Cancer Center.

INTRODUCTION
Colorectal cancer (CRC) develops through diverse
mechanisms such as chromosomal instability (CIN),
microsatellite instability (MSI), and epigenetic
DNA promoter methylation [CpG island methylator
[1]
phenotype (CIMP)] . CIMP and MSI-high (MSI-H)
phenotypes are closely associated. Most sporadic
MSI-H tumors develop through CIMP-associated
methylation of MLH1, and BRAF mutations occur
[2,3]
frequently in both phenotypes . KRAS mutations
mainly occur in CIN and are partly associated with
[4]
intermediate CIMP epigenotype . KRAS and BRAF
mutations are mutually exclusive; both cause RAS/
RAF/MAPK signaling pathway upregulation and are
crucial in CRC development.
KRAS encodes a guanosine triphosphate/guano
sine diphosphate binding protein; KRAS mutations
[5-8]
are observed in approximately 30%-40% CRCs .
KRAS mutations are well known as predictive
markers of resistance to epidermal growth factor
receptor-targeted antibodies in metastatic CRC,
but their prognostic value remains controversial.
Some studies have shown that KRAS mutations are
[8,9]
associated with poorer survival in CRC
, while
[6,7]
others found no association .
BRAF encodes a serine/threonine protein kinase, a
downstream effector of the KRAS protein. Activating
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Genomic DNA extraction and KRAS and BRAF mutation
analysis

Primary CRCs and paired healthy colorectal mucosa
obtained perioperatively were immediately frozen at
-80 ℃ until analysis. Genomic DNA was extracted
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from fresh frozen specimens using the standard
phenol-chloroform extraction method. Exons 2
and 3 of KRAS were examined for mutations by
denaturing gradient gel electrophoresis, as de
[20]
scribed previously . The BRAF V600E mutation
was detected using PCR and restriction enzyme
[21]
digestion, as described previously .

RESULTS
Clinicopathological characteristics of KRAS and BRAF
mutant tumors

Patient characteristics according to KRAS or BRAF
status are summarized in Table 1. MSI status was
determined in all cases, whereas mutation status was
not determined in 1 case for KRAS and 2 for BRAF.
KRAS or BRAF mutations were detected in 38%
(312/812) and 5% (40/811) of cases, respectively.
Only 1 patient harbored KRAS and BRAF mutations.
KRAS mutations were more frequent in females than
in males (43% vs 35%, P = 0.02). BRAF mutations
were significantly more frequent in females than
in males (7% vs 3%, P = 0.006), proximal than
in distal or rectal tumors (13% vs 1% vs 2%, P <
0.001), mucinous or poorly differentiated tumors
than in moderately or well-differentiated tumors
(17% vs 4%, P < 0.001), and MSI-H tumors than in
MSS/MSI-L tumors (36% vs 2%, P < 0.001).

MSI analysis

MSI analysis was performed using fluorescence[22]
based PCR, as described previously . Five Be
thesda markers BAT25, BAT26, D5S346, D2S123,
and D17S250 were used to classify tumor MSI
status. MSI status was graded as MSI-H with 2 or
more unstable markers, MSI-low (MSI-L) with only
1 unstable marker, and microsatellite-stable (MSS)
with no unstable marker. MSI-positive markers were
re-examined at least twice to confirm the result.

Statistical analysis

The aim of this study was to evaluate the impact of
KRAS/BRAF mutations on prognosis in patients with
resected CRC. Prognosis was evaluated according to
2 measures: overall survival (OS) and disease-free
survival (DFS). OS was defined as the interval from
the date of resection until death due to any cause
or until the censor date of February 1, 2012. DFS
was defined as the time from the date of resection
to tumor recurrence, occurrence of a new primary
colorectal tumor, or death due to any cause. Survival
probability was estimated using the Kaplan-Meier
method and compared using the log-rank test. Cox
proportional hazards models were used to estimate
uni- and multivariate adjusted hazard ratios for
DFS and OS according to mutation status. Factors
for which the multivariate models were adjusted
are age (≥ 65 vs < 65), gender (male vs female),
tumor stage (Ⅲ vs Ⅱ vs Ⅰ), adjuvant chemotherapy
(Yes vs No), and status of MSI and BRAF or KRAS
mutations (Yes vs No). To further evaluate the
potential heterogeneity of the impact of KRAS and
BRAF mutations according to MSI status and other
covariates [age (≥ 65 vs < 65), gender (male vs
female), tumor location (distal/rectum vs proximal),
and stage (Ⅲ vs Ⅰ/Ⅱ)], we tested the models that
included interaction terms, cross-products of gene
mutation status, and another variable of interest in
a multivariate Cox model. The likelihood ratio test
was performed to determine the significance of the
results.
Clinicopathological factor distribution according to
2
gene mutation status was assessed using the χ or
Fisher’s exact tests for categorical variables, when
appropriate, and Student’s t-test for continuous
variables. All statistical analyses were performed
using Dr. SPSS Ⅱ software (SPSS Japan Inc., Tokyo,
Japan); 2-sided P < 0.05 was considered statistically
significant.
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Survival analysis

The median follow-up time was 87.7 mo (range:
13-148 mo). Based on univariate Cox proportional
hazard analysis results (Table 2), greater age
(≥ 65), male gender, advanced TNM stage, and
presence of KRAS mutations were significantly
associated with poor prognosis for DFS and OS. For
KRAS mutant vs KRAS wild-type tumors, 5-year DFS
was 71% vs 77% (log-rank P = 0.02; Figure 1A);
5-year OS was 80% vs 84%, respectively (log-rank
P = 0.01; Figure 1B). Presence of BRAF mutations
was not significantly associated with poorer DFS and
OS in the entire cohort. For BRAF mutant vs wildtype tumors, 5-year DFS was 70% vs 75% (log-rank
P = 0.23; Figure 1C); 5-year OS was 77% vs 83%
(log-rank P = 0.11; Figure 1D), respectively.
In multivariate analysis, adjusting for potential
prognostic variables, KRAS retained its prognostic
impact on DFS (HR = 1.35; 95%CI: 1.03-1.75)
and OS (HR = 1.46; 95%CI: 1.09-1.97; Table
3). Presence of BRAF mutations was significantly
associated with poorer DFS (HR = 2.20; 95%CI:
1.19-4.06) and OS (HR = 2.30; 95%CI: 1.15-4.71)
after adjustment (Table 3).

Survival analysis stratified by MSI status

Given the potential prognostic effect of MSI sta
tus, we evaluated interactions of KRAS or BRAF
mutations with MSI status (Table 4). The effect
of KRAS mutations on DFS and OS was limited
to patients with MSS/MSI-L tumors (HR = 1.37;
95%CI: 1.05-1.80; HR = 1.49; 95%CI: 1.10-2.02,
respectively); however, the KRAS by MSI interaction
test was not significant (P = 0.95 and 0.70, re
spectively). BRAF mutations were significantly
associated with reduced OS (HR = 2.74; 95%CI:
1.19-6.30) in MSS/MSI-L, but not MSI-H, tumors.
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Table 1 Patient characteristics according to BRAF or KRAS status n (%)
Characteristics

KRAS status

Age (yr)
mean ± SD
Gender
Male
Female
Tumor location
Proximal
Distal
Rectum
Histological grade
Well/moderate
Poor/mucinous
T stage
1
2
3
4
LN metastasis
Yes
No
TNM stage
Ⅰ
Ⅱ
Ⅲ
Adjuvant chemotherapy
Yes
No
MSI status
MSS/MSI-L
MSI-H

Wild-type
n = 500

Mutant
n = 312

63.5 ± 10.3

64.7 ± 10.3

308 (62)
192 (38)

166 (53)
146 (47)

134 (27)
213 (43)
153 (31)

98 (31)
125 (40)
89 (29)

472 (94)
28 (6)

288 (92)
24 (8)

52 (10)
106 (21)
286 (57)
56 (11)

31 (10)
46 (15)
200 (64)
35 (11)

180 (36)
320 (64)

127 (41)
185 (59)

125 (25)
195 (39)
180 (36)

58 (19)
127 (41)
127 (41)

217 (43)
283 (57)

144 (46)
168 (54)

455 (91)
45 (9)

290 (93)
22 (7)

BRAF status

P value

Wild-type
n = 771

n = 40

63.9 ± 10.3

65.4 ± 11.6

459 (60)
312 (40)

15 (38)
25 (63)

201 (26)
332 (43)
238 (31)

31 (78)
5 (13)
4 (10)

728 (94)
43 (6)

31 (78)
9 (23)

79 (10)
145 (19)
462 (60)
85 (11)

4 (10)
7 (18)
23 (58)
6 (15)

292 (38)
479 (62)

15 (38)
25 (63)

173 (22)
306 (40)
292 (38)

10 (25)
15 (38)
15 (38)

344 (45)
427 (55)

16 (40)
24 (60)

728 (94)
43 (6)

16 (40)
24 (60)

P value

Mutant

0.11

0.40

0.02

0.006

0.37

< 0.001

0.24

< 0.001

0.12

0.89

0.18

0.96

0.09

0.92

0.44

0.57

0.33

< 0.001

SD: Standard deviation; LN: Lymph node; TNM: Tumor-Node-Metastasis; MSI: Microsatellite instability; MSS: Microsatellite stable; MSI-L: Microsatellite
instability-low; MSI-H: Microsatellite instability-high.

KRAS
Wild-type
Mutant
BRAF
Wild-type
Mutant

Table 2 Univariate prognostic analysis of disease-free survival
and overall survival
Characteristics
Age (yr)
< 65
≥ 65
Gender
Female
Male
Tumor location
Proximal
Distal
Rectum
Histological grade
Well/moderate
Poor/mucinous
AJCC stage
Ⅰ
Ⅱ
Ⅲ
Adjuvant chemotherapy
No
Yes
MSI
MSS/MSI-L
MSI-H

Disease-free survival

Overall survival

HR

95%CI

1
1.73

Reference
1.35-2.28

1
2.21

Reference
1.64-2.98

1
1.57

Reference
1.20-2.06

1
1.57

Reference
1.16-2.13

1
0.92
1.17

Reference
0.67-1.25
0.85-1.62

1
0.9
0.97

Reference
0.64-1.26
0.67-1.40

1
1.53

Reference
0.97-2.42

1
1.43

Reference
0.84-2.42

1
2.6
4.68

Reference
1.61-4.19
2.95-7.42

1
2.26
3.49

Reference
1.36-3.75
2.14-5.70

1
1.24

Reference
0.96-1.60

1
1.29

Reference
1.10-1.51

1
0.71

Reference
0.42-1.20

1
0.92

Reference
0.54-1.59
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HR

95%CI

1
1.35

Reference
1.04-1.74

1
1.44

Reference
1.08-1.92

1
1.38

Reference
0.82-2.32

1
1.57

Reference
0.90-2.76

HR: Hazard ratio; CI: Confidence interval; MSI: Microsatellite instability;
MSS: Microsatellite stable; MSI-L: Microsatellite instability-low; MSI-H:
Microsatellite instability-high.

However, the BRAF by MSI interaction test did not
reach statistical significance (P = 0.44).

Survival analysis stratified by other potential variables

We also analyzed the prognostic value of KRAS and
BRAF mutations for OS across strata of other potential
prognostic factors (Figure 2). The prognostic effect
of KRAS mutations appeared to be consistent acr
oss potential variables, and interactions between
KRAS status and these factors were not significant.
In contrast, BRAF mutations were significantly as
sociated with poor OS in stage Ⅲ, but not stage ⅠⅡ, disease. Interactions between BRAF status and
TNM stage showed suggestive statistical significance
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B

1.0

KRAS wild-type

Probability

0.8

KRAS mutant
0.4

0.2

0.6

KRAS mutant
0.4

0.2

P = 0.02
0

24

KRAS wild-type

0.8

0.6

0.0

1.0

Probability

A

48

72

96

120

144

0.0

168

P = 0.01
0

24

48

72

t/mo

D

1.0

BRAF wild-type

Probability

0.8

0.6

BRAF mutant

0.4

0.2

0.0

24

72

168

BRAF wild-type

BRAF mutant

0.4

0.2

48

144

0.6

P = 0.23
0
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1.0

0.8
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C
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t/mo

96
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0.0
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P = 0.11
0

24
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96
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144
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Figure 1 Kaplan-Meier curves for disease-free survival and overall survival according to KRAS or BRAF status. A: Disease-free survival (DFS) according to
KRAS status; B: Overall survival (OS) according to KRAS status; C: DFS according to BRAF status; D: OS according to BRAF status.

Table 3 Prognostic effects of microsatellite instability, KRAS ,
and BRAF status in Cox proportional models
Disease-free survival
HR (95%CI)
MSI
MSS/MSI-L
MSI-H
KRAS
Wild-type
Mutant
BRAF
Wild-type
Mutant

1

P value

Overall survival
HR (95%CI)

Table 4 Prognostic Effects of KRAS and BRAF mutations
according to microsatellite instability status

1

KRAS

P value

1 (reference)
0.64 (0.35-1.16)

0.14

1 (reference)
0.81 (0.42-1.56)

0.53

1 (reference)
1.35 (1.03-1.75)

0.03

1 (reference)
1.46 (1.09-1.97)

0.01

1 (reference)
2.20 (1.19-4.06)

0.01

1 (reference)
2.30 (1.15-4.71)

0.02

DFS1
MSS/MSI-L
MSI-H
OS1
MSS/MSI-L
MSI-H

P value

HR (95%CI)

P value

1.37 (1.05-1.80)
1.34 (0.34-5.24)

0.95

2.06 (0.96-4.43)
2.46 (0.49-12.4)

0.91

1.49 (1.10-2.02)
1.39 (0.33-5.78)

0.70

2.74 (1.19-6.30)
1.18 (0.23-6.02)

0.44

1

Covariates include age, gender, AJCC stage (Ⅰ-Ⅱ/Ⅲ), adjuvant
chemotherapy, and KRAS and BRAF status. HR: Hazard ratio; CI:
Confidence interval; DFS: Disease-free survival; OS: Overall survival; MSI:
Microsatellite instability; MSS: Microsatellite stable; MSI-L: Microsatellite
instability-low; MSI-H: Microsatellite instability-high.

1

Covariates include age (< 65 or ≥ 65), gender, AJCC stage (Ⅰ/Ⅱ/Ⅲ),
adjuvant chemotherapy (Yes/No), and MSI, KRAS, and BRAF status. CI:
Confidence interval; MSI: Microsatellite instability; MSS: Microsatellite
stable; MSI-L: Microsatellite instability-low; MSI-H: Microsatellite
instability-high.

collected from patients with curatively resected
CRC (stage Ⅰ - Ⅲ ); KRAS and BRAF mutations
and MSI status were analyzed using a consistent
methodology at a single institution. KRAS and BRAF
mutations were associated with poor prognosis,
independent of MSI status.
Many studies have examined associations of
KRAS mutations with various clinical features, with
[5-8]
no consistent results
. KRAS mutations were
more frequent in females; however, these mutations
were not associated with any other clinical variable.

(P = 0.10).

DISCUSSION
To our knowledge, this is the largest study to assess
the prognostic value of KRAS and BRAF mutations
for survival outcomes in CRC patients in Asian po
pulations. Tumor specimens were prospectively
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Female

0.33

Proximal
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-0.5
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Figure 2 Stratified analysis of KRAS or BRAF status and overall survival. Loge [adjusted hazard ratio (HR)] and 95%CI for BRAF and KRAS mutant tumors (vs
wild-type tumors) in various strata are shown. A: KRAS mutant tumors; B: BRAF mutant tumors.
[5]

homogeneous cohort in this study, we found sig
nificant association of KRAS mutations with inferior
DFS and OS. Because we previously found no di
fference in survival outcomes among different KRAS
[23]
mutations, including those in exons 2, 3, and 4 ,
prognostic analyses of specific codons for these
mutations were not performed in the present study.
Similarly, the RASCAL study indicated that KRAS
[8]
mutations resulted in overall poorer prognosis ,
whereas subsequent analysis (RASCAL Ⅱ) showed
that only the glycine to valine substitution in codon
12 (G12V) was associated with poor prognosis in
[24]
patients with Dukes’ C disease . Furthermore,
recent randomized phase Ⅲ trial results supported
KRAS mutations as prognostic factors; 3-year DFS
ranged from 72% to 75% across treatments for
KRAS wild-type tumors, with 65% to 67% for KRAS
[25]
mutant tumors . In contrast, in the PETACC-3
trial, no association was found between KRAS
[6]
mutations and poorer relapse-free survival or OS .
Although further research of the prognostic effect
of KRAS mutations is needed, the influence of
these mutations seems to be mild across previously
reported studies.
The frequency of BRAF mutations (5%) and

Similarly, Watanabe et al
found relationships
of KRAS mutations with the female gender and
older age. In contrast, the Kirsten Ras Colorectal
Cancer Collaborative Group study (RASCAL) demon
strated that KRAS mutations were associated with
[8]
histological grade but no other variables . In
[6]
analysis of the PETACC-3 trial, Roth et al reported
associations of KRAS mutations with histological
grade and tumor location but not gender. Such
inconsistencies may be attributed to differences in
the distribution of age, race, stage, or other factors
among subject groups.
Currently, no convincing evidence exists that
KRAS mutations are independent prognostic factors
[14]
in CRC. In a Taiwanese study by Liou et al ,
KRAS mutations were not associated with inferior
OS; however, the magnitude of multivariate HR
(HR = 1.61; 95%CI: 0.91-2.84) was of the same
order as that in the present study. A study from
Japan revealed that the prognostic impact of KRAS
mutations on recurrence-free survival was limited in
patients with stage Ⅱ CRC, and the association of
[18]
KRAS mutations with OS was not observed . Both
studies had a small sample size and heterogeneous
cohorts, including stage Ⅳ disease. In the large
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MSI-H (8%) in our cohort was lower than that in
Western populations (BRAF: 8%-20%, MSI-H:
[6,9,11-13,15,16]
11%-17%)
and comparable with that
in Asian populations (BRAF: 4%-7%, MSI-H:
[14,18,26]
6%-12%)
. Generally, BRAF mutations and
MSI-H are frequently observed in females, proximal
tumors, and poorly differentiated tumors. In a
systematic review including 9885 CRC patients,
a BRAF mutation was associated with a proximal
tumor location, poor differentiation, and female
[27]
sex . Consistent with this observation, BRAF mu
tations were more frequent in proximal tumors,
poorly differentiated tumors, and females. Previous
Western cohorts showed more patients with
proximal and poorly differentiated tumors compared
with Asian cohorts, including the current cohort.
Thus, the discrepancy in BRAF mutations and MSI-H
status between Western and Asian populations may
be attributed to the different distribution of patients’
characteristics such as gender, tumor location,
histological grade, or racial and/or environmental
differences.
Most previous studies found associations of
[6,10-12]
BRAF mutations with poorer survival
. In metaanalysis of 26 independent studies (11773 patients),
BRAF mutations increased the risk of mortality in
[28]
CRC patients (HR = 2.25; 95%CI: 1.82-2.83) .
However, this evidence is mainly based on studies
in Western populations; little is known regarding
the prognostic role of BRAF mutations in Asian po
[14]
pulations. In a Taiwanese study , BRAF mutations
were associated with reduced OS, but MSI status
was not estimated. In a Japanese study, Nakanishi
[18]
et al
found no such association because of the
insufficient number of patients with BRAF mutations.
In the present study with larger sample size and
homogeneous cohorts, we found associations of
BRAF mutations with poorer DFS and OS in CRC
patients with stage I-Ⅲ disease, with the same order
of magnitude of HR for OS as in the above metaanalysis. The prognostic effect of BRAF mutations
on survival seems to be even stronger than that of
KRAS mutations.
[6,9,15-17]
In contrast to previous reports
, our analysis
did not show that patients with MSI-H tumors
exhibited better survival than those with MSS/MSI-L
tumors. However, the number of patients with
MSI-H tumors was too small to draw meaningful
conclusions regarding the prognostic effect of MSI
status. Therefore, additional larger studies are
needed to clarify the prognostic impact of MSI
status. Inconsistent results were reported regarding
the prognostic effect of BRAF mutations according
[6,10,13]
[10]
to MSI status
. Samowitz et al
found as
sociations of BRAF mutations with poor survival
in MSS/MSI-L, but not MSI-H tumors. Meanwhile,
[13]
French et al
reported associations of BRAF mu
tations with poor survival in MSI-H tumors. In
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our analysis, associations of BRAF mutations with
reduced OS were limited in MSS/MSI-L tumors.
However, the BRAF by MSI interaction test was not
significant; statistical power was considerably limited
due to the small number of patients with MSI-H and
BRAF mutant tumors. Larger studies are needed to
clarify the modifying effect on the relation between
BRAF mutations and survival outcome according
to MSI status. Advantages of this study include
comprehensive analysis of molecular markers using
consistent methodology at a single institution, large
sample size, and homogeneous cohort of Japanese
patients. These results suggest that constitutive
activation of the RAS/RAF/MAPK signaling pathway
may be closely associated with clinical prognosis
in CRC. Prognostic effects of KRAS and BRAF mu
tations seem to be consistent across most strata of
clinical variables, while the adverse effect of BRAF
mutations on OS may be attenuated in stage Ⅰ-Ⅱ
CRC patients, with marginal statistical significance.
The interaction of BRAF mutations with tumor stage
warrants further research.
In conclusion, we found that Japanese CRC
patients with KRAS or BRAF mutations have poorer
survival, independent of MSI status. Additional
investigations are warranted to clarify the interaction
between these mutations and potential relevant
factors, such as MSI status and tumor stage.
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of KRAS and BRAF mutations in Asian populations. After adjustment for
relevant factors, including MSI, KRAS and BRAF mutations were independently
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could be modified by MSI status may provide more precise stratification of
clinical outcomes in CRC.
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Terminology

The protein product of the KRAS gene is a guanosine triphosphate/guanosine
diphosphate-binding protein, and KRAS mutations play a key role in the
development of various malignancies, including lung cancer, pancreatic
cancer, and CRC. The protein product of the BRAF gene, a protein called
B-Raf, is a serine/threonine protein kinase serving as downstream effector of
the KRAS protein. BRAF mutations are involved in the development of many
malignancies, e.g., malignant melanoma, papillary thyroid cancer, and CRC.
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METHODS: Sixty-six children aged from 7-14 years
(mean ± SD, 11.17 ± 2.293) diagnosed with HCV
infection were matched to 28 healthy controls. Serum
levels of 25 (OH) D3, calcium, phosphorus, alkaline
phosphatase and plasma level of parathormone were
measured. Quantitative PCR for HCV was performed
Bone density was determined by dual energy X-ray
absorptiometry. All cases received conventional therapy,
and only 33 patients received vitamin D supplementation.
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RESULTS: Children with HCV showed significantly
increased levels of HCV RNA (P < 0.001), parathormone
(P < 0.01) and decreased vitamin D levels (P < 0.05)
(33.3% deficient and 43.3% insufficient) compared with
controls. Abnormal bone status (Z score -1.98 ± 0.75)
was found in ribs, L-spine, pelvis and total body. Cases
treated with vitamin D showed significant higher early (P
< 0.04) and sustained (P < 0.05) virological response.
There was a high frequency of vitamin D deficiency
among the Egyptian HCV children, with significant
decrease in bone density. The vitamin D level should be
assessed before the start of antiviral treatment with the
correction of any detected deficiency.
CONCLUSION: Adding vitamin D to conventional Peg/
RBV therapy significantly improved the virological
response and helped to prevent the risk of emerging
bone fragility.
Key words: Vitamin D; Viral response; Hepatitis C; Children
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Does vitamin D supplementation improves
the viral response in hepatitis C infection? Previous
studies raised the possibility that disease progression
is associated with higher levels of vitamin D, and
thus vitamin D supplementation does not have a
role in chronic hepatitis C patients. This study aimed
to investigate the frequency of vitamin D deficiency

Abstract
AIM: To study the frequency of vitamin D deficiency
in patients with hepatitis C virus (HCV) infection and
to evaluate the role of vitamin D supplementation in
improving antiviral therapy.

WJG|www.wjgnet.com

1284

January 28, 2015|Volume 21|Issue 4|

Eltayeb AA et al . Effect of vitamin D on viral response in children with hepatitis C

among Egyptian hepatitis C virus-infected children,
with assessment of bone status by measuring calcium,
parathormone and alkaline phosphatase levels, and
bone mineral density and to evaluate the role of vitamin
D supplementation in improving the viral response of
these patients.

infection. They were admitted to the Gastroenterology
and Hepatology unit at Assiut Children University
Hospital from June 2010 to December 2012. The
diagnosis of HCV was based on the quantitation of
HCV RNA by quantitative real-time polymerase chain
[11]
reaction .

Exclusion criteria

Eltayeb AA, Abdou MAA, Abdel-aal AM, Othman MH.
Vitamin D status and viral response to therapy in hepatitis C
infected children. World J Gastroenterol 2015; 21(4): 1284-1291
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i4/1284.htm DOI: http://dx.doi.org/10.3748/wjg.v21.i4.1284

Patients with chronic liver disease other than HCV,
patients with immunodeficiency, malignancy, de
compensated liver cirrhosis, and patients on vitamin
D or calcium therapy in the previous 3 mo were
excluded.
Another 28 apparently healthy volunteer children
drawn from Assiut Children University Hospital, of
matched age and sex, were recruited as controls.
The medical ethical committee of the Faculty of
Medicine, Assuit University approved the study, and
informed written consent was obtained from the
parents or legal guardians.
A full history was taken and a thorough clinical
examination was performed for all members of
both study groups. All cases were subjected to the
following investigations: (1) serum liver enzymes (AST
and ALT), Ca, phosphorus, alkaline phosphatase,
25 (OH) D 3 and PTH levels; (2) PCR for HCV RNA;
and (3) bone mineral density (BMD) as measured
by the dual energy X-ray absorptiometry method
(Hologic Model Delphi, CT, United States). BMD (g/
2
cm and Z-score) of the ribs, arms, head, lumbar
spine, pelvis, legs and total body were measured.
The BMD values were compared with those of the
healthy controls. Osteoporosis was considered
with a Z-score of -2 standard deviations (SDs) and
osteopenia between -1.0 and 2.0 SDs in relation to
the patient’s age, as suggested by the World Health
[12]
Organization .
The patients were classified randomly by a simple
randomization method into two groups: Group A
received PEG-alpha-2b interferon (60 µg/kg per
week) SC and ribavirin (15 mg/kg per day) orally
for 48 wk together with vitamin D3 2000 IU/d
orally. Group B received the same therapy without
vitamin D supplementation. Vitamin D insufficiency,
deficiency and sufficiency were defined according to
25OHD levels as > 75 nmol/L, from 75-30 nmol/L,
[13]
and < 30 nmol/L, respectively .
Follow up for all patients was performed at 12
and 24 wk from the beginning of the therapy and at
24 wk after cessation of therapy by measuring PCR
for HCV RNA and liver functions. All complications
and side effects during the course of treatment were
recorded. Six cases (two from group A and four from
group B) were excluded from the study after 12 wk
of treatment because of a lack of response. Nonresponders were defined as those who failed to clear
HCV RNA from serum after 24 wk of therapy.
Discontinuation of therapy occurred if HCV RNA
level after 12 wk < 2 log unit compared to baseline

INTRODUCTION
Hepatitis C virus (HCV) infection remains an evolving
cause of morbidity and mortality worldwide. Despite
limited epidemiological data, a higher prevalence is
[1]
found in Eastern Europe and in the Middle East .
Egypt has the highest prevalence of HCV infection;
about 9% country wide and up to 50% in certain
[2]
rural areas .
Vitamin Dis a potent immunomodulator that im
proves insulin sensitivity, suppresses proinflammatory
cytokines, increases anti-inflammatory cytokines, and
[3]
improves CD4 T cell hyper-responsiveness . Recently,
specific vitamin D receptors (VDRs) were observed
to be expressed in liver cells and this expression of
VDRs is reduced in chronic Hepatitis C patients. In
addition, an inverse relationship between the liver
VDR expression and inflammation severity was ob
[4,5]
served .
Abnormal bone metabolism, vitamin D axis,
calcium (Ca) and parathormone (PTH) dysfunction
[6]
have been reported in cholestatic children with
the disturbance in vitamin D metabolism, gonads,
[7]
or chronic inflammation . The role of chronic HCV
infection in osteoporosis is supported with the de
creased fracture risk in HCV children with successful
[8]
antiviral treatment . However, other studies demon
[9]
strated osteosclerosis in HCV infection .
The relation between vitamin D and the antiviral
therapy response remains unclear, with previous
studies raising the possibility of inconsistent results
[10]
and failure of the reference methodology .
The present study aimed to investigate the
frequency of vitamin D deficiency among Egyptian
HCV infected children, and to assess bone status
by measuring calcium, parathormone, alkaline
phosphatase and bone mineral density. We also
evaluated the role of vitamin D supplementation in
improving the virological response of these patients.

MATERIALS AND METHODS
This prospective study included 66 cases (43 male
and 23 female) aged from 7-14 years with HCV
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or neutropenia < 500/cm, platelets < 5000 mm³
and Hb < 8 gm/dL. Sustained virological response
(SVR) was considered when an undetectable HCVRNA was found at 24 wk after therapy.

parameters in the studied groups with HCV infection.
There were significant differences in Z- score
regarding ribs (P < 0.04), pelvis (P < 0.04), L-spine
(P < 0.05) and total BMD (P < 0.03) between the
two groups (Table 3).
Vitamin D sufficiency was present in 23.3%,
insufficiency in 43.3% and deficiency in 33.3% of
cases. There were significant decreases in serum
calcium levels in the deficient group vs the sufficient
group. Serum vitamin D showed a statistically
significant difference between the sufficient, insu
fficient and deficient groups compared with the
control. PCR for HCV RNA was significantly different
in the sufficient and insufficient versus the deficient
groups and also compared with control (Table 4).
There were significant difference in ribs (P < 0.04),
pelvis (P < 0.05), L spine (P < 0.05) and head (P <
0.005) in BMD between the sufficient and deficient
groups (Table 5).
At 12 wk, there were no significance in the
early virological response (EVR) between the two
groups, where 10/31 patients (32.3%) from group
A and 6/29 (20.6%) from group B were HCV-RNA
negative. At 24 wk, there were significant differences
in virological response (P value < 0.04),where 24/31
patients (77.4%) from group A and 17/29 (58.6%)
from group B were negative for HCV-RNA. A sig
nificant difference in SVR was detected at 24 wk
after treatment, between group A and B (P < 0.05).
22/31 patients (70.9%) from group A and 15/29
(51.7%) from group B were HCV-RNA negative.

Sample collection and laboratory investigations

Venous blood samples were collected from patients
under standardized conditions. Samples were
centrifuged (3000 × g for 10 min); serum and
plasma samples were divided and stored in aliquots
at -20 ℃ until analysis. Serum calcium, phosphorus
and alkaline phosphatase were measured by
conventional methods using a COBAS INTEGRA 400
autoanalyzer. Serum 25-OH Vitamin D measurement
was performed by Immundiagnostik AG kit (Ben
sheim; Germany; Ref.K2110), using an enzyme
immunoassay technique, based on competition of 25
(OH) D present in the sample with 20(OH) D tracer
for the binding pocket of vitamin D binding protein.
Assay of plasma levels of parathyroid hormone
using MAGLUMI Intact PTH (Shenzhen; China) Ref.
13330211001M (Sandwich immunoluminometric
assay) Quantitative PCR for HCV was performed
using an AB Applied Biosystems 7500 Fast Real-Time
PCR System.

Statistical analysis

Statistical analysis was carried out using SPSS (version
16, SPSS Inc., Chicago, IL, United States). Quantitative
data were expressed as mean ± SD and categorical
data were presented in the form of frequency and
percent (%), as appropriate. Student’s t-test was
2
used for parametric data and non-parametric χ was
used for independent variables when comparing
the two groups. Multiple groups were compared
using the one-way ANOVA test. Linear correlations
were performed by Pearson’s test. For all tests,
a difference was considered significant if the pro
bability (P) was < 0.05.

DISCUSSION
Egypt has the highest worldwide prevalence of HCV
infection, about 9% countrywide and up to 50% in
[2]
rural areas . This goes with our results where 15%
of patients had positive family history of HCV, with
a significant higher proportion in group A than in
group B.
The baseline of PCR HCV RNA (> 400000 IU/
mL) was significantly higher compared with the
controls in this study, with no significance between
[13]
group A and B. Assy et al
showed that patients
supplemented with vitamin D had a significantly
higher baseline of HCV RNA (60%) than those
treated without vitamin D (40%). While Abu-Mouch
[14]
et al , found that the baseline of HCV RNA with
high viral load (> 800000 IU/mL) in patients treated
with vitamin D (50%) showed higher significant
results than those without vitamin D treatment
(42%).
In this study, vitamin D sufficiency was present
in 23.3%, insufficiency in 43.3% and deficiency
in 33.3% of cases with no significant difference
between the two groups. This agrees with the
[13,14]
results of previous studies
, which found no sig
nificant difference regarding the baseline vitamin D

RESULTS
Positive family history of HCV was significantly
different between group A and B (P < 0.05) (Table 1).
Complications during the course of treatment
were detected in 10 cases, with mild symptoms
in the form of fever, nausea, itching, headache,
anemia < 9 gm/dL, neutropenia < 5000/cm³ or th
rombocytopenia < 100000 mm³, where the antiviral
dose were reduced to half the dose.
Significant decrease in serum vitamin D levels
(P < 0.05) and significant increases in plasma PTH
(P < 0.01) and HCV RNA (P < 0.001) were detected
in the studied cases compared with the controls,
despite no significant differences being found re
garding liver enzymes, albumin, Phosphorus and
ALP between the two groups (Table 2).
Table 3 represents the mean values of Bone density

WJG|www.wjgnet.com

1286

January 28, 2015|Volume 21|Issue 4|

Eltayeb AA et al . Effect of vitamin D on viral response in children with hepatitis C
Table 1 Demographic and clinical data for the studied groups and control

Age (yr)
Duration of illness (yr)
BMI (kg/m2)
Male/female
Blood transfusion, n (%)
Positive family history of HCV
Jaundice, n (%)
Fever, n (%)
History of bleeding, n (%)

A

B

Total

Control

(n = 31)

(n = 29)

(n = 60)

(n = 28)

11.1 ± 2.178
3.4 ± 1.984
20.81 ± 4.29
23/8 (74.1%/25.8%)
16 (51.6)
8 (25.8)
19 (61.2)
9 (29.0)
17 (54.8)

11.043 ± 2.882
3.123 ± 1.688
20.28 ± 3.13
20/9 (68.9%/31.1%)
16 (55.1)
1 (3.4)
13 (44.8)
9 (31.0)
16 (55.1)

11.17 ± 2.293
3.262 ± 1.832
20.54 ± 3.73
43/17 (71.6%/28.3 %)
32 (53.3)
9 (15.0)
32 (53.3)
18 (30.0)
33 (55.0)

9.35 ± 3.24
21.21 ± 2.34
17/13 (60.7%/46.4%)
-

P value
0.445
0.563
0.588
0.284
0.602
0.051
0.098
0.611
0.501

1

Significance total vs control. No significant difference between group A and B. Data are presented as the mean ± SD or number (%) as appropriate. BMI:
Body mass index.

Table 2 Mean ± SD values of laboratory parameters in the studied groups and control

ALT (IU/L)
AST (IU/L)
Calcium (mg/dL)
Phosphorus (mg/dL)
Alkaline phos (IU/L)
HCV RNA (IU/mL)
Vitamin D (nmol/L)
PTH (pg/mL)

Group A

Group B

Total

(n = 31)

(n = 29)

(n = 60)

75.46 ± 18.18
75.5 ± 24.95
6.733 ± 1.52
4.24 ± 0.42
140.97 ± 10.98
1393290 ± 52580
65.26 ± 22.71
179.10 ± 10.25

87.96 ± 14.11
104 ± 11.204
6.657 ± 1.24
4.21 ± 0.39
99.12 ± 24.94
967371 ± 56534
57.9 ± 16.17
188.03 ± 14.96

81.71 ± 18.25
89.75 ± 23.41
6.69 ± 1.38
4.25 ± 0.41
120.05 ± 27.66
1180334 ± 79910
61.58 ± 17.05
186.56 ± 25.67

Control (n = 28)
21.35 ± 6.21
35.74 ± 4.92
8.2 ± 0.91
3.1 ± 0.65
78.48 ± 21.10
10.21 ± 0.74
98.31 ± 3.50
65.71 ± 12.05

P value
0.148
0.24
0.83
0.68
0.20
0.0011
0.051
0.011

1

Significance total vs control. No significant difference between group A and B. AST: Aspartate transaminase; ALT: Alanine transaminase; PTH:
Parathormone.

Table 3 Mean ± SD values of bone density parameters in the studied groups with hepatitis C virus infection

Head
Arm
Leg
Rib
Pelvis
L Spine
Total

A (n = 31)

B (n = 29)

Total (n = 60)

Z - score

1.226 ± 0.394
1.063 ± 1.223
0.912 ± 0.225
0.688 ± 0.248
0.839 ± 0.187
0.77 ± 0.207
0.834 ± 0.281

1.12 ± 0.383
0.89 ± 0.277
0.969 ± 0.38
0.869 ± 0.411
0.92 ± 0.238
0.901 ± 0.294
0.913 ± 0.381

1.173 ± 0.389
0.976 ± 0.883
0.94 ± 0.311
0.778 ± 0.349
0.879 ± 0.216
0.835 ± 0.261
0.874 ± 0.334

-0.16 ± 0.42
-0.916 ± 1.2
-1.13 ± 1.34
-1.31 ± 0.78
-2.8 ± 1.53
-2.43 ± 1.7
-1.98 ± 0.75

P value
0.297
0.453
0.482
0.0431
0.051
0.0511
0.0361

1

Significance between total BMD of HCV patients vs control. BMD: Bone mineral density (g/cm2). HCV: Hepatitis C virus.

Table 4 Mean ± SD values of laboratory parameters in relation to Vitamin D status in the studied groups
Control (n = 28)

Vitamin D status

ALT (IU/L)
AST (IU/L)
Calcium (mg/dL)
Phosphorus (mg/dL)
Alkaline phosphatase (IU/L)
HCV RNA(IU/mL)
Vitamin D (nmol/L)
PTH (pg/mL)

Sufficient
(n = 14)
97.643 ± 18.06
97.786 ± 24.215
7.993 ± 1.183
3.31 ± 0.25
82.92 ± 15.62
1300824 ± 664010
84.21 ± 17.821
128.53 ± 20.37

Insufficient
(n = 26)
75.654 ± 15.954
94.923 ± 13.151
7.023 ± 1.396
4.21 ± 0.31
109.34 ± 13.08
1417943 ± 137873
49.23 ± 15.07
164.05 ± 12.63

Deficient
(n = 20)
78.45 ± 17.824
77.4 ± 13.363
6.13 ± 1.185
4.24 ± 0.61
159.96 ± 14.64
787100 ± 65915
22.6 ± 3.858
179.46 ± 19.24

21.35 ± 6.21
35.74 ± 4.92
8.2 ± 0.91
3.1 ± 0.65
78.48 ± 21.10
10.21 ± 0.74
98.31 ± 3.50
65.71 ± 12.05

Suff vs
Insuff
0.327
0.934
0.769
0.354
0.493
0.705
0.0001
0.181

Suff vs Def Insuff vs
Def
0.475
0.453
0.031
0.412
0.068
0.031
0.001
0.322

0.885
0.551
0.090
0.614
0.233
0.0221
0.0001
0.607

Total

P value
0.610
0.772
0.077
0.456
0.192
0.0432
0.0012
0.296

1

Significance between groups vs control; 2Significance total vs control. AST: Aspartate transaminase; ALT: Alanine transaminase; PTH: Parathormone; Suff:
sufficient; Insuff: Insufficient; Def: Deficient.
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Table 5 Mean ± SD values of bone mineral density in relation to Vitamin D status in the studied groups
Suff vs Insuff

Vitamin D status
Sufficient (n = 14)

Insufficient (n = 26)

Deficient (n = 20)

0.921 ± 0.343
1.03 ± 0.901
0.873 ± 0.28
0.856 ± 0.34
0.996 ± 0.234
0.959 ± 0.115
0.918 ± 0.444
1.121 ± 0.577

1.237 ± 0.415
0.879 ± 0.259
1.001 ± 0.321
0.749 ± 0.358
0.895 ± 0.219
0.838 ± 0.24
0.897 ± 0.11
0.927 ± 0.25

1.267 ± 0.317
1.065 ± 1.325
0.978 ± 0.291
0.662 ± 0.353
0.748 ± 0.107
0.716 ± 0.258
0.812 ± 0.28
-1.875 ± 0.441

Head
Arm
Leg
Rib
Pelvis
L- Spine
Total
Z score

Suff vs Def

Insuff vs Def

Total

P value
0.0201
0.428
0.341
0.365
0.990
0.808
0.863
0.619

0.0051
0.931
0.428
0.0431
0.051
0.0591
0.398
0.0421

0.0182
0.759
0.067
0.637
0.738
0.892
0.596
0.493

0.790
0.487
0.798
0.910
0.469
0.766
0.340
0.431

1

Significance between groups; 2Significance total vs control. BMD: Bone mineral density (g/cm2). Suff: Sufficient; Insuff: Insufficient; Def: Deficient.

A
B

30

r = -0.197, P = 0.01
25
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600
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400
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Figure 1 Correlation between plasma parathormone levels and the Z-score
of the total body.

Figure 2 Early and sustained viral response of hepatitis C virus RNA in
group A and B. PTH: Parathormone.

between cases supplemented with vitamin D and
[15]
those without. Highleyman
stated the importance
of vitamin D in the immune response against HCV
infection: 84% of adult patients with HCV infection
have low vitamin D levels and 1/3 of patients had
severe deficiency.
[16]
Mandorfer et al
also found sufficient levels of
vitamin D in 1/5 of their participants and 57% were
[17]
insufficient and 23% were deficient. Ladero et al ,
found vitamin D insufficiency in 40% and deficiency
in 36% of adult patients.
Vitamin D status may differ across different geo
[13]
graphical locations and environments . Conse
quently, its influence on disease pathogenesis is
likely to vary from one location to the other. Vitamin.
D deficiency could be related to lack of exposure to
sunlight, although Africa is sunny, and/or to the lack
[13]
of vitamin D in the diet .
Vitamin D is an important modulator of inflam
matory responses and fibrosis in HCV infection
by inhibiting TNF-α, which regulates the immune
response and inhibits the fibrosis process by su
[18]
ppressing TGF-β, which affects fibrosis progression .
[17]
Ladero et al , concluded that vitamin D deficien
cy is more common in Spanish patients with HCV
infection, but it is neither related to biochemical and

virological variations, nor to fibrosis stage or IL 28B
polymorphisms.
[19]
On the contrary, other studies , raised the po
ssibility that the disease progression is associated
with higher levels of vitamin D, and thus vitamin
D supplementation does not have a role in chronic
[20]
hepatitis C patients. Terrier et al , showed that
were no associations between serum 25 OH D3
levels and viral response to therapy or the severity
of immunodeficiency in HCV patients.
The present study observed significantly higher
plasma PTH levels in HCV patients compared with
controls. This may be related to the functioning
feedback mechanisms of low serum calcium and
[21]
25(OH)D levels. Malabanan et al
stated that when
the 25(OH)D concentration reaches < 50 nmol/L (20
ng/mL), the PTH concentration increases.
In the present study, plasma PTH levels were
negatively associated with BMD and the Z-score of
the total body (Figure 1). The increased PTH levels
found in our patients may lead to increased bone
resorption and decreased BMD. The decrease in
[22]
sensitivity of the PTH effect on bone resorption
or
the anabolism of the osteoblasts to PTH could be an
[23]
[24]
explanation . Similarly, Choudhary et al
found a
negative correlation between PTH and BMD in viral
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[25,26]

cirrhosis. By contrast, other studies
revealed
normal or low PTH levels in HCV infection. This
discrepancy could be explained by the increased
prevalence of 25(OH)D deficiency or insufficiency in
Egyptian children with HCV infection.
[27]
In partial agreement with other studies , we
observed that the peripheral skeleton was less
influenced than the axial skeleton in our HCV pa
tients. The accelerated growth in the peripheral
skeleton in children could explain this, while during
[27]
puberty, it occurs in the axial skeleton . In
addition, most of our patients had been diagnosed
before puberty. Therefore, the highest bone mass
was obtained during the disease process, which
affects the bone status in these patients. The
protective role of puberty on bone tends to be
opposite to temporary bone loss, which seems to be
[28]
a complication of the disease .
Regarding bone density in the present study,
the Z score was significantly decreased and showed
significant difference between the two groups. This
[29]
is agrees with the results of El Karmouty et al ,
who revealed that BMD, T score and Z score were
significantly lower in children with HBV and HCV
than HAV infection. The severity of osteoporosis
increases with the severity of liver disease. However,
no significant correlation could be detected between
serum Ca, Phosphorus, vitamin D and the degree
of bone loss, which is higher in osteoporosis than in
[29]
[6]
osteomalacia . Kryskiewicz et al observed some
risk factors of bone tissue pathology, which included
hepatocyte dysfunction, disorders of vitamin D, Ca
and Phosphorus metabolism, immunosuppressive
therapy and malnutrition. Theoretically disturbance
in the endocrine Ca - PTH- vitamin D axis seems to
play a role in the pathogenesis of osteo metabolic
disturbances.
[30]
López-Larramona et al
stated that the origin
of hepatocyte osteodystrophy is unclear; it may
be multifactorial and its etiology and severity vary
in accordance with the underlying liver disease.
Bone loss occurs as a result of increased bone
turnover and/or remodeling in balance, the latter
being caused by reduced formation, and increased
resorption or a combination of both. Vitamin D
metabolism in severe HCV infection and deficiency
may cause hyperparathyroidism, increase bone
turnover and accelerate the loss of BMD. This
regulation of the RANKL/OPG system is activated
by cytokines involved in the pathogenesis of
chronic liver disease (IL 1, 11, 6, TNF-α1). Previous
[24,31]
studies
found that patients with chronic liver
disease have low BMD in 93% of cases. Other
factors, including decreased physical activity,
decreased body mass, deficiency of vitamin D and
low IGF level were considered.
[32]
Yurci et al
stated that all anti osteoporotic
agents in hepatic osteodystrophy seems to be safe
and effective. Oral bisphosphonate (anti resorptive
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drug) was the most effective in preventing both
cortical and trabecular bone loss in patients with
chronic viral hepatitis, but only limited data are
available.
[25]
By contrast, Yenice et al , stated that hepatitis
B and C infection do not pose a risk factor for
osteoporosis and bone loss, and that the diagnosis
of BMD should be based on multiple parameters. It
should be kept in mind that the key osteomalacia
is rare and requires bone biopsy. The differences
observed between reports may be related to the
study design, different methods used for measuring
BMD and selection of patients.
Regarding the use of vitamin D in this study,
cases in group A showed significantly higher rates
of EVR, a greater response after 24 wk and higher
SVRs than group B (Figure 2). This agrees with a
[14]
previous study
that found that patients treated
with vitamin D in addition to conventional antiviral
therapy had significantly higher responses at 4
wk than those treated without vitamin D (44% vs
17%), at 12 wk (94% vs 43%), and at 24 wk after
stoppage of therapy (86% vs 42%) with a small
[13,14]
relapse rate (8%). Previous studies
concluded
that the addition of vitamin D to the therapy in HCV
patients increases the rate of rapid and early SVR.
Therefore, assessment of vitamin D levels before
combined therapy and correction during the course
of therapy may be needed.
[33]
Bitetto et al
concluded that unfavorable res
ponses to antiviral therapy are predicted in vitamin
D deficient patients with RHC. Supplementing
vitamin D improves the possibility of achieving an
SVR after antiviral treatment. In addition, low levels
of vitamin D are associated with significant poor
[16]
rate of EVR and SVR in co-infection of HIV , and
this decreased vitamin D is limited to fibrosis and
[34]
low SVR in interferon-based therapy . The exact
mechanism of vitamin D supplementation action
on EVR, RVR and SVR is unclear. It may reflect
the fact that 1, 25 dihydroxy vitamin D appears
to be an immunomodulator via regulation of T cell
[35]
function through its effect on T cell antigen . T
helper cell type Ⅰ action is intensified when vitamin
[36]
D is insufficient or when VDR signals are weak .
Vitamin D increases the expression of VDR proteins
[37]
and inhibits viral replication .
[38]
Gal-Tanamy et al , stated that the interferon
sparing effect of vitamin D improves the antiviral
treatment in patients with HCV infection. 25(OH) D3
is a novel antiviral agent and a better therapeutic
option to reduce the enzyme activity in patients with
[39]
HCV .
In conclusion, there was a high frequency of
Vitamin D deficiency among the Egyptian HCV
children studied, with significant decrease in bone
density. Vitamin D levels should be assessed before
the start of antiviral treatment, with correction
of any detected deficiency. Adding vitamin D to
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conventional Peg/RBV therapy significantly improved
viral response and helped to prevent the risk of
emerging bone fragility.
5
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Background

Hepatitis C virus (HCV) infection remains an evolving cause of morbidity and
mortality worldwide. Despite limited epidemiological data, a higher prevalence
is found in Eastern Europe and the Middle East. Abnormal bone metabolism,
vitamin D axis, calcium and parathormone dysfunction have been reported
in cholestatic children. The relation between vitamin D and antiviral therapy
response remains unclear, with previous studies raising the possibility of
inconsistent results.

8

Research frontiers

9

To investigate the frequency of vitamin D deficiency among Egyptian HCVinfected children, with assessment of bone status by measuring calcium,
parathormone and alkaline phosphatase levels, and bone mineral density. We
also to evaluated the role of vitamin D supplementation in improving the viral
response of these patients.

10

Innovations and breakthroughs

Previous studies raised the possibility that disease progression is associated
with higher levels of vitamin D, and thus vitamin D supplementation does not
have a role in chronic hepatitis C patients. In this study, cases supplemented
with vitamin D showed a significantly higher percentage of early virological
response (EVR), higher response after 24 wk and a higher sustained virological
response (SVR) than those without supplementation.

11

Applications

12

The addition of vitamin D to the therapy in HCV patients increases the rate of
rapid and early SVR. Cases supplemented with vitamin D showed a significantly
higher percentage of EVR, higher response after 24 wk and a higher SVR than
those without supplementation.

13

Terminology

The addition of vitamin D to the therapy in HCV patients increases the rate of
rapid and early SVR. Assessment of Vitamin D levels before combined therapy
and correction during the course of therapy is required.

14

The study investigated the effect of vitamin D in the response to antiviral
treatment in chronic infected pediatric patients with HCV. There are several
works published in the literature exploring this issue, however the relation
between vitamin D status and the antiviral response to therapy remains unclear.
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Abstract
AIM: To determine the effect of discontinuing nonsteroidal antiinflammatory drugs (NSAIDs) on re
currence in long-term follow-up patients with colonic
diverticular bleeding (CDB).
METHODS: A cohort of 132 patients hospitalized
for CDB examined by colonoscopy was prospectively
enrolled. Comorbidities, lifestyle, and medications
(NSAIDs, low-dose aspirin, antiplatelet agents, anti
coagulants, acetaminophen, and corticosteroids) were
assessed. After discharge, patients were requested to
visit the hospital on scheduled days during the followup period. The Kaplan-Meier method was used to
estimate recurrence.
RESULTS: Median follow-up was 15 mo. The probability
of recurrence at 1, 6, 12, and 24 mo was 3.1%, 19%,
27%, and 38%, respectively. Of the 41 NSAID users
on admission, 26 (63%) discontinued NSAID use at
discharge. Many of the patients who could discontinue
NSAIDs were intermittent users, and could be switched
to alternative therapies, such as acetaminophen or an
antiinflammatory analgesic plaster. The probability of
recurrence at 12 mo was 9.4% in discontinuing NSAID
users compared with 77% in continuing users (P < 0.01,
log-rank test). The hazard ratio for recurrence in the
discontinuing NSAIDs users was 0.06 after adjusting
for age > 70 years, right-sided diverticula, history of
hypertension, and hemodialysis. No patients developed
cerebrocardiovascular events during follow-up.
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used for the prevention of upper gastrointestinal
[8]
bleeding (UGIB) . Withdrawal of aspirin was recently
[9]
reported to significantly reduce UGIB recurrence .
In LGIB, particularly CDB, the use of non-steroidal
anti-inflammatory drugs (NSAIDs) is a significant
[2,10,11]
risk factor for recurrence
, but the risks and
benefits of their discontinuation on CDB have not been
examined.
We previously conducted a study on the recurrence
[5]
risk of CDB , but the retrospective investigation
included biases that likely led to exposure variables
being missed. Furthermore, it was unknown whether
antithrombotic agents were continued, and followup was not conducted in a systematic manner. The
present study builds upon our previous work by
focusing on multiple risk factors for CDB, prospective
follow-up of newly diagnosed cases, and detailed
assessment of medications. The objectives of this
study were to identify the risk factors associated
with the recurrence of CDB after discharge, and
to evaluate the effect of discontinuing NSAIDs on
rebleeding risk over long-term follow-up.

CONCLUSION: There is a substantial recurrence
rate after discharge among patients hospitalized for
diverticular bleeding. Discontinuation of NSAIDs is
an effective preventive measure against recurrence.
This study provides new information on risk reduction
strategies for diverticular bleeding.
Key words: Non-steroidal anti-inflammatories; Drug
withdrawal; Diverticular hemorrhage; Hemodialysis;
Antithrombotic drugs
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The probability of recurrence of diverticular
bleeding at 1, 12, and 24 mo was 3.1%, 27%, and
38%, respectively. Of the 41 non-steroidal anti
inflammatory drugs (NSAIDs) users on admission,
26 (63%) discontinued NSAID use at discharge.
The probability of recurrence at 12 mo was 9.4% in
discontinuing NSAID users compared with 77% in
continuing users (P < 0.01, log-rank test). The hazard
ratio for recurrence in the discontinuing NSAIDs users
was 0.06 after adjusting for age > 70 years, right-sided
diverticula, history of hypertension, and hemodialysis.
No patients developed cerebrocardiovascular events
during follow-up. This study provides new information
on risk reduction strategies for diverticular bleeding.

MATERIALS AND METHODS
Subjects

Patients admitted to our hospital for overt LGIB
between September 2009 and October 2013 and
examined at the endoscopy unit of the National
Center for Global Health and Medicine (NCGM) were
[12]
enrolled. Patients from a previous study cohort ,
a newly diagnosed cohort (approval No. 750), and
a randomized trial cohort (approval No. 765) were
prospectively followed after discharge. Inclusion
criteria were: (1) > 18 years old; (2) Japanese
nationality; (3) overt LGIB examined within 1 wk of
onset; and (4) being managed in hospital. Exclusion
criteria were: (1) no informed consent provided;
(2) not independent in activities of daily living;
(3) not undergoing colonoscopy; (4) LGIB due to
causes other than CDB; and (5) barium impaction
therapy in the randomized controlled trial (approval
No. 765). All inclusion and exclusion criteria were
fulfilled before patients were enrolled. The NCGM is
a large emergency hospital, with 900 beds, located
in metropolitan Tokyo, Japan. All patients provided
written informed consent prior to enrollment. The
institutional review board at the NCGM approved this
study (approval No. 810), and all clinical procedures
conformed to Japanese and International ethical
guidelines (Declaration of Helsinki).

Nagata N, Niikura R, Aoki T, Shimbo T, Sekine K, Okubo
H, Watanabe K, Sakurai T, Yokoi C, Akiyama J, Yanase
M, Mizokami M, Uemura N. Impact of discontinuing nonsteroidal antiinflammatory drugs on long-term recurrence in
colonic diverticular bleeding. World J Gastroenterol 2015;
21(4): 1292-1298 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i4/1292.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i4.1292

INTRODUCTION
Colonic diverticular bleeding (CDB) is the most comm
on cause of acute lower gastrointestinal bleeding
[1]
(LGIB), representing approximately 40% of cases .
A significant proportion of patients with CDB ex
perience severe bleeding and receive emergency
treatment with resuscitative measures, possibly
because of their advanced age, use of antithrombotic
[2-4]
agents, or comorbidities . Even though intensive
management of CDB is successful during the hospital
stay, following discharge, patients are at high risk
of recurrent bleeding, which has been reported at
[3,5-7]
a rate of 14%-43%
. As a result, patients often
undergo frequent examinations, rehospitalization,
and a consequent decrease in quality of life.
Risk reduction is an important clinical issue because
no preventive therapy for recurrence is currently
available for LGIB, such as proton-pump inhibitors

WJG|www.wjgnet.com

Exposure variables

Patients were asked about their lifestyle habits,
medications, and comorbidities in a face-to-face
interview on the pre-colonoscopy day.
Medication: The questionnaire survey form asked
about the use of 9 kinds of NSAIDs, 2 kinds of low-
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dose aspirin, 10 other antiplatelet agents, 3 anticoagu
lants, acetaminophen, and oral corticosteroids. The
questionnaire included photographs of all of these
oral drugs, which are approved in Japan. Use of
a medication was defined as oral administration
within 1 mo of the interview. During hospitalization,
low-dose aspirin, other antiplatelet drugs, and
anticoagulants were temporarily stopped or other
bridging drugs given whenever possible after
consulting a cerebrocardiovascular specialist. Lowdose aspirin and other antiplatelet agents were
resumed after hemostasis before discharge. Also,
NSAIDs were temporarily stopped on admission and
prescribed during hospitalization only on the advice
of an orthopedist or rheumatology specialist. We
suggested NSAID withdrawal to those who were
intermittent users and to those who were suitable
for alternative therapy such as acetaminophen, an
antiinflammatory analgesic plaster, antigout drugs,
antirheumatic drugs, or corticosteroids.

scheduled day within the first month and then every
three months during the observation and follow-up
periods. Telephone interviews were conducted with
patients who did not visit the hospital on scheduled
days, and a hospital visit was recommended.
Rebleeding was defined as a significant amount
of fresh bloody or wine-colored stools (> 200 mL)
during the follow-up period and was evaluated by
both anoscopy and MDCT within 12 h of onset.
Clinically suspected rebleeding should prompt further
colonoscopy when possible, but no routine secondlook colonoscopy was performed when rebleeding
occurred during hospitalization or within 1 mo of
discharge. Colonoscopy was performed to confirm
rebleeding and determine the need for intervention
when frequent or massive bleeding occurred along
with unstable vital signs, systolic blood pressure ≤
90 mmHg or pulse ≥ 110 beats/min, and a nonresponse to ≥ 2 units of transfused blood during a
24-h period. We distinguished between rebleeding
and remaining blood from the index bleeding
episode.

Comorbidities: Hypertension, diabetes mellitus, dys
lipidemia, cerebrocardiovascular disease, chronic
liver disease, and chronic kidney disease (CKD) were
assessed. A history of cerebral infarction, cerebral
hemorrhage, myocardial infarction, or angina pectoris
was considered cerebrocardiovascular disease. CKD
was considered present in patients on hemodialysis.
Chronic liver disease included chronic viral hepatitis
and alcoholic liver disease.

Statistical analysis

The primary outcome was rebleeding due to CDB.
The secondary outcome was a cerebrocardiovascular
or thrombotic event during the follow-up period.
Patients lost to follow-up or death were censored
at the time of their last visit. The Kaplan-Meier
method was used to estimate the recurrence of
CDB at 1, 6, 12, and 24 mo after discharge. Risk
factors and the effect of NSAID withdrawal on
rebleeding were analyzed using the log-rank test. Cox
proportional hazards regression was used to analyze
the independent risk factors for rebleeding by
considering factors significant (P < 0.1) in the logrank test and adjusting for factors such as age > 70
[5-7]
years and hypertension, as previously reported .
A value of P < 0.05 was considered significant.
All statistical analysis was performed using Stata
version 10 software (StataCorp, College Station, TX,
United States).

Diagnostic criteria of colonic diverticular bleeding

An electronic high-resolution video endoscope (mo
del CFH260; Olympus Optical, Tokyo, Japan) was
used after spontaneous cessation of bleeding. CDB
was defined as either definite or presumptive on
the basis of colonoscopy with multidetector compu
[13,14]
ted tomography (MDCT)
. Definitive diagnosis
was based on colonoscopic visualization of colonic
diverticula with stigmata of recent hemorrhage
such as active bleeding, adherent clot, or visible
[13,14]
vessel
. A presumptive diagnosis was based on
MDCT visualization of the extravasation of contrast
medium in colonic diverticula and colonoscopy
showing (1) a potential bleeding site in an area of
positive MDCT findings; (2) fresh blood localized
to colonic diverticula in the presence of a potential
bleeding source on complete colonoscopy; or (3)
bright red blood in the rectum confirmed by objective
color testing and colonoscopy demonstrating a single
potential bleeding source in the colon, complemented
by negative upper endoscopy, or negative capsule
[13,14]
endoscopy
. Patients in whom the bleeding source
was identified received endoscopic treatment such as
clipping or endoscopic ligation.

RESULTS
Participants

During the study period, 337 patients were admitted
to our hospital for acute LGIB. After exclusion,
132 patients with CDB were enrolled in this study.
Baseline characteristics at discharge are shown in
Table 1. Diverticula were located predominantly in
the bilateral colon in 48%, in the right side in 32%,
and in the left side in 20% of cases. Of these, 17%
(23/132) had colonoscopic evidence of stigmata
of recent hemorrhage diverticula and were treated
by endoscopic procedures during hospitalization,
in which 37 patients (28%) received a mean
transfusion of 8 units of packed red blood cells.
Among the patients using NSAIDs on admission

Follow-up and rebleeding

After discharge, all patients were requested to visit
the hospital in the case of bloody stools or on a

WJG|www.wjgnet.com
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A

Characteristic

Value

Mean age (mean ± SD), yr
Age > 70 yr
Sex, male
Anatomical distribution of diverticula
Right-sided type
Left-sided typ
Bilateral type
Definite diagnosis (stigmata of recent hemorrhage)
Presumptive diagnosis
Transfusion requirement during hospitalization
Mean units of transfused blood per patient1 ± SD
Current drinker
Current smoker
NSAID2 users on admission
Discontinuing NSAID users at discharge
Continuing NSAID users at discharge
Low-dose aspirin2 users on admission
Low-dose aspirin users at discharge
Non-aspirin antiplatelet2 users on admission
Non-aspirin antiplatelet users at discharge
Anticoagulant2 users on admission
Anticoagulant users at discharge
Acetaminophen users on admission
Acetaminophen users at discharge
Corticosteroid users on admission
Corticosteroid users at discharge
Hypertension
Diabetes mellitus
Dyslipidemia
Cardiovascular disease
Cerebrovascular disease
Chronic liver disease
Hemodialysis

70 ± 12
70 (53)
87 (66)

1

Probability of re-bleeding

Table 1 Baseline characteristics of the study cohort (n =
132) n (%)

42 (32)
27 (20)
63 (48)
23 (17)
109 (83)
37 (28)
8.0 ± 6.0
126 (95)
36 (27)
41 (27)
26 (20)
15 (11)
29 (22)
29 (22)
27 (21)
27 (21)
9 (6.8)
9 (6.8)
2 (1.5)
13 (9.9)
4 (3.0)
5 (3.3)
83 (63)
27 (20)
29 (22)
33 (25)
2 (1.5)
5 (3.8)
7 (5.3)

Kaplan-Meier failure estimate

1.00

0.75

0.50

0.25

0.00
1

Probability of re-bleeding

B

6

12
24
Analysis time (mo)

Kaplan-Meier failure estimate

1.00

36

Non-users
NSAIDs users

0.75

0.50

0.25

0.00
1

C

2

Probability of re-bleeding

Analysis of patients who received transfusion. Non-selective NSAIDs
included loxoprofen, diclofenac, naproxen, etodolac, zaltoprofen,
meloxicam, lornoxicam, and celecoxib (n = 3). Distribution type was
defined as follows: right-sided, involving the transverse or proximal colon;
left-sided, involving the descending or distal colon; or bilateral, involving
the entire colon. Low-dose aspirin included enteric-coated aspirin
(100 mg) and buffered aspirin (81 mg). Non-aspirin antiplatelet agents
included ticlopidine, clopidogrel, cilostazol, dipyridamole, sarpogrelate
hydrochloride, ethyl icosapentate, dilazep, limaprost, and beraprost.
Anticoagulants included warfarin and dabigatran etexilate. NSAIDs: Nonsteroidal anti-inflammatory drugs.

6

12
24
Analysis time (mo)

Kaplan-Meier failure estimate

1.00

36

Hemodialysis (-)
Hemodialysis (+)

0.75

0.50

0.25

0.00
1

(n = 41), 26 (63%) discontinued NSAID use. Many
patients who could withdraw NSAIDs were inter
mittent users (n = 23), and could be switched to
alternative therapies included acetaminophen (n =
11), an antiinflammatory analgesic plaster (n = 10),
narcotic analgesics (n = 2), antigout drugs (n = 3),
anti-rheumatic drugs (n = 1), and corticosteroids
(n = 1), while the remaining patients (n = 7) took
nothing. Some of these 26 patients took more than
one of these drugs. No patients were taking NSAIDs
for cardiovascular disease. Fifteen patients (11%) on
NSAIDs and 13 patients (8.5%) on acetaminophen
continued to take them after discharge. No patients
on low-dose aspirin, non-aspirin antiplatelet agents,
or corticosteroids discontinued use or started taking
them during the follow-up period (Table 1).
The most common comorbidities were hypertension

WJG|www.wjgnet.com

6

12
24
Analysis time (mo)

36

Figure 1 Probability of bleeding recurrence during the follow-up period
(n = 132). A: Incidence of rebleeding with a mean follow-up period of 15
mo; B: Probability of rebleeding was significantly higher in the [non-steroidal
antiinflammatory drug (NSAID) group than in the non-NSAID group (P < 0.01)];
C: Probability of rebleeding was significantly higher in the hemodialysis group
than in the non-hemodialysis group (P < 0.01).

(63%), cardiovascular disease (25%), dyslipidemia
(22%), diabetes mellitus (20%), hemodialysis (5.3%),
chronic liver disease (3.8%), and cerebrovascular
disease (1.5%) (Table 1).

Rebleeding outcomes

After discharge, 39 patients (30%) experienced
rebleeding with a mean follow-up of 15 ± 13 mo. The
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Table 2 Risk factors for rebleeding after discharge on
univariate analysis (n = 132)
Non-rebleeding/ Hazard ratio
rebleeding
(95%CI)

Age > 70 yr
45 (48)/25 (64)
Sex, male
59 (63)/28 (72)
Anatomical distribution of diverticula
Right-sided diverticula
34 (37)/8 (21)
Left-sided diverticula
19 (20)/8 (21)
Bilateral diverticula
40 (43)/23 (59)
Endoscopic procedure
20 (22)/3 (7.7)
Transfusion requirement
25 (27)/12 (31)
Current drinker
90 (97)/36 (92)
Current smoker
26 (28)/10 (26)
NSAID users
4 (4.3)/11 (28)
Low-dose aspirin1 users
20 (22)/9 (23)
Non-aspirin antiplatelet1 users
16 (17)/11 (28)
Anticoagulant1 users
7 (7.5)/2 (5.1)
Acetaminophen users
10 (11)/3 (7.7)
Corticosteroid users
3 (3.2)/2 (5.1)
Hypertension
55 (60)/28 (72)
Diabetes mellitus
22 (24)/5 (13)
Dyslipidemia
20 (22)/9 (23)
Cardiovascular disease
25 (27)/8 (21)
Cerebrovascular disease
1 (1.1)/1 (2.6)
Chronic liver disease
3 (3.2)/2 (5.1)
Hemodialysis
2 (2.2)/5 (13)

1.6 (0.83-3.1)
1.1 (0.57-2.3)

P

Factor
Age > 70 yr
Right-sided diverticula
Continued NSAID use
Hypertension
Hemodialysis

0.15
0.70

0.49 (0.22-1.1) 0.06
1.3 (0.60-2.8) 0.51
1.5 (0.79-2.8) 0.21
0.43 (0.13-1.4) 0.16
1.2 (0.63-2.5) 0.53
0.78 (0.24-2.5) 0.68
0.80 (0.39-1.7) 0.55
5.1 (2.5-10) < 0.01
0.88 (0.42-1.9) 0.74
1.6 (0.78-3.1) 0.21
0.54 (0.13-2.2) 0.38
0.72 (0.22-2.3) 0.58
1.4 (0.35-6.0) 0.61
1.4 (0.69-2.8) 0.35
0.52 (0.20-1.3) 0.16
0.88 (0.42-1.8) 0.73
0.55 (0.25-1.2) 0.13
1.4 (0.19-10)
0.76
1.4 (0.34-5.9) 0.62
4.0 (1.5-10) < 0.01

P

1.2 (0.6-2.3)
0.6 (0.3-1.5)
4.6 (2.2-9.4)
1.3 (0.6-2.8)
3.0 (1.1-7.8)

0.68
0.29
< 0.01
0.43
0.03

Kaplan-Meier failure estimate

1.00

Continuing NSAIDs
Discontinuing NSAIDs

0.75

0.50

0.25

0.00
1

6

1

Non-selective NSAIDs included loxoprofen, diclofenac, naproxen,
etodolac, zaltoprofen, meloxicam, lornoxicam, and celecoxib (n = 3).
Distribution type was defined as follows: right-sided, involving the
transverse or proximal colon; left-sided, involving the descending or distal
colon; or bilateral, involving the entire colon. Low-dose aspirin included
enteric-coated aspirin (100 mg) and buffered aspirin (81 mg). Non-aspirin
antiplatelets included ticlopidine, clopidogrel, cilostazol, dipyridamole,
sarpogrelate hydrochloride, ethyl icosapentate, dilazep, limaprost, and
beraprost. Anticoagulants included warfarin and dabigatran etexilate. CI:
Confidence interval; NSAIDs: Non-steroidal anti-inflammatory drugs.

12
Analysis time (mo)

24

36

Figure 2 Probability of recurrent bleeding in patients with non-steroidal
antiinflammatory drugs on admission (n = 41). The probability of rebleeding
was higher in subjects continuing non-steroidal antiinflammatory drugs (NSAIDs)
than in those discontinuing NSAIDs (P < 0.01).

discontinued NSAID use after discharge. During the
follow-up period, no patient developed a thrombotic
event, such as pulmonary embolism, deep vein
thrombosis, or a cerebrocardiovascular event. No
patient who discontinued NSAID use on discharge
resumed NSAID use during the follow-up period.
The probability of rebleeding was 0% at 1 mo
and only 9.4% (95%CI: 2.4%-33%) at 12 mo in
discontinuing NSAID users compared with 7.1%
(95%CI 1.0%-41%) at 1 mo and 77% (95%CI:
52%-94%) at 12 mo in the continuing users (P <
0.01 by the log-rank test; Figure 2). The hazard
ratio (HR) for rebleeding in the discontinuing NSAIDs
group was 0.06 (95%CI: 0.01%-0.31%) after
adjusting for age > 70 years, right-sided diverticula,
history of hypertension, and hemodialysis in the Cox
proportional hazards model.

probability of rebleeding was 3.1% at 1 mo, 19% at
6 mo, 27% at 12 mo, and 38% at 24 mo (Figure 1A).
No patients required angiographic embolization or
surgical resection within the follow-up period.
Log-rank tests revealed NSAID use and hemo
dialysis as significant risk factors for rebleeding, while
the other factors were not found to be significant
(Table 2). Patients without right-sided diverticula
had a risk of rebleeding, but this did not reach
statistical significance (Table 2). The probability of
rebleeding was 2.6% (95%CI: 0.86%-8.0%) at 1
mo and 21% (95%CI: 14%-30%) at 12 mo in nonNSAID users, and 7.1% (95%CI: 1.0-41) at 1 mo
and 77% (95%CI: 52-94) at 12 mo in NSAID users
(Figure 1B). The probability of rebleeding was 2.5%
(95%CI: 1.0-7.6) at 1 mo and 24% (95%CI: 17-34)
at 12 mo in non-hemodialysis patients, and 14%
(95%CI: 2.1%-67%) at 1 mo and 71% (95%CI:
39%-96%) at 12 mo in hemodialysis patients
(Figure 1C). Multivariate analysis revealed NSAID
use and hemodialysis as independent risk factors for
rebleeding (Table 3).

DISCUSSION
To our knowledge, this is the first report showing that
discontinuation of NSAIDs at discharge significantly
reduced rebleeding compared with continuous NSAID
use. Although, the number of NSAIDs users was small,
this finding is useful in the long-term management of
CDB. Moreover, no patients developed a worsening
condition of underlying disease, thrombotic events,
or cerebrocardiovascular events after cessation of

Discontinuation of NSAIDs and rebleeding

Of the NSAID users (n = 41), 15 continued and 26
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Hazard ratio (95%CI)

CI: Confidence interval; NSAIDs: Non-steroidal anti-inflammatory drugs.

Probability

Factor

Table 3 Risk factors for rebleeding after discharge on
multivariate analysis (n = 132)
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NSAIDs.
In agreement with previous studies, this study
showed that patients using NSAIDs had a risk of
rebleeding during follow-up (often within the first
year) approximately 5-fold greater than those
without. A previous large cohort study found that
[10]
NSAID users had a 1.7-fold higher risk of CDB , and
other case-control studies have reported increased
[6,11,15]
and re-bleeding
bleeding risks of 4-15-fold
[5,6]
[16]
conducted CDB
risks of 3-6-fold . Tsuruoka et al
case-control (patients hospitalized for other diseases
during the same period) investigations and showed
that only NSAID use was an independent risk factor
for bleeding (OR = 9.9) and rebleeding (OR = 5.4).
[17]
Another report by Wilcox et al
compared 105
patients with LGIB and 1895 non-bleeding controls,
and found that NSAID users had a 3.4-fold higher
risk of CDB. Although a wide range of risk ratios
have been reported, likely due to differences in study
design or sample size, it is clear that NSAID use is an
unequivocal risk factor for CDB.
In contrast to this greater risk of rebleeding,
withdrawal of NSAIDs significantly reduced the
risk of rebleeding during follow-up compared with
continued use (HR = 0.06). In UGIB, protonpump
[8]
inhibitors reduce recurrence , but there is no pre
ventive therapy for LGIB. It is thus all the more
critical to validate factors associated with risk
reduction in LGIB. A few studies have examined the
risk reduction of GI bleeding associated with drug
[18]
withdrawal, but not non-aspirin NSAIDs. Witt et al
found that patients with GI bleeding who resumed
warfarin use had a higher GI re-bleeding risk and
fewer thrombotic events than those who discontinued
[9]
use. Sung et al conducted a randomized controlled
trial in patients with peptic ulcer bleeding and found
that continuous low-dose aspirin increased the risk
of re-bleeding, but potentially reduced mortality,
while prolonged discontinuation of aspirin led to a
lower risk of rebleeding, but higher mortality. One of
the reasons we could withdraw NSAIDs in many of
our patients (26/41) was that most were not regular
users and could be switched to other drugs, such
as acetaminophen, an antiinflammatory analgesic
plaster, antigout drugs, antirheumatic drugs, or
corticosteroids. Furthermore, we could closely mo
nitor these patients and confirm no exacerbation
of pain. However, one randomized controlled trial
on the treatment of painful knee osteoarthritis
found that discontinuation of non-aspirin NSAIDs
exacerbated pain and negatively impacted patient
[19]
quality of life . Thus, the decision to terminate
NSAIDs should be carefully considered.
In contrast, the cessation of NSAIDs may cause
[20]
cardiovascular events. Fischer et al
conducted
a large case-control study and suggested that the
risk of developing acute myocardial infarction (AMI)
is increased for a period of several weeks after dis
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continuing NSAID use, particularly in patients using
NSAIDs on a long-term basis. Their study indicated
that the risk of AMI was not increased in patients
currently using NSAIDs or in users who stopped
using NSAIDs more than 3 mo before. In this study,
no patients had a high risk of AMI such as longterm internal users or regular users. Therefore,
caution should be exercised in such patients when
discontinuing NSAIDs.
Hemodialysis was associated with rebleeding
in the present study. Intermittent use of heparin
for dialysis treatment and the presence of uremiainduced platelet dysfunction are associated with
[21,22]
GI bleeding
. In addition, patients with chronic
kidney disease demonstrate abnormalities in blood
coagulation and bleeding predisposition, resulting
[22,23]
in consistent anemia in UGIB cases
. Thus,
hemodialysis patients with CDB should be carefully
managed after discharge.
In this study, we were able to prospectively
collect detailed information on comorbidities and
medication, and to conduct long-term follow-up of
patients hospitalized for CDB. Nonetheless, there
are several limitations to this study. First, the
number of patients who discontinued NSAIDs was
relatively small. Second, no data on hemodynamic
instability, hematocrit, and abnormal white blood cell
count were collected. Third, the study had a nonrandomized controlled design.
In conclusion, discontinuation of NSAIDs is an
effective preventive measure against rebleeding in
CDB. Patient education about the reduction in the risk
of bleeding is important, but medication withdrawal
should be considered in view of its risks and benefits,
particularly in patients of advanced age or with
comorbidities.
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Background

Even though intensive management for diverticular bleeding is successful
during the hospital stay, patients are at high risk of recurrent bleeding following
discharge. Unlike upper gastrointestinal (GI) bleeding, there are no preventive
therapies for lower GI bleeding. Thus, preventing recurrence requires risk
factors to be identified.

Research frontiers

The use of non-steroidal anti-inflammatory drugs (NSAIDs) is a significant
risk factor for recurrence, but the risks and benefits of their discontinuation on
diverticular bleeding have not been examined.

Innovations and breakthroughs

In total, 39 patients (30%) had rebleeding during a median follow-up of 15 mo.
Of the 41 NSAID users on admission, 26 (63%) discontinued NSAID use at
discharge. Multivariate analysis revealed continued NSAID use (HR = 4.6, P
< 0.01) and hemodialysis (HR = 3.0, P < 0.01) as independent risk factors for
rebleeding. Discontinuation of NSAIDs significantly reduced rebleeding risk
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compared with continued use (log-rank test, P < 0.01).

Applications

11

Discontinuation of NSAIDs is an effective preventive measure against
rebleeding in diverticular bleeding. However, medication withdrawal should be
considered in view of its risks and benefits, particularly in patients of advanced
age or with comorbidities.

Terminology

12

The precise mechanisms of NSAID-induced diverticular bleeding has been
suggested to be due to the inhibition of platelets, cyclooxygenase-1, and
prostaglandin synthesis in the lower GI tract. Mucosal injury due to the inhibition
of intestinal prostaglandin synthesis might lead to the development of intestinal
erosion and ulcers. When mucosal ulceration induced by NSAIDs occurs at
the neck or dome of the diverticula, nutrient-providing arteries rupture into the
colonic lumen with the potential to cause sudden bleeding.
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Peer review

14

The manuscript investigates the impact of discontinuing NSAIDs and the longterm recurrence in colonic diverticular bleeding. The authors tried to bring new
ideas about preventive measure against colonic diverticular re-bleeding.
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METHODS: Sixty-one patients diagnosed with CD were
enrolled in this study. They were given only EN (enteral
nutritional suspension, TPF, non-elemental diet) support
for 4 wk, without any treatment with corticosteroids,
immunosuppressive drugs, infliximab or by surgical
operation. Body composition statistics such as weight,
body mass index, skeletal muscle mass (SMM), fat
mass, protein mass and inflammation indexes such as
C-reactive protein (CRP), erythrocyte sedimentation
rate (ESR) and CD activity index (CDAI) were recorded
before and after EN support.
RESULTS: The 61 patients were divided into three
groups according to CDAI before and after EN support:
A (active phase into remission via EN, n = 21), B
(remained in active phase before and after EN, n =
19) and C (in remission before and after EN, n = 21).
Patients in group A had a significant increase in SMM
(22.11 ± 4.77 kg vs 23.23 ± 4.49 kg, P = 0.044),
protein mass (8.01 ± 1.57 kg vs 8.44 ± 1.45 kg, P =
0.019) and decrease in resting energy expenditure
(REE) per kilogram (27.42 ± 5.01 kcal/kg per day vs
22.62 ± 5.45 kcal/kg per day, P < 0.05). There was no
significant difference between predicted and measured
REE in active CD patients according to the HarrisBenedict equation. There was no linear correlation
between the measured REE and CRP, ESR or CDAI in
active CD patients.
CONCLUSION: EN could decrease the hypermetabolism
in active CD patients by reducing the inflammatory
response.
Key words: Crohn’s disease; Enteral nutrition; Body
composition; Metabolism

Abstract
AIM: To investigate the impact of enteral nutrition (EN)
on the body composition and metabolism in patients
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capable of increasing REE above what would be
[17]
expected . The exact relationship between body
composition, metabolism and disease activity in
CD patients requires well-designed trials in large
cohorts of patients. The impact of EN support on
body composition and REE in CD patients is poorly
understood in the therapeutic course.

Core tip: Unlike traditional research that uses normal
volunteers or ulcerative colitis patients as the control
group, this study aimed to observe the same patient
in different phases of Crohn’s disease (CD), and in this
study, several confounding factors, such as height,
age, gender and race, were removed. This study
showed that enteral nutrition could decrease the
hypermetabolism in active CD patients by reducing the
inflammatory response.

MATERIALS AND METHODS
The study protocol was approved by the Ethics Com
mittee of Jinling Hospital, and informed consent was
given to each patient.

Zhao J, Dong JN, Gong JF, Wang HG, Li Y, Zhang L, Zuo LG,
Feng Y, Gu LL, Li N, Li JS, Zhu WM. Impact of enteral nutrition
on energy metabolism in patients with Crohn’s disease. World
J Gastroenterol 2015; 21(4): 1299-1304 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i4/1299.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i4.1299

Study design

This study was aimed at finding out the impact of EN
on body composition and metabolism in CD patients.
This was a prospective, single-center study un
dertaken at the Jinling Hospital.

Patients

INTRODUCTION

Inclusion criteria for patients were (1) age between
18 and 60 years; (2) endoscopic and histological
diagnosis of CD; (3) no operations over the past six
months; (4) can tolerate total EN; (5) no systemic
diseases that greatly influence metabolism, such
as diabetes mellitus and hyperthyroidism; (6)
nutritional deficiencies; or (7) no severe symptoms
(such as acute strangulated intestinal obstruction).
Exclusion criteria were (1) cannot tolerate EN or
malabsorption syndrome; (2) medication use such
as corticosteroids; and (3) surgery. Sixty-one
consecutive patients (43 males and 18 females;
mean age, 33.4 years) who met the criteria were
included.

Crohn’s disease (CD) is a chronic relapsing-remitting
inflammatory bowel disease (IBD) of unknown
[1]
etiology . Nutritional deficits are very common in
IBD, particularly in CD, which are attributed to many
reasons including anorexia, active inflammation,
and increased intestinal nutrient losses. Some
researchers have indicated that approximately
[2]
65% to 75% of CD patients are malnourished .
Therefore, nutritional support can be important to
[3]
medical therapy in the management of CD . In
Western countries, the role of enteral nutrition (EN)
[4,5]
in CD is controversial ; however, many studies in
Japan have shown that EN was effective not only in
maintaining remission but also in inducing remission
of CD. EN can also decrease the hospitalization
[6]
rate in patients with CD . In Japan, EN has been
advocated as the primary therapy for both active
and quiescent CD in accord with the guidelines of
[7-10]
the Japan Ministry of Health, Labor and Welfare
.
Many studies have found that the disease activity
has a close relationship with body composition in CD
patients. However, so far, no researchers can have
definitively described the relationship between them.
Some researchers have proposed that CD patients
in active phase had significant deficits in lean mass
but preserved fat mass compared with patients in
[11-13]
remission
. However, others shown that fat mass
decreased in active phase, to the same extent as
[14]
muscle mass .
Resting energy expenditure (REE) was also close
ly related to disease activity. Nevertheless, some
studies that investigated REE in CD have suggested
that energy expenditure is raised, particularly in
[15,16]
the active phase
, while others have suggested
that REE is unchanged. The inflammatory process
associated with the active disease is more than
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Treatment

All of the patients included were fasted and given
only EN (enteral nutritional suspension, TPF, nonelemental diet) support for 4 wk, without any tr
eatment with corticosteroids, immunosuppressive
drugs, infliximab or by surgical operation. The
patients were naso-gastrically fed TPF, a type of
intact-protein nutrition (bottled preparations, net
content of one 500 mL bottle: 20 g of protein,
19.5 g of fat, 61.5 g of carbohydrates; 1 mL of TPF
provides 1 kcal of energy) as for the quantity of
daily enteral formula designed by the measured REE
before EN support calculated by indirect calorimetry.
An appropriate amount of exercise was also required
for the patients.

Assessment

The clinical disease activity was determined as
CD activity index (CDAI). The active phase was
defined as CDAI ≥ 150 and remission as CDAI
< 150. The included patients were divided into
three groups according to CDAI before and after

1300

January 28, 2015|Volume 21|Issue 4|

Zhao J et al . Enteral nutrition decreases hypermetabolism in CD
patients were men (43 out of 61, mean age 36.5 ±
12.5 years) and women accounted for the rest (mean
age 42.3 ± 14.2 years). Among all of the patients in
our cohort, 23 had ileal CD, 17 had ileo-colonic and
21 colonic. The 61 patients were divided into the
following three groups according to the efficiency of
EN support for 4 wk: A (active phase into remission
via EN, n = 21), B (remained in the active phase via
EN, n = 19) and C (in remission before and after EN,
n = 21). Table 1 shows that the ileal involvement
distribution and duration of the disease among the
three groups showed no statistical difference (P >
0.05).

Table 1 General information of patients among the three
groups

Male (n)
Female (n)
Age (yr)
BMI (kg/m2)
CD type (n)
Ileal
Ileo-colonic
Colonic
Duration (yr)

P value

Group A
(n = 21)

Group B
(n = 19)

Group C
(n = 21)

15
6
40.3 ± 12.6
16.68 ± 2.21

12
7
39.6 ± 11.7
17.96 ± 3.37

16
5
40.6 ± 14.0
17.74 ± 2.90

0.83
0.97
0.31

8
5
8
2.41 ± 1.01

6
6
7
2.28 ± 1.22

9
6
6
2.33 ± 1.25

0.88
0.94

P-values were calculated by χ 2 test or one-way analysis of variance. Group
A: Active phase in remission via enteral nutrition (EN); group B: Remained
in active phase before and after EN; group C: In remission before and after
EN. BMI: Body mass index; CD: Crohn’s disease.

Body composition

Body composition data in each group before and
after EN support are shown in Table 2. The BMI of
all of the enrolled patients increased significantly
(P = 0.017). In group A, the protein mass (P =
0.019) and skeletal muscle mass (P = 0.044) had
a statistical increase after EN support that was not
observed for fat mass (P = 0.263). The minerals of
patients among three groups remained the same
before and after EN (P > 0.05), while the level
of 25(OH)D3 of patients in groups A and B had a
significant increase (P < 0.05). Nevertheless, as
indicated, no significant differences were found
between the body composition before and after EN
support in either group B or C (P > 0.05).

EN support; group A (active phase in remission via
EN, n = 21), group B (remained in active phase
before and after EN, n = 19) and group C (in re
mission before and after EN, n = 21). The data
collected before and after EN support were the blood
inflammation indexes [hs-C-reactive protein (CRP),
erythrocyte sedimentation rate (ESR) and CDAI],
the body composition [weight, body mass index
(BMI), skeletal muscle mass, fat mass and protein
mass] and REE measured by professional and
technical personnel using indirect calorimetry. The
measurement of REE requires adherence to strict
conditions including environmental temperature,
fasting, reclining supine for a 30-min period (in our
study), and rest to obtain repeatable values (the
temperature difference before and after EN was less
than 0.3 ℃, excluding the impact of temperature on
the REE). Predicted REE was commonly calculated
using the Harris-Benedict equation (variables: age,
weight, height and gender), the Schofield equation
(variables: age, weight and gender) or just from
previous experimental data (some Chinese studies
have declared that 25 kcal/kg per day can be used
to conveniently evaluate the REE of Chinese people).
The correlations between REE and inflammation
markers were also evaluated by linear analysis.

Markers of inflammation

In our cohort, the rate of EN induced remission
of CD was 52.5% (group A/group A + B, 21/40).
The objective of the study was to assess the
inflammation indexes of patients in active phase
before EN support (groups A and B). When the
active groups, groups A and B, were analyzed,
significant differences were consistently observed
in CRP (P < 0.05), ESR (P < 0.05) and CDAI (P <
0.05) after EN support for 4 wk compared to the
level before EN support, all of which are explicitly
demonstrated in Table 3.

Energy metabolism

As shown in Figure 1, REE per kilogram in group
A had a significant decrease via EN support (P =
0.025), different from groups B and C (P = 0.091
and 0.309, respectively).
The results showed that the experimental 25 cal/
kg would undoubtedly underestimate the REE of CD
patients (Figure 2A; P = 0.025), but there were no
significant differences between the actual REE and
predicted REE using the Harris-Benedict equation (P
= 0.888) (Figure 2B). In addition, no positive linear
correlation between REE (baseline values) and CRP
(r = -0.511, P = 0.21), ESR (r = -0.395, P = 0.085)
or CDAI (r = 0.185, P = 0.435) was found, as we
expected.

Statistical analysis

The data gathered were analyzed using SPSS 19.0.
Statistical analysis between groups was performed
using paired-samples t-test and independentsamples t-test, and linear analysis was used to
evaluate the relations between REE and markers of
inflammation markers. Significance was set at P <
0.05.

RESULTS
This was a prospective study. In total 61 patients
were evaluated in our cohort. The majority of the
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Table 2 Comparison of body composition of patients with Crohn’s disease before and after enteral nutrition support for 4 wk (mean
± SD)
Group A (n = 21)

Index
BMI (kg/m2)
SMM (kg)
Fat mass (kg)
Protein (kg)
Minerals(kg)
25(OH)D3 (ng/mL)

Group B (n = 19)

Group C (n = 21)

Before EN

After EN

P value

Before EN

After EN

P value

Before EN

After EN

P value

16.68 ± 2.61
22.11 ± 4.77
4.80 ± 4.31
8.01 ± 1.57
3.56 ± 2.12
10.8 ± 4.8

17.31 ± 2.55
23.23 ± 4.49
4.14 ± 3.35
8.44 ± 1.45
3.61 ± 1.98
12.3 ± 4.1

0.013
0.044
0.260
0.019
0.860
0.014

17.96 ± 3.37
21.62 ± 4.15
8.53 ± 3.81
7.87 ± 1.35
3.39 ± 2.50
10.6 ± 3.9

18.06 ± 2.61
21.79 ± 4.36
9.64 ± 3.92
7.85 ± 1.47
3.31 ± 2.01
12.0 ± 4.2

0.92
0.90
0.38
0.96
0.79
0.02

17.74 ± 2.90
22.29 ± 5.84
8.06 ± 1.92
7.21 ± 4.72
3.43 ± 3.10
11.7 ± 4.3

18.11 ± 2.76
23.38 ± 4.52
8.14 ± 1.75
8.34 ± 4.66
3.49 ± 2.44
12.2 ± 5.0

0.67
0.50
0.89
0.44
0.65
0.10

P-values were calculated by paired-samples t test. Group A: Active phase in remission via enteral nutrition (EN); group B: Remained in active phase before
and after EN; group C: In remission before and after EN. BMI: Body mass index; SMM: Skeletal muscle mass.

Table 3 Comparison of inflammation indexes of patients with Crohn’s disease in active phase (groups A and B) before and after
enteral nutrition support for 4 wk (mean ± SD)
Group A (n = 21)

Index
CRP (mg/L)
ESR (mm/h)
CDAI

Group B (n = 19)

Active groups (A + B, n = 40)

Before EN

After EN

P value

Before EN

After EN

P value

Before EN

After EN

P value

27.17 ± 31.60
29.14 ± 15.12
239.21 ± 52.60

10.37 ± 14.42
16.25 ± 12.41
126.10 ± 33.21

0.019
0.020
0.013

28.75 ± 16.29
27.96 ± 16.88
226.18 ± 60.24

16.30 ± 14.70
20.12 ± 14.01
188.02 ± 49.33

0.031
0.042
0.045

28.09 ± 31.21
28.65 ± 17.35
230.93 ± 61.69

10.00 ± 14.56
18.30 ± 18.73
174.32 ± 68.52

0.024
0.030
0.044

P-values were calculated by paired-samples t test. CRP: C-reactive protein; ESR: Erythrocyte sedimentation rate; CDAI: Crohn’s disease activity index; EN:
Enteral nutrition.
40

P = 0.025

P = 0.091

P = 0.309

increase of organ mass which is more metabolically
[15,16]
active than skeletal muscle
.
Studies have shown that the measured REE in CD
patients is significantly higher than that of healthy
[17]
controls , though no linear correlation between
the measured REE and CRP, ESR or CDAI has been
observed. Predicting the REE with the experimental
25 cal/kg would underestimate REE of CD patients,
which is shown in Figure 2A. No significant difference
between the actual REE and REE predicted using
the Harris-Benedict equation was found. The HarrisBenedict equation was suitable for patients in
Western countries. Chinese studies have shown that
predicting the REE by the Harris-Benedict equation
was usually 20% to 30% higher than the measured
REE in normal people. Therefore, the REE in active
CD patients was much higher than that in normal
[18]
people, as proved by many previous studies .
The REE predicted by the Harris-Benedict equation
was roughly the same as the measured REE of
active CD patients in this study with a restricted
number of patients. The opinion that the REE
likely decreases with increasing disease activity
[16]
has been recently proposed . Some studies have
suggested that the increased REE in CD patients
is related to the increased lean tissue instead of
[19,20]
the hypermetabolism in CD patients
. However,
this study demonstrated that for the same patient
REE in the active phase of CD was significantly
elevated compared with the REE in remission with
an increase of lean tissue. The result proves that the
state of hypermetabolism actually exists in active

REE/kg (kcal/kg per day)

Before EN
After EN

30

20

10

0

Group A

Group B

Group C

Figure 1 Difference of the measured resting energy expenditure before
and after enteral nutrition support in each group. Metabolism was measured
by resting energy expenditure (REE) per kilogram. P-values were calculated by
paired-samples t-test. EN: Enteral nutrition.

DISCUSSION
Some researchers have proposed that CD patients
in the active phase have significant deficits in lean
mass but preserved fat mass compared with patients
[11-13]
in remission
. However, others believe that fat
mass decreases in the active phase, along with
[14]
muscle mass . EN can improve the BMI, skeletal
muscle and protein mass in active CD patients while
inducing CD remission, most likely by correcting
the state of negative nitrogen balance, increasing
the storage and decreasing the expenditure of the
muscle and protein mass. Increased REE further
increases REE, most likely in response to the
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REE/kg (kcal/kg per day)

A

40

P = 0.025

timing detection of the REE is recommended to ap
propriately assess the nutritional requirements of CD
patients.

30

COMMENTS
COMMENTS

20

Background

Nutritional deficits are very common in inflammatory bowel disease (IBD),
particularly in Crohn’s disease (CD), in which nutritional deficits are attributed to
many causes, including anorexia, active inflammation, and increased intestinal
nutrient losses. Enteral nutrition (EN) was not only effective in maintaining
remission but also in inducing remission of CD. EN has been advocated as a
primary therapy for both active and quiescent CD. The impact of EN on body
composition and metabolism in CD patients remains inconclusive when EN
induced CD remission.

10

0
Measured REE

B

2000

Predicted REE

P = 0.888

Research frontiers

EN support plays an important role in the treatment of IBD, particularly CD. The
quantity, time, type and appropriate use of EN for CD patients attracted much
attention from IBD researchers.

REE (kcal/d)

1500

Innovations and breakthroughs

Unlike traditional research that used normal volunteers or ulcerative colitis
patients as the control group, this study aimed at observing the same patient
in different phases of CD and eliminated several confounding factors, such as
height, age, gender and race. The results showed that EN could decrease the
hypermetabolism in active CD patients by reducing the inflammatory response.

1000

500

Applications

This study provided new information about the proper quantity of EN for CD
patients. To appropriately assess the nutritional requirements of CD patients,
dynamic monitoring of resting energy expenditure (REE) is recommended.

0
Measured REE

Predicted REE

Figure 2 Measured resting energy expenditure vs predicted resting
energy expenditure. Measured resting energy expenditure (REE) vs predicted
REE using 25 kcal/kg (A) and the Harris-Benedict (H-B) equation (B). The
comparison was aimed at patients in the active phase before enteral nutrition
support (group A + B). P-values were calculated by using a paired-samples t-test.

Terminology

Metabolism was measured by REE per kilogram. The inflammatory status of
CD patients was evaluated with C-reactive protein, erythrocyte sedimentation
rate and CD activity index.

Peer review

It is an interesting study, although the number of the patients enrolled is small. I
think this article is a good study about EN that is effective in remission induction
of active CD and also has an impact on the body metabolism and composition
of CD patients.

CD patients. Increased REE with unmatched dietary
intake is amongst the many proposed mechanisms
for the poor nutritional status of patients with CD.
During nutritional therapy for CD patients, the REE
variation with disease activity should be a primary
consideration, but whether they had the accurate
correlation still confused researchers. Some studies
have examined the effect of disease activity on
children with CD and have shown either no change
[16,21,22]
in REE with disease activity
or increased REE
[23]
at times of active disease .
Routine energy supplements for patients with
active CD cannot be justified on the basis of predicted
REE or just by experience. Individual management
plans are essential and emphasis should be placed
on the assessment of total energy needs (including
the hypermetabolism and activity level) and titrating
intake against weight gain to optimize energy
[24,25]
balance and thereby promote body composition
.
The IBD study group of the Japanese Ministry of
Health, Labor and Welfare recommended that the
total energy of TPN or EN should be 40-45 kcal/body
weight/d in active CD patients. In contrast, European
guidelines recommend that 25-30 kcal/body weight/d
[26,27]
is optimal for active CD
. The energy metabolism
status of active CD patients varied while they took
EN in the remission induction therapy. Therefore,
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AIM: To quantitatively summarize and appraise the
available evidence of urea breath test (UBT) use to
diagnose Helicobacter pylori (H. pylori ) infection in
patients with dyspepsia and provide pooled diagnostic
accuracy measures.
METHODS: We searched MEDLINE, EMBASE, Cochrane
library and other databases for studies addressing the
value of UBT in the diagnosis of H. pylori infection.
We included cross-sectional studies that evaluated
the diagnostic accuracy of UBT in adult patients with
dyspeptic symptoms. Risk of bias was assessed using
QUADAS (Quality Assessment of Diagnostic Accuracy
Studies)-2 tool. Diagnostic accuracy measures were
pooled using the random-effects model. Subgroup
13
14
analysis was conducted by UBT type ( C vs C) and
by measurement technique (Infrared spectrometry vs
Isotope Ratio Mass Spectrometry).
RESULTS: Out of 1380 studies identified, only 23 met
the eligibility criteria. Fourteen studies (61%) evaluated
13
14
C UBT and 9 studies (39%) evaluated C UBT. There
was significant variation in the type of reference
standard tests used across studies.Pooled sensitivity
was 0.96 (95%CI: 0.95-0.97) andpooled specificity was
0.93 (95%CI: 0.91-0.94). Likelihood ratio for a positive
test was 12 and for a negative test was 0.05 with an
area under thecurve of 0.985. Meta-analyses were
associated with a significant statistical heterogeneity
that remained unexplained after subgroup analysis. The
included studies had a moderate risk of bias.
CONCLUSION: UBT has high diagnostic accuracy for
detecting H. pylori infection in patients with dyspepsia.
The reliability of diagnostic meta-analytic estimates
however is limited by significant heterogeneity.
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titers, stool antigen analysis, and the urea breath
test (UBT). Given the user-friendly, non-invasive
features of UBT, this detection method may be
preferred in many clinical settings. However, to date,
the performance characteristics of UBT have been
inconsistently described and remain incompletely
defined.
UBT can play a useful role in the diagnostic eva
luation of dyspeptic patients who have comorbidities
that increase their risk of upper endoscopy, are
intolerant to upper endoscopy, or have known or
suspected gastric atrophy. Stool antigen testing
can also be used to non-invasively detect active
H. pylori infection, and the choice of diagnostic
modality depends on factors such as cost, laboratory
infrastructure, and concomitant use of medications
such as proton pump inhibitors or antibiotics that
may influence test results. Serum antibody test
results can vary by geographic region, and may stay
positive for a prolonged period following H. pylori
eradication, thereby limiting the clinical utility for
determining the presence or absence of current
[4]
infection .
There are two UBTs available and gained Food and
13
14
Drug Administration approval: C and C tests. Both
tests are affordable and can provide real-time results.
13
Some physicians may prefer the C test as it is non14
radioactive compared to C which uses a radioactive
isotope, especially in young children and pregnant
women, though dose of radianis very minimal (about
[5]
1 microCi) ; the dose of radiation is the dose of
14
C-UBT with the mini dose equals to 1 microCi (37
[6]
kbq) which has a high diagnostic accuracy . UBT
is indicated to confirm H. pylori colonization and to
monitor its eradication. Positive UBT indicates an
active H. pylori infection which require treatment
or further confirmation with invasive procedures.
Initial treatment for H. Pylori consist of either triple,
quadruple, or sequential therapy regimens, which all
of them includes a proton pump inhibitor plus various
antibiotic regimen; treatment periods generally varied
[4]
from 7 to 14 d .
In this systematic review and meta-analysis, we
aimed at summarizing data and appraising the relevant
articles of UBT for diagnosis of H. pylori infection in
dyspeptic patients and provide pooled diagnostic
accuracy measures.

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Urea breath test (UBT) is a commonly used
non-invasive test to diagnose Helicobacter pylori (H.
pylori ) infection in patients with dyspepsia. Multiple
trials are available in literature, but they reported
different diagnostic accuracy estimates. We conducted
systemic review and meta-analysis to explore the
available evidence and provide pooled diagnostic
accuracy measures. Our meta-analysis showed that
UBT has high diagnostic accuracy for detecting H.
pylori infection in patients with dyspepsia. Given
the potentially preventable diseases associated with
chronic, untreated H. pylori infection, more widespread
adoption of UBT testing may be indicated.
Ferwana M, Abdulmajeed I, Alhajiahmed A, Madani W, Firwana
B, Hasan R, Altayar O, Limburg PJ, Murad MH, Knawy B.
Accuracy of urea breath test in Helicobacter pylori infection:
Meta-analysis. World J Gastroenterol 2015; 21(4): 1305-1314
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i4/1305.htm DOI: http://dx.doi.org/10.3748/wjg.v21.i4.1305

INTRODUCTION
Helicobacter pylori (H. pylori) is a gram-negative
bacterium found on the luminal surface of the gastric
epithelium. It was first isolated by Warren and
Marshall in 1983. It induces chronic inflammation
of the underlying mucosa. The infection is usually
contracted in the first few years of life and tends to
persist indefinitely unless treated. At least 50% of
the world’s population is thought to carry H. pylori.
The organism can survive in the acidic environment
of the stomach partly owing to its remarkably high
urease activity. Urease converts the urea present
in gastric juice to alkaline ammonia and carbon
[1]
dioxide .
Although the full spectrum of pathogenesis is
currently unknown, H. pylori has been linked to a
variety of upper gastrointestinal disorders. Reported
symptoms of H. pylori infection are relatively nonspecific, such as epigastric pain, postprandial fullness,
bloating, nausea, and vomiting, along with signs of
[2,3]
acid hypersecretion and delayed gastric emptying .
In addition, infection with H. pylori is linked to three
important upper gastrointestinal diseases: duodenal
or gastric ulcers, gastric cancer, and gastric mucosaassociated lymphoid-tissue lymphoma.
Many invasive and non-invasive methods can
be used to diagnose H. pylori infection, including
endoscopy with biopsy, serology for immunoglobulin

WJG|www.wjgnet.com

MATERIALS AND METHODS
Search and analysis methods, eligibility criteria, and
the outcomes of interest were specified in advance
in a protocol developed by study investigators.

Inclusion criteria

We included cross-sectional studies with consecutive
patients that evaluated the diagnostic accuracy of
UBT in adult patients with dyspeptic symptoms. We
13
14
included articles that compare C-UBT or C-UBT
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H. pylori test with a reference standard which is H.
pylori (culture and/or histological examination) and/
or not (serologic test either blood or stool).
We excluded studies that enrolled children or
adolescents under 18 year of age, subjects who
presented for reasons other than dyspeptic symptoms,
bleeding peptic ulcer, complicated dyspeptic cases that
need surgery, those who received previous therapy
for H. pylori within the last 3 mo, or long term use
of corticosteroids and immunosuppressant drugs
and screening studies. Only articles presenting true
positive, true negative, false positive and false negative
data were included in the present study. Studies where
data was missing and studies with high risk of bias
were excluded.

There was no inclusion restriction on the type of UBT
13
14
performed. Both C and C types where included.
Studies where the UBT was performed through an
invasive method were excluded.

inclusion in the systematic review. It consists of four
key domains covering patient selection, index test,
reference standard, and flow of patients through the
study and timing of the index test(s) and reference
standard. Each domain is assessed in terms of the
risk of bias and the first three are also assessed in
terms of concerns regarding applicability.
Risk of bias is judged as “low”, “high”, or “unclear”.
If all signaling questions for a domain are answered
“yes” then risk of bias can be judged “low”. If any
signaling question is answered “no” this flags the
potential for bias.
We considered low risk of bias in different domains
as follows: Patient selection if non-complicated
dyspeptic patients were enrolled in consecutively.
Index test, where it was interpreted independent
from the reference standard. Reference standard,
when it correctly classifies H. pylori and non-H. pylori.
Flow and time, the appropriate interval between
index test and the reference standard is within 7 d,
and breathing samples were collected within 30 min.

Search strategy

Meta-analysis

UBT variants

A librarian searched electronic databases for pub
lished and in-press studies from 1990 (the date
where UBT became available) through November
2013 including PubMed, EMBASE, LILACS and Co
chrane databases. The search terms used were “H.
pylori”, “Helicobacter pylori”, “Helicobacter infection”,
“gastritis”, “dyspepsia”, “breath test”, “urea breath
13
14
test”, “UBT”, “ C-UBT” and “ C-UBT” with its MeSH
terms (Medical Subject Headings) and keywords. We
used Boolean operator (OR) to combine synonyms
and (AND) to combine the cases with tests. No lan
guage restriction was applied. Reference lists were
also scanned.

The meta-analysis was conducted using Meta[8]
Disc 1.4 . Random effect model was followed in all
analyses. The diagnostic accuracy measures used in
the analysis were sensitivity, specificity, likelihood ratio
for positive and negative test (LR+ and LR-), receiver
operating characteristics (ROC) curve, and diagnostic
odds ratio. We assessed heterogeneity using the
I-squared statistic and Q test. Publication bias was
conducted using the Deeks’ funnel plot asymmetry
test, with P-value < 0.05 for the slope coefficient
[9]
indicating significant asymmetry .

Subgroup and sensitivity analyses

Study and data selection

To explore the robustness of our results and evaluate
for potential causes of heterogeneity, we conducted
several a priori determined analyses. We tested the
bivariate mixed effects regression model to determine
if results were robust to the correlation between
sensitivity and specificity. Bivariate analysis were
conducted as implemented in STATA version 12.0
[10]
(StataCorp, College Station, TX, United States) .
We also conducted subgroup analyses based
on the risk of bias in the included studies as it
pertains to the various domains of QUADAS-2 tool
(such as for the index test and the gold standard
13
test). We evaluated if the type of UBT test ( C vs
14
C) or measurement technique (isotope ration
mass spectrometry vs infrared mass spectrometry)
affected the pooled estimates. We conducted an
interaction test for subgroup analyses as suggested
[11]
by Altman and Bland
and there was no statistically
significant difference to suggest a subgroup effect.

Two authors (MF, WM) screened titles and abstracts
for inclusion criteria. Full text articles were retrieved
for relevant articles. An abstraction format developed
by authors that includes: study citation, author
name and year of publication, patients’ mean age
and other baseline characteristics, UBT variant,
gold standard used, time between the test and gold
standard, description of the cases, and diagnostic
study data (numbers of true positive, false positive,
false negative, and true negative test results).
Disagreement was resolved by consensus.

Quality assessment

Two reviewers (MF and IY) independently assessed
the quality of the included studies using the QUADAS
(Quality Assessment of Diagnostic Accuracy Studies)-2
[7]
instrument . This tool is designed to assess the
quality of primary diagnostic accuracy studies for
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14

studies (39%) used C UBT. The included studies
were conducted in 16 countries, however all but one
[12]
were published in English (Spanish) . The mean
age across studies was (40-59 year) and female
gender distribution was (13%-74%).
There was variation (10 folds) in the type of
reference standard tests used by different studies
(Table 2). Seven studies (30.4%) used one reference
standard starting with either histopathology or
culture at first and only used subsequent tests if
the first test was negative (histopathology in three
[13-15]
[16-19]
studies
, and culture in four studies
). Two
[20,21]
studies (8.7%)
used histopathology or culture,
[12,22-24]
nine studies (39.1%)
used two combined
tests (histopathology and rapid urease test “RUT”
in four studies, histopathology and serology in one
[25]
[26]
study , histopathology and culture in one study ,
[27-29]
and any two tests in three studies
. Four
[30-33]
studies (17.4%)
used three combined tests,
[3]
and one study (4.3%) used four combined tests
as reference standard. Histopathology is the most
common approach when combined tests were used.
[3,27,31]
In three studies
, UBT was part of combined
reference standards.

Potentially relevant articles identified
from all searches (n = 1380):
PubMed: 1227
Embase:112
LILAC: 38
Cochrane: 3

Reference excluded after initial
screening (n = 859)

Article selected for abstract review
(n = 521)

Articles excluded (n = 470):
Duplication in publication (258)
No comparison against reference standard (89)
Review (123)

Articles met eligibility criteria
(n = 51)

Pooled estimate for UBT (Combined 13C and 14C)

Article excluded (n = 28):
Usage of invasive procedure (2)
Used with GI bleeding or after surgery (2)
Normal patients screening (3)
Insufficient information (7)
No comparison against reference standard (14)

UBT had high sensitivity and specificity 0.96 (95%CI:
0.95-0.97) and 0.93 (95%CI: 0.91-0.94); respectively.
LR+ and LR- were 12.32 (95%CI: 8.38-18.1) and 0.05
(95%CI: 0.03-0.07) respectively. The AUC was 0.985.
Forest plots are depicted in Figure 3. There was no
evidence of publication bias (P > 0.05 using Deeks’
asymmetry test).

23 articles met the inclusion criteria
and included in meta-analysis

Test of heterogeneity

Inconsistency between results for sensitivity and
specificity among studies were 72.9% and 72%
respectively with statistically significant Q test (P
< 0.05). Heterogeneity could be explained by either
clinical or methodological variation; the performed
subgroup analyses could not explain the difference.

Figure 1 Study selection process.

RESULTS
Search results

Subgroup analysis

The initial search yielded 1380 studies that were
potentially relevant; of which, 23 studies that enrolled
a total of 3999 participants were finally included.
The study selection process is depicted in Figure
1 including causes of exclusion. More than 50%
of quality assessment items articles have low risk
of bias of all domains. The agreement between
risk of bias assessment between reviewers were
70%, disagreement was resolved by discussion and
consensus. Figure 2 visually summarizes the risk of
biasin the included studies.

13

Use of infrared in UBT: Out of total 23 studies, 6
studies used infrared technique in measuring urea
level. Both methods showed high performance
against the gold standard test without a significant
difference. Subgroup analysis based on the risk

Characteristics of included studies

Table 1 shows the characteristics of all included
studies. Of the 23 studies, 14 studies (61%) com
13
pared C UBT with a reference standard, while 9

WJG|www.wjgnet.com

14

C UBT vs C UBT: Of the total studies recruited in
13
this systematic review, 14 were conducted using C
14
UBT vs 9 using C UBT (Table 3). Both versions of
the test showed high performance against the Gold
standard test without a significant difference. Figures
are shown in online supplement materials (Figure 3).
Interaction test for subgroup analyses as suggested by
[11]
Altman and Bland
showed no statistically significant
difference to suggest a subgroup effect (P = 0.87).
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Low
High

Quadas-2 domain

Flow and timing

Unclear

Reference standard

Index test

Patient selection
0%
20%
40%
60%
80% 100%
Proportion of studies with low, high or unclear
Risk of bias

0%
20%
40%
60%
80% 100%
Proportion of studies with low, high or unclear
Concerns regarding applicability

Figure 2 Risk of bias assessment.

Table 1 Baseline characteristics of the included studies
Ref.

Country Year No. of
patients

Allardyce et
al[13]

New
1997
Zealand

63

Crosssectional

14

Bruden et
al[16]
Calvet et al[27]

Estonia

2011

280

Spain

2009

199

Crosssectional
Crosssectional

Chen et al[29]

Taiwan

2003

586

Chen et al[25]

Japan

2000

169

Gatta et al[30]

Italy

2003

Gomes et al[22]

Brazil

Gomollon et
al[17]
Gurbuz et
al[23]
Hahn et al[31]
Hilker et al[14]

Reference standard

Mean age
(mean ± SD)

Females

UBT
threshold

Time

No

Histo or (Biopsy and
rapid urea test)

56.5

26 41%

82% DPM

13

No

53.5

185 66%

≥ 5%

13

Yes

48.2 ± 14.2

107 53%

8.5%

20 min after
drinking solution

Crosssectional
Crosssectional

13

Yes

Culture or (Histo and
RUT)
Any two positive
(Histopathology,
RUT, UBT, and fecal
serology)
Culture alone or RUT

30 min and
60 min post
ingestion
NA

45.7 ± 13.3

280 46.6%

≥ 2%

13

No

Combined (Histo and
serology)

53.9 ± 15.7

68 40%

2.5%

200

Crosssectional

13

No

53 ± 13

113 56%

NA

2002

137

14

No

46.7 ± 16.6

67 45%

Spain

2003

314

Crosssectional
Crosssectional

13

No

54.1 ± 18

168 53.5%

1000-2000
CPM
≥ 5%

30 min post
ingestion
30 min post
ingestion

Turkey

2005

65

14

No

42.4 ± 15.5

46 67.7%

> 50 CPM

United 2000
States
Germany 1996

100

Crosssectional
Crosssectional
Crosssectional
Crosssectional
Crosssectional
Crosssectional

13

No

58.8 ± 14

9 13.4%

> 2.3%

13

No

Combined (Histology
and rapid urease)
and/or culture
Combined (Histo and
RUT)
Culture and/or
Combined (Histo and
RUT)
Combind tests (Histo
and RUT)
Combined (Histo, UBT
and serology)
Histo

20 min after
drinking solution
20 min after
normal
respiration
30 min post
ingestion

46

106 60.9%

> 250

13

Yes

Histo and culture

46.5

379 62.7%

> 5%

14

No

--

77 50%

> 6%

13

No

Combined (Culture,
RUT and histo)
Culture and/or
combined (Histo and
RUT)
Combined; any 2
positive ( RUT, PCR
and histo)
Histology

45 ± 15

49 55.6%

> 4.22%

10 min after
drinking solution
30 min after
administration
30 min after
administration
30 min after
administration
30 min after
administration
30 min after
administration

45 ± 13

59 66%

41 ± 14

56 74.6%

100 DPM

NA

55

44 55%

4.8%

39.7 ± 14.1

81 47%

3.3%

15 min after
drinking solution
Every 15 min
for 1 h after
ingestion of
the urea solution

174

Study
design

UBT
Infrared
13
14
( C/ C) assisted
C

C
C

C
C

C

C
C

C
C
C

van der Hulst
Italy
et al[26]
Marshall et
United
al[32]
States
Ortiz-Olvera Mexico
Nayeli et al[18]

1999

544

1990

153

2007

88

Ozdemir et
al[28]

Turkey

2008

89

Crosssectional

14

No

Oztürk et al[15]

Turkey

2003

75

14

No

Peng et al[19]

Taiwan

2009

100

13

Yes

Perri et al[20]

Belgium 1998

172

Crosssectional
Crosssectional
Crosssectional

13

No

WJG|www.wjgnet.com

C
C
C

C

C
C
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Culture or combind
(Histo and RUT)
Histo and/or culture
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2002

92

Crosssectional

14

No

Rasool et al[24] Pakistan 2007

94

Crosssectional

14

No

2000

100

Crosssectional

13

Yes

Surveyor et
Australia 1989
al[21]
Valdeperez et Spain
2003
al[12]

63

Crosssectional
Crosssectional

14

No

Combined (Culture,
serology, UBT and
urine test for C-urea)
Two reference tests.
Patient did both
separately: (1) Histo;
(2) RUT
Combined 3 tests
(Histo, UAT and
culture)
Histo and/or culture

13

No

Histo and RUT

Kopański et
al[3]

Riepl et al[33]

Poland

Austria

85

C

C

C

C
C

45.5

36

39%

> 5%

30 min after
administration

40.8 ± 12.8

34

36%

> 50 CPM

After 10 min

51.6 ± 1.4

49

49%

> 4%

NA

58.8 ± 14.5

30

47%

NA

Every 5 min for
30 min
30 min after
administration

41.6

44 50.5%

NA

Histo: Histopathology; RUT: Rapid urea test; UAT: Urea antigen; CLO: The CLOtest™ (Ballard Medical Products, Draper, UT, United States) was used for
RUT; PCR: Polymerase chain reaction; NA: Not available; CPM: Counts per min; UBT: Urea breath test; DPM: Disintegrations per minute.

A

Sensitivity (95%CI)
2011

Bruden

0.94 (0.88-0.97)

2009

Calvet

0.90 (0.83-0.95)

2009

Peng

1.00 (0.93-1.00)

2008

Ozdemir

0.97 (0.88-1.00)

2007

Rasool

0.92 (0.83-0.97)

2007

Nayeli

0.90 (0.79-0.97)

2005

Gurbuz

0.90 (0.73-0.98)

2003

Chen

0.97 (0.95-0.99)

2003

Valdeperez

0.92 (0.83-0.97)

2003

Ozturk

1.00 (0.93-1.00)

2003

Gatta

1.00 (0.97-1.00)

2003

Gomollon

0.98 (0.96-1.00)

2002

Radwanska

1.00 (0.95-1.00)

2002

Gomes

0.97 (0.93-0.99)

2000

Hahn

1.00 (0.40-1.00)

2000

Riepl

0.81 (0.65-0.92)

2000

Chen

1.00 (0.97-1.00)

1999

Hulst

0.95 (0.91-0.97)

1998

Perri

0.96 (0.91-0.99)

1997

Allardyce

1.00 (0.86-1.00)

1996

Hilker

1.00 (0.95-1.00)

1991

Marshall

0.97 (0.92-0.99)

1989

Surveyor

0.94 (0.79-0.99)

Pooled sensitivity = 0.96 (0.95-0.97)
2
χ = 81.19; df = 22 (P = 0.0000)
2

Inconsistency (I ) = 72.9%

0

0.2

0.4
0.6
Sensitivity

0.8

1

B

Specificity (95%CI)
2011

Bruden

0.83 (0.76-0.89)

2009

Calvet

0.90 (0.81-0.95)

2009

Peng

0.85 (0.72-0.94)

2008

Ozdemir

1.00 (0.88-1.00)

2007

Rasool

0.93 (0.76-0.99)

2007

Nayeli

0.93 (0.76-0.99)

2005

Gurbuz

0.78 (0.61-0.90)

2003

Chen

0.96 (0.93-0.98)

2003

Valdeperez

1.00 (0.82-1.00)

2003

Ozturk

0.80 (0.59-0.93)

2003

Gatta

0.99 (0.94-1.00)

2003

Gomollon

1.00 (0.94-1.00)

2002

Radwanska

0.89 (0.67-0.99)

2002

Gomes

0.95 (0.77-1.00)

2000

Hahn

0.86 (0.75-0.93)

2000

Riepl

0.90 (0.80-0.96)

2000

Chen

0.96 (0.81-1.00)

1999

Hulst

0.94 (0.91-0.97)

1998

Perri

0.98 (0.89-1.00)

1997

Allardyce

0.95 (0.83-0.99)

1996

Hilker

0.96 (0.90-0.99)

1991

Marshall

1.00 (0.93-1.00)

1989

Surveyor

0.93 (0.76-0.99)

Pooled sensitivity = 0.93 (0.91-0.94)
2
χ = 78.64; df = 22 (P = 0.0000)
2

Inconsistency (I ) = 72.0%

0

0.2

0.4
0.6
Sensitivity
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C

Positive LR (95%CI)
2011

Bruden

5.46 (3.78-7.88)

2009

Calvet

8.63 (4.63-16.05)

2009

Peng

2008

Ozdemir

59.42 (3.80-929.32)

2007

Rasool

12.94 (3.40-49.28)

2007

Nayeli

13.53 (3.54-51.77)

2005

Gurbuz

2003

Chen

25.91 (13.12-51.14)

2003

Valdeperez

36.72 (2.38-567.43)

2003

Ozturk

2003

Gatta

2003

Gomollon

2002

Radwanska

2002

Gomes

2000

Hahn

2000

Riepl

8.11 (3.95-16.65)

2000

Chen

18.60 (3.92-88.23)

1999

Hulst

16.59 (9.97-27.61)

1998

Perri

45.13 (6.49-313.87)

1997

Allardyce

15.68 (4.72-52.14)

1996

Hilker

21.86 (8.86-53.91)

1991

Marshall

96.67 (6.13-1524.50)

1989

Surveyor

12.66 (3.33-48.17)

6.34 (3.28-12.24)

4.03 (2.16-7.53)

4.68 (2.23-9.83)
58.41 (11.95-285.47)
121.80 (7.70-1925.75)
7.95 (2.49-25.34)
21.43 (3.16-145.44)
6.06 (3.15-11.68)

Random effects model
Pooled positive LR = 12.32 (8.38-18.10)
Cochran-Q = 81.37; df = 22 (P = 0.0000)
2

Inconsistency (I ) = 73.0%
2

Tau = 0.5169
0.01

1
Positive LR

100

D

Negative LR (95%CI)
2011

Bruden

0.08 (0.04-0.15)

2009

Calvet

0.11 (0.06-0.19)

2009

Peng

0.01 (0.00-0.17)

2008

Ozdemir

0.04 (0.01-0.14)

2007

Rasool

0.08 (0.03-0.19)

2007

Nayeli

0.11 (0.05-0.24)

2005

Gurbuz

0.13 (0.04-0.39)

2003

Chen

0.03 (0.02-0.05)

2003

Valdeperez

0.08 (0.04-0.19)

2003

Ozturk

0.01 (0.00-0.21)

2003

Gatta

0.00 (0.00-0.07)

2003

Gomollon

0.02 (0.01-0.04)

2002

Radwanska

0.01 (0.00-0.12)

2002

Gomes

0.03 (0.01-0.08)

2000

Hahn

0.12 (0.01-1.63)

2000

Riepl

0.21 (0.11-0.41)

2000

Chen

0.00 (0.00-0.06)

1999

Hulst

0.06 (0.03-0.09)

1998

Perri

0.04 (0.02-0.10)

1997

Allardyce

0.02 (0.00-0.33)

1996

Hilker

0.01 (0.00-0.11)

1991

Marshall

0.03 (0.01-0.09)

1989

Surveyor

0.07 (0.02-0.26)

Random effects model
Pooled negative LR = 0.05 (0.03-0.07)
Cochran-Q = 60.63; df = 22 (P = 0.0000)
2

Inconsistency (I ) = 63.7%
0.01

1
Negative LR

100

2

Tau = 0.4196

Figure 3 Pooled urea breath test result. A: Overall sensitivity; B: Overall specificity; C: Overall likelihood ratio for positive test; D: Overall likelihood ratio for
negative test.

of bias. Figures are shown in online supplement
materials (Figure 2).
There was no significant difference in diagnostic
accuracy measures based on the risk of bias in
terms of the key domains of patient selection,
index test, reference standard, and flow of patients
through the study and timing of the index test and
reference standard. Interaction test for subgroup
analyses showed no statistically significant difference
to suggest a subgroup effect (P = 0.23).

WJG|www.wjgnet.com

Sensitivity analysis using bivariate model: Diag
nostic accuracy measures were similar under the
bivariate model and meta-analysis results appeared
robust to the choice of model.

DISCUSSION
UBT is a noninvasive test for diagnosis of gastric H.
pylori infection. Twenty-three studies for both UBT
13
14
C and C for detection of H. pylori infection in
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Table 2 Test values of included studies

Table 3 Subgroup analysis

Ref.

TP

FP

FN

TN

Total

Allardyce et al[13]
Bruden et al[16]
Calvet et al[27]
Chen et al[29]
Chen et al[25]
Gatta et al[30]
Gomes et al[22]
Gomollon et al[17]
Gurbuz et al[23]
Hahn et al[31]
Hilker et al[14]
van der Hulst et al[26] part 1
van der Hulst et al[26] part 2
Marshall et al[32]
Ortiz-Olvera Nayeli et al[18]
Ozdemir et al[28]
Oztürk et al[15]
Peng et al[19]
Perri et al[20]
Kopański et al[3]
Rasool et al[24]
Riepl et al[33]
Surveyor et al[21]
Valdeperez et al[12]

24
131
102
361
135
113
112
249
26
4
76
255
161
101
46
57
48
53
121
75
61
30
30
61

2
24
9
8
1
1
1
0
8
9
4
14
3
0
2
0
5
7
1
2
2
7
2
0

0
9
11
10
0
0
3
4
3
0
0
14
12
3
5
2
0
0
5
0
5
7
2
5

37
116
77
205
26
86
21
61
28
54
94
231
72
49
28
30
20
40
46
17
26
63
25
19

63
280
199
584
162
200
137
314
65
67
174
514
248
153
81
89
73
100
173
94
94
107
59
85

Subgroup

Sensitivity

Specificity

14
9
5
18

0.96 (0.95-0.97)
0.97 (0.95-0.98)
0.95 (0.93-0.96)
0.97 (0.96-0.98)

0.94 (0.92-0.95)
0.91 (0.87-0.94)
0.93 (0.91-0.95)
0.93 (0.91-0.95)

UBT: Urea breath test.

is an expensive test.

Strengths and limitations

The primary strength of this study relates to the
search of electronic databases for relevant articles
and the careful appraisal of study quality. The
limitations mainly relate to dealing with aggregate
data that limits our ability to provide estimates
based on patient-level characteristics and pre-test
risk level. Another significant limitation relates to
heterogeneity that was unexplained despite multiple
subgroup analyses. The observed heterogeneity can
be attributed to several factors. The urease activity
of the oral flora can affect the reading of the UBT;
this can be accounted for by asking the patient to
wash the mouth before conducting the test. Other
authors suggested the use of Nasogastric tube. The
cut off value and the time to take the reading after
the meal ingestion was not clearly stated in many of
the studies involved. The nature of the radioisotope
meal and individual patient characteristics such as
anthropometric measures, sex and age might have
also contributed to within as well as between studies
variability. All these factors could have contributed
to the persistence of heterogeneity even after
13
14
adjusting for UBT type ( C vs C) and technique of
measurement (radioisotope mass spectrometry vs
infrared spectrometry) in subgroup analysis.
In conclusion, UBT has high diagnostic accuracy
for detecting H. pylori infection in patients with
dyspepsia. Given the clinically significant, potentially
preventable diseases associated with chronic, un
treated H. pylori infection (such as gastric adeno
carcinoma), more widespread adoption of UBT testing
may be indicated to simultaneously improve public
health and reduce treatment expense. The reliability
of diagnostic meta-analytic estimates however is
limited by significant heterogeneity, and the findings
from this study should therefore be interpreted with
appropriate caution.

TP: True positive; FP: False positive; FN: False negative; TN: True
negative.

adults were included. The result of the meta-analysis
showed that the test performance was high and the
test has significant discrimination power between
those who have the infection and those who haven’t.
The quality of this evidence is considered moderate
due to the presence of heterogeneity, which may
be explained by using different types of reference
standards, timing between ingestion of the capsule
and testand may be due to the variation in the
methodological quality of the included studies It
is very likely that the test performance is different
across patients with varying pre-test risk although
our analysis could not detect such difference. This
analysis, focused on adults, shows similar diagnostic
accuracy measures to those found in a different
meta-analysis in children (sensitivity of 0.95 and
[34]
specificity of 0.94 in children) .
In addition to the non-invasive nature of UBT, it
offers the advantage of providing a comprehensive
assessment that is not reliant upon the possible
sampling error associated with endoscopic biopsy, due
[15]
to patchy distribution of H. pylori . Other limitations
of the biopsy-based tests relate to their dependency
on the pathologist skill and experience with studies
[35,36]
documenting intern observer variability
. On the
other hand, there are some limitations for UBT. For
example, UBT results can be affected by exposu
re to H. pylori therapy such as, antibiotics, proton
pump inhibitors or bismuth. It requires specialized
equipment for carbon dioxide measurement and
infrastructure to manage radioactive materials, and it
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No. of studies

UBT 13C
UBT 14C
Infrared assisted UBT
Infrared not assisted UBT
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Helicobacter pylori (H. pylori) is a gram-negative bacterium found on the
luminal surface of the gastric epithelium and induces chronic inflammation of
the underlying mucosa. The organism can survive in the acidic environment of
the stomach partly owing to its remarkably high urease activity. Urease converts
the urea present in gastric juice to alkaline ammonia and carbon dioxide. Urea
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breath test (UBT) is a commonly used non-invasive test to diagnose H. pylori
infection in patients with dyspepsia.

10

Research frontiers

There are two UBTs available and gained Food and Drug Administration
approval: 13C and 14C tests. Both tests are affordable and can provide realtime results. UBT is indicated to confirm H. pylori colonization and to monitor its
eradication.

11
12

Innovations and breakthroughs

Many invasive and non-invasive methods can be used to diagnose H. pylori
infection, including endoscopy with biopsy, serology for immunoglobulin titers,
stool antigen analysis, and the UBT. Given the user-friendly, non-invasive
features of UBT, this detection method may be preferred in many clinical
settings.

13

Applications

UBT can play a useful role in the diagnostic evaluation of dyspeptic patients
who have comorbidities that increase their risk of upper endoscopy, are
intolerant to upper endoscopy, or have known or suspected gastric atrophy. The
study results suggest that UBT has high diagnostic accuracy for detecting H.
pylori infection in patients with dyspepsia.

14

15

Peer review

This systematic review has been well performed; with a well expressed
objective, precise criteria for the studies included and the relevant studies
which have been selected for further evaluation. The quality of each included
study has been properly evaluated. Its main drawback is the heterogeneity of
the included studies; this, however, is not the fault of the authors of the metaanalysis.

16

REFERENCES
1
2

3

4

5

6
7

8

9

17

McColl KE. Clinical practice. Helicobacter pylori infection.
N Engl J Med 2010; 362: 1597-1604 [PMID: 20427808 DOI:
10.1056/NEJMcp1001110]
Perri F, Clemente R, Festa V, Annese V, Quitadamo M, Rutgeerts
P, Andriulli A. Patterns of symptoms in functional dyspepsia: role
of Helicobacter pylori infection and delayed gastric emptying.
Am J Gastroenterol 1998; 93: 2082-2088 [PMID: 9820377 DOI:
10.1016/S0002-9270(98)00478-X]
Kopański Z, Jung A, Wasilewska-Radwańska M, Kuc T, SchlegelZawadzka M, Witkowska B. Comparative diagnostic value of the
breath test and the urine test with 14C-urea in the detection of the
Helicobacter pylori infection. Nucl Med Rev Cent East Eur 2002; 5:
21-24 [PMID: 14600942]
Chey WD, Wong BC. American College of Gastroenterology
guideline on the management of Helicobacter pylori infection. Am
J Gastroenterol 2007; 102: 1808-1825 [PMID: 17608775 DOI:
10.1111/j.1572-0241.2007.01393.x]
Leide-Svegborn S, Stenström K, Olofsson M, Mattsson S, Nilsson
LE, Nosslin B, Pau K, Johansson L, Erlandsson B, Hellborg R,
Skog G. Biokinetics and radiation doses for carbon-14 urea in
adults and children undergoing the Helicobacter pylori breath
test. Eur J Nucl Med 1999; 26: 573-580 [PMID: 10369942 DOI:
90260573.259]
Raju GS, Smith MJ, Morton D, Bardhan KD. Mini-dose
(1-microCi) 14C-urea breath test for the detection of Helicobacter
pylori. Am J Gastroenterol 1994; 89: 1027-1031 [PMID: 8017360]
Whiting PF, Rutjes AW, Westwood ME, Mallett S, Deeks JJ,
Reitsma JB, Leeflang MM, Sterne JA, Bossuyt PM. QUADAS-2:
a revised tool for the quality assessment of diagnostic accuracy
studies. Ann Intern Med 2011; 155: 529-536 [PMID: 22007046
DOI: 10.7326/0003-4819-155-8-201110180-00009]
Zamora J, Abraira V, Muriel A, Khan K, Coomarasamy A.
Meta-DiSc: a software for meta-analysis of test accuracy data.
BMC Med Res Methodol 2006; 6: 31 [PMID: 16836745 DOI:
10.1186/1471-2288-6-31]
Deeks JJ, Macaskill P, Irwig L. The performance of tests of
publication bias and other sample size effects in systematic
reviews of diagnostic test accuracy was assessed. J Clin
Epidemiol 2005; 58: 882-893 [PMID: 16085191 DOI: 10.1016/
j.jclinepi.2005.01.016]

WJG|www.wjgnet.com

18

19
20

21

22

23

24
25

1313

Chu H, Cole SR. Bivariate meta-analysis of sensitivity and
specificity with sparse data: a generalized linear mixed model
approach. J Clin Epidemiol 2006; 59: 1331-132; author reply
1331-132; [PMID: 17098577 DOI: 10.1016/j.jclinepi.2006.06.011]
Altman DG, Bland JM. Interaction revisited: the difference
between two estimates. BMJ 2003; 326: 219 [PMID: 12543843
DOI: 10.1136/bmj.326.7382.219]
Valdepérez J, Vicente R, Novella MP, Valle L, Sicilia B, Yus C,
Gomollón F. [Is the breath test reliable in primary care diagnosis
of Helicobacter pylori infection?]. Aten Primaria 2003; 31: 93-97
[PMID: 12609106 DOI: 10.1016/S0212-6567(03)79144-6]
Allardyce RA, Chapman BA, Tie AB, Burt MJ, Yeo KJ, Keenan
JI, Bagshaw PF. 37 kBq 14C-urea breath test and gastric biopsy
analyses of H. pylori infection. Aust N Z J Surg 1997; 67: 31-34
[PMID: 9033373 DOI: 10.1111/j.1445-2197.1997.tb01890.x]
Hilker E, Domschke W, Stoll R. 13C-urea breath test for detection
of Helicobacter pylori and its correlation with endoscopic and
histologic findings. J Physiol Pharmacol 1996; 47: 79-90 [PMID:
8777310]
Oztürk E, Yeşilova Z, Ilgan S, Arslan N, Erdil A, Celasun B,
Ozgüven M, Dağalp K, Ovali O, Bayhan H. A new, practical, lowdose 14C-urea breath test for the diagnosis of Helicobacter pylori
infection: clinical validation and comparison with the standard
method. Eur J Nucl Med Mol Imaging 2003; 30: 1457-1462 [PMID:
14579083 DOI: 10.1007/s00259-003-1244-8]
Bruden DL, Bruce MG, Miernyk KM, Morris J, Hurlburt D,
Hennessy TW, Peters H, Sacco F, Parkinson AJ, McMahon BJ.
Diagnostic accuracy of tests for Helicobacter pylori in an Alaska
Native population. World J Gastroenterol 2011; 17: 4682-4688
[PMID: 22180710 DOI: 10.3748/wjg.v17.i42.4682]
Gomollón F, Ducons JA, Santolaria S, Lera Omiste I, Guirao R,
Ferrero M, Montoro M. Breath test is very reliable for diagnosis
of Helicobacter pylori infection in real clinical practice. Dig
Liver Dis 2003; 35: 612-618 [PMID: 14563182 DOI: 10.1016/
S1590-8658(03)00373-6]
Ortiz-Olvera Nayeli NX, Morán Villota S, Gallardo Wong I,
Blancas Valencia JM, Cabrera Muñoz L. [Validation of a simplified
13C-urea breath test method for the diagnosis of Helicobacter
pylori infection]. Rev Esp Enferm Dig 2007; 99: 392-397 [PMID:
17973583 DOI: 10.4321/S1130-01082007000700005]
Peng NJ, Lai KH, Lo GH, Hsu PI. Comparison of noninvasive
diagnostic tests for Helicobacter pylori infection. Med Princ Pract
2009; 18: 57-61 [PMID: 19060493 DOI: 10.1159/000163048]
Perri F, Clemente R, Pastore M, Quitadamo M, Festa V, Bisceglia
M, Li Bergoli M, Lauriola G, Leandro G, Ghoos Y, Rutgeerts P,
Andriulli A. The 13C-urea breath test as a predictor of intragastric
bacterial load and severity of Helicobacter pylori gastritis. Scand J
Clin Lab Invest 1998; 58: 19-27 [PMID: 9516653 DOI: 10.1080/0
0365519850186797]
Surveyor I, Goodwin CS, Mullan BP, Geelhoed E, Warren JR,
Murray RN, Waters TE, Sanderson CR. The 14C-urea breath-test
for the detection of gastric Campylobacter pylori infection. Med J
Aust 1989; 151: 435-439 [PMID: 2593958]
Gomes AT, Coelho LK, Secaf M, Módena JL, Troncon LE,
Oliveira RB. Accuracy of the 14C-urea breath test for the diagnosis
of Helicobacter pylori. Sao Paulo Med J 2002; 120: 68-71 [PMID:
12163895 DOI: 10.1590/S1516-31802002000300002]
Gurbuz AK, Ozel AM, Narin Y, Yazgan Y, Baloglu H, Demirturk
L. Is the remarkable contradiction between histology and 14C urea
breath test in the detection of Helicobacter pylori due to falsenegative histology or false-positive 14C urea breath test? J Int Med
Res 2005; 33: 632-640 [PMID: 16372580 DOI: 10.1177/14732300
0503300604]
Rasool S, Abid S, Jafri W. Validity and cost comparison of 14carbon
urea breath test for diagnosis of H Pylori in dyspeptic patients.
World J Gastroenterol 2007; 13: 925-929 [PMID: 17352025]
Chen X, Haruma K, Kamada T, Mihara M, Komoto K, Yoshihara
M, Sumii K, Kajiyama G. Factors that affect results of the 13C
urea breath test in Japanese patients. Helicobacter 2000; 5: 98-103
[PMID: 10849059 DOI: 10.1046/j.1523-5378.2000.00015.x]

January 28, 2015|Volume 21|Issue 4|

Ferwana M et al . Accuracy of UBT in H. pylori infection
26

27

28

29

30

31

van der Hulst RW, Hensen EF, van der Ende A, Kruizinga SP,
Homan A, Tytgat GN. [Laser-assisted 13C-urea breath test; a new
noninvasive detection method for Helicobacter pylori infection].
Ned Tijdschr Geneeskd 1999; 143: 400-404 [PMID: 10221110]
Calvet X, Sánchez-Delgado J, Montserrat A, Lario S, RamírezLázaro MJ, Quesada M, Casalots A, Suárez D, Campo R, Brullet
E, Junquera F, Sanfeliu I, Segura F. Accuracy of diagnostic tests
for Helicobacter pylori: a reappraisal. Clin Infect Dis 2009; 48:
1385-1391 [PMID: 19368506 DOI: 10.1086/598198]
Ozdemir E, Karabacak NI, Degertekin B, Cirak M, Dursun A,
Engin D, Unal S, Unlü M. Could the simplified (14)C urea breath
test be a new standard in noninvasive diagnosis of Helicobacter
pylori infection? Ann Nucl Med 2008; 22: 611-616 [PMID:
18756364 DOI: 10.1007/s12149-008-0168-6]
Chen TS, Chang FY, Chen PC, Huang TW, Ou JT, Tsai MH, Wu
MS, Lin JT. Simplified 13C-urea breath test with a new infrared
spectrometer for diagnosis of Helicobacter pylori infection. J
Gastroenterol Hepatol 2003; 18: 1237-1243 [PMID: 14535979
DOI: 10.1046/j.1440-1746.2003.03139.x]
Gatta L, Vakil N, Ricci C, Osborn JF, Tampieri A, Perna F,
Miglioli M, Vaira D. A rapid, low-dose, 13C-urea tablet for
the detection of Helicobacter pylori infection before and after
treatment. Aliment Pharmacol Ther 2003; 17: 793-798 [PMID:
12641501 DOI: 10.1046/j.1365-2036.2003.01490.x]
Hahn M, Fennerty MB, Corless CL, Magaret N, Lieberman
DA, Faigel DO. Noninvasive tests as a substitute for histology

32

33

34

35

36

in the diagnosis of Helicobacter pylori infection. Gastrointest
Endosc 2000; 52: 20-26 [PMID: 10882957 DOI: 10.1067/
mge.2000.106686]
Marshall BJ, Plankey MW, Hoffman SR, Boyd CL, Dye KR,
Frierson HF, Guerrant RL, McCallum RW. A 20-minute breath
test for helicobacter pylori. Am J Gastroenterol 1991; 86: 438-445
[PMID: 2012046]
Riepl RL, Folwaczny C, Otto B, Klauser A, Blendinger C,
Wiebecke B, König A, Lehnert P, Heldwein W. Accuracy of
13C-urea breath test in clinical use for diagnosis of Helicobacter
pylori infection. Z Gastroenterol 2000; 38: 13-19 [PMID:
10689743 DOI: 10.1055/s-2000-15278]
Leal YA, Flores LL, Fuentes-Pananá EM, Cedillo-Rivera R,
Torres J. 13C-urea breath test for the diagnosis of Helicobacter
pylori infection in children: a systematic review and meta-analysis.
Helicobacter 2011; 16: 327-337 [PMID: 21762274 DOI: 10.1111/
j.1523-5378.2011.00863.x]
Andersen LP, Kiilerick S, Pedersen G, Thoreson AC, Jørgensen
F, Rath J, Larsen NE, Børup O, Krogfelt K, Scheibel J, Rune S.
An analysis of seven different methods to diagnose Helicobacter
pylori infections. Scand J Gastroenterol 1998; 33: 24-30 [PMID:
9489904 DOI: 10.1080/00365529850166167]
Morris A, Ali MR, Brown P, Lane M, Patton K. Campylobacter
pylori infection in biopsy specimens of gastric antrum: laboratory
diagnosis and estimation of sampling error. J Clin Pathol 1989; 42:
727-732 [PMID: 2474579 DOI: 10.1136/jcp.42.7.727]
P- Reviewer: Cerwenka HR, Hara K, Hoff DAL S- Editor: Nan J
L- Editor: A E- Editor: Zhang DN

WJG|www.wjgnet.com

1314

January 28, 2015|Volume 21|Issue 4|

World J Gastroenterol 2015 January 28; 21(4): 1315-1323
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v21.i4.1315

© 2015 Baishideng Publishing Group Inc. All rights reserved.

META-ANALYSIS

Clinical characteristics of incidental or unsuspected
gallbladder cancers diagnosed during or after
cholecystectomy: A systematic review and meta-analysis
Kui Sun Choi, Sae Byeol Choi, Pyoungjae Park, Wan Bae Kim, Sang Yong Choi
Library were reviewed and 26 publications were
included in the meta-analysis. The inclusion criterion
for incidental GB cancer was GB cancer diagnosed
during or after cholecystectomy that was not suspected
at a preoperative stage. Pooled proportions of the
incidence, distribution of T stage, and revisional surgery
of incidental GB cancer were analyzed.
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RESULTS: The final pooled population comprised
2145 patients with incidental GB cancers. Incidental
GB cancers were found in 0.7% of cholecystectomies
performed for benign gallbladder diseases on
preoperative diagnosis (95%CI: 0.004-0.012). Nearly
50% of the incidental GB cancers were stage T2 with a
pooled proportion of 47.0% (95%CI: 0.421-0.519). T1
and T3 GB cancers were found at a similar frequency,
with pooled proportions of 23.0% (95%CI: 0.178-0.291)
and 25.1% (95%CI: 0.195-0.317), respectively. The
pooled proportion that completed revisional surgery for
curative intent was 40.9% (95%CI: 0.329-0.494). The
proportion of patients with unresectable disease upon
revisional surgery was 23.0% (95%CI: 0.177-0.294).
CONCLUSION: A large proportion of incidental GB
cancers were T2 and T3 lesions. Revisional surgery for
radical cholecystectomy is warranted in T2 and more
advanced cancers.
Key words: Gallbladder cancer; Laparoscopic surgery;
Cholecystectomy; Revisional surgery; Incidental diag
nosis
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Abstract
AIM: To perform a systematic review of incidental or
unsuspected gallbladder (GB) cancer diagnosed during
or after cholecystectomy.

Core tip: A low incidence of gallbladder (GB) cancer was
diagnosed incidentally during or after cholecystectomy.
In incidental GB cancers, revisional surgery for radical
resection is inevitable. This systematic review provides
clinical information of incidental GB cancers based on

METHODS: Data in PubMed, EMBASE, and Cochrane
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a relatively large number of patients. Approximately
three-quarters of incidental GB cancers were T2 and
more advanced cancers. Therefore, a large proportion
of the patients with incidental GB cancers required
revisional surgery to achieve R0 resection. However,
more than 20% of patients demonstrated unresectable
disease when revisional surgery was attempted.
Therefore, additional imaging studies are necessary
in patients with GB cancers diagnosed following
cholecystectomy.

a relatively small number of patients compared with
the clinical significance of incidental GB cancer. The
aim of this study was to perform a systematic review
of incidental or unsuspected GB cancer diagnosed
during or after cholecystectomy (laparoscopic or
open). The incidence and clinical characteristics of
the incidentally found GB cancers were investigated.

MATERIALS AND METHODS
Search strategy

Published literature in PubMed, EMBASE, and the
Cochrane Library was searched using the following
keywords and MeSH terms: “gallbladder neoplasm(s)”,
“gallbladder cancer(s)”, “unsuspected”, “incidental”,
“cholecystectomy”, “laparoscopic”. Language limitation
was not applied during the initial search, but was
restricted to English language literature in the last
step of the selection process. Studies were limited to
those on humans. All retrieved articles were manually
screened to ensure a satisfactory study design.

Choi KS, Choi SB, Park P, Kim WB, Choi SY. Clinical cha
racteristics of incidental or unsuspected gallbladder cancers
diagnosed during or after cholecystectomy: A systematic review
and meta-analysis. World J Gastroenterol 2015; 21(4): 1315-1323
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i4/1315.htm DOI: http://dx.doi.org/10.3748/wjg.v21.i4.1315

INTRODUCTION
The prognosis of gallbladder (GB) cancer is poor, and
a high proportion of patients are diagnosed at an
[1,2]
advanced stage . Laparoscopic cholecystectomy
(LC) is the gold standard for the surgical treatment
of benign GB diseases. Although benign GB disease
can be diagnosed preoperatively, GB cancer is
diagnosed during or after cholecystectomy at a
low incidence. If GB cancer is suspected during LC,
conversion to open surgery to perform radical resection
after confirmation of the cancer by intraoperative
frozen biopsy is considered. When GB cancer is
diagnosed after cholecystectomy, reoperation for
radical resection according to the depth of invasion
[3]
of the cancer (T stage) is inevitable . However,
reoperation with radical surgery is not performed in
all patients for several reasons including refusal to
undergo radical surgery, poor medical condition, or
cancer progression suggesting unresectability.
The diagnosis of advanced GB cancer by com
puted tomography (CT) is accurate and reliable,
but the ability to identify early-stage cancer on CT
remains disappointing. Therefore, preoperative
staging using CT has an overall accuracy ranging
[4]
from 83%-86% . Diagnostic features of GB include
wall thickening suggesting that the GB cancer area
is heterogeneously enhanced, a thick one-layer
pattern or a strongly enhanced thick inner layer
with a weakly enhanced (or non-enhanced) thin
outer layer; these features were found to be highly
[5]
sensitive and specific for GB cancer in one study .
The diagnosis (or suspicion) of cancer can be missed
preoperatively when combined with cholecystitis.
Although cholecystectomy is a suitable treatment
[6]
for early GB cancer, the diagnostic rate is low .
Most published studies on incidentally diagnosed GB
cancer are based on a single-center experience with

WJG|www.wjgnet.com

Selection and exclusion criteria

The inclusion criterion for incidental GB cancer was
GB cancer diagnosed during or after cholecystectomy
that was not suspected at the preoperative stage.
Therefore, studies including patients who had sus
pected GB cancer at preoperative evaluation were
excluded, even if laparoscopic cholecystectomy
was performed. Studies that included patients
with both suspected and unsuspected GB cancers
were enrolled in this study if the clinicopathologic
characteristics of the unsuspected (incidental) GB
cancers were available exclusively. If data on the
incidental GB cancer were insufficient, the study
was excluded. Case series and studies that included
fewer than 20 patients with incidental GB cancers
were excluded from this systematic review.

Data extraction

Two authors (CSB, CKS) independently extracted
information using retrieved abstracts. After de
termining inclusion of the studies, the following
details were investigated: study period, country of
the study, number of patients with incidental GB
cancer, overall number of patients who underwent
cholecystectomy during the same period, number
of reoperations for radical surgery, reason not to
perform reoperation, operative procedures, pa
thologic characteristics focusing on the depth of
invasion (T stage) and lymph node metastasis,
and residual disease after revisional surgery. Any
discrepancies in data collection between the two
authors were solved by consensus.
We focused on the incidence of incidentally
diagnosed GB cancer and the clinical characteristics
associated with reoperation for radical surgery
by pooled analysis. The primary outcomes were
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Table 1 Summary of the publications included
Ref.

Year

Study
period

Z'graggen et al[8]
Sarli et al[9]
Suzuki et al[10]
Wakai et al[11]
Toyonaga et al[12]
de Aretxabala et al[13]
Yildirim et al[14]
Lam et al[15]
Xu et al[16]
Pawlik et al[17]

1998 1992-1995
2000 1986-1995
2000 1992-1998
2002 1992-1999
2003 1982-2000
2004 Unavailable
2005 1990-2003
2005 1998-2002
2007 1990-2005
2007 1984-2006

Shih et al[18]
Shukla et al[19]
Kwon et al[20]
Zhang et al[21]
Choi et al[22]
Butte et al[23]
Glauser et al[24]
Kim et al[25]
de Aretxabala et al[26]
Goetze et al[27]
Fuks et al[28]
Clemente et al[29]
Maker et al[30]
Lendoire et al[31]
Yi et al[32]
Xu et al[33]

2007
2008
2008
2009
2009
2010
2010
2010
2010
2010
2011
2012
2012
2012
2013
2013

1995-2004
2003-2007
1992-2004
1999-2007
2002-2007
2000-2008
1994-2004
1997-2008
2005-2009
19971998-2008
1998-2009
1992-2009
1999-2010
1992-2009
1993-2011

Country
Swiss
Italy
Japan
Japan
Japan
Chile
Turkey
Hong Kong
China
United States, Brazil, Italy,
Germany
United States
India
Japan
China
Korea
Chile
Swiss
Korea
Chile
German
France
Italy
United States
Argentina
China
China

Study setting

No. of Revisional
IGC
surgery

T stage
Tis

T1

T2

T3

T4

Study
quality

Swiss registry
Single center
Multicenter
Single center
Multicenter
Single center
Single center
Multicenter
Single center
Multicenter

37
20
41
28
73
64
65
63
23
148

6
6
11
10
21
26
28
4
6
109

0
1
1
0
0
2
0
1
0
0

9
6
25
15
23
5
13
4
11
18

16
4
14
13
43
39
34
23
7
85

8
9
1
0
7
18
18
26
5
41

4
0
0
0
0
0
0
7
0
4

4
5
5
5
6
4
4
6
3
5

Single center
Single center
Single center
Single center
Single center
Single center
Swiss registry
Single center
Single center
German registry
Multicenter
Single center
Single center
Single center
Single center
Single center

535
90 (761)
38
20
33
49
89 (691)
26
23
6242
218
443
1626
404
38
36

39
54
14
7
7
20
19
2
15
231
148
34
162
24
10
20

0
0
4
2
0
2
1
0
22
0
0
0
0
0
0

23
20
4
10
8
14
6
3
118
24
5
12
1
14
16

33
17
6
17
32
34
17
15
300
84
19
71
12
4
11

20
1
4
4
9
14
2
5
143
81
10
79
11
12
9

0
0
2
0
0
5
0
0
30
29
0
0
0
8
0

5
4
5
5
5
4
6
4
3
6
6
4
5
4
6
5

1

Number of available data; 211 patients were Tx (unknown T stage); 3The exact T stages of 10 patients were not described; 4 The exact T stages of 16
patients were not described; 5Exact T stages were not described. Instead, AJCC TNM stages were shown; 6All patients included in this publication received
revisional surgery. IGC: Incidental gallbladder cancer.

the incidence of incidental GB cancers following
cholecystectomy and the distribution of T stage
(depth of invasion) of the GB cancers. Secondary
outcomes were the proportion of patients who
underwent reoperation after cholecystectomy or
conversion to open surgery during operation for
radical surgery, the proportion of patients with
unresectable disease even though radical surgery
was attempted, and the proportion of patients with
residual malignant disease after radical surgery
for GB cancers. The quality of all publications was
[7]
assessed using the Newcastle-Ottawa Scale . Of
the three categories used in the Newcastle-Ottawa
Scale (Selection, Comparability, and Outcome), we
used the following for study assessment: “Selection,”
(1) representativeness of the exposed cohort;
(2) selection of the non-exposed cohort; and (3)
ascertainment of exposure; and “Outcome” (1)
assessment of outcome; (2) sufficiency of length of
follow up; and (3) adequacy of follow-up of cohorts.
A study was given one star for each question. The
numbers of stars and characteristics of the included
studies are presented in Table 1.

Meta-Analysis software Version 2 (Biostat, New
Jersey, United States). A single weight-adjusted pro
portion for each variable was computed for each
study. The random effect model was used to derive
pooled estimates of proportion with 95%CI for the
outcomes explored.

RESULTS
Study characteristics and incidence of incidental
(unsuspected) GB cancers

A total of 986 publications were initially identified
and 26 were finally included in this systematic review
[8-33]
(Figure 1). These 26 studies
were observational
cohort studies based on data from national registries
(n = 3), multicenter studies (n = 5), and single center
surgical experiences (n = 18). In total, 2145 patients
with incidental GB cancers (diagnosed during or after
cholecystectomy) were included in this systematic
review. The characteristics of the publications are
[8-10,15,20-22,24,25,33]
shown in Table 1. Ten publications
reported the incidence of incidentally found GB
cancers and the total number of cholecystectomies
performed during the same study period. Among
[8-10,15,20-22,24,25,33]
the ten publications
, 403 incidental
GB cancers were detected in the 80228 chole
cystectomies. The pooled proportion of incidental

Statistical analysis

Data and outcomes extracted from each study
were pooled and analyzed using Comprehensive
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Initially identified
articles (n = 986)

Table 2 Distribution of T stage in incidental gallbladder
[8-17,19-33]
cancer in 25 studies
Duplications (n = 87)
Excluded after screening for titles (n = 703)
(n = 790)

T
Range of proportion reported Pooled proportion
stage
by primary studies
Tis
T1
T2
T3
T4

Studies extracted for more
detailed assessment
(n = 196)
Excluded after screening for abstract;
Out of scope (n = 100)
No of enrolled patients < 20 (n = 39)

2.4%
23.0%
47.0%
25.1%
4.2%

1.5%-3.8%
17.8%-29.1%
42.1%-51.9%
19.5%-31.7%
2.6%-6.5%

T4, respectively, throughout the editions.
Table 2 shows the pooled proportion of T stages
[8-17,19-33]
among the incidental GB cancers in 25 studies
.
Nearly 50% of the incidental GB cancers were T2
stage, with a pooled proportion of 47.0% (95%CI:
0.421-0.519). T1 and T3 GB cancers were found
at a similar frequency, with pooled proportions of
23.0% (95%CI: 0.178-0.291%) and 25.1% (95%CI:
0.195-0.317), respectively.
Patients with incidental GB cancers tended to
undergo less aggressive surgery than those with
suspected (diagnosed preoperatively) GB cancers
as some patients did not undergo revisional surgery
for incidental GB cancer. Therefore, information on
the lymph node status of incidental GB cancers was
limited as not all patients underwent lymph node
[11,14-17,20,22,23,25,28-31]
dissection. Thirteen publications
reported the presence of lymph node metastasis.
In principle, lymph node status is confirmed by
pathologic examination after lymph node dissection.
However, a review of the publications revealed that
lymph node dissection was not performed for GB
cancers, but was usually performed at the discretion
of the surgeon according to the T stage. Moreover,
the extent of dissection was not homogeneous.
Considering this limitation, the reported rate of lymph
node metastasis might be underestimated compared
with the actual lymph node status. Nonetheless, the
pooled proportion of detected lymph node metastasis
among the patients with incidental GB cancers
was 14.2% (95%CI: 0.107-0.185) with a range of
7.9%-26.5%.

Studies assessed according
to the inclusion criteria
(n = 57)
No English version (n = 1)
Excluded after full text review;
Unavailable and insufficient data (n = 3)
Out of scope (n = 1)
Study population mixed with suspected and
unsuspected GB ca (n = 17)
Same authors with shared study population
(n = 9)

Studies included in metaanalysis (n = 26)

Figure 1 Selection of the publications.

GB cancers among the cholecystectomies performed
for benign gallbladder diseases was 0.7% (95%CI:
0.004-0.012).

Distribution of T stage and presence of lymph node
metastasis in incidental GB cancers

The versions of cancer stage according to the
American Joint Committee on Cancer (AJCC) used
were different according to the study period: 3rd
[8,34]
th
[13,35]
th
[10-12,36]
th
edition
, 4 edition
, 5 edition
, 6
[14,15,17,18,20-23,25,27,37]
th
[24,28,29,31,32,38]
edition
, 7 edition
, and
[16,39]
[8,16,19,26,30]
Nevin staging
. In five studies
, the exact
version of the staging system used was not clearly
defined. For T stage, Tis, T1, and T2 are the same in
rd
th
the 3 to 7 editions of AJCC stage. Tis is carcinoma
in situ. T1a tumor invades mucosa and T1b invades
muscle layer. T2 invades perimuscular connective
tissue, without extension beyond the serosa or into
[34-38]
the liver
. T3 tumors are those that perforate
the serosa, or directly invade one adjacent organ, or
both (extension 2 cm or less into the liver), whereas
T4 tumors extend more than 2 cm into the liver
th
and/or into two or more adjacent organs in the 4
th
[35,36]
th
th
and 5 editions
. In the 6 and 7 editions of
[37,38]
AJCC
, T3 tumors perforate the serosa or directly
invade the liver and/or one other adjacent organ
or structure, and T4 tumors invade the main portal
vein or hepatic artery, or two or more extrahepatic
structures. Although T3 and T4 stage are somewhat
different among the versions of AJCC stage, we
regarded T3, T4 in each edition as the same T3, and

WJG|www.wjgnet.com

0%-20.0%
4.2%-61.0%
13.2%-75.0%
0.0%-69.8%
0.0%-21.1%

95%CI

Revisional surgery for radical cholecystectomy

If the GB cancer is found during or after operation,
proceeding with revisional surgery for R0 resection
is necessary. Twenty-four publications reported
[8-29,31-33]
performing revisional surgery for curative intent
.
We analyzed the proportion of patients in which
the revisional surgery was completed, excluding
patients who underwent only exploration. The pooled
proportion that had complete revisional surgery
was 40.9% (95%CI: 0.329-0.494) (Figure 2). The
revisional surgery consisted of liver resection and/or
bile duct resection and/or lymph node dissection.
The extent of liver resection was somewhat different
among the studies; however, most of the liver re
section procedures involved wedge resection of the
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Study name

Statistics for each study
Event rate Lower limit Upper limit Z -value P -value Total
Z'graggen K 1998
0.162
0.075
0.317
-3.682 0.000
6/37
Sarli L 2000
0.300
0.141
0.527
-1.736 0.082
6/20
Suzuki K 2000
0.268
0.155
0.423
-2.846 0.004 11/41
Wakai T 2002
0.357
0.204
0.546
-1.490 0.136 10/28
Toyonaga T 2003
0.288
0.196
0.401
-3.507 0.000 21/73
de Aretxabala XA 2004 0.406
0.294
0.530
-1.491 0.136 26/64
Yildirim E 2005
0.431
0.317
0.553
-1.113 0.266 28/65
Lam CM 2005
0.063
0.024
0.157
-5.209 0.000
4/63
Xu LN 2007
0.261
0.122
0.472
-2.193 0.028
6/23
Pawlik TM 2007
0.736
0.660
0.801
5.508
0.000 109/148
Shih SP 2007
0.736
0.602
0.837
3.288
0.001 39/53
Shukla PJ 2008
0.711
0.599
0.801
3.550
0.000 54/76
Kwon A 2008
0.368
0.232
0.530
-1.603 0.109 14/38
Zhang WJ 2009
0.350
0.177
0.574
-1.320 0.187
7/20
Choi SB 2009
0.212
0.105
0.383
-3.082 0.002
7/33
Butte JM 2010
0.408
0.281
0.549
-1.278 0.201 20/49
Glauser PM 2010
0.275
0.183
0.392
-3.590 0.000 19/69
Kim JH 2010
0.077
0.019
0.261
-3.376 0.001
2/26
de Aretxabala X 2010
0.652
0.443
0.816
1.436
0.151 15/23
Goetze TO 2010
0.370
0.333
0.409
-6.410 0.000 231/624
Fuks D 2011
0.679
0.614
0.738
5.161
0.000 148/218
Clemente 2012
0.773
0.627
0.873
3.402
0.001 34/44
Lendoire JC 2012
0.600
0.443
0.738
1.256
0.209 24/40
Yi X 2013
0.263
0.148
0.424
-2.795 0.005 10/38
Xu X 2013
0.556
0.393
0.707
0.665
0.506 20/36
0.409
0.329
0.494
-2.108 0.035

Event rate and 95%CI

Relative weight
3.66
3.50
4.02
3.86
4.35
4.36
4.38
3.39
3.55
4.56
4.17
4.37
4.08
3.57
3.74
4.24
4.31
2.60
3.70
4.75
4.65
4.00
4.13
3.96
4.09

-1.00

-0.50
Favours A

0.00

0.50
Favours B

1.00

Figure 2 Pooled proportion to complete revisional surgery.

liver and bisegmentectomy of segment ⅣB and Ⅴ.
Another clinical problem in patients who undergo
laparoscopic cholecystectomy for incidental GB cancer
is whether port site resection should be included in
[10,11,17,19,28-31,33]
the revisional surgery. Nine publications
discussed whether port site excision should be
[19,33]
performed. Two studies
did not report the total
number of patients who underwent port site excision;
however, two patients in each study demonstrated
a residual cancerous lesion in the pathologic exam
[10,11]
after revisional surgery. Two studies
included
whether port site excision was performed and five
[17,28-31]
studies
reported the total number of port site
excisions and the positive rate for cancer cells in
pathologic examination of the port site. The pooled
proportion of patients with positive cancer cells at the
port site was 8.1% (95%CI: 0.03-0.202).

reported the proportion of unresectable disease when
revisional surgery was attempted, and the pooled
proportion of patients with unresectable disease was
23.0% (95%CI: 0.177-0.294) (Figure 3).
The aim of revisional surgery is to achieve an
adequate resection margin and to perform lymph node
dissection for locoregional control. The proportion
of patients in which residual cancerous lesions were
found after revisional surgery was reported in 14
[9-12,14,17,19,20,22,23,25,28,29,31]
publications
and the pooled
proportion with residual disease was 38.7% (95%CI:
0.316-0.462). The most common locations of
residual disease were the liver (GB bed) and lymph
nodes; less common sites were the bile duct and
[22,31]
port site. Two studies
did not report the location
of residual disease in detail.

Proportion of unresectable GB cancers when revisional
surgery was attempted and the presence of residual
cancerous lesions after revisional surgery

DISCUSSION
From a prognostic point of view, R0 resection is the
most important positive factor for overall survival
[1,2]
of GB cancers . The extent of surgery is different
according to the depth of invasion (T stage) of
the tumors. For a T1a tumor, cholecystectomy is
the standard procedure, whereas for a T1b tumor,
cholecystectomy with lymph node dissection has
[40]
been performed . For T2 and more advanced tumors,
liver resection including the gallbladder bed and lymph
node dissection are recommended. Extrahepatic bile
duct resection is not performed uniformly, and is

Although the failure to detect incidental GB cancers
at preoperative evaluation infers the presence of
early cancers that might be missed, the proportion
of advanced incidental cancers is too serious to be
ignored. When revisional surgery was attempted
(intraoperative conversion or reoperation after initial
surgery) some patients were confirmed to have
unresectable/inoperable diseases and underwent only
[8-13,15,17-26,28,31-33]
exploration. Twenty-one publications
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Study name
Z'graggen K 1998
Sarli L 2000
Suzuki K 2000
Wakai T 2002
Toyonaga T 2003
de Aretxabala XA 2004
Lam CM 2005
Pawlik TM 2007
Shih SP 2007
Shukla PJ 2008
Kwon A 2008
Zhang WJ 2009
Choi SB 2009
Butte JM 2010
Glauser PM 2010
Kim JH 2010
de Aretxabala X 2010
Fuks D 2011
Lendoire JC 2012
Yi X 2013
Xu X 2013

Statistics for each study
Event rate Lower limit Upper limit Z -value P -value
0.071
0.004
0.577
-1.748 0.081
0.143
0.020
0.581
-1.659 0.097
0.083
0.012
0.413
-2.296 0.022
0.045
0.003
0.448
-2.103 0.035
0.077
0.019
0.261
-3.376 0.001
0.333
0.204
0.493
-2.041 0.041
0.100
0.006
0.674
-1.474 0.140
0.149
0.100
0.215
-7.553 0.000
0.250
0.151
0.384
-3.430 0.001
0.289
0.199
0.401
-3.550 0.000
0.033
0.002
0.366
-2.341 0.019
0.222
0.056
0.579
-1.562 0.118
0.063
0.004
0.539
-1.854 0.064
0.444
0.293
0.607
-0.665 0.506
0.025
0.002
0.298
-2.558 0.011
0.167
0.010
0.806
-1.039 0.299
0.348
0.184
0.557
-1.436 0.151
0.213
0.160
0.277
-7.342 0.000
0.368
0.232
0.530
-1.603 0.109
0.444
0.240
0.670
-0.470 0.638
0.091
0.023
0.300
-3.105 0.002
0.230
0.177
0.294
-7.208 0.000

Event rate and 95%CI

Relative weight

Total
0/6
1/7
1/12
0/10
2/26
13/39
0/4
22/148
13/52
22/76
0/14
2/9
0/7
16/36
0/19
0/2
8/23
40/188
14/38
8/18
2/22
-1.00

1.18
2.01
2.13
1.21
3.66
8.24
1.15
10.08
8.57
9.71
1.22
3.23
1.19
8.31
1.23
1.07
6.73
10.93
8.30
6.23
3.62
-0.50
Favours A

0.00

0.50
Favours B

1.00

Figure 3 Pooled proportion of patients with unresectable disease when revisional surgery attempted.

somewhat controversial in the surgical treatment
[41,42]
of GB cancers
. According to our study, appro
ximately one-quarter of the patients did not require
revisional surgery because they presented with
Tis or T1 disease. Therefore, approximately threequarters of patients with incidental GB cancers were
ultimately candidates for revisional surgery.
The most important clinical problem related
to incidentally found GB cancers is the decision
of whether to proceed with revisional surgery for
radical cholecystectomy. If the GB cancer is found
during the operation, conversion to radical surgery
is relatively easy. However, if GB cancers are found
after the operation, reoperation for revisional sur
gery is both necessary and critical. Although R0
resection is the treatment of choice, some patients
with incidental GB cancers diagnosed following
cholecystectomy refused reoperation for revisional
surgery. As most of the publications were based
on the retrospective review of medical records, the
exact proportion of patients who refused revisional
surgery is not described in all studies. Several
publications reported the number of patients who
refused revisional surgery even though it was in
[18,21,23,32,33]
dicated due to advanced tumor stage
.
Refusal of radical cholecystectomy is one of the
more difficult issues encountered in clinical practice.
As described before, because R0 resection is the
most important factor determining prognosis,
reoperation for revisional surgery should be strongly
recommended.
In this systematic review, the pooled proportion
of patients with unresectable disease when at
tempting revisional surgery was 23.0% (95%CI:
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0.177-0.294). Even though GB cancer was not
suspected before surgery, the disease was too
advanced to perform radical surgery. Therefore, precise
preoperative evaluation is necessary to assess the
extent of disease before revisional surgery, especially
in patients who undergo reoperation after a relatively
long time interval from the first operation. For pre
operative diagnosis of GB cancers, multidetector
computed tomography (MDCT) is now widely avai
lable and has a reported accuracy of up to 84% for
determining local extent or the T stage of primary
[43]
gallbladder carcinoma
and 85% for predicting
[44]
resectability . Positron emission tomography
(PET)-CT scanning might also be an option, and
has been reported to have value for the detection
of regional lymph node metastasis and distant
[45,46]
metastases that are not diagnosed by MDCT
.
Biliary magnetic resonance imaging is also useful for
[47]
the detection of GB cancer . However, considering
the impact of postoperative change, it is not possible
to draw conclusions about the efficacy of CT, PET,
or MR to detect residual cancerous lesions or me
tastatic disease after cholecystectomy, and there
was a lack of evidence on this issue in our review
of the literature for incidentally found GB cancers.
Further preoperative evaluation might be necessary
taking into consideration the relatively significant
proportion of patients who had unresectable disease
when attempting revisional surgery.
The prognostic impact of incidentally diagnosed
GB cancer on survival compared with preoperatively
suspected GB cancer has not been widely studied.
It is not clear whether incidental GB cancer has the
same prognosis, or poorer prognosis, compared
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with the same stage of non-incidental GB cancer. For
incidental GB cancers, it is likely that the combined
presence of cholecystitis complicates the diagnosis of
GB cancer. Several studies have reported the negative
[22,29,48]
impact of cholecystitis on survival
although
the exact mechanism has not been investigated.
Incomplete en bloc resection during cholecystectomy
that causes spillage of cancer cells might affect the
prognosis of GB cancer considering the relatively high
pooled proportion of patients with residual cancerous
lesions after revisional surgery in this study. However,
the results of most of the studies warrant radical
[3,24,27,28]
resection to improve survival
. In contrast, one
study reported that the tumor characteristics differed
between suspected and incidental GB cancer, and
suggested that incidental GB cancer has a significant
[49]
better median survival .
When comparing the survival impact of laparoscopic
versus open procedures for the treatment of GB
cancer, several studies reported no significant pro
gnostic difference between the two procedures,
suggesting that laparoscopic cholecystectomy does
[9,13,50-52]
not decrease survival
. However, another
study showed that laparoscopic cholecystectomy
had an increased risk of disseminating tumor cells,
suggesting that open surgery is warranted in cases
[53]
of known or suspected GB cancer . However, more
recently, several authors have reported that early
lesions of GB cancer can be managed successfully
using laparoscopic cholecystectomy, achieving a
satisfactory survival result and a low rate of port-site
[54,55]
recurrence
.
Whether port site resection should be performed
is one of the major issues in revisional surgery after
laparoscopic cholecystectomy. In our review, not all
of the centers adopted port site resection as part
of revisional surgery, and the pooled proportion in
which cancer cells were detected in the port site
[30]
was low. Maker et al
focused on the necessity for
port site resection in the surgical management of
incidental GB cancer. They concluded that port site
metastases were associated with poorer survival.
However, port site resection was not associated with
improved survival and should not be considered
mandatory during definite surgical treatment for
incidental GB cancer. In the early laparoscopic era,
many authors reported that laparoscopic surgery
might promote peritoneal seeding during the
[56,57]
surgical treatment of cancer patients
. However,
there was no definite difference in the oncologic
outcome between the two procedures in more recent
[9,13]
studies
.
In conclusion, incidental (unsuspected) GB cancers
were not all early lesions; in fact, T2 and T3 lesions
accounted for a large proportion of these cancers.
Our data indicated that revisional surgery for radical
cholecystectomy is warranted to gain a survival
benefit in T2 and more advanced cancers, although
surgical procedures were not homogeneous and
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were determined according to the extent of disease.
Furthermore, even though these GB cancers were
found incidentally, some incidental GB cancers were
unresectable when attempting revisional surgery.
Therefore, additional imaging studies to determine
the extent of disease and resectability are necessary
before performing revisional surgery.

COMMENTS
COMMENTS
Background

Laparoscopic cholecystectomy (LC) is the gold standard for surgical treatment
of benign GB diseases. Gallbladder (GB) cancer is diagnosed during or after
cholecystectomy at a low incidence. The aim of this study was to perform a
systematic review of incidental or unsuspected GB cancer diagnosed during
or after cholecystectomy (laparoscopic or open). The incidence and clinical
characteristics of the incidentally found GB cancers were investigated.

Research frontiers

R0 resection is the treatment of choice for GB cancers. Although the incidence
of GB cancers diagnosed during or after cholecystectomy, is low, incidental
GB cancers can cause difficult problems in clinical practice. In this study a
systematic review of incidental GB cancer was performed, based on a relatively
large number of patients with incidental GB cancers, focusing on the clinical
characteristics and significance of incidental GB cancers; incidence, T stage,
revisional surgery, and proportion of unresectable disease.

Innovations and breakthroughs

The prognosis of GB cancer is poor, and a high proportion of patients
are diagnosed at an advanced stage. LC is the gold standard for surgical
treatment of benign GB diseases. Although benign GB disease was diagnosed
preoperatively, GB cancer can be diagnosed during or after cholecystectomy
at a low incidence. If GB cancer is suspected during LC, conversion to open
surgery to perform radical resection after confirmation of the cancer by
intraoperative frozen biopsy is considered. When GB cancer is diagnosed after
cholecystectomy, reoperation for radical resection according to the depth of
invasion of the cancer (T stage) is inevitable. However, reoperation with radical
surgery is not performed for all patients for several reasons including refusal
to undergo radical surgery, poor medical condition, or cancer progression
suggesting unresectability. This study is based on the systematic review of
incidental GB cancers. Most published studies on incidentally diagnosed
GB cancer are based on a single-center experience with a relatively small
number of patients comparing the clinical significance of incidental GB cancer.
Therefore, this study provides clinical information on incidental GB cancers
diagnosed during or after cholecystectomy based on a relatively large number
of patients.

Applications

The results of this study suggest that approximately three-quarters of incidental
GB cancers were T2 and more advanced GB cancers. Therefore, a large
proportion of patients with incidental GB cancers required revisional surgery.
However, more than 20% of patients had unresectable disease when revisional
surgery was attempted. Therefore, additional imaging studies are necessary in
patients with GB cancers diagnosed following cholecystectomy.

Terminology

Revisional surgery is radical cholecystectomy including liver resection and/or
extrahepatic bile duct resection and lymph node dissection. Although the extent
of revisional surgery is different according to the stage of tumor, the aim of
revisional surgery is to perform R0 resection.

Peer review

A large proportion of incidental GB cancers were T2 and T3 lesions. Revisional
surgery for radical cholecystectomy is warranted to gain a survival benefit in T2
and more advanced cancers. Some incidental GB cancers were unresectable
when attempting revisional surgery; therefore, additional imaging studies for
revisional surgery are necessary to determine the extent of disease.
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Core tip: This case represents the first transanal
endoscopic microsurgery (TEM) approach for fullthickness excision to treat organ restricted amyloidosis
of the rectum, a very rare entity requiring high
suspicion for diagnosis and treatment. Although TEM
is the preferred modality to treat early rectal cancers
and rectal adenomas, it should also be considered
for other benign and non-advanced rectal lesions,
such as localized amyloidoma. TEM is a less invasive
procedure that provides lower morbidity and mortality
by decreasing incidence of local recurrence and
complications while preserving rectal continence and
function.
Sharma R, George VV. Transanal endoscopic microsurgery:
The first attempt in treatment of rectal amyloidoma. World J
Gastroenterol 2015; 21(4): 1324-1328 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i4/1324.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i4.1324

Abstract
Localized amyloidosis is characterized by amyloid protein
deposition restricted to one organ or tissue without
systemic involvement. Gastrointestinal manifestations
of localized amyloidoma are unusual, which makes
amyloidoma restricted to the rectum a very rare
diagnosis requiring a high index of suspicion. We present
a rare account for rectal amyloidoma with an unusual
presentation of obstructive symptoms and its treatment
using a sophisticated surgical modality, transanal
endoscopic microsurgery (TEM), which resulted in
complete excision of the lesion without hospitalization
and complications. The successful treatment for this
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INTRODUCTION
Amyloidosis is a rare group of disorders with an
annual incidence of eight patients per million and is
characterized by pathological deposition of fibrillar
protein named amyloid, which disrupts organ struc
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[1]

ture and function . The diagnosis of amyloidosis
requires a high index of suspicion since the symptoms
are nonspecific and may involve a single or multiple
organ systems. Additionally, slow progression of
the disease often delays diagnosis causing limited
or palliative treatments. The manifestation of
amyloidosis can be classified as primary, secondary,
localized, or familial with prognosis varying in re
[2,3]
gards to the specific type of disease process .
Localized amyloidosis, an extremely rare condition,
is limited to a single organ. Furthermore, systemic
features such as urinary and serum monoclonal pro
teins and/or clonal plasma cells in the bone marrow
are absent making diagnosis difficult. Common sites
[4,5]
of organ-restricted deposition include respiratory ,
[6,7]
genitourinary tract , in addition to, skin and soft
[8,9]
tissue . The mechanism underlying the formation of
a localized amyloidoma remains poorly understood.
[10]
De novo amyloid production , in addition to, local
[6,11]
plasmacytosis in chronic inflammatory diseases
have been proposed for tissue restricted amyloidoma.
Additionally, localized amyloid has been found to
arise from certain fibrillary proteins produced by
neoplasms such as calcitonin in medullary thyroid
[12,13]
[14]
carcinoma
, amylin in insulinoma
or prolactin in
[15,16]
prolactinoma
.
Localized amyloidoma of the gastrointestinal tract
is extremely unusual. All reported cases affecting
the large bowel presented clinically with lower
[17-20]
gastrointestinal bleeding
. Rarely amyloid of the
colon produces a mass lesion causing obstructive
[21]
symptoms . Only two cases have been described
[22,23]
in literature for rectal amyloidoma
. This case
study is a rare account of the presentation of rectal
amyloidoma and its surgical resection using an
older but sophisticated surgical device, transanal
endoscopic microsurgery (TEM).

Figure 1 Computed tomography of the pelvis demonstrates a thickening
of the left lower rectal wall with adjacent free gas. No pathologically
enlarged lymphadenopathy was found. Arrow mark the extraluminal air or free
air in the rectum.

diseases was reported.
Proper workup was performed to assess for systemic
amyloidosis. Serum blood count, comprehensive
metabolic panel, coagulation studies, and liver and
kidney function tests were all within standard limits.
Serum total protein, albumin, alpha-1 globulin,
alpha-2 globulin, beta globulin, and gamma globulin
were normal. Urine analysis revealed a low level of
monoclonal peak is present on electrophoretogram
but was too small to quantitate and immunofixation
yielded no abnormal bands. Furthermore, serum
free kappa and free lambda protein levels were
within regular limits resulting in a normal free kappa:
lambda ratio of 1.02 (0.26-1.65). Chest X-ray, elec
trocardiogram, and echocardiogram showed no
findings. Conclusively, work up was negative for
systemic amyloidosis.
Amyloidoma of the rectum is an extremely rare
rectal tumor. Lesions this low and of this size are more
commonly treated by radical surgical intervention (low
anterior resection or abdominal perineal resection)
to achieve negative margins and evaluate the
lymphovascular system for invasion. Due to the benign
behavior of localized amyloid tumors, we offered the
patient a local excision with a TEM.

CASE REPORT
A 66-year-old Caucasian male with past medical
history of diabetes mellitus type Ⅱ, hypertension,
hyperlipidemia, and obstructive sleep apnea pre
sented with unusual lower abdominal pain in
September 2013. On digital rectal examination,
the lesion was easily graspable and characterized
as a hard, lobulated mass at the dentate line.
computed tomography scan was obtained, which
showed a thickening of the left lower rectal wall with
adjacent free gas due to the local perforation of the
amyloidoma (Figure 1). A follow up colonoscopy
found an irregular, poor defined, semi circumferential
rectal mass occupying about 50% of the rectal
lumen located 2 cm from the dentate line and bio
psy of the mass was taken. Pathology evaluation
demonstrated abnormal deposit, which was found
to be positive for congo red stain and was confirmed
to be a rectal amyloidoma. No personal or family
history of amyloid diseases or chronic inflammatory
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Surgical technique and post-operative course

TEM includes an adjustable, multi-port proctoscope
combined with CO2 mediated insufflation for optimal
exposure of the rectum. This closed in-vivo system
is then connected to a stereoscopic angulated optical
system, which allows visualization and projection on
a screen with higher resolution capabilities.
Briefly, for this case, the patient was placed
in a lithotomy position. After examination of the
rectum with a rigid, beveled, proctoscope, patient
was positioned appropriately to localize the lesion
inferiorly. The TEM device was connected to the
anesthesia table. The TEM proctoscope was ad
vanced to visualize the lesion in the left posterior
aspect of the rectum at the inferior part of the TEM
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A

A

B

B

Figure 2 Rectal amyloidoma before transanal endoscopic microsurgery
excision (A) and rectal wall after full thickness excision of the mass (B).
Little bleeding was noted during and after the procedure.

Figure 3 Five cm amyloidoma specimen excised from the rectum 2 cm
from the dentate line (A) and photomicrograph (x 40) demonstrating
amyloid deposition with Congo red staining in rectal amyloidoma (b).
Amyloid protein is seen as acellular, homogeneous, and eosinphilic material
deposited uniformly throughout the mass.

proctoscope (Figure 2A). Insufflation of CO2 was
started. The diameter of the patient’s rectum was too
large to keep the lesion in the center, which led to
mobilization of the lesion 1 cm distally and using this
edge as a handle in order to allow optimal exposure
for full thickness excision of the rectal wall using the
monopolar cautery. After establishing the posterior
dissection, we advanced in the mesorectal fat where
the mass was divided full-thickness circumferentially
from left and right and lastly, proximal aspect (Figure
2B). Small bleeding was controlled with the cautery
device. The mass was completely excised, margins
were obtained, and specimen was sent for pathology
(Figure 3A). The defect was left open due to the
large size and the lack of bleeding after cautery, in
addition to, decreasing the likelihood of complications
such as abscess formation and increased pain that
have occurred in previous TEM cases when closing
the defect.
Post-operatively, the patient did not have any
bleeding from the surgical site and was able to go
home the same day of surgery after recovering
from anesthesia. Patient was gas incontinent for
2 wk post-operatively but resumed normal bowel
habits afterwards without any local recurrence thus
far. Findings of the histopathological report revealed
acellular, homogenous, eosinophilic material underlying
benign colonic mucosa positive for congo red stain
and identified as local rectal amyloidoma (Figure 3B).
Small fibers of the internal sphincter were also noted
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within the specimen (figure not shown).

DISCUSSION
Many classifications have emanated for Amyloidosis
over the years due to the advancement in knowledge
for the disease process. Amyloidosis can be classified
into four major categories. Primary amyloidosis, also
known as immunoglobulin light chain amyloidosis, is
diagnosed in individuals without previous diseases
or coexisting conditions except multiple myeloma.
Secondary or reactive amyloidosis is associated
with chronic inflammatory conditions resulting in
accumulation of hazardous byproducts. Familial
amyloidosis includes variety of heritable mutations of
proteins, such as transthyretin (TTR - most common
form), apolipoprotein A-I, fibrinogen, cystatin and
[2,3]
gelsolin . Furthermore, the central nervous system
and its’ exclusive environment is susceptible to amyloid
deposition, which manifests as various forms of familial
[24]
dementias . The gastrointestinal system is a common
site of amyloid deposition in patients with primary
amyloidosis (70%) and secondary amyloidosis (50%)
and the colon is frequently involved within the multi[25]
systemic disease process . However, single organ
or localized form of amyloidosis, without systemic
[26-28]
involvement, is rarely found in the colon
.
Localized amyloidomas of the gastrointestinal
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track are extremely rare, usually affecting the colon
with bleeding as a chief complaint due to the lesion
outgrowing the blood supply causing necrosis. In
this case review, a low rectal amyloidoma, mea
suring 5 cm and occupying 50% circumference,
presented with unusual obstructive symptoms and
surgery was performed with the first TEM approach
for full-thickness excision to treat this organ restrict
ed amyloidosis. TEM is discovered in Germany,
gained much popularity in Europe for resection of
large rectal tumors since 1983. However, the US,
housing merely 9% of TEM systems worldwide,
has considered the technique appropriate only for
the treatment of early rectal cancers and rectal
[29,30]
adenomas
. Due to the characteristics of lo
calized amyloidomas such as absence of systemic
disease, slow growth of the lesion with clearly
defined margins, and no malignant transformation,
resection is the best treatment. TEM is proposed
as the most optimal technique for resection of a
low rectal lesion due to its allowance for superior
visualization with adequate insufflation, so that
the lesion can be clearly seen and removed with
adequate margins while preserving all functionality
of the gastrointestinal tract instead of a radical
surgery that requires a colostomy. Furthermore,
several studies have compared the use of TEM
versus the conventional transanal resection for
[29,31-35]
removal of localized rectal lesions
. These
studies demonstrate TEM to have a markedly higher
rate of negative margins and a significantly lower
incidence rate of local recurrence. In addition,
TEM allows for accurate pathological evaluation for
staging of rectal lesions. Furthermore, TEM offers a
less invasive option for full-thickness excision, which
is much preferred over a partial wall, piecemeal
[29]
endoscopic resection .
Diagnosis of localized amyloidosis is challenging
owing to the non-specific clinical presentation,
normal serum and urine protein screen, frequent lack
of family history, and the rarity of organ-restricted
amyloidosis. It is imperative to establish the correct
diagnosis so that unnecessary procedures, incorrect
therapy, and delay of diagnosis can be avoided to
afford the patient the best chance for a cure, often
by a surgical intervention. TEM is a safe, minimally
invasive procedure that provides significantly lower
morbidity and mortality as compared to traditional
treatments for rectal lesions. Functional outcomes
are better since sphincter complex is preserved
while having minimal to no damage to the pelvic
region/structures. This technique provides superior
visibility due to the stereoscopic capability in
combination with revolutionary instrumentation that
allows manipulation of larger and difficult to reach
lesions. Also, use of both hands of the surgeon gives
better exposure and precise excision of the lesion.
More importantly, TEM has minor complications
and the patient in this case was able to receive the
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procedure on an outpatient basis with restoration of
normal bowel function within 2 wk. The patient will
have close follow up of every 6 mo for surveillance
of local recurrence, an extremely rare and almost
negligible occurrence. Conclusively, TEM could
prove to be an excellent, non-invasive, and effective
technique for removal of large rectal lesions such as
an amyloidoma.

COMMENTS
COMMENTS
Case characteristics

Patient presented with lower abdominal pain.

Clinical diagnosis

Digital rectal examination revealed a hard, lobulated, and easily graspable
lesion at the dentate line.

Differential diagnosis

Due to the symptoms and physical exam findings, computed tomography (CT)
was the appropriate next step which revealed thickening of left lower rectal
wall with adjacent free air. Follow up colonoscopy visualized an irregular and
large mass with biopsies, which revealed positive congo red stain leading to the
diagnosis of rectal amyloidoma.

Laboratory diagnosis

CBC, CMP, and UA within normal limits with a normal free serum kappa:lambda
ratio of 1.02 (0.26-1.65) leading to exclusion of systemic amyloidosis.

Imaging diagnosis

CT scan showed thickening of the left lower rectal wall with adjacent free gas
due to the local perforation of the amyloidoma.

Pathological diagnosis

Acellular, homogenous, eosinophilic deposit underlying benign colonic mucosa
positive for congo red stain and identified as local rectal amyloidoma.

Treatment

Full-thickness excision of the rectal amyloidoma using transanal endoscopic
microsurgery (TEM) without hospitalization and complications.

Related reports

Rectal amyloidosis is a very rare entity that presents with non-specific
symptoms requiring a high index of suspicion to establish the correct diagnosis
so that the patient can receive timely surgical intervention, which often leads to
cure.

Term explanation

Localized amyloidoma is a benign, pathological deposition of fibrillar protein
named amyloid, which can disrupt organ structure and function.

Experiences and lessons

The successful treatment for this rectal amyloidoma using TEM emphasizes the
need to broaden its application worldwide.

Peer review

The case report is an intresting case presentation of a rare rectal disorder.
Gastrointestinal manifestations of localized amyloidoma are unusual, which
makes amyloidoma restricted to the rectum a very rare diagnosis requiring a
high index of suspicion. Using TEM as a surgical treatment for it is worth to try.

REFERENCES
1
2
3
4
5

1327

Gertz MA, Lacy MQ, Dispenzieri A, Hayman SR. Amyloidosis.
Best Pract Res Clin Haematol 2005; 18: 709-727 [PMID:
16026746 DOI: 10.1016/j.beha.2005.01.030]
Falk RH, Comenzo RL, Skinner M. The systemic amyloidoses. N
Engl J Med 1997; 337: 898-909 [PMID: 9302305 DOI: 10.1056/
NEJM199709253371306]
Hazenberg BP. Amyloidosis: a clinical overview. Rheum Dis Clin
North Am 2013; 39: 323-345 [PMID: 23597967 DOI: 10.1016/
j.rdc.2013.02.012]
Thompson PJ, Citron KM. Amyloid and the lower respiratory
tract. Thorax 1983; 38: 84-87 [PMID: 6344311]
Rubinow A, Celli BR, Cohen AS, Rigden BG, Brody JS. Localized

January 28, 2015|Volume 21|Issue 4|

Sharma R et al . Localized rectal amyloidma excision with TEM

6
7
8

9

10
11
12
13

14

15
16
17
18
19

20

amyloidosis of the lower respiratory tract. Am Rev Respir Dis
1978; 118: 603-611 [PMID: 707881]
Fujihara S, Glenner GG. Primary localized amyloidosis of the
genitourinary tract: immunohistochemical study on eleven cases.
Lab Invest 1981; 44: 55-60 [PMID: 6161276]
Lim JH, Kim H. Localized amyloidosis presenting with a penile
mass: a case report. Cases J 2009; 2: 160 [PMID: 19946531 DOI:
10.1186/1757-1626-2-160]
Pasternak S, Wright BA, Walsh N. Soft tissue amyloidoma of
the extremities: report of a case and review of the literature. Am
J Dermatopathol 2007; 29: 152-155 [PMID: 17414436 DOI:
10.1097/01.dad.0000211513.98230.74]
Habermann MC, Montenegro MR. Primary cutaneous amyloidosis:
clinical, laboratorial and histopathological study of 25 cases.
Identification of gammaglobulins and C3 in the lesions by
immunofluorescence. Dermatologica 1980; 160: 240-248 [PMID:
6987109]
Hamidi Asl K, Liepnieks JJ, Nakamura M, Benson MD. Organspecific (localized) synthesis of Ig light chain amyloid. J Immunol
1999; 162: 5556-5560 [PMID: 10228037]
Bhagwandeen BS, Taylor S. Primary localized amyloidosis of the
bladder with a monoclonal plasma cell infiltrate. Pathology 1988;
20: 67-69 [PMID: 3131723]
Sletten K, Westermark P, Natvig JB. Characterization of amyloid
fibril proteins from medullary carcinoma of the thyroid. J Exp Med
1976; 143: 993-998 [PMID: 56421]
Schimke RN, Hartmann WH. Familial amyloid-producing
medullary thyroid carcinoma and pheochromocytoma. A distinct
genetic entity. Ann Intern Med 1965; 63: 1027-1039 [PMID:
5844561]
Westermark P, Wernstedt C, Wilander E, Hayden DW, O’Brien
TD, Johnson KH. Amyloid fibrils in human insulinoma and islets
of Langerhans of the diabetic cat are derived from a neuropeptidelike protein also present in normal islet cells. Proc Natl Acad Sci
USA 1987; 84: 3881-3885 [PMID: 3035556]
Kubota T, Kuroda E, Yamashima T, Tachibana O, Kabuto M,
Yamamoto S. Amyloid formation in prolactinoma. Arch Pathol
Lab Med 1986; 110: 72-75 [PMID: 3510059]
Jiménez L, Rivera ML, Ferrá S, Colón LE, Carro E. Prolactinoma
with extensive amyloid deposits: a case report. P R Health Sci J
2008; 27: 343-345 [PMID: 19069361]
Threlkeld C, Nguyen TH. Isolated amyloidosis of the colon. J Am
Osteopath Assoc 1996; 96: 188-190 [PMID: 8932596]
Bergman F. Amyloid “tumour” in sigmoid colon. Acta Pathol
Microbiol Scand 1962; 55: 395-400 [PMID: 13867734]
Watanabe T, Kato K, Sugitani M, Kaneda N, Hoshino N,
Imatake K, Matsui T, Kawamura F, Iwasaki A, Arakawa Y. A
case of solitary amyloidosis localized within the transverse colon
presenting as a submucosal tumor. Gastrointest Endosc 1999; 49:
644-647 [PMID: 10228268]
Hirata K, Sasaguri T, Kunoh M, Shibao K, Nagata N, Itoh H.
Solitary “amyloid ulcer” localized in the sigmoid colon without
evidence of systemic amyloidosis. Am J Gastroenterol 1997; 92:
356-357 [PMID: 9040228]

21
22

23
24

25
26

27
28

29
30
31
32

33

34

35

Deans GT, Hale RJ, McMahon RF, Brough WA. Amyloid tumour
of the colon. J Clin Pathol 1995; 48: 592-593 [PMID: 7665712]
Zaky ZS, Liepnieks JJ, Rex DK, Cummings OW, Benson MD.
Lambda II immunoglobulin light chain protein in primary localized
rectal amyloidosis. Amyloid 2007; 14: 299-304 [PMID: 17968691
DOI: 10.1080/13506120701614198]
Senapati A, Fletcher C, Bultitude MI, Jackson BT. Amyloid
tumour of the rectum. J R Soc Med 1995; 88: 48P-49P [PMID:
7884773]
Glenner GG, Wong CW. Alzheimer’s disease: initial report of
the purification and characterization of a novel cerebrovascular
amyloid protein. Biochem Biophys Res Commun 1984; 120:
885-890 [PMID: 6375662]
Sattianayagam PT, Hawkins PN, Gillmore JD. Systemic amyloidosis
and the gastrointestinal tract. Nat Rev Gastroenterol Hepatol 2009; 6:
608-617 [PMID: 19724253 DOI: 10.1038/nrgastro.2009.147]
Jensen K, Raynor S, Rose SG, Bailey ST, Schenken JR. Amyloid
tumors of the gastrointestinal tract: a report of two cases and
review of the literature. Am J Gastroenterol 1985; 80: 784-786
[PMID: 4036936]
John A, Dickey K, Fenwick J, Sussman B, Beeken W. Pneumatosis
intestinalis in patients with Crohn’s disease. Dig Dis Sci 1992; 37:
813-817 [PMID: 1587184]
Johnson DH, Guthrie TH, Tedesco FJ, Griffin JW, Anthony HF.
Amyloidosis masquerading as inflammatory bowel disease with
a mass lesion simulating a malignancy. Am J Gastroenterol 1982;
77: 141-145 [PMID: 7081172]
Morino M, Arezzo A, Allaix ME. Transanal endoscopic micro
surgery. Tech Coloproctol 2013; 17 Suppl 1: S55-S61 [PMID:
23314951 DOI: 10.1007/s10151-012-0936-0]
Saclarides TJ. Transanal endoscopic microsurgery. Semin
Laparosc Surg 2004; 11: 45-51 [PMID: 15094978]
Casadesus D. Surgical resection of rectal adenoma: a rapid review.
World J Gastroenterol 2009; 15: 3851-3854 [PMID: 19701964]
de Graaf EJ, Burger JW, van Ijsseldijk AL, Tetteroo GW,
Dawson I, Hop WC. Transanal endoscopic microsurgery is
superior to transanal excision of rectal adenomas. Colorectal
Dis 2011; 13: 762-767 [PMID: 20345967 DOI: 10.1111/j.14631318.2010.02269.x]
Langer C, Liersch T, Süss M, Siemer A, Markus P, Ghadimi
BM, Füzesi L, Becker H. Surgical cure for early rectal carcinoma
and large adenoma: transanal endoscopic microsurgery (using
ultrasound or electrosurgery) compared to conventional local and
radical resection. Int J Colorectal Dis 2003; 18: 222-229 [PMID:
12673487 DOI: 10.1007/s00384-002-0441-4]
Moore JS, Cataldo PA, Osler T, Hyman NH. Transanal endoscopic
microsurgery is more effective than traditional transanal excision
for resection of rectal masses. Dis Colon Rectum 2008; 51:
1026-1030; discussion 1026-1030 [PMID: 18481147 DOI:
10.1007/s10350-008-9337-x]
Wu Y, Wu YY, Li S, Zhu BS, Zhao K, Yang XD, Xing CG. TEM
and conventional rectal surgery for T1 rectal cancer: a metaanalysis. Hepatogastroenterology 2011; 58: 364-368 [PMID:
21661397]
P- Reviewer: Heise, CP, Mayol J, Sipos F, Tong WD
S- Editor: Ma YJ L- Editor: A E- Editor: Zhang DN

WJG|www.wjgnet.com

1328

January 28, 2015|Volume 21|Issue 4|

World J Gastroenterol 2015 January 28; 21(4): 1329-1333
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v21.i4.1329

© 2015 Baishideng Publishing Group Inc. All rights reserved.

CASE REPORT

Mixed adenoneuroendocrine carcinoma of gastrointestinal
tract: Report of two cases
Simona Gurzu, Zoltan Kadar, Tivadar Bara, Tivadar Jr. Bara, Adrian Tamasi, Leonard Azamfirei, Ioan Jung

Abstract

Simona Gurzu, Zoltan Kadar, Adrian Tamasi, Ioan Jung,
Department of Pathology, University of Medicine and Pharmacy,
540139 Tirgu Mures, Romania
Tivadar Bara, Tivadar Jr. Bara, Department of Surgery,
University of Medicine and Pharmacy, 540139 Tirgu Mures,
Romania
Leonard Azamfirei, Intensive Care Unit, University of Medicine
and Pharmacy, 540139 Tirgu Mures, Romania
Author contributions: Gurzu S wrote the manuscript and
carried out the study design; Kadar Z carried out the oncological
management and interpretation of oncological data; Bara T
carried out the surgical interventions and interpretation of the
data from literature; Bara TJ participated at surgical interventions
and interpretation of clinical data; Tamasi A participated at
histological and immunohistochemical interpretation of data;
Azamfirei L carried out the draft of the manuscript and revision
of technical data; Jung I carried out the histological examination
and immunoassays coordinated the study design and the draft of
the manuscript.
Supported by Romanian government, the research project frame
POSDRU/159/1.5/S/136893, and University of Medicine and
Pharmacy of Tirgu-Mures, Romania, the team research project
POS-UMFTGM-CC-13-01-V01, No. 15/16189/2013.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/
Correspondence to: Simona Gurzu, MD, PhD, Associate
Professor, Department of Pathology, University of Medicine
and Pharmacy, 38 Ghe Marinescu Str., 540139 Tirgu Mures,
Romania. simonagurzu@yahoo.com
Telephone: +40-74-5673550
Fax: +40-74-5673550
Received: June 3, 2014
Peer-review started: June 6, 2014
First decision: July 21, 2014
Revised: August 3, 2014
Accepted: September 29, 2014
Article in press: September 30, 2014
Published online: January 28, 2015

WJG|www.wjgnet.com

Mixed adenoneuroendocrine carcinoma (MANEC) is a rare
tumor of the gastrointestinal tract that consists of a dual
adenocarcinomatous and neuroendocrine differentiation,
each component representing at least 30% of the tumor.
To date, only seven cases have been reported in the
cecum, and less than 40 in the stomach. Our first case
was diagnosed in a 74-years-old female as a polypoid
lesion of the cecum with direct invasion in the transverse
colon, without lymph node metastases. The second case
was diagnosed in the stomach of a 46-years-old male
as a polypoid tumor of the antral region that invaded
the pancreas and presented metastases in 22 regional
lymph nodes. The metastatic tissue was represented
by the glandular component. In both cases, the
tumor consisted of a moderately-differentiated tubular
adenocarcinoma (with mucinous component in Case 1)
intermingled with neuroendocrine carcinoma. Ki67 index
was lower than 20% in Case 1, respectively higher than
20% in Case 2. The neuroendocrine component was
marked by synaptophysin and neuron specific enolase,
being negative for Keratins 7/20. The neuroendocrine
component represented 60% in Case 1, and 40% in Case
2, respectively. The glandular components were marked
by carcinoembryonic antigen, maspin and keratin 20/7
(Case 1/2). Both cases were proved to be microsatellite
stable. Independently by the localization and tumor
stage, MANECs appear to be highly malignant tumors,
with high risk for distant metastases. The aggressiveness
seems to depend on the endocrine component, in
dependent of its proportion. The neuroendocrine com
ponent could be a dedifferentiated adenocarcinoma with
a neuroendocrine phenotype.
Key words: Mixed adenoneuroendocrine carcinoma;
Composite tumor; Mixed tumor; Colorectal; Stomach;
Cecum; Maspin; Carcinoembryonic antigen; Keratin 7;
Keratin 20
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.
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Core tip: The aim of this paper was to report the
clinicopathological data of two cases of mixed
adenoneuroendocrine carcinomas (MANECs), one
in the cecum and one in the stomach. MANEC is a
rare tumor of the gastrointestinal tract that consists
of a dual adenocarcinomatous and neuroendocrine
differentiation. To date, only seven cases have been
reported in the cecum, and less than 40 in the stomach.
The characteristics of these cases, in correlation with
data from literature, proved that MANEC is a highly
malignant tumor, its aggressiveness being related to the
endocrine component, independent of its proportion.

Case 1

A 74-years-old female was admitted to the hospital
with intestinal obstruction symptoms, and an
emergency right hemicolectomy with terminal ileum
resection was performed. Gross examination of
the surgical specimen revealed a 70 mm × 18 mm
polypoid tumor that produced obstruction of the
cecum and presented direct invasion in the serosa
of the transverse colon, without invasion in the
appendix. The proximal and distal resected margins
were free from tumor involvement. Histopathologi
cal examination of the surgical specimen confirm
ed the tumor infiltration of the transverse colon,
without metastases in the 40 regional lymph no
des. Angiolymphatic invasion, without perineural
invasion, was also noted (pT4bN0 stage). The tumor
architecture was predominantly (60% of tumor)
solid, consisting of clusters of monomorphic tumor
cells with abundant cytoplasm and large nuclei,
marked by synaptophysin and NSE, which did not
display positivity for keratin AE1/AE3, keratins
7/20, CEA, and chromogranin. A low mitotic activity
was seen (< 20 mitoses/10 HPFs). Among these
tumor clusters, moderately differentiated glandular
structures with focal intraluminal Alcian blue-positive
mucus were also seen. The glandular component
represented about 40% of the tumor, being marked
by keratin AE1/AE3, keratin 20, and CEA, without
positivity for chromogranin, synaptophysin, NSE,
and keratin 7. Ki67 proliferative index was < 20%
(G2), without differences among the two com
ponents. Maspin expression was cytoplasmic in the
glandular component and slightly positive in the
neuroendocrine areas (Figure 1). In the ascending
colon, an adenomatous polyp without dysplasia was
associated.
The molecular examinations, performed with
Roche’s LightCycler PCR- and melting-point analysis,
revealed a stable microsatellite status. MLH-1 and
MSH-2 were positive in both tumor components.
Based on the tumor stage, a classical FOLFOX
therapy was recommended. The postoperative course
was uneventful, and to date, the patient has sur
vived 10 mo without any evidence of recurrence or
metastases.

Gurzu S, Kadar Z, Bara T, Bara TJ, Tamasi A, Azamfirei L, Jung
I. Mixed adenoneuroendocrine carcinoma of gastrointestinal
tract: Report of two cases. World J Gastroenterol 2015;
21(4): 1329-1333 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i4/1329.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i4.1329

INTRODUCTION
The term mixed adenoneuroendocrine carcinoma
(MANEC) was introduced by the World Health
Organization in 2010 referring to a neoplasm with
dual adenocarcinomatous and neuroendocrine di
fferentiation, each component representing at least
[1]
30% of the tumor . Before 2010, this tumor was
[2]
reported as a mixed or composite tumor . It should
be distinguished from the collision tumor, in which
the two components are closely juxtaposed but not
admixed, and the amphicrine tumor with dual endo[1,2]
and exocrine differentiation within the same cell .
Diagnosis is mainly based on the tumor architecture,
being completed by the immunostains with specific
neuroendocrine markers such as chromogranin,
synaptophysin, CD56, and neuron-specific enolase
(NSE), combined with the markers on non-endocrine
differentiation such as keratin 7 (for gastric tumors)
and Keratin 20, CDX2, and carcinoembryonic antigen
(CEA), respectively, for colorectal segments.
MANECs have been described in several organs.
Beside gastrointestinal segments, it was also
reported in the pancreas, gallbladder, and uterine
[2]
cervix . However, this is an extremely rare tumor,
with majority being presented as a case report. To
date, in the English literature, only seven cases were
reported to have occured in the cecum and about 35
cases in the stomach. Due to its rarity, few aspects
regarding the origin and best therapeutic options are
known.
In this paper, we present two unusual MANECs of
the cecum and the stomach and a pertinent review
of the literature.

WJG|www.wjgnet.com

Case 2

A 46-years-old male was admitted to the hospital
with symptoms suggesting gastric cancer: weight
loss, hematemesis and melena, without signs of
carcinoid syndrome. On upper gastrointestinal
endoscopy, a type I-Borrmann’s tumor was de
scribed in the antral region, which was surgically
removed. Intraoperatively, direct invasion in the
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Figure 1 Cecum mixed adenoneuroendocrine carcinoma consists of proliferation of two components. First component is represented by glandular structures
with mucinous foci (A-B) and displays positivity for keratin 20 (C) without immunoreactivity for synaptophysin (D), with a high Ki67 index (E) and cytoplasmic
expression of maspin (F); The second component is represented by solid tumor islands (G) that are negative for keratin 20 (H) and are immunoreactive for
synaptophysin (I), with a lower Ki67 index (J) and slightly cytoplasmic expression of maspin (K).

pancreas was identified. Total gastrectomy with
D2 lymphadenectomy was performed. Gross ex
amination of the surgical specimen revealed a 70
mm × 80 mm polypoid antral tumor that produced
direct invasion in the pancreas. The tumor invaded
the distal resection margin. Histopathological
examination of the surgical specimen confirmed the
pancreatic invasion, and the presence of metastases
in 22 of the 32 lymph nodes, with peri lymphonodular
invasion; celiac and hepatic hilum lymph nodes
presented metastases. Angiolymphatic and peri
neural invasions were also noted (pT4N3b stage).
The tumor architecture was predominantly (60%
of tumor) glandular, with moderately differentiated
glandular structures, without mucinous component,
marked by keratin AE1/AE3, keratin 7, and CEA,
without positivity for chromogranin, synaptophysin,
NSE, HER-2, keratin 20, and vimentin. Among the
glandular structures, solid sheets, cords, and islands
of monomorphic tumor cells with scant cytoplasm
and large pleomorphic nuclei were seen; they were
immunoreactive for synaptophysin and NSE, and did
not display positivity for keratin AE1/AE3, keratins
7/20, chromogranin, HER-2, CEA, and vimentin.
Mitotic activity was high (> 20 mitoses/10 HPFs).
Ki67 proliferation index was 80% (G3), without
differences among the two components. Maspin
expression was nuclear in the glandular component
and negative in the neuroendocrine areas (Figure
2). In the metastatic lymph nodes, the glandular
component was predominant.
The molecular examinations, performed with Ro
che’s LightCycler PCR- and melting-point analysis,
revealed a stable microsatellite status. MLH-1 and
MSH-2 were positive in both components. The
patient refused chemotherapy and died 5 mo after
surgery.

WJG|www.wjgnet.com

DISCUSSION
The cecum MANEC was first described by Cardier
in 1924, and another six cases have been reported
[3]
later . In the colorectal segments, independently
by localization, a polypoid lesion has been reported
arising in patients aged around 60 years, with the
male/female ratio being about 1.5:1. All seven
cases of cecum MANEC were reported in women.
In majority of the cases, MANEC presents with
an aggressive behavior and a high risk for liver
[3,4]
metastases
. Independent from the proportion
of the neuroendocrine component, the associatedcarcinoid syndrome was not reported yet in the
literature; the serum level of tumor markers such
[1]
as CEA, CA125, and CA19-9 are also normal .
The clinical behavior seems to be influenced by
[1]
the neuroendocrine component . However, iden
tification of the neuroendocrine component in
tubular adenocarcinomas is not easily performed
because the neuroendocrine cells are not always
immunoreactive for specific markers, with the
reported rate of positivity being 60%-70% for
chromogranin, 75%-90% for synaptophysin, and
[1,5,6]
50% for CD56
. In our case, the neuroendocrine
component was diffusely positive for synaptophysin
and negative for chromogranin. The cytoplasmic
expression of maspin in the glandular structures
[7]
indicates an indolent behavior of this component ,
it’s negativity in the neuroendocrine areas con
firming that the clinical outcome depends on the
characteristics of the neuroendocrine carcinoma.
Angiolymphatic invasion was noted in our cases
without any lymph node metastases.
The reported clinicopathologic characteristics of
gastric MANEC are similar with those of colorectal
segments, the non-endocrine component being
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Figure 2 Gastric mixed adenoneuroendocrine carcinoma consists of mixed proliferation of glandular with specific immunoexpression. Solid tumor areas
(A); The glandular structures are reactive for keratin AE1/AE3 (B) and solid structures express synaptophysin (C); A high Ki67 index can be seen in both tumor
components (D); The nuclear expression of maspin in the glandular component (E) reflects the tumor aggressiveness that is confirmed by predominance of this
component in lymph node metastases (F).

cell with bidirectional differentiation, opposite to
collision tumor, in which a separate origin of the two
[1-3,6]
components is supposed
. Because the poorly
differentiated areas can also display positivity for
[9]
synaptophysin in colorectal carcinomas , we tend
to believe that it is not about a real multidirectional
differentiation of a single neoplasm but rather
a neuroendocrine phenotype of dedifferentiated
areas of tubular adenocarcinoma. To sustain
our hypothesis, it is necessary to also take into
account the expression of CD133, the marker of
cancer stem cells. Recently, it was reported that
CD133 was expressed in 30% of well-differentiated
neuroendocrine tumors, in 26% of poorly di
fferentiated neuroendocrine carcinomas, and in 64%
[10]
of MANEC of the digestive tract . On the other
hand, the proportion of CD133 positivity in colorectal
adenocarcinomas was 47%, without correlation
with the tumor grade but with a strong correlation

rather an intestinal type rather than a diffuse-type
gastric carcinoma. The mean age is 58 years old
(range: 30 to 80 years old), and the polypoid lesions
are usually located in upper, middle, or lower third
[6]
of the stomach . Although some authors sustain
that clinical behavior depends on the grade of the
neuroendocrine component, some of them reveal
that the characteristics of adenocarcinomatous
part influence the outcome in well-differentiated
[6,8]
neuroendocrine components
. In our case, the
glandular component was predominant in lymph
node metastases and nuclear expression of maspin
in glandular structures compared with its negativity
in the neuroendocrine part confirmed the higher
aggressiveness of the glandular part, compared to
[7]
the poorly differentiated neuroendocrine one .
Due to the rarity of this tumor, few aspects are
known about its histogenesis, with most of the
authors admitting its origin in a multipotent stem
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[11]

with the tumor aggressiveness . In gastric ad
enocarcinoma, the CD133 positivity was 42%,
[12]
being also correlated with the clinical outcome .
Comparing the proportion of CD133 positivity, we
can also support that the neuroendocrine component
of MANEC, independent of its location, is rather a
dedifferentiated area of a classic adenocarcinoma.
Clarifying this hypothesis could help identify of
the proper therapeutic management of these rare,
highly malignant tumors, similar to that of ordinary
adenocarcinomas or for neuroendocrine tumors.
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Abstract
Immunoglobulin G4-related sclerosing cholangitis
(IgG4-SC) is frequently associated with type 1 auto
immune pancreatitis (AIP). Association with AIP can
be utilized in the diagnosis of IgG4-SC. However,
some cases of IgG4-SC are isolated from AIP, which
complicates the diagnosis. Most of the reported cases
of isolated IgG4-SC displayed hilar biliary strictures,
whereas isolated IgG4-SC with intrapancreatic biliary
stricture is very rare. Recently, we have encountered
5 isolated intrapancreatic IgG4-SC cases that were not
associated with AIP, three of which were pathologically
investigated after surgical operation. They all were
males with a mean age of 74.2 years. The pancreas
was not enlarged in any of these cases. No irregular
narrowing of the main pancreatic duct was found. Bile
duct wall thickening in lesions without luminal stenosis
was detected by abdominal computed tomography in
all five cases, by endoscopic ultrasonography in two
out of four cases and by intraductal ultrasonography in
all three cases. In three cases, serum IgG4 levels were
within the normal limits. The mean serum IgG4 level
measured before surgery was 202.1 mg/dL (4 cases).
Isolated intrapancreatic IgG4-SC is difficult to diagnose,
especially if the IgG4 level remains normal. Thus, this
type of IgG4-SC should be suspected in addition to
cholangiocarcinoma and pancreatic cancer if stenosis of
intrapancreatic bile duct is present.
Key words: immunoglobulin G4-related sclerosing cho
langitis; Isolated immunoglobulin G4-related sclerosing
cholangitis; autoimmune pancreatitis
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.
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Below, we will first describe the details of these
five cases. We will then characterize them in terms
of serum IgG4 levels, pancreatic features, bile duct
features, diagnosis, and treatment.

Core tip: If stenosis of intrapancreatic bile duct is present
and no abnormal findings of pancreas are detected,
cholangiocarcinoma is suspected. Recently, we have
encountered 5 isolated intrapancreatic immunoglobulin
G4-related sclerosing cholangitis (IgG4-SC) cases that
were not associated with autoimmune pancreatitis,
three of which were pathologically investigated after
surgical operation. Isolated intrapancreatic IgG4-SC is
difficult to diagnose, especially if the IgG4 level remains
normal. Thus, this type of IgG4-SC should be suspected
in addition to cholangiocarcinoma and pancreatic cancer
if stenosis of intrapancreatic bile duct is present.

Case 1

An 82-year-old man was diagnosed with intrahepatic
bile duct dilation during a follow-up after gastrectomy
for gastric cancer. For further evaluation, he was
referred to Kansai Rosai Hospital. On admission,
serum hepatobiliary enzymes were elevated, but
serum IgG4 was within the normal range. Endoscopic
retrograde cholangiopancreatography (ERCP) revealed
stenosis of the intrapancreatic bile duct but did not
show irregular narrowing of the main pancreatic duct
(MPD) (Figure 2A-C). Computed tomography (CT)
showed thickening of the extrahepatic bile duct wall
without enlargement of the pancreas (Figure 2D
and E). Positron emission tomography-CT (PET-CT)
imaging with 18F-fluorodeoxyglucose (FDG) detected
intense 18F-FDG uptake in the intrapancreatic
duct. Bile duct cytology and endoscopic ultrasoundguided fine needle aspiration (EUS-FNA) revealed no
malignant features. With a tentative diagnosis of bile
duct cancer at the intrapancreatic duct, the patient
underwent pancreaticoduodenectomy. Histological
examination showed no malignant cells, but infi
ltration of lymphocytes and IgG4-positive plasma
cells, storiform fibrosis, and obstructive phlebitis
in the bile duct wall were present (Figure 2F-H).
Examination of the adjacent pancreatic tissue did
not reveal any signs of AIP (Figure 2I and J). On the
basis of these findings, the disease was diagnosed as
isolated intrapancreatic IgG4-SC.

Nakazawa T, Ikeda Y, Kawaguchi Y, Kitagawa H, Takada H,
Takeda Y, Makino I, Makino N, Naitoh I, Tanaka A. Isolated
intrapancreatic IgG4-related sclerosing cholangitis. World J
Gastroenterol 2015; 21(4): 1334-1343 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i4/1334.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i4.1334

INTRODUCTION
Immunoglobulin G4-related sclerosing cholangitis
(IgG4-SC) is frequently associated with type 1
autoimmune pancreatitis (AIP). Association with
[1]
AIP can be utilized in the diagnosis of IgG4-SC .
However, some cases of IgG4-SC are isolated from
[2,3]
AIP, which complicates the diagnosis .
IgG4-SC displays various cholangiographic fea
tures similar to those of pancreatic cancer, primary
sclerosing cholangitis (PSC), and cholangiocarcinoma
(CC). The characteristic features of IgG4-SC can
be classified into 4 types based on the stricture
regions revealed by cholangiography and differential
[4]
diagnosis (Figure 1) .
Most of the reported cases of isolated IgG4-SC
displayed hilar biliary strictures, whereas isolated
IgG4-SC with intrapancreatic biliary stricture is
[2,3]
very rare
. Recently, we have encountered 5
isolated intrapancreatic IgG4-SC cases that were
not associated with AIP, three of which were pa
thologically investigated after surgical operation. In
the present study, we examined this series to clarify
the clinical profiles of isolated intrapancreatic IgG4SC.

Case 2

A 60-year-old man was initially admitted to an
affiliate hospital for the evaluation of a gall blad
der tumor. Under the suspicion of bile duct can
cer he was then referred to Kanazawa University
Hospital. The serum IgG4 level was within the
normal range. Abdominal CT detected long seg
mental wall thickening in the middle and lower
extrahepatic bile duct and cystic duct, but the
pancreas was of normal size (Figure 3A and B).
Wall thickening of the fundus of the gallbladder
was also detected (Figure 3B). ERCP and magnetic
resonance cholangiopancreatography (MRCP) re
vealed long segmental stenosis in the middle and
lower extrahepatic bile duct and normal MPD with an
exception of a cyst (Figure 3C and D). Transpapillary
bile duct biopsy did not provide enough tissue for
histopathological evaluation. Cytology of the bile
duct showed Class Ⅳ, whereas PET-CT detected
intense 18F-FDG uptake in the middle and lower
extrahepatic bile duct. With a tentative diagnosis
of cholangiocarcinoma in the middle and lower
extrahepatic bile duct and adenomyomatosis of

CASE REPORT
We report 5 cases of isolated type1 IgG4-SC. One
case was retrieved from 87 IgG4-SC case records in
Nagoya City University. Two cases were presented
th
during the 49 annual meeting of Japan Biliary
Association. The other two cases were retrieved
from the nationwide survey for PSC and IgG4-SC
conducted in Japan. Informed consents were ob
tained from all the patients.
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Type 1

Type 2
a

Type 3

Type 4

b

Figure 1 Cholangiographic classification of IgG4-related sclerosing cholangitis. Stenosis is located only in the lower part of the common bile duct in Type 1;
stenosis is diffusely distributed in the intra-and extra-hepatic bile ducts in Type 2. Type 2 is further subdivided into 2 types. Extended narrowing of the intrahepatic bile
ducts with prestenotic dilation is widely distributed in Type 2a. Narrowing of the intrahepatic bile ducts without prestenotic dilation and reduced bile duct branches are
widely distributed in Type 2b; stenosis is detected in both the hilar hepatic lesions and the lower part of the common bile ducts in Type 3; strictures of the bile duct are
detected only in the hilar hepatic lesions in Type 4.

gallbladder, the patient underwent pylorus-preserving
pancreaticoduodenectomy.
Histological examination revealed characteristic
findings of IgG4-SC (Figure 3E-G) and IgG4-related
cholecystitis (Figure 3H). The adjacent pancreatic
tissue was found to be normal (Figure 3E and I).
On the basis of these findings, the disease was
diagnosed as isolated intrapancreatic IgG4-SC and
IgG4-related cholecystitis.

inner hypoechoic layer of the bile ducts spreading
from the intrapancreatic duct to the intrahepatic
ducts (Figure 5E-G). Transpapillary bile duct biopsy
showed infiltration of lymphocytes and 23 IgG4positive plasma cells/high power field. The ratio of
IgG4/IgG-positive plasma cells was 43.5%. The
serum IgG4 level was 509 mg/dL. In accordance
with these findings, the disease was diagnosed as
isolated intrapancreatic IgG4-SC. Steroid therapy
was administered with the initial dose of 30 mg.
ERCP showed an improvement of the stenosis 3 mo
later. He underwent maintenance steroid therapy
and IgG4-SC has not recurred until now.

Case 3

An 81-year-old man was admitted to an affiliate
hospital for the treatment of common bile duct
stones. ERCP revealed a stricture in the intra
pancreatic duct. The patient was then referred to
Kasugai Municipal Hospital for further evaluation.
ERCP and MRCP showed a short stenosis in the
intrapancreatic bile duct and normal MPD (Figure
4A and B). Abdominal CT detected wall thickening
in the middle and lower extrahepatic bile duct and
the pancreas of normal size (Figure 4C and D).
The patient underwent pylorus-preserving pan
creaticoduodenectomy based on the diagnosis of
cholangiocarcinoma.
Histological examination revealed characteristic
findings of IgG4-SC (Figure 4E and F). Examination
of the adjacent pancreatic tissue indicated normal
pancreas (Figure 4G). Based on these findings, the
diagnosis of isolated intrapancreatic IgG4-SC was
made. The level of serum IgG4 measured after the
surgery was within the normal range.

Case 5

An 87-year-old man was admitted with jaundice.
ERCP and MRCP detected a slight dilation of
the MPD (Figure 6A and B). A stenosis in the in
trapancreatic common bile duct was revealed with
cholangiography (Figure 6A and B). Abdominal CT
showed a normal-sized pancreas (Figure 6C). IDUS
showed thickening of the inner hypoechoic layer of
the bile ducts spreading from the intrapancreatic
common bile duct to the middle common bile duct
(Figure 6D-F). Transpapillary biopsy of the stenotic
area of the bile duct did not reveal malignant cells.
The level of serum IgG4 was 262 mg/dL. The patient
was associated with IgG4-related sialadenitis and
retroperitoneal fibrosis. He was diagnosed with
isolated intrapancreatic IgG4-SC. Endoscopic biliary
drainage was performed and followed up.
The clinical characteristics of the 5 patients
are summarized in table 1. They all were males
with a mean age of 74.2 years. The pancreas was
not enlarged in any of these cases. No irregular
narrowing of the MPD was found. Bile duct wall
thickening in lesions without luminal stenosis, which
is typical of IgG4-SC, was detected by abdominal
CT in all five cases, by endoscopic ultrasonography
(EUS) in two out of four cases and by IDUS in all
three cases. In three cases, serum IgG4 levels were
within the normal limits. The mean serum IgG4
level measured before surgery was 202.1 mg/dL (4

Case 4

A 61-year-old man was admitted with jaundice.
ERCP showed a stenosis of intrapancreatic duct. He
was then referred to Tokai University Hospital for
further evaluation. As in previous cases, abdominal
CT detected wall thickening in the intrapancreatic
bile duct, but the pancreas was of normal size
(Figure 5A and B). ERCP revealed a stenosis of
intrapancreatic duct and normal MPD (Figure 5C
and D), whereas intraductal ultrasonography (IDUS)
showed symmetric and smooth thickening of the
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0.5 mm

Figure 2 Imaging and pathological findings of Case 1. A: Stenosis of the intrapancreatic bile duct on endoscopic retrograde cholangiopancreatography (ERCP); B,
C: No irregular narrowing of the main pancreatic duct on ERCP and magnetic resonance cholangiopancreatography; D: No enlargement of the pancreas on computed
tomography (CT); E: Thickening of the extrahepatic bile duct wall on CT (arrowhead); F: Bile duct wall thicking in surgical specimen of bile duct wall (HE × 40); G:
Abundant infiltration of lymphocytes and plasma cells in the bile duct wall (HE × 200); H: Abundant infiltration of IgG4-positive plasma cells in the bile duct wall (IgG4
staining × 800); I, J: No findings mimicking AIP in surgical specimen of adjacent pancreatic tissue (I: HE × 2), (J: HE × 400).

(case 4) received steroid therapy, whereas the other
(case 5) was treated with endoscopic biliary drainage
only. Two out of three cases that were surgically
treated (case 1 and 2) showed low serum IgG4
levels (22.8 mg/dL and 14.6 mg/dL, respectively)

cases).
Three out of 5 cases (1, 2, and 3) were not di
agnosed with IgG4-SC until the surgery. In the
remaining two cases, however, the diagnosis was
established without operation. Among those two, one
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A
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F

G

H
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Figure 3 Imaging and pathological findings of Case 2. A: Long segmental wall thickness in the middle and lower extrahepatic bile duct on abdominal computed
tomography (arrowhead); B: Wall thickness of the fundus of gall bladder (arrowhead) and normal size of the pancreas; C: Long segmental stenosis in the middel
and lower extrahepatic bile duct on endoscopic retrograde cholangiography; D: Normal main pancreatic duct except a pancreatic cyst on magnetic resonance
cholangiopancreatography; E: Bile duct wall thicking (arrow head) and no inflammation of pancreas tissue in surgical specimen (HE × 1); F: Abundant infiltration of
lymphocytes and plasma cells in the bile duct wall (HE × 200); G: Abundant infiltration of IgG4-positive plasma cells in the bile duct wall (IgG4 staining × 400); H:
Numerous lymphocytes and plasma cells in the wall of gall bladder (HE × 400); I: Normal pancreatic tissue in adjacent pancreas (HE × 400).

before the surgery, whereas in the remaining case
(case 3) this parameter was not measured at that
time. Only one case with high serum IgG4 (case
5) was associated with other organ involvements.

WJG|www.wjgnet.com

The reasons for surgical treatment were as follows.
Adenocarcinoma was suspected based on the results
of brush cytology in two cases (case 2 and 3). The
possibility of cholangiocarcinoma could not be ruled
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A
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D

E

F

G

Figure 4 Imaging and pathological findings of Case 3. A: Stricture in the intrapancreatic duct on endoscopic retrograde cholangiography; B: Normal main
pancreatic duct on endoscopic retrograde pancreatography; C: Wall thickening in the middle and lower extrahepatic bile duct on abdominal computed tomography
(arrowhead); D: Pancreas of normal size; E: Bile duct wall thicking (HE × 40); F: Abundant IgG4-positive plasma cells in bile duct wall (IgG4 staining × 200); G: No
inflammation of pancreas tissue (HE × 400).

out in spite of the negative results of brush cytology
and EUS-FNA in the remaining case (case1).
In three cases (case 1, 2, and 3), pathological
findings in the surgical specimens of the bile duct
showed severe infiltration of lymphocytes and IgG4-

WJG|www.wjgnet.com

positive plasmacytes as well as prominent fibrosis in
the bile duct. These findings were compatible with
the diagnosis of IgG4-SC. However, no inflammatory
changes compatible with AIP in the adjacent pan
creas tissue were found in any of these three cases.
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D

B

E

F

G

Figure 5 Imaging findings of Case 4. A: Wall thickness of extrahepatic bile duct on abdominal computed tomography (CT); B: Normal size of the pancreas on
abdominal CT; C: Stenosis in the lower extrahepatic bile duct on endoscopic retrograde cholangiography; D: Normal main pancreatic duct on endoscopic retrograde
pancreatography; E (at the hilar hepatic lesion); F ( at the bifurcation of cystic duct); G (at the intrapancreatic lesion): Bile duct wall thickening with smooth inner and
outer margin in areas with stenosis (G) and without (E, F) on intraductal ultrasonography.

A

B

C

D

E

F

Figure 6 Imaging findings of Case 5. A, B: Stenosis in the lower extrahepatic bile duct and a slight dilation of the main pancreatic duct on endoscopic retrograde
cholangiopancreatography (A) and magnetic resonance cholangiopancreatography (B); C: Normal size of the pancreas on abdominal computed tomography; D (at
the hilar hepatic lesion); E (at the bifurcation of cystic duct); F (at the intrapancreatic lesion): Bile duct wall thickening with smooth inner and outer margin in areas with
stenosis (F) and without (D, E) on intraductal ultrasonography.
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IgG4-SC is often associated with AIP, and the frequency of isolated IgG4-SC is low. Most of the reported cases of isolated IgG4-SC showed type 3 or type 4
[2,3]
cholangiogram (Figure 1), and a series of isolated type 1 (intrapancreatic) IgG4-SC cases has not been reported until now . In the present study we have
described 5 such cases and evaluated their clinical features. Recently, two Japanese studies have evaluated the frequency of IgG4-SC in large population
samples. First, a multi-institutional study has utilized our cholangiographic classification system to reveal that out of the total of 349 IgG4-SC cases, 334
[6]
(95.7%) were associated with AIP . Specifically, 244/246 (99.2%), 51/56 (91.1%), 28/29 (96.5%), and 11/18 (61.0%) cases of types 1, 2, 3, and 4 IgG4SC, respectively, were found to be associated with AIP. Of note, type 4 IgG4-SC cases showed a lower frequency of association. Second, a nationwide survey for
primary and IgG4-related sclerosing cholangitis conducted by the Japanese Biliary Association has revealed that type 1, 2, 3, and 4 IgG4-SC was not associated
[7]
with AIP in 7%, 7%, 9%, and 51% of the cases, respectively, whereas this percentage was 26 for the unclassified type . These results indicate that only type 4
IgG4-SC is frequently found in the isolated form. Thus, the cases of isolated type 1 IgG4-SC are very rare.
The feasibility of including type 1 IgG4-SC into the IgG4-SC category has been disputed. Some researchers suggest that the stricture of the lower common
bile duct, which is observed in type 1 IgG4-SC, is caused by compression due to AIP. This claim is based on the fact that the frequency of type 1 IgG4-SC was

DISCUSSION

Based on the Japanese clinical diagnostic criteria of 2012 , all five cases were diagnosed as definite IgG4-SC.

[5]

M: Male; F: Female; IDUS: Intraductal ultrasonography; EUS: Endoscopic ultrasonography; PD: Pancreaticoduodenectomy; PPPD: Pylorus-preserving PD; MPD: Main pancreatic duct; CT: Computed tomography; PET-CT:
Positron emission tomography-CT; IgG4-SC: Immunoglobulin G4-related sclerosing cholangitis; MRCP: Magnetic resonance cholangiopancreatography.

(5) Yamagata
University

(3) Kasugai
municipal
Hospital
(4) Tokai
University

(1) Kansai
Rosai
Hospital
(2) Kanazawa
University

Case No.

Table 1 Clinical profile of isolated type1 immunoglobulin G4-related sclerosing cholangitis without autoimmune pancreatitis
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However, bile duct wall thickening in lesions without
luminal stenosis detected by abdominal CT, EUS and
IDUS is useful finding in the diagnosis of isolated
intrapancreatic IgG4-SC.
In conclusion, isolated intrapancreatic IgG4-SC
is difficult to diagnose, especially if the IgG4 level
remains normal. Thus, this type of IgG4-SC should
be suspected in addition to cholangiocarcinoma and
pancreatic cancer if stenosis of intrapancreatic bile
duct is present.

Table 2 Characteristic features of isolated intrapancreatic
IgG4-related sclerosing cholangitis
Isolated intrapancreatic IgG4-SC is rare among isolated IgG4-SC
Isolated intrapancreatic IgG4-SC is misdiagnosed as cholangiocarcinoma
of intrapancreatic duct
Frequency of cases with higher serum IgG4 level is low in isolated
intrapancreatic IgG4-SC cases
Bile duct wall thickening in lesions without luminal stenosis detected
by abdominal CT, EUS and IDUS is useful finding in the diagnosis of
isolated intrapancreatic IgG4-SC
IgG4-SC: Immunoglobulin G4-related sclerosing cholangitis; CT: Computed
tomography; IDUS: Intraductal ultrasonography; EUS: Endoscopic
ultrasonography.

COMMENTS
COMMENTS
Case characteristics

Five male patients with isolated intrapancreatic IgG4-related sclerosing
cholangitis.

[8]

low (16%) in AIP without pancreatic head lesion .
However, we believe that type 1 IgG4-SC should be
classified as one of the IgG4-SC types because of the
following reasons. First, pathological examination of
the bile duct wall obtained from surgically resected
samples showed abundant IgG4-positive plasma
cell infiltration, storiform fibrosis, and obstructive
phlebitis, which are characteristics of IgG4-SC[9]
associated inflammation . Second, the results of
an IDUS study showed continuous thickening of
the bile duct wall from the intrapancreatic to the
[10]
extrapancreatic bile duct . In addition, this paper
revealed that some cases showed inflammation
of only the bile duct wall and not of the pancreas.
In fact, it is difficult to identify which factor is the
main contributor to the thickening of the bile duct
wall, inflammation of the bile duct or compression
due to AIP. However, we believe that type 1 IgG4SC should be included into our cholangiographic
classification system as an independent type because
the purpose of this system is to facilitate clinical
awareness of these conditions in order to avoid
unnecessary surgical resection under the diagnosis of
cholangiocarcinoma or liver transplantation under the
diagnosis of PSC.
Some cases of IgG4-SC isolated from AIP are
[2,3]
difficult to diagnose . There seem to be several
reasons for this. Bile duct biopsy may not be able
to provide a large enough sample that would allow
identification of characteristic pathological features
[10]
of IgG4-SC , whereas the results of cytology,
which has been performed in two cases presented
in the current study, suggested adenocarcinoma.
PET-CT showed intense 18F-FDG uptake in two
cases. In addition, two studies reported that the
[2,3]
serum IgG4 level is often normal in IgG4-SC . In
agreement with this observation, serum IgG4 levels
were found to be within the normal limits in 2 out
of 4 cases presented here for which the analysis
was done prior to surgery.
We summarized the key findings of isolated
intrapancreatic IgG4-SC in table 2.
Frequency of cases with higher serum IgG4 level
is low in isolated intrapancreatic IgG4-SC cases.
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Clinical diagnosis

Three patients were misdiagnosed as cholangiocarcinoma and two patents
were correctly diagnosed as isolated intrapancreatic IgG4-related sclerosing
cholangitis.

Differential diagnosis

Intrapancreatic cholangiocarcinoma.

Laboratory diagnosis

In three cases, serum IgG4 levels were within the normal limits.

Imaging diagnosis

Stenosis and wall thickness of intrapancreatic bile duct. Bile duct wall
thickening in lesions without luminal stenosis detected by abdominal computed
tomography, endoscopic ultrasonography and intraductal ultrasonography is
useful finding in the diagnosis.

Pathological diagnosis

Three surgical specimen and one bile duct biopsy showed infiltration of
abundant IgG4-positive plasma cells

Treatment

Three patients were surgically treated. Another underwent steroid therapy and
the other endoscopic biliary drainage.

Related reports

There are no case reports with isolated intrapancreatic IgG4-related sclerosing
cholangitis.

Term explanation

Isolated intrapancreatic IgG4-related sclerosing cholangitis is type 1 IgG4related sclerosing cholangitis without autoimmune pancreatitis.

Experiences and lessons

Isolated intrapancreatic immunoglobulin G4-related sclerosing cholangitis (IgG4SC) is difficult to diagnose, especially if the IgG4 level remains normal. Thus,
this type of IgG4-SC should be suspected in addition to cholangiocarcinoma
and pancreatic cancer if stenosis of intrapancreatic bile duct is present.

Peer review

In the manuscript, the authors described the clinical findings of 5 cases of
isolated IgG4-SC, the manuscript is well written, and the cases are detailed
introduced. The current manuscript enriches the knowledge of isolated IgG4-SC.
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CASE REPORT

Pulmonary embolism after arterial chemoembolization for
hepatocellular carcinoma: An autopsy case report
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Yukitaka Yamashita, Kazuo Ono
admitted for TACE. Immediately after the procedure,
this patient experienced severe dyspnea. We suspected
that his symptoms were associated with a pulmonary
lipiodol embolism after TACE, and we began intensive
treatment. However, his condition did not improve,
and he died on the following day. A subsequent
autopsy revealed that the cause of death was ARDS
due to pulmonary lipiodol embolism. No cases have
been previously reported for which an autopsy was
performed to explain the most probable mechanism
of pulmonary lipiodol embolism; thus, ours is the first
report for such a rare case.

Keiichi Hatamaru, Shunjiro Azuma, Takuji Akamatsu,
Takeshi Seta, Shunji Urai, Yoshito Uenoyama, Yukitaka
Yamashita, Department of Gastroenterology and Hepatology,
Japan Red Cross Society Wakayama Medical Center, Wakayama
640-8558, Japan
Kazuo Ono, Department of Pathology, Japan Red Cross Society
Wakayama Medical Center, Wakayama 640-8558, Japan
Author contributions: Hatamaru K and Yamashita Y designed
the report; Hatamaru K, Azuma S, Akamatsu T, Seta T, Urai S
and Uenoyama Y were the attending doctors; Ono K performed
the pathological examinations; and Hatamaru K wrote the paper.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/
Correspondence to: Keiichi Hatamaru, MD, Department
of Gastroenterology and Hepatology, Japan Red Cross Society
Wakayama Medical Center, 4-20 Komatsubaradori, Wakayama
640-8558, Japan. papepo51@gmail.com
Telephone: +81-73-4224171
Fax: +81-73-4261168
Received: June 11, 2014
Peer-review started: June 12, 2014
First decision: July 9, 2014
Revised: July 22, 2014
Accepted: September 12, 2014
Article in press: September 16, 2014
Published online: January 28, 2015

Key words: Hepatocellular carcinoma; Transcatheter
arterial chemoembolization; Pulmonary lipiodol embolism;
Acute respiratory distress syndrome; Autopsy
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Transcatheter arterial chemoembolization
(TACE) has become the first treatment choice for
patients with non-surgical hepatocellular carcinoma
(HCC). Common complications associated with TACE
have been reported, which include acute hepatic failure,
liver abscess, intrahepatic biloma, hepatic infarction,
hepatic artery occlusion, gallbladder infarction, acute
renal failure, and/or gastrointestinal mucosal ulceration.
However, fatal complications are rare. Although a
few cases with pulmonary lipiodol embolism were
previously reported, to our knowledge there have been
no pathological autopsy reports. Here we present a
pathological autopsy report for a patient with a huge
HCC who died due to pulmonary lipiodol embolism after
TACE.

Abstract
We report an extremely rare case of pulmonary lipiodol
embolism with acute respiratory distress syndrome
(ARDS) after transcatheter arterial chemoembolization
(TACE) for hepatocellular carcinoma (HCC). A 77-yearold man who was diagnosed with a huge HCC was
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of miriplatin (70 mg) and lipiodol (40 mL). Gelfoam
fine particles were injected into the feeding artery.
During this procedure, the patient had no complaints,
although his peripheral oxygen saturation decreased
to 90%. However, after this operation, the patient
immediately experienced dyspnea and he required a
non-rebreathing mask. The clinical picture suggested
acute respiratory distress syndrome (ARDS).
A chest CT scan revealed diffuse increased
attenuation and interstitial thickening. There was
also an accumulation of multiple iodized oil-like highdensity materials, particularly in the right lung lobe
(Figure 3). This patient underwent bilevel positive
airway pressure, and methylprednisolone (1000 mg/
d) was administered. Despite vigorous resuscitation
and immediate artificial ventilation, this patient’s
condition did not improve, and he died the following
day. After his death, written consent was obtained
from his relatives, and we performed an autopsy to
investigate the underlying pathological condition.
Histopathological micrographs revealed patho
logical changes in the lung. Hematoxylin and eosin
(H and E) staining showed alveolar hemorrhagic
edema with fat droplet deposition and fibrin thrombi.
Fat staining showed multiple fatty droplets in the
lung. Fat specific staining with Sudan Ⅲ indicated fat
droplets in the pulmonary arteriolar lumen (Figure 4).
His huge liver tumor was a moderately differentiated
hepatocellular carcinoma with hemorrhage and
necrosis, although the background of the liver was
normal.

INTRODUCTION
Transcatheter arterial chemoembolization (TACE)
has become the first treatment choice for patients
with non-surgical hepatocellular carcinoma (HCC).
Common complications associated with TACE have
been reported, which include acute hepatic failure,
liver abscess, intrahepatic biloma, hepatic infarction,
hepatic artery occlusion, gallbladder infarction,
acute renal failure, and/or gastrointestinal mucosal
ulceration. However, fatal complications are rare.
Although a few cases with pulmonary lipiodol
embolism were previously reported, to our knowledge
there have been no pathological autopsy reports.
Here we present a pathological autopsy report for a
patient with a huge HCC who died due to pulmonary
lipiodol embolism after TACE.

CASE REPORT
A 77-year-old man with a huge HCC was admitted
to our hospital in April 2013 for the purpose of
undergoing TACE. Since May 2011, he had been
treated with chemotherapy for advanced lung can
cer, although this was not sufficiently effective.
Thus, after his admission, the treatment plan for his
lung cancer was palliative therapy. Although contrast
enhanced computed tomography (CECT) had shown
a liver mass in November 2011, we thought this to
be a metastatic tumor from his lung cancer.
One month previously, hepatic CECT with arterial
phase and portal phase revealed a huge HCC (16
cm × 16 cm) in the right liver lobe (Figure 1). His
hepatic function was classified as “A” according to the
Child-Pugh classification. On physical examination,
a non-tender smooth-surfaced mass was palpated
at the right upper abdomen. Laboratory results on
admission showed that hemoglobin (9.0 g/dL) and
albumin (2.9 g/dL) levels were low. His coagulation
time was normal, although liver function studies
were slightly abnormal. Serological studies for he
patitis viral markers were negative (Hepatitis B
surface antigen and Hepatitis C virus antibody). Alphafetoprotein and protein-induced vitamin K absence Ⅱ
were 1717 ng/mL and 337000 mAU/mL, respectively.
Because of his clinical signs and advanced lung
cancer, a surgical resection could not be performed.
Thus, TACE was offered to this patient.
Angiography demonstrated that the huge HCC
was supplied from the right hepatic artery (RHA)
and right inferior phrenic artery (RIP), concomitant
with arteriovenous shunting (Figure 2). TACE was
performed through RHA and RIP using an emulsion
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DISCUSSION
TACE is associated with several severe complications.
ARDS associated with a pulmonary lipiodol embolism
that develops after TACE is one of the most severe of
these complications. The incidence of symptomatic
pulmonary lipiodol embolism after TACE is in the range
[1,2]
of 0.05%-1.8% , and ARDS that develops due to
pulmonary lipiodol embolism is extremely rare. The
respiratory symptoms that have been reported were
non-specific including dyspnea, cough, tachypnea,
and hemoptysis. A previous report showed that the
onset of respiratory distress symptoms occurred
[1]
within 2-5 d . For our case, respiratory symptoms
were apparent within two hours after TACE.
The mechanisms underlying symptomatic pul
monary injury associated with TACE are not well
understood. The most likely mechanism is chemical
injury caused by free fatty acid components. This
develops because a high concentration of unbound
free fatty acids released from the breakdown of
oil microemboli may lead to pulmonary capillary
[1]
leakage . Most hypotheses for the pathogenesis of
lung injury due to fat embolisms are related to the
[3]
toxicity of free fatty acids. Silvestri et al and Clouse
[4]
et al reported on inflammatory reactions to iodized
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A

B

C

D

Figure 1 Contrast enhanced computed tomography image of the abdomen shows a huge tumor that occupies the right hepatic lobe, with enhancement in
a viable lesion. A: Non-contrast phase; B: Hepatic arterial phase; C: Portal vein phase; D: Computed tomography image of the chest shows a primary lung cancer in
the hilar side of the left lung.

A

B

Figure 2 Hepatic arteriography shows arteriovenous shunting from hepatic
arteries to hepatic veins (arrows).
[5,6]

oil. Kao et al
reported on patients who suffered
from traumatic injuries and developed fat embolism
syndrome with fulminant ARDS within 2 h. They
suggested that nitric oxide (NO), phospholipase A2,
free radicals, and pro-inflammatory cytokines (tumor
necrosis factor-α, interleukin-1β, interleukin-10)
played a role in the pathogenesis of fat embolism
syndrome-induced ARDS. They also proposed that
alveolar macrophages were probably the major
source of inducible nitric oxide synthase for producing
NO in the lung. For our case, histopathological
micrographs of the lung showed that alveolar

WJG|www.wjgnet.com

Figure 3 Computed tomography image. A: The chest 2 h after transarterial
chemoembolization demonstrates diffuse increased attenuation and interstitial
thickening; B: There is also an accumulation of lipiodol (arrows), particularly in
the right lung lobe.
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A

B

C

D

E

Figure 4 Histopathological findings. A: Macrograph of the liver shows a huge 16 cm × 16 cm tumor with necrotic changes (white arrows) and hemorrhage (yellow
arrows); B: Micrograph of the liver tumor [hematoxylin and eosin (H and E) staining] shows moderately differentiated hepatocellular carcinoma with thin and thick mixed
trabeculae. The background of the liver was normal (not shown); C: Micrograph of the lung (H and E staining) reveals alveolar edema and hemorrhage with fat droplet
depositions (arrows); D: Fibrin thrombi (arrows); E: Fat specific staining with Sudan III indicates the presence of fat droplets in the pulmonary arteriolar lumen (arrows).
[1]

capillaries were focally distended by iodized oil. We
speculate that the etiology of lung injury after TACE
is similar to the pathological conditions associated
with fat embolism syndrome.
The risk factors for pulmonary lipiodol embolism
after TACE include the amount of lipiodol that
is injected, arteriovenous shunting in a tumor,
and communication between the inferior phrenic
[7-9]
[1]
artery and the pulmonary artery
. Chung et al
proposed that the amount of injected lipiodol was
the most important among these risk factors. They
recommended that the amount of lipiodol used
should be less than 20 mL (0.25 mL/kg). They also
demonstrated that using more than 0.3 mL/kg
of lipiodol was associated with the development
of pulmonary lipiodol embolism in 43% of their
patients. For our case, the amount of lipiodol
injected was 40 mL, which was greater than the

WJG|www.wjgnet.com

amount recommended by Chung et al .
Another risk factor for pulmonary lipiodol em
bolism is arteriovenous shunting in a tumor. It is
considered that the communication between a
tumor feeding artery and the hepatic vein leads
to pulmonary lipiodol embolism after TACE. In ad
dition, the communication between the inferior
phrenic artery and the pulmonary artery is similar.
Vascular abnormalities can be found in patients with
[10]
[11]
advanced liver disease or a huge HCC . Ho et al
demonstrated that lung shunting was influenced by
the type, size, and vascularity of HCC. With HCC,
mean lung shunting increases with increasing tumor
size, up to 15 cm, although mean lung shunting
remains nearly unchanged up to a tumor size of
> 20 cm. Mean lung shunting also increases with
increased vascularity grades.
To reduce the effect of arteriovenous shunting,
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[12]

Lee et al
reported that temporary balloon oc
clusion of the hepatic vein with arteriovenous sh
unting prevented pulmonary complications during
TACE. For our case, we speculate that lipiodol had
passed through the hepatic arteriovenous shunt, and
subsequently entered the systemic circulation. Thus,
our patient suffered from a pulmonary embolism.
Therefore, we should pay more attention to those
patients who receive injections with large amounts
of lipiodol, particularly if they have intrahepatic
arteriovenous shunting, large tumors, and abundant
tumor vascularity.
Unfortunately, there is no definitive, effective the
rapy for pulmonary lipiodol embolism. Yamaura et
[7]
al used heparin, nitroglycerine, furosemide, highdose methylprednisolone, and mechanical ventilation
with positive end-expiratory pressure and pressure
[13]
support. Shiah et al
used oxygenation and highdose methylprednisolone. Although these treatments
may facilitate the recovery from a fulminant pul
monary lipiodol embolism with ARDS, they have not
been shown to reduce the morbidity or mortality
associated with this condition.
In conclusion, pulmonary lipiodol embolism after
TACE is rare, although it can be a fatal complication.
To prevent this complication, it is important to consider
the therapeutic strategy with regard to the follow
ing points: limiting the amount of lipiodol injected
and evaluating for the presence of arteriovenous
shunting.

To prevent pulmonary lipiodol embolism after transcatheter arterial che
moembolization, it is important to consider the therapeutic strategy.

Peer review

This paper reports on a rare case of pulmonary lipiodol embolism with acute
respiratory distress syndrome after transcatheter arterial chemoembolization
for HCC. It is a rare case and autopsy was performed to explain the probable
mechanism of pulmonary lipiodol embolism.
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Abstract
A 4-mo history of both epigastralgia and back pain
was presented in a 39-year-old male. Computed
tomography showed right lung nodule and abdominal
mass attached to the gastric wall, measuring
approximately 30 mm and 70 mm in diameter. Since
biopsy samples from the lung and abdomen revealed
poorly differentiated adenocarcinoma and malignant
tumor, clinicians first interpreted the abdominal
mass as metastatic carcinoma, and a right lower
lobectomy with following resection of the mass
was performed. Gross examination of both lesions
displayed gray-whitish to yellow-whitish cut surfaces
with hemorrhagic and necrotic foci, and the mass
attached to the serosa of the lesser curvature on
the gastric body. On microscopic examination, the
lung tumor was composed of a proliferation of highly
atypical epithelial cells having abundant eosinophilic
cytoplasm, predominantly arranged in an acinar
or solid growth pattern with vessel permeation,
while the abdominal tumor consisted of sheets or
nests with markedly atypical epithelioid cells having
pleomorphic nuclei and abundant eosinophilic to
clear cytoplasm focally in a radial perivascular or
infiltrative growth pattern. Immunohistochemically,
the latter cells were positive for HMB45 or α-smooth
muscle actin, but the former ones not. Therefore,
we finally made a diagnosis of malignant peri
vascular epithelioid cell tumor (PEComa) arising
in the gastric serosa, combined with primary lung
adenocarcinoma. Furthermore, small papillary car
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cinoma of the thyroid gland was identified. The
current case describes the coincidence of malignant
PEComa with other carcinomas, posing a challenge
in distinction from metastatic tumor disease.

organs, such as the uterus and adnexa, pancreas,
small and large intestine, mesentery, breast, skull
[3-15]
base, soft tissue and so on
. Until now, the case
number reported as PEComas of the digestive tract
in the English literatures is small, less than 50, within
our thorough investigation, as previously described
in stomach, jejunum, ileum, cecum, descending
[5,9-11,16,17]
colon, and rectum
. The most common site
of involvement with gastrointestinal PEComas is
the colon, followed by the small intestine, as more
[17]
recently reported . Although PEComas show a
wide spectrum of biological behavior, classified into
“benign”, of uncertain “malignant potential”, and
[4,5]
“malignant” categories
, the histopathological
criteria for the diagnosis of malignant PEComa
have not been clearly established to date, due to
its rarity in part. Indeed, there have been 6 his
topathological features suggestive of high risk factors
of malignancy: (1) tumor size > 5 cm or 8 cm; (2)
infiltrative growth pattern; (3) high nuclear grade
and hypercellularity; (4) a high rate of mitosis, more
than 1 per 50 high-power fields; (5) coagulative
[4,5,11,12]
necrosis; and (6) vascular invasion
, even th
ough ”true“ malignant PEComas are extremely rare
and its histogenesis and cytogenesis remain to be
elucidated. Large PEComas (> 5 cm) without any
above features have uncertain malignant potential,
whereas any PEComas with the 2 or more high-risk
[4,5,11,12]
features might be considered as malignant
. In
contrast, ”benign“ PEComas lacking all these features
[5]
only rarely metastasize . Nevertheless, those above
criteria have not yet been validated in larger series.
However, it would be critical to establish an accurate
initial diagnosis, including “benign”, “of uncertain
malignant potential”, or “malignant” PEComas, even
by small biopsy specimens.
We report an extremely rare case of malignant
PEComa arising in the gastric serosa combined with
primary lung adenocarcinoma of poorly differentiated
type and thyroid papillary carcinoma, likely confused
with metastatic carcinoma in the gastric wall, based
on an inadequate volume of biopsy sample.

Key words: Perivascular epithelioid cell tumor; Malignant;
Gastric serosa; Lung adenocarcinoma; Metastatic carcinoma
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We reported the first single-case of malignant
perivascular epithelioid cell tumor (PEComa) arising
in the gastric serosa, combined with primary lung
adenocarcinoma of poorly differentiated type. It
is likely that the present malignant PEComa might
pose a challenge in distinction from metastatic lung
carcinoma on the examination of the small inadequate
biopsy specimen. Pathologists should be aware that
its characteristic features could lead to a misdiagnosis
especially in this case. Furthermore, we suggest that a
large panel of antibodies including various melanocytic,
muscle or epithelial markers in immunohistochemistry
should be useful and critical aids for reaching the
correct diagnosis of malignant PEComa.
Yamada S, Nabeshima A, Noguchi H, Nawata A, Nishii H, Guo
X, Wang KY, Hisaoka M, Nakayama T. Coincidence between
malignant perivascular epithelioid cell tumor arising in the
gastric serosa and lung adenocarcinoma. World J Gastroenterol
2015; 21(4): 1349-1356 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i4/1349.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i4.1349

INTRODUCTION
Perivascular epithelioid cell (PEC) was first introduced
[1]
[2]
by Pea et al and Bonetti et al in the early 1990s,
in order to present the concept of a family of tumor,
i.e., perivascular epithelioid cell tumor (PEComa),
characterized by a proliferation of peculiar muscle cells
having a specific expression of melanoma-associated
[1,2]
[3]
antigens, such as HMB45 . In 1996, Zamboni et al
subsequently described the term PEComa to introduce
this rare family of mesenchymal tumors containing
characteristic epithelioid cells with a close association
with blood vessels. PEComa family tumors include
angiomyolipoma of the kidney and liver, pulmonary
lymphangioleiomyomatosis, clear cell “sugar” tumor
(CCST) of the lung, extrapulmonary CCST, clear cell
myo melanocytic tumor of the falciform ligament/
ligamentum teres, and abdominopelvic sarcoma
[1-4]
of PECs
. In fact, the World Health Organization
have already accepted the designation of PEComa
as a distinct mesenchymal neoplasm predominantly
composed of histopathologically unique PECs since
[5]
2002 . PEComas have been reported in various
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CASE REPORT
The patient was a 39-year-old middle-aged Japanese
male. The surgical tumor specimens after fixation
in 10% neutral buffered formalin were embedded
in paraffin for histological or immunohistochemical
examinations. All immunohistochemical stainings
were carried out using Dako Envision kit (Dako,
Glostrup, Denmark) according to the manufacturer’s
instructions, and using commercially available prediluted monoclonal or polyclonal antibodies against
the following antigens: cytokeratins (Cam5.2; Becton
Dickinson Immunocytometry Systems, San Jose, CA,
diluted 1:1, and AE1/AE3; Dako, diluted 1:5000),
epithelial membrane antigen (EMA; Dako, diluted
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A

B

Figure 1 Findings of chest and abdominal computed tomography scan at surgery. A: A chest computed tomography (CT) scan showed a relatively welldemarcated nodule, measuring approximately 30 mm × 30 mm, in the right lower lobe, S9; B: An abdominal CT scan showed a relatively well-defined huge mass with
heterogeneously enhancement (arrows), measuring approximately 70 mm × 60 mm, attached to the gastric wall and separated from the left kidney and adrenal gland.

1:100), thyroid transcription factor 1 (TTF-1; Dako,
diluted 1:100), Napsin A (Nichirei Bioscience, Tokyo,
Japan, diluted 1:1), CD10 (NOVOCASTRA laboratories
Ltd., Newcastle, United Kingdom, diluted 1:20),
CD34 (Immuno Tech. Co., Ltd., Osaka, Japan, diluted
1:150), CD45 (Dako, diluted 1:400), CD56 (NICHIREI,
Tokyo, Japan, diluted 1:1), CD68 (KP-1; Dako,
diluted 1:100), CD117 (c-Kit; IBL, Gunma, Japan,
diluted 1:15), synaptophysin (Dako, diluted 1:20),
chromogranin A (Dako, diluted 1:200), S-100 protein
(Dako, diluted 1:900), HMB45 (Enzo Life Sciences Ltd.,
New York, diluted 1:100), Melan A (NOVOCASTRA,
1:50), microphthalmia transcription factor (MiTF;
NOVOCASTRA, diluted 1:10), TFE3 (Santa Cruz
Biotechnology, Santa Cruz, CA, United States, 1:600),
α-smooth muscle actin (α-SMA; Dako, diluted 1:150),
pan-muscle actin (HHF-35; Enzo, New York, United
States, diluted 1:20), desmin (Dako, diluted 1:300),
h-caldesmon (Dako, diluted 1:50), and Ki-67 (MIB-1;
Dako, diluted 1:50). However, no chromosome studies
have been performed.

and adrenal gland (Figure 1B). Besides, a view of
neck ultrasound revealed a well-demarcated nodule,
measuring approximately 9 mm, in the right lobe of
the thyroid gland. CT scans of the head, chest and
abdomen disclosed no definite evidence of neoplastic
foci or other metastases in the lymph nodes or other
organs, including the bilateral kidney or adrenal
gland. The patient had neither recurrence nor
metastases of malignant PEComa, lung carcinoma,
and thyroid carcinoma, respectively, and was alive
and well at 6 mo after the operation.

Pathological findings

The first bronchial brushing and washing cytology
specimens were predominantly consisted of clusters
of cohesive and three-dimensional tumor cells having
large hyperchromatic nuclei and prominent nucleoli
with necrotic backgrounds. Based on that, we first
interpreted it as poorly differentiated adenocarcinoma,
confirmed by following transbronchial lung biopsy
from the pulmonary nodule. On the other hand, the
percutaneous biopsy specimen from the abdominal
mass showed extensively necrotic and hemorrhagic
tissue, admixed with quite tiny fragments of tumor
lesion, composed of a solid proliferation of highly
atypical cells having hyperchromatic pleomorphic
nuclei and abundant eosinophilic to clear cytoplasm
(data not shown). Clinicians first interpreted the
gastric serosal mass as metastatic carcinoma of
the lung carcinoma, but we pathologists tentatively
made a diagnosis of malignant tumor. Therefore,
the surgeons performed an ordinary right lower
lobectomy with following laparoscopic combined
resection of the gastric serosal mass and one part
of the gastric wall. Finally, the fine needle aspiration
cytology from the thyroid small (less than 1 cm)
tumor revealed papillary carcinoma, however, careful
follow-up but not thyroidectomy was done.
On gross examination, the cut surface of the
lung tumor showed a solid firm and lobulated
mass, measuring 32 mm × 30 mm × 29 mm, which

Clinical summary

The patient was admitted to hospital due to a 4-mo
history of both epigastralgia and back pain. The patient
had neither signs of tuberous sclerosis complex nor
any family history of it. He was a non-smoker. There
was no history of malignancy, immunosuppressive
disorders, use of immunosuppressive medications, or
unusual infections.
Laboratory data, including blood cell count, chemistry
and tumor markers, were almost within normal limits,
except for slightly high levels of carcinoembryonic
antigen (3.7 ng/mL). A chest computed tomography
(CT) scan revealed a relatively well-demarcated
nodule, measuring approximately 30 mm × 30 mm,
in the right lower lobe, S9 (Figure 1A). Moreover, an
abdominal CT scan showed a relatively well-defined
huge mass with heterogeneously enhancement,
measuring approximately 70 mm × 60 mm, attached
to the gastric wall and separated from the left kidney
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Figure 2 Gross, histological and immunohistochemical findings of poorly differentiated adenocarcinoma of the lung. A: On gross examination, the cut
surface showed a solid firm and lobulated mass, measuring 32 mm × 30 mm × 29 mm, which looked from gray-whitish to yellow-whitish in color, accompanied with
focal necrosis and hemorrhage. The background had no remarkable change. Bar = 1 cm; B: Low to medium power view exhibited a proliferation of medium-sized to
large atypical epithelial cells having hyperchromatic pleomorphic nuclei and abundant eosinophilic cytoplasm, predominantly arranged in an acinar or solid fashion
with frequent necrotic foci (HE stains). Multi-nucleated giant tumor cells were readily encountered (inset). Bar = 500 μm; C: The tumor nests peripherally involved the
vascular vessel (HE stains). Bar = 200 μm; D: In immunohistochemistry, these adenocarcinoma cells were specifically positive for thyroid transcription factor 1 (TTF-1)
(left) and Napsin A (right), in nuclear and intracytoplasmic pattern, respectively. Bar = 50 μm.
[18]

looked from gray-whitish to yellow-whitish in color,
accompanied with focal necrosis and hemorrhage
(Figure 2A). The background of the lung had no
remarkable change, e.g., not emphysematous (Figure
2A). Microscopic findings revealed a proliferation of
medium-sized to large atypical epithelial cells having
hyperchromatic pleomorphic nuclei and abundant
eosinophilic cytoplasm, predominantly arranged
in an acinar or solid fashion with frequent necrotic
foci (Figure 3B), involving the adjacent bronchial
wall with vessel permeation (Figure 2C). On highpower view, mitotic counts were high (more than
10 per 50 high-power fields) and multi-nucleated
giant tumor cells were readily encountered (Figure
2B). Immunohistochemically, these adenocarcinoma
cells were positive for TTF-1 and Napsin A (Figure
2D). Based on all these features, we indicated
that these carcinoma cells were characteristic
of glandular differentiation, and finally made a
diagnosis of moderately to poorly differentiated
adenocarcinoma of the lung, further classified as
invasive adenocarcinoma, acinar predominant,
based on the histological classification system from
the International Association for the Study of Lung
Cancer (IASLC)/American Thoracic Society/European
Respiratory Society International Multidisciplinary
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Classification of Lung Adenocarcinoma . Final pa
thological stage was determined as pT2aN0M0, stage
[19]
IB, according to the IASLC classification .
Next, gross examination of the surgical specimen
from the abdominal mass showed that the huge
tumor, measuring 73 mm × 65 mm × 61 mm, had
gray-whitish to yellow-whitish cut surfaces with
hemorrhagic and yellowish necrotic foci, attached to
the serosa of the lesser curvature on the gastric body
(Figure 3A) and separated from the left kidney and
adrenal gland. Microscopically, the abdominal tumor
consisted of sheets or nests of markedly atypical
epithelioid cells having hyperchromatic pleomorphic
nuclei and abundant eosinophilic to clear cytoplasm,
admixed with a large number of multi-nucleated
giant cells, supported by delicate fibrovascular septa
(Figure 3B). Spindle cell-predominant components
were very few. These tumor nests predominantly
showed an alveolar or trabecular growth pattern
with coagulative necrotic foci, occasionally and
characteristically displaying a radial perivascular
fashion (Figure 3C). On high-power view, the large
tumor cells sometimes showed atypical mitosis with
relatively high mitotic rates (more than 2 per 10
high-power fields) (Figure 3C). On the other hand,
vascular permeation of the infiltrative tumor nests
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Figure 3 Gross and microscopic examination of the resected specimen of malignant perivascular epithelioid cell tumor arising in the stomach. A: Gross
examination at surgery (left) and after fixation (right) showed that the huge tumor, measuring 73 mm × 65 mm × 61 mm, had gray-whitish to yellow-whitish cut surfaces
with some hemorrhagic and yellowish necrotic foci, attached to the serosa of the lesser curvature on the gastric body (arrows) and separated from the left kidney and
adrenal gland. Bars = 2 cm; B: Microscopically (low to medium power view), the abdominal tumor predominantly consisted of sheets or nests of markedly atypical
epithelioid cells having hyperchromatic pleomorphic nuclei and abundant eosinophilic to clear cytoplasm, admixed with a large number of multi-nucleated giant cells
(inset), supported by delicate fibrovascular septa (HE stains). Bar = 500 μm; C: On high-power view, these nests displayed an alveolar or trabecular growth pattern
(right), characteristically displaying a radial perivascular fashion (left) (HE stains). The large tumor cells sometimes showed atypical mitosis with relatively high mitotic
rates (more than 2 per 10 high-power fields) (inset). Bars = 200 μm or 100 μm; D: Moreover, vascular permeation of the infiltrative tumor nests was partly noted in the
peripheral areas (HE stains). Bar = 200 μm.

was partly noted in the peripheral areas (Figure 3D).
In immunohistochemistry, these epithelioid cells
were specifically positive for melanocytic markers,
such as HMB45 (Figure 4A), Melan A (Figure
4B), and MiTF (Figure 4C), and muscle markers,
such as α-SMA (Figure 4D), desmin (Figure 4D),
HHF-35, and h-caldesmon, and focally positive
for CD10, whereas negative for TTF-1, Napsin A,
epithelial markers, including EMA, Cam 5.2, and
AE1/AE3, neuroendocrine markers, such as CD56,
chromogranin A, and synaptophysin, S-100 protein,
TFE3, CD34, c-Kit, CD45, and CD68. Moreover,
relatively higher MIB-1 labeling index, 3% to 5%,
was found within the gastric serosal tumor cells.
Based on all the clinicopathological features, we
made a final diagnosis of malignant PEComa arising
in the gastric serosa. All immunohistochemical
profiles of malignant PEComa arising in the gastric
serosa and primary lung adenocarcinoma are
summarized in Table 1.

metastatic lung adenocarcinoma of poorly di
fferentiated type. Immunohistochemical analyses can
resolve the distinction from metastatic carcinoma
very easily, since the PEComa cells were specifically
positive for melanoma-associated antigens, re
presenting as HMB45, and muscle markers, such as
α-SMA and desmin, whereas completely negative
for lung adenocarcinoma markers, TTF-1 and Napsin
A, but in striking contrast, the lung carcinoma cells
were not. However, the adenocarcinoma cells in our
case microscopically shares with malignant PEComa
not only a solid sheet-like growth pattern but
markedly cellular atypia displaying hyperchromatic
pleomorphic nuclei, abundant eosinophilic cytopla
sm, and occasionally multi-nucleated giant cells,
admixed with a number of mitotic figures. Thus,
we pathologists should be aware that its features
possibly make us misinterpret as a metastatic focus
only on small or inadequate biopsy specimens.
On the other hand, among malignant tumors,
histopathologically differential diagnoses include
epithelioid extra-gastrointestinal stromal tumor
(extra-GIST), malignant melanoma, epithelioid
leiomyosarcoma or metastatic clear cell renal cell
[4-17]
carcinoma (RCC)
. Although malignant PEComa

DISCUSSION
The most important clinical differential diagnosis
in the present malignant PEComa case is with
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Figure 4 Immunohistochemical examination of malignant perivascular epithelioid cell tumor of the stomach. The highly atypical epithelioid cells were
specifically positive for melanocytic markers, such as HMB45 (A), Melan A (B), and microphthalmia transcription factor (MiTF) (C), and muscle markers, such as
α-smooth muscle actin (SMA) markers (D) or desmin (D). Bars = 50 μm.

and above each neoplasm share variable histological
features, immunohistochemical profiles (Table 1) of
malignant PEComa also can readily distinguish from
epithelioid extra-GIST, epithelioid leiomyosarcoma,
and metastatic RCC mainly by positive staining for
melanocytic markers and negative staining for c-Kit,
CD34, and epithelial markers including cytokeratin,
and differentiate from melanoma chiefly by negative
staining for S-100 protein and positive staining for
[1-17]
muscle markers, respectively
.
It is very likely that the present case is clini
copathologically remarkable for two reasons at
least: first, to the best of our knowledge, this is the
first single-case report of malignant PEComa arising
in the gastric serosa, and the fourth occurrence of
[4,5,9-11,16,17]
gastric PEComa
. Actually, to date, the
number of “true” cases reported as PEComa of
the digestive tract in the English literatures is not
large, and the most recent reference of singlecase paper (in fact, gastric “benign” PEComa) is
[16]
from 2010 . According to those previous papers,
the criteria of “benign”, “of uncertain malignant
potential” to “malignant” for PEComa have not been
[4,5,11]
clearly established
, and intriguingly, there has
been no known normal counterpart of PEComa.
[12]
Fu et al
have recently proposed that infiltrating
appearance (e.g., vascular invasion) and extensive
coagulative necrosis should be much more pivotal
factors to be used for the evaluation of “malignant”
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PEComa, corresponding to our case, rather than
hypercellularity or numerous mitotic figures. By
contrast, more recently, the relatively larger series
of PEComa especially arising in the gastrointestinal
tract have revealed that, similar to us, the presence
of marked nuclear atypia, diffuse pleomorphism,
and more than 2 mitoses per 10 high-power fields
have a significantly close relationship with the
development of metastatic disease, manifesting as
[17]
malignant PEComa . Malignant PEComas are still
extremely rare, and thus, it is interesting and critical
to study this topic with regard to histopathological
criteria of “malignancy” after further collecting and
investigating a substantial number of surgical cases
of PEComas in the future.
Second, this middle-aged (i.e., relatively young)
male patient suffered from multifocal malignancy: (1)
malignant PEComa arising in the gastric serosa; (2)
primary lung adenocarcinoma of poorly differentiated
type in the right lower lobe; and (3) thyroid papillary
carcinoma of the right lobe. Within our thorough
investigation, the present case is the first report
of PEComa combined with multiple malignancy, as
well. We might provide the possible evidence for
the first time that one part of malignant PEComas
have a predilection for multifocal growth fashion,
including other malignant neoplasms, rather than
metastasis, even though it is known that the most
common metastatic sites of PEComas include the
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Clinical diagnosis

Table 1 Immunohistochemical profile of highly atypical
epithelioid cells in our case of malignant perivascular
epithelioid cell tumor arising in the stomach
Antibodies
EMA
AE1/AE3
Cam5.2
TTF-1
Napsin A
Synaptophysin
Chromogranin A
CD56
NSE
S-100 protein
CD34
c-Kit
TFE3
α-SMA
h-caldesmon
HHF-35
Desmin
MelanA
HMB-45
MiTF
CD10

Malignant PEComa

Lung adenocarcinoma

+
+
+
+
+
+
+
+

+
+
+
+
+
-

The patient had neither signs of tuberous sclerosis complex nor any family
history of it. There was no history of malignancy, immunosuppressive disorders,
use of immunosuppressive medications, or unusual infections.

Differential diagnosis

Metastatic carcinoma of the gastric serosa from primary lung cancer.

Laboratory diagnosis

Laboratory data, including blood cell count, chemistry and tumor markers, were
almost within normal limits, except for slightly high levels of carcinoembryonic
antigen (3.7 ng/mL).

Imaging diagnosis

A chest computed tomography (CT) scan revealed a relatively well-demarcated
nodule, measuring approximately 30 mm × 30 mm, in the right lower lobe, S9.
Moreover, an abdominal CT scan showed a relatively well-defined huge mass
with heterogeneously enhancement, measuring approximately 70 mm × 60
mm, attached to the gastric wall and separated from the left kidney and adrenal
gland.

Pathological diagnosis

The authors made a final diagnosis of malignant perivascular epithelioid cell
tumor (PEComa) arising in the gastric serosa, combined with primary lung
adenocarcinoma of poorly differentiated type.

Treatment

The surgeons performed an ordinary right lower lobectomy with following
laparoscopic combined resection of the gastric serosal mass and one part of
the gastric wall.

Related reports

Until now, the case number reported as PEComas of the digestive tract in the
English literatures is small, less than 50, within our thorough investigation, as
previously described in stomach, jejunum, ileum, cecum, descending colon, and
rectum. The most common site of involvement with gastrointestinal PEComas
is the colon, followed by the small intestine.

MiTF: Microphthalmia transcription factor; α-SMA: α-smooth muscle
actin; EMA: Epithelial membrane antigen; TTF-1: Thyroid transcription
factor-1; NSE: Neuron-specific enolase; TFE3: Transcription factor E3;
HMB-45: Human melanoma black; PEComa: Perivascular epithelioid cell
tumor.

Term explanation

Perivascular epithelioid cell was first introduced by Pea et al in the early 1990s,
in order to present the concept of a family of tumor, i.e., PEComa, characterized
by a proliferation of peculiar muscle cells having a specific expression of
melanoma-associated antigens, such as HMB45.

lungs, liver, lymph nodes, peritoneum, bone, brain,
[5,17]
and adrenal gland
. According to the first series
[17]
of gastrointestinal PEComas , of 13 patients who
developed metastatic foci, 3 patients (23%) showed
lung metastases. Nevertheless, future convincing
data will be further required to determine whether
our speculation is significant or not.
In summary, we reported an extremely rare case
of malignant PEComa arising in the gastric serosa,
combined with primary lung adenocarcinoma of poorly
differentiated type and papillary carcinoma of the
thyroid gland. It is likely that the current malignant
PEComa might pose a challenge in distinction from
metastatic lung carcinoma on the examination of the
small biopsy specimen, since its section contained
tiny foci of viable tumor epithelioid cells in the ba
ckground of extensively necrosis and hemorrhage. All
pathologists should be aware that its characteristic
features could lead to a misdiagnosis especially in
case of inadequate specimens. Furthermore, we
suggest that a large panel of antibodies including
various melanocytic, muscle or epithelial markers in
immunohistochemistry should be useful and critical
aids for reaching the correct diagnosis of malignant
PEComa. PEComa arising in digestive tract may be
more common than generally considered.

Experiences and lessons

To the best of our knowledge, this is the first single-case report of malignant
PEComa arising in the gastric serosa, and the fourth occurrence of gastric
PEComa.

Peer review

This article reports an extremely rare case of malignant PEComa arising in
the gastric serosa combined with primary lung adenocarcinoma of poorly
differentiated type and thyroid papillary carcinoma, likely confused with
metastatic carcinoma in the gastric wall.
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Pancreatic carcinosarcoma: First literature report on
computed tomography imaging
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Core tip: Pancreatic carcinosarcoma is an extremely
rare tumor with a poor prognosis. We report a case
of pancreatic carcinosarcoma in a 74-year-old woman
and describe its appearance on computed tomography
(CT). Detailed analysis and conclusion of the CT
characteristics were performed according to the
appended CT images in reported cases. This is the
first report of radiological findings of carcinosarcoma
originating from the pancreas.
Shi HY, Xie J, Miao F. Pancreatic carcinosarcoma: First literature
report on computed tomography imaging. World J Gastroenterol
2015; 21(4): 1357-1361 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i4/1357.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i4.1357

INTRODUCTION
Abstract

Pancreatic carcinosarcoma is an uncommon entity
comprising a fairly small subset of all pancreatic
neoplasms. It is histologically characterized by a
mixture of carcinomatous and sarcomatous elements.
The prognosis of pancreatic carcinosarcoma is very
poor. From the data of reported cases, the majority
of patients survived an average of only 6 mo after
surgery. Because of the rarity and difficulty of
diagnosis, radiological findings of the lesion have
not been well illustrated in the literature. Here, we

Carcinosarcoma of the pancreas is an extremely rare
tumor and has a dismal prognosis. To the best of our
knowledge, the histopathological features of the lesion
have been illustrated in the literature but to date no
reported cases have been documented on imaging
characteristics. We report a female case of pancreatic
carcinosarcoma presenting as a mucinous cystadenoma
on computed tomography (CT). We also summarize
the CT characteristics according to the appended CT
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report the clinical and contrast-enhanced computed
tomography (CT) findings of carcinosarcoma ori
ginating from the pancreas in a 74-year-old woman.

0.1-0.3 cm. The cystic lesion contained dark-red
substances.
Histologically, the tumor of pancreas showed
two components separated from each other. The
first component was composed of columnar mucinproducing epithelial cells with marked cellular
pleomorphism and prominent mitoses, consistent
with carcinoma. The second component revealed
a sarcomatous growth pattern composed predo
minantly of highly cellular areas with spindle cells
(Figure 4A). Immunohistochemically, the carcinoma
component was strongly reactive for antibodies to
cytokeratin 7, cytokeratin 19 and cytokeratin AE1/
AE3 (Figure 4B). The sarcomatous component was
strongly reactive for vimentin (Figure 4C). According
to the morphology and the immunohistochemical
staining pattern, pancreatic carcinosarcoma was
diagnosed.

CASE REPORT
A 74-year-old woman was referred to our hospital
with acute calculous cholecystitis. Contrast materialenhanced dual-phase multidetector row CT of the
abdomen was performed and revealed a 2.2 cm × 2.0
cm well-circumscribed cystic lesion that was located
at the pancreatic tail and did not invade the adjacent
viscera. After intravenous injection of contrast
media, the lesion had a peripheral enhancing thick
wall surrounding the non-enhancing low-attenuation
area which is consistent with cystic fluid (Figure
1). Mural nodules and intratumoral septa were
not seen on the CT imaging. There was no main
pancreatic duct dilatation or any abnormalities in
the rest of the pancreatic tissue. We diagnosed it as
mucinous cystadenoma. The patient underwent a
cholecystectomy and was then discharged.
Follow-up CT imaging was performed 13 mo later.
The lesion in the pancreatic tail had grown up to 2.9
cm in diameter with a more thickened wall and a
solid component appeared in the cystic lesion. The
arterial phase revealed heterogeneous enhancement
in the wall and solid part of the mass (Figure 2A).
In the portal phase, the enhancement became more
pronounced. The cystic part revealed non-enhancing
low-attenuation (Figure 2B).
After nearly six months, the patient was referred
to our hospital again for intermittent abdominal
pain and distention lasting for more than 2 wk. She
reported no association with food. The abdomen was
soft and tender at physical examination. Laboratory
analysis revealed elevated CA19-9 (148.40 U/ml),
CA72-4 (19.19 U/ml), CA24-2 (51.7 U/ml) and
CEA (10.05 ng/ml) levels. Liver function tests and
complete blood counts were all within the normal
range. CT showed that the original lesion in the
pancreatic tail manifested as a heterogeneous
complex mass that contained cystic and mixed
solid areas and measured 4.0 cm in diameter. The
solid components increased and septa in the lesion
were aroused. The lesion showed progressive and
heterogeneous enhancement (Figure 3). No evidence
of metastasis was identified. The CT findings
coupled with tumor markers raised the possibility
of pancreatic mucinous cystadenocarcinoma. The
patient underwent a distal pancreatectomy with
splenectomy, followed by uneventful postoperative
course.
On gross examination, the resected specimen
consisted of a 9 cm × 6 cm × 3 cm segment of the
pancreas with a mass in the tail and the spleen.
Sectioning through the mass revealed a wellcircumscribed tumor consisting of a 5 cm × 4 cm ×
2 cm cystic lesion with a thick wall that measured
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DISCUSSION
The concept of carcinosarcoma is that a malignant
neoplasm is composed of an intimate admixture of
carcinomatous and sarcomatous elements, without
areas of transition between both components,
and with each of these elements showing distinct
immunohistochemical or ultrastructural features
pertaining to their different lines of differentiation.
Cases fulfilling these criteria have been reported in
many organs but rarely in the pancreas. The origin
of mixed carcinosarcoma is unknown. Although
controversy remains, several studies using diverse
immunohistochemical and molecular analyses have
suggested that pancreatic carcinosarcoma could
be of monoclonal origin and that the sarcomatous
component might have arisen from metaplastic
[1,2]
transformation of the carcinomatous component .
The carcinomatous components are varied.
Pancreatic ductal adenocarcinoma is the most
commonly reported, followed by mucinous cysta
[3-6]
[7]
denocarcinoma
. Okamura et al
reported
intraductal papillary mucinous carcinoma (IPMC) in
pancreatic carcinosarcoma for the first time, which is
extremely rare. There are also different sarcomatous
elements, including spindle cell sarcoma, leio
myosarcoma, malignant fibrous histiocytoma and
osteosarcoma.
From the summary of the reported literature, we
found that pancreatic carcinosarcoma is common
in middle aged and elderly people and few patients
were identified incidentally. For patients with
symptoms, the most common were abdominal pa
in, anorexia, nausea and vomiting. When tumors
are located in the pancreatic head, they cause
early jaundice, commonly seen in other malignant
neoplasms. Serum CA19-9 can be elevated in some
[7-9]
patients .
Due to the rarity of this tumor, the prognosis has
not been well defined. According to the reported

1358

January 28, 2015|Volume 21|Issue 4|

Shi HY et al . Case report and review of the literature

A

B

Figure 1 Computed tomography imaging of the abdomen the first time. The arterial phase (A) and portal venous phase (B) revealed a 2.2 cm × 2.0 cm wellcircumscribed cystic lesion that was located at the pancreatic tail with a peripheral enhancing thick cystic wall that surrounded a non-enhancing low-attenuation area
consistent with cystic fluid. We diagnosed it as mucinous cystadenoma.

A

B

C

Figure 2 Follow-up computed tomography imaging 13 mo later. The arterial phase (A), portal venous phase (B) and oblique sagittal contrast-enhanced computed
tomography image (C) showed the lesion grew up to 2.9 cm in diameter with heterogeneous enhancement in the more thickened wall and solid component.

A

B

Figure 3 Follow-up computed tomography imaging after nearly six months. Computed tomography (A: Arterial phase; B: Portal venous phase) showed that the
original lesion in the pancreatic tail manifested as a heterogeneous complex mass that contained cystic and mixed solid areas that measured 4.0 cm in diameter. The
solid components increased. The lesion showed progressive and heterogeneous enhancement.

literature, the majority of patients survived an average
[9]
of only 6 mo after surgery. Zhu et al reported that a
53-year-old woman had remained free of recurrence
for 20 mo, the longest recurrence-free survival time
recorded for this tumor. Pancreatic carcinosarcoma
[10,11]
can also disseminate and recur
. However, a
strategy to improve the prognosis is still not avai
lable because of the limited experience of it.
To our best knowledge, the imaging features
of pancreatic carcinosarcoma have not been re
ported. By summarizing the reported cases in the
literature, combined with our case, we found that the

WJG|www.wjgnet.com

preferential location for pancreatic carcinosarcoma is
the pancreatic head and tail and the size is variable
(ranging from 2.5 cm to 20 cm). It is worth noting
that pancreatic carcinosarcoma can grow quickly, as
observed in our case. During follow-up, the lesion
in the pancreatic tail grew from 2.2 cm to 4.0 cm
in diameter and a more solid component was also
seen 18 mo later. On CT images, the lesion in the
pancreatic head more frequently appears as a solid
mass with cystic regions and necrosis, while the
one in the pancreatic tail is characterized by a cystic
neoplasm with mural nodules and a solid component,
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A

B

C

Figure 4 Histological examination of the lesion. A: Microscopy of the tumor indicated a predominance of dual disparate sarcomatous and carcinomatous
components. Spindle-shaped tumor cells and well-differentiated adenocarcinoma cells coexisted and intermingled (HE staining, × 200); B: Cytokeratin 7
immunostaining showed strong and diffuse expression in the ductal adenocarcinoma cells (× 200); C: Sarcomatous cells were immunopositive for vimentin (× 200).
referred again to our hospital for intermittent abdominal pain and distention
lasting for more than 2 wk.

without accompanying ductal dilatation, although
[1,7,11,12]
with some exceptions
. Tumors located in the
pancreatic head can cause pancreatic main duct
and intra- and extra-hepatic bile duct dilatation.
After intravenous injection of a gadolinium chelate,
the solid component, mural nodules and cystic wall
show moderate enhancement. Unlike pancreatic
ductal adenocarcinoma, carcinosarcoma of the
pancreas often has a well-circumscribed border and
seldom invades the adjacent organs, extrapancreatic
nerve and vascular system. However, they easily
metastasize to the liver and peritoneum which is the
[1,10]
main cause of death
.
The predominant differential diagnosis with
pancreatic carcinosarcoma is pancreatic ductal
adenocarcinoma. Compared with ductal adeno
carcinoma that is poorly vascularized, pancreatic
carcinosarcoma has more vascularity. In addition,
extrapancreatic perineural and vascular invasion,
atrophy of the pancreatic parenchyma and duct
dilatation are less common in carcinosarcoma. When
pancreatic carcinosarcoma manifests as a cystic
tumor, it is difficult to distinguish it from mucinous
cystadenoma or cystadenocarcinoma. They share
many features in common, such as focal thickening of
the wall, heterogeneous content, mural nodules and
so on. However, the preponderance of calcification
in the septa and cystic wall enable one to readily
distinguish this entity from pancreatic carcinosarcoma
because intratumoral calcification in pancreatic
carcinosarcoma has not been described so far.
Given the tumor’s rarity, it is difficult to establish
more classical imaging findings. Nevertheless, a few
characteristic imaging features have been described
in this paper. We believe that the characterization
of imaging features of pancreatic carcinosarcoma
can increase the awareness of this entity among
radiologists.

Clinical diagnosis

Physical examination showed tenderness on the upper abdominal region.

Differential diagnosis

Pancreatic mucinous cystadenoma or cystadenocarcinoma.

Laboratory diagnosis

Laboratory analysis revealed elevated CA19-9 (148.40 U/ml), CA72-4 (19.19
U/ml), CA24-2 (51.7 U/ml) and CEA (10.05 ng/ml) levels.

Imaging diagnosis

Computed tomography showed that a mass in the pancreatic tail manifested
as a heterogeneous complex mass that contained cystic and mixed solid areas
and measured 4.0 cm in diameter.

Pathological diagnosis

Histological examination demonstrated characteristic histological findings of an
intimate admixture of carcinomatous and sarcomatous elements.

Treatment

The patient underwent a distal pancreatectomy with splenectomy.

Related reports

The histopathological features of pancreatic carcinosarcoma have been illustrated
in the literature but to date no reported cases have been documented on imaging
characteristics.

Experiences and lessons

The predominant differential diagnosis of pancreatic carcinosarcoma is pancreatic
ductal adenocarcinoma, mucinous cystadenoma or cystadenocarcinoma.

Peer review

This study determines the histopathological features of carcinosarcoma lesions
of the pancreas as this is an extremely rare tumor with a poor prognosis.
The authors report the computed tomography (CT) appearance of pancreatic
carcinosarcoma which presents as a mucinous cystadenoma in one female
patient. Detailed analysis and conclusion of the CT characteristics were
performed according to the appended CT images in other reported cases.
The authors claim that this is the first report of CT features of pancreatic
carcinosarcoma in the English literature.
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Core tip: We present a rare case of intractable upper
gastrointestinal hemorrhage due to celiac axis-portal
vein arteriovenous fistula. Through this case report, we
hope to highlight diagnosis of this unusual condition,
and discuss our subsequent management. This case
represents an unusual cases of unexplained presenting
with portal hypertension that was successfully managed
through endovascular aortic repair.
Liu YR, Huang B, Yuan D, Wu ZP, Zhao JC. Unusual case of
digestive hemorrhage: Celiac axis-portal vein arteriovenous
fistula. World J Gastroenterol 2015; 21(4): 1362-1364 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v21/i4/1362.
htm DOI: http://dx.doi.org/10.3748/wjg.v21.i4.1362

INTRODUCTION
Portal hypertension is defined as the increase in
[1]
porto-systemic resistance and/or flow . The etiology
of portal hypertension can be divided into pre-, intra-,
and post-hepatic causes. The primary cause of portal
hypertension is liver cirrhosis, which accounts for
[2]
90% of the cases in the United States . The second
- most common - etiology of portal hypertension is
extrahepatic portal vein thrombosis, which accounts
for 7% of cases. The remaining 3% of cases,
including our case, are the result of a variety of rare
etiologies.

Abstract
A case of intractable upper gastrointestinal-hemorrhage
was reported in a patient with portal hypertension
caused by an arterioportal fistula (APF), namely,
celiac axis-portal vein arteriovenous fistula. Portal
hypertension caused by extrahepatic-APFs is extremely
rare. Trauma, malignancy, and hereditary causes
are the common etiology of APFs; but were absent
in our patient. Our patient represents an unusual
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CASE REPORT
A-17-years old child with no history of liver disease
or gastric ulcers was admitted to West China
Hospital, Sichuan University for a five-day history
of hematemesis and tarry stools. The physical ex
amination revealed a blood pressure of 122/63 mmHg,
a heart rate of 73 beats per minute, and a platelet
9
count reduced to 45 × 10 /L. Pertinent laboratory
values of liver function, renal function, and electrolytes
were normal; moreover all marks for hepatitis, and
autoimmune disease were negative. Gastroscope
revealed esophageal varices (Figure 1). Based upon
this finding, it was speculated that the overflowing of
the portal vein due to the shunt between the artery
and the portal vein was causing perisinusoidal portal
hypertension. To further confirm this hypothesis,
digital subtraction angiography was performed and
revealed a mass of 52 mm × 48 mm. The portal
vein was highlighted at the arterial phase, strongly
suggesting that the mass was an arterioportal fistula
involving an arteriole from celiac axis feeding directly
into the portal vein (Figure 2). Taken together, the
arterioportal fistula was concluded to be the cause
of this patient’s non-cirrhotic portal hypertension.
Surgery was performed under local anesthesia with
full hemodynamic monitoring. The right femoral
artery was isolated, and 5-F catheter sheaths were
placed into the right femoral artery via guidewire.
A covered stent (10 mm × 40 mm. Fluency Plus-)
was deployed slowly and accurately in the celiac
axis. An aortogram revealed no endoleak and no
blood flow entering into the portal vein, but the
proper hepatic artery and left gastric artery were not
observed (Figure 3). The post-operation recovery of
the patient has been uneventful, and no additional
episodes of upper gastrointestinal bleeding have
been reported by the patient on three subsequent
clinic visits during the last six months (Figure 4).

Figure 1 Gastroscope revealed esophageal varices (black arrow).

Figure 2 DSA showed a mass of 52 mm × 48 mm (black arrow), the portal
vein(white arrow) was highlighted at the arteriaphase(black arrowhead),
strongly suggesting the existence of a hepatic arterioportal communication.

DISCUSSION
Most reports on the etiology of arterioportal fis
tula (APF) in the literature is focuses on trauma,
hepatocellular carcinoma (HCC), and congenit
[3]
al causes . The clinical manifestations of APFs
include congestive heart failure (40%-60%),
portal hypertension (20%-40%), and diarrhea
[4]
with abdominal pain (20%) . Hepatic trauma is
a common cause of APFs. HCC can cause APFs,
and studies have demonstrated that APFs may
[5,6]
occur in up to 60% of patients with HCC
.
Congenital APFs are associated with portal hyper
[3,7]
tension and gastrointestinal hemorrhage
. The
portal hypertension in our patient manifested
as splenomegaly on computed tomography, as
esophageal varices on gastroscope and, as blood
9
platelet counts reduced to 45 × 10 /L. Our patient
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Figure 3 Aortogram revealed no endoleak and no blood flow entering into
Portal Vein anymore (arrow).

did not have the any history of congenital APF,
abdominal trauma, or malignancy. Thus, we believe
that the present report is a case of unexplained
AFP. Based on literature search, this is one of the
few cases of unexplained APF presenting with portal
hypertension.
The treatment of APF is either surgical or mini
mally invasive though interventional radiology (IR)
techniques. Surgical ligation of the supplying artery
can performed, but the surgical wound of patient
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Clinical diagnosis

Digestive hemorrhage: celiac axis-portal vein arteriovenous fistula.

Differential diagnosis

Portal hypertension was caused by liver diseases and gastric ulcers, but the
patient with no history of liver diseases and gastric ulcers.

Laboratory diagnosis

Platelet count reduced to 45 × 10 9/L. Pertinent laboratory values of liver
function, renal function, and electrolytes were normal; moreover all marks for
hepatitis, and autoimmune disease were negative.

Imaging diagnosis

Computed tomography (CT) revealed a mass of 52 mm × 48 mm behind the
head of the pancreas. The portal vein was highlighted at the arterial phase,
strongly suggesting the existence of a hepatic arterioportal communication.

Treatment

Patient was successfully managed through endovascular aortic repair.

Figure 4 Post-operation recovery of the patient has been uneventful,
and no additional episodes of upper gastrointestinal bleeding have been
reported by the patient on three subsequent clinic visits during the last
six months (arrow).

Related reports

Intractable upper gastrointestinal hemorrhage for portal hypertension caused by
an arterioportal fistula (APF) is rare, however, though CT or digital subtraction
angiography we can find the cause.

Experiences and lessons

is not inconsequential. IR offers many advantages
over surgical treatment. These advantages include
decreased morbidity and mortality, reduced risk
of subsequent complications, and a significant
reduction in the time required for recovery. With the
advancement of interventional radiology techniques,
[8]
the trend has shifted to IR techniques . The AFP
adhesion in our patient was serious; therefore, we
selected IR technique.
IR is accomplished through artery embolization.
The therapy in our case was accomplished through
celiac axis endovascular aortic repair; Because we
were concerned about the risk of celiac axis embolism
of the coils of the IR intervention. Endovascular
aortic repair complications include non-target repair,
hepatic infarction, and ischemic cholangitis. The
proper hepatic artery in our case was covered with a
stent because of stent migration, however, the proper
hepatic artery in our case exhibited a decreased
diameter, and no complications were observed.
In summary, we described a case of portal hyper
tension due to unexplained APF. The patient was
successfully treated through endovascular aortic repair
and is being monitored regularly in our outpatient
clinic without any further episodes of bleeding.

Patients with intractable upper gastrointestinal hemorrhage, with no history
of liver disease or gastric ulcers, should be diagnosed as portal hypertension
caused by an APF.

Peer review

This manuscript illustrates an unusual cause of gastrointestinal hemorrhage.
This article encourages the clinician to consider a unique source of portal
hypertension caused by APF.
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CASE REPORT

Partial embolization as re-treatment of hypersplenism after
unsuccessful splenic artery ligation
Zheng-Ju Xu, Lian-Qiu Zheng, Xing-Nan Pan
and thrombocytopenia. Celiac computed tomography
arteriogram and digital subtraction angiography revealed
two compensatory arteries connected to the hilar splenic
artery from the left gastro-epiploic artery and from the
dorsal pancreatic artery. Partial splenic embolization (PSE)
was performed through the compensatory arteries. As
a result, the patient achieved partial splenic ischemic
infarction, and white blood cell and platelet counts rose
and remained in the normal range. PSE is an effective
therapeutic modality for the retreatment of hypersplenism
when other modalities have failed.

Zheng-Ju Xu, Lian-Qiu Zheng, Xing-Nan Pan, Clinical Liver
Center, 180th Hospital of the People’s Liberation Army, Quanzhou
362000, Fujian Province, China
Author contributions: Xu ZJ conceived and coordinated the
study, and participated in data collection and manuscript writing;
Pan XN participated in the study design, data collection, and
manuscript writing; Zheng LQ participated in data collection and
manuscript writing.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/
Correspondence to: Zheng-Ju Xu, Associate Chief Physician,
Clinical Liver Center, 180th Hospital of the People’s Liberation
Army, No. 180, Huayuan Road, Fengze District, Quanzhou
362000, Fujian Province, China. h180@163.com
Telephone: +86-595-28919590
Fax: +86-595-28919100
Received: June 13, 2014
Peer-review started: June 13, 2014
First decision: July 21, 2014
Revised: August 3, 2014
Accepted: September 12, 2014
Article in press: September 16, 2014
Published online: January 28, 2015

Key words: Hypersplenism; Partial splenic embolization;
Splenic artery ligation; Liver cirrhosis; Leukocytopenia;
Thrombocytopenia
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Ligation of splenic artery (LSA) is used for
the treatment of hypersplenism due to liver cirrhosis.
However, hypersplenism is not always improved following
LSA. We report a case of cirrhosis and hypersplenism
which underwent LSA treatment, but failed to respond
as manifested by persistent severe leukocytopenia
and thrombocytopenia. Celiac computed tomography
arteriogram and digital subtraction angiography revealed
two compensatory arteries supplying the spleen. Partial
splenic embolization (PSE) was performed through those
arteries resulting in increased leukocyte and thrombocyte
counts that remained within the normal range. PSE is
an effective therapeutic modality for the retreatment of
hypersplenism when other modalities have failed.

Abstract
Ligation of splenic artery (LSA) is used for the treatment of
liver cirrhosis with hypersplenism. However, hypersplenism
is not significantly improved following LSA treatment in
some cases, and there are few reports of retreatment
of hypersplenism after LSA. We report the case of a
47-year-old man with liver cirrhosis and hypersplenism
who underwent LSA treatment, but did not significantly
improve. Laboratory tests revealed severe leukocytopenia
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hypersplenism secondary to cirrhosis. Because
the MELD assessment score was nearly 20, LSA
was selected instead of transjugular intrahepatic
portosystemic shunt (TIPS) treatment to avoid
possible hepatic decompensation. Prior to the
LSA treatment, celiac computed tomography an
giogram (CTA) was performed to confirm patency
of the collateral arteries. The patient underwent
laparoscopic LSA and ligation of the gastric coronary
vein at the end of December, 2010. Follow-up over
three years showed that the WBC and PLT counts did
not increase indicating that the hypersplenism had
not significantly improved.
Over the following 3 years the patient remained
in stable clinical condition but required a few
admissions to the hospital, mainly for respiratory
infections. However, RBT revealed recurrent severe
leukocytopenia and thrombocytopenia. He was
admitted to our hospital for further treatment.
9
On admission, the RBT results: WBC, 1.65 × 10
9
12
cells/L; G, 1.10 × 10 cells/L; RBC, 3.67 × 10
9
cells/L; HGB, 109 g/L; PLT, 30 × 10 /L, PLT size
was normal. The RC was 3.3%. Bone marrow
biopsy results again showed hyperplasia, a slight
maturation disorder in granulocytes with a slightly
increased proportion of phagocytes. Serum test
results were: albumin, 32.1 g/L; total bilirubin,
33.8 µmol/L; alanine aminotransferase, 43 IU/L;
aspartate aminotransferase, 56 IU/L. Clotting test
results were: international normalized ratio, 1.23;
prothrombin time, 16.5 s; prothrombin activity,
50.3%. Abdominal ultrasound examination revealed
an enlarged spleen (175 mm × 63 mm) and liver
cirrhosis. The liver was shrunken, and the portal
diameter was 14.5 mm with hepatic inflow at
a velocity of 181 mm/s. An abdominal CT scan
showed liver cirrhosis with portal hypertension and
splenomegaly. Ischemic necrosis was not seen, but
the bio-clamp (Figure 1A) was seen in the splenic
artery area. Celiac CTA (Figure 1B) showed that
the proximal splenic artery was not enlarged, but
the gastroduodenal artery and the right gastroepiploic artery were enlarged, and the right gastroepiploic artery and the left gastro-epiploic artery
were anastomosed. There were two compensatory
arteries supplying the spleen. The collateral arteries
were confirmed as connected to the hilar splenic
artery from the left gastro-epiploic artery and from
the dorsal pancreatic artery on a celiac arteriogram.
The Child-Pugh score was 8 (B-class), and the MELD
assessment score was 18.53. He was diagnosed
with liver cirrhosis, portal hypertension, and spleno
megaly with hypersplenism.
Because of the high risk of complications with
splenectomy, PSE was performed through the
compensatory arteries. Prior to embolization,
selective angiography of the celiac trunk, the
splenic artery and the superior mesenteric artery
were performed in the patient through the right

INTRODUCTION
Hypersplenism is a common complication of liver ci
rrhosis. Peripheral cytopenia is frequent manifestation
in patients with hypersplenism secondary to liver
cirrhosis. The traditional treatment method for hy
persplenism secondary to cirrhosis is splenectomy.
However, due to the potential disadvantages of
severe postoperative complications, and the high
[1-3]
rates of perioperative mortality after splenectomy ,
the clinical application of this traditional mode of
treatment has been limited. In recent years, partial
splenic embolization (PSE) has been shown to be an
[4-7]
effective way to relieve hypersplenism . Ligation of
the splenic artery (LSA) is also used in the treatment
[8-11]
of hypersplenism due to other causes
. However,
some cases of hypersplenism are not significantly
improved following LSA, and there are few cases
reporting the retreatment of hypersplenism after
LSA. We report a case of PSE performed through
the compensatory arteries for the treatment of
hypersplenism after unsuccessful LSA. The aim of
the current report was to highlight the use of PSE in
the treatment of hypersplenism due to cirrhosis, and
emphasize its value when other modalities such as
LSA have failed.

CASE REPORT
A 47-year-old Chinese man with severe leukocy
topenia and thrombocytopenia due to hypersplenism
secondary to liver cirrhosis was admitted to our
th
hospital (180 Hospital of the People’s Liberation
Army, Quanzhou, China). Physical examination
revealed palmar erythema, mild anemia, and mo
derate splenomegaly.
He had a history of severe upper gastrointestinal
bleeding once three years ago. The patient was
diagnosed with hepatitis B-related decompensated
liver cirrhosis, portal hypertension, hemorrhage from
ruptured esophageal varices, and splenomegaly with
hypersplenism. The vasopressin analog, terlipressin,
was administered to reduce the portal venous
pressure, and the bleeding stopped. Abdominal
computed tomography (CT) scan showed liver
cirrhosis with portal hypertension and splenomegaly.
Gastroscopy revealed the esophageal and gastric
varices. Routine blood test (RBT) results were: white
9
blood cells (WBC), 1.75 × 10 cells/L; granulocytes
9
(G), 1.18 × 10 cells/L; red blood cells (RBC),
12
2.67 × 10 cells/L; hemoglobin (HGB), 73 g/L;
9
platelets (PLT), 32 × 10 /L. Bone marrow biopsy
results showed hyperplasia of bone marrow with
nucleated cells, and a slight maturation disorder
in granulocytes. The reticulocyte count (RC) was
3.5%. His model for end-stage liver disease (MELD)
assessment score was 19.52. As there was no
evidence of a toxic cause, or of an underlying
hematologic disease, the most likely diagnosis was
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Figure 1 Imaging studies. A: After ligation of splenic artery treatment, abdominal computed tomography showed that the size of the spleen was enlarged (white star).
Ischemic necrosis was not seen in the spleen. However, the bio-clamp (white arrow) was seen in the splenic artery area; B and C: Splenic compensatory arteries: the
dorsal pancreatic artery (green arrow), and the left gastro-epiploic artery (red arrow). CTA: Computed tomography angiogram; DSA: Digital subtraction angiography.
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Figure 2 Partial splenic embolization therapy. A: Partial splenic embolization (PSE) therapy through the collateral artery of dorsal pancreatic artery; B: PSE therapy
through the left gastro-epiploic artery; C: Abdominal computed tomography (CT) revealed that ischemic infarction (black arrow) was seen in the spleen 2 wk after
PSE; D-F: Follow-up abdominal CT was performed after 4 mo (D) and 9 mo (E and F), showing that the size of the spleen and infarction (black arrows) progressively
decreased.

femoral artery using a 5 Fr diagnostic catheter.
Digital subtraction angiography (Figure 1C) showed
similar findings in the splenic artery and collateral
circulation arteries as seen previously on CTA. PSE
was performed by cannulation of the hilar splenic
artery through the compensatory arteries with a
Radifocus SP microcatheter (Terumo Corporation;
Tokyo, Japan) (Figure 2A and B). Sixty-five percent
of the spleen was embolized with fine particles of
gelatin sponge. Preoperative antibiotic prophylaxis
was administered 1 d prior to the procedure. Fo
llowing embolization, he was monitored clinically,
and antibiotics were administered after the procedure
for 7 d. The patient complained of post-embolization
syndrome including fever, left upper abdominal pain,
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nausea, vomiting, ascites, and left pleural effusion.
These were effectively relieved by anti-inflammatory,
antipyretic, analgesic and diuretic medications. After
2 wk, the symptoms resolved.
At 2 wk post-operation, an abdominal CT (Figure
2C) scan showed a shadow pattern of low density in
the spleen, suggesting splenic ischemic infarction.
9
The blood results were: WBC, 7.54 × 10 cells/L;
9
12
G, 6.05 × 10 cells/L; RBC, 3.31 × 10 cells/L;
9
HGB, 100 g/L; and PLT, 231 × 10 /L. Follow-up
abdominal CT scan was performed 4 mo (Figure
2D) and 9 mo (Figure 2E and F) after the PSE, and
showed that the size of both the spleen and the
infarction progressively decreased. Both WBC and
PLT counts increased significantly, peaked at 2 wk,
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then gradually fell during one year follow-up period,
and remained within the normal range. There were
no significant changes in RBC counts either after
PSE or during the follow-up period. Follow-up at one
year by abdominal ultrasound examination revealed
that the portal diameter was 13.5 mm with a hepatic
inflow velocity of 203 mm/s. The patient and the
size of spleen remained stable.

period of time after ligation. The main splenic
collateral arteries are the left gastric artery, short
gastric artery, dorsal pancreatic artery and the left
[24,25]
gastro-epiploic artery
. Therefore, TSAE and LSA
do not usually cause complete ischemic necrosis of
the spleen.
PSE, LSA and TSAE are reasonably safe and
effective procedure for controlling hypersplenism in
patients with cirrhosis. However, hypersplenism is
not significantly improved following the treatment
in some cases, and there are very limited reports of
retreatment required to control hypersplenism after
LSA. The retreatment of hypersplenism includes
several possible approaches, including splenectomy,
[24-26]
[27,28]
ablation
, and TIPS
. Despite of technological
advances, splenectomy is still the most commonly
used treatment modality. In this case, splenectomy
might be an alternative treatment modality when
LSA was failed. However, splenectomy is associated
with high rates of morbidity and mortality. In the
current case, the patient was not able to receive
such treatment due to severe thrombocytopenia
and leukocytopenia. These conditions presented
increased risks of life-threatening hemorrhage
and infection for the patient. Celiac CTA revealed
two compensatory arteries supplying the spleen.
Therefore, PSE was selected for our patient to treat
the severe thrombocytopenia and leukocytopenia.
The complications observed in the immediate postoperative period, post-embolization syndrome,
included fever, left upper abdominal pain, nausea,
vomiting, malaise, gastrointestinal symptoms,
[29,30]
ascites, and left pleural effusion
. This is a
self-limiting and benign adverse event. The most
frequent side effect of post-embolization syndrome
consists of associated fever and/or abdominal pain
which have been reported to occur in 55%-100%
[4,31]
[4]
of patients
and can last up to 40 d . Serious
complications of PSE such as splenic abscess and
[4,31]
septicemia, are very rare
. Our patient developed
moderate fever and left upper abdominal pain which
lasted for 15 d. Potentially lethal postoperative
complications of venous thrombosis, septicemia and
splenic abscess were not observed in the current
case. As a result, the patient achieved successful
treatment of hypersplenism. Moreover, the portal
venous diameter was decreased, and blood flow
velocity was increased after PSE, which is also
consistent with previous studies that reported a
reduction of portal venous pressure and portal
[18,32]
venous blood flow after PSE
. Because this is
only a case report with a short follow-up period,
we plan to increase the number of cases, and the
follow-up period in future studies.
In conclusion, PSE can be an effective alternative
for the management of hypersplenism in patients
with cirrhosis, and is an effective therapeutic mo
dality for the retreatment of hypersplenism when

DISCUSSION
Liver cirrhosis with hypersplenism can result in
severe thrombocytopenia and/or leukocytopenia.
The management of hypersplenism includes several
possible approaches such as splenectomy, PSE,
total splenic artery embolization (TSAE), LSA, etc.
Splenectomy can cause a sustained and long-term
increase in WBC and PLT counts. However, severe
complications after splenectomy have been reported
[2,3,12]
and range from 9.6%-26.6%
. In addition,
splenectomy is often associated with an increased
[3,12]
long-term risk of septic events
. PSE was first
performed in the treatment of hypersplenism by
[13]
Spigos et al
in 1979, and has gained increasing
[7,14]
popularity as an alternative to splenectomy
.
The net result of PSE is a partial splenectomy
which allows for retention of splenic immune
[15]
function . PSE is accomplished by segmental and
subsegmental arterial embolization of the spleen,
and can be controlled to result in partial to complete
[16]
splenic ischemic infarction . The curative effect of
PSE is long-term, and there are few complications,
and low mortality. In PSE, the splenic infarction
rate is a critical factor for the improvement of
thrombocytopenia. To ensure a sustained and longterm increase in PLT and WBC counts, the extent of
[6]
splenic infarction needs to be greater than 50% .
However, severe postoperative complications
[17]
occurred more frequently in these patients . In
addition, quantitative control of the splenic infarction
is difficult in this procedure, and is dependent on
the experience of the operators. The reduction in
portal hypertension reduces the risk of hemorrhage
of the upper digestive tract. In addition, PSE has
been suggested to be an effective method for the
treatment of bleeding from gastric varices and portal
[18]
hypertension . TSAE has been shown to be a safe
and effective method for the treatment of splenic
[19,20]
[21]
artery aneurysms
, and hypersplenism . LSA
is also used to treat hypersplenism, and leads to
[22]
increased PLT and WBC counts in the short term ,
but there have been problems after long-term
follow up. The effect of total splenic artery ligation
or embolization is limited once the splenic collateral
[23]
circulation is established , resulting in a recurrence
of hypersplenism. Because the spleen has an
abundant collateral circulation network, collateral
circulation is frequently established within a short
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other modalities have failed.

COMMENTS
COMMENTS

5

Case characteristics

A 47-year-old man with severe leukocytopenia and thrombocytopenia due to
hypersplenism secondary to liver cirrhosis.

6

Clinical diagnosis

Palmar erythema, mild anemic and moderate splenomegaly.

Differential diagnosis

7

Laboratory diagnosis

8

Aplastic anemia, myelodysplastic syndrome, low proliferative leukemia,
thrombocytopenia.
White blood cells: 1.65 × 109 cells/L; granulocytes: 1.10 × 109 cells/L; red blood
cells: 3.67 × 1012 cells/L; hemoglobin: 109 g/L; platelets: 30 × 109/L; reticulocyte
count: 3.3%; international normalized ratio: 1.23; prothrombin time: 16.5 s;
prothrombin activity: 50.3%; Child-Pugh score: 8 and model for end-stage
liver disease score: 18.53. Bone marrow biopsy results showed hyperplasia, a
slight maturation disorder in granulocytes with a slightly increased proportion of
phagocytes.

9

10

Imaging diagnosis

Abdominal computed tomography scan showed liver cirrhosis with portal
hypertension and splenomegaly. Celiac computed tomography angiogram/
digital subtraction angiography showed that there were two compensatory
arteries supplying the spleen. The collateral arteries were confirmed as
connected to the hilar splenic artery from the left gastro-epiploic artery and from
the dorsal pancreatic artery on a celiac arteriogram.

11

Treatment

12

Related reports

13

Partial splenic embolization (PSE) was performed through the compensatory
arteries of the spleen.
Very few cases about PSE for the treatment of hypersplenism after
unsuccessful splenic artery ligation have been reported in the literature.

Term explanation

Both ligation of splenic artery (LSA) and PSE are minimally invasive surgical
techniques. Special catheters, guide wires, and precision instruments are
introduced with the guidance of medical imaging equipment to obtain a
histological diagnosis and achieve local treatment.

14

Experiences and lessons

15

This case report not only describes a very rare presentation of hypersplenism
after unsuccessful LSA, but also describes the successful retreatment of
hypersplenism. PSE was performed through the compensatory arteries
resulting in increased leukocyte and thrombocyte counts that remained within
the normal range.

16

Peer review

This article reports successful management of hypersplenism after unsuccessful
splenic artery ligation. PSE is an effective therapeutic modality for the
retreatment of hypersplenism when other modalities have failed.

17
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Ennio Biscaldi, Genova
Massimo Bolognesi, Padua
Luigi Bonavina, Milano
Aldo Bove, Chieti
Raffaele Bruno, Pavia
Luigi Brusciano, Napoli
Giuseppe Cabibbo, Palermo
Carlo Calabrese, Bologna
Daniele Calistri, Meldola
Vincenza Calvaruso, Palermo
Lorenzo Camellini, Reggio Emilia
Marco Candela, Bologna
Raffaele Capasso, Naples
Lucia Carulli, Modena
Renato David Caviglia, Rome
Luigina Cellini, Chieti
Giuseppe Chiarioni, Verona
Claudio Chiesa, Rome
Michele Cicala, Roma
Rachele Ciccocioppo, Pavia
Sandro Contini, Parma
Gaetano Corso, Foggia
Renato Costi, Parma
Alessandro Cucchetti, Bologna
Rosario Cuomo, Napoli
Giuseppe Currò, Messina
Paola De Nardi, Milano
Giovanni D De Palma, Naples
Raffaele De Palma, Napoli
Giuseppina De Petro, Brescia
Valli De Re, Aviano
Paolo De Simone, Pisa
Giuliana Decorti, Trieste
Emanuele Miraglia del Giudice, Napoli
Isidoro Di Carlo, Catania
Matteo Nicola Dario Di Minno, Naples
Massimo Donadelli, Verona
Mirko D’Onofrio, Verona
Maria Pina Dore, Sassari
Luca Elli, Milano
Massimiliano Fabozzi, Aosta
Massimo Falconi, Ancona
Ezio Falletto, Turin
Silvia Fargion, Milan
Matteo Fassan, Verona
Gianfranco Delle Fave, Roma
Alessandro Federico, Naples
Francesco Feo, Sassari
Davide Festi, Bologna
Natale Figura, Siena
Vincenzo Formica, Rome
Mirella Fraquelli, Milan
Marzio Frazzoni, Modena
Walter Fries, Messina
Gennaro Galizia, Naples
Andrea Galli, Florence
Matteo Garcovich, Rome
Eugenio Gaudio, Rome
Paola Ghiorzo, Genoa
Edoardo G Giannini, Genova
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Luca Gianotti, Monza
Maria Cecilia Giron, Padova
Alberto Grassi, Rimini
Gabriele Grassi, Trieste
Francesco Greco, Bergamo
Luigi Greco, Naples
Antonio Grieco, Rome
Fabio Grizzi, Rozzano
Laurino Grossi, Pescara
Simone Guglielmetti, Milan
Tiberiu Hershcovici, Jerusalem
Calogero Iacono, Verona
Enzo Ierardi, Bari
Amedeo Indriolo, Bergamo
Raffaele Iorio, Naples
Paola Iovino, Salerno
Angelo A Izzo, Naples
Loreta Kondili, Rome
Filippo La Torre, Rome
Giuseppe La Torre, Rome
Giovanni Latella, L’Aquila
Salvatore Leonardi, Catania
Massimo Libra, Catania
Anna Licata, Palermo
C armela Loguercio, Naples
Amedeo Lonardo, Modena
Carmelo Luigiano, Catania
Francesco Luzza, Catanzaro
Giovanni Maconi, Milano
Antonio Macrì, Messina
Mariano Malaguarnera, Catania
Francesco Manguso, Napoli
Tommaso Maria Manzia, Rome
Daniele Marrelli, Siena
Gabriele Masselli, Rome
Sara Massironi, Milan
Giuseppe Mazzarella, Avellino
Michele Milella, Rome
Giovanni Milito, Rome
Antonella d’Arminio Monforte, Milan
Fabrizio Montecucco, Genoa
Giovanni Monteleone, Rome
Mario Morino, Torino
Vincenzo La Mura, Milan
Gerardo Nardone, Naples
Riccardo Nascimbeni, Brescia
Gabriella Nesi, Florence
Giuseppe Nigri, Rome
Erica Novo, Turin
Veronica Ojetti, Rome
Michele Orditura, Naples
Fabio Pace, Seriate
Lucia Pacifico, Rome
Omero Alessandro Paoluzi, Rome
Valerio Pazienza, San Giovanni Rotondo
Rinaldo Pellicano, Turin
Adriano M Pellicelli, Rome
Nadia Peparini, Ciampino
Mario Pescatori, Rome
Antonio Picardi, Rome
Alberto Pilotto, Padova
Alberto Piperno, Monza
Anna Chiara Piscaglia, Rome
Maurizio Pompili, Rome
Francesca Romana Ponziani, Rome
Cosimo Prantera, Rome
Girolamo Ranieri, Bari
Carlo Ratto, Tome
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Barbara Renga, Perugia
Alessandro Repici, Rozzano
Maria Elena Riccioni, Rome
Lucia Ricci-Vitiani, Rome
Luciana Rigoli, Messina
Mario Rizzetto, Torino
Ballarin Roberto, Modena
Roberto G Romanelli, Florence
Claudio Romano, Messina
Luca Roncucci, Modena
Cesare Ruffolo, Treviso
L ucia Sacchetti, Napoli
Rodolfo Sacco, Pisa
Lapo Sali, Florence
Romina Salpini, Rome
Giulio Aniello, Santoro Treviso
Armando Santoro, Rozzano
Edoardo Savarino, Padua
Marco Senzolo, Padua
Annalucia Serafino, Rome
Giuseppe S Sica, Rome
Pierpaolo Sileri, Rome
Cosimo Sperti, Padua
Vincenzo Stanghellini, Bologna
Cristina Stasi, Florence
Gabriele Stocco, Trieste
Roberto Tarquini, Florence
Mario Testini, Bari
Guido Torzilli, Milan
Guido Alberto Massimo, Tiberio Brescia
Giuseppe Toffoli, Aviano
Alberto Tommasini, Trieste
Francesco Tonelli, Florence
Cesare Tosetti Porretta, Terme
Lucio Trevisani, Cona
Guglielmo M Trovato, Catania
Mariapia Vairetti, Pavia
Luca Vittorio Valenti, Milano
Mariateresa T Ventura, Bari
Giuseppe Verlato, Verona
Alessandro Vitale, Padova
Marco Vivarelli, Ancona
Giovanni Li Volti, Catania
Giuseppe Zanotti, Padua
Vincenzo Zara, Lecce
Gianguglielmo Zehender, Milan
Anna Linda Zignego, Florence
Rocco Antonio Zoccali, Messina
Angelo Zullo, Rome

Japan
Yasushi Adachi, Sapporo
Takafumi Ando, Nagoya
Masahiro Arai, Tokyo
Makoto Arai, Chiba
Takaaki Arigami, Kagoshima
Itaru Endo,Yokohama
Munechika Enjoji, Fukuoka
Shunji Fujimori, Tokyo
Yasuhiro Fujino, Akashi
Toshiyoshi Fujiwara, Okayama
Yosuke Fukunaga, Tokyo
Toshio Fukusato, Tokyo
Takahisa Furuta, Hamamatsu
Osamu Handa, Kyoto
Naoki Hashimoto, Osaka
Yoichi Hiasa, Toon



Masatsugu Hiraki, Saga
Satoshi Hirano, Sapporo
Keiji Hirata, Fukuoka
Toru Hiyama, Higashihiroshima
Akira Hokama, Nishihara
Shu Hoteya, Tokyo
Masao Ichinose, Wakayama
Tatsuya Ide, Kurume
Masahiro Iizuka, Akita
Toshiro Iizuka, Tokyo
Kenichi Ikejima, Tokyo
Tetsuya Ikemoto, Tokushima
Hiroyuki Imaeda, Saitama
Atsushi Imagawa, Kan-onji
Hiroo Imazu, Tokyo
Shuji Isaji, Tsu
Toru Ishikawa, Niigata
Toshiyuki Ishiwata, Tokyo
Soichi Itaba, Kitakyushu
Yoshiaki Iwasaki, Okayama
Tatehiro Kagawa, Isehara
Satoru Kakizaki, Maebashi
Naomi Kakushima, Shizuoka
Terumi Kamisawa, Tokyo
Akihide Kamiya, Isehara
Osamu Kanauchi, Tokyo
Tatsuo Kanda, Chiba
Shin Kariya, Okayama
Shigeyuki Kawa, Matsumoto
Takumi Kawaguchi, Kurume
Takashi Kawai, Tokyo
Soo Ryang Kim, Kobe
Shinsuke Kiriyama, Gunma
Tsuneo Kitamura, Urayasu
Masayuki Kitano, Osakasayama
Hirotoshi Kobayashi, Tokyo
Hironori Koga, Kurume
Takashi Kojima, Sapporo
Satoshi Kokura, Kyoto
Shuhei Komatsu, Kyoto
Tadashi Kondo, Tokyo
Yasuteru Kondo, Sendai
Yasuhiro Kuramitsu, Yamaguchi
Yukinori Kurokawa, Osaka
Shin Maeda, Yokohama
Koutarou Maeda, Toyoake
Hitoshi Maruyama, Chiba
Atsushi Masamune, Sendai
Hiroyuki Matsubayashi, Suntogun
Akihisa Matsuda, Inzai
Hirofumi Matsui, Tsukuba
Akira Matsumori, Kyoto
Yoichi Matsuo, Nagoya
Y Matsuzaki, Ami
Toshihiro Mitaka, Sapporo
Kouichi Miura, Akita
Shinichi Miyagawa, Matumoto
Eiji Miyoshi, Suita
Toru Mizuguchi, Sapporo
Nobumasa Mizuno, Nagoya
Zenichi Morise, Nagoya
Tomohiko Moriyama, Fukuoka
Kunihiko Murase, Tusima
Michihiro Mutoh, Tsukiji
Akihito Nagahara, Tokyo
Hikaru Nagahara, Tokyo
Hidenari Nagai, Tokyo
Koichi Nagata, Shimotsuke-shi
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Masaki Nagaya, Kawasaki
Hisato Nakajima, Nishi-Shinbashi
Toshifusa Nakajima, Tokyo
Hiroshi Nakano, Kawasaki
Hiroshi Nakase, Kyoto
Toshiyuki Nakayama, Nagasaki
Takahiro Nakazawa, Nagoya
Shoji Natsugoe, Kagoshima City
Tsutomu Nishida, Suita
Shuji Nomoto, Naogya
Sachiyo Nomura, Tokyo
Takeshi Ogura, Takatsukishi
Nobuhiro Ohkohchi, Tsukuba
Toshifumi Ohkusa, Kashiwa
Hirohide Ohnishi, Akita
Teruo Okano, Tokyo
Satoshi Osawa, Hamamatsu
Motoyuki Otsuka, Tokyo
Michitaka Ozaki, Sapporo
Satoru Saito, Yokohama
Chouhei Sakakura, Kyoto
Naoaki Sakata, Sendai
Ken Sato, Maebashi
Toshiro Sato, Tokyo
Tomoyuki Shibata, Toyoake
H Shimada, Tokyo
Tomohiko Shimatani, Kure
Yukihiro Shimizu, Nanto
Tadashi Shimoyama, Hirosaki
Masayuki Sho, Nara
Ikuo Shoji, Kobe
Atsushi Sofuni, Tokyo
Takeshi Suda, Niigata
M Sugimoto, Hamamatsu
Ken Sugimoto, Hamamatsu
Haruhiko Sugimura, Hamamatsu
Shoichiro Sumi, Kyoto
Hidekazu Suzuki, Tokyo
Masahiro Tajika, Nagoya
Hitoshi Takagi, Takasaki
Toru Takahashi, Niigata
Yoshihisa Takahashi, Tokyo
Shinsuke Takeno, Fukuoka
Akihiro Tamori, Osaka
Kyosuke Tanaka, Tsu
Shinji Tanaka, Hiroshima
Atsushi Tanaka, Tokyo
Yasuhito Tanaka, Nagoya
Shinji Tanaka, Tokyo
Minoru Tomizawa, Yotsukaido City
Kyoko Tsukiyama-Kohara, Kagoshima
Takuya Watanabe, Niigata
Kazuhiro Watanabe, Sendai
Satoshi Yamagiwa, Niigata
Takayuki Yamamoto, Yokkaichi
Hiroshi Yamamoto, Otsu
Kosho Yamanouchi, Nagasaki
Ichiro Yasuda, Gifu
Yutaka Yata, Maebashi-city
Shin-ichi Yokota, Sapporo
Norimasa Yoshida, Kyoto
Hiroshi Yoshida, Tama-City
Hitoshi Yoshiji, Kashihara
Kazuhiko Yoshimatsu, Tokyo
Kentaro Yoshioka, Toyoake
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Nobuhiro Zaima, Nara

Jordan
Khaled Ali Jadallah, Irbid

Kuwait
Islam Khan, Kuwait

Lebanon
Bassam N Abboud, Beirut
Kassem A Barada, Beirut
Marwan Ghosn, Beirut
Iyad A Issa, Beirut
Fadi H Mourad, Beirut
AIa Sharara, Beirut
Rita Slim, Beirut

Lithuania
Antanas Mickevicius, Kaunas

Malaysia
Huck Joo Tan, Petaling Jaya

Mexico
Richard A Awad, Mexico City
Carlos R Camara-Lemarroy, Monterrey
Norberto C Chavez-Tapia, Mexico City
Wolfgang Gaertner, Mexico City
Diego Garcia-Compean, Monterrey
Arturo Panduro, Guadalajara
OT Teramoto-Matsubara, Mexico City
Felix Tellez-Avila, Mexico City
Omar Vergara-Fernandez, Mexico City
Saúl Villa-Trevino, Cuidad de México

Morocco
Samir Ahboucha, Khouribga

Norway
Trond Berg, Oslo
Trond Arnulf Buanes, Krokkleiva
Thomas de Lange, Rud
Magdy El-Salhy, Stord
Rasmus Goll, Tromso
Dag Arne Lihaug Hoff, Aalesund

Pakistan
Zaigham Abbas, Karachi
Usman A Ashfaq, Faisalabad
Muhammad Adnan Bawany, Hyderabad
Muhammad Idrees, Lahore
Saeed Sadiq Hamid, Karachi
Yasir Waheed, Islamabad

Poland
Thomas Brzozowski, Cracow
Magdalena Chmiela, Lodz
Krzysztof Jonderko, Sosnowiec
Anna Kasicka-Jonderko, Sosnowiec
Michal Kukla, Katowice
Tomasz Hubert Mach, Krakow
Agata Mulak, Wroclaw
Danuta Owczarek, Kraków
Piotr Socha, Warsaw
Piotr Stalke, Gdansk
Julian Teodor Swierczynski, Gdansk
Anna M Zawilak-Pawlik, Wroclaw

Portugal
Marie Isabelle Cremers, Setubal
Ceu Figueiredo, Porto
Ana Isabel Lopes, LIsbon
M Paula Macedo, Lisboa
Ricardo Marcos, Porto
Rui T Marinho, Lisboa
Guida Portela-Gomes, Estoril
Filipa F Vale, Lisbon

Netherlands
Robert J de Knegt, Rotterdam
Tom Johannes Gerardus Gevers, Nijmegen
Menno Hoekstra, Leiden
BW Marcel Spanier, Arnhem
Karel van Erpecum, Utrecht

Puerto Rico
Caroline B Appleyard, Ponce

New Zealand
Leo K Cheng, Auckland
Andrew Stewart Day, Christchurch
Jonathan Barnes Koea, Auckland
Max Petrov, Auckland

Romania
Mihai Ciocirlan, Bucharest
Dan LucianDumitrascu, Cluj-Napoca
Carmen Fierbinteanu-Braticevici, Bucharest
Romeo G Mihaila, Sibiu
Lucian Negreanu, Bucharest
Adrian Saftoiu, Craiova
Andrada Seicean, Cluj-Napoca
Ioan Sporea, Timisoara
Letiţia Adela Maria Streba, Craiova
Anca Trifan, Iasi

Nigeria
Olufunmilayo Adenike Lesi, Lagos
Jesse Abiodun Otegbayo, Ibadan
Stella Ifeanyi Smith, Lagos

VI

Qatar
Abdulbari Bener, Doha
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Russia
Victor Pasechnikov, Stavropol
Vasiliy Ivanovich Reshetnyak, Moscow
Vitaly Skoropad, Obninsk

Saudi Arabia
Abdul-Wahed N Meshikhes, Dammam
M Ezzedien Rabie, Khamis Mushait

Singapore
Brian KP Goh, Singapore
Richie Soong, Singapore
Ker-Kan Tan, Singapore
Kok-Yang Tan, Singapore
Yee-Joo Tan, Singapore
Mark Wong, Singapore
Hong Ping Xia, Singapore

Slovenia
Matjaz Homan, Ljubljana
Martina Perse, Ljubljana

South Korea
Sang Hoon Ahn, Seoul
Seung Hyuk Baik, Seoul
Soon Koo Baik, Wonju
Soo-Cheon Chae, Iksan
Byung-Ho Choe, Daegu
Suck Chei Choi, Iksan
Hoon Jai Chun, Seoul
Yeun-Jun Chung, Seoul
Young-Hwa Chung, Seoul
Ki-Baik Hahm, Seongnam
Sang Young Han, Busan
Seok Joo Han, Seoul
Seung-Heon Hong, Iksan
Jin-Hyeok Hwang, Seoungnam
Jeong Won Jang, Seoul
Jin-Young Jang, Seoul
Dae-Won Jun, Seoul
Young Do Jung, Kwangju
Gyeong Hoon Kang, Seoul
Sung-Bum Kang, Seoul
Koo Jeong Kang, Daegu
Ki Mun Kang, Jinju
Chang Moo Kang, Seodaemun-gu
Gwang Ha Kim, Busan
Sang Soo Kim, Goyang-si
Jin Cheon Kim, Seoul
Tae Il Kim, Seoul
Jin Hong Kim, Suwon
Kyung Mo Kim, Seoul
Kyongmin Kim, Suwon
Hyung-Ho Kim, Seongnam
Seoung Hoon Kim, Goyang
Sang Il Kim, Seoul
Hyun-Soo Kim, Wonju
Jung Mogg Kim, Seoul
Dong Yi Kim, Gwangju
Kyun-Hwan Kim, Seoul
Jong-Han Kim, Ansan
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Sang Wun Kim, Seoul
Ja-Lok Ku, Seoul
Kyu Taek Lee, Seoul
Hae-Wan Lee, Chuncheon
Inchul Lee, Seoul
Jung Eun Lee, Seoul
Sang Chul Lee, Daejeon
Song Woo Lee, Ansan-si
Hyuk-Joon Lee, Seoul
Seong-Wook Lee, Yongin
Kil Yeon Lee, Seoul
Jong-Inn Lee, Seoul
Kyung A Lee, Seoul
Jong-Baeck Lim, Seoul
Eun-Yi Moon, Seoul
SH Noh, Seoul
Seung Woon Paik, Seoul
Won Sang Park, Seoul
Sung-Joo Park, Iksan
Kyung Sik Park, Daegu
Se Hoon Park, Seoul
Yoonkyung Park, Gwangju
Seung-Wan Ryu, Daegu
Il Han Song, Cheonan
Myeong Jun Song, Daejeon
Yun Kyoung Yim, Daejeon
Dae-Yeul Yu Daejeon

Spain
Mariam Aguas, Valencia
Raul J Andrade, Málaga
Antonio Arroyo, Elche
Josep M Bordas, Barcelona
Lisardo Boscá, Madrid
Ricardo Robles Campos, Murcia
Jordi Camps, Reus
Carlos Cervera Barcelona
Alfonso Clemente, Granada
Pilar Codoner-Franch, Valencia
Fernando J Corrales, Pamplona
Fermin Sánchez de Medina, Granada
Alberto Herreros de Tejada,
Majadahonda
Enrique de-Madaria, Alicante
JE Dominguez-Munoz, Santiago de Compostela
Vicente Felipo, Valencia
CM Fernandez-Rodriguez, Madrid
Carmen Frontela-Saseta, Murcia
Julio Galvez, Granada
Maria Teresa García, Vigo
MI Garcia-Fernandez, Málaga
Emilio Gonzalez-Reimers, La Laguna
Marcel Jimenez, Bellaterra
Angel Lanas, Zaragoza
Juan Ramón Larrubia, Guadalajara
Antonio Lopez-Sanroman, Madrid
Vicente Lorenzo-Zuniga, Badalona
Alfredo J Lucendo, Tomelloso
Vicenta Soledad Martinez-Zorzano, Vigo
José Manuel Martin-Villa, Madrid
Julio Mayol, Madrid
Manuel Morales-Ruiz, Barcelona
Alfredo Moreno-Egea, Murcia
Albert Pares, Barcelona
Maria Pellise, Barcelona
José Perea, Madrid

VII

Miguel Angel Plaza, Zaragoza
María J Pozo, Cáceres
Enrique Quintero, La Laguna
Jose M Ramia, Madrid
Francisco Rodriguez-Frias, Barcelona
Silvia Ruiz-Gaspa, Barcelona
Xavier Serra-Aracil, Barcelona
Vincent Soriano, Madrid
Javier Suarez, Pamplona
Carlos Taxonera, Madrid
M Isabel Torres, Jaén
Manuel Vazquez-Carrera, Barcelona
Benito Velayos, Valladolid
Silvia Vidal, Barcelona

Sri Lanka
Arjuna Priyadarsin De Silva, Colombo

Sudan
Ishag Adam, Khartoum

Sweden
Roland G Andersson, Lund
Bergthor Björnsson, Linkoping
Johan Christopher Bohr, Örebro
Mauro D’Amato, Stockholm
Thomas Franzen, Norrkoping
Evangelos Kalaitzakis, Lund
Riadh Sadik, Gothenburg
Per Anders Sandstrom, Linkoping
Ervin Toth, Malmö
Konstantinos Tsimogiannis, Vasteras
Apostolos V Tsolakis, Uppsala

Switzerland
Gieri Cathomas, Liestal
Jean Louis Frossard, Geneve
Christian Toso, Geneva
Stephan Robert Vavricka, Zurich
Dominique Velin, Lausanne

Thailand
Thawatchai Akaraviputh, Bangkok
P Yoysungnoen Chintana, Pathumthani
Veerapol Kukongviriyapan, Muang
Vijittra Leardkamolkarn, Bangkok
Varut Lohsiriwat, Bangkok
Somchai Pinlaor, Khaon Kaen
D Wattanasirichaigoon, Bangkok

Trinidad and Tobago
B Shivananda Nayak, Mount Hope

Tunisia
Ibtissem Ghedira, Sousse
Lilia Zouiten-Mekki, Tunis

Turkey
Inci Alican, Istanbul
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Mustafa Altindis, Sakarya
Mutay Aslan, Antalya
Oktar Asoglu, Istanbul
Yasemin Hatice Balaban, Istanbul
Metin Basaranoglu, Ankara
Yusuf Bayraktar, Ankara
Süleyman Bayram, Adiyaman
Ahmet Bilici, Istanbul
Ahmet Sedat Boyacioglu, Ankara
Züleyha Akkan Cetinkaya, Kocaeli
Cavit Col, Bolu
Yasar Colak, Istanbul
Cagatay Erden Daphan, Kirikkale
Mehmet Demir, Hatay
Ahmet Merih Dobrucali, Istanbul
Gülsüm Ozlem Elpek, Antalya
Ayse Basak Engin, Ankara
Eren Ersoy, Ankara
Osman Ersoy, Ankara
Yusuf Ziya Erzin, Istanbul
Mukaddes Esrefoglu, Istanbul
Levent Filik, Ankara
Ozgur Harmanci, Ankara
Koray Hekimoglu, Ankara
Abdurrahman Kadayifci, Gaziantep
Cem Kalayci, Istanbul
Selin Kapan, Istanbul
Huseyin Kayadibi, Adana
Sabahattin Kaymakoglu, Istanbul
Metin Kement, Istanbul
Mevlut Kurt, Bolu
Resat Ozaras, Istanbul
Elvan Ozbek, Adapazari
Cengiz Ozcan, Mersin
Hasan Ozen, Ankara
Halil Ozguc, Bursa
Mehmet Ozturk, Izmir
Orhan V Ozkan, Sakarya
Semra Paydas, Adana
Ozlem Durmaz Suoglu, Istanbul
Ilker Tasci, Ankara
Müge Tecder-ünal, Ankara
Mesut Tez, Ankara
Serdar Topaloglu, Trabzon
Murat Toruner, Ankara
Gokhan Tumgor, Adana
Oguz Uskudar, Adana
Mehmet Yalniz, Elazig
Mehmet Yaman, Elazig
Veli Yazisiz, Antalya
Yusuf Yilmaz, Istanbul
Ozlem Yilmaz, Izmir
Oya Yucel, Istanbul
Ilhami Yuksel, Ankara

United Kingdom
Nadeem Ahmad Afzal, Southampton
Navneet K Ahluwalia, Stockport
Yeng S Ang, Lancashire
Ramesh P Arasaradnam, Coventry
Ian Leonard Phillip Beales, Norwich
John Beynon, Swansea
Barbara Braden, Oxford
Simon Bramhall, Birmingham
Geoffrey Burnstock, London
Ian Chau, Sutton
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Thean Soon Chew, London
Helen G Coleman, Belfast
Anil Dhawan, London
Sunil Dolwani, Cardiff
Piers Gatenby, London
Anil T George, London
Pasquale Giordano, London
Paul Henderson, Edinburgh
Georgina Louise Hold, Aberdeen
Stefan Hubscher, Birmingham
Robin D Hughes, London
Nusrat Husain, Manchester
Matt W Johnson, Luton
Konrad Koss, Macclesfield
Anastasios Koulaouzidis, Edinburgh
Simon Lal, Salford
John S Leeds, Aberdeen
JK K Limdi, Manchester
Hongxiang Liu, Cambridge
Michael Joseph McGarvey, London
Michael Anthony Mendall, London
Alexander H Mirnezami, Southampton
J Bernadette Moore, Guildford
Claudio Nicoletti, Norwich
Savvas Papagrigoriadis, London
Sylvia LF Pender, Southampton
David Mark Pritchard, Liverpool
James A Ross, Edinburgh
Kamran Rostami, Worcester
Xiong Z Ruan, London
Dina Tiniakos, Newcastle upon Tyne
Frank I Tovey, London
Dhiraj Tripathi, Birmingham
Vamsi R Velchuru, Great Yarmouth
Nicholas T Ventham, Edinburgh
Diego Vergani, London
Jack Westwood Winter, Glasgow
Terence Wong, London
Ling Yang, Oxford

United States
Daniel E Abbott, Cincinnati
Ghassan K Abou-Alfa, New York
Julian Abrams, New York
David William Adelson, Los Angeles
Jonathan Steven Alexander, Shreveport
Tauseef Ali, Oklahoma City
Mohamed R Ali, Sacramento
Rajagopal N Aravalli, Minneapolis
Hassan Ashktorab, Washington
Shashi Bala, Worcester
Charles F Barish, Raleigh
P Patrick Basu, New York
Robert L Bell, Berkeley Heights
David Bentrem, Chicago
Henry J Binder, New Haven
Joshua Bleier, Philadelphia
Wojciech Blonski, Johnson City
Kenneth Boorom, Corvallis
Brian Boulay, Chicago
Carla W Brady, Durham
Kyle E Brown, Iowa City
Adeel A Butt, Pittsburgh
Weibiao Cao, Providence
Andrea Castillo, Cheney
Fernando J Castro, Weston

VIII

Adam S Cheifetz, Boston
Xiaoxin Luke Chen, Durham
Ramsey Cheung, Palo Alto
Parimal Chowdhury, Little Rock
Edward John Ciaccio, New York
Dahn L Clemens, Omaha
Yingzi Cong, Galveston
Laura Iris Cosen-Binker, Boston
Joseph John Cullen, Lowa
Mark J Czaja, Bronx
Mariana D Dabeva, Bronx
Christopher James Damman, Seattle
Isabelle G De Plaen, Chicago
Punita Dhawan, Nashville
Hui Dong, La Jolla
Wael El-Rifai, Nashville
Sukru H Emre, New Haven
Paul Feuerstadt, Hamden
Josef E Fischer, Boston
Laurie N Fishman, Boston
Joseph Che Forbi, Atlanta
Temitope Foster, Atlanta
Amy E Foxx-Orenstein, Scottsdale
Daniel E Freedberg, New York
Shai Friedland, Palo Alto
Virgilio George, Indianapolis
Ajay Goel, Dallas
Oliver Grundmann, Gainesville
Stefano Guandalini, Chicago
Chakshu Gupta, St. Joseph
Grigoriy E Gurvits, New York
Xiaonan Han, Cincinnati
Mohamed Hassan, Jackson
Martin Hauer-Jensen, Little Rock
Koichi Hayano, Boston
Yingli Hee, Atlanta
Samuel B Ho, San Diego
Jason Ken Hou, Houston
Lifang Hou, Chicago
K-Qin Hu, Orange
Jamal A Ibdah, Columbia
Robert Thomas Jensen, Bethesda
Huanguang “Charlie” Jia, Gainesville
Rome Jutabha, Los Angeles
Andreas M Kaiser, Los Angeles
Avinash Kambadakone, Boston
David Edward Kaplan, Philadelphia
Randeep Kashyap, Rochester
Rashmi Kaul, Tulsa
Ali Keshavarzian, Chicago
Amir Maqbul Khan, Marshall
Nabeel Hasan Khan, New Orleans
Sahil Khanna, Rochester
Kusum K Kharbanda, Omaha
Hyun Sik Kim, Pittsburgh
Joseph Kim, Duarte
Jae S Kim, Gainesville
Miran Kim, Providence
Timothy R Koch, Washington
Burton I Korelitz, New York
Betsy Kren, Minneapolis
Shiu-Ming Kuo, Buffalo
Michelle Lai, Boston
Andreas Larentzakis, Boston
Edward Wolfgang Lee, Los Angeles
Daniel A Leffler, Boston
Michael Leitman, New York
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Suthat Liangpunsakul, Indianapolis
Joseph K Lim, New Haven
Elaine Y Lin, Bronx
Henry C Lin, Albuquerque
Rohit Loomba, La Jolla
James David Luketich, Pittsburgh
Li Ma, Stanford
Mohammad F Madhoun, Oklahoma City
Thomas C Mahl, Buffalo
Ashish Malhotra, Bettendorf
Pranoti Mandrekar, Worcester
John Marks, Wynnewood
Wendy M Mars, Pittsburgh
Julien Vahe Matricon, San Antonio
Craig J McClain, Louisville
Tamir Miloh, Phoenix
Ayse Leyla Mindikoglu, Baltimore
Huanbiao Mo, Denton
Klaus Monkemuller, Birmingham
John Morton, Stanford
Adnan Muhammad, Tampa
Michael J Nowicki, Jackson
Patrick I Okolo, Baltimore
Giusepp Orlando, Winston Salem
Natalia A Osna, Omaha
Virendra N Pandey, Newark
Mansour A Parsi, Cleveland
Michael F Picco, Jacksonville
Daniel S Pratt, Boston
Xiaofa Qin, Newark
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Janardan K Reddy, Chicago
Victor E Reyes, Galveston
Jon Marc Rhoads, Houston
Giulia Roda, New York
Jean-Francois Armand Rossignol, Tampa
Paul A Rufo, Boston
Madhusudana Girija Sanal, New York
Miguel Saps, Chicago
Sushil Sarna, Galveston
Ann O Scheimann, Baltimore
Bernd Schnabl, La Jolla
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EDITORIAL

Body mass index and colon cancer screening: The road
ahead
Kanwarpreet Tandon, Mohamad Imam, Bahaa Eldeen Senousy Ismail, Fernando Castro
developed countries. Better identification of individuals at
a higher risk could result in improved screening efforts.
Over the past few years, formulas have been developed
to predict the likelihood of developing advanced colonic
neoplasia in susceptible individuals but have yet to be
utilized in mass screening practices. These models use a
number of clinical factors that have been associated with
colonic neoplasia including the body mass index (BMI).
Advances in our understanding of the mechanisms
by which obesity contributes to colonic neoplasia as
well as clinical studies on this subject have proven
the association between BMI and colonic neoplasia.
However, there are still controversies on this subject as
some studies have arrived at different conclusions on the
influence of BMI by gender. Future studies should aim
at resolving these discrepancies in order to improve the
efficiency of screening strategies.

Kanwarpreet Tandon, Bahaa Eldeen Senousy Ismail, Fernando
Castro, Department of Gastroenterology, Cleveland Clinic
Florida, Weston, Fl 33331, United States
Mohamad Imam, Department of Internal Medicine, University
of North Dakota, Fargo, ND 58202, United States
Author contributions: Castro F contributed to topic selection,
title selection, manuscript drafting, writing, critical revision
and editing; Tandon k contributed to title selection, manuscript
drafting, writing and editing and table formulation; Imam M
contributed to manuscript drafting, writing and editing; and
Ismail BES contributed to manuscript drafting, writing and
editing and table formulation.
Conflict-of-interest: All authors have no conflict of interest
related to the manuscript.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/
Correspondence to: Fernando Castro, MD, Department of
Gastroenterology, Cleveland Clinic Florida, 2950 Cleveland
Clinic Blvd, Weston, Fl 33331, United States. castrof@ccf.org
Telephone: +1-954-6595646
Fax: +1-954-6595647
Received: September 29, 2014
Peer-review started: September 30, 2014
First decision: October 29, 2014
Revised: November 6, 2014
Accepted: January 8, 2015
Article in press: January 8, 2015
Published online: February 7, 2015

Key words: Body mass index; Colorectal cancer; Colon
cancer screening; Adenomas; Adipokines; Obesity
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Colorectal cancer has been associated with
various risk factors like gender, race, smoking, obesity,
diet, but these have not been utilized to refine our
screening practices. The available evidence, the
suggested role of inflammatory markers and the practical
ease of use suggests that incorporation of body mass
index accounting for gender and age differences can be
used to supplement risk calculators for predicting the
occurrence of colorectal adenomas and hence fine tune
our screening practices.

Abstract

Tandon K, Imam M, Ismail BES, Castro F. Body mass index and
colon cancer screening: The road ahead. World J Gastroenterol
2015; 21(5): 1371-1376 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i5/1371.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i5.1371

Screening for colorectal cancer (CRC) has been as
sociated with a decreased incidence and mortality
from CRC. However, patient adherence to screening is
less than desirable and resources are limited even in
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leads to genetic mutations and activation of tissue
[14]
proliferation rather than apoptosis (Table 1).
One of the main inflammatory adipokines is leptin.
Higher levels of leptin are observed in obese patients
and those with increased waist circumference, and
actually leptin levels correlated with higher risk
of tubular adenoma and presence of 3 or more
[14,15]
polyps
. Leptin receptors are expressed on mul
tiple cells including normal epithelial and epithelial
derived tumor cells. Experimental treatment of
such cells with leptin resulted in not only cell pro
liferation but also angiogenesis and production of
[16]
other cytokines like IL-6 . A study on obese mice
that are genetically deficient in leptin receptors
showed significant inhibition of colorectal tumor cell
[17]
growth . These observations may indicate a crucial
role of leptin among other adipokines in colorectal
neoplasm development.
Another inflammatory mediator that has been
investigated is interferon gamma-inducible protein-10
[(IP-10), also known as C-X-C motif chemokine 10]
which is secreted by a number of cells including
mature human adipocytes, and functions as chemoattractant to enhance local inflammation and tissue
damage of pathogen and abnormal (including
[18]
malignant) cells . As with leptin, high levels are
associated with presence of 3 or more polyps and
[14]
higher risk of tubular adenoma . Additionally, high
serum concentrations of IP-10 are associated with
[19]
poorer prognosis for CRC patients .
Controversial evidence exists as regard to IL-6
and TNF-α. There is a significant association with
higher IL-6 and colorectal adenoma in some studies,
[20]
mostly in Japanese population , and significantly
higher levels were seen in CRC patients especially
[21]
those with more advanced stages . However other
[22,23]
studies failed to prove this association
. Similarly,
higher level of TNF-α was significantly associated
with presence of tubular adenoma and advanced
[14,24]
adenomas
, however, other studies showed no
[25]
significant correlation .
On the other hand, high serum adiponectin
was inversely associated with lower BMI and waist
[14]
circumference . This high level was significantly
associated with lower risk of both colorectal adenoma
[26]
and malignancies .

INTRODUCTION
Colorectal cancer (CRC) is the third most commonly
diagnosed cancer worldwide, with over 1.2 million
new cancer cases and 608700 estimated deaths in
[1]
2008 . In the United States, it was estimated that
[2]
in 2013, nearly 51000 deaths were due to CRC .
Different techniques are used to screen for colon
cancer including colonoscopy, flexible sigmoidoscopy,
fecal occult blood testing, virtual colonoscopy and
double contrast barium enema. Despite the benefits
of screening methods, the numbers just mentioned
indicate that there is still room for improvement.
Readily identifiable data such as gender, race and
smoking have been associated with variable risks for
[3-6]
CRC
but these factors have not been incorporated
into mass screening programs to stratify patients
according to their risk for CRC. Other risk factors such
as non-steroidal anti-inflammatory drugs, calcium,
folate, excessive alcohol use, dietary fiber, have been
also shown to influence the incidence of adenomas
and CRC but their association is not consistent and
its clinical application difficult as these factors are
[7,8]
subject to recall bias that may prove unreliable .
Body mass index (BMI) is a measure of relative
weight based on an individual’s mass and height.
Obesity, a term used to denote patients with BMI
> 30 has been linked to several medical problems
[3]
2
including CRC with each 2 kg/m increase in BMI
[9]
accounting for a 7% higher risk . In addition, two
recent meta-analyses, have identified patients with
high BMI to be at higher risk for colorectal ade
[10,11]
nomas
. Therefore, BMI as a measure of obesity
can be a valuable and easy to use tool for optimizing
screening methods.

PATHOGENESIS
The mechanisms by which obesity is linked to
increased risk of colon polyps and CRC are still being
investigated with most of the available evidence
[12]
being on CRC . However, there is growing evidence
on associations between BMI, waist circumference
with number, type and location of adenomatous
colon polyps.
Compared to lean adipose tissue, obese (or visce
ral) adipose tissue has more prominent immunologic
and endocrinologic properties through secretion
of different inflammatory markers that regulate
systemic inflammation and also contribute to the
process of carcinogenesis. Increase in visceral adipose
tissue is accompanied by a rise of pro-inflammatory
adipokines [including leptin, interleukin (IL)-6 and
tumor necrosis factor (TNF)-α] and a decrease in
[13]
anti-inflammatory adipokines (mainly adiponectin) .
Elevated inflammatory factors are believed to
enhance polyp formation and carcinogenesis through
creation of an inflammatory microenvironment, which

WJG|www.wjgnet.com

LITERATURE REVIEW ON BMI AND
ADENOMAS
Several studies have linked BMI and obesity to
risk of developing colorectal adenoma and cancer.
A large prospective study has shown evidence for
increased risk of incident adenoma (OR = 1.32) and
CRC (OR = 1.48) as well as a borderline increased
risk of recurrent adenoma (OR = 1.50; 95%CI:
[27]
0.98-2.30) in men with a BMI ≥ 30 . Moreover,
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Table 1 Effect of different adipokines on colorectal polyps and colorectal cancer
Type of marker

Level of marker in obesity

Effect on risk of colon adenoma

Risk of colorectal cancer

Leptin
IL-6
TNF-α
Adiponectin
IP-10 or CXCL10

Increase
Increase
Increase
Decrease
Increase

Increase
Increase/none
May Increase (only in tubular adenoma)
Decrease/none
Increase

Decrease
Increase (poor prognosis of CRC)

IL-6: Interleukin 6; TNF-α: Tumor necrosis factor-α; IP-10: Inducible protein-10; CXCL10: C-X-C motif chemokine 10; CRC: Colorectal cancer.

a cross-sectional study controlling for age, gender,
exercise and smoking showed BMI ≥ 30 to increase
the risk of advanced neoplasia (OR = 3.83; 95%CI:
[28]
1.94-7.55) .
The literature on this subject is not without contro
versy. Two recent meta-analysis found an association
of BMI with presence of colorectal adenomas. Ho
wever, they arrived at different conclusions on
[10]
its relationship with gender. Okabayashi et al
concluded that subjects with a BMI of ≥ 25 had a
significantly higher prevalence of colorectal adenomas
but this association was found only in females. On the
contrary, Ben noted that a 5 unit increase in BMI was
correlated with an increased risk of colon adenomas
[11]
in both men and women . The studies had distinct
methodologies leading to inclusion of different
manuscripts but it raises the question of whether the
effects of BMI on colorectal neoplasia are the same
for both genders. Indeed, estrogen and progesterone
in pre-menopausal women may play a role in atte
nuating the effects of obesity on colon adenoma
[29,30]
formation
. Short-term exogenous estrogen and
progestin have been shown to delay the presentation
of colorectal neoplasia in women although; once
CRC developed it was more advanced in patients on
[31]
estrogen and progestin as compared to placebo .
Another study reporting gender differences in
cluded 4122 participants revealing an association
between metabolic syndrome and colorectal adenoma
[29]
only in men (OR = 1.44, 95%CI: 1.16-1.80) .
The predilection of CRC to certain colon sub-sites
(proximal vs distal) in obese individuals appears to
be minimal. A study looking at the site of occurrence
of CRC in obese individuals revealed a positive
correlation between BMI and cancer for all colorectal
[32]
sub-sites . The literature on the influence of BMI
with proximal colonic polyps is limited. A study of just
over 1300 patients noted that proximal adenomas
[33]
were positively associated with higher BMI .
2
In patients who are overweight (25-29.9 kg/m ),
as physical activity increases the odds of having
a colorectal adenoma are decreased but this does
[34]
not extend to obese individuals . In addition
weight loss has not been found to reduce adenoma
[35]
recurrence .
The link between BMI and colorectal adenomas
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may also have a genetic association, as studies
reveal that polymorphisms in the fat-mass and
obesity-associated (FTO) gene could be related to
development of colorectal adenoma. This was shown
in African Americans where FTO polymorphisms
were associated with BMI and risk of colorectal
[36]
adenoma .

OTHER INDIRECT MEASURES OF
OBESITY
The use of other indirect measures of obesity has
been traditionally limited to waist circumference and
waist/hip ratio. Studies have also shown that waist
[37]
[38]
circumference
and waist/hip ratio
are significant
factors influencing the occurrence of adenomas.
Although feasible to record, these measurements
could prove embarrassing for some patients and
are not part of the routine medical evaluation.
Researchers have recently tried to develop a new
index using the waist circumference to height index
ratio. However, the literature on this index as it
[39]
pertains to colorectal neoplasia is limited .
The measurement of visceral adipose tissue (VAT)
by using computed tomography (CT) scan has been
[33]
identified as a risk factor for colorectal adenoma .
Significant association of VAT area with colorectal
adenoma in both men and women has been seen.
This technique also demonstrated the association
of visceral fat tissue with adenoma number and
[40]
size . More recently, the use of CT scan to measure
VAT has also been combined with measures of
atherosclerosis like pulse wave velocity and ankle
brachial index to formulate adenoma detection
[41]
risk . However, the use of CT scan for determining
VAT is impractical and would be limited to those
patients undergoing CT for other reasons.
In another effort to measure the amount of
body fat, an electronic device using bioelectrical
impedance analysis (BIA) has been utilized. Body fat
percentage was calculated by BIA using a proprietary
scale. Although BIA was found to be a quick and
convenient measure of adiposity, it has not been
predictive of adenoma risk perhaps because it does
not measure the distribution of body fat but only the
[42]
amount of body fat . Also the universal availability
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of such devices is questionable at this point.

Another controversial area is the association of
BMI with advanced adenomas. One of these metaanalyses found an association between advanced
adenomas and increasing BMI whereas the other did
not. This could be explained by inclusion of studies
with patients in different age groups as some have
reported that the influence of BMI on adenoma and
advanced adenoma formation may not be uniform
[46]
across all age groups .
Although colonoscopy remains the preferred
screening method for CRC prevention in the United
States and many countries, it is a limited resource
and improvements could be done to better identify
patients at higher risk for colonic neoplasia. Although
risk calculator models have yet to reach the desired
precision, refinement of risk factors such as BMI
could result in enhanced accuracy. How each country
would use risk calculator models to target patients
for colonoscopy or other screening methods would
depend on their resources.
As age remains the most powerful clinical risk
factor for predicting advanced colonic neoplasia,
future studies on the influence of BMI on colon
polyps should focus on populations at borderline age
groups to consider earlier or later CRC screening
than the customary age of 50. Therefore, study
populations should focus on individuals around the
ages of 40-65 analyzed separately for gender and
age group. Although evaluating for the presence
of non-advanced adenomas may be worthwhile,
the primary objective of studies aimed at refining
screening practices should be on large polyps and
advanced neoplasia.

FUTURE DIRECTIONS
In the past few decades, obesity has emerged as
a global epidemic. In a 2003-2004 cross-sectional
survey, 66.2% of United States adults 20-74 years
[28]
old were either overweight or obese . Although
controlling the obesity epidemic would be the best
strategy to neutralize its association with colonic
neoplasia this is unlikely to occur in the near fu
ture. Despite recent advances in the mechanisms
linking obesity with colonic neoplasia, there is still
controversy on the individual impact of the implicated
inflammatory mediators and developing effective
medical therapies remains a challenge. Therefore, for
the foreseeable future, utilizing markers of obesity
to tailor screening practices for CRC seems the most
realistic goal in this field.
Some studies have shown markers of obesity
such as CAT scan evaluating visceral adiposity or
even the waist to hip ratio to correlate with colonic
neoplasia but no marker is as simple as BMI and this
has significant clinical implications as complicated
measures are unlikely to be applied in mass
screening. In addition, the influence of BMI on colonic
neoplasia formation has been reported in multiple
studies across the globe and seems to be uniform
across nations.
Despite the association of BMI with colorectal
neoplasia, it has not proven to be a strong enough
factor to alter CRC screening if used alone. In an
effort to improve screening practices for CRC, risk
calculator models have been developed utilizing
clinical and demographic factors shown to influence
colorectal neoplasia such as sex, age, smoking,
family history of CRC, alcohol use and most of these
models also include BMI. However, even these models
have only moderate discriminatory power and this
is felt to be insufficient for implementation of mass
[43]
screening . Combining these models with fecal
immunochemical testing has resulted in improved
[44]
discriminatory power .
Notwithstanding the extensive literature on the
influence of BMI on colon adenomas, controversies
remain that could potentially improve CRC risk
calculator models if clarified. As previously mentioned,
two recent meta-analysis on the influence of BMI
on adenomas had different methods for study
selection and arrived at different conclusions on the
relationship of BMI with gender. One meta-analysis
[10]
found a positive correlation only in females ,
whereas the other noted increased BMI with a higher
[11]
risk of colon adenomas in both men and women .
Besides the previously discussed effects of female
hormones, another possible explanation for this
discrepancy lies on differences in BMI measurements
in men and women as most studies have used
[45]
the same BMI cutoff values for both genders .
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CONCLUSION
BMI has been identified as a risk factor for colorectal
adenoma, advanced adenoma and CRC. Its use after
adjusting for age and gender, along with other risk
factors for colon cancer can help refine CRC screening
practices.

REFERENCES
1
2
3

4

5

1374

Jemal A, Bray F, Center MM, Ferlay J, Ward E, Forman D. Global
cancer statistics. CA Cancer J Clin 2011; 61: 69-90 [PMID:
21296855 DOI: 10.3322/caac.20107]
Siegel R, Naishadham D, Jemal A. Cancer statistics, 2013. CA
Cancer J Clin 2013; 63: 11-30 [PMID: 23335087]
Renehan AG, Tyson M, Egger M, Heller RF, Zwahlen M.
Body-mass index and incidence of cancer: a systematic review
and meta-analysis of prospective observational studies. Lancet
2008; 371: 569-578 [PMID: 18280327 DOI: 10.1016/S01406736(08)60269-X]
Agrawal S, Bhupinderjit A, Bhutani MS, Boardman L, Nguyen C,
Romero Y, Srinivasan R, Figueroa-Moseley C. Colorectal cancer in
African Americans. Am J Gastroenterol 2005; 100: 515-523; discussion
514 [PMID: 15743345 DOI: 10.1111/j.1572-0241.2005.41829.x]
Wu AH, Paganini-Hill A, Ross RK, Henderson BE. Alcohol,
physical activity and other risk factors for colorectal cancer:
a prospective study. Br J Cancer 1987; 55: 687-694 [PMID:
3620314]

February 7, 2015|Volume 21|Issue 5|

Tandon K et al . Body mass index and colon cancer screening
6

7

8

9

10

11

12
13
14

15

16

17

18
19

20

Bingham SA, Day NE, Luben R, Ferrari P, Slimani N, Norat T,
Clavel-Chapelon F, Kesse E, Nieters A, Boeing H, Tjønneland A,
Overvad K, Martinez C, Dorronsoro M, Gonzalez CA, Key TJ,
Trichopoulou A, Naska A, Vineis P, Tumino R, Krogh V, Buenode-Mesquita HB, Peeters PH, Berglund G, Hallmans G, Lund E,
Skeie G, Kaaks R, Riboli E. Dietary fibre in food and protection
against colorectal cancer in the European Prospective Investigation
into Cancer and Nutrition (EPIC): an observational study. Lancet
2003; 361: 1496-1501 [PMID: 12737858]
Baron JA, Cole BF, Sandler RS, Haile RW, Ahnen D, Bresalier
R, McKeown-Eyssen G, Summers RW, Rothstein R, Burke CA,
Snover DC, Church TR, Allen JI, Beach M, Beck GJ, Bond JH,
Byers T, Greenberg ER, Mandel JS, Marcon N, Mott LA, Pearson
L, Saibil F, van Stolk RU. A randomized trial of aspirin to prevent
colorectal adenomas. N Engl J Med 2003; 348: 891-899 [PMID:
12621133 DOI: 10.1056/NEJMoa021735]
Lamprecht SA, Lipkin M. Chemoprevention of colon cancer
by calcium, vitamin D and folate: molecular mechanisms. Nat
Rev Cancer 2003; 3: 601-614 [PMID: 12894248 DOI: 10.1038/
nrc1144]
Moghaddam AA, Woodward M, Huxley R. Obesity and risk of
colorectal cancer: a meta-analysis of 31 studies with 70,000 events.
Cancer Epidemiol Biomarkers Prev 2007; 16: 2533-2547 [PMID:
18086756 DOI: 10.1158/1055-9965.EPI-07-0708]
Okabayashi K, Ashrafian H, Hasegawa H, Yoo JH, Patel VM,
Harling L, Rowland SP, Ali M, Kitagawa Y, Darzi A, Athanasiou T.
Body mass index category as a risk factor for colorectal adenomas:
a systematic review and meta-analysis. Am J Gastroenterol 2012;
107: 1175-1185; quiz 1186 [PMID: 22733302 DOI: 10.1038/
ajg.2012.180]
Ben Q, An W, Jiang Y, Zhan X, Du Y, Cai QC, Gao J, Li Z. Body
mass index increases risk for colorectal adenomas based on metaanalysis. Gastroenterology 2012; 142: 762-772 [PMID: 22245665
DOI: 10.1053/j.gastro.2011.12.050]
Larsson SC, Wolk A. Obesity and colon and rectal cancer risk:
a meta-analysis of prospective studies. Am J Clin Nutr 2007; 86:
556-565 [PMID: 17823417]
Lyon CJ, Law RE, Hsueh WA. Minireview: adiposity, inflam
mation, and atherogenesis. Endocrinology 2003; 144: 2195-2200
[PMID: 12746274 DOI: 10.1210/en.2003-0285]
Comstock SS, Hortos K, Kovan B, McCaskey S, Pathak DR,
Fenton JI. Adipokines and obesity are associated with colorectal
polyps in adult males: a cross-sectional study. PLoS One 2014; 9:
e85939 [PMID: 24465801 DOI: 10.1371/journal.pone.0085939]
Chia VM, Newcomb PA, Lampe JW, White E, Mandelson MT,
McTiernan A, Potter JD. Leptin concentrations, leptin receptor
polymorphisms, and colorectal adenoma risk. Cancer Epidemiol
Biomarkers Prev 2007; 16: 2697-2703 [PMID: 18086776 DOI:
10.1158/1055-9965.EPI-07-0467]
Fenton JI, Lavigne JA, Perkins SN, Liu H, Chandramouli GV,
Shih JH, Hord NG, Hursting SD. Microarray analysis reveals that
leptin induces autocrine/paracrine cascades to promote survival and
proliferation of colon epithelial cells in an Apc genotype-dependent
fashion. Mol Carcinog 2008; 47: 9-21 [PMID: 17620308 DOI:
10.1002/mc.20357]
Endo H, Hosono K, Uchiyama T, Sakai E, Sugiyama M, Takahashi H,
Nakajima N, Wada K, Takeda K, Nakagama H, Nakajima A. Leptin
acts as a growth factor for colorectal tumours at stages subsequent
to tumour initiation in murine colon carcinogenesis. Gut 2011; 60:
1363-1371 [PMID: 21406387 DOI: 10.1136/gut.2010.235754]
Lee EY, Lee ZH, Song YW. CXCL10 and autoimmune diseases.
Autoimmun Rev 2009; 8: 379-383 [PMID: 19105984 DOI:
10.1016/j.autrev.2008.12.002]
Toiyama Y, Fujikawa H, Kawamura M, Matsushita K, Saigusa S,
Tanaka K, Inoue Y, Uchida K, Mohri Y, Kusunoki M. Evaluation
of CXCL10 as a novel serum marker for predicting liver metastasis
and prognosis in colorectal cancer. Int J Oncol 2012; 40: 560-566
[PMID: 22038159 DOI: 10.3892/ijo.2011.1247]
Sasaki Y, Takeda H, Sato T, Orii T, Nishise S, Nagino K, Iwano
D, Yaoita T, Yoshizawa K, Saito H, Tanaka Y, Kawata S. Serum

WJG|www.wjgnet.com

21

22

23

24

25

26

27

28

29

30

31

32

33

1375

Interleukin-6, insulin, and HOMA-IR in male individuals with
colorectal adenoma. Clin Cancer Res 2012; 18: 392-399 [PMID:
22048241 DOI: 10.1158/1078-0432.CCR-11-0896]
Groblewska M, Mroczko B, Wereszczyńska-Siemiatkowska
U, Kedra B, Lukaszewicz M, Baniukiewicz A, Szmitkowski M.
Serum interleukin 6 (IL-6) and C-reactive protein (CRP) levels in
colorectal adenoma and cancer patients. Clin Chem Lab Med 2008;
46: 1423-1428 [PMID: 18844497 DOI: 10.1515/CCLM.2008.278]
Bobe G, Murphy G, Rogers CJ, Hance KW, Albert PS, Laiyemo
AO, Sansbury LB, Lanza E, Schatzkin A, Cross AJ. Serum
adiponectin, leptin, C-peptide, homocysteine, and colorectal
adenoma recurrence in the Polyp Prevention Trial. Cancer
Epidemiol Biomarkers Prev 2010; 19: 1441-1452 [PMID:
20501764 DOI: 10.1158/1055-9965.EPI-09-1082]
Heikkilä K, Harris R, Lowe G, Rumley A, Yarnell J, Gallacher J,
Ben-Shlomo Y, Ebrahim S, Lawlor DA. Associations of circulating
C-reactive protein and interleukin-6 with cancer risk: findings
from two prospective cohorts and a meta-analysis. Cancer Causes
Control 2009; 20: 15-26 [PMID: 18704713 DOI: 10.1007/s10552008-9212-z]
Kang M, Edmundson P, Araujo-Perez F, McCoy AN, Galanko
J, Keku TO. Association of plasma endotoxin, inflammatory
cytokines and risk of colorectal adenomas. BMC Cancer 2013; 13:
91 [PMID: 23442743 DOI: 10.1186/1471-2407-13-91]
Il’yasova D, Colbert LH, Harris TB, Newman AB, Bauer DC,
Satterfield S, Kritchevsky SB. Circulating levels of inflammatory
markers and cancer risk in the health aging and body composition
cohort. Cancer Epidemiol Biomarkers Prev 2005; 14: 2413-2418
[PMID: 16214925 DOI: 10.1158/1055-9965.EPI-05-0316]
Yamaji T, Iwasaki M, Sasazuki S, Tsugane S. Interaction between
adiponectin and leptin influences the risk of colorectal adenoma.
Cancer Res 2010; 70: 5430-5437 [PMID: 20516125 DOI:
10.1158/0008-5472.CAN-10-0178]
Kitahara CM, Berndt SI, de González AB, Coleman HG, Schoen
RE, Hayes RB, Huang WY. Prospective investigation of body
mass index, colorectal adenoma, and colorectal cancer in the
prostate, lung, colorectal, and ovarian cancer screening trial. J Clin
Oncol 2013; 31: 2450-2459 [PMID: 23715565 DOI: 10.1200/
JCO.2012.48.4691]
Ogden CL, Carroll MD, Curtin LR, McDowell MA, Tabak CJ,
Flegal KM. Prevalence of overweight and obesity in the United
States, 1999-2004. JAMA 2006; 295: 1549-1555 [PMID: 16595758
DOI: 10.1001/jama.295.13.1549]
Liu CS, Hsu HS, Li CI, Jan CI, Li TC, Lin WY, Lin T, Chen YC,
Lee CC, Lin CC. Central obesity and atherogenic dyslipidemia
in metabolic syndrome are associated with increased risk for
colorectal adenoma in a Chinese population. BMC Gastroenterol
2010; 10: 51 [PMID: 20507579 DOI: 10.1186/1471-230X-10-51]
Gunter MJ, Hoover DR, Yu H, Wassertheil-Smoller S, Rohan
TE, Manson JE, Li J, Ho GY, Xue X, Anderson GL, Kaplan RC,
Harris TG, Howard BV, Wylie-Rosett J, Burk RD, Strickler HD.
Insulin, insulin-like growth factor-I, and risk of breast cancer in
postmenopausal women. J Natl Cancer Inst 2009; 101: 48-60
[PMID: 19116382 DOI: 10.1093/jnci/djn415]
Chlebowski RT, Wactawski-Wende J, Ritenbaugh C, Hubbell FA,
Ascensao J, Rodabough RJ, Rosenberg CA, Taylor VM, Harris R,
Chen C, Adams-Campbell LL, White E. Estrogen plus progestin and
colorectal cancer in postmenopausal women. N Engl J Med 2004;
350: 991-1004 [PMID: 14999111 DOI: 10.1056/NEJMoa032071]
Robsahm TE, Aagnes B, Hjartåker A, Langseth H, Bray FI,
Larsen IK. Body mass index, physical activity, and colorectal
cancer by anatomical subsites: a systematic review and metaanalysis of cohort studies. Eur J Cancer Prev 2013; 22: 492-505
[PMID: 23591454 DOI: 10.1097/CEJ.0b013e328360f434]
Nagata N, Sakamoto K, Arai T, Niikura R, Shimbo T, Shinozaki
M, Aoki T, Kishida Y, Sekine K, Tanaka S, Okubo H, Watanabe
K, Sakurai T, Yokoi C, Akiyama J, Yanase M, Noda M, Itoh T,
Mizokami M, Uemura N. Visceral abdominal fat measured by
computed tomography is associated with an increased risk of
colorectal adenoma. Int J Cancer 2014; 135: 2273-2281 [PMID:

February 7, 2015|Volume 21|Issue 5|

Tandon K et al . Body mass index and colon cancer screening

34

35

36

37
38

39

40

24692064 DOI: 10.1002/ijc.28872]
Guilera M, Connelly-Frost A, Keku TO, Martin CF, Galanko J,
Sandler RS. Does physical activity modify the association between
body mass index and colorectal adenomas? Nutr Cancer 2005; 51:
140-145 [PMID: 15860435 DOI: 10.1207/s15327914nc5102_3]
Laiyemo AO, Doubeni C, Badurdeen DS, Murphy G, Marcus
PM, Schoen RE, Lanza E, Smoot DT, Cross AJ. Obesity, weight
change, and risk of adenoma recurrence: a prospective trial.
Endoscopy 2012; 44: 813-818 [PMID: 22926666 DOI: 10.1055/
s-0032-1309837]
Nock NL, Plummer SJ, Thompson CL, Casey G, Li L. FTO
polymorphisms are associated with adult body mass index (BMI)
and colorectal adenomas in African-Americans. Carcinogenesis
2011; 32: 748-756 [PMID: 21317302 DOI: 10.1093/carcin/bgr026]
Kim Y, Kim Y, Lee S. An association between colonic adenoma
and abdominal obesity: a cross-sectional study. BMC Gastroenterol
2009; 9: 4 [PMID: 19144203 DOI: 10.1186/1471-230X-9-4]
Shinchi K, Kono S, Honjo S, Todoroki I, Sakurai Y, Imanishi K,
Nishikawa H, Ogawa S, Katsurada M, Hirohata T. Obesity and
adenomatous polyps of the sigmoid colon. Jpn J Cancer Res 1994;
85: 479-484 [PMID: 8014105]
Kaneko R, Nakazaki N, Tagawa T, Ohishi C, Kusayanagi S, Kim
M, Baba T, Ogawa M, Sato Y. A new index of abdominal obesity
which effectively predicts risk of colon tumor development in
female Japanese. Asian Pac J Cancer Prev 2014; 15: 1005-1010
[PMID: 24568442]
Otake S, Takeda H, Suzuki Y, Fukui T, Watanabe S, Ishihama
K, Saito T, Togashi H, Nakamura T, Matsuzawa Y, Kawata S.
Association of visceral fat accumulation and plasma adiponectin

41

42

43
44

45

46

with colorectal adenoma: evidence for participation of insulin
resistance. Clin Cancer Res 2005; 11: 3642-3646 [PMID:
15897559 DOI: 10.1158/1078-0432.CCR-04-1868]
Yamaji Y, Mitsushima T, Koike K. Pulse-wave velocity, the anklebrachial index, and the visceral fat area are highly associated with
colorectal adenoma. Dig Liver Dis 2014; 46: 943-949 [PMID:
24953207 DOI: 10.1016/j.dld.2014.05.012]
Frantz DJ, Crockett SD, Galanko JA, Sandler RS. Percent Body
Fat Measured by Bioelectrical Impedance is Not Associated with
Colorectal Adenoma Status. J Gastroenterol Hepatol Res 2013; 2:
445-448 [PMID: 24634855 DOI: 10.6051/j.issn.2224-3992.2013.0
2.217]
Gail MH, Pfeiffer RM. On criteria for evaluating models of
absolute risk. Biostatistics 2005; 6: 227-239 [PMID: 15772102
DOI: 10.1093/biostatistics/kxi005]
Stegeman I, de Wijkerslooth TR, Stoop EM, van Leerdam
ME, Dekker E, van Ballegooijen M, Kuipers EJ, Fockens P,
Kraaijenhagen RA, Bossuyt PM. Combining risk factors with
faecal immunochemical test outcome for selecting CRC screenees
for colonoscopy. Gut 2014; 63: 466-471 [PMID: 23964098 DOI:
10.1136/gutjnl-2013-305013]
Gallagher D, Visser M, Sepúlveda D, Pierson RN, Harris T,
Heymsfield SB. How useful is body mass index for comparison of
body fatness across age, sex, and ethnic groups? Am J Epidemiol
1996; 143: 228-239 [PMID: 8561156]
Kim SE, Shim KN, Jung SA, Yoo K, Moon IH. An association
between obesity and the prevalence of colonic adenoma according
to age and gender. J Gastroenterol 2007; 42: 616-623 [PMID:
17701124 DOI: 10.1007/s00535-007-2074-4]
P- Reviewer: Chiurillo MA, Teramoto-Matsubara OT
S- Editor: Ma YJ L- Editor: A E- Editor: Wang CH

WJG|www.wjgnet.com

1376

February 7, 2015|Volume 21|Issue 5|

World J Gastroenterol 2015 February 7; 21(5): 1377-1384
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v21.i5.1377

© 2015 Baishideng Publishing Group Inc. All rights reserved.

REVIEW

Role of dietary phospholipids and phytosterols in protection
against peptic ulceration as shown by experiments on rats
Frank I Tovey
Frank I Tovey, Division of Surgery and Interventional Science,
University College London, London W1W 7EJ, United Kingdom
Author contributions: Tovey FI solely contributed to the
manuscript.
Conflict-of-interest: This is to state that the author has no conflict
of interest relating to the above paper.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/
Correspondence to: Frank I Tovey, Senior Research Associate
(Rtd), Division of Surgery and Interventional Science, University
College London, 21 Farringford Court, 1 Avenue Road, London
W1W 7EJ, United Kingdom. frank.tovey@btinternet.com
Telephone: +44-1590-671153
Received: November 4, 2014
Peer-review started: November 4, 2014
First decision: November 14, 2014
Revised: November 24, 2014
Accepted: December 20, 2014
Article in press: December 22, 2014
Published online: February 7, 2015

gastric and duodenal ulceration, including ulceration
due to non-steroidal anti-inflammatory drugs (NSAIDs).
It also promoted ulcer healing. The lipid from the
pulse, Dolichos biflorus , horse gram which was highly
protective was used to identify the fractions with
protective activity in the lipid. The protective activity lay
in the phospholipid, sterol and sterol ester fractions. In
the phospholipid fraction phosphatidyl choline (lethicin)
and phosphatidyl ethanolamine (cephalin) were
predominant. In the sterol fraction the sub-fractions
showing protective activity contained β -sitosterol,
stigmasterol, and an unidentified isomer of β-sitosterol.
The evidence from animal models shows that certain
dietary phospholipids and phytosterols have a protective
action against gastroduodenal ulceration, both singly
and in combination. This supports the protective role of
staple diets in areas of low duodenal ulcer prevalence
and may prove to be of importance in the prevention
and treatment of duodenal ulceration and management
of recurrent ulcers. A combination of phospholipids
and phytosterols could also play an important role in
protection against ulceration due to NSAIDs.

Abstract

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Geographically the prevalence of duodenal ulceration
is related to the staple foods in the diet in regions of
developing countries where the diet is stable. It is
higher in regions where the diet is based on milled
rice, refined wheat or maize, yams, cassava, sweet
potato, or green bananas, and is lower in regions where
the staple diet is based on unrefined wheat or maize,
soya, certain millets or certain pulses. Experiments
on rat gastric and duodenal ulcer models showed
that it was the lipid fraction in staple foods from low
prevalence areas that was protective against both

Core tip: Geographically the prevalence of duodenal
ulceration is low in regions where unrefined wheat
or maize, certain millets and pulses and soya are
staple foods. Experiments on rat gastric and duodenal
ulcer models showed that the lipid fraction present
in these staple foods was both protective against
gastric and duodenal ulceration and also promoted
ulcer healing. It was also protective against ulceration
due to non-steroidal anti-inflammatory drugs. Further
experiments showed that the protective activity lay in
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the phospholipid and sterol fractions present in the lipid
fraction. These fractions were protective individually and
in combination. The clinical application is discussed.

variation in diets.
A consistent pattern was established. The pre
valence of duodenal ulcer was higher in areas where
milled rice, wheat or maize, yams, sorghum, cassava
(manioc), sweet potato and green bananas were the
staple food. It was lower in regions where unrefined
wheat or maize, soya and certain millets and pulses
[2-8]
were the staple diet .

Tovey FI. Role of dietary phospholipids and phytosterols in
protection against peptic ulceration as shown by experiments on
rats. World J Gastroenterol 2015; 21(5): 1377-1384 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v21/i5/1377.
htm DOI: http://dx.doi.org/10.3748/wjg.v21.i5.1377

EXPERIMENTS USING ANIMAL PEPTIC
ULCER MODELS
Models producing gastric ulceration

INTRODUCTION

Pyloric Ligation: To determine the effect and na
ture of the protective factor(s) in the diet of low
prevalence areas in India, experiments were carried
out on rats with South Indian rice, or rice and
cassava diet, with Punjabi unrefined wheat diet,
and with millets or pulses from other areas of low
duodenal ulcer prevalence, using the pyloric ligation
model which produces ruminal ulceration. The rats
were fed for two weeks with the food prior to the
pyloric ligation and then sacrificed 6 h after ligation.
These were compared with equal numbers of rats on
a normal laboratory stock diet. The Punjabi diet gave
marked protection whereas the South Indian rice diet
showed a significant increase in ulceration and the
[9]
rice plus cassava diet an even greater increase .
Rats fed on certain of the millets or pulses from
low prevalence areas also showed significantly less
ulceration than those fed on foodstuffs from high
prevalence areas. Ethanol, ether and water extracts
from these and unrefined wheat were then tested
and the protective action was found to lie in the
ether extracts showing it to be a lipid. Amongst
these the pulse Dolichos biflorus (horse gram) and
[10]
its lipid (HGL) gave the most protection .
Histological studies of the gastric mucosa of
rats fed on South Indian rice diet for 2 wk showed
that a supplement of 4 mg HGL daily resulted in an
increased content of mucus in the surface epithelial
cells and a thicker surface mucous layer compared
with those without the supplement (Figure 1).
In the pyloric ligation model the ulceration is due
to a high concentration of acid. Further experiments
were next conducted on models in which mucosal
ulceration was produced by local irritants.

Relationship between staple diets and duodenal ulcer
prevalence

This research began in the 1950s when the author
was working as a surgeon in South India. Duodenal
ulceration especially in males was a major surgical
problem, the majority of the cases coming from
the area where rice was the staple crop and only
a few from the area where the staple crops were a
millet or pulse. This suggested that duodenal ulcer
[1]
prevalence was related to the staple diet .
Information was then collected from all over
India confirming a higher prevalence in areas where
milled rice or cassava was the staple food and lower
prevalence where the staple food was unrefined
wheat, millet or a pulse. Later from 1970 to 1984, in
conjunction with the Medical Research Council in the
United Kingdom, more information was gathered from
Sub-Saharan Africa, China, and other developing
countries. A picture was built up by correspondence,
by personal visits (two to China, three to Africa and
two return visits to India), by assessing reports from
many sources and publications, from the opinion of
clinical workers as to whether duodenal ulcer was
a major or minor problem in the area where they
worked, from radiological and necropsy records, and
from hospital admission figures.
The period 1951 to 1984 was an ideal time for
collecting such information for two reasons. Firstly,
the primary treatment for duodenal ulceration in
developing countries was still surgical, and valuable
information about local prevalence could be gathered
from the number of surgical operations for chronic
duodenal ulceration, or its complications, obtained
from hospitals of similar size and with similar surgical
facilities. Nowadays, with the widespread advent
of medical treatment for duodenal ulceration, such
information is no longer available. Secondly, in rural
areas during this period staple diets were stable,
whereas nowadays, with better communications,
there is much more variety in the diets in many
rural areas and any relationship to a staple diet is no
longer clear. Information from urban areas was less
valuable because of more social classes and a wide
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Rat ethanol model: This model was used to com
pare the protective activity of the lipids extracted
from different protective staple foods, including
wheat bran and fresh rice bran. Gastric ulceration
was produced by the intragastric instillation of
1.0 mL of 100% (later 80%) ethanol into rats 1 h
after they had been given a dose of 4.0 mg of the
respective lipid. The rats were killed 15 min after
the instillation of ethanol and the areas of mucosal
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B

A

B

Figure 1 Sections of gastric mucosa obtained from rats following 2 wk
on South Indian rice diet plus 4 mg horse gram lipid daily (A) or only on
South Indian rice diet (B). A: The photomicrograph shows a thick mucosa with
increased mucus in the surface epithelial cells and a thick surface mucous layer;
B: The photomicrograph shows thin mucosa with depleted mucus in the surface
epithelial cells and the surface mucous layer (PAS staining with HE staining).

Figure 2 Degranulation of mast cells in the rumen of rats 6 h after pyloric
ligation plus instillation of 0.1 mL stored rice bran oil (A); mast cells in the
rumen have been protected by adding 4 mg horse gram lipid to the 0.1 mL
stored rice bran oil instilled into the stomach (B). The tissue was stained
with toluidine blue followed by 50% ethanol to decolourise the background and
was examined using dark ground illumination.

ulceration were measured using a planimeter and
compared with that of controls. All the lipid extracts
gave marked protection and again this was most
marked in the lipid obtained from horse gram. HGL
also gave protection when given intramuscularly 24
h prior to the rats being given the ethanol. This lipid
[10]
was selected for further experiments .

stomach at the time of pyloric ligation. In this model
mucosal biopsies showed severe degranulation of
mast cells, but this did not occur if 4 mg of HGL
were instilled into the oesophagus prior to pyloric
[11-14]
ligation
(Figure 2).
Fresh rice bran and rice bran oil however were
protective in the pyloric ligation experiments. The
protective action of fresh rice bran oil was also
[13]
reported by Gimeno Forner et al
using several rat
models, including ulceration due to indomethacin.
The reason for this change on storage is that within
a few days rice bran and rice bran oil become rancid.
On milling the bran and germ of rice, unlike those of
wheat, do not come separately the bran remaining
attached to the germ. The bran is rich in enzymes,
in particular lipases, and some oil, and the germ is
rich in oil. The resultant bruising of milling causes the
lipase in the bran to mix with the oil present in the
germ. As a result the oil undergoes rapid lipolysis and
peroxidation, with the production of ketoaldehydes
which are ulcerogenic in animal models. These
changes also occur on storage in the residual oil
present in the grains of milled rice, which in India are
said to make the rice more tasty. This may account
for the high incidence of duodenal ulcer wherever
refined or polished rice is the staple diet. This
ulcerogenic activity can be reversed by α-tocopherol
and by cysteine which inhibit the peroxidation. Also
the ulcerogenic activity of rice bran oil disappeared
when it was combined with whole wheat oil.

Aspirin model: To determine its activity against
non-steroidal anti-inflammatory drugs (NSAIDs)
induced ulceration experiments were done using
acidified aspirin to produce gastric ulceration. Two
milligram of HGL were instilled into the oesophagus
1 h prior to giving aspirin and resulted in a 90%
[10]
reduction in the total length of ulceration .

Model producing duodenal ulceration

Cystamine model: To determine the effect of HGL
on duodenal ulceration a novel method of cysteamine
induced duodenal ulceration was used. A slow release
preparation of cysteamine given by injection to the
rats 24 h beforehand produced uniform duodenal
ulceration. HGL given either by intra-oesophageal
installation or intramuscularly in doses ranging from
[10]
4 mg down to 50 µg gave complete protection .

Models showing promotion of ulcer healing

HGL promoted the healing of ulcers in the ethanol
model, the cysteamine model and in ulcers produced
by topical application of acetic acid to the anterior
[10]
surface of the rat’s stomach .

WHEAT BRAN AND WHEAT GERM OIL

Fresh rice and rice bran vs stored rice and rice bran

In the pyloric ligation experiments a diet of stored
white rice was ulcerogenic when compared with
controls on stock diet. Stored rice bran oil greatly
increased the extent of the ulceration of rats on
South Indian diet when 0.1 mL was instilled into the
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The oil from whole wheat was strongly protective in
the pyloric ligation and alcohol models. As mentioned
above the bran and germ of wheat come apart
separately on milling. Unlike rice the germ is rich in
lipase and not the bran. Wheat bran is fairly stable
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from lipolysis but lipolysis occurs in the germ if it is
not treated. Wheat bran oil was strongly protective
against ulceration in pyloric ligation and alcohol
[11]
models but not wheat germ or its oil .

INVESTIGATIONS INTO THE NATURE OF
THE PROTECTIVE PHOSPHOLIPIDS AND
STEROLS IN HORSE GRAM LIPID

Investigations into the activity of components of HGL

Phospholipids

TLC and high performance liquid chromatography
(HPLC) analysis of the phospholipids in HGL showed the
presence of phosphatidyl choline and ethanolamine,
lyso-phosphatidyl choline and ethanolamine,
phosphatidyl serine and inositol plus small amounts of
[16]
other unidentified phospholipids .

Horse gram lipid is rich in phospholipids and ste
rols. Thin layer chromatography of HGL showed
the presence of free fatty acids and triglycerides,
phospholipids, sterol esters and sterols. Different
techniques were used to obtain fractions of HGL
containing each of these components which in turn
were tested on different animal models for protective
[15]
activity .

Sterols

Using the rat ethanol model 60% pure β-sitosterol
derived from soya (Sigma) gave significant protection.
On HPLC of the HGL the fraction corresponding to
commercial 60% β-sitosterol showed high peaks
corresponding to stigmasterol and β-sitosterol and
smaller peaks corresponding to campesterol and ∆
7-stigmasterol (Schottenol).
A preparation of 98% pure β-sitosterol was not
protective. Likewise 90%-95% pure ∆7-stigmasterol
(Schottenol) was not protective whereas 50%
pure Schottenol gave highly significant protection.
Stigmasterol (90%) gave insignificant protection (P
= 0.15). This suggested that the protective activity
may lie in a combination of sterols.
The HPLC fraction was now subjected to further
analysis and 5 major sub-fractions were obtained
and tested for protective activity using the ethanol
model. Of these, two closely similar fractions
were found showing highly significant activity (P
= 0.0006). One of these was shown to contain
β-sitosterol and stigmasterol and the other contained
β-sitosterol and an unidentified isomer of β-sitosterol
which might be У-sitosterol or d7-stigmasterol
[16,17]
(schottenol)
.

Free fatty acids: Using the pyloric ligation model
there was no significant difference between controls
and rats on the rice diet plus 3 mg of the free fatty
acid and triglyceride fraction, and in rats on a rice
and cassava diet receiving 11 mg of the fraction
daily.
Phospholipids: Different fractions obtained by
different techniques gave protection in the pyloric
ligation model in doses of 100 µg for 3 d prior to
ligation, in the ethanol model in doses down to 1 µg,
and in the cysteamine model in doses of 2 µg.
Sterols: Thin layer chromatography (TLC) of the
sterol fraction from HGL showed three bands cor
responding to different sterols. These bands were
tested for protective activity. Of these the band
corresponding to 60% pure β-sitosterol (Sigma) was
highly protective in both the rat ethanol (P = 0.0019)
and cysteamine models (P = 0.0357). It was
effective in both models in very small doses (3.17
µg). It was not protective however in the pyloric
ligation model (diet rice and cassava) given a daily
dose for two weeks.
The difference may be explained by the fact
that sterols when given directly into the stomach
in the acute models probably act topically but only
for a short time until gastric emptying when their
activity ceases. They are poorly absorbed in the
small intestine and hence would have no prolonged
systemic action when given in daily doses.

DISCUSSION
The findings show that certain of the phospholipids
and sterols/sterol esters present in the lipid of foods
from low prevalence areas of duodenal ulcer are
highly protective in both gastric and duodenal ulcer
animal models, both when incorporated in the diet
for 14 d in the long term pyloric ligation models and
also acutely following a single dose in the ethanol,
aspirin and cysteamine models. The effect therefore
may be both systemic and topical.

Sterol esters: Two fractions shown on TLC were
tested. One fraction, when tested using the long-term
pyloric ligation model in rats fed on the ulcerogenic
rice and cassava diet and given a daily doses 0.93
mg of the fraction for 14 d prior to the ligation, gave
highly significant protection. However using the
acute ethanol and cysteamine single dose models
the fraction gave no protection suggesting that the
activity was systemic and not topical.
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Phospholipds

Phospholipids have an important role in gastric and
duodenal mucosa. They are integral components
of the cell membranes and of the mucosal cells.
They contribute to the viscosity of the surface layer
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[18]

of mucus
and prevent intracellular acidification.
Unsaturated phospholipids supply unsaturated fatty
acids for the synthesis of prostaglandins.
Lichtenberg and colleagues describe the sur
factant action of Dipalmitoyl phosphatidyl choline
(DPPC) and phosphatidyl choline, forming a hyd
rophobic barrier to the effect of gastric acid. The
surfactant effect, particularly that of DPPC, is en
hanced in the presence of neutral lipids allowing the
[19,20]
formation of a microemulsion
.
[21]
Romero and Lichtenberger
reported that the
protective effect of unsaturated phospholipids was
also enhanced by sterols (b-sitosterol and cholesterol),
possibly due to enhancement of the packing of the
unsaturated phospholipids in the cell membranes.
[22]
[23]
Lichtenberger et al , Anand et al
and Dunjic
[24]
et al
have showed that in rats and humans DPPC
and phosphatidyl choline are protective against the
injurious effects of NSAIDs.
Phosphatidylcholine is present in plant sterols.
DPPC is not found in plant material but is present in
milk and animal fats.

Apart from the two papers quoted above three
papers report on the protective activity of sterolins
[35,36]
(sterol glycosides), two papers
report that unripe
green banana (musa paradisiaca) in the Gangetic
basin is protective against experimental ulceration in
the rat aspirin model, between August and October
when it contains a combination of four sitosterolins
(sitoindoside Ⅰ and Ⅱ, sitosterol gentobioside and
sitosterol myo-inosityl-b-D-glucoside). The other
[37]
paper , using mice restraint models, reports the
ulceroprotective activity of a mixture of steryl-b-Dglucosides.

Free fatty acids and triglycerides

As reported the free fatty acid fraction obtained
from HGL when given as a 14 d supplement was not
[15]
protective in the rat pyloric ligation model . This
may be because essential fatty acids of the ω6 series
which are known to take a part in prostaglandin
synthesis and have been shown to be protective are
only found in certain seed oils. A low intake of linoleic
acid has been associated with a high prevalence of
[38-41]
duodenal ulceration
.

Sterols

Phytosterols regulate membrane fluidity and the
[25]
activity of membrane bound enzymes . They are
active in reducing proton and sodium ion leaks
[26]
from cell membranes
and are reported to be
[27]
anti-inflammatory , anti-pyretic and to enhance
[28,29]
immune response
. Phytosterols enhance the
[30]
stability of phospholipid monolayers ). They
are reported to reduce the water permeability of
phosphatidyl-choline bilayers.
Experimentally, certain phytosterols present
in sponges and coral, but derived from plankton,
have been shown to inhibit histamine release from
[31,32]
peritoneal mast cells in rats
.
There are only a few reports of the ulceropro
tective activity of phytosterols. The enhancement
of the protective activity of phospholipids by sterols
is mentioned above. Otherwise there are only
two reports about the ulceroprotective activity of
sitosterols alone in animal models comparing the
protective activity of β-sitosterol with its glycoside.
[33]
One
reports on the anti-gastroulcerative activity of
β-sitosterol-glycoside and its aglycone in rats using
acetic acid and cold stress models, the effect being
[34]
greater with the aglycone. The second paper
reports gastroprotective activity of β-sitosterol and
sitosterol-3-0-b-glucoside in rat ethanol, aspirin,
histamine, pyloric ligation and 8 d glucose diet
models, the sitosterol-glycoside in this report being
more effective than sitosterol.

OTHER FACTORS IN PEPTIC ULCERATION
Helicobacter pylori infection and duodenal, ulcer
prevalence

There is irrefutable evidence that eradication of
Helicobacter pylori (H. pylori) infection leads to
healing of H. pylori positive duodenal ulcers, but this
does not necessarily mean that H. pylori infection
[42]
is the primary cause of the ulceration . Infection
with H. pylori is widespread yet only a minority
of infected persons develop duodenal ulceration.
There is evidence that H. pylori infection has
been prevalent for several centuries yet duodenal
ulceration only became common at the beginning of
[42-47]
the twentieth century
.
H. pylori infection could be a secondary and not
a primary factor in duodenal ulceration. In support
information gathered from India, Africa and China,
countries with a high prevalence of H. pylori infection,
showed no evidence of any correlation between the
prevalence of duodenal ulceration and the prevalence
of H. pylori infection or with virulence factors, the
only correlation being that with the staple foods.
In developed countries with a lower prevalence of
H. pylori infection a number of duodenal ulcers not
linked with NSAIDs, especially early ulcers, are H.
pylori negative. Duodenal ulceration can also recur
despite eradication of H. pylori infection. Duodenal
ulcers heal with proton pump inhibitors without the
eradication of H. pylori. As many as 50% of acute
perforated duodenal ulcers have been reported as H.
[48-61]
pylori negative
.
This suggests that H. pylori may be a secondary
factor in duodenal ulceration and the primary cause

Sterol esters (sterolins)

The sterols present in plant material always exist
in combination with sterol esters and glycosides
(sterolins).
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[22]

is high acid secretion linked with reduced mucosal
protection. When ulceration occurs the presence
of H. pylori could act like a secondary infection,
interfering with the process of healing so that the
ulcer becomes chronic. Eradication of the H. pylori
infection then allows the ulcer to heal.

ibuprofen as reported by Lichtenberger et al
may
well be enhanced by the combination of phytosterols
[16]
with phospholipid as present in the lipid . A ready
source of such a combination would be wheat bran
or its oil.
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Core tip: After the first decade of use deep enteroscopy
with double balloon enteroscopy, single balloon entero
scopy and spiral enteroscopy are an important part of
the armamentarium of modern endoscopy. The review
gives an overview of the available literature concerning
diagnostic yield, complications and indications of this
promising techniques.
Moeschler O, Mueller MK. Deep enteroscopy - indications,
diagnostic yield and complications. World J Gastroenterol
2015; 21(5): 1385-1393 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i5/1385.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i5.1385

INTRODUCTION
th

Up to the end of the 20 century, the technical
options for diagnostic and therapeutic interventions
throughout the entire small bowel were limited. The
main method, push enteroscopy, requires a special
endoscope with an overtube in order to straighten
the loop of the endoscope in the stomach, but is
nevertheless limited to only a moderate insertion
[1]
depth . Intraoperative enteroscopy was the second
method available for endoscopic examination of
the small bowel, but this is an invasive procedure
[2]
associated with a high rate of complications .
When it was introduced in 2001, capsule endo
[3]
scopy opened up the small bowel for diagnostic
approaches, but the method was not able to close
the gap for therapeutic interventions in the small
bowel.

Abstract
Since its introduction in 2001 capsule endoscopy
opened up the small bowel for diagnostic approaches
followed by double balloon enteroscopy which enabled
the endoscopic community to perform therapeutic
interventions in the whole small intestine. In this review
the scientific developments related to indications,
diagnostic yield and complications of the last years
between the competing devices double ballon
enteroscopy, single balloon enteroscopy and spiral
enteroscopy are illustrated.
Key words: Deep enteroscopy; Spiral enteroscopy;
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Table 1 Technical specifications of double-balloon endoscopy and single-balloon enteroscopy devices
Outer diameter (mm)

Length (cm)

Working channel (mm)

Indications

9.8

200

2.8

Small bowel

8.5
9.4
9.4
9.4

200
200
152
200

2.2
2.8
2.8
3.2

Small bowel - diagnostic
Small bowel - therapeutic
Colonoscopy/DBE-ERCP

SBE (Olympus SIF-Q160)
DBE (Fujinon)
EN-450P5
EN-450T5
EN-450BI5
EN-580T

SBE: Single-balloon enteroscopy; DBE: Double-balloon endoscopy; ERCP: Endoscopic retrograde cholangiopancreatography.

[4]

Yamamoto et al succeeded in overcoming this
difficulty with the introduction of the double-balloon
technique in 2003. Double-balloon endoscopy
(DBE) enables all of the diagnostic and therapeutic
interventions used in standard endoscopy - such
as biopsy, polypectomy, and dilation - to be carried
out anywhere in the entire small bowel. Additional
methods have also been introduced in recent years,
[5]
such as single-balloon enteroscopy (SBE) in 2007
[6]
and spiral enteroscopy (SE) in 2008 . All of these
techniques have therefore been summed up under
the heading of “device-assisted enteroscopy” (DAE).

passed the duodenum or ileocecal valve, the small
bowel can be retracted using these balloons - leading
to a much greater depth of insertion in comparison
with push enteroscopy, for example. Diagnostic
and therapeutic endoscopes are available for DBE
examinations of the small bowel (Fujinon EN-450T5,
EN-450P5 and EN-580T; table 1).
The radiographic checking of the endoscope loops
that was initially often used does not appear to have
any effect on the ability to reach more distal parts of
the small bowel. In a prospective evaluation, Manner
[8]
et al did not identify any effect on the depth of
insertion when fluoroscopic control was used. Two
small studies that investigated the learning curve
in DBE examinations did not find a distinct learning
[9,10]
curve
- possibly because success in performing
a DBE examination was defined in these studies as
reaching a stable endoscope position in the terminal
ileum or reaching the suspected lesion, rather than
achieving complete enteroscopy.
For technical aspects of the small-bowel endo
scopes that are commercially available, see Table 1.

Available techniques
Push enteroscopy

Push enteroscopy allows visualization of the esophagus,
stomach, duodenum, and proximal jejunum, using a
long endoscope with a standard diameter. Nowadays,
the technique is normally used without an overtube
to straighten the loop in the stomach or in the colon.
The advantage of push enteroscopy that it can rapidly
exclude bleeding sources in the proximal jejunum
about 50-70 cm behind the pylorus, for example, in
patients with suspected mid-gastrointestinal bleeding.
However, visualization of the entire small bowel is
not possible with this method. Significant advantages
for the DBE technique with regard to diagnostic yield
and insertion depth were reported in two comparative
studies using DBE and push enteroscopy showing
that DBE is superior in detecting small bowel polyps
whereas the examination time is shorter using SE[1,7]
technique .

Single-balloon enteroscopy

The single-balloon endoscope uses one balloon
attached to the tip of the overtube, without the balloon
attached to the tip of the endoscope. The other
specifications are similar to those of therapeutic DBE
devices (Table 1).
The main difference in handling between the
two types of endoscope is the need to angulate the
tip of the SBE device before the pulling maneuver,
[11,12]
in order to compensate for reduced stability
.
The angulation maneuver does not have any effect
on complication rates during SBE procedures in
comparison with DBE examinations. Comparative
data for the two techniques with regard to diagnostic
yield and therapeutic impact are equivalent, while
DBE appears to be more favorable in relation to the
[13-17]
complete enteroscopy rate
.

Double-balloon enteroscopy

When it was introduced in 2003, double-balloon
enteroscopy was the first technique that made
it possible not only to visualize the small bowel
endoscopically but also to carry out therapeutic inter
ventions with the whole armamentarium of thera
peutic endoscopy inside the “black box” of the small
bowel.
In addition to a 200-cm long endoscope (Fujinon
Inc., Wayne, New Jersey, United States) with a
separately inflatable balloon at its distal end, the
DBE system includes an overtube with the second
balloon attached to it. After the instrument has
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Spiral enteroscopy

During spiral enteroscopy, an overtube with a helical
design is positioned on a long endoscope (e.g., a
DBE endoscope) and is placed in the duodenum.
With slight rotation, the small bowel can be retracted
and placed on the overtube. The main advantage of
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Figure 1 Bleeding from a jejunal diverticulum.

Figure 2 Crohn’s stenosis detected by double balloon enteroscopy.

this technique is that it allows rapid advancement of
the endoscope to the maximum distance. The spiral
overtube is not currently commercially available in
Europe.
In addition to the short examination time, highly
stable positioning of the endoscope is another ad
vantage; however, spiral enteroscopy appears to be
associated with a higher complication rate. Larger
prospective comparative trials of complications are
lacking at present. DBE provides a significantly
[18]
greater insertion depth than SE . SE is as yet the
least well evaluated technique in the field of smallbowel endoscopy.

with suspected mid-gastrointestinal bleeding are
[12,21,24]
[22,25-27]
reported to be 47%-77%
and 40%-80%
,
respectively, with no relevant discrepancies between
the two techniques.
Different bleeding sources can be detected re
lative to the patient’s age. Whereas patients aged
65 or over develop bleeding from angiodysplasia or
[28]
jejunal diverticula significantly more often
(see
Figure 1), younger patients suffer from tumors,
polyps, inflammatory bowel disease, or bleeding
Meckel’s diverticulum (see Figure 2).
Another key point in the management of patients
with suspected mid-gastrointestinal bleeding is the
severity of the blood loss. The more severe the cli
nical signs of bleeding are, the more invasive and
rapid the diagnostic and therapeutic approach
should be. Approaches range from elective capsule
endoscopy in patients with iron-deficiency anemia
to emergency intraoperative enteroscopy in patients
with hemodynamically relevant bleeding from jejunal
[2,29]
diverticula
. Another useful tool from the point
of view of speed in diagnosing hemodynamically
unstable patients with gastrointestinal bleeding is
computed-tomographic angiography (CTA), which
leads to rapid detection of bleeding sources in
[30]
patients with active bleeding . In addition to CTA,
capsule endoscopy can guide the management in
patients with less severe bleeding - helping the
endoscopist to select the correct route for balloon[31-40]
assisted enteroscopy, for example
. The upper
DBE or SBE approach is typically selected for lesions
suspected to be located in the upper two-thirds and
the retrograde approach for the suspected lower
third of the small bowel.
In view of the complex decisions that need to be
taken in patients with mid-gastrointestinal bleeding,
early transfer to a referral center with expertise in
the management of small-bowel diseases is strongly
recommended. For details, see an algorithm on
bleeding recommended by the authors (Figure 3).
The outcome for patients following treatment for
a mid-gastrointestinal bleeding episode has been
[41]
studied in several papers. Whereas Gerson et al

Additional technical aspects

The use of carbon dioxide insufflation is generally
recommended in small-bowel endoscopy, as it reduces
postprocedural pain and helps to achieve a deeper
[19,20]
insertion of the scope
.

Indications for DAE
Bleeding

The main indication for DBE and SBE is evaluation
of obscure mid-gastrointestinal bleeding, which
represents 60%-97% of enrolled cases in studies
[21-23]
addressing deep
. Mid-gastrointestinal bleeding
is defined as a bleeding source located between the
suspensory muscle of the duodenum (ligament of
Treitz) and the ileal papilla (Bauhin valve). Bleeding
episodes are classified as overt or occult bleeding
with tarry stool and/or hematochezia, as in standard
upper or lower gastrointestinal bleeding.
A previous standard endoscopic evaluation with
gastroscopy and colonoscopy in optimized conditions
is mandatory in all cases. In selected patients, it is
advisable to repeat these examinations, as the rate
of overlooked bleeding sources within the reach of
standard endoscopy has been reported as up to
25%. In this setting, using push enteroscopy may
be helpful for detecting bleeding sources in the
proximal jejunum.
The diagnostic yields of SBE and DBE in patients
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Mid-GI-bleeding (standard
endoscopy without findings)

Active/overt

Occult

Massive bleeding,
hemodynamic unstable

Patient clinically stable

Emergency-(CT-)
angiography

Consider repetition of
standard endoscopy

Intraoperative enteroscopy/
surgery/angiographic
intervention

Patient < 65 yr

Patient > 65 yr

DBE/SBE

Capsule endoscopy

Endoscopic/surgical/
pharmacological therapy

Figure 3 Algorithm mid-gastrointestinal-bleeding. GI: Gastrointestinal; CT: Computed tomography; SBE: Single-balloon enteroscopy; DBE: Double-balloon
endoscopy.

dition is only suspected or is a known disease. In
a retrospective study of 40 patients with known
Crohn’s disease, DBE detected small-bowel lesions
in 60% of the patients, leading to a change in the
[47]
patient’s management in 75% of cases . In a
[48]
study by Manes et al , the diagnostic yield was
also 60%, while the diagnostic yield in patients in
whom Crohn’s disease was only suspected and who
had undergone normal standard upper und lower
gastrointestinal endoscopy was 44% for lesions in
[49]
the small bowel .
Nevertheless, DAE including DBE, SBE, and CE
is not the ideal tool for the management of Crohn’s
patients, due to the invasive nature of DBE and SBE
and the risk of capsule retention, which is greater
[50]
in Crohn’s patients than in others . The main
indication is to clarify obscure symptoms in patients
with suspected Crohn’s disease and for planned
therapeutic interventions such as balloon dilation of
small-bowel stenosis detected using other methods
(see Figure 2). These interventions have been
carried out with high success rates and acceptable
[51,52]
complication rates
.

reported a re-bleeding rate of 23% after endoscopic
treatment for angiodysplasia in 135 patients after
12 mo and a rate of 35% for the need for further
iron supplementation or blood transfusions in their
[42]
patients, Madisch et al
did not observe any
significant differences in the re-bleeding rate between
patients with or without treatment for angiodysplasia.
[43]
May et al
presented a study with a long-term
follow-up period of 55 mo including 50 patients
who had undergone argon plasma coagulation of
angiodysplastic lesions during DBE examinations,
and reported a re-bleeding rate of 45%, while the
need for further blood transfusions was significantly
reduced. These rather disappointing results were
[44]
confirmed by Samaha et al .

Crohn’s disease

Known or suspected Crohn’s disease is a less fre
quent indication for the use of DAE, accounting for
[22,45]
11%-22% of indications in large databases
.
Crohn’s disease lesions in the small bowel are common
and have been detected in 70% of cases when DBE is
[46]
performed .
However, the diagnostic yield and therapeutic
impact of DAE on the management of patients
with Crohn’s disease depends on whether the con

WJG|www.wjgnet.com

Small-bowel tumors and polyps

All DAE techniques are suitable for detecting small-
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bowel polyps and tumors, and some can be used
to treat these conditions as well. This is due to the
ability to carry out biopsy sampling for histological
assessment and polypectomy of benign polyps - e.g.,
in Peutz-Jeghers syndrome.
Polyposis syndromes and tumors of the small
bowel are rare conditions, and detection rates of
[53-55]
9.6%-17%
result from the fact that the patients
represent a highly selected group. It is to state that
the rate of small bowel tumors in asian series seems
to be considerably higher than in western series.
Most of the tumors described in the relevant studies
are benign, with an emphasis on neuroendocrine
tumors in a large group of 1106 patients reported by
[53]
Cangemi et al .
The results of endoscopic polypectomy have been
[56]
studied in several papers. Gao et al
reported on a
group of 13 patients with Peutz-Jeghers syndrome
and 79 polyps, which were resected without major
complications. A success rate of 82% in detecting
and removing small-bowel polyps in 22 Peutz[57]
Jeghers patients was reported by Gorospe et al .
[58]
In a retrospective series, Kopácová et al
found
no differences in the rates of therapeutic success
between DBE and intraoperative enteroscopy in
the management of small-bowel polyps, although
intraoperative enteroscopy was much more invasive.
Malignant tumors in the small bowel are a rare
entity, accounting for 3.6% of cases in a group of 555
[59]
patients .
In summary, DAE techniques are helpful for de
tecting, classifying and often also for treating smallbowel tumors and polyps.

course of the disease in a patient with pancreatitis
in a retrospective cohort of 3894 examinations in a
[62]
DBE registry in Germany . Also in 2006, Honda et
[63]
al
reported a 47% rate of hyperamylasemia in 13
patients after DBE examinations, while one patient
(7%) developed typical clinical signs of pancreatitis.
This high incidence of pancreatitis after DBE ex
aminations was not reproduced in larger series.
[64]
Kopácová et al
reported elevated lipase levels
in 51% of 31 patients, with only one patient who
developed pancreatitis. In subsequent years, several
registry data reports and retrospective analyses
focusing on complications were published.
In a retrospectively collected database of 10
centers including 2362 examinations, the rate of
[65]
pancreatitis after DBE examinations was 0.3% .
Another retrospective series from centers in the
United States, including 2478 patients, reported a
pancreatitis rate of 0.2% of cases; this was the first
study that documented a case of pancreatitis after
[66]
DBE via the anal route . The largest prospective
data collection to date is the report from the DBE
registry in Germany by the German DBE study
group, including 1765 patients with 2245 DBE
procedures. In this study, the pancreatitis rate was
[22]
0.34% after DBE via the oral route . Fortunately,
no further deaths have occurred due to pancreatitis.
The pathogenesis of hyperamylasemia and pan
creatitis after DBE has been discussed in several
papers. Firstly, it is notable that nearly all of the
observed cases of pancreatitis have occurred after
DBE via the oral route, despite the one case in the
[66]
series by Gerson et al
mentioned. It is therefore
arguable that mechanical stress acting on the
pancreas or the papilla during the push-and-pull
maneuver may play a role in the development of
pancreatitis. In an animal model with 20 pigs, Latorre
[67]
et al
observed elevated amylase and lipase levels
after examination periods of 90 and 120 min, with no
correlations between either the depth of insertion or
the duration of the examination and the laboratory
tests. However, they observed ischemia-triggered
necrosis of pancreatic tissue at autopsy, leading to
the conclusion that mechanical stress might be the
trigger for tissue damage after DBE.
In a smaller series including 56 patients, Pata et
[68]
al
noted a correlation between pancreatitis and
the insertion depth and time between the inflation of
the first and second balloons in the duodenum. The
authors argued that compression of the papilla of
Vater with the balloon may cause the development
of pancreatitis. However, the rate of pancreatitis in
the study was 12% - much higher than expected
from the studies mentioned above, and calling
into question the DBE technique and definition of
pancreatitis used.
A larger series of 135 patients published by Aktas
[69]
et al
found a good correlation between depth of

DAE AND COMPLICATIONS
Following the introduction of DAE, the complications
associated with the techniques became increasingly
important. As the complication rate with endoscopic
procedures is usually low, large numbers of exa
minations have to be evaluated in order to determine
a reliable complication rate for a new procedure.
In addition, new techniques are often initially used
mainly by experts, leading to an additional reduction
of the complication risks. During the first years of
use, complications of DBE examinations were also
reported. In addition to known complications such as
bleeding, perforation, and complications associated
with sedation, a relatively new complication was
discovered in the form of post-DBE pancreatitis.

Pancreatitis

Initial case reports on the development of acute
pancreatitis following DBE via the oral route were
[60,61]
already published in 2006
. Considerable
efforts were then made to assess the risks and
mechanisms of developing pancreatitis after DBE,
particularly following the documentation of a fatal
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of sedation-related complications (SRCs) should
therefore be taken into account when treating these
patients. However, propofol sedation is usually
adequate. When deeper sedation is necessary, the
addition of midazolam or pethidine is an option. The
routine use of anesthesia is not recommended, but
there is a lack of systematic analyses.
SRCs have been documented in 0.5% of cases in
[22]
the prospective database in Germany .
Efforts have been made to examine the safety of
DAE in elderly patients (> 75 years), but a higher
complication rate was not observed in this group in
[28,71-73]
comparison with younger patients
. DAE can
therefore be used with the same level of safety in
elderly patients.

Table 2 Complications of double-balloon endoscopyexaminations
DBE
Pancreatitis
Bleeding
Perforations
Sedation related complications

0.2%-0.34% (-12%)
0.2%-0.8%
0.1%-2.9%
0.5%

The data concerning complications of single-balloon enteroscopy and
spiral enteroscopy are insufficient for a detailed presentation. DBE:
Double-balloon endoscopy.

insertion and numbers of pull maneuvers and the
development of hyperamylasemia. The rates of
pancreatitis and hyperamylasemia were comparable
with previous data in this study.
In summary, a careful examination technique avoiding mechanical stress to the pancreas through
slow retraction of the endoscope and avoiding
mechanical stress to the papilla by only using the
balloons in deeper parts of the duodenum - is recom
mended in order to reduce the risk of pancreatitis
after DBE examinations.
In view of the potential risk, pancreatitis should
be mentioned in the discussion with the patient prior
to the examination and should be included in the
written informed consent form.
The pancreatitis rates associated with SBE and
SE have not yet been adequately investigated. The
[70]
first report, by Aktas et al , only included 105
patients, which is much too low to allow any reliable
conclusions to be drawn.

Summary on complications

It may be noted that the DBE technique is the best
prospectively studied technique in relation to com
plications and to the diagnostic and therapeutic yield
in the field of small-bowel endoscopy (see table 2).
The relatively large number of studies comparing
DBE and SBE have not included sufficiently large
numbers of patients or examinations to allow valid
comparison of complication rates between the
[13,15-17,74]
two techniques
. The least information is
available in relation to the complication rate with
spiral enteroscopy in comparison with other DAE
modalities, with only around a hundred examinations
[59,75,76]
reported
.

CONCLUSION
Twelve years after its first introduction in the form
of dbe, DAE is now becoming a standard tool
for the diagnosis and treatment of small-bowel
diseases. In particular, DBE and SBE as the leading
techniques have proved their value and safety when
used in expert hands in a respectable number of
studies. In addition to capsule endoscopy, older
techniques such as intraoperative enteroscopy, and
imaging techniques such as computed tomography,
angiography, and magnetic resonance tomography,
the armamentarium available to physicians with
endoscopic skills is now appropriate for treating
small-bowel diseases.

Bleeding and perforation

Bleeding complications have been observed parti
cularly after interventional procedures during DAE.
[65]
Mensink et al
reported an overall bleeding rate of
0.8% in their cohort, but only 0.1% after diagnostic
procedures. In other studies, the bleeding rate
has ranged from 0.2% to 0.3%, predominantly
[22,66]
associated with endoscopic interventions
.
Perforations have been reported after diagnostic
as well as therapeutic procedures. Prior abdominal
surgery increases the risk of perforation in DAE
patients. In the large retrospective and prospective
databases, the risk of perforation has been reported as
0.1%-0.3% in diagnostic procedures and 0.8%-2.9%
[22,65,66]
after small-bowel polypectomy
. Due to the
potential risk of perforation after interventional DBE
and SBE, these techniques should be used only by
experts.
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Core tip: Combined medical and surgical treatments are
needed to treat perianal Crohn’s disease, after a correct
diagnosis.
Marzo M, Felice C, Pugliese D, Andrisani G, Mocci G, Armuzzi
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INTRODUCTION
Perianal fistulas are a very disabling manifestation
and source of morbidity for Crohn’s disease (CD)
patients. Population-based studies showed that
the cumulative incidence of perianal fistulas in CD
[1,2]
range from 23% to 38% . Disease location, age
at diagnosis, fistula type, presence or absence of
abscesses and intestinal strictures may influence
[3]
the natural history of perianal CD . The presence
of colonic and rectal disease represents the greatest
[1]
risk factor for the development of perianal fistulas .
Main symptoms reported by patients are pain
associated to perianal swelling and fever in case
of abscess formation and drainage of pus, stool or
blood from cutaneous fistula openings. In patients
with longstanding chronic active perianal disease
fecal incontinence may occur. The treatment of

Abstract
Perianal disease is one of the most disabling mani
festations of Crohn’s disease. A multidisciplinary app
roach of gastroenterologist, colorectal surgeon and
radiologist is necessary for its management. A correct
diagnosis, based on endoscopy, magnetic resonance
imaging, endoanal ultrasound and examination under
anesthesia, is crucial for perianal fistula treatment.
Available medical and surgical therapies are discussed
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perianal CD requires a combined surgical and medical
[4]
approach and should attempt to the resolution and
the prevention of septic complications, the reduction
of fistula discharge with the improvement of patients’
quality of life and, finally, the healing of fistulas.

squamous epithelium, while non-epithelialised fistulae
are covered by a thin layer of myofibroblasts, focally
forming a new basement membrane. Differential
mononuclear infiltrate is present in CD fistulae (a
+
central infiltration by CD45R0 T cells, followed by
+
a small band of CD68 macrophages and dense
+
accumulation of CD20 B cells), as opposed to nonCD fistulas where there is a dense infiltration by
+
CD68 macrophages with only few CD20+ B cells and
+
[9]
CD45R0 T lymphocytes .

Aetiology and PATHOGENESIS
The aetiology of perianal fistulas in CD is still
unclear: according to one theory they result from
deep penetrating ulcer of the rectum or anus;
another hypothesis supports their origin from an
anal gland abscess. CD pathogenesis is currently
thought to derive from a disorder of intestinal
barrier, triggering innate immunity activation on a
genetic favorable background and an altered gut
microbiota composition. Perpetuation of inflammation
depends on an unbalanced stimulation of adaptive
immune system, facilitated by inappropriate leuko
cyte recruitment. In this setting, specific pathways
are recognized as specifically altered in perianal
CD. Fistulae originate by an epithelial defect caused
by inflammation whose repair is impaired because
the migratory potential of colonic lamina propria
[5]
fibroblasts is reduced in CD . This could lead to
the migration of intestinal epithelial cells (IEC)
as an alternate repair mechanism. IEC undergo
a conversion into mesenchymal-like cells (myofi
broblasts) by a process called epithelial-to-me
senchymal transition (EMT), mainly induced by
TGF-β but also influenced by other cytokines like
TNF-α and IL-13 and other mediators like DickkopfHomolog-1. Furthermore, the IEC present on
the inner surface of the fistula tract undergo tran
sformation into transitional cells (TC) that pave the
fistula tract and express both mesenchymal and
[6,7]
epithelial cell markers . Another key mechanism
of fistula formation is the extracellular matrix (ECM)
remodeling suggested by the up-regulation of some
matrix metalloproteinases (MMP) like MMP-3 and
[7]
MMP9 in CD fistulas . Bacteria have a recognized
role in the occurrence and persistence of both idio
pathic (criptoglandular) and CD perianal fistulas.
It is known that polymorphisms in nucleotide oligo
merization domain 2 (NOD2) gene are associated
[8]
with fistula formation in CD . Distinct pathogenassociated molecular patterns (PAMPs) like muramyldipeptide, the NOD2 ligand, seem to be critical for
[7]
fistulas pathogenesis, by inducing EMT .

CLASSIFICATION
An accurate classification of perianal fistulas in
patients is crucial to allow the most appropriate
therapeutic approach.
Anal fistulas can be due to CD but also to trauma,
tuberculosis, hidradenitis suppurativa, immunosup
pression including HIV infection, lymphogranuloma
venereum, sacrococcygeal teratoma, rectal dup
lication and perianal actinomycosis, with similar
clinical manifestations.
The first classification of perianal fistulas was
[10]
proposed by Parks et al , who classified fistulas
in 5 different types, using the external sphincter as
the reference point and considering their surgical
anatomy (i.e., superficial, intersphincteric, trans
phincteric, suprasphincteric, extrasphincteric). An
empiric and easier classification most commonly
used in clinical practice has then been proposed
by the American Gastroenterological Association
[11]
(AGA)
and distinguishes between “simple” and
“complex” fistula. Simple fistulas are low, including
superficial, intersphincteric or intrasphincteric
fistulas below the dentate line, with a single external
opening, and are characterized by the absence of
perianal complications. Complex fistulas are high,
arriving above the dentate line (intersphincteric,
transphincteric, extrasphincteric, suprasphincteric),
with many external openings, and may be associated
with perianal abscesses, rectal stricture, proctitis or
connection with bladder or vagina.
In order to assess the clinical activity of perianal
disease in CD, the PDAI (Perianal Disease Activity
[12]
Index) score, described by Irvine et al , has been
proposed. It includes the evaluation of 5 elements:
fistula discharge, pain and restriction of activities,
restriction of sexual activity, type of perianal disease,
degree of induration.
The fistula drainage assessment (FDA) has been
[13]
proposed to quantify fistula healing
and has been
utilized to standardize the clinical assessment of
perianal disease in clinical trials: the presence of
purulent drainage after a gentle finger compression
is considered as index of activity and, on the other
hand, the absence of drainage is defined as remission.
Clinical response is defined as a reduction of 50% or
more in the number of draining tracts. Finally, if there
is no pus drainage after compression, the fistula is

PATHOLOGY
CD-associated fistulae appear as a fissure pene
trating in the gut wall, surrounded by granulation
tissue with acute (neutrophils) and chronic (lympho
cytes) inflammation. Their lumen is filled up by
nuclear debris, sometimes erythrocytes. Fistulas may
show some degree of lining epithelium, consisting of
flattened intestinal epithelium without goblet cells or
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considered as closed.
The use of imaging techniques improves the
characterization of fistula activity in CD patients:
several studies have shown that the use of contrastenhanced magnetic resonance imaging (MRI) im
proves the diagnostic accuracy of perianal fistulas
[14,15]
compared to the only clinical evaluation
. At this
regard, an MRI-based activity score was developed
to assess the anatomical evolution of CD fistulas
after medical therapy, demonstrating that, despite of
closure of draining external opening, inflammatory
[16]
changes may persist into fistula tracts . Finally,
it was shown that the computer-assisted anal ultra
sound increases PDAI and FDA diagnostic accuracy
[17]
up to 95% and 98%, respectively .

of a specific learning curve, the limited visualization
of the external sphincter, the penetration up to the
ischioanal fossa and the impossibility to be performed
in case of anal stenosis.
Pelvic MRI has become the gold standard ima
ging technique for perianal CD: it is accurate in
achieving an optimal definition of the exact route
of fistulas, the presence of abscesses, the relation
with sphincteric structures and muscular layers, the
difference between active granulation and fibrotic
[27,28]
tissues
. Recent studies reported that diffusionweighted T2 imaging may be a helpful adjunct to
standard T2-weighted images, especially in patients
[29]
with risk factors for contrast agents . The com
bined sensitivity and specificity of MRI were 0.87
(95%CI: 0.63-0.96) and 0.69 (95%CI: 0.51-0.82),
[26]
according to a recent meta-analysis .
Several studies have compared MRI with EUA
and EUS in the description of perianal CD: in 2001,
[19]
Schwartz et al
reported a good agreement among
EUS, MRI and EUA with accuracy respectively of
91%, 87% and 91%. The combination of any two
exams increased the accuracy up to 100%. Another
study showed a higher accuracy of MRI to assess
classification of fistulas, the presence of secondary
[30]
fistula tracts, abscesses and internal openings .
Moreover, MRI resulted more sensitive than clinical
examination (0.97, 95%CI: 0.92-1.01 and 0.75,
95%CI: 0.65-0.86, respectively), but comparable to
EUS (0.92, 95%CI 0.65-0.86) for discrimination of
[31]
complex from simple fistulas .
TPUS seems to be a further simple and accurate
diagnostic method for classifying perianal fistulas
in CD and could be used for the preliminary assess
ment and follow-up of some cases of perianal CD,
with the limit of a narrow view in identifying deep
[32,33]
abscesses
.
Fistulography and CT are two obsolete techniques
in the diagnostic evaluation of perianal fistulas in CD
patients with several limitations: ionizing radiations
and the limited resolution to distinguish between
[34]
fibrotic and septic fistula tissue .

DIAGNOSIS AND IMAGING
Examination under anesthesia (EUA) is considered
the gold standard to diagnose and classify perianal
fistulas in CD patients. An accurate diagnosis is also
possible using imaging modalities such as pelvic MRI
and/or endoanal ultrasound (EUS), and, in some
cases, transcutaneous perineal ultrasound (TPUS).
Any of these methods should be combined with the
endoscopic examination to assess the presence or
absence of active inflammation in the rectosigmoid
colon, the presence of internal openings or an an
[18]
orectal stenosis .
EUA has demonstrated to have an accuracy of
[19]
up to 90% to diagnose perianal disease : it should
be always performed by a colorectal surgeon who
may identify fistula tracts, with the possibility to
drain abscesses and place setons. It has been shown
that patients with perianal fistulizing CD treated
with infliximab were more likely to maintain fistula
closure if anti-TNF treatment was started after EUA
[20]
and seton placement .
EUS and MRI represent the principal non-invasive
methods for diagnosis and monitoring of perianal
CD.
EUS requires a high frequency endoluminal probe
(5-16 MHz) that produces 2D or 3D ultrasound
[21]
images to visualize all sphincteric structures .
The use of hydrogen peroxide may enhance fistula
tracts, improving their identification and image
[22-24]
[25]
definition
. It has been described
that peria
nal CD fistulas reveal a characteristic aspect of
hypoechogenic fistula tract surrounded by a welldefined hyperechogenic area with a thin hypoe
chogenic edge, defined as “Crohn’s Ultrasound Fistula
Sign”. There was a high degree of heterogeneity
between studies reporting on EUS sensitivity and
specificity for fistula detection: a recent meta-analysis
reported values of 0.87 (95%CI: 0.70-0.95) and 0.43
[26]
(95%CI: 0.21-0.69), respectively . In spite of the
high diagnostic accuracy, EUS presents several limits,
such as the operator dependence with the necessity
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MEDICAL TREATMENT
Antibiotics

Ciprofloxacin and metronidazole are used as firstline and adjuvant therapy for perianal CD. Literature
data about their use are few, uncontrolled and
characterized by studies with small simple sizes.
In the first reports, patients treated with both
metronidazole and ciprofloxacin showed good
clinical response rates after 6-8 wk of treatment,
but frequent recurrence of drainage, symptoms and
[35,36]
fistula re-opening after discontinuation
. In a
pilot study, remission and response occurred more
frequently in patients after 10 wk of treatment with
ciprofloxacin compared with metronidazole, but
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[37]

differences were not statistically significant . Other
studies suggested a benefit using metronidazole
ointment, that resulted effective to reduce pain
and discharge with minimal adverse effects, even
[38]
if without a significant reduction of PDAI score .
Antibiotics have also been studied as bridge or
adjuvant therapy to immunomodulators or biologics.
Combination treatment with antibiotics and aza
thioprine was significantly superior to antibiotic
therapy alone in achieving week-20 clinical response
in a prospective open-label study (48% vs 15%, P =
[39]
0.03) . In a double-blind placebo-controlled study,
24 perianal CD patients were assigned to receive
ciprofloxacin or placebo in addition to infliximab:
week-18 response was 73% in the ciprofloxacin
[40]
group vs 39% in the placebo group (P = 0.12) . A
multicenter double-blind placebo-controlled study on
76 patients with perianal CD evaluated adalimumab
in combination with ciprofloxacin: week-12 clinical
response was observed in 71% of patients treated
with adalimumab plus ciprofloxacin vs 47% of
patients treated with adalimumab plus placebo
(P = 0.047). Moreover, week-12 remission rates
were significantly higher in the combination group
compared with the placebo group (65% vs 33%, P
[41]
= 0.009) . According to these evidences and to the
most recent European guidelines for the treatment of
[4]
perianal CD , despite few published data, antibiotics
should be added to medical and surgical treatment,
in order to avoid local sepsis and to maintain clinical
response.

relapse as serum levels are lowered and infectious
complications are limiting factors for long-term
[44]
use as a single agent . A randomized, placebocontrolled trial was performed to investigate the
role of oral tacrolimus in 48 patients with perianal
CD: 43% of tacrolimus-treated patients had fistula
improvement compared with 8% of placebo-treated
patients (P = 0.004), but only 10% of tacrolimustreated patients had fistula remission (maintenance
of fistula closure for at least 4 wk) compared with
[45]
8% of placebo-treated patients (P = 0.86) . There
are small case series and a little evidence about the
use of methotrexate in monotherapy in fistulizing
perianal CD: 56% of patients with perianal CD on
methotrexate showed a complete or partial response
to therapy, but further placebo-controlled studies are
[46]
needed to confirm these findings . Also thalidomide
seems to be an effective short- to medium-term
treatment in patients with perianal CD refractory to
standard therapies, but its long-term use is limited
[47]
by toxicity .

Anti tumor necrosis factor alpha agents

The introduction of anti-tumor necrosis factor alpha
(TNF-α) agents has deeply improved the mana
gement of perianal CD. The mechanism of action
of anti-TNF-α agents remains unknown. A downregulation of pro-inflammatory cytokine, an
activation of transmembrane TNF-mediated reverse
signaling, an induction of apoptosis, a cytotoxicity
cell- or complement-mediated, an activation of
regulatory immune cells are the main molecular
[48]
mechanisms of action proposed .
Infliximab, adalimumab and certolizumab pegol
have clearly demonstrated the benefit for the
induction and the maintenance of remission in peria
[49]
nal CD .
The first placebo-controlled trial with infliximab
showed that 68% of patients who received 5 mg
of infliximab per kilogram and 56% of those who
received 10 mg per kilogram achieved the primary
end point, that was a reduction of 50% or more
from baseline in the number of draining fistulas, as
compared with 26% of the patients in the placebo
group (P = 0.002 and P = 0.02, respectively). In
addition, 55% and 38% of patients assigned to
receive respectively 5 mg and 10 mg of infliximab
per kilogram had closure of all fistulas, as compared
with 13% of the placebo group (P = 0.001 and P
= 0.04, respectively). The median length of time
[13]
during which fistulas remained closed was 3 mo .
According to the ACCENT Ⅱ trial, patients with
fistulizing CD, who had a response to induction
therapy with infliximab and continued it as main
tenance treatment, had an increased likelihood of
sustained response over a 54-wk period: cessation
of drainage at week 54 was maintained in 36%
of the patients in the infliximab group compared

Immunosuppressors

No randomized controlled trials have directly as
sessed the effect of thiopurines in patients with
perianal CD. Data regarding the use of thiopurines
in this setting come from a meta-analysis of 3 ran
domized-controlled trials, in which perianal fistula
closure was assessed as secondary endpoint,
showing that azathioprine and 6-mercaptopurine
did not show significant efficacy as compared with
placebo in improving or closing fistulas (risk ratio,
[42]
= 2; 95%CI: 0.67-5.93) . However, this pooled
analysis included only 18 patients, implying the need
for further research to determine if azathioprine
(and 6-mercaptopurine) could provide a benefit for
perianal fistula healing in CD.
The use of azathioprine in combination with anti
[39]
biotics has already been reported . Other immuno
modulators including cyclosporin, tacrolimus, metho
trexate and thalidomide have been considered in
the management of perianal CD. Most patients who
respond to intravenous cyclosporine will maintain
their response during subsequent oral therapy.
However, the majority of them relapses when oral
[43]
cyclosporine is discontinued . Therefore, the use of
intravenous cyclosporine could be useful in the initial
management of refractory CD fistulas, although
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[50]

[34]

with 19% of the placebo group (P = 0.009) .
Results from the ACCENT Ⅱ trial also reported that
abscess development in patients with fistulizing
CD was not dependent on cumulative infliximab
[51]
exposure
and that infliximab 5 mg/kg every 8 wk
significantly reduced hospitalizations, surgeries, and
[52]
procedures compared with placebo . Combination
therapy with immunosuppressors, duration of seton
drainage and long-term treatment with infliximab
[53]
seem to be associated with better outcomes . In
the SONIC trial, that assessed efficacy of infliximab
and azathioprine in monotherapy compared with
their combination in patients with CD, about 12%
of included patients had perianal fistulas; however,
a separate analysis was not performed to compare
[54]
benefits among each treatment group .
Adalimumab was more effective than placebo for
inducing fistula healing: the CHARM extension study
demonstrated that the mean number of draining
fistulas was significantly decreased in adalimumabtreated patients compared with those treated with
placebo during the double-blind treatment period
[55]
(33% vs 13%, P < 0.05) . Among all patients with
healed fistulas at week 56 (both adalimumab and
placebo groups), 90% maintained healing following
[56]
1 year of open-label adalimumab therapy . In
the CHOICE trial, adalimumab demonstrated to
be effective in inducing complete fistula healing
(39% of patients) with a good safety profile and
improving quality of life and work productivity in
patients with CD who previously failed infliximab
[57]
[58]
therapy . Also, Echarri et al
evaluated the
response to adalimumab in patients with perianal
CD unresponsive to infliximab, showing 50% of
complete response after 4 wk of adalimumab
therapy with 87.5% of these patients remaining in
remission after 48 wk of maintenance treatment.
There are very few data about the role of certoli
zumab in perianal CD. A subgroup analysis of the
PRECISE trial found a significant increase in the
number of fistula closure in the treatment group
compared to placebo: at week 26, 36% of patients
in the certolizumab pegol group had 100% fistula
closure compared with 17% of patients receiving
placebo (P = 0.038), but no statistical difference was
found in the primary endpoint (closure of at least
[59]
50% of fistulas) .
Guidelines are evolving on the topic of first line
medical treatment of perianal complex CD. The
[4]
published 2010 European guideline proposes thio
purines with antibiotics, in combination with surgical
therapy, as the first line therapy, and anti-TNF-α
agents as second line drugs. According to the IG-IBD
(Italian Group for the study of Inflammatory Bowel
Disease) clinical practice guidelines, anti-TNF-α
agents should be used as the first choice of medical
[60]
therapy for complex perianal CD . This concept
is also advocated by the most recent consensus
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paper , that also considers anti-TNF-α agents as
the current gold standard for the medical treatment
of perianal complex CD. Maintenance therapy after
successful biological agents induction is mandatory.
Infliximab or adalimumab or thiopurines, after
drainage of sepsis, should be used as maintenance
[60]
therapy .

SURGICAL TREATMENT
Surgical management of perianal CD is complex and
many surgical options are available

Fistulectomy and fistulotomy are the preferred options
in case of simple superficial fistulas and occasionally
in low intersphincteric fistulas, because of the risk of
incontinence: in these selected perianal disease the
[11]
healing rate is up to 80%-100% .
Complex or high fistulas typically require a different
approach. The most common acute presentation of
perianal CD is an abscess that requires drainage in
order to avoid sepsis. After surgical abscess drainage,
the next step in order to prevent further abscess
formation and stable sepsis drainage, while preserving
the external sphincter function, is the placement of
[61,62]
non-cutting setons
. A combined surgical and
medical approach has been demonstrated to be
extremely effective for the treatment of complex
[63,64]
perianal CD
. The use of non-cutting seton place
ment combined with infliximab have shown better
results in several studies, as compared to infliximab
alone. Obviously, it is important to perform surgery
for perianal disease including abscess drainage and
seton placement before anti-TNF-α therapy, to avoid
septic complications and to optimize the therapeutic
results. In the open label Regueiro’s study CD
patients treated with infliximab and non-cutting
seton placement had a better outcome than patients
treated with infliximab alone in terms of response
rate (100% vs 82.9%, P = 0.014), recurrence rate
(44% vs 79%, P = 0.001), time to recurrence (13.5
[20]
mo vs 3.6 mo, P = 0.0001) . Similar results were
obtained in two other case series with a complete
[65]
response in 67% of patients , and a complete
perineal healing in 47% of cases with a follow-up of
[66]
20 mo . However, the best clinical management in
complex perianal CD has yet to be defined since the
timing of seton removal is not clearly established.
[20,50,66]
In the first studies
it was reported that setons
were removed at the time of the second infliximab
infusion or 2-4 wk after the second infusion. Most
recent evidences show that seton removal after the
[63]
complete induction of infliximab
or at least after
[67]
5 rounds of infliximab infusion
ensures a longer
duration of the effect and a lower recurrence rate.
Moreover, reparative surgery, which includes
“mucosal advancement flap”, during infliximab the
rapy, may improve long-term healing rates. Notably,
it can be successfully performed only in case of
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lack of active proctitis. The concept of endorectal
advancement flaps is to preserve the sphincter
by closing off the primary opening by means of a
mobilized flap. A systematic review of the literature
to assess the role of this technique reported that
weighted success and incontinence rates were 64%
[68]
and 9.4% for CD fistulas .
Fibrin glue is a mix of fibrinogen and thrombin
that allows healing, hemostasis and angiogenesis:
in order to assess the effectiveness of injecting
heterologous fibrin glue as a mean of treating CD
fistulas that are refractory to medical treatment,
many case series were published but the results are
[69-72]
discordant
.
Higher rates of healing than those of the fibrin
[73]
glue were obtained with the “fistula plug” , con
sisting of inert porcine intestinal submucosa inserted
[74]
in the internal fistula opening to fill the fistula tract .
A recent systematic review summarizes the anal
fistula plug literature for CD and non-CD perianal
fistula in a homogenous patient population: fistula
closure is achieved by using the anal fistula plug
in approximately 54% of patients without CD, with
[75]
similar proportion in CD patients . Plug protrusion
after surgical insertion is the main cause of treatment
failure.
“Ligation of the intersphincteric fistula tract”
(LIFT) is a new surgical approach that consists of
ligation of intersphincteric tract close to the internal
opening and removal of intersphincteric tract,
scraping out all granulation tissue in the rest of
the fistulous tract and suturing of the defect at the
[76]
external sphincter muscle . In a prospective study
of fifteen consecutive cases of CD patients with
transsphincteric fistulas, none of them developed
fecal incontinence and LIFT site healing was seen in
[77]
67% of patients with a follow-up of 12-mo .
Mesenchymal stem cells seem to have promising
applications in perianal CD. They are non-haema
topoietic precursors of connective tissue cells with
anti-inflammatory and tissue regenerative pro
perties, extracted from subdermal adipose tissue
obtained through liposuction. They may be injected
into the rectal mucosa around fistula opening and
[78]
into fistula tract with fibrin glue . Garcia-Olmo et
[79]
al
reported a phase Ⅱ study in which adipose
derived stem cells in fibrin glue vs fibrin glue alone
were administered in 49 patients (14 affected by
CD): fistula healing was observed in 16% of the
patients who received only fibrin glue vs 71% of the
patients who received stem cells plus fibrin glue (P
< 0.001). An Italian study, employing autologous
bone marrow-derived mesenchymal stromal cells
confirmed that this novel approach represents a
feasible, safe and beneficial therapy in refractory
[80]
CD . A recent multicenter open-label, singlearm clinical trial was conducted at six Spanish
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hospitals. Twenty-four CD patients with complex
fistulas were treated intralesionally with 20-40
millions of expanded allogenic adipose-derived stem
cells: 69% of patients showed a reduction in the
number of draining fistulas at week 24, while 56%
achieved complete closure of the treated fistula
and 30% obtained complete closure of all existing
[81]
fistula tracts . However, double-blind randomized
placebo-controlled trials are necessary to draw any
conclusions on this therapeutic modality.
Uncontrolled evidence suggest that local injection
of anti-TNF-α into the fistula tract may be bene
ficial in patients not responding or intolerant to
biological therapy. Two italian groups described in
pilot trials how local injections of both infliximab
and adalimumab could improve fistula healing av
oiding their systemic actions, but controlled and
randomized trials are required to prove the value of
[82-85]
this technique
.
In those patients with severe disease refractory
to all medical and surgical therapy a diverting
temporary stoma may be necessary. CD patient
with complex fistulas associated with uncontrollable
and debilitating abscesses, recurrent sepsis, co
lonic or perineal disease, refractory proctitis, anal
stenosis are candidate, as last option, to perform
[86]
proctectomy with a permanent stoma .
The surgical management of perianal fistulas not
related to CD often requires multiple procedures,
causing a risk for continued symptoms and fecal in
[87]
continence . The first step of the treatment of simple
perianal fistulas not CD related is a local treatment
with fibrin glue in order to preserve the continence:
the results about fistula plugs are promising but need
further studies. Lower and intersphincteric fistulas can
be treated by fistulotomy with a preservative sphincter
surgery. Higher, complex and suprasphincteric
fistulas can be treated initially with curettage and
seton placement followed by surgery. Excision of
the external fistula tract, closure of the internal
opening, and a local advancement flap are alternative
[88]
solutions .

CONCLUSION
As evidenced by this review, combined medical
and surgical treatments are needed to treat pe
rianal CD, so the optimal management involves a
multidisciplinary team including dedicated radio
logists, colorectal surgeons and gastroenterologists
experienced in the management of CD. After a
precise diagnostic definition of the perianal disease
using proctosigmoidoscopy, MRI, EUS and EUA,
drainage of local sepsis represents the first line
approach before other treatments. For simple perianal
CD fistulotomy or non-cutting seton placement are
the recommended options; antibiotics should be
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added. The management of complex perianal CD
provides an appropriate surgical therapy, usually with
non-cutting seton placement, in combination with
[4]
antibiotics and thiopurines . The concomitant rectal
inflammation must always be treated. According
to the recent experiences, the choice of anti-TNF-α
agents as the first line treatment in complex perianal
CD, associated to surgical therapy, seems to be the
optimal strategy for the induction and maintenance
[34,60]
of fistula closure
. New topical treatment moda
lities, including the use of glues, plugs and stem cells
injection, are under evaluation.
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REVIEW

Jaundice associated pruritis: A review of pathophysiology
and treatment
Ramez Bassari, Jonathan B Koea
histamine stimulated neurons terminate widely within
the thalamus and sensorimotor cortex. The causative
factors for itch in jaundice have not been clarified
although endogenous opioids, serotonin, steroid and
lysophosphatidic acid all play a role. Current guidelines
for the treatment of itching in jaundice recommend
initial management with biliary drainage where possible
and medical management with ursodeoxycholic acid,
followed by cholestyramine, rifampicin, naltrexone
and sertraline. Other than biliary drainage no single
treatment has proved universally effective. Pruritis
associated with jaundice is a common but poorly
understood condition for which biliary drainage is the
most effective therapy. Pharmacological therapy has
advanced but remains variably effective.
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Core tip: The occurrence of pruritis in association with
jaundice has been recognized for many years but its
pathogenesis is poorly understood. Recent advances
in understanding the neural pathways involved in
itch have contributed to the clinical treatment of this
important symptom.

Abstract

Bassari R, Koea JB. Jaundice associated pruritis: A review of
pathophysiology and treatment. World J Gastroenterol 2015;
21(5): 1404-1413 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i5/1404.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i5.1404

To review the underlying pathophysiology and currently
available treatments for pruritis associated with ja
undice. English language literature was reviewed using
MEDLINE, PubMed, EMBASE and clinicaltrials.gov
for papers and trails addressing the pathophysiology
and potential treatments for pruritis associated with
jaundice. Recent advances in the understanding of the
peripheral anatomy of itch transmission have defined a
histamine stimulated pathway and a cowhage stimulated
pathway with sensation conveyed centrally via the
contralateral spinothalamic tract. Centrally, cowhage and
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INTRODUCTION
Jaundice (from the French jaune meaning yellow),
refers to the yellowish discolouration of the skin,
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sclera and mucous membranes that accompanies
[1,2]
deposition of bilirubin in tissues . It develops when
serum bilirubin levels are elevated above 34 mmol/L
(2 mg/dL), with yellow discolouration of the sclera
being the site where jaundice is detected earliest
due to high elastin content of sclera and its strong
[3]
binding affinity for bilirubin .
[4]
Pruritis (from the latin verb prurire, to itch)
is defined as an irritating sensation that arouses
the desire to scratch to provide at least temporary
[5,6]
relief
and is used synonymously with the word
“itch”. The sensation originates in the skin and
transitional tissues (oral mucosa, anal mucosa
and conjunctiva) and is thought to provide a pro
tective function against irritating stimuli such as
insect infestation, stings or chemical irritants. The
response to itch is scratching or rubbing the effected
area to rid it of the irritant while painful stimuli
evoke a withdrawal response. The association
between the presence of jaundice and pruritis was
first made by the ancient Greek physician Aretæus
nd
[7,8]
the Cappadocian in the 2 century BC
. Itch is
present in 80%-100% of patients presenting with
[9,10]
cholestasis and jaundice
and is the primary
presenting symptom in at least 25% of patients
[11]
with cholestasis . In contrast, less than 10% of
patients report pruritic symptoms in community
[12]
surveys of otherwise healthy individuals . Patients
with jaundice often nominate pruritis as their most
troublesome symptom to control and the symptom
that has the most negative influence on their quality
[13,14]
of life
. The presence of pruritis can cause severe
sleep deprivation resulting in lassitude, fatigue,
[8]
depression and suicidal ideation . This is partly due
to the observation that pruritis is often worse at
night since it exhibits a circadian rhythm with the
highest intensity being reported in the evening and
[8]
at night . This can make sleep and normal activities
impossible and increases the severity of symptoms
in summer months or humid tropical climates.
Consequently itch is a significant clinical sign in
surgical oncology and in patients with liver disease.
However, in spite of this, the pathophysiology of
itch is still poorly understood and the available
treatment options are not well promulgated. This
review summarizes the current understanding of the
pathophysiology of pruritis associated with jaundice
and the currently available treatment options for the
condition.

thalamus neurons project to a number of cortical
[15]
and subcortical areas . However, in spite of the
clarification of the anatomical structures involved,
the mode of function of the itch pathway is unclear.
The specificity theory proposes that there are dis
crete modality-specific receptors and peripheral
nerves that detect itch stimuli for specific areas of
skin. This is based on evidence that the application
of histamine to skin activated a histamine specific
[16]
pathway of mechanically insensitive C-fibres .
These fibres synapse with a histamine stimulated
pathway located in lamina 1 of the spinothalamic
[17]
tract . Both gastrin-releasing peptide GRP and the
gastrin releasing peptide receptors are important
[18]
in neurotransmission in these neurons . Recently
[19]
Han et al
has demonstrated a group of MrgprA3positive neurones in the dorsal root ganglion
which, when ablated, result in reduction of itch and
scratching behaviour.
The pattern theory argues that itch, as well as
other sensation, is generated by receptors and
nerves that are not stimulus specific and the signals
[20]
are decoded centrally . Consistent with this theory
is the observation that the itch pathway may be
activated by pain producing stimuli such as capsaicin
applied to the skin which will activate mechanically
insensitive C-fibres involved in histamine related
[21]
itch
and different pruritogens may activate other
neurological pathways. Cowhage are the barbed
[22]
hairs of the tropical plant Macuna pruriens
and their application to skin causes intense itch
by stimulating mechanically responsive C-fibres
rather than the mechanically insensitive fibres sti
mulated by the application of histamine. Cowhage
stimulated C-fibres innervate different neurons in
[23]
the spinothalamic tract from histamine . These
observations suggest that there are at least two
separate itch pathways (histamine and cowhage).
Consistent with this is the finding that experienced
subjects report different characteristics of the two
itch types. Histamine itch is described as “burning”
[24]
while cowhage itch is described as “stinging” .
At cellular level histamine receptors types 1, 3
and 4 are important in the transmission of histamine
stimulated itch. Binding of histamine to these re
ceptors activates phospholipase C, phospholipase A2
and transient receptor potential vanilloid 1(TPRV1)
resulting in increased intracellular calcium in dorsal
[25]
root ganglion cells . In contrast cowhage cleaves
protease-activated receptor 2 (PAR2) that activates
phospholipase C, TRPV1 and transient receptor po
tential ankyrin 1 (TRPA1) resulting in membrane
[26]
depolarization .
Within the dorsal horn, calcitonin gene-related
peptide, gastrin-releasing peptide, substance P and
glutamate are important neurotransmitters. There is
also a group of inhibitory neurons within the dorsal
horn (Bhlhb5 neurons) that synapse between the
pain pathway and the histamine stimulated itch

PHYSIOLOGY OF ITCH
Itch begins with stimulation of skin receptors
and nerve endings by pruritogens. This results in
activation of polymodal and mechanically insensitive
C-fibres (Figure 1). These synapse with secondary
neurons in the distal horn which then travel in the
contralateral spinothalamic tract and synapse with
third order neurones in the thalamus. From the
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Thalamic nuclei activated in itch
Histamine

Cowhage

Ventral posterior lateral
Ventral posterior inferior
Posterior

Ventral posterior lateral
Posterior
Suprageniculate
Medical geniculate
Pulvinar

Cortical and subcortical structures activated in itch
Histamine

Cowhage

Primary and secondary somatosensory cortex
Posterior parietal cortex
Superior middle temporal cortex
Posterior cingulate cortex
Anterior cingulate cortex
Precuneus
Cuneus

Primary and secondary somatosensory cortex
Posterior parietal cortex
Superior middle temporal cortex
Posterior cingulate cortex
Anterior cingulate cortex
Precuneus
Cuneus
Insulator cortex
Claustrum
Basal ganglia
Putamen

Spinothalamic
tract

Skin

Dorsal horn

Peripheral neuron

Spinal cord

Figure 1 Summary of the peripheral and central neuroanatomy of the itch pathway (adapted from Dhand and Aminoff[15]).

pathway. Activation of these neurons by scratching
may serve as the cellular basis for how scratching
[27]
inhibits itch . Scratching may also stimulate
inhibitory neurons causing the release of glycine
and gamma-amino butyric acid within the central
[28]
nervous system .
Centrally cowhage and histamine stimulated
neurons terminate in the contralateral ventral pos
terior lateral, ventral posterior inferior and posterior
nuclei. Cowhage stimulated neurons also project
to the contralateral suprageniculate and medial
[29]
geniculate nuclei . From the thalamus there are
projections to the somatosensory cortex, parietal
cortex, prefrontal cortex, anterior cingulate gyrus,
[30-32]
insula, midbrain and motor cortex
.

the itch that accompanies jaundice. Early theories
concentrated on defining a pruritogen released by
the liver whose accumulation in skin accounts leads
to itch while later theories have concentrated on
defining neural circuits involved in the mediation of
itch.

Bile salts

Aretaeus, who first recognized the association of
jaundice and itch, maintained that itchy skin was due
to the presence of “prickly bilious particles” within
[7]
the skin . This theory remains popular since biliary
drainage is usually associated with improvement
[33,34]
in itch
. However, there is often an immediate
effect before a fall in plasma bilirubin. In addition itch
may precede the appearance of jaundice suggesting
that substances other than bilirubin are responsible
[35]
for pruritis . Consequently bile salts emerged as
the primary causative agents in pruritis. This was
supported by the observation that feeding bile salts to

PATHOPHYSIOLOGY OF ITCH IN
JAUNDICE
Several mechanisms have been proposed to explain
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[36]

cholestatic patients worsened pruritis , intradermal
injection of bile salts in healthy volunteers caused
[37,38]
local itching
and administration of anion
exchange resins to bind luminal bile salts decreased
[39]
itching intensity . However, there is no correlation
between the concentration of bile salts in skin or body
[40]
fluids
and the intensity of itch, and the severity
of pruritis does not correlate with the severity of
[41]
cholestasis . Itching in patients with primary biliary
cirrhosis may be severe in the early stages of the
disease when bile salt concentrations are low but
cease to be a significant symptom when liver failure
[42]
and cholestasis is advanced . In addition many
patients with severe cholestasis never experience
[43]
pruritis
while patients with intrahepatic cholestasis
of pregnancy all have mild cholestasis but significant
[35]
symptoms of pruritis . Consequently there is no
evidence that bile salts play a direct role in the
pathogenesis of itching in jaundiced patients.

metabolites are observed. The itch rapidly subsides
after delivery and parallels the fall in urinary steroid
[54]
levels . Steroid hormones may modulate neuronal
excitability in cholestatic patients since they act at a
number of important neural receptors involved in the
[55]
[56]
[57]
itch pathway including TRPV1 , GABA , glycine ,
[58]
[59]
glutamate
and serotonin .

Opioids

Endogenous opioids are involved in the mediation
of pruritis. Epidurally administered opiates are as
[60]
sociated with itching
and increased levels of
circulating endogenous opioids are seen in animal
[61,62]
models of cholestasis and in jaundiced patients
.
Increased expression of preproenkephalin and metenkephalin are seen in cholestatic livers suggesting
[63]
that endogenous production is increased . In addi
tion opioid receptors are down regulated in the brains
of cholestatic rats suggesting increased exposure to
[64]
opioid receptor agonists . Finally µ-opioid receptor
antagonists (naloxone, naltrexone and nalmefene)
[65,66]
exert an anti-pruritic effect
.
However there is no correlation between opi
oid concentration and itch intensity and opioid
concentrations are often similar in patients with
intrahepatic cholestasis of pregnancy and with
[67]
gestation matched controls . Most evidence favours
a central role for opioids in the mediation of itch.

Histamine

Histamine is the principle mediator of allergic re
actions and is released by mast cells and circulating
basophils. Bile salts, particularly chenodeoxycholate
and deoxycholate, stimulate the release of histamine
from mast cells and plasma histamine concentrations
[44,45]
are increased in pruritic patients
. However,
pharmacological doses of bile salts are required to
[46]
stimulate histamine release from mast cells
and
histamine antagonists have not been successful
[47]
in treating pruritic patients . In addition plasma
tryptase levels (a marker of mast cell activation) are
[47]
not elevated in pruritic patients , mast cell numbers
[48]
are not elevated , and the typical skin features of
histamine release (erythema and swelling) are not
[38]
seen in pruritic patients .

Lysophosphatidic acid

Elevated levels of lysophosphatidic acid (LPA) have
been found in the plasma of pruritic patients, and
[68,69]
intradermal injection is associated with itching
.
LPA is formed from lysophosphatidylcholine by the
enzyme autotaxin and is a signaling molecule that
acts on a number of specific G-protein coupled rece
[68]
ptors present on neuronal cell membranes . Serum
LPA concentrations are increased in only pruritic
but not in non-pruritic patients with similar levels
of cholestasis. In addition autotaxin concentration
correlates with itch intensity, with decreased levels
seen following biliary drainage and increased levels
[70]
seen with the recurrence of pruritis .

Serotonin

Intradermal injection of serotonin causes itch in
[49]
healthy volunteers
and treatment of pruritic
patients with selective serotonin reuptake inhibitors
[50]
[51]
sertraline
and paroxetine
has been useful in
treating pruritis. However, using the 5-HT3-receptor
antagonist ondansetron has not been consistently
[52]
effective in improving itch . This suggests that
serotonin may be important in the central nervous
system in itch perception or sensory modification but
it does not appear to be a direct mediator of pruritis.

ASSESSMENT OF PRURITIS
Itch is a difficult sensation to quantify. However, there
are a number of reported systems used to quantify
pruritis and its response to treatment interventions.
The most common is a visual analogue scale which
[71]
was reported by Patrick et al
in 1973 and asks the
patient to mark the severity of pruritis on a linear
analogue scale.
Two other more detailed methods exist. The
Eppendorf Itch Questionnaire and the Questionnaire
for the Development of pruritis both use a com
prehensive list of questions that address sensory and

Steroids

Steroid hormones may be mediators of pruritis
based on the observation that female cholestatic
patients often report more intense and prolonged
[53]
pruritis in comparison with male patients , and the
itch present in intrahepatic cholestasis of pregnancy
typically is most intense in the third trimester when
the highest concentrations of steroids and their
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[38]

emotional categories to assess the effect of pruritis
on the patient’s quality of life. Both questionnaires
[72,73]
are detailed but are time consuming to complete
.

while cool temperatures lower the itch threshold .
Consequently soaking in a tepid bath or shower will
temporarily reduce itch. After bathing skin should
be patted dry with a soft towel and talcum powder
and deodorants should be avoided as they may
[13]
exacerbate itch . Ordinary calamine lotion should be
avoided as this has a drying effect on the skin. Oily
calamine contains 0.5% phenol and is an effective
antipruritic.
Patient clothing and bed linen should be washed
in mild detergent and fabric softeners should be
avoided. Loose fitting cotton clothing is more com
[13]
fortable than woollen or synthetic fabrics . If the
urge to scratch is overpowering the patient should
be encouraged to rub gently or apply pressure at
the site of itch instead of scratching. Applying a cold
cloth or ice pack will also help. Fingernails should be
kept short and clean to avoid skin damage.

TREATMENT
There are a number of reported potential treatments
available for patients with pruritis. Our poor un
derstanding of the mechanism underlying pruritis
in jaundiced patients has ensured that no single
treatment has proved definitive. The evidence base
for all reported treatments is variable and most
clinicians are aware of the frustrations in finding an
effective treatment for the patient with intractable
pruritis. The rationale of the reported treatments
generally fits into one or more of the following
categories: (1) to remove pruritogens from the
enterohepatic circulation by non-absorbable anion
exchange resins or biliary drainage procedures
performed either endoscopically, radiologically or
surgically; (2) to alter the metabolism of pruritogens
in the liver and/or in the gut; (3) to modify central
itch signaling by influencing specific receptors in
the central nervous system; and (4) to remove the
potential pruritogens from the systemic circulation by
invasive methods.

Ultraviolet light

Phototherapy using ultraviolet A and ultraviolet
B light on the skin has been reported but there
is no rationale for its use in jaundice associated
[8,78,79]
pruritis
. Light directed towards the eyes has
also been suggested since scratching behaviour
often follows a 24 h rhythm. However, a controlled
trail of bright light therapy has not been conducted
[78]
in pruritis associated with cholestasis .

Biliary drainage

Biliary drainage has proven the most effective
treatment for pruritis. Generally itching subsides
as soon as biliary drainage is obtained and prior
to any demonstrable decrease in plasma bilirubin
concentrations. For patients with advanced liver
disease and bilateral hepatic obstruction unilateral
drainage is usually sufficient to palliate pruritis
although plasma bilirubin levels and liver function
tests may not completely normalize. There are no
obvious differences in the effectiveness of available
drainage techniques with endoscopic, percutaneous
[33,34,74,75]
or surgical techniques all successful
.

Anion exchange resins

This includes cholestyramine, colestipol and cole
sevelam. These are hydrophilic, water insoluble,
non-absorbable and bind bile salts preventing their
absorption in the terminal ileum. Cholestyramine is
recommended as a 4 g dose one hour before breakfast
[8]
and this dose can be increased to four times daily .
Side effects are common including constipation and
malabsorption, and patient compliance can be poor
[4]
due to the unpleasant taste of the agents . Anion
exchange resins also reduce the bioavailability of a
number of commonly used agents (digoxin, thyroxine
and oral contraceptive agents) and other medications
should be taken at least four hours after a dose of one
of these agents. Cholestyramine has been assessed
in a single blind randomized cross over trial of eight
patients and showed that pruritis scores were less in
[80]
treated patients than in those receiving a placebo .
This was confirmed in a double blind placebo controlled
[81]
trial . Generally improvement in pruritis scores is
[8]
noted after at least two weeks of treatment .

Skin care

Skin care in pruritis is often neglected. Twycross
(1997) has suggested that appropriate skin care
may decrease or eliminate the need for drug the
[76]
rapy . Adequate nutrition is important and a
diet that includes protein, carbohydrate, fats and
vitamins should be aimed for as well as a fluid intake
of two litres of fluid daily.
The aim of skin care is to ensure that the skin
[13]
does not become dry . Soap should be avoided
and replaced with an emollient solution that
[77]
hydrates the skin . Creams or lotions should be
stored in the refrigerator to enhance the cooling
effect on application. Heat should be avoided as it
enhances local blood flow and exacerbates itching

WJG|www.wjgnet.com

Rifampicin

Rifampicin is an antibiotic and has been used in the
[11]
treatment of pruritis . Rifampicin induces phase I,II
and III biotransformation enzymes and transporters
[82,83]
such as CYP3A4, UGT1A1, SULTA1, and MRP2
,
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enhancing the metabolism of bilirubin and its
breakdown products and by modifying the synthesis
of secondary bile acids in the intestinal lumen due
[4]
to its antimicrobial action . However, rifampicin
is associated with a number of severe reactions
including haemolytic anaemia, renal failure and
thrombocytopenic purpura, and regular monitoring of
transaminase levels are required due to the possible
[14]
risk of hepatotoxicity . Rifampicin at a dose of
300 mg/d improves cholestatic pruritis and a metaanalysis performed using five prospective randomized
trials confirms its effectiveness in treating pruritis
both as an initial therapeutic option and as a
[84]
treatment following failure of other agents .

frequency, visual hallucinations and fatigue. Sertraline
is contraindicated in patients receiving monamine
[14]
oxidase inhibitors .

Antihistamines

Antihistamines have two potential modes of action
in treating pruritis. Firstly they prevent binding of
histamine to the H1 receptor and have a second
sedating and anticholinergic effect although clinically
[79]
they are rarely effective . The newer H4 receptor
antagonists may have a potential role although this
[90]
is yet to be formally assessed .

Anticonvulsant agents

Anticonvulsants are effective in the treatment of
pruritis and probably act at a spinal level by inhibiting
transmission. They often do not reach full effectiveness
until after 5-6 wk of treatment. Gabapentin (900-2700
mg/d) is currently under investigation although initial
analysis of a double blind trial suggested that there
[78,91]
was no therapeutic advantage seen over placebo
.

Ursodeoxycholic acid

Ursodeoxycholic acid has been used in the treatment
of primary biliary cirrhosis at a dose of 750 mg/d
and improved a number of biochemical parameters
[14]
but did not improve pruritis . Although it has
been effective in treating pruritis in patients with
intrahepatic cholestasis of pregnancy possibly due to
stimulation of hepatobiliary secretion of progesterone
[85]
disulfates .

Antidepressants

Antidepressants have been used in the treatment of
pruritis. Both paroxetine and setraline are selective
[79]
serotonin reuptake inhibitors . Mirtazapine and
doxepin (both tricyclic antidepressants) have
antihistaminic effects and serotonergic effects and
[79]
have been used to treat pruritis .

Opioid antagonists

A recent review concluded that patients with pruritis
due to cholestasis as well as other cause may benefit
[86]
from treatment with µ-opioid receptor antagonists .
Two double blind placebo controlled trials showed
improvement in cholestatic pruritis in patients treated
with parenteral naloxone at a dose of 0.4 mg followed
by an infusion of 0.2 µg/kg. min or oral naltrexone at a
[65,87]
dose of 50 mg/d
. This treatment was associated
with a decrease in scratching activity and a decrease
[4]
in the perception of pruritis . However, administration
of opiate antagonists may be associated with an acute
withdrawal reaction presenting with abdominal pain,
anorexia, and raised blood pressure.
Based on the assumption that opioid induced itch
is mediated by activation of µ-opioid receptors and
can be suppressed by activation of κ-opioid receptors
it was suggested that κ-agonists may be an effective
treatment. A recent trial with nalfurafine, a newly
described κ-agonist, did effectively reduce itch in
[88]
haemodialysis patients .

Immunosuppressants

Cyclosporin (3-5 mg/kg) has a significant anti-pruritic
effect within several days of beginning therapy
although no trials specifically looking at it use in the
[79]
treatment of pruritis have been described .

Dronabinol

Dronabinol is a psychoactive compound extracted
from Cannabis sative and 5 mg administered to
patients with intractable cholestasis associated
[78]
pruritis decreased itch and improved sleep . Dro
nabinol may act by increasing the threshold to
noxious stimuli.

Extracorporeal albumin dialysis

The molecular adsorbent and recirculating system
(MARS) is a haemofiltration system that removes
albumin-bound substances in patients with liver
failure. Although invasive it appears to be effective
[92]
in controlling pruritis associated with cholestasis .
An analysis of patients treated with MARS in three
centres showed that MARS was effective in reducing
[93]
pruritis in 75% of patients .
Two case reports indicate that plasmapheresis
is a safe therapeutic option and relieves pruritis in
[94]
pregnant patients with primary biliary cirrhosis .

Serotonin antagonists

Sertraline is a selective serotonin re-uptake inhibitor.
Using a dose of 75-100 mg/d, a randomized
controlled trial showed that the treatment was well
tolerated and itch scores improved in a group of
patients with primary biliary cirrhosis, sclerosing
[89]
cholangitis, hepatitis C and post necrotic cirrhosis .
Sertraline was well tolerated with minor side effects
including nausea, dizziness, increased bowel
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Table 1 Current suggested pharmacological therapy for the
[101]
management of pruritis associated with jaundice

3

Treatment

Agent

Dosage

4

Initial
First line
Second line
Third line
Fourth line

UDCA
Cholestyramine
Rifampicin
Naltrexone
Sertraline

10-15 mg/kg.d (PO)
4-16 g/d (PO)
300-600 mg/d (PO)
50 mg/d (PO)
100 mg/d (PO)

5

UDCA: Ursodeoxycholic acid; PO: Oral administration.

6

Liver transplantation

7

Intractable pruritis can become an indication for
liver transplantation even if no evidence of cellular
[95]
hepatic or biliary abnormalities are present .

Experimental drug therapies
[96]

[97]

8
9

[98]

[99]

Propofol 1 , lidocaine , flumecinol , stanozolol ,
[100]
and butorphanol
, have been reported in small
numbers of patients as having a beneficial effect
although none has become part of routine clinical
practice.

10

11

CURRENT RECOMMENDED TREATMENT
The European Association for the Study of Liver
Disease (EASL) guidelines for the drug treatment of
pruritis are shown in Table 1 and these are identical
to the guidelines of the American Association for the
[14]
Study of Liver Diseases . These agents are those
for which the strongest evidence base exists and
have shown the greatest efficacy in the available
clinical trials. For patients presenting with biliary
obstruction biliary drainage by the most prudent
route possible should first be undertaken. The
choice of drainage procedure will depend on the
nature and site of biliary obstruction and whether
further surgical or other active therapy such as
chemotherapy and/or radiation therapy is planned.
In addition all jaundiced and pruritic patients should
be advised of an appropriate skin care regime with
regular bathing, careful use of detergents and
moisturizers.
Once biliary drainage has been established
and pruritis remains, or in patients where biliary
drainage cannot be obtained, implementation of
pharmacological therapy using the agents in the
order suggested by the EASL should be commenced.
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cholangiocarcinoma, the gallbladder and the ampulla
of Vater (collectively known as biliary tract cancers).
These tumors account for approximately 13% of
all annual cancer-related deaths worldwide and for
10%-20% of deaths from hepatobiliary malignancies.
Cholangiocarcinoma (CCA) is a devastating disease that
displays a poor survival rate for which few therapeutic
options are available. Population genetics, geographical
and environmental factors, cholelithiasis, obesity,
parity, and endemic infection with liver flukes have
been identified as risk factors that influence the
development of biliary tract tumors. Other important
factors affecting the carcinogenesis of these tumors
include chronic inflammation, obstruction of the bile
ducts, and impaired bile flow. It has been suggested
that CCA is caused by infection with Helicobacter
species, such as Helicobacter bilis and Helicobacter
hepaticus , in a manner that is similar to the reported
role of Helicobacter pylori in distal gastric cancer. Due
to the difficulty in culturing these Helicobacter species,
molecular methods, such as polymerase chain reaction
and sequencing, or immunologic assays have become
the methods of choice for diagnosis. However, clinical
studies of benign or malignant biliary tract diseases
revealed remarkable variability in the methods and
the findings, and the use of uniform and validated
techniques is needed.

Abstract

Core tip: Hepatobiliary cancers are highly lethal cancers
which are difficult to diagnose early and for which few
therapeutic options are available. Its etiological factors
have been suggested to include chronic inflammation,
obstruction of the bile ducts, and impaired bile flow,
as well as infection with Helicobacter species, such

Key words: Helicobacter bilis ; Helicobacter hepaticus ;
Helicobacter species ; Extrahepatic cholangiocarcinoma;
Cholangiocarcinoma; Biliary tract cancer

© The Author(s) 2015. Published by Baishideng Publishing
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Hepatobiliary cancers are highly lethal cancers that
comprise a spectrum of invasive carcinomas originating
in the liver hepatocellular carcinoma, the bile ducts
intrahepatic cholangiocarcinoma and extrahepatic
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as Helicobacter bilis and Helicobacter hepaticus ,
in a manner that is similar to the reported role of
Helicobacter pylori in distal gastric cancer. Population
genetics, geographical and environmental factors,
cholelithiasis, obesity, parity, and endemic infection
with liver flukes have been identified as risk factors that
influence the development of biliary tract tumors.

factors affecting hepatobiliary carcinogenesis include
chronic inflammation, obstruction of the bile ducts,
[15,16]
and impaired bile flow
.
CCA is a devastating disease that displays a
poor survival rate for which few therapeutic options
are available. Although surgical resection has been
considered to be the best option for localized CCA,
local recurrence is very common because of persistent
micro-metastatic disease in the regional lymph
[17]
nodes or at the surgical margins . Multiple studies
have reported a survival rate of 20%-40% after 10
years for patients with resectable tumors localized
to the hilar or distal third of the ductus choledochus,
although the survival rate is decreased in advances
stages of this disease. Previous reports have
concluded that tumor extension directly correlates
[2,18-24]
to the mortality rate
. Another therapeutic
option is liver transplantation, for which the reported
[17,25]
5-year survival rate is 38%-50%
. For patients
with unresectable disease, the placement of a selfexpandable biliary stent is a widely accepted palliative
procedure because it improves the quality of life
by improving biliary drainage and by reducing the
[26,27]
frequency of cholangitis and its complications
.
The etiology of most of these tumors remains
unknown, although the role of an infectious agent
has been suggested, and studies of patients and
animal models have indicated that Helicobacter
species might play this role. Because clinical and
experimental evidence for a role of Helicobacter
spp. infection in the carcinogenesis of CCA has been
accumulating in recent years, we considered it to be
appropriate to review and summarize the relevant
studies addressing the probable participation of
Helicobacter species infection in the development of
these tumors.

Segura-López FK, Güitrón-Cantú A, Torres J. Association
between Helicobacter spp. infections and hepatobiliary
malignancies: A review. World J Gastroenterol 2015; 21(5):
1414-1423 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i5/1414.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i5.1414

INTRODUCTION
Hepatobiliary cancers are highly lethal cancers
that comprise a spectrum of invasive carcinomas
originating in the liver [hepatocellular carcinoma
(HCC)], the bile ducts intrahepatic cholangiocarcinoma
(ICCA) and extrahepatic cholangiocarcinoma (ECCA),
the gallbladder and the ampulla of Vater (collectively
[1]
known as biliary tract cancers) . These tumors
account for approximately 13% of all annual cancerrelated deaths worldwide and for 10%-20% of deaths
[2]
from hepatobiliary malignancies . The incidence
and mortality of CCA has increased dramatically in
[3,4]
North America and Europe in recent decades . The
CCA prevalence in North America is heterogeneously
distributed among different racial and ethnic groups,
with the highest age-adjusted prevalence in Hispanics
(1.22/100000) and the lowest in African Americans
[2]
(0.17-0.50/100000) . In 2012, the worldwide
incidence of hepatobiliary cancer was 960552
cases, resulting in 888330 deaths, whereas in the
United States, an estimated 39880 cases of liver or
other biliary tract cancer were diagnosed, including
approximately 24312 deaths from liver cancer or CCA
[5]
and 3845 deaths from gallbladder cancer .
In 2012, the worldwide mortality of gallbladder
and biliary tract cancers was estimated to be 42813
cases, which represents 1.7% of deaths due to all
[5]
cancers . The regional prevalence of these tumors
is highly variable; they are rare in most regions of
Europe and North America but are exceptionally high
in regions such as Chile, Thailand, Japan, central
Europe, Northeastern India and Pakistan, with a 5-year
survival rate of less than 10% in most cases. These
contrasting rates are partially explained by differences
in the prevalence of risk factors of this disease, such as
population genetics, geographical and environmental
factors, cholelithiasis, obesity, and parity, as well
as endemic infection with liver flukes such as
Opisthorchis viverrini or Clonorchis sinensis, which
[6-14]
occurs in some regions of Asia
. Other important
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EVIDENCE SUGGESTING A ROLE OF
HELICOBACTER SPP. INFECTION IN CCA
CCA displays the histological characteristic of ad
enocarcinoma of the bile-duct epithelial cells, and
it has been suggested that the progression to
cancer is similar to that which is observed in the
intestinal type of gastric cancer: from hyperplasia to
metaplasia, dysplasia, and, ultimately, the de
velopment of adenocarcinoma. In agreement with
this proposal, it has been suggested that CCA may
be caused by infection with Helicobacter species,
such as Helicobacter bilis (H. bilis) and Helicobacter
hepaticus (H. hepaticus), in a manner that is similar
to the reported role of Helicobacter pylori (H.
pylori) in distal gastric cancer; in fact, H. pylori was
classified as a type Ⅰ carcinogen by the International
[9-11,28-30]
Agency for Research on Cancer (IARC)
.
The enterohepatic Helicobacter spp., such as
H. bilis, H. hepaticus, and H. cholecystus, have
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been isolated from the human gallbladder, liver
tissue and bile juice and are suggested to express
genes that facilitate their colonization in this hostile
environment, which is highly osmotic and filled
with biliary salts. The pathogenicity of H. bilis
and H. hepaticus has been studied using various
animals infected experimentally or naturally, and
Helicobacter infection has been found to induce
chronic active hepatitis, hepatocellular and biliary
tract carcinomas, typhlocolitis, and lower bowel
cancer in susceptible strains of inbred and genetically
[29-39]
engineered mice
.
H. hepaticus may establish a chronic infection
in A/JCr mice by colonizing the lower bowel and,
sporadically, the liver, particularly in the bile ca
[40]
naliculi . This persistent infection caused chronic
inflammation and necrosis in the hepatic parenchyma
and portal triads, and infected animals exhibited
oval cell, Kupffer cell, and Ito cell hyperplasia,
hepatocytomegaly, and bile duct proliferation.
Notably, hepatic adenomas were observed only in
male animals. Thus, persistent H. hepaticus infection
was associated with chronic proliferative hepatitis
and hepatomas in exclusively male mice, suggesting
that H. hepaticus may cause an increased risk for
hepatic cancer. The constitutive androstane receptor
(CAR) regulates the metabolic detoxification of
endobiotics, and CAR knockout (KO) mice were used
to examine tumor progression after H. hepaticus
[41]
infection . Although H. hepaticus infection induced
chronic hepatitis in both wild type and CAR KO mice,
the CAR KO mice exhibited increased numbers of
liver lobes displaying dysplasia and neoplasia. The
authors found that this enhanced tumor promotion
was associated with decreased hepatic expression
of the P450 enzymes Cyp2b10 and Cyp3a11,
increased expression of Camp, and increased serum
concentrations of chenodeoxycholic acid. Thus,
liver tumor promotion in mice infected with H.
hepaticus might be enhanced by impaired metabolic
detoxification.
A study of aged hamsters detected liver in
[42]
fection with Helicobacter of the H. Bilis cluster ,
and the infected animals exhibited predominant
portocentric and, to a lesser extent, perivenular
fibrosis and nodular dysplasia. Lesion formation was
associated with chronic active portal/interface and
lobular inflammation, along with significant portal
hepatitis. These results suggest the participation of
H. bilis in hepatobiliary disease in both animals and
humans. Enterohepatic Helicobacter infection might
also contribute to the development of cholesterol
gallstones and intrahepatic cholelithiasis, as suggested
[12,13,39,43-52]
by recent studies of animal models
.
The geographical distribution of H. bilis and other
enteric Helicobacter species among the human
population is unknown, although it is presumed that
their prevalence is low in populations which display
low risk for biliary duct malignancies and nonviral
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hepatitis. Similarly, its increased prevalence may
contribute to the unexplained increase in biliary
cancer incidence in specific regions of East and
[53]
South Asia . Because of the difficulty in culturing
these Helicobacter spp., molecular techniques, such
polymerase chain reaction (PCR) and sequencing,
have become the methods of choice to identify these
[54,55]
species in clinical specimens
.

H. hepaticus

In 1994, spiral bacilli were isolated from the liver,
the colon and the cecum of A/JCr mice and were
identified as a novel species of Helicobacter termed H.
[40]
hepaticus . H. hepaticus is a microaerophilic, 1.5- to
5-µm-long, gram-negative, spiral-shaped bacterium
that displays positive urease, catalase, and oxidase
activities. It reduces nitrate, grows at 37 ℃ but not
at 25 ℃ or 42 ℃, is resistant to cephalothin and
nalidixic acid but is sensitive to metronidazole, and
as expected, exhibits resistance to bile. H. hepaticus
must express genes that enable it to colonize the
hostile, highly osmotic environment of the biliary
duct. It lacks the genes expressed by H. pylori which
are required for the colonization of the stomach, but
it shares genes with Campylobacter spp. that may
assist in the colonization of other enteric regions. The
current availability of its genomic sequence provides
investigators with the opportunity to examine the
mechanisms underlying its tissue tropism and
[56]
carcinogenesis . H. hepaticus contains two flagella
that are localized in a characteristic bipolar manner
and possesses a flagellar sheath. These flagellar
genes are closely related to those of H. pylori, and
as in H. pylori, these genes are scattered throughout
the chromosome, with few small clusters of
[57]
functionally linked genes . The flaA and flaB genes
likely encode the major and minor flagellin subunits,
which form the multimeric flagellar filament. One
particular characteristic that is common to all of
the H. hepaticus genomes analyzed is the presence
of two identical copies of the flaA gene, including
its promoter region (flaA_1 and flaA_2), which are
[58]
present at two separate locations in the genome .
The expression of flagella and their regulatory
genes are essential for the motility required for the
intestinal colonization of H. hepaticus. Motility and
chemotaxis could play a predominant role in enabling
these bacteria to locate their appropriate intestinal
habitat, particularly during the initial steps of
[59]
colonization . Cytolethal-distending toxin (CDT) is
a multimeric cytotoxin that displays nuclease activity
which may contribute to the exposure of endogenous
antigens to the immune system following infection
with H. hepaticus. CDTs are a family of proteins that
cause cell cycle arrest and cellular distention, leading
to the enlargement of both cells and nuclei followed
[46,57,58]
by chromatin fragmentation
. These CDTs are
composed of three subunits: a catalytic subunit,
CdtB, which displays DNase I-like activity, and CdtA
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of the type Ⅳ secretion system, which is present in
several H. pylori strains. HHGI1 also contains a gene
that displays homology to V. cholerae hcp, which
encodes a secreted protein that is co-regulated with
V. cholerae hemolysin, and a gene cluster (HH244
to HH251) that displays significant homology to a
cluster of genes of unknown function on the small
chromosome of V. cholerae (VCA0107 to VCA0115)
and on the Yersinia pestis genome. Additionally, the
HH252 gene displays high similarity to the IcmF gene
of V. cholerae and Legionella pneumophila, which
encodes a protein that is involved in macrophage
killing and bacterial conjugation. These data suggest
that HHGI1 might be involved in the virulence of H.
[49,68]
Hepaticus
. The genome also contains a katA
gene (HH0043), which encodes a catalase that is
homologous to that of Bordetella pertussis (65.95%)
[49]
and H. pylori (62.5%) . katA may confer protection
against hydrogen peroxide and other ROS produced
as a result of the inflammatory reaction induced by
H. hepaticus infection. In fact, there is evidence that
the levels of 8-oxo-guanine and lipid peroxidation
are significantly increased in H. hepaticus-infected
mice and that these oxidized macromolecules
[60,69]
increase with the duration of infection
.
The epidemiology of H. hepaticus infection is
unknown; although the persistent infection of the
lower intestine suggests that the fecal-oral route,
particularly in mice considering their coprophagic
[40,48,70-72]
habits, may transmit infection
. H. hepaticus
is routinely cultured from the colon and the liver
of mice suffering from various hepatobiliary
[31,40,67]
disorders
. In contrast, attempts to culture these
bacteria from specimens of patients suffering from
various hepatobiliary disorders have largely been
unsuccessful, although H. hepaticus infection has been
[6,13,14,28,29]
detected via PCR or immunologic assays
.
This difference suggests that characteristics such
as the host hepatobiliary environment play a role in
determining the adaptability and cultivability of this
[72]
bacterium in vitro .

and CdtC, which bind to the cell membrane and
[39,59]
deliver CdtB to the target cells
. The translocation
of CdtB to the nucleus exerts genotoxic effects on the
host DNA, triggering DNA repair cascades that induce
cell cycle arrest and, ultimately, cell death. It was
recently shown that H. hepaticus CDT plays a crucial
role in promoting the progression of hepatitis to premalignant, dysplastic lesions via the activation of proinflammatory NF-kB and the increased proliferation
[60-63]
of hepatocytes
. These results represent the first
evidence that CDT displays carcinogenic potential in
vivo. The urease enzyme is an important virulence
factor involved in gastric colonization by H. pylori
and H. mustale, although the contribution of urease
to the development of H. hepaticus-associated
disorders has yet to be demonstrated. Although
urease expression by H. hepaticus is lower than that
by H. pylori, its expression remains relatively high
compared to that in other urease-positive pathogens.
Active urease converts urea into ammonia and
bicarbonate, and the produced ammonia mediates
protection against acidic microenvironments and
[64]
may also serve as a nitrogen source . In contrast
to H. pylori, the urease activity of H. hepaticus is
not induced at acidic pH, and H. hepaticus does not
grow or survive at pH 3.0. This finding suggests that
the urease system is not a universal acid-resistance
factor throughout ureolytic Helicobacter species and
that its functions may differ between gastric and
enterohepatic Helicobacter species; in fact, urease
expression in H. hepaticus may respond to distinct
[64,65]
environmental stimuli
.
The complete genomic sequence of H. hepaticus
[56]
strain ATCC51449 was published in 2003 . This
sequence consists of 1779146 bp and shares certain
characteristics with those from H. pylori, C. jejuni,
and other enteric bacteria, such as V. cholerae and
E. coli. Thus, approximately 50% of H. hepaticus
open reading frames (ORFs) have orthologs in the
sequences of the H. pylori 26695 and J99 strains,
and 50.8% have orthologs in the sequence of C.
jejuni NCTC 11168. It was also found that 821 H.
hepaticus proteins have the same ortholog in both
H. pylori and C. jejuni and that 109 H. hepaticus
proteins have orthologs in both H. pylori genomes
but not in C. jejuni. In addition, 130 H. hepaticus
ORFs have an ortholog in C. jejuni but not in H.
[40,57,58,66,67]
pylori
. The H. hepaticus genome contains
one large region and many small regions that differ
from the rest of the chromosome with respect to
their G + C content, suggesting that these regions
may have been generated via horizontal gene
transfer. The largest region is a 71 Kb region termed
genomic island 1 (HHGI1), which displays a G+C
content of 33.2% and contains 70 ORFs (HH0233HH0302). Most genes in HHGI1 encode hypothetical
proteins, although it also encodes three proteins
that are homologous to the structural components
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Chronic inflammation as the mediator of tumor
promotion by H. hepaticus

Similar to H. pylori, H. hepaticus can establish a
persistent infection in its host, inducing chronic
inflammation that may represent the primary risk
[58]
factor of the progression to carcinogenesis . Nod2deficient mice challenged with H. hepaticus secrete
these bacteria in feces for longer periods than wild
type mice, and an increased number of H. hepaticus
was detected in the terminal ilea, suggesting that
Nod2 protects the host from intestinal colonization.
However, intestinal pathology was not detected
following infection of either WT or Nod2-deficient
mice. In contrast, in mice exhibiting altered immune
function, the typhlocolitis/colitis lesion can be
severe, leading to rectal prolapse, weight loss, and
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[44,73]

death
. Mice lacking IL-10 and infected with
H. hepaticus developed spontaneous colitis, which
was less severe when the mice were housed under
specific-pathogen-free (SPF) conditions, suggesting
enhanced susceptibility to pathogen-induced
[69]
inflammation . Inflammation was associated
with a Th-1-related cytokine profile, including
increased mRNA expression of IFN-g and IL-17 in
the colon. These results indicate that H. hepaticus
infection induces Th1 and Th17 responses in mice
exhibiting an impaired anti-inflammatory response
[74]
or IL-10 deficiency . Early studies demonstrated
that in regulatory T-lymphocyte-deficient mice, H.
hepaticus induced colitis and the progression to
colonic carcinoma, including neoplastic peritoneal
[75,76]
invasion
. Recombinase-activating gene-2-/-)
deficient (Rag2
mice, which lack functional
lymphocytes, represent a useful model of chronic
-/inflammatory bowel disease. Infection of Rag2
mice with H. hepaticus led to the accumulation of
macrophages and neutrophils and the up-regulation
of inducible nitric oxide synthase (iNOS) expression
in tissue, along with increased nitric oxide (NO)
production in the colonic wall. Increasingly severe
inflammation led to metaplasia, hyperplasia,
dysplasia, and cancer. Concurrent administration
of an iNOS inhibitor prevented NO production and
abrogated this epithelial pathology and the onset
+
of cancer. The presence of Gr-1 cells and elevated
TNF-α expression in the colon were also required
for increased iNOS expression and for cancer
+
development; alternatively, anti-inflammatory CD4
Treg lymphocytes and IL-10 down-regulated the
expression of TNF-α and iNOS and suppressed cancer.
Collectively, these results confirm the essential roles
of elevated NO production and TNF-α expression
[77,78]
in carcinogenesis in this experimental model
.
Chronic H. hepaticus infection is characterized by the
infiltration of neutrophils and macrophages in the
mouse cecum and liver, where they secrete ROS that
may contribute to tumor promotion by damaging
DNA in hepatocytes or intestinal epithelial cells,
as suggested by the increased levels of oxidized
nucleoside 8-hydroxydeoxyguanosine (8-oxo-dG) in
[79]
liver DNA after H. hepaticus infection . Orogastric
Min/+
infection of C57BL/6 Apc
(Min) mice with H.
hepaticus rapidly promoted extraintestinal tumors
[45]
in mammary tissue , and breast cancer has been
suggested to arise from intestinal bacteria-induced
inflammation. The pro-inflammatory cytokine TNF-α
plays a prominent role in this tumor model, as it
participates in cancer progression in the bowel, the
[49,80,81]
liver, and other sites in mice
.

This bacterium produces 3 to 14 bipolar-sheathed
flagella and periplasmic fibers that surround the cell.
Comparative analysis of its 16S rRNA sequences
revealed that it displays a similarity of 98% to H.
cinaedi, 97.4% to H. hepaticus and 93.4% to H.
[30,42,82,83]
pylori
. It was originally isolated from the
colonic crypts, the cecum, the bile and the liver of
[30]
mice with hepatitis , and because it has not been
found in the stomach, it is also referred to as nongastric Helicobacter. H. bilis is an enterohepatic
Helicobacter species which is endemic in most mouse
facilities that may induce disease in susceptible
[84]
animals . H. bilis infection has been associated
[85,86]
with an increased incidence of typhlocolitis
[33]
[30]
inflammatory bowel disease , hepatitis , and
[85]
cholecystitis .
In humans, H. bilis has been associated with
[55]
chronic liver disease , biliary tract and gallbladder
[87,88]
[89]
cancer
, chronic diarrhea , and pyoderma
[90]
gangrenosum-like ulcers . H. bilis has not been
cultured from human specimens, and it was first
detected via PCR in the gallbladder and the bile of
[91]
Chilean patients with chronic cholecystitis . H. bilis
antibodies have been identified in sera from patients
[88]
with chronic liver disease and cirrhosis , and H.
bilis infection has also been demonstrated via PCR in
patients with benign and malignant liver neoplasm[36,37]
like hepatoma and HCC
.
In mice, H. bilis is known to be responsible for
chronic hepatitis and hepatocellular tumors and
may play a major role in cholesterol gallstone
[30,54,87,88,92,93]
formation
. However, a direct association
between H. bilis and bile duct cancer has yet to be
established.
Due to the presence of enterohepatic Helicobacter
in gallbladder carcinoma, this species has been
considered as a cofactor that contributes to biliary
carcinogenesis, although the mechanisms responsible
for the processes that lead to cancer remain
[94]
unclear . Enterohepatic Helicobacter infection has
been suggested to participate in the development of
cholesterol gallstones and intrahepatic cholelithiasis,
[54,95]
which may subsequently lead to carcinogenesis
.
Its promotion of stone formation has been suggested
to be due to its serving as a foreign body nest
around which the stone develops, likely by producing
hydrolyzing enzymes or nucleating proteins, such
[54,96]
as immunoglobulins
. The risk for lithogenicity
might also be associated with the modulation
of enterohepatic cycling of conjugated bile acid,
[54,82,87,97-101]
including the transit time through the gut
.
It was recently confirmed that H. bilis infection
activates NF-kB in bile duct carcinoma cells and
increases the expression of the angiogenic factor
VEGF, elevating the angiogenic potential of these
[83,97]
cells via CRE-binding protein
. Recently, gammaglutamyl transpeptidase (gGT) has been reported
as a novel H. bilis virulence factor (HBgGT). The H.

H. bilis

H. bilis is a gram-negative, opportunistic, non
sporulating, microaerophilic, fusiform bacteria that
measures 0.5 nm in width and 4 to 5 nm in length.
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bilis genome encodes two putative gGT sequences,
one of which was found to be functionally active,
inhibiting the activity of T cells and suppressing the
proliferation of epithelial AGS cells, in a manner
[102]
that is similar to H. pylori gGT (HPgGT)
. HBgGT
has been implicated as an important regulator of
inflammation in H. bilis-infected intestinal epithelial
cells that may be responsible for the inflammatory
[103]
disorders observed in experimental animal models
.

species H. pylori, H. bilis, H. hepaticus, and H.
ganmani and biliary tract cancer. The presence
of Helicobacter spp. was determined via PCR or
immunohistochemical analysis of specimens from
bile and biliary tissues. A significantly higher pooled
infection rate of Helicobacter spp. (predominantly
H. pylori and H. bilis) was observed in the biliary
tract of the cancer group (P = 0.0001) and in the
benign biliary disease group (P = 0.0001) than in
[53]
the asymptomatic group . In another case-control
study of patients with HCC, the authors searched
for Helicobacter spp. in liver tissue. PCR detected
Helicobacter spp. in 60.7% of the cases, whereas the
controls displayed no infection (P < 0.01), suggesting
that Helicobacter spp. colonized the liver tissues of
[107]
HCC patients
.

Clinical evidence for the role of Helicobacter spp. in
biliary diseases

Currently, multiple human clinical studies have
associated Helicobacter spp. infection with biliary
diseases. H. pylori has been suggested to infect the
biliary tract and cause cancer. Although H. pylori
DNA has been detected in human bile, whether this
organism rarely colonizes the bile duct epithelium
was not clearly documented. In this infection,
carcinogenesis includes the activity of the virulence
factor CagA, an oncoprotein that interferes with
signal transduction pathways, and the host response
to Helicobacter antigens in the form of cytokines
[101,104,105]
and other inflammatory mediators
. How
ever, based on the currently available evidence,
inflammation followed by epithelial cell proliferation
and interference with cell cycle via alterations in
signal transduction appear to be the most plausible
[42,57,97,98]
explanations of carcinogenesis
. As different
Helicobacter spp. have been successfully identified
in the biliary system, these organisms have been
suggested to participate in the development of
malignant and benign biliary diseases. A metaanalysis based on a systematic review of 18
studies published between 1998 and 2011 revealed
significantly higher frequencies of H. pylori and H.
[99]
hepaticus infection in patients with lithiasis . Other
studies have focused on patients with chronic liver
disease, particularly cholelithiasis, or cholecystitis
and demonstrated a significantly higher prevalence
of H. hepaticus in samples from these patients than
[105,106]
in samples from patients with other diseases
.
Increased concentrations of anti-H. Hepaticus
antibodies were found in sera from patients with
liver disease compared to those suffering from
other diseases, especially HBV- and/or HCV-infected
[13]
patients .
Based on a meta-analyses of 10 case-control
studies that contained a cumulative sample size
of 205 cases, 115 cases (56%) were positive for
Helicobacter spp. infection, whereas among the 263
controls, 53 (20%) were positive for Helicobacter
spp. infection. The authors concluded that there is
sufficient evidence to suggest a role of Helicobacter
spp. in hepatobiliary tract cancers, although there
was some variation in the results from different
regions of the world and in the methods used to
[96]
detect Helicobacter . Another meta-analysis
explored the association between the Helicobacter
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CONCLUSION
The high mortality rates observed in biliary tract
cancer demands further investigation to elucidate
the etiology and carcinogenesis of these tumors.
Population genetics, geographical and environmental
factors, cholelithiasis, obesity, parity, and endemic
infection with liver flukes (Opisthorchis viverrini or
Clonorchis sinensis), particularly in certain regions
of Asia, have been identified as risk factors that
influence the development of biliary tract tumors.
Other important factors in the carcinogenesis of
these tumors include chronic inflammation, obs
truction of the bile ducts, and impaired bile flow. CCA
has been suggested to be caused by infection with
Helicobacter spp., such as H. bilis and H. hepaticus,
in a manner that is similar to the reported role of
H. pylori in distal gastric cancer. The pathogenicity
of H. bilis and H. hepaticus has been studied in
various animals infected experimentally or naturally,
in which Helicobacter infection has been found to
cause chronic active hepatitis, hepatocellular and
biliary tract carcinoma, typhlocolitis, and lower
bowel cancer. These infections can also promote
the development of cholesterol gallstones and
intrahepatic cholelithiasis, which is another risk
factor for CCA. The availability of the entire genomic
sequence of H. hepaticus has facilitated the
identification of potential virulence factors and the
elucidation of their mechanisms of action, including
their participation in inflammation, cell proliferation
and interference with the cell cycle.
Multiple clinical studies have identified different
Helicobacter spp. in the biliary tract, including H.
pylori, and have associated these infections with
the development of benign and malignant biliary
diseases. The geographical distribution of enteric
Helicobacter species has been suggested to be
low in populations that display a low incidence of
biliary duct malignancies. Because of the difficulty
in culturing these Helicobacter species, molecular
methods, such as PCR and sequencing, and im

1419

February 7, 2015|Volume 21|Issue 5|

Segura-López FK et al . Helicobacter spp. infections and hepatobiliary malignancies
15

munologic assays have become the methods of
choice for diagnosis. However, clinical studies of
benign or malignant biliary tract diseases revealed
remarkable variability in the methods and the
findings, and the use of uniform and validated te
chniques is needed.
Because the biliary tract is only accessible via
invasive procedures or surgery, it is necessary to
develop PCR assay protocols, more suitable anti
gens for immunohistochemistry, and easy and eff
ective serological methods for the early detection
of Helicobacter spp. to help reduce the incidence
of biliary diseases, as well as the morbidity and
mortality of this group of patients.
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High-mobility group box 1 protein and its role in severe
acute pancreatitis
Xiao Shen, Wei-Qin Li
Acute pancreatitis is an acute inflammatory process
of the pancreas (duration of less than six months), for
which the severe form is called severe acute pancreatitis
(SAP). More and more studies have shown that HMGB1
has a bidirectional effect in the pathogenesis of SAP.
Extracellular HMGB1 can aggravate the pancreatic
inflammatory process, whereas intracellular HMGB1 has
a protective effect against pancreatitis. The mechanism
of HMGB1 is multiple, mainly through the nuclear factorκB pathway. Receptors for advanced glycation endproducts and toll-like receptors (TLR), especially TLR-2
and TLR-4, are two major types of receptors mediating
the inflammatory process triggered by HMGB1 and may
be also the main mediators in the pathogenesis of SAP.
HMGB1 inhibitors, such as ethyl pyruvate, pyrrolidine
dithiocarbamate and Scolopendra subspinipes mutilans,
can decrease the level of extracellular HMGB1 and are
the promising targets in the treatment of SAP.
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Core tip: The newly discovered high mobility group box
1 protein is a ubiquitous nuclear protein that exists
extensively in mammals. More and more studies have
shown its vital role in inflammation. This paper is the
first to reveal the bidirectional effect of this protein in
the pathogenesis of severe acute pancreatitis and its
role as a potential treatment target.

Abstract
The high mobility group box 1 (HMGB1), which belongs
to the subfamily of HMG-1/-2, is a highly conserved
single peptide chain consisting of 215 amino acid
residues with a molecular weight of approximately
24894 Da. HMGB1 is a ubiquitous nuclear protein
in mammals and plays a vital role in inflammatory
diseases. Acute pancreatitis is one of the most common
causes of acute abdominal pain with a poor prognosis.
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INTRODUCTION
The high mobility group box 1 protein (HMGB1),
an important chromatin protein, is encoded by the
[1,2]
Hmgb1 gene in humans
. HMGB1 is also called
[3]
amphoterin and was discovered 40 years ago . This
protein belongs to the high mobility group family and
[3,4]
has an important role in mediating inflammation .
It has been shown that serum levels of HMGB1 are
elevated in several inflammatory diseases, including
sepsis, mechanical trauma, acute myocardial in
farction, acute respiratory distress syndrome,
[5-9]
hepatic injury, rheumatoid arthritis and stroke .
Acute pancreatitis (AP) is an inflammatory disorder
of the pancreas, and severe acute pancreatitis (SAP)
is a severe type of acute pancreatitis associated with
[10]
high mortality rates . Recently, more and more
studies have shown that HMGB1 may have a role in
the SAP process. The aim of this review is to clarify
the relationship between HMGB1 and SAP and to
determine how HMGB1 affects the pathogenesis of
SAP.

Figure 1 Structure of high mobility group box 1.

be released extracellularly under stress. Extra
cellular HMGB1 is known to affect certain cellular
[17-19]
signal transduction pathways
. It is well known
that extracellular HMGB1 is an important pro[20]
inflammatory cytokine . Although the exact intra
cellular signaling transduction mechanism of HMGB1
is not clear, it has been reported that receptors for
advanced glycation end-products (RAGE) and tolllike receptors (TLR) are two major types of receptors
mediating the inflammatory process triggered by
[21]
HMGB1 .

BRIEF INTRODUCTION OF HMGB1
High mobility group (HMG) proteins are a family
of non-histone nuclear proteins that have a role in
transcription, replication, recombination, repair, and
other DNA-associated activities. HMG-1/-2, HMGI/-Y, and HMG-14/-17 are three subfamilies of HMG
[2]
proteins . HMGB1, which belongs to the subfamily
of HMG-1/-2, is a highly conserved single peptide
chain consisting of 215 amino acid residues with a
molecular weight of approximately 24894 Da (Figure
1). The N terminal of the protein is composed of
lysine that is rich in positive charge. The C ter
minal, also known as the acidic tail, is composed
of aspartic acid and glutamic acid that are rich in
negative charge. HMGB1 consists of the following
three domains: A box (amino acid residues 9-79),
B box (amino acid residues 95-163) and an acidic
C-terminal tail (the receptor binding site, amino
[2,11-14]
. Functional analysis
acid residues 186-215)
has shown that the B box plays a major role in
inflammation, and that the A box is the antagonistic
[15]
site of the B box . Both A and B boxes are able to
bind to DNA and have a role in folding and distorting
the double-stranded DNA. Generally, HMGB1 is
ubiquitous in mammalian cells, and it is highly
expressed in the liver, thymus, lymph tissue, testis,
[15]
and in neonates .
HMGB1 belongs to the family of damage-as
sociated molecular pattern molecules, which can
be recognized by pattern recognition receptors and
initiate an immune response in the noninfectious
[16]
inflammatory response . As a nuclear protein,
HMGB1 plays a vital role in nucleosome stabilization
and DNA transcription. However, HMGB1 can also

WJG|www.wjgnet.com

SAP
AP is defined as an acute inflammatory process
of the pancreas (duration less than six months)
that affects other regional tissues or remote organ
[10]
systems . Of these, the lungs and kidneys are the
most affected organs. Acute lung injury or acute
respiratory distress syndrome can occur immediately
or during the later course of pancreatitis, as well
as acute kidney injury or acute renal failure. AP is
often caused by biliary tract diseases, alcohol abuse,
trauma, surgery, overeating, metabolic disorders
(e.g., hypercalcemia and hyperlipidemia), infection,
or other related factors. The typical symptoms of
AP are sudden-onset upper abdominal pain often
radiating to the back, and a significant elevation
of serum lipase or amylase (three times above
[22]
normal) . According to the severity of the disease,
AP can be divided into the following three degrees:
mild , moderately severe, and severe. The latest
classification also includes a new categorization of
critical AP, which describes infected pancreatitis with
[23]
persistent organ failure .
SAP is characterized by the existence of either
infected pancreatic necrosis or persistent organ
[23,24]
.
failure, and has a global mortality of 15%-30%
Organ failure is defined as shock (systolic blood
pressure < 90 mmHg), pulmonary insufficiency (PaCO2
≤ 60 mmHg), renal failure (serum creatinine level
[25]
> 177 µmol/L or 2 mg/dL after resuscitation ), or
gastrointestinal bleeding > 500 mL per 24 h. In the
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bleeding; (3) ubiquitin-proteasome complex can
further extend tissue necrosis; and (4) lipases can
cause necrosis of adipose tissue around the pancreas
(such as mesenteric root, lesser omental bursa,
retroperitoneal space, renal artery, both sides of
aorta, pelvic cavity, etc.). Calcium can combine
with the fat necrosis and lead to the formation of
saponification spots, which is one of the reasons
for hypocalcemia in patients. Meanwhile, the de
composed and necrotic pancreatic tissue can
produce vasoactive substances, including kallikrein,
bradykinin and prostaglandin. These substances can
decrease the tension of pericardial blood vessels, and
coupled with a substantial amount of peripancreatic
exudation and a sharp drop in blood volume as
well as blood pressure, the pre-existing circulatory
disorder and renal damage can further deteriorate.
In addition, the myocardial depressant factor in
the necrotic toxin can cause further damage to
cardiopulmonary function. Organ dysfunction may
also involve the liver and central venous system.
All of these lesions can be referred to “enzymatic
shock.” As a result of activation of all the enzymes,
the damaged acinar cells will consequently lead to
[34]
necrosis and inflammation .
The progression of AP can be divided into the
following three phases: local acinar injury, systemic
[35]
response, and generalized sepsis . Although the
exact pathogenesis has not been completely revealed,
[36]
activation of nuclear factor (NF)-κB is a key link . NFκB plays a vital role in various stages of pancreatitis
[37]
via mediation of the inflammatory process , and
NF-κB activation is considered to be independent of
[38,39]
trypsinogen activation in the pathogenesis of AP
.
2+
Moreover, the intracellular Ca signaling pathway and
protein kinase C may trigger the early activation of
[40]
NF-κB in pancreatic acini . A great amount of proinflammatory mediators can be released as a result
of NF-κB activation during pancreatitis, including
numerous types of cytokines such as tumor necrosis
factor (TNF)-α, interleukin (IL)-1β, IL-2, IL-6 and
IL-18, various chemokines such as IL-8, macrophage
inflammatory protein-1, growth-related oncogene-α
and monocyte chemoattractant protein-1, reactive
oxygen species, reactive nitrogen species, platelet[40-44]
activating factor and adhesion molecules
. Extrapancreatic NF-κB activation can also be seen in
the liver, lungs, endothelium and peripheral blood
[45-47]
monocyte-macrophages
.
In mild AP, inflammatory reaction as well as proinflammatory mediators is always confined to the
pancreas. In SAP, the inflammation of the pancreas
can be further exacerbated and cause a SIRS, which
is an amplified and overwhelming inflammatory
response. Major pro-inflammatory cytokines, in
cluding TNF-α, IL-1β and IL-6, are then released
into the circulation and can cause remote organ
[48,49]
injury
. Activated circulating neutrophils and

Table 1 Systemic inflammatory response syndrome
Finding

Value

Temperature
Heart rate
Respiratory rate
WBC

< 36 ℃ or > 38 ℃
> 90 beats/min
> 20/min or PaCO2 < 32 mmHg (4.3 kPa)
< 4 × 109/L (< 4000/mm³), > 12 × 109/L (> 12000/
mm³), or > 10% bands

WBC: White blood cell.

recent updated classification of AP, the definition of
organ failure differs slightly and is based on the failure
of the following three organ systems: cardiovascular
(need for inotropic agent), renal (serum creatinine
level ≥ 171 µmol/L or ≥ 2 mg/dL) and respiratory
[23]
(PaO2/FiO2 ≤ 300 mmHg or 40 kPa ). Organ failure
lasting more than 48 h is considered to be persistent
and is the main feature of SAP. Organ failure can be
either single or multiple. Patients with organ failure are
[22]
more likely to develop local complications . Patients
with SAP always develop systemic inflammatory
response syndrome (SIRS). SIRS can be diagnosed
[26,27]
with the presence of two or more manifestations
(listed in Table 1).
The main feature of SAP is necrosis of the
pancreas. Regardless of the etiology, the pathogenesis
of SAP is mainly due to the autodigestion of the
pancreas by pancreatic juice and trypsinogen
activation. Normally, the pancreas uses the following
defense mechanisms against autodigestion: (1) the
protective layer in the epithelial of pancreatic duct
composed of mucopolysaccharides; (2) pancreatic
acini can prevent the invasion of pancreatic enzymes
inside of the cells; and (3) the blood flow into the
pancreas contains substances that can neutralize
pancreatic enzymes. Furthermore, the majority of
pancreatic enzymes, such as trypsins, are secreted
in the form of zymogens (non-activated pancreatic
enzymes). However, these aforementioned defense
mechanisms can be destroyed in a number of
pathologic conditions, for example, the obstruction of
the pancreatic duct or the invasion of acini by infected
bile. Both of these situations can lead to increased
pressure in the pancreatic duct, rupture of pancreatic
acini and a sudden, explosive release of all the
pancreatic enzymes, including trypsin, pancrelipase
and amylopsin. These mechanisms result in the
[28-31]
autodigestion of the pancreas
.
Autophagy is the primary cellular degradative
pathway in AP. Recent studies have shown that
autophagy is impaired in pancreatitis as a result of
defective lysosomes, involving mainly the following
three major autophagic pathways: chaperonemediated autophagy, microautophagy, and macro
[32,33]
autophagy
. In addition, the following enzyme
systems are also activated in AP: (1) collagenases
allow the spread of inflammation; (2) elastases
can damage the walls of blood vessels and cause
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monocytes can cause damage to vascular endothelial
cells and organ parenchymal cells and increase the
permeability of the vessels by releasing proteolytic
enzymes and oxygen radicals, thereby leading to
[50]
tissue edema and organ injury . Furthermore,
the emergence of microcirculatory dysfunction can
[51,52]
further aggravate the injury of important organs
.
Coagulation disorder is another important component
of the inflammatory response in SAP and is also
[53-55]
associated with the severity of pancreatitis
.

whereas HMGB1 is often released by macrophages
12-18 h after the onset of the inflammatory res
ponse and only mediates the late stage of the
[4]
inflammatory process . The HMGB1 released
extracellularly spurs a cascade of inflammatory rea
ctions both in local and distant organs, ultimately
resulting in multi-organ dysfunction. Other TLRs
such as TLR2 and TLR9 also have a role in the inflam
[17,70]
matory mediation by HMGB1
. There are many
overlaps between the TLR4-mediated pathway and
TLR-2-mediated pathway, and the mechanism is
[17]
almost the same .
RAGE is another important receptor of HMGB1. It
is expressed on a variety of cells, such as monocytes
[71,72]
and belongs to the immunoglobulin superfamily
.
Other than HMGB1, RAGE can also interact with
[73,74]
diverse ligands, including S100 protein
. Two
major signaling pathways that are activated by
[17]
RAGE are p38 MAPK and ERK1/2 pathways .
Both pathways can lead to the phosphorylation and
degradation of inhibitors of κB by IκB kinase and
thus activate NF-κB. Activated NF-κB then transfers
to the nucleus and results in increase in NF-κB DNA
binding, expression of various pro-inflammatory
cytokines (e.g., TNF-α, IL-1β, IL-6), proliferation of
cells and chemotaxis.

ROLE OF HMGB1 IN INFLAMMATION
[4]

HMGB1 was first reported by Wang et al as a
mediator for endotoxin lethality in animal models.
Later, the authors considered HMGB1 to be a
potential late inflammatory mediator involved in
[56]
the pathogenesis of sepsis . HMGB1 is derived
from the secretions of certain immune cells (such as
monocytes) and non-immune cells (such as epithelial
cells), as well as passive release from necrotic
[4,19,57-60]
and apoptotic cells
. HMGB1 can mediate
inflammation via receptors of innate immune sys
tems such as TLR and RAGE in the pathogenesis
of many inflammatory diseases, including sepsis,
[61,62]
pancreatitis and arthritis
.
TLRs are a family of proteins that play a vital
role in the innate immune system. TLRs are named
for their resemblance to the protein encoded by the
[63]
Toll gene discovered by Christiane in 1985 . TLRs
belong to the family of pattern recognition receptors
and respond to the structurally conserved molecules
derived from various germs, the so-called pathogenassociated and damage-associated molecular
pattern. Thirteen TLRs (named TLR1 to TLR13) have
[25,64,65]
been found in mammalian species
.
TLR4 is the first target activated by extracellular
[66-68]
HMGB1
. TLR4 is the only TLR that uses four
adaptors, myeloid-differentiation primary response
protein 88 (MyD88), MAL, Toll/IL-1 receptor domaincontaining adaptor-inducing IFN-β (TRIF), and TRAM
and mediates their effects through the NF-κB and
MAPK pathways. After TLR4 is combined by HMGB1
or forms a complex with HMGB1 and exogenous or
endogenous molecules, it initially recruits MyD88
and thus activates the downstream NF-κB. Activated
NF-κB is then transported from the cytoplasm to
the nucleus and induces the expression of major
inflammatory factors such as IL-1β and IL-6,
[66]
interferon (IFN)-γ, and TNF-α in the early phase .
The aforementioned HMGB1-TLR4 pathway can also
trigger a second downstream pathway mediated
by TRIF and leads to activation of type Ⅰ interferon
[69]
as well as a delayed activation of NF-κB , re
sulting in the release of cytokine and activation of
macrophages. IL-1β, IL-6 and TNF-α are always
released during the early stage of inflammation (the
development of systemic inflammatory response)

WJG|www.wjgnet.com

ROLE OF HMGB1 IN PANCREATITIS
Extracellular HMGB1 was already known as a novel
[56]
pro-inflammatory cytokine in humans . In the
last decade, many studies have claimed a positive
correlation between extracellular HMGB1 and SAP
severity (Table 2).
[75]
Yasuda and colleagues
were the first to report
that the serum HMGB1 level was significantly
increased within 72 h in patients with SAP. They
compared forty-five SAP patients with eight healthy
controls and found that the mean level of serum
HMGB1 was nearly three times higher in patients
with SAP and was positively related to the severity
of SAP as well as organ dysfunction and infection.
Furthermore, serum HMGB1 levels were positively
correlated with serum lactate dehydrogenase,
C-reactive protein, and total bilirubin and could
estimate the prognosis of SAP patients; i.e., the
higher the serum HMGB1 level, the worse the
outcome. This result indicates that HMGB1 may be an
important mediator in the pathogenesis of pancreatitis
and organ dysfunction. To confirm this result further,
they designed an experiment in mice. They chose
thirty-eight female C3H/HeN mice and divided them
into the following three groups: group A included
eight mice with sham operations and intraperitoneal
injections of normal saline; group B included twenty
mice with SAP (induced by duodenal loop closure)
and intraperitoneal injections of normal saline; group
C included twelve mice with SAP and intraperitoneal
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Table 2 Relationship between high mobility group box 1 protein and severe acute pancreatitis
Ref.

Journal

Country

Subject

Yasuda
et al[75]

Pancreas

Japan

Patients with
SAP

Kocsis
et al[78]

Pancreatol

Hungary Patients with
AP

Lindström
et al[80]

Pancreas

Finland

Patients with
AP

Yuan
et al[84]

Pancreas

China

Male ICR mice

Luan
et al[82]

Immunobiol

China

Male Wistar
rats

Kang
et al[86]

Gastroenterol

United
States

HMGB1 flox/
flox and Pdx1Cre transgenic
mice

Method

Result

Control group: healthy volunteers Serum HMGB1 levels were significantly increased in patients
(n = 8); Experimental group:
with SAP and were correlated with disease severity
patients with SAP (n = 45)
Control group: healthy volunteers
HMGB1 was significantly elevated in the plasma of SAP
(n = 20); AP group: patients with patients compared with healthy and mild pancreatitis patients,
pancreatitis and divided into
and was correlated with procalcitonin concentrations. There
mild (n = 32) and severe (n = 30)
was an inverse correlation between the levels of sRAGE
subgroups; Sepsis group: patients
and HMGB1 in patients with SAP. Circulating DNA was
with sepsis (n = 20)
significantly elevated in patients with severe pancreatitis or
sepsis and was related to the severity scores
Grade 0: mild AP (n = 282); Grade
Serum HMGB1 level is comparable in three groups, but
1: SAP without organ failure (n
sRAGE is significantly higher in AP patients who develop
= 135); Grade 2: SAP with organ
organ failure compared to AP patients who recover without
failure (n = 38)
organ failure
Control group: SAP mice (n = 24);
HMGB1 A box can decrease the serum HMGB1 levels,
Treatment group: SAP mice treated
attenuate organ dysfunction and improve the survival of
with recombinant HMGB1 A box
SAP mice. Thus, it has a remarkable protective effect against
protein 12 (n = 12) and 24 h (n = 12)
pancreatitis and associated organ injury
after the modeling injection
Control group: sham operation;
Downregulation of HMGB1 by using siRNA could inhibit the
SAP group: SAP-induced rats;
activation of NF-kB in SAP rats so as to decrease the levels of
Treated groups: SAP-induced rats
downstream inflammatory cytokines, alleviate endothelial
treated with pRNA-U6.1/Neo- permeability and attenuate severe pancreatitis-associated acute
HMGB1 (containing siRNA
lung injury
targeting human HMGB1)
AP group: AP-induced mice;
Deficiency of endogenous HMGB1 could escalate local
Control group: administered with
inflammation through destabilization of the nucleus and
saline as a control
enable rapid DNA and histone release, resulting in accelerated
tissue injury and lethality, indicating that intracellular HMGB1
appears to have a protective effect against inflammation

AP: Acute pancreatitis; HMGB1: High mobility group box 1 protein; SAP: Severe acute pancreatitis; sRAGE: Soluble receptors for advanced glycation endproducts.

[76]

levels in patients with SAP and sepsis. This result
was in contrast to the result of the study conducted
[79]
[80]
by Bagul et al
and Lindström et al . Moreover,
HMGB1 also contributes to the development of
intestinal barrier dysfunction secondary to SAP, and
HMGB1 levels in intestine were correlated with the
[81]
severity of intestinal barrier dysfunction . The study
[82]
by Luan et al
was consistent with that by Sawa et
[76]
al
and showed that downregulating HMGB1 levels
using siRNA could inhibit NF-κB activation, reduce
inflammatory reaction and protect against SAPassociated lung injury.
In summary, serum and pancreatic levels of
HMGB1 are increased significantly in patients with
SAP and SAP-induced animal models. There are two
[75]
possible mechanisms . First, this phenomenon can
be explained by the theory of “HMGB1 circulation.”
Second, as HMGB1 levels in the lungs and intestine
were also increased in animal models and patients
with SAP-associated acute lung injury and intestinal
injury, HMGB1 may be released directly by the
pancreas as well as damaged organs in SAP. Further
research is needed to reveal the exact function of
HMGB1 in SAP.
As mentioned before, HMGB1 has two functional

injections of anti-HMGB1 neutralizing antibody .
Serum amylase levels were significantly decreased in
mice injected with anti-HMGB1 neutralizing antibody
compared with those injected with normal saline
twelve hours after induction of SAP. The morphology
of the pancreas and lungs changed significantly in
SAP mice, but was ameliorated in groups injected
with anti-HMGB1 neutralizing antibody. Similar
changes were also seen in the liver and kidneys.
These results demonstrated that blockade of HMGB1
attenuated the development of SAP and associated
organ dysfunction. Subsequently, they conducted
another small experiment and proposed a hypothesis
[77]
called “HMGB1 circulation” ; HMGB1 is first
produced by pancreatic and peritoneal macrophages
during early SAP in response to inflammation and
then partially released to the blood, thereby causing
damage to remote organs. In turn, damaged organs
can also release HMGB1 and cause a vicious circle.
[78]
Kocsis et al
also found a decrease in serum soluble
RAGE in patients with severe pancreatitis compared
with healthy controls and mild pancreatitis patients
and revealed an inverse correlation between serum
levels of soluble RAGE and HMGB1. In addition, they
also found significantly elevated circulating DNA
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[90,92-95]

structures: the A box and B box. The A box is
the main site mediating the anti-inflammatory
process, while the B box is the main site for the pro[83]
inflammatory response . To study the effect of the
[84]
A box in pancreatitis further, Yuan et al
designed
a study in male mice. The SAP groups were divided
into control and treatment groups. In the treatment
group, the SAP mice were treated with a recombinant
HMGB1 A box protein 12 and 24 h after modeling.
The HMGB1 A box significantly improved the elevation
of the serum levels of HMGB1 and pancreatic injury
and alleviated other organ injury more than that in
control group. As a result, the HMGB1 A box showed
a protective effect against SAP and improved the
survival rate. The latest study conducted by Kong et
[85]
al
also confirmed the protective effect of HMGB1 A
box in lung injury induced by AP.
[86]
A more recent study by Kang et al
demon
strated a protective effect of intracellular HMGB1
against inflammation, limiting AP in HMGB1 knockout
mice. This finding indicates the complex role of
HMGB1 in AP, i.e., endogenous HMGB1 derived from
the pancreas itself can protect cells from activation
of NF-κB, release of nucleosomes and DNA damage,
thereby limiting the severity of pancreatic injury. In
contrast, extracellular HMGB1 released from innate
immune cells including macrophages and monocytes
would aggravate the inflammatory response and
increase pancreatic and remote organ damage.

EFFECT OF HMGB1 INHIBITORS IN
AMELIORATING PANCREATITIS
Recently, some researchers studied the effect of
HMGB1 inhibitors in preventing against SAP (Table 3).
They thought HMGB1 inhibitors might be potential
targets in ameliorating SAP. Anti-HMGB1 neutralizing
antibody is an inhibitor for HMGB1. Ethyl pyruvate
(EP), pyrrolidine dithiocarbamate (PDTC) and
Scolopendra subspinipes mutilans (SSM) are three
potential HMGB1 inhibitors that may attenuate
pancreatitis.
Anti-HMGB1 neutralizing antibody was reported
to ameliorate the inflammatory reaction in the
airway, liver and intestine and could even prevent
[87,88]
[76]
bacterial translocation
. Sawa et al
reported
that blockade of the high mobility group box-1
protein using the anti-HMGB1 antibody could
attenuate SAP in the mouse model.
EP, which is derived from pyruvic acid, is an
important intermediate product in glucose met
[89,90]
abolism
. EP was first used as a potential treat
ment in rat models of reactive oxygen species[91]
mediated acute renal failure . EP is reported to
inhibit lipopolysaccharide-induced NF-κB activation
and then decrease HMGB1 levels in sepsis-induced
mice and show its protective effect in all types
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[96]

of organ dysfunction
. Yang et al
first de
monstrated that delayed treatment with EP could
downregulate the inflammatory reaction and ame
liorate the development of both local and distant
organ dysfunction in an animal model of severe
[97]
necrotizing pancreatitis. Subsequently, Cheng et al
[96]
and Yang et al
found that the anti-inflammatory
effect of EP was via modulating HMGB1 and other
inflammatory cytokine responses. Further research
found that the mechanism of EP was by inhibiting
the activation of NF-κB and downregulating serum
HMGB1, TNF-α, IL-1β and other cytokines to ame
[98]
liorate tissue injury and organ dysfunction in AP .
Acute lung injury is the most common extrapancreatic complication leading to death in SAP
patients. Studies showed that EP protected against
the development of lung injury in SAP-induced
[82]
mice . Moreover, EP can attenuate other SAPassociated organ dysfunctions, such as liver and
[81,82,99,100]
intestinal barrier injury in murine models
.
PDTC is an antioxidant that can prevent induction
of nitric oxide synthase. Some studies have shown
that PDTC may be a potent inhibitor of NF-κB
and play a role in suppressing the inflammatory
[101,102]
process
. A recent study has shown that PDTC
pre-administration can decrease HMGB1 levels and
alleviate the inflammatory reaction in SAP rats by
[103]
. However, it was less
inhibiting NF-κB activation
effective when it was given 2 h after the induction
of pancreatitis, therefore indicating that PDTC may
indirectly inhibit HMGB1.
SSM is a polysaccharide that is extracted from
Scolopendra. It was reported that SSM has many
biologic effects including anti-inflammation as a
[104-106]
[107]
traditional medicine
. A study by Jo et al
showed that SSM pre-treatment decreased cytokines,
including HMGB1, TNF-α and IL-1β, by inhibiting c-Jun
NH2-terminal kinase, p38 and NF-κB in AP mice.
Therefore, SSM can attenuate the development of
AP and related lung injury.

CONCLUSION
We reviewed all the studies on HMGB1 and SAP and
drew several conclusions (Figure 2). First, extra
cellular HMGB1 is a vital mediator of inflammation
and plays a major role in many inflammatory-related
diseases. A number of studies have reported the
increased levels of serum HMGB1 in SAP patients or
models and showed its positive correlation with the
severity of the disease. Second, decreasing HMGB1
levels by HMGB1 antibodies, the A Box or specific
inhibitors can significantly decrease the release
of related cytokines and reduce the inflammatory
reaction in pancreatitis, thereby attenuating organ
dysfunction and improving prognosis. Delayed EP
administration is known to be an effective way to
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Table 3 Effect of high mobility group box 1 protein inhibitors in preventing against severe acute pancreatitis
Ref.

Journal

Country

Sawa
et al[76]

World J
Gastroenterol

Japan

Yang
et al[96]

Crit Care Med

United
States

Cheng
et al[97]

Pancreas

China

Yang
et al[112]

World J
Gastroenterol

China

Yang
et al[99]

J Surg Res

United
States

Luan
et al[81]

Pancreas

China

Luan
et al[100]

Pancreas

China

Luan
et al[98]

J Surg Res

China

Luan
et al[113]

Clin Exp
Immunol

China

Zhang
et al[103]

Dig Dis Sci

China

Subject

HMGB1
inhibitor

Method

Result

Female
AntiGroup A: sham, laparotomy with saline Blockade of HMGB1 in the early phase is useful as
C3H/HeN HMGB1
injection (n = 6); Group B: SAP, SAP a new therapeutic option against the inflammatory
mice
neutralizing with saline injection (n = 20); Group
response and MODS in patients with SAP
antibody
C: HMGB1 Ab + SAP, SAP with antiHMGB1 antibody injection (n = 12)
Male
EP
RLS group: mice were injected with
Delayed treatment with EP downregulated the
C57BL/6
RLS; REPS group: mice were treated
inflammatory response through decreasing
mice
with REPS; Control group: mice were
the release of pro-inflammatory cytokines and
injected with PBS
attenuated the development of both local and
distant organ dysfunction, improving survival in a
murine model of severe necrotizing pancreatitis
Male
EP
Group A: SAP-induced rats; Group B:
A strong correlation between levels of HMGB1
Wistar rats
moderate pancreatitis-induced rats;
and severity of acute pancreatitis. Treatment with
Group C: mild pancreatitis-induced
EP significantly protected against SAP lethality
rats; Control group: rats received the
and ameliorated extrapancreatic tissue and organ
same dose of vehicle solution
injury or dysfunction in rats with SAP
Male
EP
Group Ⅰ: sham operation (n = 32);
Serum HMGB1 evaluated significantly in SAP
Wistar rats
Groups Ⅱ: SAP-induced rats and
rats, whereas delayed EP administration can
treated with EP (n = 32);
significantly reduce the serum level of HMGB1
Groups Ⅲ: SAP-induced rats
as well as AST, ALT and Cr level and prolong the
(n = 32)
survival time in rats
Male
EP
Control group: injected with PBS; EP EP is able to inhibit NF-κB DNA binding, decrease
C57Bl/6
group: SAP-induced mice and treated
the level of both early inflammatory cytokines
mice
with EP; RLS group: SAP-induced mice such as TNF-α, IL-6, COX-2, and iNOS and late
and treated with RLS
proinflammatory mediator (HMGB1), reduce
inflammatory cells infiltration, and reverse hepatic
oxidative stress, thus protecting hepatocytes from
SAP-induced injury. Thus, treatment with EP
ameliorates hepatocellular injury and redox stress
in the setting of SAP
Male
EP
Control group: sham operation
HMGB1 contributes to the development of gut
Wistar rats
(n = 20); SAP group: SAP-induced rats barrier dysfunction after SAP. Intestinal HMGB1
(n = 20); EP-treated group: SAP-induced levels were significantly increased in rats with SAP
rats and treated with EP (n = 20)
and were correlated with the severity of intestinal
barrier dysfunction
Male
EP
Control group: sham operation (n = 8);
EP administration inhibits NF-κB activation to
Wistar rats
SAP group: SAP-induced rats (n = 8);
suppress the expression of both early (TNF-α,
EP-treated group: SAP-induced rats and IL-1β) and late (HMGB1) cytokines that mediate
treated with EP (n = 8)
liver injury after SAP and reduces liver injury in
SAP rats. Thus EP can provide durable protection
against the deleterious effects of proinflammatory
cytokines and HMGB1
Male
EP
Control group: sham procedure (n = 48); EP attenuates taurocholate-induced pancreatitis
Wistar rats
SAP group: SAP-induced rats (n = 48);
and pancreas injury, decreases the taurocholateEP-treated group: SAP-induced rats and
induced pancreatic expression of TNF-a and
treated with EP (n = 48)
HMGB1, alleviates neutrophil infiltration and lipid
peroxidation in the pancreas and decreases NF-κB
DNA binding activity as well
Male
EP
Control group: sham procedure (n = 48); EP can reduce the lung permeability index in mice
Wistar rats
SAP group: SAP-induced rats (n = 48);
with LPS-induced acute lung injury in a doseEP-treated group: SAP-induced rats and dependent way. The protective effect is associated
treated with EP (n = 48)
with a reduction in both early (TNF-a and IL-1β)
and late (HMGB1) cytokine levels by inhibiting
NF-κB activity
Male
antioxidant
Sham operation group (n = 48); SAP
HMGB1 is a late cytokine mediator that plays an
SpraguePDTC
group (n = 48); PDTC-treated group
important role in the pathogenesis of SAP. PDTC
Dawley
(n = 48)
pre-administration might inhibit NF-κB activation
rats
to inhibit the production of HMGB1 and reduce
pancreas injury in SAP rats; but PDTC was less
effective when it was given 2 h after the induction
of pancreatitis
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Jo et al[107]

World J
Gastroenterol

Korea

C57BL/6
mice

SSM

Control group: mice were treated with
saline; AP group: mice with induced
AP; SSM group: divided into three
subgroups: SSM 0.1 g/kg + AP; SSM 0.5
g/kg + AP; SSM 1 g/kg + AP

SSM pre-treat decreased HMGB1 and other
cytokines such as TNF-a and IL-1β in AP mice.
It also played a protective role during the
development of AP and pancreatitis-associated
lung injury via deactivating c-Jun NH2-terminal
kinase, p38 and NF-κB

MODS: Multiorgan dysfunction; ALT: Alanine transaminase; AP: Acute pancreatitis; AST: Aspartate transaminase; COS: Cyclooxygenase; Cr: Creatinine;
EP: Ethyl pyruvate; IL: Interleukin; iNOS: Inducible nitric oxide synthase; LPS: Lipopolysaccharide; NF: Nuclear factor; PDTC: Pyrrolidine dithiocarbamate;
REPS: Ringer’s ethyl pyruvate solution; RLS: Ringer’s lactate solution; SSM: Scolopendra subspinipes mutilans; TNF: Tumor necrosis factor.

A box

REFERENCES

HMGB1
Ab

1

Gallstone
HTG
Alcohol

2
HMGB1

SAP
TLR
RAGE

3
4

HMGB1
inhibitors: EP,
PDTC, SSM

Figure 2 Strategies targeting high mobility group box 1 in severe acute
pancreatitis. Severe acute pancreatitis (SAP) can be induced by gallstone,
hypertriglyceridemia (HTG), alcohol and other causes. High mobility group box
1 (HMGB1) can be activated in the condition of pancreatitis by inflammation
reactions. In turn, HMGB1 can further deteriorate pancreatitis through toll like
receptors (TLR) and receptor for advanced glycation end products (RAGE).
Anti-HMGB1 treatment is beneficial in SAP as described in the text by using
anti-HMGB1 antibodies, HMGB1 antagonist A box, and some specific HMGB1
inhibitors such as s ethyl pyruvate (EP), pyrrolidine dithiocarbamate (PDTC)
and Scolopendra subspinipes mutilans (SSM).
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Extending the functions of the homeotic transcription factor
Cdx2 in the digestive system through nontranscriptional
activities
Jean-Noël Freund, Isabelle Duluc, Jean-Marie Reimund, Isabelle Gross, Claire Domon-Dell
three alpha helixes arranged in a helix-turn-helix motif,
preceded by a transcriptional domain and followed by
a regulatory domain. The protein interacts with several
thousand sites on the chromatin and widely regulates
intestinal functions in stem/progenitor cells as well as in
mature differentiated cells. Yet, this transcription factor
also acts trough original nontranscriptional mechanisms.
Indeed, the identification of novel protein partners of
Cdx2 and also of a splicing variant revealed unexpected
functions in the control of signaling pathways like the
Wnt and NF-kB pathways, in double-strand break
DNA repair and in premessenger RNA splicing. These
novel functions of Cdx2 must be considered to fully
understand the complexity of the role of Cdx2 in the
healthy intestine and in diseases.
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Core tip: The homeobox gene Cdx2 plays crucial
functions in the gut, being the one determinant of
intestinal identity during embryonic development,
and then a key regulator of homeostasis of the gut
epithelium throughout adulthood. It acts at the level of
the stem/progenitor cells as well as in mature epithelial
cells. Cdx2 is also important in digestive diseases,
especially in colorectal cancer where it is thought to
have a tumor suppressor role. In addition, it becomes
abnormally expressed ectopically in non-intestinal
organs, including gastric intestinal-type metaplasia and
Barrett’s esophagus and their related adenocarcinomas,
and even in leukemia. The homeoprotein Cdx2 primarily
acts as a DNA-binding transcription factor. However,
recent reports provide evidence for novel mechanisms
of action that are transcription-independent. In this

Abstract
The homeoprotein encoded by the intestinal-specific

Cdx2 gene is a major regulator of gut development

and homeostasis, also involved in colon cancer as well
as in intestinal-type metaplasias when it is abnormally
expressed outside the gut. At the molecular level,
structure/function studies have demonstrated that
the Cdx2 protein is a transcription factor containing
a conserved homeotic DNA-binding domain made of
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review, we summarize these new data that considerably
extend the molecular potential of Cdx2 and open new
questions and research area regarding the role of this
homeoprotein in physiology and pathology.

Functional studies have revealed the lethality of
-/homozygous Cdx2 knockout mutants as early as
day 3.5 pc, which demonstrates the primordial role
of this homeobox gene in the trophectoderm and its
[5-7]
extra-embryonic derivatives
. Then during early
development of the embryo, Cdx2 participates in the
[8,9]
posterior elongation and patterning of the body .
Further studies to determine the precise function(s)
of Cdx2 in the gut at later embryonic stages and
postnatally were precluded by the very early lethality
-/of Cdx2 mutants, which therefore needed developing
a conditional knockout approach. These studies have
highlighted the key role played by this homeobox
gene in the digestive tube. Indeed, the endodermspecific ablation of Cdx2 shortly after gastrulation
or at midgestation results in embryonic/perinatal
death associated to posterior gut truncations and to
the transformation of the intestinal endoderm into
esophageal-like or gastric-like epithelium; thus, Cdx2
is a key actor of gut morphogenesis and the one gene
that determines the tissue-identity of the presumptive
[10,11]
intestinal endoderm
. This conclusion drawn from
animal models is corroborated by observations made
in humans that show a close relationship between
the presence or inversely the absence of Cdx2
respectively in intestinal-type Meckel’s diverticulum
and in congenital gastric-type metaplasia of the
[12]
gut . Beyond embryonic development, the continued
expression of Cdx2 is required throughout life in the
continuously-renewing intestinal epithelium. Indeed,
conditional invalidation in the adult gut epithelium
leads to death, as a result of defects in cell renewal
and in digestive functions, linked to a shift from
[13,14]
intestinal-type to gastric-type differentiation
. The
function of Cdx2 is relevant already in stem cells,
which is underlined by the inability of knockout Crypt
Base Columnar cells (CBC, Lgr5+ cells) to produce
typical “mini-intestine” organoids in vitro, unlike wild
[14]
type CBC cells . Conversely, Cdx2 overexpression
in the gut is also lethal because of an excessive
[15]
epithelial maturation . Together, these results
emphasize the complex role played by Cdx2 in the
adult gut epithelium: it provides the stem cells with
the information needed for maintaining their intestinal
identity, it participates in the cellular organization of
the stem cell niche and in cell renewal, and it controls
the terminal differentiation of the mature digestive
cells.
In addition to its crucial role in intestinal hom
eostasis, Cdx2 is important in pathologies, in pa
rticular in colon cancers. Its expression decreases
and becomes heterogeneous in a significant pro
portion of tumors, which correlates with poor pro
[16-18]
gnosis and reduced disease free survival
. Ex
perimentally in mice, a decline of Cdx2 contributes
[19,20]
to tumor progression
and malignant cell
[21]
dissemination , leading to attribute a tumor sup
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CDX2: A MAJOR DETERMINANT OF
INTESTINAL DEVELOPMENT AND
HOMEOSTASIS, ALSO CONTRIBUTING
TO DIGESTIVE DISEASES
Homeobox genes, first identified in pioneer studies
conducted in Drosophila melanogaster, encode
evolutionary-conserved transcription factors that
are key players of the embryonic development,
especially for axis formation and patterning. Some
of them remain expressed throughout adulthood to
control tissue homeostasis, and therefore they might
be involved in diseases. Although many homeobox
genes are dispersed in the genome, others are
clustered. Mammals have four Hox gene clusters,
the clusters HoxA to HoxD gathering 9 to 11 genes,
as well as one paraHox cluster made of 3 homeobox
genes: Gsx1, Pdx1 and Cdx2 (Caudal-related
homeobox); two additional Cdx genes are dispersed,
Cdx1 and Cdx4 (see Ref 1 for a review of the
organization and expression of homeobox genes).
Here, we will focus on the paraHox homeobox gene
[1]
Cdx2 .
The homeobox gene Cdx2 exhibits a complex
expression pattern described in detail in mice. It
turns on in 8- to 32-cells zygotes to progressively
[2]
concentrate in the trophectoderm . Embryonic tissues
first express Cdx2 after gastrulation around E8.5 at
the level of the tail bud in the three germ layers: the
ectoderm, the mesoderm and the endoderm of the
hindgut rudiment. It extends anteriorly in a graded
pattern in the neural tube, notochord and paraxial
mesoderm, but shows a sharp boundary in the
endoderm at the junction between the foregut and
midgut. From midgestation onwards, Cdx2 disappears
in ectodermal and mesodermal derivatives, but
remains selectively expressed throughout adult life in
the midgut and hindgut endoderm forming the small
[3]
intestine and colon epithelium . Distinct regions
of the Cdx2 promoter cooperate to generate this
[4]
complex expression pattern .
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pressor role to Cdx2 in the gut. Besides, although
Cdx2 is physiologically restricted to the intestinal
epithelium, its expression becomes ectopically
turned on outside the gut in a number of epithelial
organs in pathological settings associated with
chronic inflammation. This is the case for instance of
the gastroesophageal reflux in the esophagus and of
[22]
Helicobacter pylori infection in the stomach . The
ectopic expression correlates with the development
of intestinal-type metaplasias, as observed in
Barrett’s esophagus and in gastric intestine-type
metaplasia. In the latter case, transgenic mice
have demonstrated that Cdx2 is the actual driver
of the abnormal intestinal transdifferentiation of
[23,24]
the gastric mucosa
. Intestinal-type metaplasia
being generally considered as a precancerous lesion,
this opens the question whether Cdx2 could have
a pro-oncogenic potential outside the gut. Yet, its
expression tends to decrease during the pathological
sequence from intestinal-type metaplasia to ade
nomas and carcinomas, and this decline is a factor
[25-28]
of poor prognosis in gastric cancers
, suggesting
a tumor suppressor activity after the onset of the
cancerous process. Thus, whether Cdx2 exerts a
pro-oncogenic or a tumor suppressor activity, or
both, in intestinal-type adenocarcinoma outside
the gut is still under debate. Ectopic expression
of Cdx2 is also a frequent event in acute myeloid
leukemia and acute lymphoblastic leukemia; in these
cases, experimental evidences in mice support an
[29-30]
oncogenic role
.

by SELEX [5’-(A/C)TTTAT(A/G)-3’]
and later
refined for Cdx2 by ChIP [5’-(A/C)N(A/T)N(T/A/
G)(T/C)(T/A)(T/A)A(T/C)(T/G/A)(G/A)(C/T)(C/
[37]
A/T)-3’] . The transcriptional activity of the
domain located upstream of the homeodomain
was established using chimeric and mutant pro
[38,39]
teins
. This transactivation domain contains
phosphorylation sites that positively or negatively
regulate its activity, depending on the residues
[40,41]
that is phosphorylated
. In addition, the region
of Cdx2 located downstream of the homeodomain
also contains a cluster of phosphorylation sites that
constitutes a signal for ubiquitin- and proteasomedependent degradation of the protein, and therefore
[42]
that regulates its turnover .
In addition to sucrase-isomaltase, the Cdx2
homeoprotein regulates the promoter activity of
a number of genes involved in various intestinal
functions like digestive hydrolases and transporters
[43-45]
(lactase, hephaestin, ASBT)
, mucins (Muc2,
[46,47]
Muc4)
, cell adhesion molecules (Cadherin-17,
[48-50]
Claudin-2, Mucdhl)
, receptors and signaling
[51-53]
[54]
molecules
, regulatory peptides (proglucagon)
and others. This gives Cdx2 a central role in both
absorptive and secretory lineages in the gut.
More recently, a comprehensive study by ChIPseq has revealed that Cdx2 dynamically interacts
with nearly 17000 chromatin binding sites across
the whole genome, about 700 being specific of
proliferating cells and about 14000 of differentiated
[37]
cells . In both cellular states, Cdx2 occupancy
correlates with selective enhancer elements placed
in an active chromatin conformation. Interestingly,
those enhancers bound to Cdx2 in differentiated
cells are enriched in sites co-occupied by HNF4,
whereas enhancers bound to Cdx2 in proliferating
cells are enriched in sites co-occupied by GATA6
and also by Tcf4, a crucial mediator of Wnt signaling
[37,55]
required for stem cells maintenance in the gut
.
Thus, the co-occupancy of chromatin enhancers
by Cdx2 in combination with various transcription
factors provides the rationale for understanding the
transcriptional bases of the stepwise functions of
this homeoprotein during the constant renewal of
the intestinal epithelium, in stem cells, proliferating
progenitors and mature differentiated cells. Alto
gether, these data establish at the molecular level
the role of Cdx2 as a DNA-binding transcription
factor central for gut homeostasis.

CDX2 HOMEOPROTEIN IS A
TRANSCRIPTION FACTOR
Homeobox genes are characterized by a conserved
180-bp nucleotide sequence encoding the homeo
[31]
domain of 60 amino-acids, rich in basic residues .
This domain organizes into three alpha-helixes
arranged in a helix-turn-helix conformation, and
constitutes the DNA-binding domain of the protein.
In typical homeoproteins, this domain is preceded
at the N-side by the transactivation domain and
followed at the C-side by a domain of various
lengths whose function is poorly documented;
few homeoproteins present a second DNA-binding
domain.
Following the initial discovery of a short element
[32]
of the Cdx2 gene by sequence homology search ,
the full-length protein was characterized a few
years later as a transcriptional activator of the
[33,34]
insulin and sucrase-isomaltase gene promoters
.
Structure/function analyses have demonstrated
its actual properties of DNA-binding transcription
factor. The DNA interaction with the homeodomain
was proven by Electromobility Shift and DNase
[34,35]
protection assays
, the consensus cis-element
being determined for Caudal-type homeoproteins
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NONTRANSCRIPTIONAL ACTIVITIES OF
THE CDX2 HOMEOPROTEIN
Although the Cdx2 protein is primarily a transcription
factor, recent data have revealed novel mechanisms
of action that are nontranscriptional. Compared to
the DNA-binding-dependent transcriptional activity
of Cdx2, we define below nontranscriptional activities
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as activities being independent of DNA-binding or
independent of transactivation.

Cdx2 and another signaling pathway, NF-kB, also
relevant in the field of colon cancer. Beside the intrinsic
oncogenic mutations affecting cell proliferation and
apoptosis, the abnormal growth and invasive properties
of tumor cells also result from altered interactions
with their microenvironment. Prostaglandins, es
pecially the E2 series (PGE2) synthesized from
arachidonic acid by Cyclooxygenase-2 (Cox-2), ac
cumulate in the microenvironment of the tumor
cells and stimulate their proliferation and invasion
potential. The source of PGE2 is multiple, including
the malignant cells themselves. This is linked to the
up-regulation of Cox-2 in tumor cells in response to
several signaling pathways, among which the NF[61]
kB cascade. Interestingly, Kim and coworkers , and
[62]
other later , have reported that Cdx2 inhibits Cox-2
expression and consequently the production of PGE2,
in spite of the absence of cis-element for the binding
of Cdx2 in the Cox-2 gene promoter. Instead, the
Cdx2 homeoprotein achieves its effect by interacting
with the p65 subunit of NF-kB and preventing its
binding to the corresponding DNA elements of the
Cox-2 promoter. Thus, in the case of NF-kB as shown
above for the Wnt pathway, Cdx2 intercepts signaling
mediators when they reach the nucleus to divert them
from their chromatin targets and therefore interrupt
the signaling cascade.

Cell proliferation

In several human colon cancer cell lines, increasing
[21,56,57]
the level of Cdx2 reduces cell proliferation
,
which is at least in part due to the transcriptional
activation of the promoter of the gene encoding
WAF[58]
the cyclin-dependent kinase inhibitor p21
.
Based on the observation that the hemizygous
reduction of Cdx2 in mice increases intestinal cell
proliferation and also the susceptibility to colon
+/716
[20]
[59]
cancer in Apc
mutants , Aoki et al
recently
displayed a novel mechanism of cell cycling
inhibition by Cdx2, independent of its transcriptional
activity. Indeed, cell cycling inhibition is achieved
as efficiently by the wild type protein Cdx2 and by
mutants unable to bind the DNA. Moreover, mutants
lacking the transactivation domain, although less
efficient than the wild type protein, also reduce cell
proliferation. The mechanism of inhibition is still not
fully elucidated. However, evidence is provided that
it results from the mRNA-independent increase of
Kip1
the level of cyclin-dependent kinase inhibitor p27
linked to its stabilization by blocking ubiquitination
and degradation by the proteasome.
The Cyclin-dependent kinases and their inhibitors
involved in the correct progression through the cell
cycle are controlled by several signaling pathways
that converge in stem cells and progenitors to fuel
the constant renewal of the intestinal epithelium.
The canonical Wnt pathway is a major player of this
process that regulates downstream targets like the
CyclinD1 and c-myc promoters via the formation
of the bipartite transcriptional complex made of
b-catenin bound to Tcf4. In addition to its role in
intestinal homeostasis, this pathway is also a leading
actor of colon tumorigenesis when over-activated.
Genetic and functional interactions between the Wnt
pathway and Cdx2 are multiple and far from being
[60]
fully elucidated. In this context, Guo et al
have
reported that Cdx2 can interfere with this pathway
in colon cancer cells to lessen cell proliferation.
Mechanistically, the Cdx2 protein interacts with
b-catenin, thus preventing the latter to recognize the
DNA-binding factor Tcf4 and activate the pathway.
The interaction between Cdx2 and b-catenin requires
the region of the homeoprotein preceding the hom
eodomain but uses elements separate from those
needed for transactivation; indeed, mutants in this
domain deficient in transcriptional activity can still
bind b-catenin and prevent its interaction with Tcf4.
Therefore, these data illustrate a novel transcriptionindependent mechanism of action of Cdx2 whereby
the homeoprotein interacts with and blocks the
recruitment of a transcriptional activator on the
chromatin.
A similar relationship has been described between
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DNA repair

The Cdx2 gene exerts a tumor suppressor activity
at its physiological site of expression, the gut, but
it expected to be pro-oncogenic when ectopically
expressed in the hematopoietic lineage. In order
to get an enlightenment of the molecular bases
[63]
of these opposite functions, Renouf et al
have
hypothesized that the ultimate output of Cdx2 could
depend on the cellular context in a given tissue
or in other words on specific partners interacting
with the homeoprotein. Comparative proteomics
identified the KU70/80 complex as a partner of
Cdx2 selectively in colon cancer cells in contrast
to leukemia cells, although KU70/80 is widely
expressed in both cell types. KU70/80 is involved
in a large panel of nuclear functions among which
the recognition of double-strand DNA breaks (DSB)
to initiate the complex molecular process leading
to DNA repair. Functional studies have revealed
that Cdx2, through its interaction with KU70/80,
inhibits DSB DNA repair only in colon cancer cells
but not in leukemia cells, and hence compromises
colon cancer cell survival after a genotoxic stress.
This inhibitory effect is associated to a reduction
of the kinase activity of DNA-PKcs recruited into
the repair complex by KU70/80 at the site of DNA
break. Noteworthy, Cdx2 exerts its inhibitory effect
independently of its transcriptional activity since
a mutant devoid of transactivation domain is as
efficient as the full-length homeoprotein. This non
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transcriptional function of Cdx2 on DSB DNA repair
is particularly relevant from the perspective of its
tumor suppressor role in the gut, especially with
regard to the resistance to g-irradiation-induced
[19]
[20]
apoptosis
and to the chromosomal instability
observed when the Cdx2 level is decreased in the
+/colon epithelium of Cdx2 mice.

Pre-messenger RNA splicing

the transcriptional and nontranscripitonal functions
of Cdx2 is stable or if it changes in clinical situations
(colon cancer, inflammatory bowel diseases, meta
plasia related to the ectopic expression of Cdx2,
leukemia) compared to the physiological situation,
or in other words if the nontranscriptional functions
of Cdx2 become particularly relevant in diseases
and/or in response to therapeutic treatments. In
addition, it would also be interesting to decipher and
compare the respective roles of the transcriptionindependent vs -dependent functions of Cdx2 in the
sequential cellular states characterizing the constant
renewal of the intestinal epithelium, in stem cells,
committed progenitors and postmitotic differentiated
cells. These issues can also be raised for the
developmental roles of Cdx2, in the presumptive
gut, in body axis elongation and patterning, and
even in extraembryonic tissues.
The nontranscriptional functions of Cdx2 are largely
related to the capacity of the homeoprotein to interact
with a variety of partners. Proteomics technology has
substantially improved during the last years allowing
investigating protein-protein interactions at a large
scale; however no comprehensive study has been
performed so far to characterize the interactome
of Cdx2. This objective is challenging because such
studies can be complicated by the fact that molecular
interactions are strongly reliant on the cellular context.
The context is defined on the one hand by the panel
of putative Cdx2 partners expressed within a given
cell, and on the other hand by the posttranslational
modifications of Cdx2 and its partners that condition
the physical interactions. Therefore, characterizing
the transcription-independent activities of Cdx2
not only requires identifying its multiple interacting
proteins but also determining the pattern of
posttranslational modifications. The Cdx2 protein
has already been shown to be ubiquitinylated and
[40-42]
phosphorylated
, the phosphorylation at different
sites producing different effects. Additional types
of modifications are also possible like acetylation,
methylation, PARylation and others. Conversely,
based on similar considerations, another stimulating
issue is to know if Cdx2, when it interacts with a
given partner, modulates all the functions attributed
to this partner or only a subset of these functions.
For instance, the KU70/80 complex has many roles
beyond DSB DNA repair, including the regulation of
gene expression, the preservation of telomeres and
the control of apoptosis. It is not known yet if Cdx2,
through KU70/80, may also belong to and affect the
molecular complexes containing proteins involved in
these functions, like hTERT and Bax.
Molecular interactions between partners are
highly dependent on the compartimentalization of
proteins. This issue is particularly relevant to connect
post-translational modifications with diseases. In
terestingly, whereas the Cdx2 protein is restricted
to the nucleus in normal intestinal cells, a diffuse

[64]

In a recent study conducted by Witek et al , a
novel mRNA isoform expected to result from the
alternative splicing of the Cdx2 pre-messenger RNA
has been described. Alternative splicing uses a nonconventional splicing donor site at the 5’-extremity
of the second Intron which, in combination with
the acceptor splicing site of this Intron, creates a
4-bases deletion compared to the classical Cdx2
mRNA and hence a frame-shift. The resulting
protein variant, Cdx2-AS, shares with Cdx2 the
transactivation domain, the first two alpha-helixes
of the homeodomain but the 85-amino-acids region
corresponding to the third alpha-helix and C-side
domain of Cdx2 are replaced in Cdx2-AS by a
42-amino-acid domain unrelated in sequence to
the C-end of Cdx2. The absence of the third alphahelix, crucial for the interaction of the homeodomain
[62]
with the major groove of DNA , makes the Cdx2AS variant a DNA-binding-inefficient protein. Con
sequently, this variant fails to transcriptionally
activate typical promoter targets of Cdx2. Non
etheless, the new 42-amino-acids domain at the
C-end of Cdx2-AS is rich in Serine and Arginine
residues and presents some degree of sequence
similarity with SR-proteins involved in RNA splicing.
Functional studies established that it actually
modulates the splicing pattern of genes expressed
in gut cells. Therefore, these data point out the
existence of an original splicing variant of Cdx2
encoding a transcription-deficient nuclear factor that
acts instead as a regulator of another major nuclear
functions: the processing of pre-messenger RNAs.

OPEN QUESTIONS
The data summarized above strongly support that
Cdx2 exerts transcription-independent functions,
as already shown for other transcription factors as
[65-67]
important as p53, c-Myc and E2F1
, as well as
[68]
for few homeoproteins of the Hox family . Most
of the examples illustrating here the transcriptionindependent functions of Cdx2 are related to
clinical situations, especially cancer. In particular,
the inhibitory effect of Cdx2 on Wnt signaling has
been studied in the context of a constitutively
[60]
activated (oncogenic) form of b-catenin , while
the effect on DSB DNA repair was evaluated in the
perspective of the treatment of cancer cells with
potential genotoxic drugs. It is thus important, for
the future, to address whether the balance between
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cytoplasmic immunostaining often appears in his
tological sections of human colorectal tumors and
already in a number of adenomas, suggesting that a
fraction of the homeoprotein is abnormally redirected
outside its physiological compartment. This could
be related to an unusual form of posttranslational
modification and was generally considered as a
sign of inactivity because the transcription factor is
remote from the chromatin. However, since Cdx2
also has transcription-independent functions, one
can now speculate that the homeoprotein meets
new partners in the odd location and therefore
affects a subset of cytoplasmic functions specifically
in disease cells, that cannot be anticipated from
studies conducted in healthy cells. Investigating this
issue is important but challenging because, to our
knowledge, no human colon cancer cell line has been
reported so far to recapitulate the diffuse distribution
of Cdx2 in the cytoplasm; without appropriate model,
this makes it difficult to mechanistically approach the
role of cytoplasmic Cdx2 in malignant cells.

5
6

7

8

9

10
11

CONCLUSION
In conclusion, beside it’s primarily role of tran
scription factor, more and more data support the
emerging concept that the Cdx2 homeoprotein
also exerts transcription-independent activities.
These activities considerably broaden the field and
the mechanisms of action of this factor, being now
involved in new and important cellular and molecular
functions, like DNA repair and RNA splicing. These
functions were not previously anticipated from the
transcriptomic data related to Cdx2. Determining the
complete list of functions regulated by Cdx2 using
a nontranscriptional mechanism, together with the
list of Cdx2 partners for these functions, is a very
ambitious objective at the molecular and cellular
levels, and it is even more challenging to put these
nontranscriptional functions into a physiological or
pathological context with appropriate genetic models
in mice. These objectives stimulate new directions
of research, the results of which should extend our
knowledge on the development and homeostasis of
the gut as well as on malignant and/or inflammatory
diseases.
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AIM: Danshen’s capability to induce salivary fluid
secretion and its mechanisms were studied to
determine if it could improve xerostomia.
METHODS: Submandibular glands were isolated
from male Wistar rats under systemic anesthesia with
pentobarbital sodium. The artery was cannulated and
vascularly perfused at a constant rate. The excretory
duct was also cannulated and the secreted saliva was
weighed in a cup on an electronic balance. The weight
of the accumulated saliva was measured every 3 s and
the salivary flow rate was calculated. In addition, the
arterio-venous difference in the partial oxygen pressure
was measured as an indicator of oxygen consumption.
In order to assess the mechanism involved in Dansheninduced fluid secretion, either ouabain (an inhibitor
+
+
of Na /K ATPase) or bumetanide (an inhibitor of
NKCC1) was additionally applied during the Danshen
stimulation. In order to examine the involvement of
the main membrane receptors, atropine was added to
block the M3 muscarinic receptors, or phentolamine
was added to block the α1 adrenergic receptors. In
2+
order to examine the requirement for extracellular Ca ,
Danshen was applied during the perfusion with nominal
2+
Ca free solution.
RESULTS: Although Danshen induced salivary fluid
secretion, 88.7 ± 12.8 µL/g-min, n = 9, (the highest
value around 20 min from start of DS perfusion
was significantly high vs 32.5 ± 5.3 µ L/g-min by
carbamylcholine, P = 0.00093 by t -test) in the
submandibular glands, the time course of that secretion
differed from that induced by carbamylcholine. There
was a latency associated with the fluid secretion
induced by Danshen, followed by a gradual increase
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in the secretion to its highest value, which was in turn
followed by a slow decline to a near zero level. The
application of either ouabain or bumetanide inhibited
the fluid secretion by 85% or 93%, and suppressed
the oxygen consumption by 49% or 66%, respectively.
+
These results indicated that Danshen activates Na /
+
K ATPase and NKCC1 to maintain Cl release and
+
K release for fluid secretion. Neither atropine or
phentolamine inhibited the fluid secretion induced
by Danshen (263% ± 63% vs 309% ± 45%, 227%
± 63% vs 309% ± 45%, P = 0.899, 0.626 > 0.05
respectively, by ANOVA). Accordingly, Danshen does
not bind with M3 or α1 receptors. These characteristics
suggested that the mechanism involved in DS-induced
salivary fluid secretion could be different from that
induced by carbamylcholine. Carbamylcholine activates
the M3 receptor to release inositol trisphosphate (IP3)
2+
and quickly releases Ca from the calcium stores. The
2+
elevation of [Ca ]i induces chloride release and quick
osmosis, resulting in an onset of fluid secretion. An
2+
increase in [Ca ]i is essential for the activation of the
+
luminal Cl and basolateral K channels. The nominal
2+
removal of extracellular Ca totally abolished the fluid
secretion induced by Danshen (1.8 ± 0.8 µL/g-min
vs 101.9 ± 17.2 µL/g-min, P = 0.00023 < 0.01, by
t -test), suggesting the involvement of Ca 2+ in the
2+
activation of these channels. Therefore, IP3-store Ca
release signalling may not be involved in the secretion
induced by Danshen, but rather, there may be a distinct
signalling process.

2015; 21(5): 1444-1456 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i5/1444.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i5.1444

INTRODUCTION
Saliva moistens and washes the surface of the
oral cavity to maintain the oral environment, and
facilitates swallowing and chewing food as a lu
bricant. The subjective feeling of dry mouth is called
xerostomia, which is mainly caused by salivary
gland hypofunction (SGH). SGH is a condition in
which non-stimulated or stimulated salivary flow is
significantly reduced, due to many reasons, such as
aging, radiation therapy, medication, and Sjögren’s
syndrome. The incidence of SGH in the population
[1]
over 65 years old is 30%-40% . Xerostomia
[2,3]
reduces the quality of life (QOL)
. The current
treatment for xerostomia includes the administration
[4]
of parasympathomimetic drugs or artificial saliva .
Parasympathomimetic drugs, including pilocarpine
and cevimeline, activate muscarinic receptors on the
salivary glands to stimulate fluid secretion. However,
muscarinic receptors exist in many organs of the
body, so this medication is accompanied by systemic
side effects, for example, nausea, diarrhea and other
[5]
adverse gastrointestinal reactions . Therefore, most
patients tend not to take these drugs, but rather
use artificial saliva. However, artificial saliva also
has disadvantages. It is difficult to take when the
mouth is used continuously, such as during speech.
Therefore, there is a clinical requirement for salivary
fluid promoters with fewer side effects.

CONCLUSION: The present findings suggest that
Danshen can be used in the treatment of xerostomia,
to avoid the systemic side effects associated with
muscarinic drugs.
Key words: Salivary fluid secretion; Xerostomia;
Chinese herb; Danshen; Submandibular gland; Oxygen
2+
consumption; Extracellular Ca

Danshen

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Perfusion of rat submandibular glands allowed
for the measurement of fluid secretion and oxygen
consumption during Danshen stimulation, which
+
induced a large salivary fluid secretion. Ouabain (Na /
+
K ATPase inhibitor) and bumetanide (NKCC1 inhibitor),
inhibited fluid secretion and oxygen consumption
significantly, indicating that Danshen has a similar
basic mechanism for secretion. Receptor blockers
indicated that Danshen does not bind with M3 or α1
receptors. These findings suggest that the mechanism
for Danshen-induced fluid secretion could be different
from that induced by carbamylcholine. Accordingly,
Danshen may avoid the systemic side effects caused by
muscarinic drugs in the treatment of xerostomia.
Wei F, Wei MX, Murakami M. Mechanism involved in Dansheninduced fluid secretion in salivary glands. World J Gastroenterol

WJG|www.wjgnet.com

[6]

Murakami et al examined 20 Chinese herbs re
garding their capability to promote salivary fluid
secretion, using isolated and vascularly perfused
submandibular glands (SMG) of rats. They found
15 herbs that could promote salivary fluid secretion
of the gland during muscarinic stimulation with
carbamylcholine (carbachol, CCh). Among those
15 herbs, it was found that Danshen (DS) not only
promotes salivary fluid secretion, but also that it
induces it.
DS is a representative Chinese herb in the cate
gory of the agents that promote blood circulation
[7]
and eliminate stasis . DS is mainly used for co
ronary atherosclerotic disease of the heart. The
main pharmacological functions of DS have been
reported as: (1) dilatation of the blood vessels; (2)
promotion of microcirculation; (3) anti-coagulant
activity; (4) antithrombotic activity; and (5) an antiinflammatory function. Among the components of
the DS extracts, salvianolic acids, phenolic acids and
diterpenechinone compounds of the tanshinone type
[8]
are equally effective .
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DS has been clinically used to relieve dry mouth in
Chinese medicine. However, only a few reports have
[9]
addressed the direct effect of DS on salivary glands
and no studies have been conducted to examine
the mechanisms involved related to the induction of
salivary secretion. The present study was planned
and conducted to confirm the salivary induction due
to DS and examine the possible mechanisms involved
in DS-induced salivary fluid secretion.

by new secretagogues; and (5) The requirement of
2+
extracellular Ca .
Using the experimental plan shown above, this
study was conducted to investigate the salivary fluid
secretion induced by DS. In addition, this experimental
plan will be useful to check new pharmaceuticals for
their effect on salivary fluid secretion.

Experimental plan to assess the ability of Chinese herbs
to induce salivary fluid secretion

Isolation and perfusion of SMG

MATERIALS AND METHODS
Adult Wistar male rats (Wistar/ST, 9 wk, 240-280
g) were purchased from Japan SLC Inc. and given a
standard pellet diet and water ad libitum. The rats
were anesthetized by intraperitoneal injection of
pentobarbital sodium at a dose of 30 mg/kg body
weight (Somnopentyl, Kyoritsu Seiyaku Co., Japan)
after induction with 3 Vol% isoflurane (Forane,
AbbVie Inc., Illinois, United States). The SMGs were
[12]
surgically isolated as previously described . Briefly,
the attached sublingual gland and its duct were
removed after ligation of both the feeding arteries
and the draining vein. The main duct of the SMG
was cannulated with a fluorine-fiber tube (0.3 mm
ID × 0.5 mm OD, EXLON, Iwase Co. Ltd., Japan) for
sampling. The artery distal to the glandular branch
was cannulated with a stainless steel catheter
connected to the infusion line for perfusion. Then,
the vein from the gland was cut free, with exception
for measurement of oxygen consumption.

In order to measure fluid secretion in response to
Chinese herbs, we employed isolated and arterially
perfused rat salivary glands, because this is only
the method that makes it possible to measure fluid
secretion, except for a method employing in vivo
glands. The use of in vivo glands is an ideal model for
clinical application, but with this method, we cannot
avoid influences from neural and hormonal effects.
A previous study showed that five kinds of Chinese
herbs, previously known as medicine for xerostomia,
could not promote salivary fluid secretion in isolated
[6]
and perfused glands . In addition, because the
epithelial structure is maintained in the isolated
perfused SMG, this method makes it possible to
observe not only transcellular fluid secretion, but also
[10]
paracellular fluid secretion .
Transcellular fluid secretion is based on Cl release
2+
through the Ca dependent-Cl channel (TMEM16A)
[11]
across the luminal plasma membrane . The
+
junctional flow of Na is followed by a requirement for
electroneutrality to increase luminal osmolarity. The
osmotic gradient allows osmosis through aquaporine
5 on the luminal membrane and junctional water
flow. For Cl entry across the basolateral membrane,
+
+
the Na /K /2Cl cotransporter (NKCC1) is driven
+
by the Na electrochemical gradient, which is
+
+
maintained by Na /K ATPase. Because the double
+
+
antiport system, including the anion and Na /H
exchangers, has a minimal contribution for Cl entry
during HCO3 free perfusion, the experimental system
can be simplified by avoiding HCO3 utilization.
The experimental system for the assessment
of new secretagogues, including Chinese herbs,
was established as follows: (1) Fluid secretion
measured by the use of a computer-aided electronic
balance in the isolated perfused SMG; (2) Oxygen
consumption measured by arterio-venously placed
oxygen electrodes, inhibition of fluid secretion and
oxygen consumption by ouabain for assessment
+
+
of the activity of Na /K ATPase; (3) Inhibition of
fluid secretion by bumetanide for assessment of
NKCC1 for the fluid secretion; (4) Use of atropine
and phentolamine to assess the involvement of
muscarinic and alpha-adrenergic receptors stimulated
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Perfusion of the gland

The isolated SMGs were placed in a humidified
chamber at 37 ℃ and perfused arterially with the aid
of a peristaltic pump (Cole-Palmer, 7553-10, United
States) at a rate of 1.8 mL/min to supply enough
oxygen even without a specific oxygen carrier
during the secretory period. Immediately before the
excretory duct cannulation, the fluorine-fiber tube
was filled with distilled water. The other end of the
ductal cannula was placed under water in a small
cup on an electronic balance with a minimum digital
readout of 0.1 mg (Shimadzu AEG-220, Kyoto,
Japan), avoiding any contact with the side and
bottom of the cup.
After a control perfusion of buffered salt solution
for 20 min, the weight of the secreted saliva
was recorded for 5 min prior to the start of the
stimulation. Carbamylcholine chloride (CCh, Sigma,
MO, United States) was applied at 0.2 µmol/L for 5
min as a control to test the vigor of the gland, and
in these experiments, the fluid secretion of CCh
at 4.95-5 min was set as 100% to normalize the
individual variation. CCh was removed by washing
for another 5 min using perfusion fluid. The DS
solution was continually perfused for 60 min.
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Perfusion fluid

secretion was measured in the same time course
as the salivary fluid secretion induced by 5 g/L DS.
Oxygen consumption during DS perfusion with other
drugs was simultaneously measured with the fluid
secretion.

The perfusion fluid was a salt solution with the fo
+
+
llowing composition (in mmol/L): Na 140.0, K 4.3,
2+
2+
Ca 1.0, Mg 1.0, Cl 148.3, and glucose 5.0. The
solution was buffered at pH 7.4 with N-2-hydroxyethyl
piperazine-N’-2-ethane sulfonic acid (HEPES, 10 mmol/
L) and gassed with 100% O2 at 37 ℃. Salts, glucose,
HEPES, CCh and phentolamine were purchased from
Sigma (MO, United States).

Ouabain, bumetanide, atropine and phentolamine

Atropine (1 µmol/L; Nacalai Tesque. Inc., Japan) or
phentolamine (5 µmol/L; Sigma, MO, United States)
was continually perfused and 10 min later, DS (5
g/L) solution was added and continually perfused
for 50 min. The salivary fluid secretion and oxygen
consumption were recorded simultaneously during
experiments that involved ouabain and bumetanide.
In addition to the first experiment, ouabain (1
mmol/L; Merck KGaA, Germany) or bumetanide (10
µmol/L; Sankyo, Japan), were respectively added at
10 min after the DS was administered and removed
at 15 min.

Preparation of the DS solution

The granular extract from the root of the DS was
provided by Tian Jiang Pharmaceutical Co. Ltd.,
Jiang Yin, China. Each gram of this DS granule was
concentrated and equivalent to 5 g of the crude DS.
The DS stock solution was prepared as follows: (1)
Two gram of DS were dissolved in the perfusion fluid
by ultrasonic concussion for 5 min. The precipitate
was removed twice after each centrifugation at 4000
rpm for 5 min. The clear supernatant was obtained
and its pH value was adjusted to 7.4 by sodium
hydroxide solution (1 mol/L, Nacalai Tesque, Inc.,
Kyoto, Japan); (2) The neutral solution was prepared
to 0.5 g/mL (each concentration in this study refers
to crude DS, rather than the extract of DS) in a
buffer solution. This solution was filtered through
a filter with a pore size of 0.22 µm (Sterivex-GV,
Millipore, MA, United States) to obtain the DS stock
solution; (3) Finally, before using, the stock solution
was diluted with the perfusate, and prepared into
concentrations of 1, 3, 5, 25 and 50 g/L.

Removal of extracellular Ca2+

The measurement of the salivary fluid secretion and
the perfusion of the SMGs were almost the same as in
2+
the first experiment, except that Ca in the perfusate
was removed nominally without any chelating agent
before the administration of CCh or DS, in order to
2+
examine the contribution of extracellular Ca on DSinduced salivary fluid secretion.

Statistical analysis

The values for the salivary fluid flow rates were pre
sented as mean ± SE, and n was the number of
glands. Statistically significant differences between
the values were determined by double-tailed t-test or
ANOVA as indicated in the text, and P values below 0.05
were regarded as statistically significant. We mainly
used absolute values at different time points (using
the units µL/g-min and mmHg) in each experiment
for statistical comparisons using the t-test, whereas,
in the figures, the relative values (% controlled to the
value at 5 min during CCh stimulation) were used to
express the time course of the responses, and also to
express the degree of the inhibitions

Salivary fluid secretion

The cumulative weight was automatically measured
every 3 s and the data was transferred to a spre
adsheet file in a computer. The fluid secretion rate
was calculated from the time differentiation of the
cumulative volume of saliva, assuming a saliva specific
gravity of 1.0.

Oxygen consumption

The partial oxygen pressure (PO2) of the perfusate
and the effluent was measured polarographically at
37 ℃ by the Dissolved Oxygen Measuring System
(Model 203, Instech Laboratories, PA, United States).
The artery and the vein of each of the isolated
SMGs were cannulated and arterially perfused
with perfusion fluid. Clark-type electrodes were
placed serially on the arterial and venous sides of
the perfusion line. The data were stored every 15
s by computer. The calibration of the system was
performed during perfusion with distilled water 100%
equilibrated with air. The partial pressure of oxygen
was obtained as the value at 100% air saturation at
37 ℃ and 1 atm. The rate of oxygen consumption
was expressed by changes in the AV difference of
oxygen pressure from the resting level. Oxygen
consumption during DS-induced salivary fluid
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RESULTS
Time course of the DS-induced salivary fluid secretion

A low dose of CCh (0.2 µmol/L) was used as a
control stimulation, to normalize the variation of
fluid secretion shown by individual glands. All values
for the fluid secretory rate during the experiment
were normalized to the fluid secretion at 5 min of
the control CCh stimulation. Addition of the CCh
immediately induced salivary fluid secretion. In
contrast, after the addition of the DS, the fluid
secretion did not start immediately, i.e., latency was
observed, as shown in Figure 1. This figure shows a
relative fluid secretion to the control at 5 min, which
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Figure 3 Dose response of the highest Danshen-induced fluid secretion.
The highest fluid secretion was shown as mean ± SE and the doses of
DS employed were 1, 3, 5, 25 and 50 g/L, respectively. The fluid secretion
increased from 1 g/L to 25 g/L, and reached a plateau level at the higher doses.
DS: Danshen.
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Figure 1 Time course of the Danshen-induced salivary fluid secretion.
After control stimulation with 0.2 µmol/L CCh for 5 min, DS (5 g/L) was
introduced at 10 min and perfused for 60 min. Respectively, the bold and dotted
lines show the average values and the mean ± SE of the salivary fluid secretion
of 9 glands. DS: Danshen; CCh: Carbamylcholine.

decreased with higher doses of DS perfusion: 42.3
± 5.5 min at 1 g/L DS (n = 6), 10.7 ± 1.0 min at 3
g/L (n = 9), 7.7 ± 1.1 min at 5 g/L (n = 9), 1.3 ±
0.5 min at 25 g/L (n = 6) and 1.8 ± 0.3 min at 50
g/L (n = 8), respectively (n = the number of glands
employed for each dose).
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The fluid secretion induced by DS perfusion was de
monstrated in a dose-dependent manner within the
range of 1-50 g/L. DS perfusion in the rat SMGs at
doses of 1, 3, 5, 25 and 50 g/L induced the highest
fluid secretion of 14.7% ± 4.3% of the CCh control
fluid secretion, with the various doses showing fluid
secretion values of 171.5% ± 36.7%, 308.9% ±
45.1%, 415.3% ± 66.8%, and 364.0% ± 68.7%,
respectively (Figure 3). There was no significant
difference among the groups with 5, 25 and 50 g/L.
Therefore, the 25 g/L dose of DS could have the
highest efficiency to promote fluid secretion (415.3%
± 66.8% of the CCh control) among all of the doses
tested. The median effective dose (ED50) of DS was
3.6 g/L, calculated by the straight line of regression
2
method (Y = 289.5X + 46.3, r = 0.905).

50

Figure 2 The latency of stimulation with different doses of Danshen. The
latency of the fluid secretion was shown as the mean ± SE for different DS
doses. The latency reduced as the dose of DS increased. DS: Danshen.

averaged at each sampling point.
The DS-induced secretory process had two stages.
Initially the fluid secretion increased gradually to
reach the highest secretion 88.7 ± 12.8 µL/g-min, n
= 9 glands around 20 min from start of DS perfusion.
This is a significantly high value compared to that
obtained during CCh control (32.5 ± 5.3 µL/g-min, P
= 0.00093 by t-test). Thereafter, the fluid secretion
declined gradually to the plateau value (6.3 ± 2.1 µL/
g-min, 24.1% ± 8.3% of the CCh control) at 60 min.
After this decline, the gland did not start another fluid
secretion process even during prolonged perfusion
with DS.

Oxygen consumption during the DS-induced salivary
fluid secretion

The oxygen consumption of the isolated SMGs in
creased to 19.9 ± 2.4 mmHg, n = 5 glands rapidly
after the administration of DS without any latency
(Figure 4 shows the average of relative values to the
control at 5 min). Corresponding to the induction
of the fluid secretion, the oxygen consumption
increased and reached the highest value at 22-37
min (127.1 ± 12.9 mmHg, n = 5 glands, significantly
high vs 69.5 ± 14.6 mmHg during CCh stimulation,
P = 0.00017, by t-test), which calculated as 166.7%
± 7.9% of the control stimulation with CCh among

The latency of the salivary fluid secretion decreased
with high doses of DS perfusion

The latency is the time period required for the
SMG to start fluid secretion, that is, the time from
the application of DS perfusion to the start of fluid
secretion. The latency of the salivary secretion was
observed at different doses of DS (Figure 2). The
latency of the salivary fluid secretion (mean ± SE)
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Ouabain decreased fluid secretion and oxygen
consumption
+

Ouabain, an inhibitor of Na /K ATPase, was applied
to assess the activity of the primary active transport
during DS stimulation. The fluid secretion was me
asured by 1 mmol/L ouabain during stimulation with
5 g/L DS (Figure 5A). The fluid secretion decreased
to a plateau level of 14.4 ± 4.0 µL/g-min, n = 7
glands, significantly from the highest fluid secretion,
-6
99.2 ± 8.5 µL/g-min, P = 1.075 × 10 by t-test.
Ouabain decreased the DS-induced fluid secretion
by 85% of the highest value. After the removal of
ouabain, the fluid secretion showed a slight recovery,
and thereafter gradually decreased to reach the zero
level.
The addition of ouabain decreased the oxygen
consumption to 112.5 ± 27.8 mmHg, n = 8 glands,
from the highest level of oxygen consumption, 197.4
± 26.7 mmHg (n = 13 glands), P = 0.04996 by
t-test. After the removal of the ouabain, the oxygen
consumption partially recovered, and then gradually
decreased (Figure 5B).
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the experimental series shown in Figure 4, followed
by a gradual decrease.
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Figure 5 Inactivation of Na+/K+ ATPase by ouabain. A: Danshen-induced
salivary fluid secretion. CCh stimulation was conducted for 5 min as control
measure. At 20 min ouabain was added for 5 min, and the DS-induced fluid
secretion decreased significantly (P < 0.05 vs control). The figure shows the
average (bold line, n = 5) and the standard error of the means (mean ± SE,
dotted lines); B: Oxygen consumption during DS stimulation. At 25 min ouabain
was added for 5 min, and the oxygen consumption decreased significantly (P
< 0.05 vs control). This figure shows the average values (bold line, n = 5) and
the standard error of the means (mean ± SE, dotted lines). DS: Danshen; CCh:
Carbamylcholine.

decreased to the zero level. The decreased level
of fluid secretion, 1.97 ± 1.29 µL/g-min at 45-60
min (n = 7 glands), was significantly lower than
the recovered peak of the DS-induced salivary fluid
secretion, P = 0.0003 by t-test. The residual fluid
secretion during inhibition by bumetanide was 6.6 µL/
g-min at 25-26 min from the start of the experiment.
The inhibition of salivary fluid secretion by
bumetanide was calculated as 93% of the maximum
secretion (99 µL/g-min) induced by DS. This finding
indicates that NKCC1 is activated during DS-induced
fluid secretion.
The increase in oxygen consumption by DS was
stopped by bumetanide and stayed at the plateau
level of 98.1% ± 2.8% at 22-25 min (Figure 6B).
After removal of the bumetanide, the oxygen
consumption increased again to the peak.

Bumetanide decreased fluid secretion and oxygen
consumption

Bumetanide was used to block the NKCC1 cotran
sporter. Bumetanide (10 µmol/L) was administered at
10 min from the start of the DS administration, and
then removed at 15 min. Bumetanide significantly
decreased the DS-induced fluid secretion, from the
pre-blocked level, 25.8 ± 5.5 µL/g-min at 20-21 min
(n = 7 glands) to a plateau level, 6.6 ± 2.5 µL/g-min
at 25-26 min (n = 7 glands), P = 0.0078 by t-test
(Figure 6A). After the removal of the bumetanide,
the salivary fluid secretion increased again to another
peak, 37.8 ± 7.0 µL/g-min at 30-35 min (n = 7
glands). Thereafter the fluid secretion gradually
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Figure 4 Time course of the A-V difference of partial oxygen pressure
during the Danshen perfusion. CCh stimulation was conducted for 5 min. as
a control measure. At 10 min., DS was added and perfused for 30 min. This
figure shows the average values (bold line, n = 5 glands) and the standard error
of the means (mean ± SE, dotted lines). DS: Danshen; CCh: Carbamylcholine.
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Figure 6 Inactivation of NKCC1 by bumetanide. A: The effects of bumetanide
on Danshen-induced salivary fluid secretion. Initially, CCh was added for 5 min
as a control measure. At 20 min bumetanide was added for 5 min, and the fluid
secretion decreased significantly to a plateau inhibited level (P < 0.05 vs control).
This figure shows the average values (bold line, n = 6) and the standard error
of the means (mean ± SE, dotted lines); B. The effects of bumetanide on DSinduced oxygen consumption. The oxygen consumption was shown by arteriovenous difference of partial oxygen pressure (mmHg). Initially, CCh was added
for 5 min as a control measure. At 20 min bumetanide was added for 5 min. DS:
Danshen; CCh: Carbamylcholine.
+

and K release. As a result, the oxygen consumption
decreases, the Cl entry via the cotransporter and
antiporters are decreased, and then fluid secretion
will be reduced. On the other hand, bumetanide
blocks only NKCC1. DS stimulation induced a salivary
fluid secretion, accumulating to 1428.0 ± 152.8 µL/g
for 60 min. The maximal fluid secretion due to DS (5
g/L) was 3 times larger than that of CCh (0.2 µmol/
L). Bumetanide (10 µmol/L) decreased the fluid
secretion rate to 16.8% ± 5.5% of the CCh control (n
= 7 glands). Because the highest DS fluid secretion
was 309 ± 45% of the CCh control, bumetanide
inhibited the highest fluid secretion by 95% of the
highest DS-induced fluid secretion. In contrast,
ouabain decreased the fluid secretion rate to 23.9%
± 10.8% of the CCh control (n = 5 glands), which
means that ouabain inhibited the fluid secretion by
90% of the highest DS-induced fluid secretion. The
inhibition by bumetanide was larger than that due to
ouabain as shown in Figure 7.
The oxygen consumption was measured as
an arterio-venous difference in the partial oxygen
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pressure (AV difference in PO2, mmHg). Although
this value includes the oxygen that escaped from
the gland surface and the perfusion line, the AV PO2
difference was normalized (%) by the value at 5 min
during CCh stimulation. The AV difference in PO2 was
69.5 ± 14.6 mmHg (n = 5 glands) at 5 min from the
start of the CCh stimulation. DS increased the AV PO2
difference to the highest value, 197.4 ± 26.7 mmHg
of the CCh control (mean ± SEM, n = 13 glands), at
22-37 min from the start of the experiment, which
was an average (284% of the CCh control) from 13
glands and higher than one group of experiments
shown in Figure 4. Ouabain (1 mmol/L) was added
after about 25 min for 5 min, as shown in Figure
5B. Ouabain decreased the oxygen consumption to
100.0% ± 17.3% of the CCh control at 29-31min,
n = 6 glands. Bumetanide (10 µmol/L) stopped the
increase in oxygen consumption at 98.1% ± 2.8%
(at 22-25 min) of the CCh control. Therefore, as a
minimal estimation, ouabain inhibited the oxygen
consumption by 49% and bumetanide inhibited it by
66%.
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Figure 7 The residual Danshen-induced fluid secretion during inhibition
due to ouabain or bumetanide. This figure shows the standard error of the
means (mean ± SE) of the salivary fluid secretion. Ouabain (inhibitor of Na+/K+
ATPase) and bumetanide (inhibitor of NKCC1) decreased the fluid secretion
due to the DS (n = 9). The DS column indicates the maximum response of the
fluid secretion due to DS. DS: Danshen; CCh: Carbamylcholine.
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Participation of muscarinic or alpha1 adrenergic
receptors in DS-induced fluid secretion

Figure 8 shows the highest secretion rate during
perfusion with DS, DS with atropine, and DS with
phentolamine, which were shown as the % of the
fluid secretion rate due to CCh at 5 min. When
atropine (1 µmol/L) or phentolamine (5 µmol/L)
was applied separately on the DS perfusion, the
salivary fluid secretion decreased slightly, but not
significantly, to 263% ± 63% (n = 7) and 227% ±
63% (n = 14), respectively (DS induced secretion
at 309 ± 45%, n = 9). The latency and the time
course of the fluid secretion remained the same. The
inhibition ratios of atropine and phentolamine were
12% and 20%, respectively. The P values obtained
by ANOVA were 0.899 between control and atropine,
and 0.626 between control and phentolamine,
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that collaborative work, the methods required for
screening effective Chinese herbs were developed.
As a result, it was discovered that Danshen (DS)
induced salivary fluid secretion without other added
stimulants. The present work was planned to clarify
the mechanism by which DS induces salivary fluid
secretion. During this study, a number of different
methodologies required to pursue the mechanisms
involved in salivary secretion were combined.
This set of methodologies will be useful for future
studies in the search for new drugs with unknown
mechanisms for salivary fluid secretion.

Fluid secretion compared to
the control by CCh at 5 min (%)

400
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300
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100
50
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CCh

DS

DS + atropine DS + phentolamine

Figure 8 Effects of atropine and phentolamine on the Danshen-induced
fluid secretion. The standard error of the means (mean ± SE) of the highest
fluid secretion was shown in the DS only group (n = 9), the DS with atropine (n
= 7), and the DS with phentolamine (n = 14). n shows the number of the glands
employed. The values were expressed as percentage of the fluid secretion rate
at 5 min with CCh as control. There was no significant differences (P > 0.5 vs
control) among the 3 groups. DS: Danshen; CCh: Carbamylcholine.

Danshen

DS is obtained from the dried root of Salvia mil
tiorrhiza, a plant native to China and Japan. In
[13]
1934, Nakao and Fukushima
first isolated the
tanshinones from DS. According to the traditional
usage, DS is reduced into a water decoction, which
contains more hydrophilic components. Therefore,
the phenolic acids from DS have been extracted
since the 1980s, and were called the salvianolic
[14-16]
acids
. In the present study, we used Ringer’s
solution to dissolve DS, so most phenolic acids and a
small amount of tanshinone were dissolved in our DS
solution. The plant, Salvia miltiorrhiza, was briefly
[17]
mentioned in Mabberley’s Plant-Book , with a short
comment on its use locally for heart conditions.
However, DS is famous as a “blood-activating” drug
in the field of traditional Chinese medicine (TCM). In
TCM, the term “blood-activating” means a treatment
of the symptoms caused by the reduction of fluid
secretion, such as dry mouth, dry eyes and so
[18,19]
on
. While the TCM reports have not revealed any
mechanism for production of saliva, it is well known
in the field of physiology that salivary fluid secretion
is mainly induced by activation of the muscarinic
receptors on salivary acinar cells. Acetylcholine (ACh)
is released from parasympathetic nerve endings
and binds with this receptor, then links with the
2+
elevation of cytosolic Ca . The elevation of cytosolic
2+
Ca activates the Cl channel to release Cl into
the lumen. The mechanisms by which DS induces
salivary fluid secretion may be hidden within this
sequential mechanism.
[6]
In a previous study , during the screening of
Chinese herbs, we used a moderate concentration of
CCh, 0.2 µmol/L. Because the concentration 1 µmol/
L is a supermaximal concentration for salivary fluid
secretion, the moderate concentration was suitable
to examine if fluid secretion was promoted or not. In
addition, we normalized the values for fluid secretion
and oxygen consumption to avoid variations among
individual glands. This measure was implemented
because the responses to Chinese herbs could
vary among the individual rats and the surgical
procedures employed were not yet fully developed
by the young investigators involved in the study.

respectively, indicating no statistical differences.

Requirement of extracellular Ca2+ for DS-induced fluid
secretion

In regard to the physiological stimulation necessary
to induce salivary fluid secretion, an increase in
2+
2+
the cytosolic Ca level ([Ca ]i) is necessary for
+
the activation of K channels on the basolateral
membrane and the Cl channel on the luminal
2+
membrane. After the initial release of Ca from
2+
cytosolic stores, the level of [Ca ]i is maintained
by the balance of entry and extrusion of cytosolic
2+
2+
Ca . In order to examine the Ca entry during DS
2+
stimulation, the Ca in the perfusate was removed
2+
nominally without any chelating agent. During Ca
free perfusion, CCh (0.2 µmol/L) was perfused from
5 min to 10 min, followed by perfusion with DS (25
g/L) for 15 min. DS and CCh could hardly induce any
fluid secretion. During the DS perfusion, the highest
fluid secretion rate was only 1.8 ± 0.8 µL/g-min at
8.65 min (n = 8 glands) (while during perfusion with
DS and calcium the fluid secretory rate was 101.9 ±
17.2 µL/g-min at 8.65 min, n = 6, P = 0.00023 by
2+
t-test). These results indicated that extracellular Ca
was essential for DS to induce salivary fluid secretion.

DISCUSSION
The application of traditionally used Chinese herbs
in clinical medicine has been increasing all around
the world, especially for chronic diseases. However,
the information available on the mechanisms of
their pharmaceutical action is limited. Collaborative
experiments conducted by the Nanjing Medical
College (China) and the National Institute for Phy
siological Sciences (Japan) screened the Chinese
herbs that promote salivary fluid secretion in
[6]
isolated perfused rat salivary glands . During
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That collaborative study showed that DS promotes
salivary fluid secretion, compared with CCh, and
could be a promising drug in treatment for the relief
of dry mouth caused by hypofunction of the salivary
glands. However, the characteristics and possible
mechanisms associated with the sole use of DS have
not been studied.

the clinical applicability of DS.
The latency decreased as the dose of the DS
was increased. This feature was apparently different
from the instant reaction shown when the salivary
fluid secretion was stimulated by CCh through
[6]
muscarinic receptors. Our previous study showed
that CCh rapidly stimulated salivary fluid secretion
by the SMGs through the activation of muscarinic
receptors. When perfused with DS, it took a long
time to induce salivary fluid secretion, and there was
no initial peak effect. However, when CCh was added
to the DS perfusion at an early time, a marked
superimposed peak in the salivary fluid secretion
was shown. The salivary fluid secretion by the SMGs
induced by DS decreased gradually after reaching
the highest secretion (88.7 ± 12.8 µL/g-min, 309%
± 45% of the CCh control, at 21.5 min), until the
secretion stopped. Although continually perfused
with DS, the gland did not secrete further after the
secretion stopped. However, after washing with
buffer solution, salivary fluid secretion was induced
again when stimulated by DS. These phenomena
indicated that other mechanisms may be involved in
the DS-related promotion of salivary fluid secretion,
which were also different from that of the muscarinic
and α1 receptors.
In summary, at doses over 25 g/L, the effect of DS
does not improve and there is a risk of side effects,
such as bleeding. Therefore, the administration of DS
requires rigorous guidance and clinical observation.

DS-induced salivary fluid secretion

Sole DS stimulation induced fluid secretion in the
isolated and perfused SMG of the rat. However, the
time course of the secretion induced by DS was
different from the CCh-induced fluid secretion. DS
started fluid secretion with a time period latency and
the secretion gradually increased to reach the highest
value, which was 2.5 times higher than the fluid
secretion at 5 min due to CCh. This type of high fluid
secretion due to DS has not been reported previously.
However, the fluid secretion slowly declined from
the highest value to the zero level around 60 min
from the start of the DS administration. These
characteristics suggested that the mechanism for
DS-induced salivary fluid secretion was different from
that induced by CCh or ACh. CCh and ACh activate
the M3 receptor to release IP3 and quickly release
2+
[20]
Ca from IP 3-regulated calcium-stores . The
process includes channel activation and also quick
osmosis, resulting in a quick onset of fluid secretion.
Fluid secretion can be quickly started by activation
[21,22]
of the α1 adrenergic receptor
and neurokinin A
[23]
receptor . Therefore DS-induced secretion could
use a different signalling process, compared with IP32+
store Ca release signalling.
The clinical dosage of DS ranges from 10 to 50
g/person because the treatment recipe is usually a
mixture of several herbs, and the proportion of DS
varies depending on the individual symptoms. For
experimental convenience, we adopted an average
dose of 25 g/person for the experiment. Assuming
that all the DS will move to the blood circulation (5
L for 60 kg body weight), the concentration of DS in
the blood will be 5 g/L. We took 5 g/L as a standard
concentration of DS in the perfusion fluid. On the
other hand, the relationship between DS dose and
fluid secretion was examined using a series of doses
at 1, 3, 5, 25, and 50 g/L. Fluid secretion increased
with the higher doses of DS, while the latency was
shorter at the higher doses of DS. The results of
the dose of 5 g/L were slightly higher than the ED50.
These results suggested that we can control clinically
the level of fluid secretion between 5 g/L and 25 g/L,
which was also within the safe therapeutic dose. At
doses higher than 25 g/L, the effect of the DS would
not improve and side effects may appear, such
as bleeding. Therefore, the administration of DS
requires rigorous guidance and clinical observation.
These results may be of some help for studies on
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Inhibition of Na+/K+ ATPase during DS stimulation

The increase in oxygen consumption reflects
the increased energy metabolism during fluid
[24,25]
secretion
. Because the increment of the oxygen
consumption becomes the same as the increase
in heat production, this suggests that the energy
metabolism is mostly from oxidative phosphorylation
in mitochondria. In addition, the increment of the
+
oxygen consumption and the K uptake during the
+/ +
post-stimulatory activation of Na K ATPase were
compared, and the results showed that the increase
in oxygen consumption during fluid secretion is
+
+
[12]
mostly from the activation of Na /K ATPase .
However, the protein synthesis and its secretion
contributed less to the increase in the oxygen
consumption during the combined stimulation of
[26]
CCh and isoproterenol (β-adrenergic stimulant) .
Finally, we managed to estimate the activation
+
+
of Na /K ATPase from the decrement of oxygen
consumption during the application of ouabain.

Oxygen consumption during latency during DS
stimulation

The oxygen consumption of the gland immediately
increased after the administration of DS, even
though there was no fluid secretion. This indicated
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that some energy consuming processes were ac
tivated by DS. Because the dilation of the capillary
bed and thus the promotion of microcirculation
occurred simultaneously, the energy metabolism
of the uncirculated region was possibly added due
to the shunt closure. The fluid secretion started
several minutes later, so these processes probably
did not include fluid secretion. The promotion of
microcirculation could be one of these processes.
Another possibility is the activation of the synthesis
of secretory proteins. However, protein secretion
was not measured in this study.

Bumetanide, at 100 µmol/L, abolished the fluid
secretion of the rat SMGs by ACh (1 µmol/L) during
perfusion without bicarbonate (Murakami, 1997,
unpublished). However, bumetanide decreased
the fluid secretion by 33% of the sustained fluid
secretion during perfusion with bicarbonate
(Murakami, 1997, unpublished). In both cases,
the oxygen consumption remained at 70% of
the control during stimulation (Murakami, 1997,
+
unpublished). These findings indicate that the Na /
+
H antiporter was not inhibited by bumetanide, and
that the Cl /bicarbonate antiporter can uptake Cl
during perfusion with bicarbonate, but not without
bicarbonate. In the present study, DS-induced
salivary fluid secretion was decreased to 7% of the
highest value by bumetanide (10 µmol/L) during
bicarbonate-free perfusion. This indicated that the
+
+
Na /K /2Cl cotransporter was almost fully activated
during the DS stimulation.
+
+
Ouabain inhibits the activation of Na /K ATPase.
In rodents, including the rat, the susceptibility to
ouabain is lower than it is in other animals. Thus, a
concentration of 1 mmol/L is not able to completely
inhibit the fluid secretion, the oxygen consumption,
+
[12]
or the K uptake during secretory stimulation .
Ouabain decreased the fluid secretion to 26% of
control at 1 mmol/L of ouabain and 10% at 10
mmol/L during ACh stimulation at 1 µmol/L. The
difference in the inhibition of the fluid secretion
by ouabain and bumetanide could be due to the
incomplete inhibition by 1 mmol/L ouabain, although
the concentration of bumetanide (10 µmol/L) was
lower than it was in the previous experiment (100
µmol/L, unpublished).
In the present experiment, we used bicarbonatefree perfusion. The intracellular HCO 3 could be
less than 1 mmol/L ICF and the Cl uptake by
the Cl /HCO3 exchanger may have a very minor
contribution to the total Cl uptake from ECF. Thus,
NKCC1 plays a major role for Cl uptake from ECF.
The salivary fluid secretion in the NKCC1 knockout
mouse dropped over 60% even during perfusion
-[28]
with HCO3
. The oxygen consumption remained
at 51% of the control during ouabain inhibition, and
at 34% of the control during bumetanide inhibition.
This similarity in the inhibition suggests that the
remaining oxygen consumption could include the
+
+
lesser activity of the compensation of the Na /H
exchanger. Further studies will be required to clarify
the issue, including perfusion with bicarbonate and
measurements of the cytosolic pH.

Oxygen consumption during DS-induced secretion

The time courses of oxygen consumption and
salivary fluid secretion were similar during DS
stimulation, showing a slow increase and gradual
decline. This suggests a close relationship between
+
+
fluid secretion and the activation of Na /K ATPase.
+
+
Ouabain (g-strophanthin) is a blocker of Na /K
+
+
ATPase. Na /K ATPase is located on the basolateral
membrane of the salivary acinar cell. According
to the mostly accepted model for salivary fluid
[27]
+
secretion mechanism , cytosolic K is continuously
released across the basolateral membrane through
2+
+
+
Ca -activated K channels. The driving force for K
+
release is the electrochemical potential of K , which
+
+
+
+
is established by Na /K ATPase. Na /K ATPase
+
+
pumps K in the cell and Na is pumped out. During
+
+
the hydrolysis of one ATP, Na /K ATPase extrudes
+
+
3 Na ions for the uptake of 2 K ions, which
produces a negative membrane potential. Therefore
+
the enzyme also maintains a Na electrochemical
+
+
+
potential for Na entry, which drives the Na /K /2Cl
cotransporter for Cl uptake. The addition of ouabain
+
+
blocked Na /K ATPase, while the DS-induced fluid
secretion significantly decreased to a plateau level.
This decrease in salivary fluid secretion recovered
with the removal of ouabain.
In the present experiment, the oxygen con
sumption due to DS stimulation followed the time
course of the fluid secretion. The highest level of
oxygen consumption due to DS stimulation increased
significantly, compared with that due to CCh.
Importantly, ouabain suppressed the fluid secretion
by 90%. These findings suggest that DS-induced
+
+
fluid secretion is maintained by activation of Na /K
ATPase and that the increased energy metabolism is
mostly supplied for the DS-induced fluid secretion.

Inhibition of Na+/K+/2Cl- cotransporter during the DS
stimulation
+

+

Can DS stimulate muscarinic or α 1 adrenergic
receptors?

-

It has been widely accepted that the Na /K /2Cl
cotransporter uptakes Cl from the basolateral
side against the Cl electrochemical potential,
making Cl the driving force for Cl release through
the luminal Cl channel (TMEM16A). Bumetanide
+
+
inhibits the activity of the Na /K /2Cl cotransporter.
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This is the most important question, related to
whether DS is a stimulator of the muscarinic or
α1-adrenergic receptor, similar to the present the
rapeutics for xerostomia. The superior salivary
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nucleus at the medulla oblongata sends the neuron
to the SMG for stimulation of the fluid secretion.
The M3 muscarinic receptors play a main role in
the initiation and maintenance of fluid secretion at
the secretory end-piece cells (i.e. acinar cells). The
accepted present terminology allows for acinar cells
in rat SMGs, but not in human SMGs (secretory endpiece cells are allowed in both). The α1-adrenergic
receptor also plays a role in the production of
salivary fluid. In addition, substance P and VIP are
also physiologically active substances related to
salivary fluid secretion. Acetylcholine, nor-adrenaline
and substance P bind with the M 3 muscarinic
receptors, the α1-adrenoreceptors and the substance
P receptors, and produce IP3. IP3 binds with the IP3
2+
2+
receptors of the Ca stores, which releases Ca
2+
2+
and increases cytosolic Ca levels. Then, the Ca
+
activates K and Cl release from the cell and the
water movement starts through the aquaporins.
The possible contribution of the muscarinic and α1adrenergic receptors was denied by the results of the
present experiments using atropine or phentolamine,
which are potent inhibitors for both receptors. These
results suggest that DS does not bind with either
the M3 muscarinic or the α1-adrenergic receptors.
Therefore we consider that DS is a promising
secretagogue which could avoid the systemic side
effects induced by the recent muscarinic drugs, such
as cevimeline, pilocarpine and so on.

indicated that the salivary fluid secretion decreased
[32]
in AQP5 KO mice . Other studies have confirmed
that salivary secretion is also affected by the
regulation of other neurotransmitter receptors, such
[33]
as the vasoactive intestinal polypeptide receptor ,
[34]
[35]
the tachykinin receptor , the purine receptor ,
[36]
the vanilloid receptor , and the cannabinoid
[37]
receptor . The issue of whether or not these newly
discovered receptors are involved in the role of DSinduced salivary fluid secretion requires further
experiments. Further studies are also necessary
to elucidate the mechanisms involved, including
screening of the membrane calcium channels such
2+
as a TRPC1 and Orai1 for store-operated Ca entry
[38-40]
(SOCE
). TRPC4 and TRPV6 are also considered
to be candidates for the molecular components of
[41,42]
SOCE channels
.
In addition, in the future, the experimental plan
employed in this study could be used in order to
assess the capability of newly discovered drugs and
classical Chinese herbs to promote fluid secretion.
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Does DS stimulation require extracellular Ca2+?
2+

Extracellular Ca entry plays a role in the main
tenance of salivary fluid secretion in CCh-induced
[29]
2+
salivary fluid secretion . Cytosolic Ca is the most
important signal that activates both the luminal Cl
+
and basolateral K channels, which thus evokes a
2+
salivary fluid secretion. The Ca release from stores
2+
increases the cytosol Ca level quickly, while it also
quickly empties the cytosolic store, which sends
2+
a signal for Ca entry from outside of the cell,
[30]
2+
Capacitative theory . Thus the cytosolic Ca level
is maintained to support continuous fluid secretion.
Under calcium-free perfusion, DS stimulation
did not induce any salivary fluid secretion, either
2+
with or without a Ca chelating agent. This result
2+
2+
suggested that Ca entry and a low level of [Ca ]i
increase are essential for DS to induce salivary fluid
2+
secretion. Ca entry probably provided a slow but
continuous increase in cytosol calcium level, which
provides support for DS to induce fluid secretion.
The secretory characteristics, the slow increase and
then the slow decrease, suggested that there is
2+
probably a change in [Ca ]i during the time course
of the DS-induced salivary fluid secretion.
There are many possible mechanisms that may
induce salivary fluid secretion, such as aquaporin
[31]
(AQP5 in the salivary gland ). However, no report
has been published on the relationship between fluid
secretion and the incidence of AQP5. One report
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COMMENTS
COMMENTS
Background

Xerostomia (dry mouth) is caused by salivary hypofunction (reduction in
salivary fluid secretion). Among the 20 Chinese herbs (CHs) currently used
in the treatment of xerostomia, Danshen induced salivary fluid secretion. The
aim of the present study was to clarify the mechanisms involved in Dansheninduced salivary fluid secretion and assess the possible use of Danshen in the
treatment of xerostomia without side effects.

Research frontiers

The present therapeutic procedures for xerostomia are limited and include
the supplemental use of artificial saliva and the use of stimulants. Assuring
a frequent supply of artificial saliva is difficult during speech, and muscarinic
drugs used as stimulants cause systemic side effects due to parasympathetic
activities. The mechanism by which Danshen induces salivary fluid secretion
has not been studied previously.

Innovations and breakthroughs

The oral intake of decocted Chinese herbs is common in traditional Chinese
medicine, but the relationship between dose and salivary fluid secretion has
not been clarified. Using isolated perfused glands, the authors clarified that
quantitative relationship. That evidence-based relationship makes it possible to
estimate fluid secretion from the applied dose.

Applications

The present study presents a set of experimental procedures that can be
employed to clarify the unknown mechanisms for other new drugs, including
CHs to induce salivary secretion. This information could possibly provide a
theoretical guide for choosing herbs to relieve xerostomia in TCM practice.

Terminology

Xerostomia is a subjective feeling of dry mouth and mainly caused by salivary
gland hypofunction (SGH). SGH is a condition in which non-stimulated or
stimulated salivary flow is significantly reduced due to many reasons. Danshen
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(DS) is a representative Chinese herb in the category of the agents that
promote blood circulation and eliminate stasis. DS is mainly used for coronary
atherosclerotic heart disease. The submandibular gland is one of three major
salivary glands, along with the parotid gland and the sublingual gland. The
submandibular gland secretes 65% of the whole non-stimulated saliva, and the
parotid gland secretes 50% of the whole stimulated saliva.

17

The manuscript by Wei F et al describes the studies on the mechanism
by which the Chinese herb Danshen induces salivary fluid secretion in the
perfused rat submandibular gland. The series of experiments was systemically
planned to examine the mechanism, which is applicable for other CHs and
unknown drugs to modify the salivary fluid secretion. The results proposed the
possibility of Danshen for therapeutics to induce salivary fluid secretion without
systemic side effects due to parasympathetic stimulation.

20

18
19

Peer-review

21

REFERENCES
1
2
3
4
5
6

7
8
9

10

11

12

13
14
15
16

Sreebny LM. Dry mouth: a common world wide tormentor. Dry
mouth, the malevolent symptom. In: Sreebny LM, Vissink A,
editors. USA: Wiley & Sons, 2010: 3-9
Atkinson JC, Grisius M, Massey W. Salivary hypofunction and
xerostomia: diagnosis and treatment. Dent Clin North Am 2005;
49: 309-326 [PMID: 15755407 DOI: 10.1016/j.cden.2004.10.002]
Guggenheimer J, Moore PA. Xerostomia: etiology, recognition
and treatment. J Am Dent Assoc 2003; 134: 61-69; quiz 118-119
[PMID: 12555958 DOI: 10.14219/jada.archive.2003.0018]
Ge L, Lin M. Physiological studies of saliva and the evaluation of
artificial saliva. J Clinical Stomatol 2008; 24: 181-184
Joraku A, Sullivan CA, Yoo JJ, Atala A. Tissue engineering of
functional salivary gland tissue. Laryngoscope 2005; 115: 244-248
[PMID: 15689743 DOI: 10.1097/01.mlg.0000154726.77915.cc]
Murakami M, Wei MX, Ding W, Zhang QD. Effects of Chinese
herbs on salivary fluid secretion by isolated and perfused rat
submandibular glands. World J Gastroenterol 2009; 15: 3908-3915
[PMID: 19701971 DOI: 10.3748/wjg.15.3908]
Wu HJ. Research on pharmacological function of red sage. J
Zhejiang Univ TCM 2008; 32: 694-695
Du GH, Zhang JT. The general situation and progress of the
modern research of red sage root (Radix Salviae miltiorrhizae).
Herald Med 2004; 23: 355-360
Jiang ZX, Jiang LY, Qiu JX, Qian Y, Luo QP. Clinical investigation
of traditional Chinese medicine treatment of xerostomia after head
and neck cancer postradiotherapy. Acta Acad Med Jiangxi 2005;
45: 25-30
Murakami M, Hashimoto S, Wei M, Hill AE. Morpho-physiological
approach to the paracellular route for salivary secretion by isolated
perfused submandibular gland. J Med Invest 2009; 56 Suppl: 322-324
[PMID: 20224215 DOI: 10.2152/jmi.56.322]
Romanenko VG, Catalán MA, Brown DA, Putzier I, Hartzell HC,
Marmorstein AD, Gonzalez-Begne M, Rock JR, Harfe BD, Melvin
JE. Tmem16A encodes the Ca2+-activated Cl- channel in mouse
submandibular salivary gland acinar cells. J Biol Chem 2010; 285:
12990-13001 [PMID: 20177062 DOI: 10.1074/jbc.M109.068544]
Murakami M, Miyamoto S, Imai Y. Oxygen consumption for K+
uptake during post-stimulatory activation of Na+, K(+)-ATPase
in perfused rat mandibular gland. J Physiol 1990; 426: 127-143
[PMID: 2172514]
Nakao M, Fukushima T. On the chemical composition of Salvia
Miltiorrhiza (Chinese drug Tan-shen). J Pharm Soc Jpn 1934; 54:
844-858
Li LN, Tan R, Chen WM. Salvianolic acid A, a new depside
from root of Salvia miltiorrhiza. Planta Med 1984; 50: 227 [DOI:
10.1055/s-2007-969684]
Ai CB, Li LN. Sterostructure of Salvianolic acid B and isolation
of Salvianolic acid C. J Nat Prod 1988; 51: 145 [DOI: 10.1021/
np50055a023]
Ai CB, Li LN. Salvianolic Acids D and E: Two New Depsides
from Salvia miltiorrhiza. Planta Med 1992; 58: 197-199 [PMID:
17226457 DOI: 10.1055/s-2006-961428]

WJG|www.wjgnet.com

22

23

24
25

26

27
28

29
30
31
32

33

34
35

1455

Mabberley DJ. Mabberley’s Plant-Book. 3rd ed. London, UK:
Cambridge Univ Press, 2008: 763
Jiang YP, Liu H. The understanding of prescription of Sjogren’s
syndrome. Study J Trad Chinese Med 2002; 20: 654
Zhang YM. Efficacy comparison of Xueshuantong capsules and
Danshen tablets in treating older women with dry eyes. Chinese J
Mod Drug Appl 2013; 7: 49-50
Menniti FS, Bird GS, Takemura H, Thastrup O, Potter BV, Putney
JW. Mobilization of calcium by inositol trisphosphates from
permeabilized rat parotid acinar cells. Evidence for translocation
of calcium from uptake to release sites within the inositol
1,4,5-trisphosphate- and thapsigargin-sensitive calcium pool. J Biol
Chem 1991; 266: 13646-13653 [PMID: 1906881]
Martinez JR, Quissell DO, Wood DL, Giles M. Abnormal
secretory response to parasympathomimetic and sympathomimetic
stimulations from the submaxillary gland of rats treated with
reserpine. J Pharmacol Exp Ther 1975; 194: 384-395 [PMID:
1151765]
Bockman CS, Bruchas MR, Zeng W, O’Connell KA, Abel
PW, Scofield MA, Dowd FJ. Submandibular gland acinar cells
express multiple alpha1-adrenoceptor subtypes. J Pharmacol
Exp Ther 2004; 311: 364-372 [PMID: 15265978 DOI: 10.1124/
jpet.104.066399]
Qi B, Narita T, Satoh K, Guo MY, Katsumata-Kato O, Murakami
M, Fujita-Yoshigaki J, Sugiya H. Characteristics of neurokinin
A-induced salivary fluid secretion in perfused rat submandibular
gland. Arch Oral Biol 2010; 55: 737-744 [PMID: 20663489 DOI:
10.1016/j.archoralbio.2010.06.012]
Murakami M. Measurement of heat production in dog
submandibular gland. Jpn J Physiol 1979; 29: 491-507 [PMID:
533948 DOI: 10.2170/jjphysiol.29.491]
Murakami M. [Heat production, blood flow, O2 uptake and CO2
output in the secretary process of the dog submandibular gland
(author’s transl)]. Nihon Seirigaku Zasshi 1981; 43: 135-147
[PMID: 6793720]
Murakami M, Yoshimura K, Segawa A, Loffredo F, Riva A.
Relationship between amylase and fluid secretion in the isolated
perfused whole parotid gland of the rat. Eur J Morphol 2000; 38:
243-247 [PMID: 10980675 DOI: 10.1076/ejom.38.4.0243]
Catalán MA, Nakamoto T, Melvin JE. The salivary gland fluid
secretion mechanism. J Med Invest 2009; 56 Suppl: 192-196
[PMID: 20224180 DOI: 10.2152/jmi.56.192]
Evans RL, Park K, Turner RJ, Watson GE, Nguyen HV, Dennett
MR, Hand AR, Flagella M, Shull GE, Melvin JE. Severe
impairment of salivation in Na+/K+/2Cl- cotransporter (NKCC1)deficient mice. J Biol Chem 2000; 275: 26720-26726 [PMID:
10831596 DOI: 10.1074/jbc.M003753200]
Ambudkar IS. Regulation of calcium in salivary gland secretion.
Crit Rev Oral Biol Med 2000; 11: 4-25 [PMID: 10682899 DOI:
10.1177/10454411000110010301]
Putney JW. A model for receptor-regulated calcium entry. Cell
Calcium 1986; 7: 1-12 [PMID: 2420465 DOI: 10.1016/0143-4160(
86)90026-6]
Murakami M, Murdiastuti K, Hosoi K, Hill AE. AQP and the
control of fluid transport in a salivary gland. J Membr Biol 2006;
210: 91-103 [PMID: 16868676 DOI: 10.1007/s00232-005-0848-2]
Ma T, Song Y, Gillespie A, Carlson EJ, Epstein CJ, Verkman
AS. Defective secretion of saliva in transgenic mice lacking
aquaporin-5 water channels. J Biol Chem 1999; 274: 20071-20074
[PMID: 10400615 DOI: 10.1074/jbc.274.29.20071]
Ulrich CD, Holtmann M, Miller LJ. Secretin and vasoactive
intestinal peptide receptors: members of a unique family of G
protein-coupled receptors. Gastroenterology 1998; 114: 382-397
[PMID: 9453500 DOI: 10.1016/S0016-5085(98)70491-3]
Sugiya H, Obie JF, Putney JW. Two modes of regulation of the
phospholipase C-linked substance-P receptor in rat parotid acinar
cells. Biochem J 1988; 253: 459-466 [PMID: 2460079]
Gallacher DV. Are there purinergic receptors on parotid
acinar cells? Nature 1982; 296: 83-86 [PMID: 6174869 DOI:
10.1038/296083a0]

February 7, 2015|Volume 21|Issue 5|

Wei F et al . Danshen-induced salivary fluid secretion
36

37

38
39
40

Dunér-Engström M, Fredholm BB, Larsson O, Lundberg JM,
Saria A. Autonomic mechanisms underlying capsaicin induced
oral sensations and salivation in man. J Physiol 1986; 373: 87-96
[PMID: 2427699]
Busch L, Sterin-Borda L, Borda E. Expression and biological
effects of CB1 cannabinoid receptor in rat parotid gland. Biochem
Pharmacol 2004; 68: 1767-1774 [PMID: 15450942 DOI: 10.1016/
j.bcp.2004.06.029]
Putney JW. Capacitative calcium entry revisited. Cell Calcium
1990; 11: 611-624 [PMID: 1965707 DOI: 10.1016/0143-4160(90)
90016-N]
Beech DJ, Xu SZ, McHugh D, Flemming R. TRPC1 storeoperated cationic channel subunit. Cell Calcium 2003; 33: 433-440
[PMID: 12765688 DOI: 10.1016/S0143-4160(03)00054-X]
Liu X, Cheng KT, Bandyopadhyay BC, Pani B, Dietrich A, Paria
BC, Swaim WD, Beech D, Yildrim E, Singh BB, Birnbaumer L,

41

42

Ambudkar IS. Attenuation of store-operated Ca2+ current impairs
salivary gland fluid secretion in TRPC1(-/-) mice. Proc Natl
Acad Sci USA 2007; 104: 17542-17547 [PMID: 17956991 DOI:
10.1073/pnas.0701254104]
Freichel M, Suh SH, Pfeifer A, Schweig U, Trost C, Weissgerber P,
Biel M, Philipp S, Freise D, Droogmans G, Hofmann F, Flockerzi
V, Nilius B. Lack of an endothelial store-operated Ca2+ current
impairs agonist-dependent vasorelaxation in TRP4-/- mice. Nat Cell
Biol 2001; 3: 121-127 [PMID: 11175743 DOI: 10.1038/35055019]
Schindl R, Kahr H, Graz I, Groschner K, Romanin C. Store
depletion-activated CaT1 currents in rat basophilic leukemia mast
cells are inhibited by 2-aminoethoxydiphenyl borate. Evidence for
a regulatory component that controls activation of both CaT1 and
CRAC (Ca(2+) release-activated Ca(2+) channel) channels. J Biol
Chem 2002; 277: 26950-26958 [PMID: 12011062 DOI: 10.1074/
jbc.M203700200]
P- Reviewer: Maja T, Meyers BM S- Editor: Yu J
L- Editor: O’Neill M E- Editor: Wang CH

WJG|www.wjgnet.com

1456

February 7, 2015|Volume 21|Issue 5|

World J Gastroenterol 2015 February 7; 21(5): 1457-1467
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v21.i5.1457

© 2015 Baishideng Publishing Group Inc. All rights reserved.

ORIGINAL
??????????????
ARTICLE
Basic Study

Loss of CDX2 expression is associated with poor prognosis
in colorectal cancer patients
Jeong Mo Bae, Tae Hun Lee, Nam-Yun Cho, Tae-You Kim, Gyeong Hoon Kang
Article in press: November 19, 2014
Published online: February 7, 2015

Jeong Mo Bae, Tae Hun Lee, Nam-Yun Cho, Gyeong Hoon
Kang, Laboratory of Epigenetics, Cancer Research Institute,
Seoul National University College of Medicine, Seoul 110-799,
South Korea
Jeong Mo Bae, Gyeong Hoon Kang, Department of Pathology,
Seoul National University College of Medicine, Seoul 110-799,
South Korea
Tae-You Kim, Department of Internal Medicine, Seoul National
University College of Medicine, Seoul 110-799, South Korea
Author contributions: Bae JM and Lee TH contributed equally
to this work; Bae JM, Lee TH, Kim TY and Kang GH designed
the research; Bae JM, Lee TH and Cho NY performed research;
Bae JM and Lee TH analyzed the data; Bae JM and Lee TH
wrote the paper.
Supported by Grants from National RD Program for Cancer
Control, Ministry of Health and Welfare, South Korea, No.
0720540; Korea Healthcare Technology R and D Project, Ministry
for Health, Welfare and Family Affairs, South Korea, No.
A091081; Basic Science Research Program through the National
Research Foundation of Korea (NRF), No. 2010-0007579; and the
Mid-career Researcher Program through an NRF grant funded by
the Ministry of Education, Science and Technology (MEST), No.
2011-0015646.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/
Correspondence to: Gyeong Hoon Kang, MD, PhD, Professor,
Department of Pathology, Seoul National University College of
Medicine, 103 Daehak-ro, Jongno-gu, Seoul 110-799,
South Korea. ghkang@snu.ac.kr
Telephone: +82-2-20723312
Fax: +82-2-7435530
Received: August 8, 2014
Peer-review started: August 11, 2014
First decision: September 15, 2014
Revised: October 4, 2014
Accepted: November 19, 2014

WJG|www.wjgnet.com

Abstract
AIM: To investigate the clinicopathologic characteristics
and prognostic implications associated with loss of
CDX2 expression in colorectal cancers (CRCs).
METHODS: We immunohistochemically evaluated
CDX2 expression in 713 CRCs and paired our findings
to clinicopathologic and molecular characteristics of
each individual. Endpoints included cytokeratin 7 and
CK20 expression, microsatellite instability, CpG island
methylator phenotype, and KRAS and BRAF mutation
statuses. Univariate and multivariate survival analysis
was performed to reveal the prognostic value of CDX2
downregulation.
RESULTS: CDX2 expression was lost in 42 (5.9%)
patients. Moreover, loss of CDX2 expression was
associated with proximal location, infiltrative growth,
advanced T, N, M and overall stage. On microscopic
examination, loss of CDX2 expression was associated with
poor differentiation, increased number of tumor-infiltrating
lymphocytes, luminal serration and mucin production. Loss
of CDX2 expression was also associated with increased
CK7 expression, decreased CK20 expression, CpG island
methylator phenotype, microsatellite instability and BRAF
mutation. In a univariate survival analysis, patients with
loss of CDX2 expression showed worse overall survival
(P < 0.001) and progression-free survival (P < 0.001). In
a multivariate survival analysis, loss of CDX2 expression
was an independent poor prognostic factor of overall
survival [hazard ratio (HR) = 1.72, 95%CI: 1.04-2.85, P =
0.034] and progression-free survival (HR = 1.94, 95%CI:
1.22-3.07, P = 0.005).
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CONCLUSION: Loss of CDX2 expression is associated
with aggressive clinical behavior and can be used as a
prognostic marker in CRCs.

intestine, from the duodenum to the rectum. CDX2
is regarded as a specific marker of the intestinal ep
ithelial cells that can be utilized for identifying the
[15]
colorectal origin of metastatic adenocarcinomas .
In addition to play an important role in the deve
lopment and differentiation of the intestine, CDX2
has also been known to exert a tumor-suppressor
role in CRCs. The tumor-suppressor function of
CDX2 in CRCs has been evidenced by an increased
+/susceptibility for tumors in heterozygous Cdx2
mice, accelerated G1-S cell cycle transition, and
increased chromosomal instability in colon cancer
[16,17]
cell lines with reduced levels of CDX2
. The
N-terminal and homeobox domains of CDX2 have
Kip1
been demonstrated to stabilize p27
by blocking its
ubiquitylation, inhibit the activity of cyclin E-CDX2,
and block the progression of G0/G1-S in colon
[18]
cancer cells . In addition, CDX2 has been shown
to bind β-catenin directly and disrupt the β-cateninTCF protein complexes, thereby resulting in the
suppression of Wnt/β-catenin signaling and cell
[19]
proliferation .
Most CRCs show strong nuclear expression of
CDX2, but loss or decrease of CDX2 expression is
[15,20-22]
reported in 10%-30% of cases
. Furthermore,
loss of CDX2 expression in CRCs correlates with tumor
differentiation, proximal tumor location, microsatellite
instability (MSI), CpG island methylator phenotype
[21,23-26]
(CIMP) and BRAF mutation
. Previous clinical
studies have shown poor survival of CRC patients
with loss of CDX2 expression, but the independent
prognostic value of CDX2 downregulation is still
[21,22,27]
controversial
.
In the present study, we aimed to explore the
clinicopathologic and molecular characteristics of CDX2
expression and to assess the independent prognostic
value of loss of CDX2 expression.
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Core tip: CDX2 is considered a tumor-suppressor gene
and its expression is decreased in some colorectal
cancers (CRCs). Immunohistochemical analysis of
two different anti-CDX2 primary antibodies revealed
that 5.9% of CRCs showed loss of CDX2 expression.
Loss of CDX2 expression is associated with CpG
island methylator phenotype, microsatellite instability,
aggressive tumor behavior and poor clinical outcome.
Patients with loss of CDX2 expression showed poor
clinical outcome in univariate and multivariate survival
analyses. Loss of CDX2 expression can be used as an
independent prognostic marker in CRCs, especially
stage Ⅳ CRCs.
Bae JM, Lee TH, Cho NY, Kim TY, Kang GH. Loss of CDX2
expression is associated with poor prognosis in colorectal
cancer patients. World J Gastroenterol 2015; 21(5): 1457-1467
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i5/1457.htm DOI: http://dx.doi.org/10.3748/wjg.v21.i5.1457

INTRODUCTION
Colorectal cancer (CRC) is the third most common
cancer in the United States, and its incidence is
[1]
rapidly increasing in East Asia . Currently, it is the
second and the third most common cancer in males
[2]
and females in South Korea, respectively . CRC is
a heterogeneous disease in terms of its molecular
[3,4]
features, which change along the bowel subsites .
Although cancer staging according to the guidelines
of the American Joint Committee on Cancer helps
to estimate prognosis and to select primary and
adjuvant therapy, the results of the treatment are
variable within the same cancer stage because of the
heterogeneity of the molecular changes. Significant
efforts have been aimed at identifying biomarkers
to assist in predicting the response to therapy and
disease outcome.
CDX2 is a Drosophila caudal-related homeobox
gene that encodes a transcription factor and plays
an essential role in the development of the intestine
by inhibiting proliferation, and promoting both dif
ferentiation and the expression of intestine-specific
[5-9]
genes
. The intestine-specific gene expression
requires tightly regulated activity of transcription
factors, including HNF4α, GATA factors, ETS, CDX1
[10-14]
and CDX2, both individually and in concert
.
The expression of CDX2 in adults is restricted to the
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MATERIALS AND METHODS
Tissue samples

Nine-hundred and eighty-nine CRC patients un
derwent curative surgery in Seoul National University
Hospital, Seoul, South Korea from January to
December 2006. Initially 734 cases were subjected
to clinicopathologic and molecular analysis following
the exclusion of patients with refusal of molecular
study, non-invasive cancers, neo-adjuvant treatment
history, familial adenomatous polyposis, and multiple
[28]
or recurrent tumors . Among them, 713 cases
with complete data for CIMP status, MSI status and
CDX2 immunohistochemistry results were selected.
This study was approved by the Institutional Review
Board.

Clinicopathologic analysis

Clinicopathologic characteristics including age, sex,
tumor location, and TNM stage were obtained from
electronic medical records. Through microscopic

1458

February 7, 2015|Volume 21|Issue 5|

Bae JM et al . Loss of CDX2 expression in colorectal cancers
CK7

CK20

CDX2

A

B

C

D

E

F

Figure 1 Immunohistochemical study findings of colorectal cancers (magnification × 200). A: CK7 expression; B: retained CK20 expression; C: retained
CDX2 expression; D: CK7 no-expression; E: decreased CK20 expression; F: loss of CDX2 expression. CK: Cytokeratin.

examination of representative tumor sections, two
pathologists (JMB and GHK) without knowledge
of the CIMP, MSI, KRAS and BRAF mutation
statuses evaluated each of the specimen for tumor
differentiation, luminal necrosis, Crohn’s-like lym
phoid reaction, number of tumor-infiltrating lym
phocytes, luminal serration and extraglandular
mucin production. The overall survival (OS) and pro
gression-free survival (PFS) data were extracted from
the patient’s medical records, direct interviews with
the surviving patients or their family members or
from death registry offices.

and nuclear CDX2 were scored as the percentage
of positive tumor cells. Then, cut-off scores, which
maximize sensitivity and specificity for known as
sociated molecular features of CIMP-high and MSIhigh cases, were determined by receiver operating
[29]
characteristic (ROC) curve analysis . To guarantee
the reliability of the ROC curve-derived cut-off
scores, 100 bootstrapped replications of the data
were performed to re-sample data. The resulting cutoff scores for increased CK7 expression, decreased
CK20 expression and loss of CDX2 expression were
10%, 50% and 20%, respectively (Figure 1).

Evaluation of CK7, CK20 and CDX2 expression

KRAS, BRAF mutation and MSI analysis

Two-millimeter-core tissue microarrays were con
structed from formalin-fixed paraffin-embedded
(FFPE) tissue from each tumor sample. Immu
nohistochemical analysis was performed with com
mercially available antibodies against cytokeratin 7
(CK7) (clone OV-TL 12/30, DAKO), cytokeratin 20
(CK20) (clone Ks20.8, DAKO) and nuclear protein
CDX2 (clone CDX2-88, Biogenex). To validate
CDX2 expression in immunohistochemistry, CDX2
expression was re-evaluated using another primary
antibody (clone EPR2764Y ready-to-use, CellMarque).
For the interpretation of immunohistochemical stain
results, cytoplasmic and/or membranous CK7, CK20
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Through histologic examination, the representative
tumor portions were marked and then subjected
to manual micro-dissection. The dissected tissues
were collected into microtubes containing lysis buffer
and proteinase K and were incubated at 55 ℃ for
2 d. Direct sequencing of KRAS codons 12 and 13
and allele-specific polymerase chain reaction (PCR)
for BRAF codon 600 were performed as previously
[30]
described . The MSI status of each tumor and paired
normal mucosa sample was determined by 5 NCI
markers, including BAT25, BAT26, D2S123, D5S346
and D17S250. MSI-high was defined as 2 or more
markers being associated with alleles of altered size in
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tumor DNA compared with DNA from normal mucosa,
and MSI-low was defined as 1 marker being associated
with alleles of altered size in tumor DNA compared
with DNA from non-tumor tissue. Microsatellite stable
(MSS) was defined as the absence of instability.

CDX2 expression in CRCs was 85.1% ± 24.2% using
CDX2-88 and 93.1% ± 24.0% using EPR2764Y (Figure
2). Although the percentage of tumor areas expressing
CDX2 as determined by CDX2-88 was lower than
that that as determined by EPR2764Y (P < 0.001,
Wilcoxon’s signed rank test), the percentage of tumor
areas expressing CDX2 showed moderate correlation
(Spearman’s rho = 0.421, P < 0.001, Spearman’s
rank order test) between two antibodies. To reveal
the clinicopathologic and molecular characteristics
associated with a loss of CDX2 expression in CRCs,
we employed an arbitrary cut-off of less than 20% of
nuclear positivity of tumor cells in order to maximize
sensitivity and specificity for molecular features known
to be associated with CIMP-high and MSI-high, using
ROC curves. The areas under the CIMP-high curves
were 0.765 using CDX2-88 and 0.713 using EPR2764Y.
The areas under the MSI-high were 0.646 using
CDX2-88 and 0.541 using EPR2764Y. Using this cut-off,
42 patients (5.9%) showed loss of CDX2 expression
using CDX2-88 and 43 patients (6.0%) showed loss
of CDX2 expression using EPR2764Y. Inter-clone
agreement for CDX2 expression was tolerable between
two primary antibodies (Kappa = 0.687, P = 0.842,
McNemar test).

Analysis of the CpG island methylator phenotype

Bisulfite DNA modification and real-time PCR-based
methylation assays (MethyLight) were performed as
[30]
previously described . We quantified the methylation
of 8 CIMP-specific CpG islands (CACNA1G, CDKN2A,
CRABP1, IGF2, MLH1, NEUROG1, RUNX3 and SOCS1).
CIMP-high was defined as ≥ 5 methylated markers of
the 8-marker CIMP panel, CIMP-low was defined as
≤ 4 of the 8 markers being methylated, and CIMP-0
was defined as 0 methylated markers.

Statistical analysis

SAS software (version 9.3 for Microsof Windows;
SAS Institute, Cary, NC, United States) was used for
statistical analyses. ROC curves and Kaplan-Meier
curves were constructed using R software. The age of
each group was compared using Student’s t test. For
the comparison of two different anti-CDX2 primary
antibodies, Wilcoxon’s signed rank test, Spearman’s
rank order correlation test, and McNemar test were
used. The other clinicopathologic characteristics
between and among groups were compared using
2
Pearson’s χ test, Wilcoxon’s rank-sum test or
Fisher’s exact test for non-parametric variables. OS
and PFS were assessed by the Log-rank test with
Kaplan-Meier survival curves. The Cox-proportional
hazard model was used for multivariate survival
analyses, with adjustments for variables that may
be significant prognostic factors according to the
univariate analyses. The time-dependent covariate
method was used to test proportional hazard assu
mption. All statistical tests were two-sided, and
statistical significance was defined as P < 0.05.

CK7, CK20 and CDX2 expression according to CIMP and
MSI status

Among 713 CRCs, CIMP-high and MSI-high statuses
were detected in 46 (6.5%) and 61 CRC tumors
(8.6%), respectively. Expression of CK7, CK20 and
CDX2 expression are summarized according to CIMP
status and MSI status were summarized in Table
1. Expression of CK7 was increased in CIMP-high
CRCs compared to CIMP-0, low CRCs (P = 0.004).
However, CK7 expression was not significantly
different according to MSI status (P = 0.082). CK20
expression was decreased in CIMP-high CRCs (P =
0.022) and MSI-high CRCs (P < 0.001) compared
to CIMP-0, low CRCs and MSS, MSI-low CRCs,
respectively. CDX2 expression was decreased in
CIMP-high and MSI-high CRCs compared to CIMP-0,
low CRCs and MSS, MSI-low CRCs, respectively (P <
0.001) (Figure 2).

RESULTS
Patient characteristics

A total of 713 CRC patients (median age: 62, range:
20-90) were included. The male to female ratio was
1.48:1 (434 male and 279 female). 191 patients had
proximal colon cancer, whereas 286 and 236 patients
had distal colon and rectal cancers, respectively.
466 patients received 5-fluorouracil based adjuvant
chemotherapy.

Clinicopathologic and molecular features in CRCs with
loss of CDX2 expression

Detailed clinicopathologic features and histologic features
are summarized according to CDX2 expression in Tables
2 and 3. Loss of CDX2 expression was associated with
proximal location (P < 0.001), infiltrative gross type (P
= 0.010) and high TNM stage (P for T category = 0.005,
P for N category < 0.001, P for M category=0.039 and
P for stage < 0.001). On microscopic examination,
CRCs with a loss of CDX2 expression exhibited a
close association with poor differentiation (P < 0.001),
increased number of tumor-infiltrating lymphocytes
(P = 0.013), luminal serration (P < 0.001) and mucin
production (P = 0.016). On a molecular level, loss of

Evaluation of CDX2 expression in colorectal
cancers using two different primary antibodies in
immunohistochemistry

To evaluate CDX2 expression in formalin-fixed paraffin
embedded tissues, we performed immunohistochemistry
using two different primary anti-CDX2 antibodies,
clone CDX2-88 (Biogenex) and clone EPR2764Y
ready-to-use (CellMarque). The mean percentage of
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Figure 2 Histogram for loss of CDX2 expression using two different anti-CDX2 primary antibodies in immunohistochemistry. A, B: Histogram of CDX2
expression according to CIMP status (A: CDX2-88; B: EPR2764Y); C, D: Histogram of CDX2 expression according to MSI status (C: CDX2-88; D: EPR2764Y). CIMP:
CpG island methylator phenotype; MSI: microsatellite instability; MSS: Microsatellite stable.

Table 1 Expression of CK7, CK20 and CDX2 in colorectal cancers according to CpG island methylator phenotype and
microsatellite instability status
CIMP
CK7
CK20
CDX2 (CDX2-88)
CDX2 (EPR2764Y)

MSI

CIMP-0, low

CIMP-high

P value1

MSS, MSI-low

MSI-high

P value1

5.7 ± 20.5
83.5 ± 26.4
87.7 ± 20.1
95.6 ± 19.1

18.7 ± 37.5
69.2 ± 37.3
48.3 ± 42.4
56.7 ± 47.8

0.004
0.022
< 0.001
< 0.001

6.0 ± 21.2
84.8 ± 25.0
86.8 ± 21.8
93.8 ± 22.8

12.6 ± 30.7
58.9 ± 39.1
67.3 ± 38.3
85.5 ± 33.8

0.082
< 0.001
< 0.001
0.036

1

Wilcoxon’s rank-sum test. CIMP: CpG island methylator phenotype; MSI: Microsatellite instability; MSS: Microsatellite stable; CK: Cytokeratin.

CDX2 expression was associated with CIMP-high (P
< 0.001), MSI-high (P < 0.001), BRAF mutation (P
= 0.005), increased CK7 expression (P < 0.001) and
reduced CK20 expression (P < 0.001) (Table 4).
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To identify which clinicopathologic and molecular
characteristics were independently associated with
reduced CDX2 expression, we performed a multivariate
logistic regression analysis (Table 5). We found that
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Table 2 Clinicopathologic characteristics of colorectal cancer
patients with loss of CDX2 expression n (%)
Parameters

Age (median)
Sex
Male
Female
Location
Proximal colon
Distal colon
Rectum
Gross type
Fungating
Ulcerative
T category
T1, 2
T3, 4
N category
N0
N1, 2
M category
M0
M1
Stage
Ⅰ, Ⅱ
Ⅲ, Ⅳ
Adjuvant chemotherapy
Not treated
Treated

CDX2-retained
671 (94.1)

Loss of CDX2
expression
42 (5.9)

60.9 ± 11.5

62.2 ± 12.1

414 (61.7)
257 (38.1)

20 (47.6)
22 (52.4)

166 (24.7)
276 (41.1)
229 (34.1)

25 (59.5)
10 (23.8)
7 (16.7)

451 (67.2)
220 (32.8)

20 (47.6)
22 (52.4)

135 (20.1)
536 (79.9)

1 (2.4)
41 (97.6)

Table 4 Comparison of molecular characteristics of colorectal
cancers with and without CDX2 expression n (%)

P value

Parameters

0.5031
0.070

CIMP
CIMP-0
CIMP-low
CIMP-high
MSI
MSS
MSI-low
MSI-high
KRAS (n = 674)
Wild type
Mutant type
BRAF (n = 707)
Wild type
Mutant type
CK7 expression
No-expression
Increased
CK20 expression
Retained
Decreased

< 0.001

0.009

0.005

< 0.001
355 (52.9)
316 (47.1)

10 (23.8)
32 (76.2)

562 (83.8)
109 (16.2)

30 (71.4)
12 (28.6)

331 (49.3)
340 (50.7)

9 (21.4)
33 (78.6)

0.039

CDX2-retained
671 (94.1)

Loss of CDX2
expression
42 (5.9)

271 (40.4)
374 (55.7)
26 (3.9)

5 (11.9)
17 (40.5)
20 (47.6)

587 (87.5)
35 (5.2)
49 (7.3)

28 (66.7)
2 (4.7)
12 (28.6)

466 (73.5)
168 (26.5)

31 (77.5)
9 (22.2)

634 (95.2)
32 (4.8)

34 (82.9)
7 (17.1)

624 (93.0)
47 (7.0)

24 (57.1)
18 (42.9)

593 (88.4)
78 (11.6)

27 (64.3)
15 (35.7)

P value

< 0.001

< 0.001

0.577

0.0051

< 0.0011

< 0.001

< 0.001
1

Fisher’s exact test. Cut-off for increased CK7 expression: ≥ 10% of tumor
cells showing membranous stain, cut-off for decreased CK20 expression:
< 50% of tumor cells showing membranous stain. CIMP: CpG island
methylator phenotype; MSI: Microsatellite instability; MSS: Microsatellite
stable; CK: Cytokeratin.

0.854
233 (34.7)
438 (65.3)

14 (33.3)
28 (66.7)

1

Student’s t test. HPF: High power field. Cut-off for loss of CDX2 expression:
< 20% of tumor cells showing nuclear positivity.

Table 5 Multivariate logistic regression analysis of independent
relations with loss of CDX2 expression in colorectal cancers
Table 3 Histologic features of colorectal cancers in patients
with loss of CDX2 expression n (%)
CDX2Loss of CDX2 P value
retained
expression
671 (94.1)
42 (5.9)

Parameters

Differentiation
Differentiated
Undifferentiated
Luminal necrosis
Absent
Present
Tumor budding
Absent
Present
Tumor-infiltrating lymphocytes
Low (< 8/HPF)
High (≥ 8/HPF)
Crohn’s-like lymphoid reaction
Absent
Present
Luminal serration
Absent
Present
Mucin production
Absent
Present

< 0.0011
656 (97.8)
15 (2.2)

31 (73.8)
11 (26.2)

61 (9.1)
610 (90.9)

8 (19.1)
34 (80.9)

29 (4.3)
642 (95.7)

1 (2.4)
41 (97.6)

513 (76.4)
158 (23.6)

25 (59.5)
17 (40.5)

552 (82.3)
119 (17.7)

32 (76.2)
10 (23.8)

641 (95.5)
30 (4.5)

32 (7.2)
10 (23.8)

595 (88.7)
76 (11.3)

32 (76.2)
10 (23.8)

0.0531

> 0.9991

Variables

OR (95%CI)

Differentiation (differentiated/
undifferentiated)
CK7 expression (expression/
no-expression)
CK20 expression (loss/retained)
CIMP (CIMP-high/CIMP-0, low)
Tumor location (proximal/distal, rectum)
Gross type (infiltrative/fungating)
T category (T1, 2/T3, 4)
N category (N0/N1, 2)
M category (M0/M1)
MSI (MSI-high/MSS, MSI-low)
BRAF mutation (Mt/Wt)

4.98 (1.42-17.49)

P value
0.012

11.21 (4.64-27.11) < 0.001
2.90 (1.08-7.77)
0.034
7.78 (2.85-21.23) < 0.001
1.83 (0.79-4.26)
0.162
1.67 (0.74-3.81)
0.220
3.66 (0.44-30.17)
0.229
1.77 (0.69-4.53)
0.233
1.69 (0.62-4.62)
0.310
1.55 (0.51-4.75)
0.441
3.13 (0.95-10.37)
0.062

0.013
CIMP: CpG island methylator phenotype; MSI: Microsatellite instability;
MSS: Microsatellite stable; Mt: Mutant type; Wt: Wild type; CK: Cytokeratin.
< 0.0011

Prognostic implication of decreased CDX2 in CRCs

Survival data for these patients was collected until
August 14, 2011. Median duration of follow-up was
56.5 mo (range: 0.3-89.8 mo). During follow-up,
203 patients died and 255 patients recurred. In
univariate survival analysis using a log-rank test with
Kaplan-Meier plot, CRC patients with loss of CDX2
expression showed shorter OS and PFS [OS; median
survival: 34.7 mo (1.5-89.2 mo), P < 0.001, PFS;
median survival: 10.5 mo (1.1-89.2 mo), P < 0.001]
than CRC patients with retained CDX2 expression
[OS; median survival: not reached (0.3-89.8 mo),

< 0.0011

0.016

1

Fisher’s exact test.

differentiation, CIMP-high, increased CK7 expression
and decreased CK20 expression were independently
associated with loss of CDX2 expression.
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Table 6 Univariate and multivariate progression-free survival in colorectal cancer patients
Variables

Univariate analysis

Gross pattern
(infiltrative/fungating)
Stage
(Ⅲ, Ⅳ/Ⅰ, Ⅱ)
Differentiation
(undifferentiated/differentiated)
CDX2 expression
(loss/retained)
CIMP
(CIMP-high/CIMP-0, low)
Age (yr)
(≥ 65/< 65)
Sex
(female/male)
Tumor location
(proximal colon/distal colon, rectum)
Adjuvant chemotherapy
(treatment/no-treatment)
CK7 expression
(increased/no-expression)
CK20 expression
(decreased/retained)
MSI
(MSI-high/MSS, MSI-low)
KRAS mutation
(Mt/Wt)
BRAF mutation
(Mt/Wt)

Multivariate analysis

HR (95%CI)

P value

HR (95%CI)

P value

1.96 (1.53-2.50)

< 0.001

1.54 (1.20-1.98)

0.001

4.59 (3.40-6.19)

< 0.001

4.11 (3.04-5.57)

< 0.001

3.43 (2.12-5.54)

< 0.001

1.57 (0.92-2.70)

0.100

2.99 (2.02-4.43)

< 0.001

1.94 (1.22-3.07)

0.005

1.84 (1.21-2.80)

0.004

1.03 (0.64-1.67)

0.892

1.17 (0.91-1.49)

0.223

1.03 (0.81-1.33)

0.794

1.16 (0.89-1.53)

0.269

1.14 (0.88-1.49)

0.449

0.88 (0.56-1.37)

0.571

1.00 (0.70-1.45)

0.986

0.81 (0.49-1.32)

0.395

0.98 (0.74-1.31)

0.914

1.17 (0.69-1.96)

0.567

CIMP: CpG island methylator phenotype; MSI: Microsatellite instability; MSS: Microsatellite stable; Mt: Mutant type; Wt: Wild type; CK: Cytokeratin.

[33]

problem . To determine a reliable cut-off for loss
of CDX2 expression, we stained using two different
anti-CDX2 primary antibodies (clone CDX2-88 and
EPR2764Y). Clone CDX2-88 was widely regarded
as the best anti-CDX2 primary antibody. However,
false negativity in a CDX2 low-expressing tumor is
[33]
reported in NordiQC challenge . In this study, im
munohistochemical stain results of EPR2764Y showed
more discrete distribution compared to those of
CDX2-88. Nevertheless, by using cut-off of < 20%
of nuclear positivity, these two antibodies showed
tolerable agreement in determining the extent of
CDX2 loss.
The specific mechanisms responsible for the loss of
CDX2 expression are still unclear. Some researchers
analyzed CRC samples for mutations in CDX2 but
did not find any mutations except for a loss of hete
rozygosity, which was found in approximately 10% of
[34-36]
CRCs
. Despite the association of CDX2 loss with
higher levels of MSI, instability at the (G)7 repeat site
located within exon 3 was very rare and was found
[35,37]
in approximately 5% of MSI-high CRCs
. Recent
studies indicate that the loss of CDX2 is associated with
MSI-high because of its relationship with CIMP-high,
and that loss of CDX2 is associated with CIMP-high
[21,25]
but not MSI-high in multivariate analysis
. The fact
that there is a strong relationship between CIMP-high
and CDX2 loss raised the possibility of a potential role
of promoter CpG island hypermethylation and histone

PFS; median survival: not reached (0.3-89.8 mo),
P < 0.001] (Figure 3). In stage-specific survival
analysis, loss of CDX2 expression corresponded to a
shortened PFS in stage Ⅲ CRC patients (P < 0.001)
and a shortened OS and PFS in stage Ⅳ CRC patients
(P < 0.001). Multivariate survival analysis using
a Cox-proportional hazard model confirmed that
loss of CDX2 expression was an independent poor
prognostic factor for OS [hazard ratio (HR) = 1.72,
95%CI: 1.04-2.85, P = 0.034] and PFS (HR = 1.94,
95%CI: 1.22-3.07, P = 0.005) (Table 6).

DISCUSSION
CDX2 is an intestine-specific transcription factor and
nearly 90% of CRCs show strong nuclear localization as
[15,20,31]
determined by immunohistochemical analysis
.
In this study, CDX2 expression was lost in 5.9%
(CDX-88) and 6.0% (EPR2764Y) of 713 CRC patients.
Although immunohistochemistry is a cheap, fast
and clinically reliable method for measuring protein
expression in FFPE, determination of a cut-off for
protein expression or loss of expression is often
problematic, especially in tissue microarray. Cut-off
for loss of CDX2 expression varies from complete loss
[21,27,29,32]
to 95% of nuclear positivity among studies
.
Differential staining intensity and proportion of stained
tumor cells between different primary antibodies and
pretreatment conditions is the main cause of this
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Figure 3 Kaplan-Meier survival curves according to CDX2 expression in colorectal cancers. A: Overall survival (P < 0.001); B: Progression-free survival (P
< 0.001). Linear line: Retained CDX2 expression, dashed line: Loss of CDX2 expression. Cut-off for loss of CDX2 expression < 20% of tumor cells showing nuclear
positivity.

deacetylation in silencing CDX2 gene expression. Hinoi
[38]
et al
explored the effects of 5-aza-deoxycytidine
and trichostatin A on CDX2 expression in two CRC cell
lines (RKO and WiDR) with little or no expression of
CDX2 protein but could not induce CDX2 expression.
Recently, Duluc and colleagues demonstrated that,
of the five endodermal transcription factors involved
in CDX2 regulation of the normal gut (HNF4α,
GATA6, TCF4, KLF and SOX2), HNF4α was the most
important determinant of CDX2 downregulation in
[39]
CRCs . This finding is based on the similar alteration
patterns of CDX2 and HNF4α in CRC tissue samples
and the fact that changing the level of HNF4α in
CRC cell lines modifies CDX2 expression in a similar
[40]
fashion .
[26]
Olsen et al
performed a qualitative systematic
review of 52 studies regarding the clinical perspectives
of CDX2 expression in CRCs. They reported that a
loss of CDX2 expression was correlated to tumor
grade, stage, right-sided tumor location, MMR-de
ficiency, CIMP-high and BRAF mutations. Lugli et
[29]
al
have correlated loss of CDX2expression with
the clinicopathologic features of CRCs (n = 1420) in
the context of MSI and found that the loss of CDX2
expression is associated with a higher T stage, N
stage, tumor grade, more frequent vascular invasion
and proximal location in mismatch repair-proficient
(MSS or MSI-low) CRCs. However, downregulation of
CDX2 was associated with a proximal colon location
only in mismatch repair-deficient (MSI-high) CRCs.
In the present study, loss of CDX2 expression was
closely associated with CIMP-high and MSI-high cases.
Although loss of CDX2 expression has been known to
be closely associated with MSI-high, our study indicates
that the relationship between decreased CDX2
expression and MSI-high is valid only in the context of
association with CIMP-high. This finding is consistent
with a study done by Baba et al., in which CDX2 loss
was significantly associated with CIMP but not with MSI
[21]
in multivariate analysis .
Association of proximal location, CIMP-high,
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MSI-high and BRAF mutation with reduced CDX2
expression implies that loss of CDX2 expression could
be considered as a marker of gastric phenotype or the
serrated neoplasia pathway in CRCs, which is aggressive
[32,41,42]
subtype showing poor clinical outcome
. While
we are still uncertain of whether reduced CDX2
expression directly causes the gastric phenotype or
serrated neoplasia pathway, it is clear that there is
an inverse correlation of gastric mucin MUC5AC and
MUC6, tight junction protein claudin-18 and expression
[22,43]
[44]
of CDX2
. Tsai et al
reported that absence or
reduced CDX2 expression was associated with Annexin
A10, which is considered as a surrogate marker for the
serrated neoplasia pathway.
Poor survival in patients with loss of CDX2 expression
[22,27]
has been reported in univariate survival analyses
.
However, there is still controversy as to whether loss
of CDX2 expression has independent prognostic value
in CRC patients. Using a database of 621 CRCs in two
[21]
prospective cohort studies, Baba et al examined the
relationship between CDX2 loss and clinicopathological
and molecular variables. They found a significant
association between CDX2 loss and higher cancerspecific and overall mortality in a univariate analysis.
However, there was no significant association between
CDX2 loss and cancer-specific or overall mortality in a
multivariate analysis. Nevertheless, when the survival
was restricted to patients with a family history of CRC,
[21]
Baba et al
found a significant association between
CDX2 loss and cancer-specific or overall mortality
[45]
in a multivariate analysis. Dawson et al
reported
that loss of CDX2 expression was associated with
poor survival in multivariate analysis with pT and pN
classification, but not when clinical metastasis staging
was included in the multivariate analysis model.
In the present study, loss of CDX2 expression was
independently associated with a shorter OS or PFS in
a multivariate Cox model that was adjusted for stage
and other potential confounders. Stage Ⅲ and stage
Ⅳ CRCs displayed survival differences depending on
the status of CDX2 expression. Particularly, for stage
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free survival after adjustment of TNM stage and other potential confounders.

Ⅳ cancers, the OS and PFS were significantly different

Applications

depending on the CDX2 expression status, indicating
the potential utility of the CDX2 expression status as a
marker to predict outcomes for patients with stage Ⅳ
CRC.
To our knowledge, this study is the largest study
regarding the comprehensive clinicopathologic and
molecular characteristics of reduced CDX2 expression
in East-Asian CRCs. Moreover, this is the first study
to show the independent prognostic value of loss of
CDX2 expression. However, this study has several
limitations and weaknesses. First, the proportion
of CIMP-high, MSI-high and BRAF mutations in this
[46,47]
study was low compared to Western population
.
Ethnic and behavioral differences could be biases to
[48]
clinicopathologic analysis and survival analysis .
Second, rectal cancers were under-represented
because we excluded CRC patients who received
preoperative chemotherapy and/or radiotherapy.
Third, quantitative evaluation of CDX2 expression was
measured only in single-core tissue microarray. CDX2
expression could be different among tumor area due
to intratumoral heterogeneity. A common example
of this is that CDX2 expression is often lower in the
[49]
invasive front compared to tumor center . Fourth,
determination of the cut-offs for immunohistochemical
markers using tumor samples collected in a single
institution could be a source of overfitting to clinico
[50,51]
pathologic, molecular and survival analysis
. To
ensure credibility of the cut-offs used in this study,
external validation in independent cohort is required.
In conclusion, we analyzed 713 cases of CRC for their
CDX2 expression status using immunohistochemistry
and correlated the CDX2 expression status with
clinicopathologic and molecular features. We determined
that the loss of CDX2 expression was closely associated
with CIMP-high and poor differentiation and was found
to be an independent predictor of poor prognosis.
Therefore, our data suggest that loss of CDX2 expression
may be useful as a prognostic marker for advanced
CRCs.

This study results suggest that loss of CDX2 expression is an independently
poor prognostic indicator in CRCs, especially stage Ⅳ CRCs.

Terminology

CDX2 is a Drosophila caudal-related homeobox gene that encodes a transcription
factor and plays an essential role in the development of the intestine. CIMP is a
molecular subtype of CRCs which is characterized by widespread cancer-specific
hypermethylation of numerous promoter CpG island loci.

Peer-review

In their manuscript “Decreased CDX2 expression is associated with poor
prognosis in colorectal cancer patients”, the authors analyze a large cohort of
Korean CRC patient’ tumors concerning expression of CDX2, CK7 and CK20
using immunohistochemistry. In addition, they correlate the protein expressions
with clinico-pathological parameters with a special focus on the molecular
subtype. Despite the fact that this is clearly no novel finding, the study is overall
well designed and performed, the conclusions are relatively clear and the
authors do not overstate their findings.
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Abstract
AIM: To investigate whether electroacupuncture ST36
activates enteric glial cells, and alleviates gut inflammation
and barrier dysfunction following hemorrhagic shock.
METHODS: Sprague-Dawley rats were subjected to
approximately 45% total blood loss and randomly
divided into seven groups: (1) sham: cannulation, but no
hemorrhage; (2) subjected to hemorrhagic shock (HS);
(3) electroacupuncture (EA) ST36 after hemorrhage;
(4) vagotomy (VGX)/EA: VGX before hemorrhage,
then EA ST36; (5) VGX: VGX before hemorrhage; (6)
a-bungarotoxin (BGT)/EA: intraperitoneal injection
of a-BGT before hemorrhage, then EA ST36; and (7)
a-BGT group: a-BGT injection before hemorrhage.
Morphological changes in enteric glial cells (EGCs) were
observed by immunofluorescence, and glial fibrillary
acidic protein (GFAP; a protein marker of enteric glial
activation) was evaluated using reverse transcriptase
polymerase chain reaction and western blot analysis.
Intestinal cytokine levels, gut permeability to 4-kDa
fluorescein isothiocyanate (FITC)-dextran, and the
expression and distribution of tight junction protein
zona occludens (ZO)-1 were also determined.
RESULTS: EGCs were distorted following hemorrhage
and showed morphological abnormalities. EA ST36
attenuated the morphological changes in EGCs at 6 h,
as compared with the VGX, a-BGT and HS groups. EA
ST36 increased GFAP expression to a greater degree
than in the other groups. EA ST36 decreased intestinal
permeability to FITC-dextran (760.5 ± 96.43 ng/mL
vs 2466.7 ± 131.60 ng/mL, P < 0.05) and preserved
ZO-1 protein expression and localization at 6 h after
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[8]

hemorrhage compared with the HS group. However,
abdominal VGX and a-BGT treatment weakened or
eliminated the effects of EA ST36. EA ST36 reduced
tumor necrosis factor-a levels in intestinal homogenates
after blood loss, while vagotomy or intraperitoneal
injection of α-BGT before EA ST36 abolished its antiinflammatory effects.

pro-epidermal growth factor (EGF) , which improve
the expression and localization of intestinal tight
junction proteins, nourish intestinal epithelial cells,
and regulate gut barrier function. Loss of EGCs was
fatal in an animal model of hemorrhagic necrosis of
[9]
the small intestine . Clinically, loss of EGCs has been
implicated in the pathogenesis of inflammatory bowel
disease. Recent studies have shown that electrical
stimulation of the vagus nerve can protect the in
testinal barrier and alleviate inflammatory intestinal
[10]
injury in animals following burn injury . However,
the effect of stimulating the vagus nerve and its
mechanism of action on EGCs remains unknown. It is
still difficult to apply electrical stimulation to the vagus
nerve in clinical practice because of the complicated
manipulation and untoward side effects, including
serious tissue injury.
Acupuncture is one of the therapeutic techniques
in traditional Chinese medicine and has been applied
clinically for thousands of years. It has a bidirectional
neuron-endocrine-immune system regulatory
effect, and it antagonizes systemic inflammatory
responses, with few side effects. We demonstrated
previously that electroacupuncture (EA) at ST36
[11]
has a significant positive effect on enteric tissue .
EA ST36 also protects the intestinal barrier function
and prevents remote organ injury after prolonged
HS in rats with delayed fluid replacement, through
activating the cholinergic anti-inflammatory dependent
[12]
mechanism . However, the effect and mechanism
of EA on EGCs remain unknown and require further
study. In the present study, we investigated the
effect of EA on EGCs and hypothesized that EA ST36
can activate EGCs through the cholinergic antiinflammatory pathway to protect the gut barrier
function against prolonged HS.

CONCLUSION: EA ST36 attenuates hemorrhageinduced intestinal inflammatory insult, and protects the
intestinal barrier integrity, partly via activation of EGCs.
Key words: Hemorrhagic shock; Electroacupuncture;
ST36; Cytokines; Intestinal barrier; Enteric glial cells
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The most important findings from this study
were that enteric glial cells (EGCs) were distorted
following hemorrhage and showed morphological
abnormalities. Electroacupuncture (EA) ST36 attenuated
the morphological changes in EGCs and intestinal
inflammation, and decreased intestinal permeability,
which is considered to be the possible mechanism of
EA’s regulation of the intestinal barrier function after
hemorrhage shock.
Hu S, Zhao ZK, Liu R, Wang HB, Gu CY, Luo HM, Wang H,
Du MH, Lv Y, Shi X. Electroacupuncture activates enteric glial
cells and protects the gut barrier in hemorrhaged rats. World J
Gastroenterol 2015; 21(5): 1468-1478 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i5/1468.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i5.1468

INTRODUCTION

MATERIALS AND METHODS

Gut barrier dysfunction is a common complication
following hemorrhagic shock (HS) and severe burn,
and plays an important role in the development of
[1,2]
sepsis and multiple organ dysfunction . The gut
becomes a source of proinflammatory mediators
resulting from an impaired intestinal mucosal barrier,
which may amplify systemic inflammation response
syndrome, develop a systemic inflammatory response
state and distant organ failure, and lead to multiple
[3-5]
organ dysfunction syndrome, or even death
.
Although several studies have investigated gut barrier
function, the mechanisms responsible for injuryinduced gut barrier dysfunction and repair following
hemorrhagic injury are ambiguous. In particular, the
role played by the enteric nervous system has been
poorly studied.
The enteric glial cells (EGCs) play an important role
in maintaining gut barrier function. Recently, increased
attention has been paid to EGCs. EGCs are known to
secrete many factors, such as s-nitrosoglutathione
[6]
[7]
(GSNO) , transforming growth factor (TGF)-β , and
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Animals

Male Sprague-Dawley rats (aged 8-10 wk, weighing
250-270 g) were purchased from Experimental
Animal Center of Military Medical Sciences of the
Chinese PLA. Rats were acclimatized in mesh cages in
a temperature-controlled room with a 12-h light-dark
cycle, and fasted overnight, but allowed free access
to water until 4 h before surgery. The Committee
of Scientific Research of the First Hospital Affiliated
to General Hospital of PLA, China approved all the
research protocols. The experiment was conducted
in compliance with the Guide for Care and Use of
Laboratory Animals of National Research Council,
China.

Surgical procedures

Rats were anesthetized with 3% isoflurane inhalation
(Yeeran Technology Limited, Beijing, China).
Ketamine 10 mg/kg was hypodermically injected
for local anesthesia. Isoflurane (0.7%) was used
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to maintain anesthesia during the experiments.
Animals were allowed to breathe spontaneously
under a nose cone scavenging system, using a ve
terinary anesthesia delivery system (Kent Scientific
TOPO, Torrington, CT, United States). Using aseptic
technique, polyethylene (PE50) catheters were
placed in the right carotid artery for continuous artery
blood pressure monitoring, and in the left femoral
artery for blood withdrawal. A 2-cm upper-midline
laparotomy incision was performed to identify the
gastroesophageal junction and expose the dorsal and
ventral vagus nerve on the distal esophagus, using a
Phoenix XLT165-LB stereomicroscope (Phoenix Optical
Instrument Group Company, Jiangxi Province, China).
The rectal temperature was maintained at 37 ℃ with
a heating pad and a heating lamp.

(6) α-bungarotoxin (a-BGT)/EA group: intraperitoneal
injection of a-BGT (1 µg/kg) prior to hemorrhage
and followed by EA ST36 similar to the EA group. EA
parameters were the same as the EA group. a-BGT
is an antagonist of the α7 subunit of the cholinergic
nicotinic receptor, which inhibits the α7 subunit
of acetylcholine receptors by blocking a pivotal
communication pathway between the efferent vagus
[15,16]
and intestinal cells
; and (7) a-BGT group: a-BGT
intraperitoneal injection prior to hemorrhage without
EA at ST36.

Intestinal samples

Rats were anesthetized with 3% isoflurane inhalation.
The animals were sacrificed for distal small intestine
harvest at 6 h after blood loss. Segments of distal
small intestine were harvested and immediately
homogenized on ice with 1 mL denaturing lysis buffer
or nondenaturing lysis buffer for western blotting or
enzyme-linked immunosorbent assay (ELISA). The
homogenate was centrifuged at 10000 × g for 10
min at 4 ℃. Aliquots of the supernatants of tissue
were stored at -80 ℃ until use. Segments of intestine
were harvested and fixed in 4% paraformaldehyde
for histological evaluation and immunofluorescence.
Segments of intestine were also harvested and
immediately store in liquid nitrogen for reverse
transcriptase polymerase chain reaction (RT-PCR).

HS protocol

The estimated blood volume of each animal was
[13]
calculated using the formula : total blood volume
(TBV) (mL) = body weight (g) × 0.06 (mL/g) + 0.77.
HS was induced by withdrawing 45% of the calculated
TBV within 20 min (30% TBV withdrawal over the
first 3 min, suspension for 7 min, then 15% TBV
withdrawal over a further 10 min), using an infusion
or a withdrawal pump (Kelifeng Apparatus, Beijing,
China). Mean arterial pressure (MAP) and heart rate
(HR) were continuously monitored using a PICCOPLUS cardiopulmonary volume monitor (Pulsion,
Germany), from initiation of exsanguination until 6 h
after termination. The MAP following exsanguination
dropped promptly from around 110 to 30 mmHg and
gradually improved, and was maintained at 35-45
mmHg by further blood withdrawal or reinfusion as
required. At 6 h after hemorrhage, animals that were
still alive were euthanized, and samples of arterial
blood and jejunal tissue were collected.

EGC preparation

Animal grouping and treatment

All the animals underwent the same surgical
procedure and HS protocol, and then the expe
rimental rats were randomly assigned to seven
groups: (1) sham: cannulation, but no hemorrhage;
(2) HS: HS alone; (3) EA: EA ST36 (located at the
posterior and lateral side of the knee joint, 5 mm
[14]
below the capitulum fibulae ) immediately after HS.
EA ST36 (LH202H; HANS, China) was performed as
[11]
described previously . Both hind limbs were shaved
and the skin was disinfected. The ST36 acupuncture
point was punctured to a depth of 7 mm, and the
needle was connected to the EA apparatus. Electric
current at 2 mA, 2-100 Hz was continued for
approximately 1.5 h immediately after hemorrhage;
(4) vagotomy (VGX)/EA: VGX of the dorsal and
ventral vagus nerve on the distal esophagus prior to
EA at ST36. (5) VGX group: VGX without EA at ST36;
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[17]

We used modified Mandhan’s method to prepare the
myenteric plexuses. Rats were anesthetized with 3%
isoflurane inhalation. The animals were sacrificed for
distal small intestine harvest. The ileum was washed
to remove any content. One side of the intestinal
segment was tied, and the other side was tied after
expanding the intestine with 4% paraformaldehyde.
The segment was fixed in a solution of 4% para
formaldehyde and nifedipine for 2-4 h at 4 ℃. We
selected a few segments and removed the mesentery
and fat tissue before dissection and opening cutting
along the mesenteric border. The tissue was cleared
of paraformaldehyde by washing in PBS. The tissue
was laid on a slide glass. Under magnification on a
contrasting background, we slightly stretched the
gut layer, then marked the proximal and distal ends
with oblique and transverse cuts, respectively, and
the mucosa was separated in single layer from the
muscularis mucosa. The circular muscle fibers were
gently peeled off using high-power magnification,
leaving behind the myenteric plexuses attached to the
longitudinal muscle layer. The mucosa, submucosa
and circular muscle were removed from the fixed
tissue and whole-mount preparations consisting of the
myenteric plexus adhering to the longitudinal muscle
were prepared. The preparations were attached to an
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amino slide.

sacrificed under anesthesia. The distal ileum was
preserved in liquid nitrogen. The tissues were sub
sequently homogenized in TRIzol reagent to extract
total RNA, according to the manufacturer’s standard
procedure (Beijing Solarbio science and Technology
Co., Ltd, Beijing, China). Reverse transcription of
total RNA was performed after DNase I digestion with
the M-MLV reverse transcriptase protocol for cDNA
synthesis. Two micrograms of RNA was added to 20
µL RT-PCR reaction system and first-strand cDNA
was synthesized by OligodT primer (Beijing DingGuo
ChangSheng Biotechnology Co., Ltd, Beijing, China).
The amplification reactions were performed in PerkinElmer thermal cycle 480 (Massachusetts, United
States), with 1 µL 10 µmol/L primer, and 1 µL cDNA
in a final volume of 20 µL. The reaction mixtures
were incubated for 5 min at 95 ℃ to denature the
template, and then 38 cycles (30 s at 94 ℃, 30 s at
60 ℃, and 30 s at 72 ℃) and a final cycle of 5 min
at 72 ℃. The primers for RT-PCR were as follows:
GFAP forward 5’-TGGAGAGGAAGGTTGAGTCG -3’,
reverse 5’-TTGGCGGCGATAGTCATTAG-3’; GAPDH
forward: 5’-ATTCAACGGCACAGTCAAGG-3’, reverse:
5’-GCAGAAGGGGCGGAGATGA-3’. PCR products
were run on 1.5% agarose gels stained with
ethidium bromide. The results were observed and
photographed with a UVP gel imaging system, and
analyzed semiquantitatively by measuring the density
of the specific bands.

Immunofluorescence

After deparaffinization, the intestine sections were
rehydrated. The tissue sections or EGC preparations
were incubated in citrate buffer (Zhongshan Jinqiao
Biotechnology Co. Ltd., Beijing, China) for heatinduced antigen retrieval. After three washes with
PBS, tissue sections were incubated with 3% BSA
(Zhongshan Jinqiao Biotechnology) for 30 min to
block nonspecific binding sites. The sections were
incubated with an anti-zona occludens (ZO)-1
antibody (1:100; Life Technologies, Gaithersburg,
MD, United States) or antibodies recognizing glial
fibrillary acidic protein (GFAP; 1:500; Abcam Hong
Kong Ltd., New Territories, Hong Kong) at 4 ℃
overnight. The following day, after washing with PBS
three times, the tissue sections were treated with
Alexa Fluor 488 secondary goat anti-rabbit antibody
in 1% BSA for 1 h at room temperature. Prolong
Fade (Antifade Mounting Medium, Beyotime Institute
of Biotechnology) was added after placement of
coverslips. Images were viewed using an Olympus
fluorescence microscope (BX51-DP71) with
exposure-matched settings.

ZO-1 and GFAP expression

The harvested gut tissues were placed in 1 mL
lysis buffer (50 mmol/L Tris-HCl, pH 7.4; 150
mmol/L NaCl; 1% NP-40; 0.1% SDS), then
homogenized and centrifuged at 12000 × g for 10
min. Following centrifugation, the supernatant was
collected and analyzed for protein concentration,
using a protein assay kit (Applygen Technologies,
Beijing, China). Total protein (100 µg) was loaded
onto SDS-PAGE and run at 120 V for 2 h. After
electrophoresis, the proteins were transferred to
a polyvinylidene difluoride membrane (Applygen
Technologies) and blocked for 2 h in TBST (50
mmol/L Tris; 150 mmol/L NaCl; 0.05% Tween 20)
containing 5% milk (Applygen Technologies). The
membrane was then incubated with the primary
antibodies against GAPDH (1:1000; Zhongshan
Jinqiao Biotechnology), and ZO-1 (1:500; Life
Technologies) or GFAP (1:1000; Abcam, Hong
Kong) at 4 ℃ overnight. After three washes in TBST,
the membrane was incubated with corresponding
secondary antibodies conjugated to horseradish
peroxidase at room temperature for 40 min and
chemiluminescence detection was performed using
Super ECL Plus (Applygen Technologies). Films were
developed using a standard photographic procedure.
Densitometer scanning (Image J) carried out the
quantitative analysis of the detected bands.

Intestinal epithelial permeability

An in vivo intestinal permeability assay was performed
to assess gut barrier function, as described by Kao
[18]
et al . Thirty minutes before sacrifice, animals
were anesthetized with inhaled isoflurane. A midline
laparotomy incision was performed and a 10-cm
segment of distal ileum was isolated between silk
ties. A solution of 1.0 mL PBS (pH 7.2) containing 25
mg 4-kDa FITC-dextran (Sigma-Aldrich, St. Louis,
MO, United States) was injected into the lumen
of the isolated intestinal segment. The bowel was
returned to the abdominal cavity and the abdomen
was closed. Animals were maintained under general
anesthesia for 30 min, at which time systemic blood
was drawn by left femoral artery puncture and placed
in heparinized Eppendorf tubes on ice. Plasma was
obtained by centrifuging the blood at 10000 × g for
10 min at -4 ℃. Plasma fluorescence was measured
in a fluorescence spectrophotometer (Synergy2;
BioTek Multi-Detection Microplate Reader, Vermont,
United States) and compared with a standard curve
of known concentrations of FITC-dextran diluted in
rat plasma.

Detection of intestinal tumor necrosis factor-α

RT-PCR

Tumor necrosis factor (TNF)-a levels in the intestine
were assessed using a commercially available ELISA

For determination of GFAP mRNA level, rats were
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Figure 1 Glial fibrillary acidic protein immunofluorescent staining at 6 h after blood loss. Enteric glial cells (EGCs) were distorted following hemorrhage and
showed morphological abnormalities. EGCs presented as normal in the sham group. Electroacupuncture (EA) ST36 attenuated the morphological changes. After
hemorrhagic shock (HS), the fluorescent intensity was enhanced. EA ST36 showed more intense fluorescence of glial fibrillary acidic protein (GFAP) staining, whereas
fluorescence after VGX or injection of a-bungarotoxin (BGT) was weak. All images were taken at magnification × 400; white bar = 25 µm (n = 3-6 rats per group at 6 h
after blood loss). A: Sham group; B: HS group; C: EA group; D: VGX/EA group; E: VGX group; F: a-BGT/EA; G: a-BGT group.

kit in accordance with the manufacturer’s protocol
(Nanjing Jiancheng Corp., Nanjing, China).

compared with the VGX, α-BGT and HS groups.
These results were confirmed by western blotting
for GFAP in intestinal tissue lysates (Figure 2). The
GFAP levels in the sham group were lower than in
the HS group. When compared with the average
relative band density of rats in the HS group, animals
treated with EA ST36 had significantly higher GFAP
expressions (P < 0.05). In contrast, intestinal GFAP
levels were significantly decreased in rats that
underwent abdominal VGX or a-BGT injection before
EA ST36. GFAP levels in the VGX or a-BGT groups
also were not significantly different from those in the
HS group.

Statistical analysis

Data were analyzed using SPSS Statistics version
17.0. Continuous variables were expressed as mean
± SE. Statistical significance of differences between
groups was determined using one-way analysis of
variance followed by Dunnett’s test and SNK-q for
multiple comparisons. If some variables were nonnormally distributed, the Kruskal-Wallis H test was
used. Significance was defined as P < 0.05.

RESULTS

EA at ST36 increases expression of intestinal GFAP

EA ST36 activates EGCs and modulates intestinal
distortion

EGC activation was assessed by determination of
intestinal GFAP mRNA expression via RT-PCR. Expression
of GFAP in rats that underwent hemorrhagic shock was
higher than that in the sham group (P < 0.05, Figure 3).
Compared with the HS group, GFAP mRNA expression
was increased by 61% at 6 h after EA ST36 (P < 0.05,
Figure 3). After VGX or a-BGT injection, the effect of EA
ST36 was abolished.

EGCs express the intermediate filament GFAP, and
the calcium-binding protein S100. We identified
the EGCs via immunofluorescence of GFAP. Normal
GFAP immunoreactivity revealed thin processes of
EGCs and a thin rim of immunoreactivity around the
nucleus (Figure 1A). EGCs were distorted following
hemorrhage and showed morphological abnormalities
compared with those in the sham group (Figure
1B-F). We observed distorted GFAP processes. After
HS, the processes of EGCs were distorted and strongly
immunoreactive (Figure 1B). EA ST36 attenuated the
morphological change in EGCs (Figure 1C) at 6 h, as
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Effect of EA ST36 on intestinal cytokine levels

Figure 4 illustrates the effect of EA ST36 on TNF-a
levels in the intestine of rats with fatal HS. Hemorrhage
induced large increases in the concentration of TNF-α
in intestinal homogenates. EA ST36 reduced the TNF-a
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Figure 4 Tumor necrosis factor-a levels in intestine at 6 h after blood
loss. The intestine was obtained at 6 h after blood loss. Data are expressed
as mean ± SD (n = 3-6 rats at every time point per group). aP < 0.05 vs sham
group; cP < 0.05 vs hemorrhagic shock (HS) group. a-BGT: a-bungarotoxin;
VGX: Vagotomy; EA: Electroacupuncture; TNF-a: Tumor necrosis factor-a.

GFAP
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Figure 2 Glial fibrillary acidic protein expression at 6 h after blood loss.
Intestinal extracts were obtained from rats at 6 h after blood loss for measurement
of glial fibrillary acidic protein expression using western blotting. Representative
blots for glial fibrillary acidic protein (GFAP) are shown, with the corresponding
GAPDH loading control to demonstrate equal protein load in all lanes. The GFAP
level was lower in the sham group. EA ST36 increased GFAP expression (aP < 0.05
vs HS group). Significantly weak GFAP expression was seen in all the other injury
groups (n = 3-6 rats per group at 6 h after blood loss). a-BGT: a-bungarotoxin;
VGX: Vagotomy; EA: Electroacupuncture; HS: Hemorrhagic shock.
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EA ST36 reduces intestinal permeability

Intestinal permeability was evaluated by an in vivo
assay using FITC-dextran (Figure 5). The intestinal
permeability of all the animals increased compared
with that in the sham group (P < 0.05). Animals
in the EA group had a significantly lower level of
plasma FITC-dextran compared with the HS group
(760.5 ± 96.43 ng/mL vs 2466.7 ± 131.60 ng/mL,
P < 0.05). However, when abdominal vagotomy or
α-BGT injection was performed before EA ST36,
there was no significant difference in intestinal
permeability compared with the HS group. Rats in
the VGX or a-BGT group showed similar levels of
intestinal permeability compared with the HS group.

308 bp

GAPDH 230 bp

Figure 3 Electroacupuncture ST 36 alters expression of intestinal glial
fibrillary acidic protein. RT-PCR was performed on intestinal extracts obtained
6 h following injury. EA ST 36 resulted in augmented intestinal glial fibrillary acidic
protein (GFAP) mRNA expression in the EA group compared with the HS group.
Abdominal vagotomy (VGX) or injection of a-bungarotoxin (BGT) abrogated the
effect of EA ST36 to increase intestinal GFAP mRNA expression. aP < 0.05 vs sham
group, cP < 0.05 vs HS group. EA: Electroacupuncture; HS: Hemorrhagic shock.

level in the intestinal homogenate after blood loss,
while VGX or intraperitoneal injection of a-BGT before
EA ST36 reversed its anti-inflammatory effects. These
results suggested that EA ST36 attenuated the release
of TNF-a in the intestine.

WJG|www.wjgnet.com

HS

Figure 5 Intestinal permeability to 4-kDa fluorescein isothiocyanatedextran at 6 h after blood loss. EA ST36 protected the intestine from an
increase in permeability after hemorrhagic shock (HS), whereas EA ST36
after vagotomy (VGX) or injection of a-bungarotoxin (BGT) eliminated such
protection. aP < 0.05 vs sham group, cP < 0.05 vs HS group (n = 3-6 animals
per group at 6 h after blood loss). EA: Electroacupuncture.

0.6

0.0

Sham

EA ST36 prevents loss and redistribution of ZO-1

We detected changes in the expression of tight
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Figure 6 Intestinal zona occludens-1 immunofluorescent staining at 6 h after blood loss. In the sham group, zona occludens (ZO)-1 presented with strong
fluorescent intensity. Rats in the hemorrhagic shock (HS) group showed low fluorescent intensity at the cell periphery after HS, and electroacupuncture (EA)
ST36 showed preservation of the robust structure of ZO-1 staining, whereas EA ST36 after vagotomy (VGX) or injection of α-bungarotoxin (BGT) eliminated such
protection. All images were taken at magnification × 1000 magnification; white bar = 10 µm. (n = 3-6 rats per group at 6 h after blood loss, section size = 2 µm). A:
Sham group; B: HS group; C: EA group; D: VGX/EA group; E: VGX group; F: a-BGT/EA; G: a-BGT group.

(Figure 6). In the sham group, ZO-1 showed strong
fluorescent intensity. After blood loss, rats in the HS
group showed loss and redistribution of ZO-1, as
demonstrated by low fluorescent intensity at the cell
periphery (Figure 6B). Rats in the EA group (Figure 6C)
showed preservation of the robust structure of ZO-1.
By contrast, in rats treated with EA ST36 after surgical
abdominal VGX or α-BGT injection, no protection was
afforded to the intestinal mucosa, as demonstrated
by the interruption and partial disappearance of ZO-1
staining at the cell periphery in villous epithelial cells
(Figure 6D and F).
These results were confirmed by western blotting
for the ZO-1 protein in intestinal tissue lysates (Figure
7). When compared with the average relative band
density of rats in the sham group, ZO-1 expression
was lower in all the other groups (P < 0.05). Rats
treated with EA ST36 had significantly higher ZO-1
expression than the other injury groups (P < 0.05).
By contrast, intestinal ZO-1 protein levels were
significantly decreased in rats that underwent surgical
abdominal VGX or a-BGT injection before EA ST36.
ZO-1 protein levels in the VGX or α-BGT group did
not differ significantly from those in the HS group.

1.0
0.9
a, c

Relative band density

0.8
0.7
0.6

a

a

0.5

a

a

a

0.4
0.3
0.2
0.1
0.0

Sham

HS

EA

VGX/EA

VGX a-BGT/EA a-BGT

ZO-1
GAPDH

Figure 7 Intestinal zona occludens-1 protein expression at 6 h after blood
loss. Intestinal extracts were obtained from rats at 6 h after blood loss to
measure zona occludens (ZO)-1 protein expression using western blotting.
Representative blots for ZO-1 protein are shown with corresponding GAPDH
loading control to demonstrate equal protein load in all lanes. Electroacupuncture
(EA) ST36 resulted in preservation of protein expression. Significant reduction in
ZO-1 expression was seen in all the other groups. aP < 0.05 vs sham group; cP <
0.05 vs hemorrhagic shock (HS) group. (n = 3-6 rats per group at 6 h after blood
loss). a-BGT: a-bungarotoxin; VGX: Vagotomy.

DISCUSSION

junction protein ZO-1 in response to HS. The amount
of ZO-1 protein expression after immunostaining
correlated with exposure-matched fluorescent intensity
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The enteric nervous system (ENS) consists of enteric
neurons and EGCs. The ENS provides local control
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of the gastrointestinal tract, and coordinates the
multiple cellular components that make up the gut
[19]
wall . The ENS controls intestinal functions such as
motility, blood flow, nutrient uptake, secretion, and
immunological and inflammatory processes in the
[20]
gut. EGCs are more abundant than neurons . EGCs
are the predominant cell type in the ENS and are
similar in structure and function to the astrocytes
[21]
of the central nervous system . They express
similar proteins, including the intermediate filament
[22]
GFAP and the calcium-binding protein S100 . The
number of GFAP-expressing cells increases following
[23]
injury .
Increasing evidence shows that there is a close
relationship between the EGCs and gut barrier
function. The EGCs regulate the intestinal epithelial
[8]
barrier function via many pathways. Laurianne et al
demonstrated that EGCs promote intestinal mucosal
healing via activation of focal adhesion kinase and
release of pro-EGF. EGCs represent a functionally
important cellular component of the intestinal barrier
microenvironment, and disruption of this cellular
network can attenuate the mucosal healing process.
[6]
Savidge et al demonstrated that glial cells secrete
GSNO, which modulates intestinal tight junction
integrity. This was confirmed in vitro and in an in
vivo model of gut inflammation, in which injection
of exogenous GSNO attenuated gut inflammation,
improved intestinal barrier integrity, and increased
expression of the tight junction protein ZO-1. In
addition to secreting GSNO, activated EGCs cause
numerous changes in gene transcription within the
intestinal epithelial cell, which may alter the barrier
[24]
[7]
function . Neunlist et al demonstrated that EGCs
inhibit intestinal epithelial cell proliferation partly
through a TGF-β1-dependent pathway. Functional
alterations in EGCs may therefore modify intestinal
barrier functions and be involved in pathologies such
as cancer or inflammatory bowel diseases.
The cholinergic anti-inflammatory pathway is a
neural mechanism that inhibits the expression of
proinflammatory cytokines through the interaction
of the principle vagus nerve neurotransmitter,
acetylcholine, and the cholinergic a-7 nicotinic
acetylcholine receptor (a-7nAChR) subunit located on
cytokine-expressing cells, by stimulating the vagus
[10,11]
nerve by pharmacological or electrical methods
.
Activation of the cholinergic anti-inflammatory
pathway can prevent cytokine release and tissue in
[12]
jury and prolong survival and protect against the
[13]
development of hypotension in rats during HS .
α-7nAChR is essential to prevent proinflammatory
[25]
[26]
cytokine release . Ghia et al
showed that nicotinic
cholinergic signaling attenuates intestinal inflammation
in a model of colitis. Nicotine is a cholinergic agonist
[27,28]
that decreases systemic inflammation after injury
.
It does so by modulating inflammatory signals through
a-7nAchR, which is expressed on neurons, microglia,
[29]
and inflammatory cells . Nicotine improved the
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barrier function and tight junction protein expression
[30]
in cultured intestinal epithelial cells .
[31]
Recently, Costantini et al
proved that α-7nAchR
is present on intestinal epithelial cells and EGCs.
Vagus nerve stimulation (VNS) decreased circulating
plasma and local intestine proinflammatory cytokine
[32,33]
levels in an animal model
. VNS exerts its sys
temic anti-inflammatory effects through its ability to
decrease production of proinflammatory mediators
[34]
after injury via a-7nAchRs . This mechanism
has been confirmed in studies showing that the
protective, anti-inflammatory effects of VNS are lost
in mice that lack a-7nAchRs. α-7nAchRs have been
seen on cultured intestinal epithelial cells and EGCs.
They have also been seen in the gastrointestinal
tract of animals used in models of severe burn
[31]
injury . VNS activates the α-7nAchR on the EGCs
to alleviate inflammatory action in the gut.
The barrier-inducing effects of EGCs have been
confirmed in many studies. The latest evidence
suggests that EGC activation improves intestinal
barrier integrity by inhibiting the proinflammatory
[35]
nuclear factor (NF)-κB pathway . Gut barrier
breakdown is associated with intestinal epithelial cell
NF-κB activation, and activation of the NF-κB pathway
increases intestinal permeability through tightjunction breakdown. Inhibition of the NF-κB pathway
can preserve the enteric barrier function.
Our previous experiments in animal models
showed that EA ST36 protected the intestinal barrier
through a vagal anti-inflammatory mechanism that
[12,32]
involves a-7nAChRs
. In the present study, we
found that EA ST36 activated and protected EGCs,
accompanied by an improvement of gut barrier
function. During HS, the intestinal blood flow was
sharply reduced to maintain the blood supply to the
vital organs. Ischemia of the small intestine leads
rapidly to impairment of the mucosal barrier function.
At the same time, a large amount of inflammatory
[36]
cytokines is produced , which aggravates the gut
barrier dysfunction. In our experiments, we found
that EA ST36 reduced TNF-a levels in the intestine in
rats after fatal HS. EA ST36 alleviated the distortion
of EGCs after HS. a-7nAchR is expressed on intestinal
[31]
epithelial cells and EGCs , which correlates
with the improvement of gut barrier function. We
consider that EA ST36 activates a-7nAchR in the
EGCs through a vagal anti-inflammatory pathway to
downregulate the intestinal level of proinflammatory
cytokines, which results in the protection of intestinal
epithelial cells and EGCs. In addition, EGCs secrete
TGF-β, GSNO and pro-EGF, which improve intestinal
[7,8]
barrier integrity . Ablation of EGCs in transgenic
animals is fatal within 19 d because of hemorrhagic
[9]
necrosis of the gut . In the present study, we
found marked morphological changes in EGCs and
increased expression of GFAP after EA in rats with
HS. There was a close relationship between the EGCs
and the intestinal epithelial barrier. We speculated
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in rats with delayed fluid replacement, through activating a cholinergic antiinflammatory-dependent mechanism. They further explored the possible
mechanisms involved.

that EA ST36 exerts its protective effect on EGCs
partly through vagus-induced activation of EGCs,
which releases many substances for the promotion of
intestinal mucosal healing and the expression of tight
junction proteins.
Although there are many forms of crosstalk
between EGCs and gut barrier function, the ac
tivation of EGCs plays the most pivotal role in the
mechanism of EA ST36 for gut functions. EGCs
improve intestinal barrier integrity, which represents
a vagus-mediated anti-inflammatory pathway in
response to gut injury. Our study provides a the
oretical basis for the mechanism of the effect of
EA ST36 on gut barrier function. It also suggests
potential therapeutic strategies for intestinal
diseases. For example, we could use drugs that act
on EGCs to treat some intestinal diseases.
There were several limitations to our study.
First, we only determined the changes of EGCs and
their components at 6 h after hemorrhage, with or
without EA ST36. Also, we did not study transgenic
animals. Another shortcoming was the brevity of the
study duration. Meanwhile, the interaction between
EGCs and intestinal barrier function affected by EA
ST36 requires further research.
In summary, we showed that EA ST36 alleviated
gut inflammatory and barrier dysfunction, partly
through activation of EGCs in rats with HS. On
the one hand, EA ST36 activated the vagus antiinflammatory mechanism of EGCs, and on the
other hand, it activated EGCs to secrete substances
that regulated the gut barrier function. Although
the mechanisms for intestinal repair following
hemorrhagic or burn injuries are multifactorial, EGCs
play a novel role in this process.

Research frontiers

EA can protect the gut barrier function. Restoration of small intestinal barrier
function requires a complex set of events that are initiated within minutes of
injury, and are characterized by epithelial cell restitution and reassembly of tight
junction proteins to close the paracellular space. a-7 nicotinic acetylcholine
receptor (a-7nAchR) in the enteric nervous system is necessary for the vagus
nerve to modulate the systemic inflammatory response. The cholinergic antiinflammatory pathway is a neural mechanism that inhibits the expression of
proinflammatory cytokines through the interaction of the principle vagus nerve
neurotransmitter, acetylcholine, and the cholinergic a7nAChR subunit located
on cytokine-expressing cells, by stimulating the vagus nerve by electrical or
pharmacological methods. The cholinergic agonist of α-7nAChR in the enteric
nervous system prevents gut barrier failure after severe burn injury. Recent
studies have shown that electrical stimulation of the vagus nerve can protect the
intestinal barrier function and alleviate intestinal inflammatory injury in animals
following burn injury, through activation of enteric glial cells (EGCs). Clinically, the
loss of EGCs is implicated in the pathogenesis of inflammatory bowel disease.
Increasing evidence shows that there is a close relationship between the EGCs
and gut barrier function. EGCs regulate the intestinal epithelial barrier function by
many pathways. EGCs promote intestinal mucosal healing via activation of focal
adhesion kinase and release of pro-epidermal growth factor. EGCs represent
a functionally important cellular component of the intestinal epithelial barrier
microenvironment, and disruption of this cellular network attenuates the mucosal
healing process. The glial cells can secrete S-nitrosoglutathione (GSNO), which
modulates intestinal tight junction integrity. In addition to secreting GSNO,
activated EGCs cause numerous changes in gene transcription within the
intestinal epithelial cells, which may alter barrier function. Functional alterations
in EGCs may therefore modify intestinal barrier functions.

Innovations and breakthroughs

The most important novel findings from this study are that EGCs were distorted
following hemorrhage and showed morphological abnormalities. EA ST36
attenuated the morphological changes in EGCs and intestinal inflammation;
and decreased intestinal permeability, which is considered as the possible
mechanism of EA regulation of the intestinal barrier function after HS.

Applications

The study results provide evidence for the possible mechanism of acupuncture
regulation of the intestinal barrier function after severe hemorrhage and trauma.

Terminology

The cholinergic anti-inflammatory pathway is a neural mechanism that inhibits
the expression of cytokines. It acts through the interaction of the principle
vagus nerve neurotransmitter, acetylcholine, and the a7nAChR subunit located
on cytokine-expressing cells, by stimulating the vagus nerve by electrical or
pharmacological methods. EA is a modification of conventional acupuncture that
stimulates acupoints with electrical current instead of manual manipulations,
and appears to have more reproducible results in both clinical and research
settings. EGCs are the predominant cell type in the enteric nervous system and
are similar in structure and function to astrocytes of the central nervous system.
They express similar proteins, including the intermediate filament glial fibrillary
acidic protein and the calcium-blinding protein S100.
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ORIGINAL ARTICLE
Basic Study

Xiaotan Sanjie decoction inhibits interleukin-8-induced
metastatic potency in gastric cancer
Jun Shi, Pin-Kang Wei
IL-8 (1 ng/mL). SGC-7901 cell adhesion to fibronectin,
an extracellular matrix component, was detected
using the Cell Counting Kit-8. Migration and invasion
abilities of SGC-7901 cells were detected by scratch
wound and Transwell chamber assays. Then, protein
(immunofluorescence and Western blot) and mRNA
levels (quantitative polymerase chain reaction) of
cluster of differentiation 44 (CD44), a cell adhesion
molecule, were measured in 72-h-cultured SGC-7901
cells.
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RESULTS: Cell adhesion was promoted by IL-8 (P
= 0.001), but was inhibited by XTSJ decoction (P =
0.0001). Similarly, IL-8 promoted SGC-7901 cell invasion
(P = 0.003), and XTSJ decoction inhibited cell invasion
(P = 0.001). IL-8 induced SGC-7901 cell migration, but
this was inhibited by XTSJ decoction. IL-8 up-regulated
CD44 protein (P = 0.028) and mRNA expression (P =
0.002), whereas XTSJ decoction inhibited CD44 protein
expression (P = 0.0001), but not mRNA expression (P
= 0.275). An interaction between XTSJ decoction and
IL-8 was confirmed in the invasion (P = 0.001) and
CD44 mRNA expression of SGC-7901 cells (P = 0.010),
but not in cell adhesion (P = 0.051).
CONCLUSION: XTSJ decoction may inhibit adhesion,
migration and invasion of gastric cancer cells, which is
partly associated with down-regulation of IL-8.
Key words: Xiaotan sanjie decoction; Interleukin-8;
Migration; Adhesion; Invasion; Cluster of differentiation
44; Gastric cancer SGC-7901 cell line

Abstract
AIM: To investigate the interaction between Xiaotan
sanjie (XTSJ) decoction and interleukin-8 (IL-8) and its
effect on adhesion, migration and invasion of SGC-7901
gastric cancer cells.

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: SGC-7901 gastric cancer cells were used to
evaluate the effects of Xiaotan sanjie (XTSJ) decoction
on adhesion, migration and invasion of gastric cancer
cells and the role of interleukin-8 (IL-8) in these effects

METHODS: SGC-7901 gastric cancer cells were
exposed to serum containing XTSJ decoction and/or
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in vitro . This study focused on the interaction between

MATERIALS AND METHODS

XTSJ decoction and IL-8. XTSJ decoction significantly
inhibited adhesion, migration and invasion of SGC-7901
cells, which was partly associated with down-regulation
of IL-8. The results reflect the therapeutic potential
of XTSJ decoction for preventing metastasis of gastric
cancer.

Cell culture

SGC-7901 human gastric cancer cells were purchased
from the cell bank of the Chinese Academy of
Sciences (Shanghai, China). SGC-7901 cells were
grown in RPMI-1640 medium (Wisent, Canada)
supplemented with 10% fetal bovine serum
(FBS, Tianhang, Hangzhou, China), 1% penicillin/
streptomycin and 1% L-glutamine, and maintained
at 37 ℃ in a humidified chamber containing 5% CO2.

Shi J, Wei PK. Xiaotan Sanjie decoction inhibits interleukin8-induced metastatic potency in gastric cancer. World J
Gastroenterol 2015; 21(5): 1479-1487 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i5/1479.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i5.1479

Preparation of decoction

All decoction components were purchased from
Shanghai Leiyunshang Pharmacy Co., Ltd (China).
The decoction (10.3 g/mL) was extracted by
Shanghai Changzheng Hospital Manufacturing
Laboratory (Shanghai, China). High-performance
liquid chromatography-DAD (HPLC-DAD) finger
printing was used to control the quality of the
decoction. We used 0.9% normal saline to dilute the
extraction to a predetermined concentration.

INTRODUCTION
Gastric cancer is one of the most aggressive tumors
[1]
due to its invasion and metastasis abilities . The
key steps of invasion and metastasis include tumor
cell transformation, growth, angiogenesis, invasion,
dissemination in the circulation, and subsequent
[2,3]
adhesion and colonization of secondary organs .
Therefore, the adhesion, migration and invasion
capacities of cancer cells are regarded as important
[4]
prerequisites of cancer metastasis .
interleukin-8 (IL-8), a significant regulatory
autocrine factor within the tumor microenvironment,
is likely to be produced by a variety of cancer
[5]
cells . IL-8 may be strongly correlated with gastric
cancer and play an important role in the progression
[6]
of gastric cancer . Furthermore, IL-8 promotes
adhesion, migration and invasion of SGC-7901
[7,8]
gastric cancer cells in vitro
. All these results
indicate that IL-8 may be a promoter of adhesion,
migration and invasion in gastric cancer.
Traditional Chinese medicine (TCM) has con
firmed preventive effects against gastric cancer
[9]
metastasis . Xiaotan sanjie (XTSJ) decoction
is an empirical compound formula based on the
phlegm theory of gastric cancer, which is an
academic theory within TCM. XTSJ decoction can
prevent progression of gastric cancer in vitro and
in vivo. Although the underlying mechanisms of
this effect are still not fully understood, several
potential pathways have been identified, such as
[10-12]
decreasing lymphatic microvessel density
. We
reported that XTSJ decoction significantly decreases
the protein expression of IL-8 and its receptors
in tumor xenografts and normal tissues adjacent
[13]
to the tumor . Therefore, we speculated that
XTSJ decoction could inhibit adhesion, migration
and invasion of gastric cancer by decreasing IL-8
expression. The purpose of this study was to provide
direct information on the role of XTSJ decoction and
the interaction between IL-8 and XTSJ decoction in
adhesion, migration and invasion of gastric cancer.
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Preparation of serum containing XTSJ decoction

Twenty male Sprague Dawley rats (200-220 g)
were purchased from Shanghai Slac Laboratory
Animal CO., Ltd (Shanghai, China) and maintained
in specific pathogen-free (SPF) conditions for 1 wk
before the experiment. The rats were randomly
divided into two groups (blank serum group and
XTSJ decoction-containing serum group) and had
free access to food and water until 12 h before
blood collection. The blank serum group (n = 10)
was treated with 0.9% normal saline, and the XTSJ
decoction-containing serum group (n = 10) was
treated with XTSJ decoction (61.8 g/kg each time,
10 times the equivalent dose used in humans) via
intragastric administration (4 mL each time, twice
a day for three consecutive days). All rats were
anesthetized by intraperitoneal injection of 1%
pentobarbital sodium (40 mg/kg), and then blood
was collected from the abdominal aorta 1 h after
the final intragastric administration. These blood
samples were placed at 4 ℃ for 4 h and centrifuged
at 3000 r/min for 15 min. After separation, the sera
from the same group were mixed well, heated to
inactivation in a 56 ℃ water bath for 30 min, filtered
through a 0.22 μm membrane filter and then stored
at -70 ℃. Two sera were named the blank serum
and XTSJ decoction serum, respectively.

Cell grouping and drug administration

First, we established a blank group (pure culture
medium) and blank serum group (10% blank serum)
to investigate the influence of blank serum. Four
groups were subsequently established according
to various interventions: blank group (pure culture
medium), IL-8 group (1.0 ng/mL IL-8), XTSJ group

1480

February 7, 2015|Volume 21|Issue 5|

Shi J et al . XTSJ decoction inhibits IL-8-induced metastatic potency
(10% XTSJ decoction serum) and XTSJ + IL-8 group
(10% XTSJ decoction serum + 1.0 ng/mL IL-8).

interventions for 72 h. The cells were then fixed in
4% paraformaldehyde, permeabilized with 0.5%
Triton-100 for 10 min, incubated in blocking buffer,
and cultured with CD44 rabbit monoclonal antibody
(1:80, Epitomics, United States) at 4 ℃ overnight,
followed by the Cy3-conjugated AffiniPure goat antirabbit IgG (H + L) (1:1000 dilution, Proteintech
Group, China) for an additional 1 h. Cell nuclei were
labeled with 4′,6-diamidino-2-phenylindole (DAPI,
Thermo Scientific, United States). The coverslips
were then mounted on a glass slide and visualized
under a laser confocal scanning microscope (LSM710,
Zeiss, Germany).

Adhesion assay

Fibronectin is an extracellular matrix component.
We analyzed the attachment of SGC-7901 cells to
fibronectin using the Cell Counting Kit-8 (Dojindo,
Japan). Briefly, 96-well plates were coated with
fibronectin 100 µg (Sigma, United States) overnight
at 4 ℃. After three washes with phosphate-buffered
saline (PBS) solution containing 1% bovine serum
albumin (BSA) to block nonspecific cell adhesion, 1
5
× 10 cells/well were added in the presence of the
various interventions for 2 h. A formazan generationinducing reagent, WST-8 (10 µL), was then added
to the cells after washing with PBS. The cells were
cultured for a further 4 h. Colorimetric absorbance
was measured by a microplate reader at 450 nm to
obtain an optical density (OD) value. OD ultimate
value = OD measured value – OD blank value.

Western blot

Scratch wound assay

Cell migration was evaluated with a scratch wound
5
assay. SGC-7901 cells (2 × 10 cells/well) were
seeded in a 6-well plate. A scratch was made with a
10 µL pipette tip in a confluent cell monolayer. After
washing twice, various interventions were added in
serum-free medium. The wells were photographed
at the beginning of the experiment and after 12 h
and 24 h using an Olympus CK40-F200 inverted
microscope (Olympus, Tokyo, Japan). Digital images
were obtained with a MicroFire digital camera driven
by PictureFrame imaging software.

Transwell chamber invasion assay

We examined the invasion ability of SGC-7901
cells using Transwell chambers (Corning, United
States) according to the manufacturer’s protocol.
4
Briefly, SGC-7901 cells (8 × 10 ) were seeded in the
upper chamber containing a thin layer of Matrigel
basement membrane matrix. Thereafter, 600 µL
culture medium and various interventions were
added to the lower chamber. After 24 h incubation,
the cells remaining on the upper side of the me
mbrane (noninvasive cells) were removed with a
cotton swab. The cells that had attached to the
lower side of the membrane (invasive cells) were
fixed with 4% paraformaldehyde for 15 min and
then stained with a crystal violet cell colony staining
kit (GenMed, China) according to the manufacturer’
s protocol. The results are expressed as the mean
number of cells invading four random microscopic
fields (magnification, × 10).

Quantitative reverse transcription-polymerase chain
reaction
5

SGC-7901 cells (1 × 10 ) were collected after 72 h
cultivation with various interventions. In brief, total
RNA in the cells was extracted using TRIzol reagent
(TaKaRa, Japan) according to the manufacturer’s
protocol and reverse-transcribed. Quantitative rever
se transcription-polymerase chain reaction (RT-PCR)
was performed with SYBR Green chemistry in a
real-time PCR system (Bio-Rad iQ5, United States).
Cycling conditions consisted of one cycle of 95 ℃
for 2 min, 95 ℃ for 15 s, 60 ℃ for 20 s, 72 ℃ for
20 s and then 40 cycles of 72 ℃ for 30 s. The PCR
primers used for amplification are shown in Table
1. GAPDH mRNA was co-amplified as an internal
-ΔΔCt
control. Based on the 2
value, relative levels of

Immunofluorescence staining
5

SGC-7901 cells (2 × 10 ) were seeded onto cover
slips in 6-well plates and cultured with the various
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5

SGC-7901 cells (2 × 10 ) were seeded in 6-well plates
and cultured for 72 h with various interventions. The
cells were subsequently collected and decomposed
by 150 µL loading buffer. Proteins in the total
cell lysate were separated by SDS–PAGE (10%
separation gel, 5% spacer gel) and electrotransferred
to polyvinylidene difluoride membranes (Bio-Rad,
United States). Blotted membranes were placed
in blocking solution for 1 h at room temperature.
CD44 rabbit monoclonal antibody (1:250, Epitomics,
United States) was used to probe blots overnight
at 4 ℃. After washing thoroughly, the film was in
cubated with anti-rabbit IgG-HRP secondary antibody
(1:1000, Santa Cruz, CA, United States) for 1 h at
room temperature, and then visualized using the
ECL method. Blots were exposed to plain X-ray
film in a darkroom. Grayscale reconstruction was
performed by Image J software, and the density of
CD44 vs GAPDH protein (first antibody: mouse antihuman GAPDH monoclonal antibody from Sungene,
China; secondary antibody: goat anti-mouse IgGhorse radish peroxidase from Santa Cruz, CA,
United States), as an internal control protein, was
calculated. All experiments were repeated three
times.
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Blank

Table 1 Primer sequences used for quantitative reverse
transcription-polymerase chain reaction
mRNA
hGAPDH-F
hGAPDH-R
CD44-F
CD44-R

Sense primer sequence

bp

5’-GGGTGTGAACCATGAGAAGTATG-3’
5’-GATGGCATGGACTGTGGTCAT-3’
5’-ATGGACAAGTTTTGGTGGCA-3’
5’-CAGGTCTCAAATCCGATGCTC-3’

145
230

F: Forward; R: Reverse.

Table 2 Effects of Xiaotan Sanjie decoction and interleukin-8
on adhesion and invasion of SGC-7901 cells
IL-8
Group

Adhesion
b,d
(OD value)

Invasion
b,d,f
(Invasive cell number)

Blank group
IL-8 group
XTSJ group
XTSJ + IL-8 group

0.186 ± 0.012
0.213 ± 0.003
0.136 ± 0.002
0.147 ± 0.001

785.00 ± 48.13
1103.33 ± 134.52
394.25 ± 62.20
363.25 ± 31.63

b

P < 0.01 vs IL-8; dP < 0.01 vs XTSJ decoction; fP < 0.01 vs IL-8 × XTSJ
decoction. XTSJ: Xiaotan Sanjie; IL-8: Interleukin-8.

CD44 mRNA expression were calculated.

Statistical analysis

XTSJ

Statistical analysis was performed using SPSS 13.0.
All data are expressed as the mean ± SD. One-way
analysis of variance (ANOVA) was used to analyze
the difference between the blank group and the blank
serum group. ANOVA with a factorial design was used
to assess the interaction between XTSJ decoction and
IL-8 and their effects on invasion, adhesion and CD44
expression. A difference was considered statistically
significant when the corresponding P value was ≤ 0.05.

RESULTS
Adhesion of SGC-7901 cells

XTSJ + IL-8

We investigated the effect of IL-8 and XTSJ decoction on
the adhesion capacity of SGC-7901 cells to fibronectin.
Blank serum had no significant influence on SGC-7901
cell adhesion (P = 0.814). IL-8 promoted cell adhesion (P
= 0.001), but XTSJ decoction inhibited cell adhesion (P
= 0.0001). However, no interaction was found between
them (P = 0.051) (Table 2).

Invasion of SGC-7901 cells

We investigated the effect of IL-8 and XTSJ decoction
on the invasion capacity of SGC-7901 cells. The blank
serum group was not different from the blank group
(P = 0.872). IL-8 promoted cell invasion (P = 0.003),
but XTSJ decoction inhibited cell invasion (P = 0.001).
Of note, an interaction was observed between XTSJ
decoction and IL-8 (P = 0.001): XTSJ decoction
inhibited the invasion of SGC-7901 cells induced by IL-8
(Figure 1 and Table 2).
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Figure 1 Effects of Xiaotan Sanjie decoction and interleukin-8 on invasion
of SGC-7901 cells. The number of invasive cells increased following addition
of IL-8. In contrast, this number was significantly decreased by XTSJ decoctioncontaining serum. Importantly, XTSJ decoction decreased the number of
invasive cells when SGC-7901 cells were exposed to IL-8. XTSJ: Xiaotan
Sanjie; IL-8: Interleukin-8.
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Blank serum

IL-8

XTSJ

XTSJ + IL-8

24 h

12 h

0h

Blank

Figure 2 Effects of interleukin-8 and Xiaotan Sanjie decoction on SGC-7901 cell migration (scratch wound assay). Monolayers of cells treated with various
interventions were wounded with pipette tips. The images obtained after 12 h and 24 h demonstrate that IL-8 enhanced the migration capability; in contrast, XTSJ
decoction reduced this capability. Importantly, the scratched area recovered more slowly in the IL-8 + XTSJ group than in the IL-8 group. XTSJ: Xiaotan Sanjie; IL-8:
Interleukin-8.

DISCUSSION

Table 3 Effects of Xiaotan Sanjie decoction and interleukin-8
on CD44 protein and mRNA expression
a,d

Group

CD44 protein

Blank group
IL-8 group
XTSJ group
XTSJ + IL-8 group

1.00 ± 0.00
1.05 ± 0.04
0.60 ± 0.08
0.71 ± 0.04

Gastric cancer was the third leading cause of cancer
mortality worldwide in 2012, responsible for 723027
[14]
deaths . Metastasis is the most fatal characteristic
of gastric cancer. Chinese herbal medicines have
proven effects in preventing and treating gastric
[9,15]
cancer
. This study aimed to evaluate the effects
of XTSJ decoction on the adhesion, migration and
invasion of gastric cancer cells and the role of IL-8
in its mechanism of action. The results show that
XTSJ decoction inhibited the adhesion, migration
and invasion of gastric cancer cells accompanied by
partial down-regulation of IL-8, suggesting that XTSJ
decoction may be a promising therapeutic to inhibit
metastasis of gastric cancer.
Phlegm is a special etiological factor widely used
to explain the pathogenesis of cancer within the TCM
paradigm. Given the properties of gastric cancer, it
is believed that gastric cancer is closely related to
phlegm. Phlegm contamination is regarded as the
most fundamental cause and pathogenesis of gastric
cancer. Therefore, resolving phlegm and dispersing
nodules is suggested as the preferred treatment for
[16]
gastric cancer . XTSJ decoction (Chinese national
patent number: 2006100290635) is modified on
the basis of Daotan decoction (a classical decoc
tion for eliminating phlegm) and is composed of
Pinelliae rhizome, Rhizoma arisaematis, Poria cocos,
Aurantii fructus immaturus, Citri reticulatae viride
pericarpium, Scorpio, Scolopendra, Galli gigerii
endothelium corneum, Fritillariae cirrhosae bulbus,
Semen brassicae, and Glycyrrhiza uralensis Fisch.

b,c,e

CD44 mRNA
1.00 ± 0.06
1.52 ± 0.06
1.30 ± 0.12
1.37 ± 0.18

a

P < 0.05, bP < 0.01 vs IL-8; cP < 0.05, dP < 0.01 vs XTSJ decoction; eP < 0.05,
vs IL-8 × XTSJ decoction. XTSJ: Xiaotan Sanjie; IL-8: Interleukin-8.

Migration of SGC-7901 cells

We investigated the effects of IL-8 and XTSJ
decoction on the migration capacity of SGC-7901
cells. The scratch assay showed that blank serum
had no significant influence on migration. XTSJ
decoction inhibited migration. Although IL-8 induced
SGC-7901 cell migration, this migration was
inhibited by XTSJ decoction (Figure 2).

Expression of CD44 protein and mRNA

CD44 is a cell adhesion molecule involved in gastric
cancer cell adhesion and invasion. We investigated
the protein and mRNA expression of CD44. Blank
serum had no effect on CD44 protein (P = 0.420)
or mRNA (P = 0.684), but IL-8 up-regulated CD44
protein (P = 0.028) and mRNA (P = 0.002) (Table 3,
Figures 3-5). XTSJ decoction inhibited CD44 protein
expression (P = 0.0001), but not mRNA expression (P
= 0.275), and an interaction was observed between
XTSJ decoction and IL-8 in mRNA expression (P =
0.010) (Table 3, Figures 3-5).
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Blank

Blank serum

IL-8
20 mm

20 mm
XTSJ

20 mm

20 mm
XTSJ + IL-8

20 mm

20 mm

Figure 3 Effects of Xiaotan Sanjie decoction and interleukin-8 on CD44 protein expression in SGC-7901 cells (immunofluorescence staining). CD44
immunostaining was restricted to the cell membrane. Nuclei are marked with DAPI (blue). CD44 is counterstained with Cy3 (Red). XTSJ: Xiaotan Sanjie; IL-8:
Interleukin-8.
Blank

IL-8

XTSJ

XTSJ + IL-8

A

B

C

D

E

F

  G

H

I

CD44
85-90 kD
GAPDH
36 kD

Figure 5 Effects of Xiaotan Sanjie decoction and interleukin-8 on the
expression of CD44 mRNA in SGC-7901 cells (quantitative PCR). A: Marker
DL2000 (from top to bottom: 1000, 750, 500, 250, 100 bp); B-E: hGAPDH
(blank group, IL-8 group, XTSJ group, XTSJ + IL-8 group, 145 bp); F-I: CD44
(blank group, IL-8 group, XTSJ group, XTSJ + IL-8 group, 230 bp). CD44 mRNA
expression was determined by quantitative PCR. Similar to protein expression,
CD44 mRNA expression was significantly up-regulated by IL-8, but was not
influenced by XTSJ decoction. Importantly, XTSJ decoction down-regulated the
CD44 mRNA expression induced by IL-8. XTSJ: Xiaotan Sanjie; IL-8: Interleukin-8.

Figure 4 Effects of Xiaotan Sanjie decoction and interleukin-8 on CD44
protein expression in SGC-7901 cells (Western blot). CD44 was significantly
up-regulated by IL-8, but down-regulated by XTSJ decoction. No interaction
was found between XTSJ decoction and IL-8. XTSJ: Xiaotan Sanjie; IL-8:
Interleukin-8.

Several Chinese herbal components of XTSJ decoction,
including Rhizoma arisaematis, Scolopendra and
Scorpio, inhibit the growth of various cancers.
Active components of these decoction constituents
have be identified, such as polysaccharides and
[17-22]
glycoproteins
. We found an obvious absorption
peak at 280 nm in the HPLC-DAD fingerprinting of
XTSJ decoction aqueous extract, suggesting that the
XTSJ decoction aqueous extract may contain certain
active anti-cancer components.
Distant metastasis is regarded as an important
sign of poor prognosis in patients with gastric cancer
(e.g., lymph node, peritoneum and liver meta
[23,24]
stasis)
. Tumor cell metastasis is a multistage
and complex process. Adhesion, migration and
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invasion of cancer cells are important events in the
[25]
metastatic process of cancer . IL-8 is not only
a member of the CXC chemokine family, but also
a multifunctional inflammatory cytokine. IL-8 is
likely produced by a variety of human cancer cells,
[26]
[27]
including melanoma , squamous cell carcinoma ,
[28]
[29]
cervical cancer , ovarian cancer , non-small[30]
[31]
cell lung cancer , colon cancer
and even
[32]
gastric cancer . IL-8 is strongly correlated with
gastric cancer and plays an important role in the
development and metastasis of gastric cancer by
[6,33]
autocrine or paracrine mechanisms
. The IL-8 level
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is significantly associated with the depth of invasion,
venous invasion and lymphatic invasion, and may be
an independent prognostic factor in human gastric
[34]
carcinomas . In a previous study, we reported that
IL-8 may enhance adhesion, migration and invasion
[7]
of SGC-7901 human gastric cancer cells . Similarly,
[8]
using cDNA and siRNA transfectants, Kuai et al
reported that IL-8 plays an essential role in the
adhesion, migration, invasion and chemosensitivity
of human gastric cancer cells. In the current study,
we found that adhesion, migration, invasion and
CD44 protein and mRNA expression were promoted
by IL-8. These results suggest that IL-8 may be a
direct promoter of adhesion, migration and invasion
in gastric cancer.
We previously reported that XTSJ decoction
prevents progression of gastric cancer via various
pathways. For example, XTSJ decoction inhibits
the proliferation and promotes the apoptosis of
[35,36]
gastric cancer cells
, decreases the expression
of proliferating cell nuclear antigen and epidermal
[37]
growth factor receptor , reduces microsatellite
[10]
instability , inhibits the formation of vasculogenic
[11]
mimicry , and decreases lymphatic microvessel
[12]
density in gastric tumor xenografts . In the current
study, XTSJ decoction inhibited adhesion, migration,
invasion and CD44 protein expression. These results
suggest that XTSJ decoction may be an inhibitor of
the spread and metastasis of gastric cancer.
XTSJ decoction can significantly decrease the
protein expression of IL-8 and its receptors in
tumor xenografts and normal tissues adjacent to
[13]
the tumor . In light of the inhibitory effect of XTSJ
decoction on IL-8 expression, we focused on the
interaction between XTSJ decoction and IL-8 as
one of the possible mechanisms for the metastatic
inhibition of XTSJ decoction in gastric cancer. In
the current study, an interaction between XTSJ
decoction and IL-8 in SGC-7901 cell invasion was
confirmed: XTSJ decoction inhibited IL-8-induced
invasion of SGC-7901 cells. This suggests that
XTSJ decoction may inhibit the invasion of gastric
cancer cells through down-regulation of IL-8 protein
in gastric cancer. CD44, as a polymorphic integral
membrane glycoprotein, plays an important role
[38]
in matrix adhesion . In gastric adenocarcinoma,
CD44 is highly expressed and is correlated with a
poor prognosis in patients with the intestinal type
[39]
of gastric adenocarcinoma . We focused on the
CD44 protein and mRNA expression as a biological
marker of adhesion. For adhesion of SGC-7901 cells,
the interaction between XTSJ decoction and IL-8
approached statistical significance (P = 0.051). In
addition, an interaction between XTSJ decoction and
IL-8 in CD44 mRNA expression was confirmed: XTSJ
decoction inhibited IL-8-induced enhanced CD44
mRNA expression. These findings suggest that XTSJ
decoction may also reduce the adhesion of gastric
cancer cells through down-regulation of IL-8 protein.
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This interaction between XTSJ decoction and IL-8
in adhesion of gastric cancer cells warrants further
investigation.
In summary, these findings suggest that XTSJ
decoction may inhibit the metastatic potential
of gastric cancer cells, including their adhesion,
migration and invasion. These effects were partly
associated with down-regulation of IL-8.
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Traditional Chinese medicine (TCM) has seen increased acceptance in recent
decades. in particular, its effects in the prevention and treatment of cancer have
been confirmed. Xiaotan Sanjie (XTSJ) decoction, an empirical compound
formula, can prevent progression of gastric cancer and decrease interleukin-8
(IL-8) protein expression in gastric tumor xenografts. IL-8 is a promoter of
adhesion, migration and invasion in gastric cancer. Whether XTSJ decoction
inhibits adhesion, migration and invasion of gastric cancer by decreasing IL-8
level remains unclear.

Research frontiers

This study was performed to provide direct information on the effect of XTSJ
decoction, the interaction between IL-8 and XTSJ decoction and their effects
on the adhesion, migration and invasion of gastric cancer. Adhesion, migration
and invasion abilities were detected by the Cell Counting Kit-8, scratch wound
assay and Transwell chamber assay, respectively. The protein and mRNA levels
of CD44 were measured. The results show that XTSJ decoction inhibits the
adhesion, migration and invasion of gastric cancer, which was partly associated
with down-regulation of IL-8.

Innovations and breakthroughs

This study suggested that XTSJ decoction inhibits adhesion, migration and
invasion of SGC-7901 gastric cancer cells partly via down-regulation of IL-8.

Applications

The results indicate that IL-8 is partly involved in the inhibition of adhesion,
migration and invasion of gastric cancer cells by XTSJ decoction. However,
further investigation is needed to evaluate the interaction between IL-8 and
XTSJ decoction in other metastatic pathways.

Terminology

TCM has become well known for its effects in the prevention and treatment of
cancer. XTSJ decoction is a traditional Chinese medicine modified on the basis
of Daotan decoction (a classical decoction for eliminating phlegm).
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To investigate the interaction between XTSJ decoction and IL-8 on adhesion,
migration and invasion of gastric cancer cells, the authors used gastric cancer
SGC-7901 cells exposed to the serum containing XTSJ decoction and/or
IL-8. They found that cell adhesion, migration, invasion abilities and CD44
protein expression were promoted by IL-8, in contrast were inhibited by
XTSJ decoction. XTSJ decoction had insignificant influence on CD44 mRNA
expression, which was promoted by IL-8. These results suggested that XTSJ
decoction could inhibit adhesion, migration and invasion of gastric cancer cells.
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Abstract
AIM: To determine how the oncogene miR-21 regulates
the RAS signaling pathways and affects colon cancer
cell behaviors.
METHODS: RAS p21 GTPase activating protein 1
(RASA1) protein expression in six colon cancer cell
lines was assessed by Western blot. Colon cancer
RKO cells were chosen for transfection because they
are KRAS wild type colon cancer cells whose RASA1
expression is significantly decreased. RKO cells were
transfected with vectors overexpressing or downregulating either miR-21 or RASA1. Furthermore,
a luciferase reporter assay was used to determine
whether RASA1 is a gene target of miR-21. Then,
changes in mRNA and protein levels of RASA1, RASGTP, and other components of the RAS signaling
pathways were assessed in transfected RKO cells by
real-time quantitative reverse transcription-polymerase
chain reaction, Western blot and immunoprecipitation.
Finally, cell proliferation, apoptosis, invasion, and
tumor formation ability were assessed by the
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide dye assay, flow cytometry, transwell assay,
and animal experiment, respectively.
RESULTS: RASA1 protein levels were significantly
decreased in RKO cells compared with the other 5
colon cancer cell lines, and RASA1 was confirmed as
a target gene of miR-21. Interestingly, RASA1 mRNA
and protein levels in pre-miR-21-LV (up-regulation of
miR-21) cells were lower than those in anti-miR-21-
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LV (down-regulation of miR-21) cells (P < 0.05). In
addition, pre-miR-21-LV or siRASA1 (down-regulation of
RASA1) cells showed higher cell proliferation, reduced
apoptosis, increased expression of RAS-GTP, p-AKT,
Raf-1, KRAS, and p-ERK1/2, and higher invasion and
tumor formation ability, compared with control, antimiR-21-LV or pcDNA3.1-RASA1 (up-regulation of
RASA1) cells (P < 0.05).

[6]

stranded RNAs that are 18-25 nucleotides in length .
They bind the 3’-untranslated region (UTR) of
target mRNAs and block translation or trigger the
degradation of the target mRNAs, eventually reducing
[7]
the synthesis of the coding protein . MiR-21 is
highly expressed in 31 tumor types, including colon
[8-11]
cancer
, and is thus considered an oncogene.
The development of colon cancer is closely
related to abnormal activation of the KRAS signaling
pathway. The relationship between the RAS signaling
pathways and colon cancer still attracts increasing
attention. Interestingly, the EGFR monoclonal
antibody was shown to mainly down-regulate the
RAS signaling pathways in KRAS wild type (KRASwt) colon cancers; in combination with cytotoxic
[12]
chemotherapy, cetuximab prolongs patient survival .
However, KRAS mutant (KRAS-mt) colon cancers are
resistant to regulation by EGFR monoclonal antibody
due to autonomous activation of the RAS signaling
[13]
pathways . Nevertheless, a further study showed
that for 60%-70% of patients with KRAS-wt colorectal
cancers, only about 60% of individuals benefited from
[5,14]
EGFR monoclonal antibody
. This might be due to
excessive RAS activation and dysregulation of the RAS
signaling pathways, in relation to abnormal or missing
expression of some molecules in the RAS signaling
pathways such as BRAF mutation, PI3K mutations and
phosphatase and tensin homolog (PTEN) or RAS-GAP
[15,16]
deletion
.
RAS proteins are involved in the cycle between
RAS-GDP (inactivated form) and RAS-GTP (activated
form). When the RAS protein combines with RAS
guanine nucleotide exchange factors (RAS-GEFs),
RAS-GDP is converted to RAS-GTP, which results in
activation of the RAS pathways. On the other hand,
combination of RAS with RAS GTPase activating
proteins (RAS-GAPs) increases by more than
100000 times the intrinsic GTPase activity of RAS,
which leads to hydrolysis of RAS-GTP to RAS-GDP.
As a result, the RAS protein is inactivated and the
[17]
RAS signaling pathways are turned off . Therefore,
RAS-GAPs play an important role in KRAS-wt cells
[18]
but not in mutant cells . When the RAS gene is
mutated (very common in cancers), the RAS protein
loses its ability to combine with RAS-GAPs, and RASGTP continuously activates intracellular signaling
pathways, including RAS/RAF/MEK/ERK and RAS/
PI3K/AKT pathways, which promote cell proliferation,
anti-apoptosis and malignant transformation.
In recent years, studies have demonstrated that
RAS wild-type tumors exhibit excessive activation
of the RAS protein and dysregulation of the RAS
signaling pathways; the mechanisms may be related
with down-regulation, deletion of RAS-GAPs or RAS
[16,19]
suppressor
. RASA1 is a member of the RAS-GAP
family. This study aimed to assess the role of the
miR-21/RASA1 axis in colon cancer cells.

CONCLUSION: RASA1 is a target gene of miR-21,
which promotes malignant behaviors of RKO cells
through regulation of RASA1 expression.
Key words: Colon cancer; miR-21; RAS; RASA1; RAS
signaling pathways
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: In this work, we confirmed RAS p21 GTPase
activating protein 1 (RASA1) as an miR-21 target and
assessed the role of the miR-21/RASA1 axis in colon
cancer cells. Our data suggested that miR-21 activated
the RAS signaling pathways by down-regulating
RASA1 expression, and it played an important role in
promoting cell proliferation, anti-apoptosis and tumor
cell formation.
Gong B, Liu WW, Nie WJ, Li DF, Xie ZJ, Liu C, Liu YH, Mei
P, Li ZJ. MiR-21/RASA1 axis affects malignancy of colon
cancer cells via RAS pathways. World J Gastroenterol 2015;
21(5): 1488-1497 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i5/1488.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i5.1488

INTRODUCTION
Colorectal cancer is one of the most common ma
lignant tumors. In the United States, there are
nearly 140000 newly diagnosed cases each year,
and colorectal cancer constitutes the second cause
[1]
of cancer-related death . In China, colorectal cancer
is the fifth most common tumor and the fourth
[2]
cause of cancer-related death . In newly diagnosed
cases, distant metastasis has been detected in
approximately 20% of patients, micro-metastasis
in 50%, and about 50% of patients who received
[3-5]
radical surgery eventually develop metastasis
.
Various treatment strategies including surgical
resection, chemotherapy, and radiation therapy
have been used to improve patient survival, but
incomplete treatment response, drug resistance,
and tumor recurrence are common. Therefore, it is
necessary to identify new prognostic markers and
explore new therapeutic targets in colorectal cancer.
MicroRNAs (miRNAs) are small noncoding single-
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Quantitative reverse transcription-polymerase chain
reaction

MATERIALS AND METHODS
Cell lines and culture

The expression levels of miR-21 and RASA1 were
detected by quantitative reverse transcriptionpolymerase chain reaction (qRT-PCR) using cells with
up/down-regulated miR-21 and RASA1, negative
control cells, and non-transfected control cells. Trizol
(Invitrogen, CA, United States) was used to isolate
total RNA according to the manufacturer’s instructions.
RNA was eluted in 30 µL of preheated nuclease-free
water (95 ℃) and stored at -80 ℃ until use. First
strand cDNA was synthesized by reverse transcription
at 42 ℃ for 60 min followed by 70 ℃ for 10 min,
according to the manufacturer’s instructions for the
ReverTra Ace cDNA qPCR RT Kit (Toyobo, Japan).
The RT product was used as template for qRT-PCR
performed on an ABI PRISM 7500 Quantitative PCR
system (Applied Biosystems, Foster City, CA, United
States). The qRT-PCR reaction conditions were as
follows: 95 ℃ for 30 s, followed by 45 cycles of 95 ℃
for 10 s, 60 ℃ for 20 s, and 72 ℃ for 30 s. Each
sample was analyzed in triplicate, and expression
levels of miR-21 and RASA1 were normalized to
those of U6 and ACTB. Relative expression levels
-ΔΔCt
were calculated by the 2
method.

The human colon cancer cell lines RKO, HCT116,
colo205, SW480, HT29, and Caco2 were purchased
from the Shanghai Institute of Cellular Biology of
the Chinese Academy of Sciences (China). The cells
were cultured in appropriate medium (MEM–Alpha
or RPMI 1640) supplemented with 10% fetal bovine
serum (FBS) in a 5% CO2 atmosphere at 37 ℃.

Transfection of RKO cells with recombinant lentivirus
for miR-21 up/down-regulation

Sense and antisense oligonucleotides of human
miR-21 lentivirus gene transfer vector harboring
green fluorescent protein (GFP) sequence were
purchased from Genechem (Shanghai, China).
The recombinant lentivirus pre-miR-21 precursor
(pre-miR-21-LV), pre-non-coding sequence (preNC-LV), anti-miR-21 inhibitor (anti-miR-21-LV),
and anti-non-coding sequence (anti-NC-LV) were
constructed, packaged and purified by South China
Sea Marine Biotechnology Engineering Center Co.,
LTD (Guangdong, China). Colon cancer RKO cells
were chosen for transfection because they are
KRAS-wt colon cancer cells whose RASA1 expression
is significantly decreased. RKO cells were seeded (2
5
× 10 cells per well) in a 6-well plate and incubated
at 37 ℃ for 24 h. After 24 h of incubation, cells
were counted. According to the multiplicity of
infection (MOI) and cell number, the volume of
virus was calculated to be added to the culture
medium to replace the old medium. Control groups
were prepared in parallel. After 12 h of incubation,
the medium was refreshed and fluorescence was
observed by fluorescence microscopy at 72 h.

Luciferase reporter gene assay

The pGL3-promoter vector was purchased from
Promega (Wisconsin, United States). The pGL3promoter-RASA1 was constructed by South China
Sea Marine Biotechnology Engineering Center Co.,
LTD (Guangdong, China). The pGL3-promoter vector
was used as a positive control. The pre-miR-21-LV
5
cells were seeded (3-4 × 10 cells per well) in a 6-well
plate. When cells typically reached 90% confluence,
they were transfected with the plasmid vectors
(pGL3-promoter-RASA1 and pGL3-promoter) using
Lipofectamine 2000. After 6 h of incubation, the
complete medium was added and further incubated
at 37 ℃ for 72 h. Afterwards, cells were collected
and lysed. Then, 100 µL cell lysate and 100 µL
luciferase detection reagent (Beyotime, Shanghai)
for each sample were mixed to detect luciferase
activity in RLU (relative light units), using a GLOMAX
20/20 luminometer (Promega, Madison, Wisconsin,
United States). The cell lysis solution was used as a
blank control.

Transfection of RKO cells with plasmid vectors for
RASA1 up/down-regulation

The pcDNA3.1 (+) expression vector was purchased
from Invitrogen (San Diego, CA). pcDNA3.1-RASA1GFP (pcDNA3.1-RASA1) was constructed by South
China Sea Marine Biotechnology Engineering Center
Co., LTD (Guangdong, China). The pcDNA3.1-GFP
vector was used as a negative control (RASA1 NC). The
vector GV102 used for RASA1 down-regulation was
purchased from Genechem (Shanghai, China). The
siRASA1 and siRASA1 negative control (siRASA1 NC)
vectors were constructed by South China Sea Marine
Biotechnology Engineering Center Co., LTD (Guangdong,
China). For transfection, RKO cells were seeded (2 ×
5
10 cells per well) in a 6-well plate and incubated at
37 ℃ for 24 h. Plasmid vectors were then transfected
into RKO cells using the liposome transfection method
according to manufacturer’s instructions included in
the Lipofectamine 2000 reagent kit (Invitrogen, CA,
United States).
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Western blot

Total protein was extracted from cells using the
RIPA lysis buffer. After denaturation for 5-10 min
at 95-100 ℃, the proteins were loaded onto SDSPAGGE gels for separation, and electrophoretically
transferred onto polyvinylidene difluoride (PVDF)
membranes. The proteins on the membranes were
immuno-blotted with primary antibodies followed
by goat anti-rabbit or rabbit anti-mouse IgG-HRP
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secondary antibodies. The primary antibodies
included rabbit anti-human RASA1 monoclonal
antibody (LifeSpan BioScience), rabbit anti-human
Raf1 polyclonal and mouse anti-human KRAS
monoclonal antibodies (Abcam, United States), rabbit
anti-human AKT polyclonal, rabbit anti-human p-AKT
monoclonal, rabbit anti-human ERk1/2 monoclonal,
and rabbit anti-human p-ERk1/2 monoclonal
antibodies (CST, United States), rabbit anti-human
GADPH monoclonal antibody (Bioworld Technology,
St. Louis, United States) and rabbit anti-human
β-actin polyclonal antibody (Boster, Wuhan). Signals
were detected using enhanced chemiluminescence
reagents (Invitrogen, CA, United States).

incubated at 37 ℃. Then, 50 µL serum free medium
containing 10 g/L BSA at 37 ℃ was added to each
5
chamber; cell density was adjusted to 5 × 10 /mL
and 100 µL suspension was added into each transwell
chamber. The medium containing 20% FBS was
added to the lower chamber, and incubated at 37 ℃.
At the end of the incubation, cells were fixed at room
temperature with 4% paraformaldehyde for 30 min.
Subsequently, cells that crossed the membrane were
counted under an optical microscope (ZEISS, BadenWürttemberg, Germany) after crystal violet staining.

Nude mouse tumor transplantation experiment

Four-week-old male BABL/c nude mice were
obtained from Laboratory Animal Center of Sun Yatsen University (Guangzhou, China), and divided
into 7 groups (n = 3). Cells with up/down-regulated
miR-21 or up-regulated RASA1 were resuspended at
7
2 × 10 /mL in serum free medium, and 200 µL cell
suspension was injected subcutaneously into BALB/C
nude mice (n = 3). The animals were euthanized after
30 d, and tumors were excised and weighted. The
3
tumor volume (mm ) = π/6* [(maximum diameter +
minimum diameter)/2]. All animal experiments were
approved by the animal care and use committee of
Sun Yat-sen University. Institutional Review Boards
or Ethics Committees from all participating institutes
approved the study protocol.

RAS activity assay

The RAS activity assay was carried out using a RAS
Activation Assay Kit (Millipore). Active RAS was
pulled down with Raf-1 RBD agarose beads. The
pull-down proteins were subjected to SDS-PAGE and
immunoblotting analysis with anti-RAS antibody.

Cell proliferation assay

Cells with up/down-regulated miR-21 or RASA1,
negative control and non-transfected control cells
4
were seeded (1 × 10 cells per well) in a 96-well
plate and incubated at 37 ℃ for 24 h. In parallel, a
blank control group containing only medium without
cells was established. Each sample was analyzed six
times. Cells were incubated for 24, 48, 72, and 96
h, respectively. At the end of each incubation period,
the MTT solution (5 mg/mL, 20 µL/well) was added to
plates and further incubated at 37 ℃ for 4 h. After the
medium was carefully aspirated, 150 µL of dimethyl
sulfoxide was added. Following shaking for 10 min,
optical density (OD) was determined at 490 nm using
enzyme-labeled instrument (Thermo Scientific, United
States) to analyze cell proliferation rates.

Statistical analysis

Data are presented as mean ± standard deviation
(SD). Statistical analysis was assessed by oneway or repeated measures analysis of variance
(ANOVA), with LSD or Dunnett’s T3 selected for post
hoc evaluation. P values < 0.05 were considered
statistically significant. The SPSS13.0 software (SPSS
Inc., United States) was used for statistical analyses,
and all tests were two-sided.

Cell apoptosis assay

RESULTS

5

1-5 × 10 cells with up/down-regulated miR-21
or RASA1, negative control and non-transfected
control cells were collected. Then, 5 µL 7-AAD was
mixed with 50 µL Binding Buffer and added to the
cells, followed by incubation in the dark at room
temperature for 5-15 min. Finally, 450 µL Binding
Buffer was added, followed by incubation with 1 µL
Annexin V-PE in the dark at room temperature for
5-15 min. The stained cells were detected by flow
cytometry on FACSCalibur (BD, New Jersey, United
States) within 1 h.

Expression of RASA1 in different colon cancer cell lines

The RASA1 protein expression was assessed by
Western blot in various colon cancer cell lines. Of
the six colon cancer cell lines studied, the lowest
RASA1 protein expression was observed in RKO cells
(Figure 1). Therefore, RKO cells were selected for
subsequent experiments.

Validation of lentivirus and plasmid vector transfection
efficiency

qRT-PCR was used to assess the expression of
miR-21 and RASA1 mRNA levels in cells with up/
down-regulated miR-21 or RASA1. As shown in
Figure 2, miR-21 expression was higher in pre-miR21-LV cells than in anti-miR-21-LV or control cells
(P < 0.05), while it was lower in anti-miR-21-LV

Transwell assays

Matrigel (BD) and serum free medium (Gibco,
Carlsbad, CA, United States) were diluted at 1:5.
The resulting solutions (50 µL) were placed into each
transwell chamber (Corning, Guangzhou, China) and
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Figure 1 RAS p21 GTPase activating protein 1 expression in different colon
cancer cell lines was detected by Western blot. RAS p21 GTPase activating
protein 1 (RASA1) expression in RKO cells was the lowest among the cell lines
studied.
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RASA1 is an miR-21 target gene

In order to unveil the molecular mechanism un
derlying the role of miR-21 in the development of
cancer, bioinformatics software (PicTar, TargetScan
and miRbase) was used to predict RASA1 as an
miR-21 target gene; indeed, the 179-185 locus
of 3’-UTR in RASA1 is complementary to miR-21.
Based on this finding, luciferase reporter gene assay
was performed to verify whether RASA1 is a target
of miR-21. In pre-miR-21-LV cells co-transfected
with pGL3-promoter-LucifeRASe-RASA1, lower RLU
(relative light unit) values were obtained, compared
with their counterparts co-transfected with pGL3promoter-LucifeRASe (P < 0.01) (Figure 3A); these
findings confirmed RASA1 as an miR-21 target.
To further verify these results, RASA1 mRNA and
protein expression was detected in pre-miR-21-LV
and anti-miR-21-LV cells. As shown in Figure 3B and
C, RASA1 mRNA and protein levels in pre-miR-21LV cells were significantly lower (P < 0.05), while
significantly higher RASA1 mRNA and protein levels
were observed in anti-miR-21-LV cells (P < 0.05).
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Figure 2 Validation of transfection efficiency. A: The expression of miR-21
in cells with up/down-regulated miR-21 was assessed by quantitative reverse
transcription-polymerase chain reaction (qRT-PCR) (n = 4, aP < 0.05 vs control;
c
P < 0.05 vs control); B: qRT-PCR was used to quantify the expression of
RASA1 mRNA (n = 3,aP < 0.05 vs control; cP < 0.05 vs control); C: Western
blot detection of RASA1 protein levels; 1: Control; 2: pcDNA3.1-RASA1 NC; 3:
pcDNA3.1-RASA1; 4: siRASA1 NC; 5: siRASA1. RASA1: RAS p21 GTPase
activating protein 1; NC: Non-coding; LV: Lentivirus.

Role of miR-21 and RASA1 in the RAS signaling
pathways

activity, were assessed in cells with up/downregulated miR-21 and RASA1. As shown in Figure
4, overexpression of miR-21 enhanced RAS-GTP
activity, so did down-regulation of RASA1; conversely,
down-regulation of miR-21 or RASA1 overexpression
reduced RAS-GTP activity.
The high levels of RAS-GTP suggested the
activation of RAS proteins; RAS protein activation
would amplify the related signaling pathways in

RAS activity is well known to be regulated by two
types of molecules: RAS-GEFs and RAS-GAPs.
RAS-GAPs can hydrolyze RAS-GTP into RAS-GDP,
to inactivate RAS and switch off the RAS signaling
pathways. RASA1 belongs to the RAS-GAP family,
which is composed of 16 members. As shown above,
miR-21 targets and regulates the expression of
RASA1. RAS-GTP levels, which indicate RAS protein
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anti-miR-21-LV

cells compared with control cells (P < 0.05). These
findings indicated successful RKO cell transfection
with lentivirus harboring pre-miR-21-LV and antimiR-21-LV, which enhanced and inhibited the
expression of miR-21, respectively.
The expression of RASA1 mRNA and protein in
pcDNA3.1-RASA1 cells was higher than in siRASA1
and control cells (P < 0.05); however, RASA1 mRNA
and protein levels in siRASA1 cells were lower than
those in control cells (P < 0.05) as shown in Figure
2. These data indicated successful transfection with
pcDNA3.1-RASA1 and siRASA1; cells with up/downregulated RASA1 were harvested.
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Figure 4 MiR-21 and RAS p21 GTPase activating protein 1 regulate RASGTP activity. Immunoprecipitation was used to assess the change in RASGTP activity in cells with up/down-regulated miR-21 or RASA1. A: 1: Control; 2:
anti-NC-LV; 3: anti-miR-21-LV; 4: pre-NC-LV; 5: pre-miR-21-LV; B: 1: Control; 2:
RASA1NC; 3: pcDNA3.1-RASA1; 4: siRASA1 NC; 5: siRASA1.
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Figure 5 Role of miR-21 and RAS p21 GTPase activating protein 1 in the
regulation of RAS signaling pathways. Western blot was used to assess the
regulatory effect of miR-21 and RASA1. 1: pcDNA3.1-RASA1; 2: RASA1 NC; 3:
siRASA1; 4: siRASA1NC; 5: Control; 6: pre-miR-21-LV; 7: pre-NC-LV; 8: antimiR-21-LV; 9: anti-NC-LV. RASA1: RAS p21 GTPase activating protein 1; NC:
Non-coding; LV: Lentivirus.

5

RASA1

miR-21 or overexpressed RASA1 were lower than
those obtained after miR-21 overexpression or
RASA1 down-regulation. These findings suggested
that miR-21 might activate the RAS signaling
pathways by down-regulating RASA1 expression,
therefore playing an important role in promoting
cell proliferation, anti-apoptosis and tumor cell
formation.

b-actin

Figure 3 MiR-21 negatively regulates RAS p21 GTPase activating protein
1. A: Luciferase reporter gene assay showed lower RLU values in pre-miR-21LV cells co-transfected with pGL3-promoter-LucifeRASe-RASA1 in comparison
with cells co-transfected with pGL3-promoter-LucifeRASe (n = 3, bP < 0.01);
B: qRT-PCR detection of RASA1 mRNA levels in cells with up/down-regulated
miR-21 (n = 3, aP < 0.05 vs control; cP < 0.05 vs control); C: Western blot was
used to assess RASA1 protein levels in cells with up/down-regulated miR-21.
1: anti-miR-21-LV; 2: anti-NC-LV; 3: control; 4: pre-miR-21-LV; 5: pre-NC-LV.
RASA1: RAS p21 GTPase activating protein 1; NC: Non-coding; LV: Lentivirus.

Effect of miR-21 and RASA1 on cell proliferation

The effect of miR-21 and RASA1 on cell proliferation
was detected by MTT assay. In pre-miR-21-LV cells,
overtly higher OD values were obtained at different
time points compared with those in anti-miR-21-LV
and control cells (P < 0.01); meanwhile, transfection
with pcDNA3.1-RASA1 also resulted in lower OD
values, compared with those obtained in siRASA1
and control cells (P < 0.01) (Figure 6). These data
indicated that low expression of miR-21 or RASA1
overexpression inhibited cell proliferation.

cells, including RAS-Raf-MAPK and RAS-PI3K-AKT
pathways, which promote cell proliferation, antiapoptosis, and induce cell malignant transformation.
We analyzed the changes in Raf-1, KRAS, AKT and
p-AKT, ERK1/2 and p-ERK1/2 protein expression
in cells with up/down-regulated miR-21 or RASA1.
As shown in Figure 5, KRAS, Raf-1, p-AKT and
p-ERK1/2 protein levels in cells with down-regulated
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Figure 6 MiR-21 and RAS p21 GTPase activating protein 1 regulate RKO cell proliferation. A: Cell proliferation was assessed by MTT after miR-21 up/downregulation; B: Cell proliferation was assessed by MTT after RASA1 up/down-regulation. Down-regulation of miR-21 or up-regulation of RASA1 inhibited cell
proliferation (n = 6). RASA1: RAS p21 GTPase activating protein 1; NC: Non-coding; LV: Lentivirus.
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Figure 7 MiR-21 modulates apoptosis via RAS p21 GTPase activating protein 1 regulation. An annexin V-PE/7-AAD apoptosis detection kit was used to assess
cell apoptosis in RKO cells in each group by flow cytometry. n = 3, aP < 0.05 vs pre-miR-21-LV; cP < 0.05 vs siRASA1. RASA1: RAS p21 GTPase activating protein 1;
NC: Non-coding; LV: Lentivirus.

Effect of miR-21 and RASA1 on cell apoptosis
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The role of miR-21 in RKO cell apoptosis via RASA1
regulation was analyzed after annexin V-PE/7-AAD
double staining by flow cytometry. As shown in
Figure 7, early apoptosis rate was higher in antimiR-21-LV cells than in pre-miR-21-LV and control
cells (P < 0.05); similar results were obtained for
pcDNA3.1-RASA1 harboring cells (P < 0.05). These
findings indicated that in RKO cells, overexpression
of miR-21 inhibited cell apoptosis by down-regulating
RASA1.
Malignant tumors are characterized by their
invasive ability and metastasis. We confirmed that
miR-21 and RASA1 affected RKO cell invasion ability
by transwell assays. The numbers of cells that
migrated through the membrane in anti-miR-21
and pcDNA3.1-RASA1 groups were significantly
lower, compared with those obtained with premiR-21-LV, siRASA1 and control cells (P < 0.01)
(Figure 8). These data suggested that miR-21, as
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Figure 8 Role of miR-21 and RAS p21 GTPase activating protein 1 in cell
invasion was detected by Transwell assays. Down-regulation of miR-21
or up-regulation of RASA1 inhibited cell invasion. n = 3, aP < 0.01 vs control.
RASA1: RAS p21 GTPase activating protein 1; NC: Non-coding; LV: Lentivirus.
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Figure 9 Oncogenicity of miR-21 and RAS p21 GTPase activating protein 1 in a nude mouse tumor transplantation model. A: The tumors were excised 30 d
post-implantation; B: Tumor weights at 30 d post-implantation. aP < 0.05 vs control; n = 3, cP < 0.05 vs control; eP < 0.05 vs control; C: Tumor volumes at 30 d postimplantation. n = 3, gP, iP, kP < 0.05 vs control. RASA1: RAS p21 GTPase activating protein 1; NC: Non-coding; LV: Lentivirus.

an oncogene, promoted tumor cell invasion, likely
through regulation of RASA1, which acts as a tumor
suppressor and inhibits cell invasion.

rgeted therapy such as cetuximab or panitumumab
mainly aims at the activity of the RAS signaling
pathways. It is known that RAS proteins often are
in the recurrent states of activated RAS-GTP and
inactivated RAS-GDP. RAS-GAPs function in KRASwt cells, not in the mutant cells. RAS gene mutations
result in constitutively active state of RAS-GTP and
open RAS signaling pathways, thereby facilitating cell
proliferation, anti-apoptosis activity and malignant
transformation.
So far, 16 members have been described in the
RAS-GAP family, including p120GAP (RASA1), NF1,
DAB2IP, GAP1m (or RASA2), GAP1IP4BP (orRASA3),
CAPRI (orRASA4), RASAL1, SYNGAP, AF9Q34,
FLJ21438, IQGAP1, IQGAP2, IQGAP3, PLXNB2,
[16,19]
and TUBERIN
. The RASA1 gene is located on
5q13.3 and encodes the p120GAP protein, which is
[20]
composed of 1047 amino acid residues .
Recent studies have found that in KRAS-wt
tumors, because of down-regulation or inefficiency of
the RAS-GAPs, there is activation of the RAS signaling

Nude mouse tumor transplantation experiment

In order to further verify the biological effects of
miR-21 and RASA1 in vivo, a nude mouse tumor
transplantation experiment was carried out. As
shown in Figure 9, tumor weights in anti-miR-21-LV
or pcDNA3.1-RASA1 groups were lower than those
observed in pre-miR-21-LV animals (P < 0.05); in
agreement with this, tumor volumes were smaller
in anti-miR-21-LV or pcDNA3.1-RASA1 groups than
in pre-miR-21-LV mice (P < 0.05) (Figure 9A-C).
These data indicated that down-regulation of miR-21
resulted in decreased tumor formation, likely
through up-regulation of RASA1.

DISCUSSION
The current clinical application of colon cancer ta
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pathways, which play a role in tumorigenesis. In
terestingly, it was found that RASAL1 expression
was significantly lower in KRAS-wt colon cancer cells
[16]
[19]
than in mutant cells . Calvisi et al
assessed the
expression profile of RAS-GAPs in liver cancer tissue
and found reduced expression of DAB2IP, RASAL1
and NF1; of note, the low expression of DAB2IP
was significantly associated with poor prognosis
in KRAS-wt liver cancer. These findings suggested
RAS-GAPs to be tumor suppressor genes. RASA1
is an important member of the RAS-GAP family. It
was demonstrated that RASA1 expression in colon
cancer tissues was significantly lower compared
[21]
with that in normal adjacent tissues (NAT) . In
[22]
addition, Hu et al
found markedly down-regulated
RASA1 mRNA and protein expression in intrahepatic
cholangiocarcinoma tissues and cells, compared with
that in normal adjacent tissues .
Therefore, we hypothesized that RASA1, an
important member of the RAS-GAP family, which is
significantly down-regulated in colon cancer, may
negatively regulate the RAS signaling pathways and
act as a tumor suppressor gene. Indeed, we found
that RASA1 up-regulation inhibited cell proliferation
and turned off the RAS signaling pathways.
Many studies have demonstrated that miR-21
is overexpressed in most tumors, including colon
cancer. It was proposed that miR-21 promotes tumor
formation by down-regulating tumor suppressor
genes, such as programmed cell death 4 (PDCD4),
[23]
tissue inhibitors of metalloproteinase 3 (TIMP3) ,
[24]
and PTEN . Herein, we have established RASA1
as an miR-21 target using a luciferase reporter
gene assay (Figure 2A). Meanwhile, qRT-PCR and
Western blot analyses confirmed that overexpression
of miR-21 inhibited RASA1 expression (Figure 2B
and C). In addition, we found that miR-21 was
overexpressed in colon cancer tissues (unpublished
data). As shown above, overexpression of miR-21
increased RAS-GTP activity in RKO cells; conversely,
down-regulation of miR-21 inhibited the activity
of RAS-GTP. Further analyses demonstrated that
miR-21 mediated EGF/RAS signaling pathways in
cancer cells through RASA1. There are mainly two
pathways that promote tumor cell proliferation, antiapoptosis and tumor formation: the RAS-Raf-1-MEK[25]
MAPK and RAS-PI3K-AKT signaling pathways .
Our findings confirmed that high miR-21 levels
inhibited the expression of RASA1 and enhanced
the expression of Raf-1, p-AKT, and p-ERK, thus
promoting RKO cell proliferation, invasion, and antiapoptotic activity (Figures 4-7). In addition, using
a nude mouse tumor transplantation model, we
demonstrated that both low levels of miR-21 or
RASA1 overexpression lead to in vivo inhibition of
tumor formation.
In conclusion, miR-21 participates in the deve
lopment of colon cancer by targeting RASA1. These
data provide a basis for new targeted therapy in
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colon cancer. This is especially important in view of
drug resistance observed with colon cancer targeted
drug cetuximab or panitumumab, which is widely
used clinically; this may also be associated with loss
or down-regulation of RAS-GAPs. Therefore, finding
valuable RAS-GAP candidates would provide the
proof of principle that helps design new therapeutic
agents to overcome cetuximab or panitumumab
resistance.
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AIM: To observe the effect of vincristine on hepatitis B
virus (HBV) replication in vitro and to study its possible
mechanisms.
METHODS: Vincristine was added to the cultures of
two cell lines stably expressing HBV. Then, the levels
of hepatitis B surface antigen (HBsAg), hepatitis B e
antigen (HBeAg), and hepatitis B core antigen (HBcAg)
in the supernatants or cytoplasm were examined
using by enzyme-linked immunosorbent assay and
Western blot. The HBV pregenome RNA (pgRNA) was
detected using reverse transcription-PCR and realtime fluorescent quantitative PCR (RT-qPCR), and viral
DNA was detected using Southern blot and RT-qPCR.
Cell proliferation after drug treatment was detected
using the BrdU incorporation test and the trypan blue
exclusion assay. Cell cycle and cell apoptosis were
examined using flow cytometry and Western blot.
RESULTS: Vincristine up-regulated HBV replication
directly in vitro in a dose-dependent manner, and
24-h exposure to 0.1 μmol/L vincristine induced more
than 4-fold and 3-fold increases in intracellular HBV
DNA and the secretion of viral DNA, respectively.
The expression of HBV pgRNA, intracellular HBsAg
and HBcAg, and the secretion of HBeAg were also
increased significantly after drug treatment. Most
importantly, vincristine promoted the cell excretion
of HBV nucleocapsids instead of HBV Dane particles,
and the nucleocapsids are closely related to the HBV
pathogenesis. Furthermore, vincristine inhibited the
proliferation of cells stably expressing HBV. The higher
the concentration of the drug, the more significant the
inhibition of the cell proliferation and the stronger the
HBV replication ability in cells. Flow cytometry indicated
that cell cycle arrest at S-phase was responsible for the
cell proliferation inhibition.
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CONCLUSION: Vincristine has a strong stimulatory
effect on HBV replication and induces cell cycle arrest,
and cell proliferation inhibition may be conducive to
viral replication.

have a direct stimulatory effect on viral replication.
In vitro, corticosteroids increase HBV expression
by binding to the glucocorticoid responsive element
[4,5]
and augmenting the HBV enhancer I . However,
steroid-free chemotherapy may also increase HBV
[6,7]
replication
. In some cases, HBV reactivation
[6]
occurred within the first 2 wk of chemotherapy . It is
very likely that HBV reactivation in these cases occurs
before immune reconstitution following withdrawal of
anti-cancer agents. One possible mechanism for the
early reactivation of HBV is that cytotoxic agents may
have a direct stimulatory effect on HBV replication.
In this study, we aimed to investigate whether
vincristine stimulates HBV replication directly in vitro.
If this assumption is valid, it may suggest a novel
mechanism of HBV reactivation caused by cytotoxic
chemotherapy.

Key words: Viral reactivation; Cytotoxic chemotherapy;
Cell cycle arrest; Proliferation; Hepatitis B virus
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Hepatitis B virus (HBV) reactivation is an
emerging clinical challenge for HBV carriers receiving
anti-cancer chemotherapy. However, the mechanism
for the sharp increase in viral replication in the
early stages of chemotherapy is still unclear. In this
research, we found that vincristine, which is a cytotoxic
drug, had a direct stimulatory effect on HBV replication
without the involvement of immune factors and that
vincristine induced cell cycle arrest; cell proliferation
inhibition may be conducive to viral replication, and
this may be a novel mechanism of HBV reactivation
following cytotoxic chemotherapy.

MATERIALS AND METHODS
Cell culture and treatment

HepG2, HepG2-HBV1.1 and HepG2.2.15 cells were
cultured in minimum essential medium (MEM, Gibco,
Grand Island, CA, United States) with 10% fetal
bovine serum (FBS, Hyclone, Shanghai, China) and
maintained in a humidiﬁed incubator with 5% CO2
at 37 ℃. For cytotoxic chemotherapy treatment,
cells were treated with vincristine (0-0.5 μmol/L,
Pharmachemic Hisun, Zhejiang, China) for 24 h, and
the medium was then replaced with fresh serum-free
MEM medium for another 48 h of incubation until the
cells were harvested.

Xu L, Tu Z, Xu G, Hu JL, Cai XF, Zhan XX, Wang YW, Huang
Y, Chen J, Huang AL. S-phase arrest after vincristine treatment
may promote hepatitis B virus replication. World J Gastroenterol
2015; 21(5): 1498-1509 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i5/1498.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i5.1498

INTRODUCTION

Production of the stable HBV-expressing cell line
HepG2-HBV1.1

It has been reported that approximately 2 billion
people around the world have been infected with
hepatitis B virus (HBV), and approximately 400
million are chronic hepatitis B surface antigen (HBsAg)
[1]
carriers . In most patients, the virus is quiescent
or replicates at a low level. However, chemotherapy
may disrupt the balance between the host immune
responses and viral replication; of note, enhanced
viral replication is a universal phenomenon in clinical
cases. Although there are no uniform diagnostic
criteria for HBV reactivation, clinical practice suggests
that the definition is a 10-fold increase above baseline
in serum HBV DNA levels or the reappearance of
HBsAg or de novo detection of HBV DNA in HBsAg(-)
[1,2]
patients .
To date, the mechanisms of HBV reactivation have
been incompletely understood. Most researchers think
that there are at least two underlying mechanisms of
HBV reactivation induced by chemotherapy. As the
host immune response to the virus plays a pivotal role
[3]
in controlling HBV infection and replication , immune
reconstitution following withdrawal of chemotherapy
agents should increase viral replication. However, a
few anti-cancer agents, such as glucocorticoids, may

WJG|www.wjgnet.com

HepG2 cells were transfected with pneo-CH9/HBV1.1
[8]
vector , which contains the cytomegalovirus (CMV)
promoter and 1.1 copies of the hepatitis B virus
genome, and were then selected with G418 (1200
μg/mL). Isolated cell colonies with the integrated HBV
genome were selected after confirmation by Southern
blot and Western blot analyses.

Detection of the effect of vincristine on cell viability and
proliferation by the trypan blue exclusion assay
5

HepG2.2.15 (4 × 10 cells/well) and HepG2‑HBV1.1
5
(6 × 10 cells/well) cells were seeded in six-well
plates. Following adherence of the cells, vincristine
was added to the medium at various concentrations
(0-0.5 μmol/L) for 24 h, followed by 48 h of incubation
in drug-free culture medium. The cells in each well
were washed with phosphate‑buffered saline twice
following the addition of 200 μL of trypsin and then
placed in a 37 ℃ 5% CO2 incubator for 1-2 min.
Subsequently, 800 μL of 10% FBS-containing MEM
was added to each well to terminate the reaction,
and the cell suspension was pipetted several times
to disperse the cells evenly and to count the cells
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(cell viability = number of live cells/number of total
cells). The maximum concentration that did not
affect cell viability was chosen as the experimental
concentration. For detecting the cell proliferation
ability, vincristine at the experimental concentration
was added to the six-well plates for 24 h, followed by
0 h, 24 h, 48 h, and 72 h of incubation in drug-free
culture medium, and the cells were harvested from
each well and counted.

65 ℃ for 30 s, and extension at 72 ℃ for 20 s; and
30 cycles of denaturation at 94 ℃ for 15 s, annealing
at 65-55 ℃ (starting from 65 ℃, 1 ℃ lower after
each cycle) for 30 s, and extension at 72 ℃ for 20 s,
with simultaneous fluorescence detection.

Quantification of HBV pregenome RNA (pgRNA) by realtime fluorescent quantitative PCR

Total RNA was extracted using a DNA-free RNA
mini extraction kit (Watson, Shanghai, China). One
microgram of total RNA was used for cDNA synthesis,
which was performed using reverse transcription with
the PrimeScript RT reagent kit (Perfect Real Time;
Takara, Japan). Relative quantification was performed
using SYBER-Green assays (Roche, Germany) for the
target genes (HBV 3.5 kb mRNA), with β-actin mRNA
as the endogenous control. The expression values of
-∆∆Ct
target genes were calculated using the 2
method.

BrdU incorporation test
5

HepG2.2.15 (4 × 10 cells/well) and HepG2‑HBV1.1 (6
5
× 10 cells/well) cells were seeded in six-well plates.
Following adherence of the cells, 0.1 μmol/L vincristine
was added to the medium for 24 h, and the cells were
then treated with trypsin and seeded in 96-well plates
3
(4 × 10 cells/well) for another 48 h of incubation.
The remaining steps were completed based on the
manufacturers’ instructions (Cell Proliferation ELISA,
BrdU; Roche).

Southern blot analysis

HBV replicative intermediates were extracted from
the cells or the supernatant of the culture medium
according to previous methods and then separated
on 0.8% agarose gels. DNA samples were transferred
onto nylon membranes (Roche, Germany). After
ultraviolet crosslinking and prehybridization, the
membranes were hybridized with a DIG-labeled
HBV-specific probe from a random-primed labeling
kit (Roche, Germany). The signal was detected by
exposure to an X-ray film and was scanned using the
Versa Doc Imaging system (Bio-Rad).

Quantification of HBV DNA copies by real-time
fluorescent quantitative PCR

HBV replicative intermediates in the cells were
obtained as follows. Cells from one 35-mm diameter
dish were lysed with 0.5 mL of lysis buffer containing
10 mmol/L Tris-HCl (pH 8.0), 1 mmol/L EDTA, 1%
NP-40, and 2 % sucrose at 37 ℃ for 10 min. Cell
debris and nuclei were removed by centrifugation,
and the supernatant was mixed with 200 μL of
35% polyethylene glycol (PEG) 8000 containing
1.5 mol/L NaCl. After incubation on ice for 2 h,
viral nucleocapsids were pelleted by centrifugation
at 12000 g for 10 min at 4 ℃, followed by 24-h
digestion at 37 ℃ in 400 μL of digestion buffer
containing 0.5 mg/mL pronase (Takara, Japan),
0.5% sodium dodecyl sulfate (SDS), 10 mmol/L TrisHCl (pH 8.0), and 10 mmol/L EDTA. The digestion
mixture was extracted twice with phenol, and DNA
was precipitated with ethanol and dissolved in TE (10
mmol/L Tris-HCl, pH 8.0, 1 mmol/L EDTA) buffer.
To collect viral particles instead of free viral DNA in
the culture medium, the supernatant was subjected
to 35% PEG8000 precipitation overnight (Chi et
al, 1998), and the precipitates were then digested
according to previously described methods.
The quantification of HBV copies was performed
using SYBER-Green assays (Roche, Germany). The
primers were designed specifically to amplify the
conserved region of the HBV gene: forward primer
(F2150), 5’-CCTAGTAGTCAGTTATGTCAAC-3’; reverse
primer (R2300), 5’-TCTATAAGCTGGAGGAGTGCGA-3’.
The pneo-CH9/HBV1.1 plasmid at different concentrations
2
3
4
5
6
7
(5 × 10 , 5 × 10 , 5 × 10 , 5 × 10 , 5 × 10 , 5 × 10
copies/μL) was used as a template to create the
standard curve. The cycling parameters were as
follows: initial denaturation at 95 ℃ for 3 min; 10
cycles of denaturation at 94 ℃ for 15 s, annealing at
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Enzyme-linked immunosorbent assay (ELISA)

The levels of HBsAg and hepatitis B e antigen (HBeAg)
in the culture medium and cell extracts were assessed
using ELISA following the manufacturer’s protocol
(Kehua Biotec Inc., Shanghai, China). The levels of
HBV core antigen (HBcAg) in the culture medium
were assessed using an ELISA kit (Disease Diagnosis
Reagent and Vaccine Engineering Technology Research
Center of China Infectious State, Xiamen University,
China). The kit contains two types of 96-well plates;
one type is coated with HBsAb so that it can capture
the Dane particle, and the other is coated with
HBcAb and can therefore detect the total HBcAg
from the Dane particle and the HBV nucleocapsid.
Each experiment was performed in triplicate and
independently repeated three times.

Flow cytometry

5

HepG2.2.15 (4 × 10 cells/well) and HepG2‑HBV1.1
5
(6 × 10 cells/well) cells were seeded in six-well
plates. After treatment with 0.1 μmol/L vincristine,
the cells were washed twice with PBS. They were
then fixed in cold 70% ethanol and stored at 4 ℃
for 30 min. Ethanol was then removed, and the cells
were resuspended in PBS. The fixed cells were then
washed with PBS, treated with RNase (100 mg/mL),
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Figure 1 Effect of vincristine on the viability of stable hepatitis B virus-expressing cell lines. A: The effect of vincristine on the viability of HepG2.2.15 and
HepG2-HBV1.1 cells based on the trypan blue exclusive assay; B: The effect of vincristine on the viability of HepG2.2.15 and HepG2-HBV1.1 cells based on the MTT
assay. HepG2.2.15 (4 × 105/well) and HepG2-HBV1.1 (6 × 105/well) cells were treated with vincristine at various concentrations (0-0.5 μmol/L) for 24 h, followed by
48 h of incubation in drug-free culture medium. The cells were collected 72 h after drug treatment. The results are expressed as the arithmetic mean ± SD from 3
independent experiments.

and stained with propidium iodide (PI, 50 mg/mL;
Merck, Germany) in the dark for 30 min at 37 ℃.
Subsequently, the DNA content and the cell cycle
were analyzed by flow cytometry. For the apoptosis
assay, treated and untreated cells were resuspended
in 100 μL of binding buffer followed by staining with
1.25 μL of annexin V reagent and 10 μL of PI in the
dark. The apoptotic cell fraction was analyzed using
a FACScan cytometer, and the flow cytometry data
were analyzed using FlowJo Software.

of at least three independent experiments. Statistical
signiﬁcance was determined by the independentsamples t-test. Differences were deemed statistically
signiﬁcant at P ≤ 0.05. All analyses were performed
using the SPSS statistical software for Windows,
version 10.1.4 (SPSS Inc., IL, United States).

Western blot analysis

Vincristine as a cytotoxic chemotherapy agent can
induce cells apoptosis or necrosis when administered
[9,10]
at high concentrations
through a mechanism that
may involve HBV replication. We sought to determine
whether vincristine promotes HBV replication at lower
concentrations. First, we examined the cytotoxic
effect of vincristine on the viability of HepG2.2.15
and HepG2-HBV1.1 cells using the trypan blue
exclusive assay and the MTT assay. The results of
the two assays (Figure 1) indicated that 0.1 μmol/L
vincristine had no significant cytotoxicity to both
HepG2.2.15 and HepG2-HBV1.1 cells. In subsequent
experiments, 0.1 μmol/L was used as the working
concentration of vincristine.

RESULTS
Effect of vincristine on the viability of stable HBVexpressing cell lines

Cellular proteins were extracted using RIPA buffer
supplemented with phenylmethanesulfonyl fluoride.
Protein concentrations were determined using a BCA
protein concentration determination kit (Beyotime
Institute of Biotechnology, Shanghai, China). Equal
amounts of samples were separated using 10%
SDS-polyacrylamide gel electrophoresis (SDSPAGE) and transferred onto polyvinylidene fluoride
(PVDF) membranes, followed by incubation with
a primary monoclonal mouse anti-HBcAg antibody
(antibody code 6D1D10E4, dilution 1: 150; Huazhong
University of Science and Technology, Wuhan, China)
or monoclonal rabbit anti-β-actin (dilution 1:2500;
Santa Cruz, CA, United States). After incubation, the
membranes were washed three times, and a goat
anti-rabbit or goat anti-mouse secondary antibody
(dilution 1:2500; Santa Cruz) was added for 1 h.
After being washed three times with TBST buffer,
signals were detected using the chemiluminescence
ECL™ detection system (Pierce). For detecting
the expression of the apoptotic signaling molecule
poly(ADP-ribose) polymerase-1 (PARP-1), the
primary antibody was a polyclonal rabbit anti-PARP-1Ab (dilution 1:1000; Santa Cruz), and the secondary
antibody was a monoclonal goat anti-rabbit (dilution
1:2500; Santa Cruz).

Dose-dependent increases in HBV DNA and pgRNA in
stable HBV-expressing cell lines after treatment with
vincristine
[11]

Statistical analysis

Data are expressed as the mean and standard deviation
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[12]

HepG2.2.15
and HepG2-HBV1.1
cells were
employed as stable HBV-expressing cell lines.
5
HepG2.2.15 (4 × 10 /well) and HepG2-HBV1.1 (6 ×
5
10 /well) cells were treated with vincristine at various
concentrations (0-0.1 μmol/L) for 24 h, followed
by 48 h of incubation in drug-free culture medium.
Intracellular HBV nucleocapsids were extracted
72 h after drug treatment, and viral replication
intermediates were then measured by real-time
fluorescent quantitative PCR (RT-qPCR) and Southern
blot analyses. As revealed by RT-qPCR, the HBV DNA
copies were up-regulated dose-dependently after
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Figure 2 Dose-dependent increases in hepatitis B virus DNA and RNA in stable hepatitis B virus-expressing cell lines after treatment with vincristine. A:
Dose-dependent increase in HBV DNA in HepG2-HBV1.1 and HepG2.2.15 cells treated with vincristine based on real-time fluorescent quantitative PCR analysis;
B: Dose-dependent increase in HBV DNA in HepG2-HBV1.1 and HepG2.2.15 cells treated with vincristine based on Southern blot analysis; C: Vincristine increases
HBV DNA in the supernatants of HepG2-HBV1.1 cells and HepG2.2.15 cells based on real-time fluorescent quantitative PCR analysis; D: Vincristine increases HBV
DNA in the supernatants of HepG2-HBV1.1 cells and HepG2.2.15 cells based on Southern blot analysis; E: Vincristine up-regulates HBV pgRNA based on real-time
fluorescent quantitative PCR analysis. HepG2-HBV1.1 (6 × 105/well) and HepG2.2.15 (4 × 105/well) cells were treated with 0.1 μmol/L vincristine for 24 h followed
by 48 h of incubation in drug-free culture medium. HBV intermediates or total RNA were extracted 72 h after drug treatment. Values represent the mean ± SD of 3
independent experiments, and a representative experiment is shown. aP < 0.05, bP < 0.01 vs control group (no vincristine). rc: Relaxed circular DNA; ds: Doublestranded DNA; ss: Single-stranded DNA. M: DNA ladder; pgRNA: Pregenome RNA.

vincristine stimulation (Figure 2A). The intracellular
HBV DNA copies increased (4.17 ± 0.43)-fold (P
= 0.000) and (5.62 ± 0.93)-fold (P = 0.001) in
HepG2.2.15 and HepG2-HBV1.1 cells, respectively,
after treatment with 0.1 μmol/L vincristine. Similarly,
the dose effects of HBV replication in cells activated by
vincristine were confirmed by Southern blot analysis
(Figure 2B). In addition, we also extracted the HBV
DNA from the supernatant of the culture medium after
precipitation with PEG8000 and performed RT-qPCR
(Figure 2C) and Southern blot (Figure 2D) analyses.
As expected, vincristine up-regulated HBV DNA levels
in the supernatant in a dose-dependent manner; 0.1
μmol/L vincristine increased the secretion of HBV
DNA copies by 4.14 ± 0.60 (P = 0.000) and 3.71 ±
0.28 (P = 0.000) times in HepG2-HBV1.1 cells and
HepG2.2.15 cells, respectively. We further determined
the effect of vincristine on the levels of HBV RNA. HBV
pregenome RNA (pgRNA) was measured by RT-qPCR

WJG|www.wjgnet.com

using primers targeting the 3.5 kb mRNA of the viral
genome. As shown in Figure 2E, the levels of HBV
pgRNA increased sharply with vincristine treatment
(HepG2.2.15 cells: P = 0.010; HepG2-HBV1.1 cells: P
= 0.046).

Vincristine promotes HBV protein expression

To elucidate the effect of vincristine on the expression
of HBV proteins, we detected the levels of HBeAg,
HBcAg and HBsAg using an ELISA assay or Western
blot analysis. After treatment with 0.1 μmol/L
vincristine, HBeAg in the supernatant (Figure 3A) was
up-regulated based on the ELISA assay (HepG2.2.15
cells: P = 0.002; HepG2-HBV1.1 cells: P = 0.021),
and HBcAg expression in the cytoplasm increased
greatly based on the Western blot analysis (Figure
3B). Interestingly, vincristine increased the HBsAg
expression in the cytoplasm, as shown in Figure 3C
(HepG2.2.15 cells: P = 0.024; HepG2-HBV1.1 cells:
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significantly after vincristine treatment; however,
the overall levels of HBcAg from Dane particles and
nucleocapsids in the supernatant increased sharply
after treatment with 0.1 μmol/L vincristine, as shown
in Figure 4 (P = 0.000). This result suggested that
vincristine promotes HepG2-HBV1.1 cell excretion of
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Figure 3 Vincristine promotes hepatitis B virus protein expression in HepG2-HBV1.1 and HepG2.2.15 cells. A: Vincristine up-regulates HBeAg expression.
HBeAg in the supernatant was analyzed using an ELISA assay; B: Vincristine increases cellular HBcAg expression based on Western blot analysis; C: The effect of
vincristine on intracellular HBsAg expression was analyzed using an ELISA assay; D: The effect of vincristine on HBsAg expression in the supernatant was analyzed
using an ELISA assay. HepG2-HBV1.1 (6 × 105/well) and HepG2.2.15 (4 × 105/well) cells were treated with vincristine at a concentration of 0.1 μmol/L for 24 h
followed by 48 h of incubation in drug-free culture medium. Values represent the mean ± SD of 3 independent experiments. aP < 0.05, bP < 0.01 vs control group (no
vincristine). HBeAg: Hepatitis B e Antigen; HBcAg: Hepatitis B c Antigen; HBsAg: Hepatitis B surface antigen.

Figure 4 Vincristine promotes HepG2-HBV1.1 cell excretion of hepatitis
B virus nucleocapsids instead of hepatitis B virus Dane particles. HepG2HBV1.1 cells (6 × 105/well) were treated with vincristine at a concentration of
0.1 μmol/L for 24 h followed by 48 h of incubation in drug-free culture medium.
The HBcAg from HBV Dane particles or nucleocapsids in the supernatant was
analyzed using an ELISA assay. Dane: HBcAg from HBV Dane particles; Dane
+ nucleocapsid: HBcAg from HBV Dane particles and nucleocapsids. Values
represent the mean ± SD of 3 independent experiments. aP < 0.05, bP < 0.01 vs
control group (no vincristine). HBeAg: Hepatitis B e Antigen.
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Figure 5 Vincristine inhibits the proliferation of HepG2.2.15 cells and HepG2-HBV1.1 cells. HepG2.2.15 (4 × 105/well) and HepG2-HBV1.1 (6 × 105/well) cells
were treated with vincristine at a concentration of 0.1 μmol/L for 24 h, and the medium was then changed to a drug-free culture medium. The cells were harvested 1,
2, 3, 4, and 5 d after vincristine treatment, respectively. A: The proliferation ability of HepG2.2.15 cells was examined using the trypan blue exclusion assay; B: The
proliferation ability of the HepG2-HBV1.1 cells was examined using the trypan blue exclusion assay; C: Vincristine inhibits the proliferation of HepG2.2.15 cells and
HepG2-HBV1.1 cells based on the BrdU incorporation test. Cells were treated with 0.1 μmol/L vincristine for 24 h and were transferred to 96-well plates (4 × 103/well)
with drug-free culture medium for another 48 h incubation; D: Vincristine dose-dependently inhibited the proliferation of cells based on the trypan blue exclusion assay.
HepG2.2.15 (4 × 105/well) and HepG2-HBV1.1 (6 × 105/well) cells were treated with vincristine at concentrations of 0, 0.01, 0.05, and 0.1 μmol/L for 24 h, respectively,
followed by 48 h of incubation in drug-free culture medium. Values represent the mean ± SD of 3 independent experiments. aP < 0.05, bP < 0.01 vs control group (no
vincristine).

HBV nucleocapsids instead of HBV Dane particles.

drug treatment in the HepG2.2.15 cells and HepG2HBV1.1 cells (Figure 5C). As shown in Figure 5D, the
cells were treated with vincristine at a concentration
of 0, 0.01, 0.05, and 0.1 μmol/L for 24 h, followed by
48 h of incubation in drug-free culture medium. The
cell counts were down-regulated in a dose-dependent
manner after drug stimulation based on the trypan
blue exclusion assay.

Vincristine dose-dependently inhibits the proliferation of
stable HBV-expressing cells
5

HepG2.2.15 (4 × 10 /well) cells and HepG2-HBV1.1
5
(6 × 10 /well) cells were treated with vincristine
at a concentration of 0.1 μmol/L for 24 h, and the
medium was then changed to a drug-free culture
medium. The cells were harvested 1, 2, 3, 4, and
5 d after vincristine treatment, and the cell counts
were detected using the trypan blue exclusion
assay (Figure 5A and B). On the first day after drug
treatment, there was almost no difference in the
cell counts between the control group and the drug
group. However, there was a notable difference from
the second day after drug treatment (P = 0.000). The
proliferation rate declined greatly in the drug group,
and the ratio of the cell counts in the vincristine
group to the control group was approximately 60%
in both stable HBV-expressing cell lines. The BrdU
incorporation test also confirmed that the ratio of
the proliferation ability in the vincristine group to the
control group was approximately 55% at 72 h after
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S-phase cell cycle arrest induced by vincristine is
responsible for the cell proliferation inhibition

To elucidate why the cell proliferation was inhibited
by vincristine, the cell cycle was examined using
5
flow cytometry. HepG2.2.15 (4 × 10 /well) and
5
HepG2-HBV1.1 (6 × 10 /well) cells were treated with
vincristine at a concentration of 0.1 μmol/L for 24 h,
and the medium was then changed to a drug-free
culture medium. The cells were harvested 12, 24,
48, and 72 h after vincristine treatment; the ratios
of cells in S-phase to G2-phase after vincristine
treatment were 1.0, 2.2, 4.2, and 3.5, respectively,
in the HepG2.2.15 cells and 1.0, 2.2, 4.0, and 2.6,
respectively, in the HepG2-HBV1.1 cells (Figure
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Figure 6 Vincristine induces the S-phase cell cycle arrest by flow cytometry. HepG2.2.15 (4 × 105/well) and HepG2-HBV1.1 (6 × 105/well) cells were treated with
vincristine at a concentration of 0.1 μmol/L for 24 h, and the medium was then changed to drug-free culture medium. A: The ratio of the cells in S-phase to G2-phase
after vincristine treatment was calculated. The cells were harvested 12, 24, 48, and 72 h after vincristine treatment, respectively; B: Vincristine significantly increased
the number of S-phase cells. The cells were harvested 48 h after vincristine treatment. Values represent the mean ± SD of 3 independent experiments. bP < 0.01 vs
control group (no vincristine).

6A). This result suggested that vincristine induced
cell cycle arrest at S-phase, and this phenomenon
was most apparent at 48 h after drug treatment. In
Figure 6B, the cells in each phase of the cell cycle
at 48 h after drug treatment are displayed. Both
the numbers of cells at G1/G0 and G2/M phases
decreased, while the number of cells at S-phase
increased significantly (P < 0.01). A diagram of the
cell cycle for each phase based on flow cytometry
(Figure 7) also shows that the number of cells at
S-phase increased greatly 48 h after drug treatment
in both stable HBV-expressing cell lines.

between the control group and the drug group, and
the proportion of apoptotic cells in both groups was
less than 5%. In the apoptotic state, the 113-kDa
protein, PARP, is cut into an 89-kDa fragment and
a 24-kDa fragment. Western blot analysis did not
detect these two bands (Figure 8C).

DISCUSSION
Chronic HBV infection is a worldwide problem, and
HBV reactivation after anti-cancer chemotherapy has
become an emerging clinical challenge. All types of
anti-cancer drugs used in chemotherapy have been
related to HBV reactivation, including the classic
[13]
cytostatics, monoclonal antibodies and steroids .
Patients with lymphoma appear to be particularly at
risk, as the incidence of HBV reactivation following
chemotherapy for lymphoma is between 24% and
[14,15]
[16,17]
67%
with a mortality of 4%-41%
. In part,
this high incidence may be explained by the intensive
chemotherapy necessary for lymphoma. CHOP (cyto
phosphamide, doxorubicin, vincristine, and prednisone)
is the standard chemotherapy regimen for lymphoma.
As is widely known, steroids such as prednisone

Vincristine at the working concentration does not induce
cell apoptosis
Another factor related to the proliferation inhibition
was cell apoptosis. In the flow cytometry apoptosis
diagram, the upper-right (UR) quadrant is repre
sentative of early apoptotic cells and the lower-right
(LR) quadrant is representative of late apoptotic
cells. Therefore, the total number of apoptotic cells
was equal to the sum of the fluorescence intensities
in the UR quadrant and LR quadrant. As shown in
Figure 8A and B, there was no significant difference
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Figure 7 Diagram of the cell cycle for each phase based on flow cytometry. HepG2.2.15 (4 × 105/well) and HepG2-HBV1.1 (6 × 105/well) cells were treated with
vincristine at a concentration of 0.1 μmol/L for 24 h, followed by 48 h of incubation in drug-free culture medium. A: HepG2.2.15 cells; B: HepG2-HBV1.1 cells.

cells. HBV DNA copies were dose-dependently in
creased by vincristine not only in the cytoplasm but
also in the supernatant of the culture medium. We
further found that intracellular HBsAg and HBcAg
and the secretion of HBeAg also increased after
treatment with vincristine. However, vincristine
did not affect the secretion of HBsAg. This result
indicated that the abundant secretion of HBV DNA
copies stimulated by the drug could not be extracted
from HBV Dane particles, as HBsAg was the main
component of its outer layer. Based on the detection
of the level of HBcAg in the supernatant of the cell
culture medium, we showed that vincristine pro
motes cell excretion of HBV nucleocapsids instead
of HBV Dane particles. This result indicated that
vincristine increases HBV DNA, RNA production and
protein expression but did not affect secreted virus.
Similar to this phenomenon, corticosteroids increased

can increase HBV DNA and RNA production directly
[4]
by augmenting the HBV enhancer I . In addition,
cyclophosphamide, doxorubicin, and vincristine as
cytotoxic drugs have immunosuppressive activity
that is thought to be the main mechanism of HBV
reactivation. In addition to the above, it is not known
whether there are any other mechanisms that are
responsible for this phenomenon. In vitro, HBV DNA
secretion in culture medium was dose-dependently
[18]
increased by doxorubicin . One-hour exposure of
cells to 1 μmol/L doxorubicin induced more than a
10-fold and 3-fold increase in HBV DNA and HBsAg,
respectively. Therefore, we hypothesized that
vincristine, another commonly used anti-cancer drug
for lymphoma, plays a similar role to doxorubicin in
directly promoting HBV replication.
In this report, we observed the effect of vincristine
on HBV replication in HepG2.2.15 and HepG2-HBV1.1
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Figure 8 Vincristine at 0.1 μmol/L does not cause significant cell apoptosis. HepG2.2.15 (4 × 105/well) and HepG2-HBV1.1 (6 × 105/well) cells were treated with
vincristine at a concentration of 0.1 μmol/L for 24 h, followed by 48 h of incubation in drug-free culture medium. A: The level of apoptosis in the HepG2.2.15 cells was
detected based on flow cytometry; B: The level of apoptosis in the HepG2-HBV1.1 cells was detected based on flow cytometry; C: Western blot analysis of the PARP
protein. PARP: Poly(ADP-ribose) polymerase; LR: Lower-right; UR: Upper-right.

the total intracellular levels of HBV DNA, RNA and
[19,20]
HBsAg, but secreted HBsAg was not affected
.
HBV nucleocapsids are closely related to HBV
pathogenesis. The outer layer of HBV nucleocapsids
consists of HBcAg, which is the main factor responsible
for HBV-associated acute liver failure (ALF). Studies
have suggested that HBcAg directly activates B
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cells to produce specific antibodies (anti-HBc IgG1
and IgM) without the help of T lymphocytes. This
implicates a major role of B cell immunity in the
[21,22]
pathogenesis of HBV-associated ALF
. In the
present study, vincristine was found to stimulate
stable HBV-expressing cell excretion of HBV nu
cleocapsids directly, which may be the principle
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mechanism of HBV reactivation following cytotoxic chemotherapy.

factor in severe liver damage induced by cytotoxic
anti-cancer drugs.
In this study, we found that the cell proliferation
rate decreased significantly after vincristine treat
ment. This might be due to the cell cycle arrest or cell
apoptosis. However, the results only indicated that
the S/G2-phase cell cycle arrest was involved in this
phenomenon. On one hand, studies have shown that
[23,24]
the HBV or HBx gene inhibits cell proliferation
.
On the other hand, some studies have found that
cell cycle arrest was beneficial to viral replication.
The CMV replication rate decreased significantly in
[25]
[26]
p53-knockout fibroblast cell lines . Huang et al
used four different approaches, including serum-free
medium, all-trans retinoic acid, dimethyl sulfoxide,
or sodium butyrate, to treat HepG2.2.15 cells.
These approaches inhibited cell proliferation and cell
cycle arrest at G0/G1 phase, whereas the number
of cells expressing HBV DNA, HBsAg, and HbeAg
increased. Therefore, cell proliferation inhibition was
a manifestation of viral replication. When the virus
replication accelerated, intracellular organelles and
nutrients preferentially served the virus so that cell
proliferation was suspended or greatly reduced.
Furthermore, it is clear that the recovering im
mune system following withdrawal of cytotoxic che
motherapy drugs plays a major role in liver damage.
However, the mechanisms underlying the sharp
increase in HBV replication in the early stage of the
anti-cancer treatment are still unclear. In this study,
we first reported that vincristine increased HBV DNA,
RNA and protein expression and promoted HBV
nucleocapsid secretion directly under cytotoxic stress
in vitro. The possible link between cytotoxic stress
and the activation of HBV replication is that the cell
cycle arrest was induced by vincristine, and this may
be a novel mechanism of HBV reactivation in HBV
carriers receiving anti-cancer chemotherapy.

Applications

This study provides a possible novel mechanism of HBV reactivation following
cytotoxic chemotherapy, which is beneficial to scientists seeking to avoid the
HBV reactivation after cytotoxic drug treatment.

Terminology

HBV reactivation: HBV replication being enhanced after cytotoxic chemotherapy
is a universal phenomenon in clinical cases. Although there are no uniform
diagnostic criteria for HBV reactivation, clinical practice suggests that the
definition is an increase in serum HBV DNA levels 10-fold higher than baseline,
the reappearance of HBsAg or de novo detection of HBV DNA in HBsAg(-)
patients.

Peer-review

This paper is well written and easy to understand, and the data seem to be
convincing. The results suggest that vincristine as a cytotoxic drug has a direct
stimulatory effect on HBV replication without the involvement of immunity
in vitro, and this may be a novel mechanism of HBV reactivation following
cytotoxic chemotherapy.
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METHODS: Different concentrations of the crude
extract of maggots were incubated with E. coli (O157:
H7) and cultured. The optical density (OD) was
measured at different time points to plot the OD-T
curve. The effects of different concentrations of the
crude extract on bacterial membrane permeability
were determined by fluorescence probe technique.
The effects of different concentrations of the crude
extract on plasmid DNA replication were determined
by agarose gel electrophoresis. DEAE-Sepharose ion
exchange chromatography and Sephacryls-200HR gel
filtration chromatography were used to separate and
purify the crude extract of maggots. The molecular
weight of proteins in the purified crude extract was
determined by SDS-PAGD electrophoresis, and its
antibacterial effects were determined by turbidimetric
method.
RESULTS: The antibacterial effects of the crude
extract of maggots at concentrations > 0.5 mg/mL
were significant. The antibacterial effects of the crude
extract at concentrations of 1.0, 1.5 and 2.0 mg/mL
did not differ significantly. Fluorescence probe analysis
showed that the rate of membrane permeability change
was 1223.1% in bacteria incubated with 2 mg/mL of
the crude extract, and 1300.0% in those incubated
with 80 mg/mL of the crude extract. Plasmid DNA
was undetectable in E. coli incubated with 2 and 80
mg/mL of the crude extract. A low molecular weight
protein band (about 15 kDa) was detected in the crude
extract of maggots and eluent, but not in eluant, from
DEAE-Sepharose ion exchange chromatography. The
antibacterial effects of the crude extract of maggots
and eluent were superior to those of eluant, with
the antibacterial effects of eluents being better than
those of the crude extract of maggots. Of 24 tubes of

Abstract
AIM: To investigate the antibacterial effects of a crude
extract of maggots against Escherichia coli (E. coli ) and
the underlying mechanisms, and to separate and purify
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filtrates, the antibacterial effects of filtrates in tubes 4,
5 and 11 were significantly higher than those of the
control. The molecular weight of the protein in filtrates
in tubes 4, 5 and 11 was about 15 kDa.

substances secreted by maggots can effectively
[7-10]
control wound infection
, and they have become
the new hot spot of antimicrobial drug research.
Current research on antimicrobial substances
of maggots is focused on small molecular weight
antimicrobial peptides. Antimicrobial peptides not
only have non-specific anti-bacterial, anti-fungal,
[11,12]
anti-viral and anti-parasitic effects
but also
[13]
can exert anti-tumor effects , thus having broad
application prospects. Their main site of action is
located on the membrane, and they can change
the structure of the bacterial membrane and kill
bacteria, with advantages of fast action and not
[14]
easy to produce drug resistance . However, their
exact mechanisms of action remain to be studied.
[15,16]
Wang et al
have purified a single antimicrobial
peptide from maggot secretions by ion exchange
chromatography and gel filtration chromatography.
However, there is still a lack of experimental studies
on antibacterial mechanisms of maggots.
This study investigated the antibacterial effects of
a crude extract of maggots and preliminarily explored
the antibacterial mechanisms of the crude extract
using agarose gel electrophoresis and fluorescent
probe technique. In addition, we separated and
purified the crude extract of maggots by ion ex
change chromatography and gel filtration chro
matography and detected its antibacterial effects.
The results obtained will provide a theoretical basis
for the development of new biological antibiotics for
treatment of infections.

CONCLUSION: The crude extract of maggots exhibits
obvious, dose-dependent antibacterial effects. The
crude extract exerts antibacterial effects by changing
the bacterial membrane permeability and inhibiting
plasmid DNA replication. The protein that has
antibacterial effects in the crude extract of maggots has
a molecular weight of about 15 kDa.
Key words: Maggots; Antibacterial peptide; Antibacterial
mechanism; Escherichia coli ; Colorectal
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Previous studies have found the antibacterial
activity of the maggots, but studies on the underlying
mechanisms are still lacking. In this study, we
separated and purified the crude extract of maggots
using DEAE-Sepharose ion exchange chromatography
and Sephacryls-200HR gel filtration chromatography.
Agarose gel electrophoresis and fluorescence probe
technique were used to investigate the antibacterial
mechanism of the crude extract of maggots. We found
that the protein of maggots weighing around 15 KD
had the antibacterial effect and the crude extracts
played the antibacterial role by destroying the cell
membrane of Escherichia coli and disturbing the DNA
replication of plasmids.

MATERIALS AND METHODS

Ge QS, Zhang HM, Liu X, Wang SY, Lv DC, Li XD. Crude
extract of maggots: Antibacterial effects against Escherichia
coli, underlying mechanisms, separation and purification. World
J Gastroenterol 2015; 21(5): 1510-1517 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i5/1510.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i5.1510

Materials

Maggots used in the present study were the third
instar larva of Lucilia sericata that were raised
under sterile conditions. Maggots were cultured as
[17]
previously described by Wang et al . Escherichia
coli (E. coli) strain (O157:H7) was provided by
the Department of Microecology, Dalian Medical
University. The bacteria were inoculated into 200 mL
of broth, cultured with shaking at 37 ℃ for 12 h and
centrifuged at 8000 rpm for 10 min. The pellet was re8
10
suspended in broth and diluted to 10 -10 CFU/mL.

INTRODUCTION
Maggots are the larvae of Lucilia sericata, Chrysomya
megacephala and their relatives, belonging to the
[1,2]
Calliphoridae family . According to the records in
“Bencao Biandu” and “Bencao Qiuyuan”, maggots
are nontoxic and cold-natured. After being dried and
ground to a powder, they can be externally applied
[3-5]
to treat ecthyma and lip pustules . In 1929, the
[6]
American doctor Baer reported, for the first time,
the successful treatment of more than 100 cases
of chronic osteomyelitis with live maggots in vivo.
In recent years, the abuse of antibiotics has led to
the emergence of a large number of drug-resistant
bacterial strains, and therefore, there is an urgent
need to develop a new generation of antimicrobial
drugs. Studies have found that active antimicrobial

WJG|www.wjgnet.com

Preparation of a crude extract of maggots

One hundred maggots were selected and 10 mL
of TNE buffer (5 mmol/L EDTA, 10 mmol/L TrisHCl, 150 mmol/L NaCl, pH 7.5) precooled at 4 ℃
was added. After sufficient homogenization, the
homogenate was centrifuged at 12000 r/min for 10
min at 4 ℃. The supernatant was transferred to a
new tube, and three volumes of TNE buffer were
added. The mixture was boiled for 2 min, cooled
and centrifuged at 12000 r/min at 4 ℃ for 10 min.
The resulting supernatant was a crude extract of
maggots. The crude extract was filtered through
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a membrane with a pore size of 0.22 μm, and the
filtrate was frozen at -80 ℃. The freeze-dried powder
was stored in a refrigerator at -20 ℃ for further use.

+ plasmid) were mixed with 2 μL of 6 × loading
buffer and loaded into slots. Three microliters of 1
kDa DNA marker was also loaded. After loading,
electrophoresis was conducted at a voltage of 80 V
for about 20 min.

Determination of protein content of the crude extract of
maggots by Coomassie brilliant blue assay

Separation and purification of the crude extract of
maggots

The protein content of the crude extract was
measured using the Coomassie brilliant blue assay
system and adjusted to 2 mg/mL.

DEAE-Sepharose Fast Flow ion exchange chro
matography and Sephacryls-200HR gel filtration
chromatography were used to separate and purify
[18-20]
the crude extract of maggots
. The eluent and
eluant were obtained.

Determination of antibacterial effects of different
concentrations of the crude extract of maggots

Two hundred microliters of the crude extract of
maggots at a protein concentration of 0.1, 0.5, 1.0,
1.5 or 2.0 mg/mL were mixed with 22 μL of 10%
sterile tryptone, respectively. The mixture (150 μL)
was added into a sterile 96 well plate, followed by
the addition of 30 μL of the bacterial suspension. The
plate was shaken to mix the liquid evenly and then
incubated at 37 ℃. The optical density (OD) at 589
nm was measured with an automated microplate
reader at 0, 3, 6, 9, 12, 15, 18, 21 and 24 h after
zeroing the absorbance with a blank solution. The
OD-T curve was plotted with time on X-axis and OD
value on Y-axis.

Determination of antibacterial effects of the crude
extract of maggots, eluent and eluant by turbidimetric
method

Two hundred microliters of the crude extract of
maggots, eluent or eluant were mixed with 22 μL
of 10% sterile tryptone, respectively. The mixture
(150 μL) was added into a sterile 96 well plate,
followed by the addition of 30 μL of diluted bacterial
suspension. 1% sterile tryptone was used as a
negative control. The plate was incubated at 37 ℃,
and the OD at 589 nm was measured with an au
tomated microplate reader at 0, 3, 6, 9, 12, 15,
18, 21 and 24 h after zeroing the absorbance with
a blank solution. The OD-T curve was plotted with
time on X-axis and OD value on Y-axis.

Determination of effects of different concentrations of
the crude extract of maggots on bacterial membrane
permeability by fluorescence probe technique

The co-cultured broth of the crude extract of
maggots and E. coli was centrifuged, washed with
sterile normal saline, re-suspended with 1 mmol/L of
Fluo-3/AM, and adjusted to a final concentration of
3 µmol/L. After incubation and centrifugation (10000
g, 5 min), the supernatant was discarded and the
pellet was washed and re-suspended in 3 mL of
normal saline. The sample was scanned between
380 and 430 nm using 405 nm as the excitation
wavelength, and an absorption peak was detected at
408 nm. Then, changes in intracellular calcium were
monitored with the excitation wavelength set at 408
nm. The rate of membrane permeability change was
calculated as [(sample fluorescence intensity - blank
fluorescence intensity)/fluorescence intensity of
blank] × 100%. Gentamicin was used as a control.

RESULTS
Antibacterial effects of different concentrations of the
crude extract of maggots

As shown in Figure 1, the antibacterial effects of the
crude extract of maggots at concentrations > 0.5
mg/mL were significant. The antibacterial effects of
the crude extract of maggots at concentrations of
1.0, 1.5 and 2.0 mg/mL did not differ significantly.
However, the antibacterial effects of the crude
extract of maggots at a concentration of 0.5 mg/
mL were significantly poorer than those at a con
centration of 1.0 mg/mL. The antibacterial effect of
the crude extract of maggots at a concentration of 0.1
mg/mL was the poorest.

Determination of effects of different concentrations of
the crude extract of maggots on plasmid DNA replication
by agarose gel electrophoresis

Effects of different concentrations of the crude extract
of maggots on bacterial membrane permeability

As shown in Figure 2, the results of fluorescence
probe analysis showed that the rate of membrane
permeability change was 35.4% in the 20 mg/
mL gentamicin group, 40.0% in the 50 mg/mL
gentamicin group, 42.3% in the 100 mg/mL
gentamicin group, 1223.1% in the 2 mg/mL crude
extract group, and 1300.0% in the 80 mg/mL crude
extract group. The rates of membrane permeability
change were significantly higher in the crude extract

For gel preparation, 0.2 g of agarose was mixed
with 20 mL of 1 × TAE and heated for 1 min. While
the agarose was cooling, 1 μL of EB was added.
The cooled agarose was then poured into a casting
tray. Ten microliters of the samples (crude extract
2 mg/mL + plasmid, crude extract 80 mg/mL +
plasmid, TNE + plasmid, plasmid alone, gentamicin
50 mg/mL + plasmid, and gentamicin 100 mg/mL
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Antibacterial effects of filtrates obtained from
sephacryls-200HR gel filtration chromatography
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As shown in Figure 5, of 24 tubes of filtrates
obtained, the antibacterial effects of filtrates in tubes
4, 5 and 11 were significantly higher than those
of the control. The molecular weight of proteins in
filtrates in tubes 4, 5 and 11 was about 15 kDa.

0.20
0.15

DISCUSSION

0.10
0.05

The discovery of antibiotics is a milestone in the
battle of humans against infectious diseases.
However, the abuse of antibiotics in recent years
has led to the emergence of multidrug resistant
strains, and even super-resistant strains, bringing
an enormous obstacle to clinical management of
[21]
infections . This makes the development of new
antibacterial drugs become an urgent task in the
field of medical research. With the extraction of
small molecule proteins with antimicrobial activity
(antimicrobial peptides) from various insects by
both domestic and foreign scientists, the direction
of antibiotic research has gradually shifted from
conventional antibacterial drugs to biological
antibacterial drugs. The antibacterial effects of
maggots have become a research hotspot. E. coli
colonizes the intestine of humans and is a major
member of the human intestinal flora, forming a
symbiotic relationship with the body. However, when
the body’s defense declines, for example in cases
of hepatitis, cirrhosis, cancer and immune system
disorders, patients are prone to opportunistic in
fections with E. coli, such as spontaneous bacterial
peritonitis and E. coli bacteremia. In recent years,
the overuse of antibiotics has led to the generation
of multidrug resistant E. coli. For this reason, the
present study investigated the antibacterial effects
of a crude extract of maggots against E. coli and
explored the underlying mechanisms by co-culturing
the crude extract and E. coli.
This study firstly co-cultured different concen
trations of the crude extract of maggots and E. coli to
observe the antibacterial effects of the crude extract,
and then detected the cell membrane permeability
and DNA synthesis in E. coli. We experimentally
found that as the concentration of the crude ex
tract increased, the antibacterial effects became
increasingly significant. When the concentration of
the crude extract reached 1.0 mg/mL, the strongest
antibacterial effects were achieved and no obvious
bacterial growth was further observed. This finding
suggests that the crude extract of maggots can exert
antibacterial effects against E. coli in a concentrationdependent manner. The finding, however, raises
the following questions: How do maggots inhibit
the growth of E. coli? Which ingredients of maggots
inhibit the growth E. coli?
In order to investigate the mechanism of anti
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Figure 1 Antibacterial effects of different concentrations of the crude
extract of maggots.
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Figure 2 Determination of the effects of different concentrations of
the crude extract of maggots on bacterial membrane permeability by
fluorescence probe technique. Antibiotic, crude extract, unit: mg/mL; bacteria:
1 × 108 CFU/mL.

groups than in the gentamicin groups.

Effects of different concentrations of the crude extract
of maggots on plasmid DNA replication

As shown in Figure 3, no plasmid DNA band was
detected in the two lanes containing 2 mg/mL and 80
mg/mL of the crude extract.

Antibacterial effects of the crude extract of maggots,
eluent and eluant obtained from DEAE-Sepharose ion
exchange chromatography

As shown in Figure 4, a lower molecular weight
protein band (about 15 kDa) was detected in the
crude extract of maggots and eluent, but not in
eluant from DEAE-Sepharose ion exchange ch
romatography. The antibacterial effects of the crude
extract of maggots and eluent were superior to those
of eluant, with the antibacterial effects of eluents
being better than those of the crude extract of
maggots.
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Figure 3 Determination of the effects of different concentrations of the crude extract of maggots on plasmid DNA replication by agarose gel
electrophoresis. The left-most lane: DNA marker; 1: Marker; 2: Crude extract 2 mg/mL + plasmid; 3: Crude extract 80 mg/mL + plasmid; 4: TNE + plasmid; 5: Plasmid
alone; 6: Gentamicin 50 mg/mL + plasmid; 7: Gentamicin 100 mg/mL + plasmid. Antibiotic, crude extract; unit: mg/mL.
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Figure 4 Antibacterial effects of the crude extract of maggots, eluent and eluant obtained from DEAE-Sepharose ion exchange chromatography. A: SDSPAGE analysis of the crude extract of maggots, eluent and eluant. 1: Marker; 2: Crude extract 1 mg/mL; 3: Crude extract 0.5 mg/mL; 4: Eluent 1 mg/mL; 5: Eluent; 0.5
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Figure 5 Antibacterial effects of filtrates obtained from sephacryls-200HR gel filtration chromatography. A: SDS-PAGE analysis of filtrates from Sephacryls200HR gel filtration chromatography. 1: Marker (kDa); 2: tube 12; 3: tube 11; 4: tube 10; 5: tube 9; 6: tube 8; 7: tube 7; 8: tube 6; 9: tube 5; 10: tube 4; B: Antibacterial
effects of filtrates from sephacryls-200HR gel filtration chromatography. OD: Optical density.

bacterial effects of maggots, we conducted the
following two experiments. First, we examined
the effects of different concentrations of the crude
extract and gentamicin on the rate of membrane
permeability change of E. coli by fluorescence probe
technique. The experimental results showed that the
rate of membrane permeability change was 35.4%
in the 20 mg/mL gentamicin group, 40.0% in the 50
mg/mL gentamicin group, 42.3% in the 100 mg/mL
gentamicin group, 1223.1% in the 2 mg/mL crude
extract group, and 1300.0% in the 80 mg/mL crude
extract group. This finding suggests that compared
with gentamicin, the crude extract of maggots can
significantly change the membrane permeability
of E. coli. By changing the membrane permeability
of E. coli, the crude extract of maggots can affect
the exchange of substances inside and outside the
bacteria, thereby inhibiting bacterial growth. Since
gentamicin exerts antibacterial effects by inhibiting

WJG|www.wjgnet.com

bacterial protein synthesis, its impact on bacterial
growth was less significant. Second, we performed
agarose gel electrophoresis to detect the effects
of different concentrations of the crude extract of
maggot and gentamicin on plasmid DNA replication
of E. coli. Plasmids are a class of covalently closed
double-stranded DNA molecules that are physically
separate from chromosomal DNA and can replicate
autonomously in bacterial or fungal cells. They often
contain a variety of genes that confer bacterial
resistance or are related with bacterial metabolism.
Therefore, inhibition of plasmid replication can
inhibit bacterial metabolism to achieve bacteriostatic
and bactericidal effects. Our experimental results
showed that no plasmid DNA bands were observed
in the two lanes containing 2 mg/mL and 80 mg/mL
of the crude extract of maggots. In other words, the
levels of plasmid DNA were low in E. coli incubated
with 2 mg/mL and 80 mg/mL of the crude extract,
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suggesting that the above two concentrations of the
crude extract can inhibit plasmid DNA synthesis and
thereby inhibit bacterial growth.
In addition to exploring the antibacterial me
chanism of the crude extract of maggots, this study
also preliminarily separated and purified the crude
extract of maggots. First, we separated the crude
extract by DEAE-Sepharose ion chromatography.
DEAE-Sepharose Fast Flow is an anion exchanger,
and the technical principle of DEAE-Sepharose
ion-exchange chromatography is that the isolated
protein (as the crude extract of maggots in this
study) carries a net negative charge in Tris-HCl
buffer (pH = 8.0) and may be bound by the anion
exchanger in the column. When gradient elution was
conducted, exchange of ions occurred between the
proteins bound by the ion exchanger and the elution
solution, and the proteins were finally eluted into the
solution. Due to variations of the charges of different
proteins, their affinities to the ion exchanger are not
[19]
the same . Therefore, they are eluted in different
[20]
orders and thereby separated . In this study, we
selected 1 mg/mL of the crude extract, 0.5 mg/mL
of the crude extract, eluent and eluant obtained
from ion exchange chromatography to conduct
SDS-PAGE and antibacterial experiments. The
experimental results showed that a approximately
15 kDa protein band was detected in the crude
extract of maggots and eluent, but not in eluant.
Antibacterial experiments with 1 mg/mL of the
crude extract, eluent and eluant showed that the
antibacterial effects of the crude extract of maggots
and eluent were superior to those of eluant, with
the antibacterial effects of eluent being better than
those of the crude extract of maggots. This finding
suggests that both the crude extract and eluent
contained the active antibacterial ingredient and
that the content of the antibacterial ingredient in
the eluate was higher. Second, we used Sephacryls200HR gel filtration chromatography for the separation
and purification of the crude extract. Gel filtration
[22,23]
chromatography, also known as molecular sieve
,
separates proteins based on the molecular weight
of proteins, does not require binding between
proteins and columns, and can significantly reduce
the loss and inactivation of proteins caused by
irreversible binding. When different substances in
the sample pass through the gel column with the
eluent, molecules with a size larger than the pore
size of the gel can not enter the pores of the gel
and have to enter the gap between the gel particles,
therefore having the same flow rate as the eluent.
If the molecule is smaller than the gel pore size, it
can enter the pores of the gel and therefore does
not have the same flow rate as the eluent. Based
on this principle, molecules of different sizes can be
[19]
separated . In this study, we collected the eluents
at different time points, detected their molecular
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weights by SDS-PAGE electrophoresis, and assessed
their antibacterial effects. The experimental results
showed that of 24 tubes of eluents, a suspicious 15
kDa band was detected in tubes 4, 5 and 11, and
that the filtrates in tubes 4, 5 and 11 had significant
antibacterial effects, indicating that the molecular
size of the active ingredient of the crude extract of
maggots may be approximately 15 kDa.
In short, this study found that the crude extract
of maggots can inhibit E. coli growth, exhibiting
obvious, dose-dependent antibacterial effects.
The crude extract exerts bacteriostatic effects by
changing the bacterial membrane permeability
and inhibiting plasmid DNA replication, but their
specific targets and mechanisms of action need to
be further studied. In addition, whether maggots
exert antibacterial effects through other mechanisms
also needs further study. The present study also
separated and purified the crude extract of maggots
by ion exchange chromatography and gel filtration
chromatography and found that a protein with a
molecular weight of about 15 kDa had significant
antibacterial effects. The identity of this protein as
well as its structure and composition remains to
be studied. The research on maggots as a novel
biological antimicrobial drug is still in the initial
stage, and there are many problems awaiting us to
solve. Our efforts in research of maggots may create
a new research area for biological antimicrobial
drugs.
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METHODS: Male rats (n = 45) of clean grade (200 ±
20 g) were divided into five groups after one week of
adaptive feeding: primary control, depression model,
low dose XYS, middle dose XYS, and high dose XYS.
The animal experiment continued for 3 wk. Primary
controls were fed normally ad libitum . The rats of all
other groups were raised in solitary and exposed to
classic chronic mild unpredictable stimulation each day.
XYS groups were perfused intragastrically with low
dose, middle dose, and high dose XYS one hour before
stimulation. Primary control and depression model
groups were perfused intragastrically with normal
saline under similar conditions as the XYS groups.
Three weeks later, all rats were sacrificed, and the
expression levels of CNP and NPR-B in rectum tissues
were analyzed by immunohistochemistry, real-time
polymerase chain reaction, and Western blotting.
RESULTS: CNP and NPR-B were both expressed in
the rectum tissues of all rats. However, the expression
levels of CNP and NPR-B at both gene and protein
levels in the depression model group were significantly
higher when compared to the primary control group
(n = 9; P < 0.01). XYS intervention markedly inhibited
the expression levels of CNP and NPR-B in depressed
rats. The expression levels of CNP and NPR-B in the
high dose XYS group did not significantly differ from
the expression levels in the primary control group.
Additionally, the high and middle dose XYS groups
(but not the low dose group) significantly exhibited
lower CNP and NPR-B expression levels in the rectum
tissues of the respectively treated rats compared to the
untreated depression model cohort (n = 9; P < 0.01).
CONCLUSION: The CNP/NPR-B pathway is upregulated
in the rectum of depressed rats and may be one
mechanism for depression-associated digestive disorders.

Abstract
AIM: To investigate the distribution and expression
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XYS antagonizes this pathway at least partially.

Brain gut peptide is a peptide hormone that regu
lates gastrointestinal motility through the braingut axis. Brain-gut interactions play crucial roles
in the regulation of digestive processes (including
appetite and food intake), modulation of the gutassociated immune system, and in the coordination
of the overall physical and emotional state of the
[8]
organism . A study has shown that a lack of orexin
signaling though the brain-gut axis may trigger
the development of functional gastrointestinal dis
[9]
orders . Other studies have demonstrated that
vasoactive intestinal peptides (somatostatin and
5-hydroxytryptamine) might be involved in the
etiology of gastrointestinal diseases caused by de
[10]
pression .
Atrial natriuretic peptide, B-type natriuretic peptide,
and C-type natriuretic peptide (CNP) are members
of the natriuretic peptide family of bioactive peptides
best known for their role in the regulation of blood
[11]
[12]
pressure and cardiovascular homeostasis .
CNP is found mainly in the central nervous system
[13]
and endothelial cells , but it was recently found that
CNP is a peptide hormone that coexists in the nervous
[14,15]
system and gastrointestinal tract
. Our previous
studies have indicated that CNP can relax gastric
circular and longitudinal smooth muscles, and it is
involved in the paracrine regulation of gastrointestinal
motility via the CNP/natriuretic peptide receptor B
(NPR-B)/cGMP pathway in human, rat, and guinea pig
[16,17]
[18]
stomachs
. Xu et al
reported that upregulation
of NPs/NPR-A, NPR-B/cGMP, and NPs/NPR-C signaling
pathways may be involved in diabetes-induced
loss of interstitial cells of Cajal to induce diabetic
gastroparesis. However, it is still unclear whether the
CNP signaling pathway is involved in gastrointestinal
disorders caused by depression.
Xiaoyaosan (XYS) originated from the Song
dynasty (960-1127 AD) book “Taiping Huimin Heji
Jufang”. It contains eight common herbs (Bupleurum
root, Chinese angelica root, white peony root, Per
enniporia, bighead Atractylodes rhizome, roasted
ginger, prepared licorice root, menthol, and pep
permint) and has been prescribed to sooth the liver,
tonify the spleen, and nourish blood. The finished
product (pill, decoction, etc.) has been used for
centuries in China to treat mental diseases such
[19-21]
as depression
. Currently, it is often used for
the treatment of multiple-system diseases such as
[22]
mental disorders, neurological diseases , digestive
[23]
system diseases , respiratory diseases, endocrine
[24]
diseases, and gynecologic diseases. Liang et al
reported that XYS decoction regulated the symptoms
of appetite and body weight loss under chronic
stress. Few studies have highlighted the mechanisms
underlying the intervention of XYS on gastrointestinal
motility disorder induced by depression. We believe
that the CNP/NPR-B signaling pathway is involved in

Key words: C-Type natriuretic peptide; Natriuretic peptide
receptor type B; Rectum; Depression; Gastrointestinal
motility
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: C-type natriuretic peptide (CNP) and natriuretic
peptide receptor B (NPR-B) were expressed in the
mucosa, muscle, and serosa of rat rectum. Expression
of CNP and NPR-B are upregulated in the rectum of
depressive digestive disorder rats, with the CNP/NPR-B
signal pathway possibly being involved in depressive
digestive disorders. Our study shows that Xiaoyaosan
inhibits the expression of CNP and NPR-B in a dosedependent manner.
Li P, Tang XD, Cai ZX, Qiu JJ, Lin XL, Zhu T, Owusu L, Guo
HS. CNP signal pathway up-regulated in rectum of depressed
rats and the interventional effect of Xiaoyaosan. World J
Gastroenterol 2015; 21(5): 1518-1530 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i5/1518.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i5.1518

INTRODUCTION
Depression is a common mental disorder that presents
with depressed mood, loss of interest/pleasure, feelings
of guilt/low self-worth, disturbed sleep/appetite,
insomnia/hypersomnia, fatigue/loss of energy, and
[1]
poor concentration/difficulty making decisions . In
addition to the above symptoms, depression is often
associated with varying degrees of gastrointestinal
motility disorders; mainly gastric smooth muscle tone
reduction, stomach hunger disappearance, peristaltic
dysfunction, intestinal motility hyperthyroidism,
intestinal secretion, constipation, and diarrhea.
Depression can also induce endocrine and immune
[2]
dysfunctions . Improvement of gastrointestinal
motility disorder is a prerequisite for the restoration of
endocrine and immune system functions to normalcy.
Conversely, gastrointestinal motility disorder may
[3]
aggravate depression . Although depression-induced
gastrointestinal motility disorder is a significant health
problem, its pathogenesis and mechanisms are still
not well understood.
It is generally believed that depression-induced
gastrointestinal motility disorder is closely related
to visceral autonomic neuropathy, genetic factors,
[4]
[5]
and interactions of peptides , neurotransmitters ,
[6]
hormones , humoral factors, and cytokine secretion.
In numerous mechanisms of the etiology of gas
trointestinal disorders caused by depression, the
[7]
effect of brain gut peptide is widely recognized .
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gastrointestinal disorders caused by depression and
XYS has an intervention effect on the CNP/NPR-B
signaling pathway. The aim of this study, therefore,
was to investigate the role of the CNP/natriuretic
peptide receptor type B (NPR-B) pathway in
depression-induced gastrointestinal motility disorders
and the intervention effect of XYS.

each day. Fasting was induced for 24 h once a week.
Concussion consisted of placing the rat on a horizontal
oscillator and then shocking it at a frequency of once
every second for 30 min. XYS gavage doses were
(gavage volume 2 mL): 7.65 g/kg per day for the
low dose group, 15.3 g/kg per day for the medium
dose group, and 30.6 g/kg per day for the high dose
group. Primary controls were fed with 2 mL of saline.
All experimental protocols were approved by the local
Animal Care Committee and conformed to the Guide
for the Care and Use of Laboratory Animals published
by the Science and Technology Commission of the
People’s Republic of China (STCC Publication No. 2,
revised 1988).

MATERIALS AND METHODS
Reagents and antibodies

TM

RNAiso Plus, PrimeScript RT reagent kit with gDNA
®
TM
Eraser and SYBR Premix Ex Taq II were purchased
from Takara Biotech, Inc. Rabbit NPR-B polyclonal
antibody, rabbit CNP polyclonal antibody, and rabbit
beta-actin polyclonal antibody were purchased
from Beijing Biosynthesis Biotechnology Co., Ltd.
Peroxidase-conjugated affini-pure goat anti-rabbit
IgG was purchased from Beijing ZSGB Biotech Co.,
Ltd. Other reagents were obtained from standard
commercial suppliers.

Depression model identification

Conditions such as mood, fur color, irritability, eye
mucosal color, and feces color were examined every day.
The body weight of each rat was recorded before
commencing the model, on the sixth day of modeling,
th
st
on the 13 day of modeling, and on the 21 day of
modeling.
Open-field test was performed before modeling, on
th
th
the 16 day of modeling, on the 13 day of modeling,
st
and on the 21 day of modeling.
Briefly, rats were placed in the middle of an open
field box and had their activity observed for 5 min.
Outcome measures included: (1) The number of grids
crossed (the number of times three or more paws
crossing into adjacent grids); (2) Standing number (the
number of times two forelimbs were lifted up from the
bottom of the box to make the body upright); and (3)
Grooming times (the number of times two forelimbs
were used for grooming, scratching, or licking face and
paws).

Animals

Male Sprague Dawley rats (License No.: SCXK (LIAO)
2008-0002; certificate No. 0003496) of clean grade
(200 ± 20 g) were purchased from the Experimental
Animal Center of Dalian Medical University. Animals
were housed at a rearing temperature of 23 ± 2 ℃
and relative humidity of 55% ± 2% for one week
under standard conditions with a 12 h light/dark cycle
(light: 7:00 am to 7:00 pm) before experiments.

Depression model

A total of 45 rats were divided into five groups: N,
M, D, Z, and G (primary control, depression model,
low XYS dose, middle XYS dose, and high dose XYS
groups, respectively) after one week of adaptive feed.
The rats were housed singly, with the exception of
the primary control group, which were housed three
rats per cage. Primary controls were fed normally, ad
libitum. Groups M, G, Z, and D were subject to classic
chronic mild unpredictable stimulation each day.
Groups D, Z, and G were perfused intragastrically
with low, middle, and high dose of XYS, respectively,
one hour before stimulation. Groups N and M were
perfused intragastrically with normal saline at the
same time. The experiment continued for 3 wk. The
remaining rats received one of these chronic mild
unpredictable irritations daily: bondage, swimminginduced fatigue, electrical stimulation, fasting, or
concussion. For bondage, the rat was bound into a
narrow tube for 5 h in order to allow only very limited
activity space. For swimming-induced fatigue, the
rat was placed into water (20 ℃, 15 cm) and then
removed after 20 min. For electrical stimulation, the
rat was placed into a cage connected to an electronic
stimulator, and then irritated with 1.5 mA, 45 V,
for 4 s at intermittent intervals of 1 min for 30 min

WJG|www.wjgnet.com

Tissue collection

The rats were anesthetized by 10% chloral hydrate
(350 mg/kg) by intraperitoneal injection. After sacrifice,
the rectum of each rat was washed in ice-cold PBS
and bisected longitudinally. The connective tissue was
carefully removed from the rectum by mechanical
scraping on ice. For RNA and protein extraction, sections
of the rectum were flash-frozen in liquid nitrogen and
stored at -80 ℃. For immunohistochemistry, the rectum
was fixed immediately in 4% paraformaldehyde solution
at 4 ℃ for 12 h.

Western blotting analysis of NPR-B expression

Western blotting analysis was performed to analyze
protein expression in the rat rectum samples. Frozen
rectum tissue was crushed in liquid nitrogen using a mortar
and pestle. Each rectum sample was homogenized with
lysis reagent (P0033; Beyotime Chemical Co., Jiangsu,
China) according to the manufacturer’s instructions,
with the protein concentration then being determined
according to the Lowry method using bovine serum
albumin as a standard. Total protein was separated
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on 10% polyacrylamide gel and then transferred onto
polyvinylidene difluoride (PVDF) membrane (Millipore,
Bedford, MA, United States). The membrane was
blocked in 5% (w/v) skimmed milk powder with Tris
Buffered Saline-Tween 20 (TBST) for 1 h at 37 ℃
and then incubated with the primary antibodies,
rabbit polyclonal anti-rat NPR-B antibody (bs-2348R;
Biosynthesis Biotechnology, Beijing, China; 1:500
dilution) and rabbit polyclonal anti-rat β-actin antibody
(bs-0061R; Biosynthesis Biotechnology, Beijing, China;
1:1000 dilution) for 1 h at 37 ℃. After incubation, the
membrane was washed three times with TBST and
then incubated with horseradish peroxidase (HRP)linked secondary antibody, goat anti-rabbit IgG
(ZB-2301; ZSGB-Biotechnology, Beijing, China; 1:5000
dilution) for NPR-B, and β-actin. Probed membrane was
immersed for 1 min in enhanced chemiluminescence
(ECL) detection reagent (Amersham Biosciences,
Piscataway, NJ, United States). After development
and image acquisition, the image from each western
blotting was quantitatively analyzed using Quantity One
software (Bio-Rad Laboratories, CA, United States) and
normalized to their corresponding β-actin expression
levels.

were washed with PBS 2 min × 3. The sections were
stained with 3, 3’-diaminobenzidine tetrahydrochloride
(DAB-0031; Maixin Biotechnology, Fuzhou, China) for
approximately 2 min at room temperature and then
washed with distilled water. The nuclei were stained
with hematoxylin and examined using a LEICA DM
2500 light microscope (Leica Microsystem, ON,
Canada). A minimum of six fields were examined
for each rectum tissue, with representative tissue
sections photographed with LEICA DFC450 (Leica
Camera AG, ON, Canada). DAB signal examined as
showing immunopositive staining was a “brown”
label. The staining indices were compared among five
groups and calculated from the staining intensity and
percentage of cells staining per section, with three
sections per group. Samples were scored from 0 to
4 according to the percentage of positive-stained
cells of 0%, 1%-25%, 26%-50%, 51%-75%, and
76%-100%, respectively. Staining intensity was
scored from 0 to 3 (0 = negative, 1 = weak, 2 =
moderate, and 3 = intense). An histological score
formula of ∑pi was used, where “i” represents the
score of staining intensity and “p” represents the
percentage score of the same staining intensity cells
[25]
in total cells .

Immunohistochemistry analysis of CNP and NPR-B

Real time-PCR analysis of CNP and NPR-B mRNA

The localization and distribution of NPR-B and CNP in the
rectum was investigated by immunohistochemistry. After
being affused with 4% paraformaldehyde (4 ℃, 12
h), rectum tissue samples were paraffin-embedded,
cut into 5 μm-thick sections, and mounted serially
on de-paraffinized and rehydrated glass slides.
Sections were deparaffinized in three changes of
xylene, hydrated in a graded ethanol series, and then
washed in tap water. For antigen retrieval, sections
were incubated in 10 mmol/L sodium citrate tissue
antigen retrieval solution (pH = 6) that contained
0.05% Tween-20 at a high temperature and pressure
for 2 min, and then cooled to room temperature. The
sections were washed in distilled water, immersed in
PBS, and then incubated with 0.3% H2O2 in distilled
water for 20 min to block endogenous peroxides.
After rinsing three times in PBS for 2 min each at
room temperature, slides were incubated for 15 min
at 37 ℃ with normal goat serum (Vector, Burlingame,
CA, United States; 1:20) to block non-specific bin
ding. The blocking serum was removed by gentle
tapping, with the samples then being incubated in
a humidified container with either rabbit polyclonal
anti-NPR-B antibody (bs-2348R; Biosynthesis
Biotechnology, Beijing, China; 1:75 dilution) or rabbit
polyclonal anti-CNP antibody (bs-1000R; Biosynthesis
Biotechnology, Beijing, China; 1:400 dilution) for 1 h
at 37 ℃, and washed with PBS 2 min × 3, followed
by incubation in a humidified container with biotinlabeled goat anti-rabbit antibody (KIT-5030, Maixin
Biotechnology, Fuzhou, China) for 15 min. Slides

WJG|www.wjgnet.com

Real time fluorescence quantitative PCR (Real
time-PCR) was performed to analyze the gene
expression levels of NPR-B and CNP in the rat rectum
samples. Total RNA was isolated from the rectum
as recommended by the manufacturer of RNAiso
Plus (9109, Takara Biotechnology Inc., Japan). RNA
concentration was determined spectrophotometrically
(Bio-photometer Eppendorf, Milan, Italy) at 260 nm
and 280 nm. The ratio of readings at 260 nm and
280 nm (A260/A280) provided an estimate of the
purity of RNA. The integrity and purity of total RNA
was also detected by electrophoresis of samples
on GelStar Stain agarose gels. Only samples that
showed clear and distinct 28S and 18S ribosomal
RNA bands and had spectrophotometric A260/A280
ratios of 1.9-2.1 were used. Reverse transcription
was performed as recommended by the manufacturer
TM
of the PrimeScript RT reagent kit with gDNA
Eraser (RR047A; Takara Biotechnology Inc., Japan),
which was incubated at 37 ℃ for 15 min, followed
by incubation at 85 ℃ for 5 s. cDNA samples were
used for analyzing specific cDNA of CNP and NPR-B.
cDNA were examined by agarose gel electrophoresis
to assure near equivalent levels of cDNA synthesis.
Following DNase treatment, real-time PCR was
performed in an optical 96-well plate using real-time
monitoring of nucleic acid green dye fluorescence
®
TM
(SYBR Green I) with SYBR Premix Ex Taq II
(RR820A; Takara Biotechnology Inc., Japan) with
TM
the StepOnePlus System (Applied Bio-systems).
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Table 1 Oligonucleotide sequences used for real time-PCR
Gene

Accession number

NPR-B
CNP
β-actin
GAPDH

GenBank

NM_053838
NM_053750.1
NM_031144
NM_017008

Forward primer sequence

Reverse primer sequence

F: TTTACCTTGATGTCTTTGGG
F: CATGAGCGGTCTGGGATGTTAG
F: TCGTGCGTGACATTAAAGAG
F: AAGTTCAACGGCACAGTCAAG

R: CCTGATACTCGGGATTCG
R: CACATTGCGTTGGAGGTGTTTC
R: TGCCACAGGATTCCATACC
R: TACTCAGCACCAGCATCACC

Weight (g)

NPR-B: Natriuretic peptide receptor B; CNP: C-type natriuretic peptide; F: Forward; R: Reverse.

320.0

b

300.0

b

N
D
Z
G
M

RESULTS
Establishment and identification of animal model of
depression

The method of chronic mild unpredictable irritations
combined with solitary raising work together to make
a depression model. The state, weight, and open-field
testing of rats were observed to identify whether the
depression model was successful.

b

280.0

b

260.0
240.0
220.0

Performance of normal rats: Good mood, agile
activity, thick and shiny hair, pale pink ear mucosa,
normal eating, normal drinking, and normal stool.
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Performance of depressed rats: Exhausted demeanor,
dull and brown hair, dark eyes with secretions, arched
and huddled together, loose stool, weight loss, reduced
numbers of crossed-grids, reduced instances of
standing, and reduced grooming.

t /d

Figure 1 Weight changes of the five groups of rats. Data are presented
as mean ± SE. N: Primary control group; M: Depression model group; D; Low
dose Xiaoyaosan (XYS) group; Z: Middle dose XYS group; G: High dose XYS
group. On the 21st day, the difference between the depression model group and
the primary control group was significant (n = 9; bP < 0.01 vs M). The difference
between the XYS groups and the depression model group was significant (n = 9;
b
P < 0.01 vs M).

Weight

Two-step standard real-time PCR procedure: Stage
1: Reps 1, 95 ℃, 30 s; Stage 2: Reps 40, 95 ℃, 5
s; 60 ℃, 30 s. Table 1 depicts the specific primers
for rat β-actin, GAPDH, CNP, and NPR-B (Bioneer,
Inc., South Korea) which were used. The genes of
β-actin and GAPDH were used as housekeeping gene
constitutively expressed to a constant amount in
cells, and gene expression of CNP and NPR-B was
normalized to β-actin or GAPDH. All samples were
amplified in triplicate. Ct values were analyzed and
the ΔΔCt value of amplification was calculated. The
relative increase/decrease of mRNA in the target
genes of the experimental groups were calculated
using the model group as the calibrator.

Open-field test
st

On the 21 day, the number of crossed-grids, instances
of standing, and number of grooming times were
compared. The differences between the depression
b
and primary control groups was significant (n = 9, P
< 0.01; Figure 2). The differences between the XYS
b
and depression groups were also significant (n = 9, P
< 0.01; Figure 2).

Statistical analysis

Differences between more than two independent
[26]
groups were analyzed by Fisher’s test after ANOVA .
Where required, the data was transformed by the
appropriate method to obtain a normal distribution.
All experiments were repeated at least three times.
The results are expressed as mean ± SE and a P
value < 0.05 was considered significant.
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st

On the 21 day, the average weight of the rats was
309 ± 1 g in primary control group (N), 254 ± 1 g in
depression model group (M), 265 ± 1 g in low dose
group (D), 281 ± 2 g in middle dose group (Z), and 296
± 3 g in High dose group (G). The difference between
b
the M and the N was significant (n = 9, P < 0.01;
Figure 1). The difference between the XYS groups and
the depression model group was also significant (n = 9,
b
P < 0.01; Figure 1).

Expression of CNP in rectum of depressed rats

Immunohistochemistry was used to detect the
expression of CNP in the rectum of depressed rats.
The doses of XYS administered were as follows: 7.65
g/kg per day for D, 15.3 g/kg per day for Z, and
30.6 g/kg per day for G. CNP immunopositive brown
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A

50
Open-field test
(crossed-grids times)

granules were detected in the mucosa, muscle, and
serosa of the rats’ rectum. CNP positive-staining was
evidenced in the nucleus and cytoplasm of smooth
muscle cells, basal granular cells, and stromal cells.
The results showed that smooth muscle cells (n = 9;
Figure 3A) and basal granular cells (n = 9; Figure 3B)
in the five groups all expressed CNP, but differentially.
The staining index of CNP was 1.50 ± 0.224 in N,
13.00 ± 0.365 in M, 11.67 ± 0.211 in D, 7.50 ± 0.224
in Z, and 4.83 ± 0.307 in G. The expression of CNP
in the depression model group (M) was significantly
higher than that in the primary control group (N).
The high and middle XYS dose groups (G and Z) were
not significantly different compared with the primary
control group (N), but significantly decreased (n = 9;
b
P < 0.01; Figure 3C) compared with the depression
model group (M). The low XYS dose group (D) was
not significant different compared with the depression
model group (M).
The mRNA expression levels of CNP in the various
groups corroborated with the immunohistochemical
data. The average ratios of CNP/β-actin between the
five groups and the depression model group were 0.534
± 0.013 in G, 0.785 ± 0.017 in Z, 0.967 ± 0.015 in
D, 1.000 ± 0.025 in M, and 0.289 ± 0.017 in N (n =
b
9; P < 0.01; Figure 4A). The average ratios of CNP/
GAPDH between the five groups and the depression
model group were 0.579 ± 0.072 in G, 0.801 ± 0.041
in Z, 0.984 ± 0.032 in D, 1.000 ± 0.031 in M, and
b
0.428 ± 0.022 in N (n = 9; P < 0.01; Figure 4B). The
expression of CNP in the depression model group (M)
was significantly higher than that in the primary control
group (N). The high and middle XYS dose groups (G
and Z) were significantly decreased compared with the
depression model group (M). The low XYS dose group
(D) was not significant different compared with the
depression model group (M).
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Expression of NPR-B in rectum of depressed rats

NPR-B (molecular weight: 120 kDa) expression levels
in the rectum of the rats were detected using the
method of western blotting. The doses were as follows:
7.65 g/kg per day for the low dose group (D), 15.3
g/kg per day for the medium dose group (Z), and 30.6
g/kg per day for the high dose group (G). The ratio of
NPR-B/β-actin was 0.552 ± 0.026 in N, 2.039 ± 0.047
in M, 1.873 ± 0.048 in D, 1.136 ± 0.030 in Z, and 0.814
b
± 0.033 in G (n = 9; P < 0.01; Figure 5B).
Using immunohistochemistry evaluation, NPR-B
immunopositive brown granules were expressed in
the mucosa, muscle, and serosa of the rats’ rectum.
NPR-B positive staining was located in the membrane
of smooth muscle cells, basal granular cells, and
stromal cells. The immunohistochemistry results
showed that smooth muscle cells (n = 9; Figure 6A)
and basal granular cells (n = 9; Figure 6B) in the five
groups all expressed NPR-B, but differentially. The
staining index of NPR-B was 1.33 ± 0.333 in N, 13.17

2.0
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The 6
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day

day
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Figure 2 Open-field test of the five groups of rats. A: Number of grids
crossed: (instances that three or more paws crossed into adjacent grids); B:
Standing number (number of times two forelimbs were lifted up from the bottom
of box to make the body upright); C: Grooming times (number of times two
forelimbs were used for grooming, scratching, or licking face and paws). Data
are presented as mean ± SE. N: Primary control group; M: Depression model
group; D: Low dose Xiaoyaosan (XYS) group; Z: Middle dose XYS group; G:
High dose XYS group. On the 21st day, the difference between the depression
model group and the primary control group was significant (n = 9; bP < 0.01 vs
M). The difference between the XYS groups and the depression model group
was significant (n = 9; bP < 0.01 vs M).
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Figure 3 Immunohistochemical analysis of C-type natriuretic peptide in rat rectum. A: C-type natriuretic peptide (CNP) expression in rectum smooth muscle
layer of rats (arrows); B: CNP expression in rectum mucosal/serosal layers of rats (arrows); C: Staining index of CNP expression in the rectum of the five groups.
Data are presented as mean ± SE. Arrows denote areas of positivity. N: Primary control group M: Depression model group; D: Low dose Xiaoyaosan (XYS) group; Z:
Middle dose XYS group; G: High dose XYS group. The difference between the depression model group and the primary control group was significant (n = 9; bP < 0.01
vs M). The high and middle XYS dose groups were significantly different compared with the depression model group (n = 9; bP < 0.01 vs M). Scale bar = 50 μm.
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Figure 4 Real-time polymerase chain reaction analysis of C-type natriuretic peptide in rat rectum. A: C-type natriuretic peptide (CNP) mRNA transcript levels
were normalized to β-actin. B: CNP mRNA transcript levels were normalized to GAPDH. Values of ΔΔCt are expressed as ratios of model group expression level.
β-actin and GAPDH are used as the internal control. Bars represent data presented as mean ± SE. N: Primary control group; M: Depression model group; D: Low dose
Xiaoyaosan (XYS) group; Z: Middle dose XYS group; G: High dose XYS group. The difference between the depression model group and the primary control group was
significant (n = 9; bP < 0.01 vs M). The high and middle XYS dose groups were significantly different compared with the depression model group (n = 9; bP < 0.01 vs M).
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Figure 5 Western blotting analysis of natriuretic peptide receptor B expression in rat rectum. A: Natriuretic peptide receptor B (NPR-B) and β-actin protein
expression levels in rat rectum tissue. Assayed NPR-B protein or β-actin by immunoblot analysis. β-actin was used as a loading control. Lane N: Primary control
group; Lane M: Depression model group; Lane D: Low Xiaoyaosan (XYS) dose group; Lane Z: Middle XYS dose group; Lane G: High XYS dose group. Protein bands
have been altered via image processing software (Adobe Photoshop CS3) to get a cleaner background; B: Panel shows the expression of NPR-B and β-actin protein
levels by relative optical density measurement in rat rectum. Data are presented as mean ± SE. The difference between the depression model group and the primary
control group was significant (n = 9; bP < 0.01 vs M). The high and middle XYS dose groups were significantly different compared with the depression model group (n = 9;
b
P < 0.01 vs M). CNP: C-type natriuretic peptide.

± 0.307 in M, 11.50 ± 0.224 in D, 5.83 ± 0.307 in Z,
b
and 4.00 ± 0.258 in G (n = 9, P < 0.01; Figure 6C).
The mRNA expression level of NPR-B in the
rectum of the rats corroborated with the immu
nohistochemistry result. The average ratio of NPR-B/
β-actin between the five groups and the depression
model group were 0.609 ± 0.017 in G, 0.817 ± 0.028
in Z, 0.974 ± 0.022 in D, 1.000 ± 0.030 in M, and
b
0.313 ± 0.020 in N (n = 9, P < 0.01; Figure 7A).
The average ratio of NPR-B/GAPDH between the five
groups and the depression model group were 0.614 ±
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0.051 in G, 0.862 ± 0.035 in Z, 0.969 ± 0.029 in D,
1.000 ± 0.039 in M, and 0.428 ± 0.015 in N (n = 9,
b
P < 0.01; Figure 7B).
NPR-B mRNA data were consistent with NRP-B
IHC and western blotting data. The expression
of NPR-B in the depression model group (M) was
significantly higher than that in the primary control
group (N). The high and middle XYS dose groups
(G and Z) were not significantly different compared
with the primary control group (N), but significantly
decreased compared with the depression model
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Figure 6 Immunohistochemical analysis of natriuretic peptide receptor B in rat rectum. A: Natriuretic peptide receptor B (NPR-B) expression in rectum smooth
muscle layer of rats; B: NPR-B expression in rectum mucosal/serosal layers of rats; C: Staining index of NPR-B expression in rat rectum of the five groups. Data are
presented as mean ± SE. Arrows denote areas of positivity. N: Primary control group; M: Depression model group; D; Low dose Xiaoyaosan (XYS) group; Z: Middle
dose XYS group; G: High dose XYS group. The difference between the depression model group and the primary control group was significant (n = 9; bP < 0.01 vs M).
The high and middle XYS dose groups were significantly different compared with the depression model group (n = 9; bP < 0.01 vs M). Scale bar = 50 μm.
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Figure 7 Real-time polymerase chain reaction analysis of natriuretic peptide receptor B in rat rectum. A: Natriuretic peptide receptor B (NPR-B) mRNA
transcript levels were normalized to β-actin; B: NPR-B mRNA transcript levels were normalized to GAPDH. Values of ΔΔCt are expressed as ratios of model group
expression level. β-actin and GAPDH are used as the internal control. Bars represent data presented as mean ± SE. N: Primary control group; M: Depression model
group; D: Low dose Xiaoyaosan (XYS) group; Z: Middle dose XYS group; G: High dose XYS group. The difference between the depression model group and the
primary control group was significant (n = 9; bP < 0.01 vs M). The high and middle XYS dose groups were significantly different compared with the depression model
group (n = 9; bP < 0.01 vs M).

group (M). The low XYS dose group (D) was not
significant different compared with the depression
model group (M).

in neonatal rats led to changes in their hypothalamic
CRF expression, as well as depression- and anxietylike behavior as adults.
CNP is considered to be a peptide that co-exist in
the central nervous system and gastrointestinal tract
[31]
that plays a bioactive role via the brain-gut axis .
[32]
Minamino et al
successfully detected CNP mRNA
in various peripheral tissues, including the ileumjejunum, colon-cecum, stomach, kidney, lung, testis,
and submaxillary gland. Some studies have also
demonstrated that CNP and NPR-B can be found in
rat and guinea pig gastric antrum, rabbit colon, and
[33-35]
mouse stomach pylorus and large intestine
. Del
[36]
Ry et al
reported that the C-type natriuretic peptide
signaling pathway was involved in the inhibition
of myocardial contraction in heart failure, which is
considered to be related to the contraction of smooth
muscles. CNP signaling also has an inhibitory effect
on the regulation of gastrointestinal motility, which
has been experimentally demonstrated in several
[37]
animal models, such as the rabbit colon . Our
previous study showed that CNP significantly inhibited
the spontaneous contraction of smooth muscles in
different species (e.g., guinea pig, rat, and humans),
and that NP inhibited gastric motility via the NP-cGMP[38]
PKG pathway .
Due to the several side effects associated with
many synthetic chemical antidepressants, searching for
new natural products for the treatment of depression
from traditional Chinese medicine is drawing everincreasing attention worldwide. A study by Dai et
[39]
al
emphasized the antidepressant effect of XYS,
and added that it could improve learning ability and
memory in depressed rats. XYS, compared with typical
antidepressant drugs, has many advantages such as
[40]
fewer gastrointestinal reactions
and no dizziness,
drowsiness, or palpitations. However, its action is slow,

DISCUSSION
In the present study, the expression of CNP and NPR-B
in the rectum of depression rats was comparatively
investigated. The results indicated that the CNP/
NPR-B signal pathway is upregulated in the rectum
of depressed rats, and may be contributing to the
basis for depressive digestive disorders. However,
XYS improved the depressive digestive disorders by
downregulating the CNP signal pathway.
Gastrointestinal dysfunction is a common complication
of depression, of which the symptoms include:
gastrointestinal smooth muscle tone reduction, stomach
[27]
hunger disappearance, and gastric peristaltic disorder .
Many people suffer from depression worldwide, and
gastrointestinal disorders resulting from the condition
seriously affect their quality of life. A large number of
clinical cases have shown there to be little improvement in
the condition of patients with depressive gastrointestinal
disorders when stomach medicines were used alone.
However, gastrointestinal disorder function improved
when the patient’s mental state was managed with
[28]
antidepressant drugs. Suleyman et al
reported that
some antidepressants had gastro-protective potential
in indomethacin-induced ulcers in rats. There are
also studies that show that depression can cause
gastrointestinal discomfort and vice versa, with
mental state and the gastrointestinal tract influencing
[29]
each other via the brain-gut axis. Bercik et al
reported that chronic gastrointestinal inflammation
induced anxiety-like behavior and altered the central
nervous system’s biochemistry in mice. Meanwhile,
[30]
Liu et al
reported that transient gastric irritation
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and it has complex herbal ingredients.
In spite of the previously mentioned abundant
evidence that CNP/NPR-B exists in the gastrointestinal
tract and can inhibit spontaneous contraction of
smooth muscle, and that XYS have a therapeutic effect
on depression, no study has reported the definite
contact between depressive gastrointestinal motility
disorders with the CNP/NPR-B signaling pathway, or
the intervention effect of XYS. On the basis of this,
our study investigated the possible molecular link
of depressive digestive disorders through the CNP
signaling pathway, as well as the impact of XYS in
improving gastrointestinal motility disorders during
depression.
We found that CNP and NPR-B immunopositive
brown granules were expressed in the mucosa, muscle,
and serosa of rat rectum. It is possible that CNP may
be mainly synthesized, secreted from the mucosal
layer, and act through NPR-B located on the muscular
layer. Moreover, both the gene and protein expression
of CNP and NPR-B were increased significantly.
These may suggest upregulated activity of the CNP/
NPR-B signaling pathway in the rectum of depressive
digestive disorder rats. Interestingly, the expression of
CNP and NPR-B decreased in depressed rats upon XYS
intervention.
We also found that a higher dose of XYS produced
a larger inhibitory effect, with the inhibitory effect
of low dose XYS being the weakest. There was no
significant difference in inhibition between mediumdose XYS (15.3 g/kg per day) and high-dose XYS (30.6
g/kg per day) administration, which may suggest that
the inhibitory effect of XYS may reach a plateau of
efficacy, and hence a higher dose may not necessarily
translate into greater efficacy. Because the CNP/
NPR-B signaling pathway has an inhibitory effect
on gastrointestinal motility, its upregulation may be
involved in the development of depressive digestive
disorders.
It has been reported that cGMP can play an intracellular
role by regulating cGMP-stimulated PDE2 or cGMP[41]
inhibited PDE3 . The CNP-NPR-B/ pGC-cGMP signal
pathway is modulated by PDEs in gastrointestinal
smooth muscle, and therefore every stage of the CNPNPR-B-pGC-cGMP signal pathway may be a potential
target for investigating the mechanism of depressive
digestive disorders.
In summary, CNP/NPR-B signaling pathway activity
may be involved in digestive disorders which cause
considerable morbidity in patients with the major
healthcare burden that is depression. Additionally, current
treatments are mainly symptomatic and frequently
ineffective, as the development of new therapeutic
options is hampered by a poor understanding of the
underlying pathological mechanisms. XYS, however,
has been demonstrated to effectively interfere with the
CNP/NPR-B signaling pathway activity in the rectum of
depressed rats.
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Background

A common complication of depression is depressive digestive disorders.
However, its pathogenesis is not yet clear. A recent study has indicated that
C-type natriuretic peptide (CNP) is secreted from the alimentary canal and
plays an inhibitory role in the contraction of smooth muscles. However, whether
the expression of CNP is increased in the rectum and its effect on depressive
digestive disorders has not been reported.

Research frontiers

CNP is distributed in diverse cell types such as cardiac fibroblasts,
chondrocytes, glial cells, macrophages, and endothelial cells. Enterochromaffin
cells in gastrointestinal mucosa and smooth muscle cells also secrete CNP.
However, the other functions of the CNP signal pathway in the gastrointestinal
tract in terms of physiological and pathophysiological conditions still need to be
explored. In the present study, the possibility as to whether the CNP/natriuretic
peptide receptor B (NPR-B) signal pathway is involved in depressive digestive
disorders was investigated in depressed rats.

Innovations and breakthroughs

Recent reports have highlighted the pathogenesis of depressive digestive
disorders, with previous studies focusing on the relationship between the CNP/
NPR-B pathway and gastric motility. This is the first study to report that the
expression of CNP and NPR-B in rectum tissue is increased in depressed rats.
This study suggests that the CNP/NPR-B signal pathway may be involved in
depressive digestive disorders.

Applications

By understanding that the CNP/NPR-B signal pathway may be involved in
depressive digestive disorders, this study may represent a future strategy
for therapeutic or preventive intervention in the treatment of patients with
depression.

Terminology

Depression induces many significant changes in digestive disorders,
absorption, endocrine, and immune function dysfunction. However, digestive
disorders improve as a precondition to the recovery of absorption, endocrine,
and immune function dysfunction. At the same time, digestive disorder diseases
are often accompanied by poor mood. NPR-B is the natriuretic peptide receptor
for ANP, BNP, and CNP. NPR-B has a considerably higher affinity for CNP than
ANP or BNP.

Peer-review

An interesting article pointing to a novel mechanism that may explain key
factors in the CNP signaling pathway in depressive digestive disorders.
The results are logical, attractive, and congruent. In many ways, the work is
interesting, quite novel, and probably worthy of publication.
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METHODS: Liver fibrosis was induced in male BALB/
c mice by CCl 4. Recombinant IL-22 (rmIL-22) was
administered intraperitoneally in CCl4-treated mice.
Fibrosis was assessed by histology and Masson staining.
The activation of hepatic stellate cells (HSCs) was
investigated by analysis of α-smooth muscle actin
expression. The frequencies of T helper (Th) 22 cells,
Th17 cells and Th1 cells, the expression of inflammatory
cytokines [IL-22, IL-17A, interferon-γ (IFN-γ), tumor
necrosis factor-α (TNF-α), IL-6, IL-1b] and transcription
factors [aryl hydrocarbon receptor (AHR), RAR-related
orphan receptor (RORγt), T-bet] mRNA in the liver were
investigated. In addition, the plasma levels of IL-22, IL17A, IFN-γ, TNF-α, IL-6 and IL-1b were evaluated.
RESULTS: Significant elevations in circulating Th22
cells, Th17 cells, Th1 cells, IL-22, IL-17A, and IFN-γ
were observed in the hepatic fibrosis group compared
with the control group (P < 0.01). Treatment with
rmIL-22 in mice with hepatic fibrosis ameliorated the
severity of hepatic fibrosis, which was confirmed by
lower hepatic fibrosis pathological scores (P < 0.01).
RmIL-22 decreased the frequencies of Th22 cells
(6.71% ± 0.97% vs 8.09% ± 0.74%, P < 0.01), Th17
cells (4.34% ± 0.37% vs 5.71% ± 0.24%, P < 0.01),
Th1 cells (3.09% ± 0.49% vs 4.91% ± 0.73%, P <
0.01), and the levels of IL-22 (56.23 ± 3.08 vs 70.29
± 3.01, P < 0.01), IL-17A (30.74 ± 2.77 vs 45.68 ±
2.71, P < 0.01), and IFN-γ (74.78 ± 2.61 vs 124.89
± 2.82, P < 0.01). Down-regulation of IL-22, IL-17A,
IFN-γ, TNF-α, IL-6, IL-1b, AHR RORγt, and T-bet gene
expression in the liver was observed in the rmIL-22
group (P < 0.01).

Abstract
AIM: To investigate the effect of interleukin (IL)-22 on
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Th1 cells are elevated in hepatic fibrosis. RmIL-22 can
attenuate HSC activation and down-regulate the levels
of inflammatory cytokines, thereby ameliorating liver
fibrogenesis.

of interferon-γ (IFN-γ), a proinflammatory cytokine
which is necessary for the activation of macrophages
and is involved in immunity against intracellular
pathogens. Studies have shown that injection of IFN-γ
decreased total liver collagen content in rats with
[7]
dimethylnitrosamine-induced fibrosis . Nevertheless,
IFN-γ inhibits HSC proliferation and activation, and
down-regulates the expression of ECM in these cells.
Th17 cells are a more recently discovered subset of
+
CD4 T-helper cells characterized by the production
of their signature cytokine IL-17. They represent
another subtype of proinflammatory T-helper cells
that differs from Th1 and Th2 cells in development
and function. Differentiation of Th17 cells requires the
combined actions of transforming growth factor beta
(TGF-b), IL-6, and IL-21 in mice. These cytokines
induce the expression of the orphan nuclear receptor
RAR-related orphan receptor (RORγt) (mice) or
RORc (human). Th17 cells have been demonstrated
to play a critical role in inflammatory diseases,
autoimmune diseases and graft-versus-host diseases
by secreting IL-17A and other cytokines. Several
studies have revealed that Th17 cells are involved in
[8,9]
the pathogenesis of liver diseases .
Th22 cells have been recognized as a novel Th
cell subset, which are characterized by abundant
[10,11]
production of IL-22, but not IL-17 or IFN-γ
.
Th22 cells express the chemokine receptors CCR6,
CCR4 and CCR10, and have high expression of the
key transcription factor, aryl hydrocarbon receptor
(AHR), but low or undetectable expression of T-bet
[10]
and ROR-γt . In addition, the differentiation toward
the Th22 phenotype from naive T cells occurs in
the presence of IL-6 and tumor necrosis factor-α
[10]
(TNF-α) . Developing literature has demonstrated
that Th22 cells are associated with psoriasis,
rheumatoid arthritis, systemic sclerosis, and human
immunodeficiency virus infection. However, the
presence of Th22 cells and the role of Th22 in hepatic
fibrosis are unknown. IL-22 is a member of the IL-10
cytokine family and is produced primarily by Th22
cells, Th17 cells and Th1 cells. IL-22 can exert its
effects via a heterodimeric transmembrane receptor
complex consisting of IL-10R2 and IL-22R1. It is
thought that IL-22 may play an important role in re
gulating inflammatory disease-related inflammatory
responses. The relationship between IL-22 and IL-17,
as well as between IL-17 and IFN-γ, is of particular
interest, and their expression is often linked to
proinflammatory processes. IL-22 exerts functions
similar to those of IL-17, both contributing to the
control of extracellular bacterial infection. However,
IL-22 has specific functions, such as induction of
wound-healing responses and tissue repair protecting
[12]
against myocarditis or liver disease , where IL-17 is
not implicated. In particular, a recent study indicated
[13]
that IL-22 treatment prevented T cell hepatitis ,
[14]
stimulated liver regeneration , improved fatty
[15]
liver , and induced senescence of HSCs, thereby

Key words: T helper 22 cells; T helper 17 cells; T
helper 1 cells; Interleukin-22; Hepatic fibrosis
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: T helper (Th)-22 cells are involved in tissue
inflammation and immunity. The presence of Th22
cells and the role of interleukin (IL)-22 in hepatic
fibrosis have seldom been reported. The present study
examined the frequency of Th22 cells, investigated
the expression of IL-22, and determined the effects of
recombinant IL-22 on hepatic fibrosis in mice. The aim
of this preliminary study was to determine the presence
of Th22 cells and the functional characteristics of IL-22
in hepatic fibrosis. The frequency of Th22 cells was
elevated in mice with hepatic fibrosis. Recombinant
IL-22 ameliorated liver fibrogenesis via attenuation of
hepatic stellate cell activation and down-regulation of
inflammatory cytokines.
Lu DH, Guo XY, Qin SY, Luo W, Huang XL, Chen M, Wang
JX, Ma SJ, Yang XW, Jiang HX. Interleukin-22 ameliorates
liver fibrogenesis by attenuating hepatic stellate cell activation
and downregulating the levels of inflammatory cytokines. World
J Gastroenterol 2015; 21(5): 1531-1545 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i5/1531.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i5.1531

INTRODUCTION
Liver fibrosis is a major cause of morbidity and mortality
worldwide due to chronic liver injury. Activation of hepatic
stellate cells (HSCs) is considered the most important
event in the production of extracellular matrix (ECM)
[1]
and collagens, thereby leading to hepatic fibrosis .
Despite advances in the characterization of the fibrotic
process, the exact molecular mechanisms of the
disease are poorly understood. Persistent immunological
responses and inappropriate release of immune
mediators have been linked to injury, damage, and
scar formation in host tissues and identified as crucial
pathological processes. However, the fundamental
mechanisms responsible for liver fibrosis have not
been completely clarified.
Recently, emerging evidence has shown that
+
CD4 T cells play an important role in the development
[2-4]
+
of liver inflammation and fibrosis . CD4 T helper
cells have recently been subdivided into four major
subsets, largely based on their expression profile
of transcription factors and secreted cytokines: T
helper (Th) cell type 1, Th2, Th17 and regulatory T
[5,6]
cells . Th1 cells are characterized by the secretion
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[15]

ameliorating liver fibrogenesis .
It is well known that Th17 and Th1 cells are
involved in hepatic fibrosis. However, the existence
and underlying mechanisms of Th22 cells in hepatic
fibrosis are still unclear. Therefore, in the present
study, we investigated the distribution of Th22 cells in
relation to Th17 and Th1 cells in CCl4-induced hepatic
fibrosis in mice, and examined the expression of IL-22,
IL-17 and IFN-γ. Mice with hepatic fibrosis treated with
recombinant IL-22 (rmIL-22) were examined with the
aim of determining the presence of Th22 cells and the
functional characteristics of IL-22 in hepatic fibrosis.

CCl4 injection. The livers, spleens and plasma were
collected.

Histopathology

The harvested liver tissues were fixed in 10% neutral
buffered formalin and embedded in paraffin. Slices 4 μm
thick were prepared and stained with hematoxylin/
eosin (HE) and Masson’s trichrome staining according
to standard procedures, and histopathological changes
were observed under light microscopy (Nikon Eclipse
E800 Microscope; Kawasaki, Kanagawa, Japan). The
Ishak fibrosis score was used as the scoring system
for measuring the degree of liver fibrosis. A score of
0 indicated no fibrosis, scores of 1 and 2 indicated
degrees of portal fibrosis, and scores of 3 and 4
indicated bridging fibrosis. A score of 5 indicated
nodular formation and incomplete cirrhosis, and 6
indicated established cirrhosis. Histological assessment
was performed by two clinical pathologists without
knowledge of the experimental design.

MATERIALS AND METHODS
Mice

Specific pathogen-free male BALB/c mice aged 6 wk and
weighing 18-20 g were purchased from the Laboratory
Animal Center (Guangxi Medical University, China, No.
SCXKG 2010-0002). All experimental procedures on
mice were approved by the Committee on the Ethics
of Animal Experiments of Guangxi Medical University.
The animals were kept in a pathogen-free mouse
room (12 h light/12 h dark; temperature, 22-24 ℃),
and received water ad libitum by the Animal Care
Facility Service (Guangxi Medical University, China).
This study was carried out in strict accordance with
the recommendations in the Guide for the Care and
Use of Laboratory Animals of the National Institutes
of Health.

Immunohistochemistry

The liver tissue sections were dewaxed, hydrated
and subjected to heat-induced antigen retrieval.
Sections were blocked and incubated overnight at
4 ℃ with mouse anti-alpha-smooth muscle actin
(α-SMA) antibody (Sigma-Aldrich, St. Louis, MO) at
1:300 dilution. Negative-control antibodies consisted
of species-matched, and where appropriate, IgG
subclass-matched Ig, used at the same dilution. The
sections were subsequently washed and incubated
with HRP-conjugated goat anti-mouse IgG secondary
antibodies, followed by incubation for 5-10 min with
3,3′-diaminobenzidine tetrachloride and visualization
of specific staining under light microscopy. Stained
slides were analyzed by light microscopy, and highpower field images (magnification × 400) of the
livers were taken of each mouse (Olympus BX53;
Tokyo, Japan). α-SMA deposition in the cytoplasm
was evaluated semi-quantitatively according to
the extent and intensity of staining using ImagePro Plus Version 6.0 (Media Cybernetics, Bethesda,
MD, United States). Five fields from each slice were
randomly selected by two pathology experts, who
were unaware of the groups.

Mouse model of hepatic fibrosis

A total of 72 mice were randomly divided into the
hepatic fibrosis group (n = 40, 10 mice/subgroup)
and the control group (n = 32, 8 mice/subgroup).
Each group was divided into four subgroups (weeks 0,
4, 8 and 12). The hepatic fibrosis group was treated
with 2 mL/kg body weight of 20% CCl4 (Shanghai
Yangtze River Chemical Company, Shanghai, China)
intraperitoneally for 12 wk. Control mice received
olive oil (Sigma, United States) intraperitoneally.
All surviving animals were sacrificed on weeks 0, 4,
8 and 12, 72 h after the last injection. Livers and
spleens were removed aseptically as fresh specimens
for measurement, blood was harvested and the
plasma was prepared for analysis.

Flow cytometry

Treatment of mice with recombinant IL-22 protein

Splenic cells were gently dispersed through a nylon
mesh into a single-cell suspension and washed
with RPMI 1640 (GIBCO; California, United States).
Single cell suspensions were prepared by lysing
red blood cells using red blood cell lysing buffer
(BD Biosciences; San Diego, CA). These splenic
mononuclear cells were then resuspended in RPMI
1640 medium with 10% FCS (GIBCO; United States),
stimulated with phorbol myristate acetate (25 ng/
mL, Sigma-Aldrich) and ionomycin (1 μg/mL, Sigma6
Aldrich) in the presence of GolgiPlug (1 μL/10 cells,
BD Biosciences) at 37 ℃, 5% CO2 in a 24-well culture

A total of 16 mice were treated with 2 mL/kg body
weight of 20% CCl4 (Shanghai Yangtze River Chemical
Company; Shanghai, China) intraperitoneally for 8
wk, and then randomly divided into two groups. The
mice were given 300 μg/kg of rmIL-22 (0.3 μg/g;
R and D Systems, Inc., Minneapolis, MN, United
States) daily by intraperitoneal injection for 14 d
before being sacrificed (n = 8, rmIL-22 group). The
control groups were injected with a carrier solution of
0.5% BSA (in PBS, pH 7.0) (n =8, carrier group). All
surviving animals were sacrificed on week 10 after
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plate. After 5 h incubation, the cells were harvested
and stained with PerCP-Cy5.5 conjugated antimouse CD4 (BD Biosciences). Then the cells were
stained intracellularly with anti-IL-22-PE (eBioscience,
San Diego, CA, United States), anti-IL-17-APC
(eBioscience, United States), and anti-IFN-γ-Alexa®
Fluor 488 (BD Biosciences) monoclonal antibodies
after fixation and permeabilization (BD Biosciences).
Isotype-matched control antibodies were used to
determine the level of background staining and help
set a gate. Stained cells were analyzed by a FACSCalibur flow cytometer (BD Bioscience) and FlowJo
software 7.6.1 (Tristar, El Segundo, CA, United
States). Th22, Th17, and Th1 cells were defined as
+
+
+
+
+
+
IL-22 IL-17-IFN-γ-CD4 , IL-17 CD4 , and IFN-γ CD4
T cells, respectively.

at least twice for each sample.

Cytokine assay

Cytokine content in plasma was determined by
enzyme-linked immunosorbent assays. The amount of
IL-22 was detected using the Quantikine Mouse IL-22
IL-17A Immunoassay (eBioscience, United States).
The levels of IFN-γ, TNF-α, IL-6, and IL-1b in mice
were determined by enzyme linked immunosorbent
assay (ELISA) kits (Boster, China), according to the
manufacturer’s instructions. The sensitivity of ELISA
kits for IL-22, IL-17A, IFN-γ, TNF-α, IL-6 and IL-1b, was
5, 5, 7, 4, 7 and 7 pg/mL, respectively, and no crossreactivity was observed during these determinations. All
samples were measured in triplicate.

Statistical analysis

Real-time reverse transcription-polymerase chain reaction

Data are summarized as mean ± SD based on
experiments repeated in triplicate. Comparisons were
carried out using the Student’s t test for two-group
comparisons, or one-way ANOVA test for multiple
comparisons. The differences between pathological
scores were evaluated using the Mann-Whitney U
test. All data were analyzed with SPSS 16.0. P values
less than 0.05 were considered statistically significant.

Total RNA of homogenized heart tissues was
extracted with TRIZOL Reagent W (Invitrogen,
California, United States), and then reverse
transcribed into cDNA with a Reverse Transcription
kit (Ferma, CA, United States) according to the
manufacturer’s instructions. Primers for IL-22,
IL-17A, IFN-γ, TNF-α, IL-1b, IL-6 T-bet, RORγt,
AHR, and the housekeeping gene b-actin were
designed by Primer Premier 5.0. Real-time reverse
transcription-polymerase chain reaction (RTPCR) was performed using an ABI 7500 Sequence
Detection System (Applied Biosystems, Foster City,
CA, United States) using SYBR green. After an initial
denaturation step for 3 min at 94 ℃, a three-step
cycling procedure (denaturation at 94 ℃ for 30 s,
annealing at 60 ℃ for 30 s, and extension at 72 ℃
for 60 s) was used for 35 cycles. The templates and
primers were as follows: mouse IL-22 (Forward, F)
5′-CGA TTG GGG AAC TGG ACC TG-3′ and (Reverse,
R) 5′-GGA CGT TAG CTT CTC ACT TT-3′; IL-17A, (F)
5′- GTG TCT CTG ATG CTG TTG -3′ and (R) 5′-AAC
GGT TGA GGT AGT CTG-3′; IFN-γ, (F) 5′-CTC AAG
TGG CAT AGA TGT GGA AG-3′ and (R) 5′-GCT GGA
CCT GTG GGT TGT TGA-3′; AHR (F) 5′-ATG GAG
GCC AGG ACC AGT GTA G-3′ (R) 5′-TGC TGT GAC
AAC CAG CAC AAA G-3′; RORγt, (F) 5′-GCG GAG
CAG ACA CAC TTA CA-3′ and (R) 5′-TTG GCA AAC
TCC ACC ACA TA-3′; T-bet, (F) 5′-TTC CCA TTC CTG
TCC TTC AC-3′ and (R) 5′-CCT CTG GCT CTC CAT
CAT TC-3′; TNF-α, (F) 5′-AGT CCG GGC AGG TCT
ACT TT-3′ and (R) 5′-TTG GAC CCT GAG CCA TAA
TC -3′; IL-6, (F) 5′-ACA GAA GGA GTG GCT AAG
GAC C-3′ and (R) 5′-TAG GCA TAA CGC ACT AGG
TTT -3′; IL-1b, (F) 5′-CAG GAT GAG GAC ATG AGC
ACC -3′ and (R) 5′-CTC TGC AGA CTC AAA CTC
CAC-3′; b-actin, (F) 5′-AAT TCC ATC ATG AAG TGT
GA -3′ and (R) 5′-ACT CCT GCT TGC TGA TCC AC -3′.
The relative gene expressions were normalized to the level
of b-actin transcripts and quantified by the △△CT method
using 7500 System Sequence Detection software
(Applied Biosystems). All reactions were performed
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RESULTS
Evaluation of the severity of hepatic fibrosis

CCl 4 administration caused significant hepatic
inflammation, including hepatocyte ballooning, necrosis
and regeneration. The severity of hepatic fibrosis
gradually increased. Progressive necroinflammation
and perisinusoidal and portal fibrosis were observed,
and irregular necrosis and bridging fibrosis emerged
at week 8 (Figure 1A). The extension of fiber cable
and formation of hepatic lobules were observed and
very few areas of healthy hepatocytes and collagen
deposition with septa bridging portal regions were
detected at the end of 12 wk (Figure 1A).
The degree of liver fibrosis was evaluated by
Masson staining (Figure 1A), a qualitative assessment
of liver fibrosis, and the hepatic pathological scores
peaked at week 12 (Figure 1B). In contrast, the
control group showed no inflammatory cell infiltration,
necrosis or fibrosis in livers. HSCs are the main
collagen-producing cells in liver fibrosis, and we
analyzed activated HSCs by α-SMA expression via
immunohistochemical staining (Figure 1A). Following
CCl4 administration, increased α-SMA staining was
observed in the livers of mice from weeks 0 to
12 (Figure 1C). α-SMA spread to the portal area,
demonstrating increased activation of HSCs.

Increased proportions of Th22, Th17 and Th1 cells in
mice with hepatic fibrosis

As shown in Figure 2, the frequencies of splenic Th22
+
+
cells (IL-22 IL-17 IFN-γ CD4 cells) in the hepatic
fibrosis group from weeks 0 to 12 were 1.98% ±
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Figure 1 Degree of liver fibrosis in mice was evaluated by histopathological examination. A: Histology was evaluated by hematoxylin and eosin (HE) staining
and fibrillar collagen deposition was assessed by Masson staining (original magnification × 400). Activated hepatic stellate cells were evaluated in liver sections by
immunohistochemical staining of alpha-smooth muscle actin (α-SMA) (original magnification × 400); B: Degree of liver fibrosis was assessed based on the Ishak
scoring system; C: Morphometric quantitation of α-SMA expression. The mean number of α-SMA-positive cells in five ocular fields (magnification × 400) per specimen
was assessed as a percentage area. bP < 0.01 vs the week 0 model group. Data are mean ± SD (n = 8-10).
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Figure 2 Proportions of T helper 22, T helper 17 and T helper 1 cells were significantly increased in mice with hepatic fibrosis. A-C: Representative images
of T helper (Th)-22, Th17 and Th1 cells in the fibrosis group and the control group; D-F: The results of statistical analyses for the alterations in Th22, Th17 and Th1
cells in different subgroups; G-I: Correlation analyses of Th22 and Th17 cells, Th22 and Th1 cells, Th17 and Th1 cells in the fibrosis group at week 4. bP < 0.01 vs
control subgroups sacrificed at the same time point; dP < 0.01 vs the other fibrosis subgroups. Data are mean ± SD (n = 8-10). ILs: Interleukins; IFN: Interferon.

accordance with flow cytometry analysis of Th22 cells,
IL-22 was up-regulated in mice with hepatic fibrosis
from week 4 and peaked at week 4 (P < 0.01) (Figure
3A). The levels of IL-17A in the hepatic fibrosis group
from weeks 0 to 12 were 10.79 ± 2.6, 71.9 ± 5.72,
50.03 ± 4.84, and 39.62 ± 3.84, respectively. In
the control group, the levels of IL-17A were 10.4 ±
3.27, 11.16 ± 2.55, 10.31 ± 2.35, and 9.81 ± 2.33,
respectively. In accordance with flow cytometry
analysis of Th17 cells, IL-17A was up-regulated in
mice with hepatic fibrosis from week 4 and peaked at
week 4 (P < 0.01) (Figure 3B). Similarly, the levels
of IFN-γ in the hepatic fibrosis group from weeks 0
to 12 were 29.56 ± 4.15, 180.51 ± 6.44, 129.86 ±
5.56, and 99.21 ± 5.22. In the control group, the
levels of IFN-γ were 30.54 ± 4.2, 30.49 ± 4.93, 30.6
± 4.64, and 30.48 ± 3.6, respectively. In accordance
with flow cytometry analysis of Th1 cells, IFN-γ was
up-regulated in mice with hepatic fibrosis from week
4 and peaked at week 4 (P < 0.01) (Figure 3C).
The numbers of Th22, Th17 and Th1 cells in the
hepatic fibrosis group were positively correlated with
the production of IL-22, IL-17A and IFN-γ protein,
respectively (P < 0.01, Figure 3D-F).

0.34%, 18.2% ± 3.1%, 12.45% ± 1.6%, and 8.62%
± 1.01%, respectively. In the control group, the
frequencies of splenic Th22 cells from weeks 0 to
12 were 1.95% ± 0.25%, 1.93% ± 0.25%, 2.01%
± 0.22%, and 2.05% ± 0.24%, respectively. These
data indicated that the time-course of Th22 cells was
significantly higher than the control group from week
4 (P < 0.01), and peaked at week 4 (P < 0.01) (Figure
+
+
2A, 2D). The frequencies of Th17 cells (IL-17 /CD4 T
cells) in the hepatic fibrosis group from weeks 0 to
12 were 0.73% ± 0.15%, 7.22% ± 0.67%, 6.11%
± 0.74%, and 5.57% ± 0.68%, respectively. In the
control group, the frequencies of Th17 cells from
weeks 0 to 12 were 0.69% ± 0.1%, 0.71% ± 0.09%,
0.73% ± 0.07%, and 0.77% ± 0.09%, respectively.
The percentage of Th17 cells in the hepatic fibrosis
group was significantly higher than that in the control
group (P < 0.01), and peaked at week 4 (P < 0.01)
(Figure 2B and E). Similarly, the frequencies of Th1
+
+
cells (IFN-r /CD4 T cells) in the hepatic fibrosis group
from weeks 0 to 12 were 0.87% ± 0.18%, 6.63%
± 1.4%, 4.64% ± 1.23%, and 4.53% ± 0.59%,
respectively. In the control group, the frequencies of
Th1 cells from weeks 0 to 12 were 0.94% ± 0.17%,
0.87% ± 0.22%, 1.01% ± 0.21%, and 1.02% ±
0.19%, respectively. A significantly increased level of
Th1 cells was observed in the hepatic fibrosis group
compared with the control group (P < 0.01), and
peaked at week 4 (P < 0.01) (Figure 2C and F). The
number of Th22 cells in the hepatic fibrosis group was
positively correlated with the number of Th17 and
Th1 cells, and the number of Th17 and Th1 cells was
positively correlated (both P < 0.01, Figure 2G-I).

Elevated expression of IL-22, IL-17A and IFN-γ mRNA in
mice with hepatic fibrosis

As shown in Figure 4, the intensity of hepatic IL-22
mRNA normalized to b-actin in the hepatic fibrosis
group from weeks 0 to 12 and the levels were 1.02
± 0.08, 5.36 ± 0.57, 3.77 ± 0.49, and 3.03 ± 4.42,
respectively. In the control group, these levels from
weeks 0 to 12 were 1.03 ± 0.08, 1.02 ± 0.08, 0.99
± 0.09, and 1.01 ± 0.06, respectively. In accordance
with flow cytometry analysis of Th22 cells, IL-22
mRNA was up-regulated in mice with hepatic fibrosis
from week 4 and peaked at week 4 (P < 0.01) (Figure
4A). The intensity of IL-17A mRNA normalized to
b-actin in the hepatic fibrosis group from weeks 0
to 12 and the levels were 1.01 ± 0.05, 4.5 ± 0.54,
2.88 ± 0.35, and 2.76 ± 0.31, respectively. In the
control group, these levels from weeks 0 to 12 were

Elevated production of IL-22, IL-17A and IFN-γ in mice
with hepatic fibrosis

Peripheral blood levels of IL-22 in the hepatic fibrosis
group from weeks 0 to 12 were 29.23 ± 3.68, 114.79
± 7.8, 83.19 ± 5.41, and 76.89 ± 5.69, respectively.
In the control group, peripheral blood levels of IL-22
from weeks 0 to 12 were 29.31 ± 4.35, 30.45 ±
3.66, 29.79 ± 3.9, and 29.89 ± 3.93, respectively. In
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Figure 3 Elevated production of interleukin-22, interleukin-17A and interferon-γ protein in mice with hepatic fibrosis. A-C: The results of statistical analyses
for the alterations in interleukin (IL)-22, IL-17A and interferon (IFN)-γ in different subgroups; D-F: A positive correlation was found between T helper (Th)-22 cells and
IL-22, Th17 cells and IL-17A, Th1 cells and IFN-γ in the fibrosis group at week 4. bP < 0.01 vs control subgroups sacrificed at the same time point; dP < 0.01 vs the
other fibrosis subgroups. Data are mean ± SD (n = 8-10).

1 ± 0.05, 1.02 ± 0.07, 0.99 ± 0.04, and 1.02 ±
0.06, respectively. In accordance with flow cytometry
analysis of Th17 cells, IL-17A mRNA was up-regulated
in mice with hepatic fibrosis from week 4 and peaked
at week 4 (P < 0.01) (Figure 4B). Similarly, the
intensity of hepatic IFN-γ mRNA normalized to b-actin
in the hepatic fibrosis group from weeks 0 to 12
and the levels were 0.98 ± 0.25, 5.89 ± 0.44, 4 ±
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0.36, and 3.12 ± 0.52, respectively. In the control
group, these levels from weeks 0 to 12 were: 1.02
± 0.06, 1.06 ± 0.1, 1.01 ± 0.05, and 1.01 ± 0.05,
respectively. In accordance with flow cytometry
analysis of Th1 cells, IFN-γ mRNA was up-regulated in
mice with hepatic fibrosis from week 4 and peaked at
week 4 (P < 0.01) (Figure 4C). The numbers of Th22,
Th17 and Th1 cells in the hepatic fibrosis group were
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Figure 4 Elevated expression of interleukin-22, interleukin-17 and interferon-γ mRNA in mice with hepatic fibrosis. A-C: The results of statistical analyses for
the alterations in interleukin (IL)-22, IL-17 and interferon (IFN)-γ mRNA in different subgroups; D-F: A positive correlation was found between T helper (Th)-22 cells
and IL-22 mRNA, Th17 cells and IL-17A mRNA, Th1 cells and IFN-γ mRNA in the fibrosis group at week 4. bP < 0.01 vs the control subgroups sacrificed at the same
time point; dP < 0.01 vs the other fibrosis subgroups. Data are mean ± SD (n = 8-10).

positively correlated with the production of IL-22, IL17A and IFN-γ mRNA, respectively (P < 0.01) (Figure
4D-F).

rmIL-22 group were significantly lower than those in
the carrier group (P < 0.01) (Figure 5B). Compared
with the carrier group, there was a reduction in the
number of α-SMA positive cells in the rmIL-22 group
(P < 0.01) (Figure 5C). These results indicated that
rmIL-22 improved CCl4-induced liver fibrosis.

RmIL-22 alleviated the severity of hepatic fibrosis

As shown in Figure 5, rmIL-22 significantly attenuated
hepatic inflammation, necrosis and fibrosis compared
with the carrier group (Figure 5A). The degree of liver
fibrosis in the two groups of mice was investigated
using Masson staining. The fibrosis scores in the

WJG|www.wjgnet.com

RmIL-22 reduced the percentages of Th22, Th17 and Th1 cells

As shown in Figure 6A, the alterations in Th22, Th17
and Th1 cells in the rmIL-22 group and the carrier
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Figure 5 Recombinant IL-22 alleviated the severity of hepatic fibrosis. A: Histology was assessed by hematoxylin and eosin (HE) staining and fibrillar collagen
deposition was evaluated by Masson staining (original magnification × 400). Activated hepatic stellate cells were evaluated in liver sections by immunohistochemical
staining of alpha-smooth muscle actin (α-SMA) (original magnification × 400); B: Degree of liver fibrosis was assessed based on the Ishak scoring system; C:
Morphometric quantitation of α-SMA expression. bP < 0.01 vs the carrier group. Data are mean ± SD (n = 8). rmIL-22: Recombinant IL-22.
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group were investigated by flow cytometry. The
percentage of Th22 cells in the rmIL-22 group was
less than that in the carrier group (6.71% ± 0.97%
vs 8.09% ± 0.74%, P < 0.01) (Figue 6B). The
percentage of Th17 cells in the rmIL-22 group was
lower than that in the carrier group (4.34% ± 0.37%
vs 5.71% ± 0.24%, P < 0.01) (Figure 6C). Similarly,
the percentage of Th1 cells in the rmIL-22 group was
lower than that in the carrier group (3.09% ± 0.49%
vs 4.91% ± 0.73%, P < 0.01) (Figure 6D).
To confirm the finding that rmIL-22 suppressed
Th22, Th17 and Th1 responses, we examined the
effect of rmIL-22 on the expression of Th22 cell-, Th17
cell- and Th1 cell-related cytokines. The hepatic mRNA
expression of inflammatory cytokines such as IL-22,
IL-17A and IFN-γ was detected by RT-PCR. Moreover,
their protein production in plasma was measured by
ELISA. As shown in Figure 7A-C, compared with those
in the carrier group, the levels of total circulating IL-22,
IL-17A and IFN-γ were markedly decreased in the
rmIL-22 group (56.23 ± 3.08 vs 70.29 ± 3.01, 30.74
± 2.77 vs 45.68 ± 2.71, 74.78 ± 2.61 vs 124.89 ±
2.82, P < 0.01). Similarly, rmIL-22 reduced the level
of IL-22, IL-17A and IFN-γ mRNA, which was much
lower than that in the carrier group (1.01 ± 0.06 vs
1.77 ± 0.25, 0.98 ± 0.05 vs 1.86 ± 0.19, 1.01 ± 0.06
vs 2 ± 0.14, P < 0.01) (Figure 7D-F). Notably, the
expression of AHR, RORγt and T-bet in liver tissues,
the transcription factors controlling differentiation of
Th22, Th17 and Th1 cells, respectively, were 1.5-2-fold
lower in the rmIL-22 group than in the carrier group
(Figure 7G-I).

role in the pathogenesis of hepatic fibrosis, such as
IFN-γ-producing Th1 cells and IL-17-producing Th17
[18,19]
cells
. However, the potential role of Th22 cells
in hepatic fibrosis is still not clear. In this study, we
examined the frequency of splenic Th22, Th17 and
Th1 cells, the concentrations of plasma IL-22, IL-17A
and IFN-γ, and the expression of liver IL-22, IL-17A
and IFN-γ mRNA in mice with CCl4-induced hepatic
fibrosis. To further investigate the effects of IL-22,
mice with hepatic fibrosis treated with rmIL-22 were
examined. Our data showed that the percentages of
splenic Th22, Th17 and Th1 cells were significantly
higher in mice with CCl4-induced hepatic fibrosis
than in control mice, and peaked at week 4. The
concentrations of plasma IL-22, IL-17A and IFN-γ,
and the expression of liver IL-22, IL-17A and IFN-γ
mRNA in mice with CCl4-induced hepatic fibrosis
were significantly higher than those in control mice,
and peaked at week 4. Treatment with rmIL-22 in
mice with hepatic fibrosis ameliorated the severity of
hepatic fibrosis, which was confirmed by lower hepatic
fibrosis pathological scores. rmIL-22 decreased the
frequencies of Th22 cells, Th17 cells, Th1 cells and
the levels of IL-22, IL-17, IFN-γ, TNF-α, IL-6, and IL1b. Down-regulation of IL-22, IL-17, IFN-γ, TNF-α,
IL-6, IL-1b, AHR, RORγt, and T-bet gene expression
in the liver was observed in the rmIL-22 group.
Th1 cells play important roles in the pathogenic
[20]
process of hepatic fibrosis. Shi et al
indicated that
an expansion of IFN-γ-producing Th1 cells in C57BL/6
mice resulted in comparatively minimal fibrosis,
whereas BALB/c mice, that have a predominant Th2
response, developed severe fibrosis in response to
[20]
CCl4 . Our study demonstrated that the percentage
of splenic Th1 cells significantly increased in mice
with CCl4-induced hepatic fibrosis compared with
control mice, and peaked at week 4, consistent with
[21]
a previous observation . However, in disagreement
with our data, other researchers found that disease
progression in mice with CCl4-induced hepatic fibrosis
was associated with increased IL-4 and decreased
+
+
IFN-γ, produced by CD4 Th2 and CD4 Th1 cells,
[22]
respectively . This difference may stem from the
different genetic backgrounds of these mice. In
addition, we also detected significantly higher levels
of plasma IFN-γ and expression of liver IFN-γ mRNA
in mice with CCl4-induced hepatic fibrosis, which
peaked at week 4. Moreover, we found that the
concentration of plasma IFN-γ and the expression
of liver IFN-γ mRNA were positively correlated with
the percentages of splenic Th1 cells in mice with
CCl4-induced hepatic fibrosis. These results confirm
that IFN-γ is predominantly secreted by Th1 cells in
mice with CCl4-induced hepatic fibrosis and that the
increased number of Th1 cells and higher level of
IFN-γ may participate in the pathogenesis of hepatic
fibrosis.
Th17 cells have been shown to be involved in the

RmIL-22 decreased the production of TNF-α , IL-6 and IL1b

Immune cells have been shown to infiltrate liver
lesions, some of which probably produce inflammatory
cytokines, and possibly orchestrate Th22, Th17 and
Th1 responses. To determine the status of these
inflammatory cytokines in response to rmIL-22
treatment, we also examined protein production in
plasma measured by ELISA. Compared with those
in the carrier group, the levels of TNF-α, IL-6 and IL1b proteins were markedly decreased in the rmIL-22
group (P < 0.01) (Figure 8A-C). In addition, hepatic
mRNA expression of TNF-α, IL-6 and IL-1b was
measured by RT-PCR. We observed significantly lower
mRNA levels of TNF-α, IL-6 and IL-1b in liver tissues
from the rmIL-22 group compared with the carrier
group (P < 0.01) (Figure 8D-F).

DISCUSSION
+

CD4 helper T cells adapt and amplify their responses
to match different categories of infections and
coordinate the many types of immune cells that can
[16,17]
affect fibrosis
. There is growing evidence that T
cell activation and its cytokine expression play a key
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Figure 7 Expression of T helper 22-, T helper 17- and T helper 1-related cytokines was decreased in the recombinant interleukin-22 group. A-C: The levels
of plasma interleukin (IL)-22, IL-17A and interferon (IFN)-γ, measured by enzyme-linked immunosorbent assay, in the recombinant IL (rmIL)-22 group and the carrier
group; D-I: The mRNA levels of liver IL-22, IL-17A, IFN-γ, aryl hydrocarbon receptor (AHR), retinoid-related orphan receptor γ (RORγt) and T-bet in the rmIL-22 group
and the carrier group. bP < 0.01 vs the carrier group. Data are mean ± SD (n = 8).
[29]

pathogenesis of hepatic fibrosis. The frequency of Th17
cells in the diseased liver correlates with liver fibrosis
[23,24]
in patients with viral hepatitis
, autoimmune
[25]
[26]
hepatitis , and alcoholic liver disease . We found
that the percentage of splenic Th17 cells significantly
increased in mice with CCl4-induced hepatic fibrosis
compared with control mice, and peaked at week 4,
[21]
consistent with a previous observation . However,
in disagreement with our data, other researchers
found that the frequency of Th17 cells gradually
increased in mice with CCl4-induced hepatic fibrosis.
The difference between the week 4 subgroup and the
controls was not significant. The frequency of Th17
cells was significantly increased in both the weeks
[27]
8 and 12 subgroups compared with the controls .
This difference may stem from the different genetic
backgrounds of these mice. In addition, we also
detected significantly higher levels of plasma IL-17A
and expression of liver IL-17A mRNA in mice with
CCl4-induced hepatic fibrosis, which peaked at week
4. Some researchers have demonstrated that IL17A and IL-17RA deficiency protects mice from liver
[28-30]
fibrosis induced by CCl4 and bile duct ligation
.
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Tan et al
recently reported that activation of HSCs
and the production of collagen in CCl4-induced liver
fibrosis are IL-17A dependent. Therefore, IL-17A
neutralization may be a promising approach for antifibrotic therapy in patients with chronic liver diseases.
Moreover, we found that the concentration of plasma
IL-17A and the expression of liver IL-17A mRNA were
positively correlated with the percentage of splenic
Th17 cells in mice with CCl4-induced hepatic fibrosis.
These findings confirm that IL-17A is predominantly
secreted by Th17 cells in mice with CCl4-induced
hepatic fibrosis and that the increased number of
Th17 cells and higher level of IL-17A may participate
in the pathogenesis of hepatic fibrosis.
Th22 cells play a complicated and important role
in inflammatory and autoimmune diseases. Recently,
it was shown that Th22 cells may play a role in
the pathogenesis of atopic dermatitis, immune
thrombocytopenia, tuberculous pleural effusion,
and viral myocarditis. However, the potential role of
Th22 cells in hepatic fibrosis is still not clear. This
study showed that splenic Th22 cells were highly
expressed in mice with CCl4-induced hepatic fibrosis
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Figure 8 Recombinant interleukin-22 decreased the production of tumor necrosis factor-α, interleukin-6 and interleukin-1b. The levels of tumor
necrosis factor (TNF)-α (A), interleukin (IL)-6 (B) and IL-1b (C) circulating proteins were measured by enzyme-linked immunosorbent assay, and relative hepatic
expression of mRNA was investigated by reverse transcription polymerase chain reaction in the recombinant IL (rmIL)-22 group and the carrier group (D-F), bP < 0.01
vs the carrier group. Data are mean ± SD (n = 8).

compared with control mice and peaked at week
4. These findings suggest that inflammation and
the immune microenvironment of hepatic fibrosis
are suitable for the differentiation and proliferation
of Th22 cells. We also detected significantly higher
levels of plasma IL-22 and expression of liver IL-22
mRNA in mice with CCl4-induced hepatic fibrosis,
which peaked at week 4. Moreover, we found that
the concentration of plasma IL-22 and the expression
of liver IL-22 mRNA were positively correlated with
the percentage of splenic Th22 cells in mice with
CCl4-induced hepatic fibrosis. These results confirm
that IL-22 is predominantly secreted by Th22 cells in
mice with CCl4-induced hepatic fibrosis and that the
increased number of Th22 cells and higher level of
IL-22 may participate in the pathogenesis of hepatic
fibrosis. In addition, positive correlations were
observed between Th22 cells and Th1 cells, Th22
cells and Th17 cells, Th17 cells and Th1 cells in mice
with CCl4-induced hepatic fibrosis. These positive
correlations suggest that these T cell subsets may
play a synergistic role in the development of hepatic
fibrosis.
IL-22, a crucial cytokine in Th22 cells, mediates
its effects via IL-22R and propagates downstream
signals including the JAK/STAT, ERK, JNK, PI-3K
and p38 MAP kinase pathways. For example, other
researchers have previously demonstrated that
IL-22 plays an important role in protecting against
[31-33]
[15,34]
liver injury
, ameliorating fatty liver disease
[34]
and promoting liver regeneration . In the present
study, we identified a protective function of IL-22
in hepatic fibrosis. This protective role of IL-22
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was observed in various animal models to different
extents. Our study showed that rmIL-22 significantly
attenuated hepatic inflammation, necrosis and
fibrosis compared with the carrier group. The fibrosis
scores of the rmIL-22 group were significantly lower
than those in the carrier group, as assessed by the
ISHAK fibrosis scoring system and computerized
morphometric quantification of Masson’s staining.
Compared with the carrier group, rmIL-22 markedly
decreased the areas of α-SMA staining, which
indicated a reduced number of activated HSCs. As
HSCs activation is responsible for ECM production,
intrahepatic angiogenesis and vascular remodeling in
[1]
cirrhotic liver , this suggests that rmIL-22 treatment
ameliorates liver fibrosis by targeting HSCs in a
[16]
murine model of CCl4-induced liver fibrosis .
In our experimental study, we demonstrated that
rmIL-22 not only reduced liver inflammation, but
significantly suppressed the activation of HSCs. These
changes were accompanied by significant downregulation of Th22, Th17 and Th1 cells infiltration
in the spleen compared with the carrier group.
Treatment with rmIL-22 decreased the proportions
of Th22, Th17 and Th1 cells. Our data indicated
that rmIL-22 exerts its therapeutic effects partly by
regulating the differentiation of Th22, Th17 and Th1
cells. In addition, we found that rmIL-22 reduced
the level of total circulating IL-22, IL-17A and IFN-γ
protein, which was much lower than that in the
carrier group. Similarly, compared with those in the
carrier group, the levels of IL-22, IL-17A, IFN-γ, AHR,
RORγt and T-bet mRNA were markedly decreased in
the rmIL-22 group.
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described as three additional subsets of T lymphocytes that can orchestrate
host immune responses by releasing distinct cytokine profiles.

The differentiation of Th22, Th17 and Th1 cells
is largely dependent on cytokines produced by the
immune system. We found that rmIL-22 decreased
both the protein and mRNA concentrations of the
proinflammatory cytokines TNF-α, IL-6 and IL1b in mice with CCl4-induced hepatic fibrosis. This
observation suggested that rmIL-22 modulated
the immune response in hepatic fibrosis. Previous
evidence has demonstrated that rmIL-22 significantly
down-regulated TNF-α and other genes in the lipogenic
[35]
mouse liver . Following injection of anti-IL-22
antibodies, the mRNA and protein levels of TNF-α and
IL-6 were markedly up-regulated in mice with acute
[36]
viral myocarditis . Recent evidence has indicated that
the development of T helper cells is largely determined
by their cytokine environment. The cytokine, IL-1b,
[37,38]
enhances both Th1 and Th17 responses
, IL-6
[39,40]
plus TGF-b induce the Th17 response
, whereas
[10]
IL-6 plus TNF-α induce the Th22 response . TNF-α
is a potential contributor by equipping dendritic cells
with the ability to induce T cells toward Th1 and Th17
[41]
phenotypes . Accordingly, rmIL-22 inhibits Th22,
Th17 and Th1 responses most likely by modulating the
release of cytokines (TNF-α, IL-6 and IL-1b).
In conclusion, this study showed that the numbers
of Th22, Th17 and TH1 cells were significantly
increased in mice with CCl4-induced hepatic fibrosis.
On the other hand, we demonstrated that IL-22 has
a profound anti-fibrosis effect in mice with hepatic
fibrosis. IL-22 restricts the development of Th22,
Th17 and Th1 responses by suppressing the secretion
of TNF-α, IL-6 and IL-1b. IL-22-mediated release of
cytokines appears to be a promising therapeutic target
for the treatment of hepatic fibrosis, although this
speculation requires further stringent investigation.

Peer-review

This was a good descriptive study in which the authors analyzed the effect of
Th22, Th17 and Th1 cells on CCl4-induced liver fibrosis in mice. The results are
interesting and suggest that IL-22 is a potential therapeutic target that could be
used for preventing the occurrence of liver fibrosis.
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METHODS: Short-type SBE with this technology
(SIF-Y0004-V01; working length, 1520 mm; channel
diameter, 3.2 mm) was used to perform 50 ERCP
procedures in 37 patients with Roux-en-Y anastomosis.
The rate of reaching the blind end, time required to
reach the blind end, diagnostic and therapeutic success
rates, and procedure time and complications were
studied retrospectively and compared with the results
of 34 sessions of ERCP performed using a short-type
SBE without this technology (SIF-Y0004; working
length, 1520 mm; channel diameter, 3.2 mm) in 25
patients.
RESULTS: The rate of reaching the blind end was
90% with SIF-Y0004-V01 and 91% with SIF-Y0004
(P = 0.59). The median time required to reach the
papilla was significantly shorter with SIF-Y0004-V01
than with SIF-Y0004 (16 min vs 24 min, P = 0.04).
The diagnostic success rate was 93% with SIFY0004-V01 and 84% with SIF-Y0004 (P = 0.17). The
therapeutic success rate was 95% with SIF-Y0004-V01
and 96% with SIF-Y0004 (P = 0.68). The median
procedure time was 40 min with SIF-Y0004-V01 and
36 min with SIF-Y0004 (P = 0.50). The incidence of
hyperamylasemia was 6.0% in the SIF-Y0004-V01
group and 14.7% in the SIF-Y0004 group (P = 0.723).
The incidence of pancreatitis was 0% in the SIFY0004-V01 group and 5.9% in the SIF-Y0004 group (P
> 0.999). The incidence of gastrointestinal perforation
was 2.0% (1/50) in the SIF-Y0004-V01 group and 2.9%
(1/34) in the SIF-Y0004 group (P > 0.999).

Abstract
AIM: To evaluate short-type-single-balloon entero
scope (SBE) with passive-bending, high-force trans
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CONCLUSION: SIF-Y0004-V01 is useful for ERCP in
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patients with Roux-en-Y anastomosis and may reduce
the time required to reach the blind end.

diameter, 3.2 mm) in postoperative patients with
[4]
reconstructed intestines who underwent ERCP .
This scope allowed most wire-guided devices to be
used and facilitated treatment procedures. Because
a short-type SBE has a short working length, a
decreased rate of reaching the blind end was a
matter of concern. However, the rate of reaching
the blind end with a short-type SBE is similar to
that with a conventional SBE (SIF-Q260; Olympus
[7]
Medical Systems) . The rate of reaching the blind
end during ERCP in patients who have undergone
surgical reconstruction of the bowel with a balloon
enteroscope is generally higher than 80%, but di
[3,5,6,8,10]
ffers among hospitals
. Similar results have
[13,14]
been obtained with an SBE and a DBE
. However,
performing ERCP with a balloon enteroscope remains
challenging mainly because of two factors: difficulty
in reaching the blind end caused by postoperative
adhesions and sharp bends at anastomoses, and
limited availability of devices that can be used with
a balloon enteroscope. To solve these problems, a
short-type SBE equipped with passive bending (PB)
section and high-force transmission (HFT) functions
(SIF-Y0004-V01; working length, 1520 mm; channel
diameter, 3.2 mm; Olympus Medical Systems;
Tokyo, Japan) was developed.
It was reported that colonoscopes equipped
with this technology can pass through the intestine
with adhesions or hairpin bends, without distending
the intestine, potentially causing less discomfort
and speeding the insertion time as compared with
[15-18]
a conventional colonoscope
. This technology
is expected to facilitate ERCP after intestinal recon
[19]
struction . We evaluated the performance of SIFY0004-V01 for ERCP in patients with R-Y anastomosis
and compared our results with the outcomes of ERCP
performed with SIF-Y0004.
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Core tip: We performed endoscopic retrograde cholan
giopancreatography (ERCP) with a short-type singleballoon enteroscope with passive-bending and highforce transmission functions (working length, 1520
mm; channel diameter, 3.2 mm), and evaluated its
effectiveness and compared results with normal shorttype single-balloon enteroscope. This technology
is expected to facilitate ERCP after intestinal
reconstruction. In our study, the rate of reaching the
blind end did not differ, however the median time
required to reach the blind end was significantly
shorter, and therefore this scope is useful for ERCP in
patients with a Roux-en-Y anastomosis.
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INTRODUCTION
The long-type double-balloon enteroscope (DBE) was
[1]
introduced by Yamamoto et al for the purpose of
diagnosis and treatment of the small intestine. The
first report of DBE-assisted endoscopic retrograde
cholangiopancreatography (ERCP) was reported
[2]
by Haruta et al in patients with Roux-en-Y (R-Y)
hepaticojejunostomy after liver transplantation.
The advent of the balloon enteroscope has im
proved the outcomes of ERCP in patients with sur
gically altered anatomy, and many recent studies
have reported that single-balloon endoscope (SBE)[3-7]
[8-12]
assisted ERCP
and DBE-assisted ERCP
[3-15]
are useful
. However, performing ERCP with a
balloon enteroscope can be challenging, and several
problems remain to be solved. For example, balloon
enteroscopes lack a lifting device, and the narrow
channel diameter precludes the use of wide-guided
devices. The development of improved models of
endoscopes and specialized devices is needed to
improve the rate of reaching the papilla of Vater or
choledochojejunal anastomosis (the blind end) and
to reliably perform treatment procedures.
We evaluated the usefulness of a short-type SBE
(SIF-Y0004; working length, 1520 mm; channel
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MATERIALS AND METHODS
Patients

Between June 2011 and January 2014, we per
formed 84 ERCP procedures in 62 patients with R-Y
anastomosis. SIF-Y0004-V01 was used to perform
50 procedures in 37 patients (SIF-Y0004-V01 group),
and SIF-Y0004 was used to perform in 34 procedures
in 25 patients (SIF-Y0004 group). As for patient
characteristics, the number of patients with portal
lymph-node metastasis after surgery for gastric
cancer was significantly higher in the SIF-Y0004
group (P = 0.005). Factors likely to influence the
rate of reaching the blind end, such as abdominal
surgery and peritoneal dissemination, did not differ
significantly between the groups. The baseline
characteristics of the patients are shown in Table 1.

Features of SIF-Y0004-V01

SIF-Y0004-V01 has three new features. First, it has
a PB section that only bends passively. When the PB
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Table 1 Baseline characteristics of the patients n (% of procedures)
Characteristic
Reconstruction method
Roux-en-Y gastrectomy
Roux-en-Y hepaticojejunostomy
Age, (yr) (mean ± SD)
Sex
Male
Female
Reasons for surgery
Gastric ulcer
Duodenum ulcer
Carcinoma of the stomach
Malignant lymphoma of the stomach
Carcinoma of the duodenum
Tumors of the pancreas
Carcinoma of the pancreas
SCN
NET
Tumors of the biliary tract
Carcinoma of the bile duct
IPNB
Pancreaticobiliary maljunction
Congenital choledochal cyst
Other
Reasons for ERCP
AOSC (due to CBD stone)
Pancreatitis (due to CBD stone)
CBD stone
Intrahepatic stone
Carcinoma of the pancreas
Carcinoma of the gallbladder
Cholangiocellular carcinoma
IPMN
IPNB
Pancreaticobiliary maljunction
Metastasis of L/n in porta hepatis
Stricture of the anastomotic site
Other
Other abdominal or pelvic surgery
Peritoneal metastasis

SIF-Y0004-V01 (n = 50)

SIF-Y0004 (n = 34)

P value

All SBE-assisted ERCP (n = 84)

34 (68)
16 (32)
71.4 ± 9.2

29 (85)
5 (17)
70.0 ± 11.0

0.124

63 (75)
21 (25)
70.8 ± 9.9

40 (80)
10 (20)

31 (91)
3 (9)

0.168

71 (85)
13 (15)

0 (0)
0 (0)
32 (64)
2 (4)
1 (2)

1 (3)
2 (6)
25 (73)
0 (0)
0 (0)

0.218
0.080
0.387
0.238
0.407

1 (1)
2 (2)
57 (68)
2 (2)
1 (1)

3 (6)
1 (2)
1 (2)

0 (0)
0 (0)
0 (0)

0.146
0.407
0.407

3 (4)
1 (1)
1 (1)

4 (8)
2 (4)
2 (4)
0 (0)
2 (4)

0 (0)
3 (9)
1 (3)
1 (3)
1 (3)

0.091
0.345
0.809
0.218
0.809

4 (5)
5 (6)
3 (4)
1 (1)
3 (4)

0 (0)
1 (2)
26 (52)
10 (20)
2 (4)
1 (2)
3 (6)
0 (0)
2 (4)
1 (2)
0 (0)
4 (8)
1 (2)
9 (18)
0 (0)

2 (6)
0 (0)
21 (62)
3 (9)
1 (3)
0 (0)
0 (0)
2 (6)
4 (12)
0 (0)
5 (15)
0 (0)
1 (3)
10 (29)
2 (6)

0.080
0.407
0.365
0.172
0.809
0.407
0.146
0.080
0.165
0.407
0.005
0.091
0.769
0.236
0.080

2 (2)
1 (1)
47 (56)
13 (16)
3 (4)
1 (1)
3 (4)
2 (2)
6 (7)
1 (1)
5 (6)
4 (5)
2 (2)
19 (23)
2 (3)

0.529

AOSC: Acute obstructive suppurative cholangitis; ERCP: Endoscopic retrograde cholangiopancreatography; CBD: Common bile duct; IPMN: Intraductal
papillary mucinous neoplasm; IPNB: Intraductal papillary neoplasm of the bile duct; NET: Neuroendocrine tumors; SCN: Serous cystic neoplasm.

section meets with resistance, such as the reactive
force of the intestinal wall, the force applied by the
operator is physically transferred at the PB section,
pushing the scope tip forward in the lumen. This
function is thought to facilitate the passage of the
scope through sharp bends in the intestine caused
by bowel reconstruction (Figure 1).
Second, SIF-Y0004-V01 has HFT function, which
is designed to facilitate the transmission of push
and pull forces and rotational torque applied by
the operator to the distal end of the scope. Con
sequently, the scope responds more sensitively to
operator handling and is easier to maneuver. HFT is
also expected to improve the rate of reaching the
blind end and to facilitate accurate cannulation.
Third, SIF-Y0004-V01 has a short working length
of 1520 mm and a working channel diameter of
3.2 mm, enabling the use of nearly all devices
used to perform conventional ERCP. The use of
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retrieval baskets or other devices with commercially
available balloon enteroscopes require freehand
cannulation. In contrast, SIF-Y0004-V01 allows
wire-guided lithotripsy and wire-guided intraductal
ultrasonography to be easily performed. The
placement of up to 8.5 Fr stents is possible.

Comparison of SIF-Y0004-V01, SIF-Y0004 and SIF-Q260

Table 2 compares the specifications of the endo
scopes, including a conventional SBE (SIF-Q260;
Olympus Medical Systems). The difference between
scopes in this study was the presence or absence of
PB and HFT functions. A sliding tube with a working
length of 880 mm was used.

Methods

Patients were sedated with pethidine (50 mg) and
midazolam (3-10 mg), and vital signs were inter
mittently monitored during all procedures. Propofol
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A

B

Passive
bending
section

Figure 1 Passive bending section. A: A “stick phenomenon” occurs in the horizontal portion of duodenum and at the Treitz ligament in a patient who had undergone
Roux-en-Y gastrectomy; B: The “stick phenomenon” is likely to occur when the scope is pushed. However, the passive bending section bends, propelling the scope tip
forward, without pushing up the wall of the small intestine.

Table 2 Specifications of three-types of single-balloon endoscopes
Variable

SIF-Y0004-V01

SIF-Y0004

SIF-Q260

Direction of view
Angle of view
Outer diameter (mm)
Distal end
Insertion end
Bending section
Up/down
Right/left
Working length (mm)
Total length (mm)
Working channel diameter (mm)
Water jet
Passive bending and high force transmission

Forward viewing
120°

Forward viewing
120°

Forward viewing
140°

9.2
9.2

9.2
9.2

9.2
9.2

180°/180°
160°/160°
1520
1840
3.2
Yes
Yes

180°/180°
160°/160°
1520
1840
3.2
Yes
No

180°/180°
160°/160°
2000
2345
2.8
No
No

A

B
Blind end
Treitz’s ligament

Figure 2 Carbon dioxide inflation guidance. A: The tip of the single balloon enteroscope is located at the anastomotic site of the afferent loop; B: Carbon dioxide is
guiding the correct direction and blind end (arrows).

insufflated intestine was confirmed radiographically.
If the scope is placed into the afferent loop, the
blind end is depicted, and the direction of movement
becomes clearer. We refer to this procedure as “CO2
inflation guidance” (Figure 2). After reaching the
blind end, butylscopolamine (20-40 mg) or glucagon
(1-2 mg) was administered as an antispasmodic.
We retrospectively assessed the rate of reaching
the blind end, median time required to reach the

was used if necessary. Carbon dioxide insufflation
was performed in all patients. The endoscope was
inserted with the patient in the prone position, and
abdominal compression was applied manually if a
scope was technically difficult to insert deeply.
After reaching the intestinal anastomosis, the
scope was inserted into either the afferent or
efferent loop. Next, the balloon was inflated and
then insufflated with CO 2. The direction of the
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Table 3 Endoscopic retrograde cholangiopancreatography sessions according to endoscopist, n (rate of reaching blind end)
Endoscopist

SIF-Y0004-V01 (n = 50)

SIF-Y0004 (n = 34)

P value

Experience with SBE-assisted ERCP, n

6 (83)
11 (91)
13 (85)
16 (94)
4 (100)

17 (88)
8 (88)
4 (100)
5 (100)
-

0.001
0.872
0.111
0.072
0.090

56
29
29
26
5

A
B
C
D
E

ERCP: Endoscopic retrograde cholangiopancreatography; SBE: Single-balloon enteroscopy.

blind end, diagnostic success rate (defined as the
rate of successfully imaging the bile and pancreatic
ducts), therapeutic success rate (defined as the rate
of successfully completing endoscopic treatment),
median procedure time, and complications in patients
in the SIF-Y0004-V01 group. The results were then
compared with the respective values in patients in
the SIF-Y0004 group. Pancreatitis was evaluated
according to the 1991 Consensus Guidelines (Cotton
[20]
Classification) . Hyperamylasemia was defined
as a rise in serum amylase levels to more than
three times the upper limit of normal. Because
a prospective study reported that 25%-50% of
patients had hyperamylasemia and 3%-12% had
pancreatitis after double-balloon enteroscope
[21-23]
via an oral approach
, hyperamylasemia and
pancreatitis were assessed in all patients with a
pancreas, regardless of whether the blind end was
reached. In patients in whom the blind end was not
reached, SBE-assisted ERCP was not attempted
a second time, except if the patient strongly
requested to undergo the procedure again. If SBEassisted ERCP was unsuccessful, open surgery or
percutaneous cholangioscopy was performed.

Armonk, NY, United States).

Endoscopists

Therapeutic success rate

RESULTS
Rate of reaching the blind end (papilla of Vater or
choledochojejunal anastomosis)

The rate of reaching the blind end was 90% (45/50)
in SIF-Y0004-V01 group and 91% (31/34) in
SIF-Y0004 group. This difference was not significant
(P = 0.586).

Time required to reach the blind end

The median time required to reach the blind end was
significantly shorter in the SIF-Y0004-V01 group (16
min; range: 3-56 min) than in the SIF-Y0004 group
(24 min; range: 10-66 min; P = 0.039).

Diagnostic success rates

The diagnostic success rate was 93% (42/45) in
the SIF-Y0004-V01 group and 84% (26/31) in the
SIF-Y0004 group (P = 0.173). For patients with an
intact papilla, the success rate was 89% (23/26) in
the SIF-Y0004-V01 group and 77% (17/22) in the
SIF-Y0004 group (P = 0.258).

Five endoscopists performed all endoscopic exami
nations and procedures. The same operator con
ducted all procedures from the time of scope
insertion to treatment. Endoscopist A, who had the
most experience in SBE-assisted ERCP, conducted
significantly more ERCP sessions in SIF-Y0004
group than in SIF-Y0004-V01 group (P < 0.01).
The number of sessions of ERCP performed by endo
scopists B, C, D, and E did not differ between the
groups. Patients treated by endoscopist E, who had
the least experience, belonged to SIF-Y0004-V01
group (Table 3).

The therapeutic success rate was 95% (40/42) in
the SIF-Y0004-V01 group and 96% (25/26) in the
SIF-Y0004 group (P = 0.676). For patients with an
intact papilla, the success rate was 97% (22/23) in
the SIF-Y0004-V01 group and 94% (16/17) in the
SIF-Y0004 group (P = 0.676).

Procedure time

The mean procedure time was 43.7 min (median 40
min, range: 5-99 min) in the SIF-Y0004-V01 group
and 41.5 min (median 36 min, range: 12-125 min)
in the SIF-Y0004 group (P = 0.691).

Statistical analysis

Complications

Numerical data are presented as mean ± SD, range,
or both. Continuous variables were analyzed using a
Student’s t-test or Mann-Whitney U test. Categorical
variables were analyzed using Fisher’s exact test.
P < 0.05 were considered to indicate statistical
significance. Statistical analyses were performed
using SPSS, version 19 for Windows (IBM Corp.,
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The incidence of hyperamylasemia was 6.0% (3/50)
in the SIF-Y0004-V01 group and 14.7% (5/34) in
the SIF-Y0004 group (P = 0.723). For patients with
an intact papilla, the incidence was 3.5% (1/28)
in the SIF-Y0004-V01 group and 10.3% (3/29) in
the SIF-Y0004 group (P > 0.999). The incidence of
pancreatitis was 0% in the SIF-Y0004-V01 group
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A

B

C

D

Figure 3 Therapeutic intervention. A: Radiographic image showing wire-guided mechanical lithotripter; B: Radiographic image showing wire-guided 4-wire retrieval
basket; C: Insertion of a wire-guided 4-wire retrieval basket; D: Insertion of a wire-guided intraductal ultrasonographic probe into the intact papilla.

and 5.9% (2/34) in the SIF-Y0004 group (P > 0.999).
For patients in the SIF-Y0004 group with an intact
papilla, the incidence of pancreatitis was 8.3% (2/29)
(P > 0.999 vs SIF-Y0004-V01 group). The incidence
of gastrointestinal perforation was 2.0% (1/50) in
the SIF-Y0004-V01 group and 2.9% (1/34) in the
SIF-Y0004 group (P > 0.999). Pancreatitis was mild
and perforation responded to conservative therapy.

conventional colonoscopes, with no appreciable
[15-18]
difference in cecal intubation rate
. Similar to a
colonoscope, the presence of PB and HFT functions
appeared to facilitate passage of an SBE. However,
the rate of reaching the blind end in patients who
undergo ERCP after intestinal reconstruction differs
among hospitals. Therefore, the use of a SBE with
PB and HFT functions may increase the rate of
reaching the blind end. In our study, the median
time required to reach the blind end was significantly
shorter in SIF-Y0004-V01 group, whereas the rate
of reaching the blind end did not differ significantly
between the groups.
Our study has several important limitations. This
study was retrospective with a small sample size.
Consequently, some patient characteristics and the
endoscopists who performed ERCP differed between
the study groups. However, upon comparing the
results according to the endoscopists who performed
ERCP, the number of sessions of ERCP conducted
by endoscopist A, who was most experienced in
SBE-assisted ERCP, was significantly higher in the
SIF-Y0004 group. Moreover, patients treated by
endoscopist E, who had only conducted SBE-assisted
ERCP in one patient previously, belonged to the SIFY0004-V01 group. Despite these differences, the
median time required to reach the blind end was
significantly shorter in SIF-Y0004-V01 group. The
only difference between the scopes was the insertion
section, suggesting that a SBE with PB and HFT

Treatment procedures

Stone extraction was performed with a wire-guided
basket 27 times in the SIF-Y0004-V01 group and
16 times in the SIF-Y0004 group. Wire-guided
endoscopic mechanical lithotripsy was performed
2 times in the SIF-Y0004-V01 group. Wire-guided
intraductal ultrasonography was performed 8 times
in the SIF-Y0004-V01 group and 10 times in the
SIF-Y0004 group. These procedures cannot be
performed using commercially available balloon
enteroscopes (Figure 3).

DISCUSSION
ERCP in patients with R-Y anastomosis can be
challenging because of difficulty in passing through
sharp bends at anastomoses, the ligament of
Treitz, or postoperative adhesions. Such factors
preclude the scope tip from reaching the blind
end. Colonoscopes with PB and HFT functions have
been reported to reduce pain as compared with

WJG|www.wjgnet.com

1551

February 7, 2015|Volume 21|Issue 5|

Yamauchi H et al . Passive-bending short-type SBE-assisted ERCP
functions may be easily inserted to the blind end,
even by relatively inexperienced endoscopists.
Further studies are required to confirm our
results. However, the results indicate that the PB
and HFT functions of SIF-Y0004-V01 facilitate ERCP
and may reduce the time required to reach the blind
end in patients with R-Y anastomosis.
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Abstract
AIM: To investigate the treatment strategies and longterm outcomes of radiofrequency ablation (RFA) of
hepatocellular carcinoma (HCC) in difficult locations and
to compare the results with non-difficult HCC.
METHODS: From 2004 to 2012, a total of 470 HCC
patients underwent ultrasound-guided percutaneous
RFA. Among these HCC patients, 382 with tumors
located ≤ 5 mm from a major vessel/bile duct (n =
87), from peripheral important structures (n = 232)
or from the liver capsule (n = 63) were regarded as
difficult cases. There were 331 male patients and 51
female patients, with an average age of 55.3 ± 10.1
years old. A total of 235 and 147 patients had ChildPugh class A and class B liver function, respectively.
The average tumor size was 3.4 ± 1.2 cm. Individual
treatment strategies were developed to treat these
difficult cases. During the same period, 88 HCC
patients with tumors that were not in difficult locations
served as the control group. In the control group, 74
patients were male, and 14 patients were female, with
an average age of 57.4 ± 11.8 years old. Of these, 62
patients and 26 patients had Child-Pugh class A and
class B liver function, respectively. Regular follow-up
after RFA was performed to assess treatment efficacy.
Survival results were generated from Kaplan-Meier
estimates, and multivariate analysis was performed
using the Cox regression model.
RESULTS: Early tumor necrosis rate in the difficult
group was similar to that in the control group (97.6%
vs 94.3%, P = 0.080). The complication rate in the
difficult group was significantly higher than that in the
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control group (4.9% vs 0.8%, P = 0.041). The followup period ranged from 6 to 116 mo, with an average
of 28 ± 22.4 mo. Local progression rate in the difficult
group was significantly higher than that in the control
group (12.7% vs 7.1%, P = 0.046). However, the 1-, 3-,
5-, and 7-year overall survival rates in the difficult group
were not significantly different from those in the control
group (84.3%, 54.4%, 41.2%, and 29.9% vs 92.5%,
60.3%, 43.2%, and 32.8%, respectively, P = 0.371).
Additionally, a multivariate analysis revealed that tumor
location was not a significant risk factor for survival.

effective locoregional therapy is required for many
patients with HCC.
Clinical evidence has confirmed the efficacy of
radiofrequency ablation (RFA) for the treatment
[6-9]
of localized HCC
, especially in small tumors
[10-12]
(≤ 3 cm)
. The recent development of novel
techniques and instruments has significantly
improved the therapeutic effects of RFA for median
[13-15]
to large tumors (3-6 cm)
. In addition, tumors
are often found in difficult locations (e.g., abutting
key structures such as the stomach, bowel,
gallbladder, diaphragm and large vessels) that may
be injured during RFA, resulting in subsequent
complications. RFA with an insufficient safety margin
might result in residual tumor and recurrence,
restricting the extensive application of RFA. Recently,
many studies have reported that new technologies
are leading to increased tumor necrosis rates
and reduced complications with RFA treatment in
such tumors. However, the long-term outcomes
(more than 5 years) after RFA have been rarely
demonstrated in a large number of difficult tumors.
In the present study, we compared early tumor
necrosis rates, local progression rates, long-term
survival and complications between tumors in difficult
locations and those in easily accessed locations
treated by percutaneous RFA. Our objective is to
confirm the safety and effectiveness of the RFA
procedure in problematically located HCC.

CONCLUSION: There was no significant difference in
long-term overall survival between the two groups even
though the local progression rate was higher in the
difficult group.
Key words: Radiofrequency ablation; Ultrasound guidance;
Hepatocellular carcinoma; Difficult location; Long-term
outcome
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Recently, many studies have reported the
increasing treatment success rate and reduced frequency
of complications following RFA treatment of tumors in
difficult locations. However, the long-term outcomes
of patients with tumors in difficult locations have been
rarely reported. Our studies showed no difference in 5or 7-year overall survival between the difficult location
group and the control group even though the local
progression rate was higher in the difficult group. These
results highlight that optimized individual strategies
could achieve acceptable efficacy and safety and could
help to expand RFA indications and improve overall
outcome.

MATERIALS AND METHODS
This clinical study was approved by the Institutional
Review Board of the Peking University Cancer
Hospital. Written informed consent was obtained
from all patients before their RFA treatment.
Indications for ultrasound-guided percutaneous
RFA included: (1) accessibility of tumors via a
percutaneous approach; (2) solitary tumor with a
diameter ≤ 6 cm or multiple tumors (no more than
3) with the largest diameter ≤ 5 cm; (3) no invasion
to nearby organs or distant metastasis; (4) absence
of portal vein or inferior vena cava tumor thrombus;
(5) international normalized ratio no greater than
1.6, and platelet count greater than 60000/L; and (6)
lesions were surgically unresectable or the patient
voluntarily chose nonsurgical treatment.
A diagnosis of HCC was confirmed by ultrasoundguided tumor biopsy using a 20/18-gauge needle in
351 cases (75%). Histological tumor differentiation
grade was determined according to a modification
of the Edmondson Grading System proposed by
[16]
the Liver Cancer Study Group of Japan . In the
remaining 119 cases, diagnosis was based on typical
imaging findings, i.e., arterial-phase hyperattenuation
and late-phase contrast washout on at least two
contrast imaging examinations. Tumor location was

Yang W, Yan K, Wu GX, Wu W, Fu Y, Lee JC, Zhang ZY, Wang S,
Chen MH. Radiofrequency ablation of hepatocellular carcinoma
in difficult locations: Strategies and long-term outcomes. World
J Gastroenterol 2015; 21(5): 1554-1566 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i5/1554.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i5.1554

INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the most
common malignancies in the world, causing more
than 500000 deaths every year. The incidence of
HCC has been increasing worldwide due to the
[1-3]
spread of hepatitis B and C virus infections
.
Most patients with HCC confined to the liver are not
candidates for resection because of the frequent
association with cirrhosis and other contraindications.
Furthermore, surgical resection is associated with
[4,5]
a recurrence rate of 40%-60%
. Therefore, an
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defined according to the Couinaud nomenclature after
ultrasonography.

Definition of difficult locations

study, three types of RFA systems were used:
Model 1500X (RITA, United States), Valleylab (Tyco
Healthcare, United States) and Celon Lab Power
(Olympus, Germany).
The Model 1500X system consists of a 460-KHz
generator unit that is capable of delivering a ma
ximum power of 200 W through a 14-gauge, 15-cmlong electrode. The electrode contains nine hookshaped needles that can be deployed from the
applicator shaft. A sphere-like coagulation area of
2.0-5.0 cm in diameter can be produced by one circle
in 20 min. Larger tumors (> 3.5 cm in diameter)
were treated by multiple overlapping ablations
[18,19]
depending on the tumor size and shape
.
Standard mono-polar RFA was applied using a
480-kHz RFA generator (Model CC-1-220; Valleylab,
Tyco Healthcare, United States). The 2-cm or 3-cm tip
of a 17-gauge electrically insulated electrode (RFA2020/
RFA2030 electrode; Valleylab, Tyco Healthcare) was
used, and one circle lasted for 12 min.
The Celon Lab Power system provides a ma
ximum power output of 250 W (rated frequency, 470
± 10 kHz) and is capable of connecting one to three
15- to 20-cm-long electrodes with an exposed tip of
3-4 cm. In bipolar and multipolar modes, the size
and shape of the coagulation depend on the length,
number, distance between, power, and deploying
time of the electrodes.
The Prosound a-10 (ALOKA) and Vivid E9 4D car
diovascular ultrasound systems (GE Healthcare)
were used for ultrasound guidance and blood flow
observation. Sonovue (Bracco, Italy) was used as a
contrast medium in contrast-enhanced ultrasonography.

[17]

On the basis of previous literature
and our ex
perience, we defined locations adjacent to large
vessels, extrahepatic organs or the liver capsule as
difficult locations. HCC nodules adjacent to large
vessels were defined as those located ≤ 5 mm from
a first or second branch of the portal vein, the base
of hepatic veins, or the inferior vena cava, while
nodules adjacent to extrahepatic organs were defined
as those located ≤ 5 mm from the diaphragm, lung,
gallbladder, right kidney, or gastrointestinal (GI)
tract. The distance between the edge of the nodule
and the large vessel, extrahepatic organ or liver
capsule was measured by scanning multiple planes
of ultrasound images.

Patient characteristics

From January 1, 2004 to November 1, 2012, 470
consecutive patients with HCC received ultrasoundguided percutaneous RFA at our institution. These
patients underwent percutaneous RFA because they
had unresectable tumors or preferred minimally
invasive therapy. We retrospectively reviewed the da
tabase of these patients during this period. Among
these patients, 382 (331 men, 51 women; average
age 55.3 ± 10.1 years, range, 24-85 years) met the
inclusion criteria (difficult group) and were enrolled
in the study. The 382 patients in the difficult group
were further divided into three subgroups according
to tumor location: 87 had tumors abutting large
vessels/intrahepatic major bile ducts, 232 had
tumors adjacent to extrahepatic organs, and 63
had subcapsular tumors. Furthermore, 88 patients
with HCC > 5 mm away from large vessels/bile
ducts or adjacent organs/liver capsule who received
conventional RFA served as the control group.

Treatment principle: All patients underwent con
ventional and contrast-enhanced ultrasonography
for confirmation of the invasion range, and tumor
size was determined in combination with enhanced
CT/MRI. For tumors adjacent to extrahepatic organs,
artificial ascites was used for tumor separation before
and during RFA. A rational RFA scheme was designed
according to the adjacent relations of the tumor,
and the electrode was first deployed to its adjoining
zone and then away to the center. The tumors ≥ 4
cm and supplied by rich vessels commonly received
transarterial chemoembolization (TACE) once or twice
before RFA. For tumors with visible feeding vessels
by color Doppler flow imaging (CDFI), pre-ablation in
the entrance zone of feeding vessels would provide
temporary blood occlusion, and then increase the
[20]
coagulation effect . The needle track needed to
avoid large vessels to prevent hemorrhage.
All percutaneous RFA treatments in this study
were performed by two of four expert interventional
radiologists (Chen MH, Yan K, Wu W, Yang W) with
at least five years of interventional ultrasound ope
ration experience, including RFA therapy for hepatic
tumors.

Treatment strategies and procedures

Pre-RFA examination: All patients underwent a
baseline evaluation including an enhanced computed
tomography (CT) or magnetic resonance imaging
(MRI) scan of the abdomen and pelvis the month
before RFA. Serum laboratory tests consisting of a
complete blood count, coagulation profile, liver and
kidney function tests and serum tumor markers
[such as alpha-fetoprotein (AFP)] were performed at
least two weeks before RFA. All patients underwent
contrast-enhanced ultrasound to confirm tumor
range and adjacent relations prior to RFA. The RFA
scheme and needle placement were designed based
on the imaging results.
Equipment for RFA and ultrasonography: Diffe
rent RFA systems can be used depending on the
tumor size, morphology and location. In the present
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Figure 1 Diagram for ablation of a tumor near the bowel. A: The multiple-tined electrode was inserted into the tumor perpendicular to the bowel wall, and the
needle was expanded to 3 cm; B: When expanding the radiofrequency ablation (RFA) prongs from 3 cm to 4-5 cm to ablate a tumor area near the bowel, the RFA
electrode was retracted slightly to draw the tumor away from the bowel. While fixing the electrode shaft in this position, the movable hub was pushed to expand the
prongs; C: If the RFA electrode was inserted into the tumor parallel to the bowel wall, there is a higher risk for bowel injury when deploying the electrode tines; D: With
a mono-polar electrode, the puncture direction was parallel to the wall of the adjacent bowel.

away from the adjacent structure. Then, the position
of the electrode was fixed while the movable hub
was pushed to expand the prongs. With monopolar electrodes, it is better to insert the electrode
in the direction parallel to the wall of the adjacent
GI tract (Figure 1); (3) artificial ascites was used
between the tumor and nearby bowels before and
during the ablation (Figures 2 and 3); (4) after the
electrode was placed, the patients were asked to
take deep abdominal breaths in an attempt to move
the bowel relative to the tumor. Limited movement
of the nearby bowel was assumed to suggest that
the prong tips might have penetrated into the bowel
wall. The generator was not turned on to start the
treatment until we were confident that the prongs
had not penetrated the adjacent structure; and
(5) the patients fasted for 24-48 h and were given
intravenous nutrition to allow observation for bowel
perforation, and then a semifluid diet was given for
[21]
2 d before a full diet was resumed .

Figure 2 Artificial ascites was used between tumors and nearby bowels
before and during the ablation.

Protocols for tumors in difficult locations

Tumors adjacent to extrahepatic organs: Indivi
dual RFA protocols, i.e., protocols aimed at avoiding
damage to different adjacent structures, were
used for tumors adjacent to the GI, diaphragm and
gallbladder because of the restricted safety margin.
For tumors adjacent to the diaphragm or
gallbladder, 100 to 500 mL of fluid was injected into
the adjoining site, and this artificial ascites separated
the tumor tissue from nearby organs effectively.
RFA treatment in patients with tumors adjacent to
the GI tract needed to be performed very carefully
as follows: (1) patients were placed in a right
anterior oblique position, allowing a left caudal
downward shift of the GI tract, which was helpful
for the separation of the HCC from the transverse
colon, lesser curvature and other structures during
RFA; (2) the multiple-tined electrode was inserted
into the tumor in the direction perpendicular to the
wall of the adjacent GI tract. When expanding the
RF ablation prongs from 3 cm to 4-5 cm to ablate
a tumor area near the GI tract, the RFA electrode
was first lifted, and the tumor was slightly drawn

WJG|www.wjgnet.com

Tumors abutting large vessels or bile ducts:
(1) a mono-polar RFA electrode was usually used
for these patients because satisfactory visualization
of the needle tip could be ensured. Mono-polar RFA
was applied at bilateral sides of the large vessel
(Figures 4 and 5); (2) the multiple-tined electrode
was usually deployed parallel to vessels to avoid
damage to large vessels; (3) effusion or hemorrhage
in front of liver area and the needle track needed
to be closely monitored during RFA; (4) all patients
underwent ultrasound examination after the with
drawal of the electrode, with special emphasis
on the detection of potentially new or increasing
effusion or hemorrhage in front of liver area, in the
space between the right lobe and the kidney, in the
gallbladder fossa and in the lesser omental bursa;
and (5) patients with suspicious bleeding after
RFA usually underwent CDFI or contrast enhanced
ultrasound examination to check for any active
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Figure 3 A 71-year-old man had intrahepatic recurrence after resection of hepatocellular carcinoma. A: Subcostal ultrasound shows a 1.2-cm tumor (arrow) in
segment III; B: Contrast-enhanced ultrasound shows the tumor (arrow) peripherally enhanced and that its invasive range increased to 2.2 cm. The tumor is shown to
be very close to the gastrointestinal (GI) tract (arrow head); C: Subcostal ultrasound shows an ultrasound-guided tiny needle puncture though the liver to the space
between the liver and the bowel. After injection of 100 mL of fluid, the tumor is separated from the nearby GI tract; D: Subcostal ultrasound shows that two bipolar
electrodes are placed parallel to the GI tract.

A

B

Figure 4 Schematic presentation of a liver tumor near a large vessel that was ablated with two mono-polar electrodes. Radiofrequency ablation was applied
at bilateral sides of the large vessel. A: Longitudinal section view; B: Transverse section view.

bleeding along the needle track and should be
discharged only after confirmation of the absence of
bleeding.

hyperechogenicity area induced by ablation was
monitored by real-time ultrasonography, and the
needling depth was adjusted when the region
extended beyond the liver capsule; (4) when a large
amount of fluid needed to be infused, a cannula
paracentetic needle was introduced into the anterior
hepatic space, and a cannula was placed for fluid
infusion; and (5) repeated ablation at the same
puncture point should be avoided to minimize
needling track seeding or biliary fistula. Additionally,
it is better not to directly puncture the superficial
tumor, and a needle track passing through the

Tumors close to the liver surface: (1) an appro
priate type of RFA electrode with a suitable length
must first be selected, and the coagulation sphere
should be estimated; (2) to prevent extrahepatic
charring, artificial ascites was produced by injecting
more than 100-500 mL of fluid into the anterior
hepatic space or between the liver surface and
the peritoneum before or during RFA; (3) the
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Figure 5 A 54-year-old man with hepatocellular carcinoma. A: Contrast-enhanced transverse computed tomography (CT) image shows a 2.6-cm tumor (arrow) in
segment VIII between the middle hepatic vein (MHV) and the right hepatic vein (RHV); B: Intercostal ultrasound shows that the tumor (arrow) is located next to RHV;
C: Intercostal ultrasound shows that the tumor is treated by ultrasound-guided RF ablation. Two bipolar electrodes are inserted parallel to the RHV; D: Intercostal
ultrasound immediately after RF ablation shows the hepatic veins remain normal; E: Contrast-enhanced transverse CT image obtained 1 mo later shows that a
coagulation area is surrounded by hepatic veins with no enhancement. No injury to the large vessels occurred in this patient; F: Contrast-enhanced transverse CT
image obtained 5 mo later shows a coagulation area without viability.

normal liver parenchyma is preferred.

untreated. All other complications were considered
[22,23]
minor
.

Assessment of therapeutic effects and follow-up

Statistical analysis

To evaluate early tumor necrosis resulting from RFA
therapy, contrast-enhanced CT/MRI was performed
1 mo after the treatment. The tumor was considered
early necrosis on the basis of all of the following
findings at the one-month CT/MRI: (1) no contrast
enhancement was detected within or around the
tumor; (2) the margins of the ablation zone were
clear and smooth; and (3) the ablation zone extended
beyond the tumor borders. Subsequently, patients
were followed by repeat CT/MRI every 2-3 mo during
the first year and then every 4-6 mo after the first
year. Contrast enhancement that was detected in
the ablation zone on follow-up CT/MRI scans was
considered to represent local tumor progression. If the
imaging scan showed no contrast enhancement but
abnormal tumor markers (e.g., AFP) were detectable
and if CDFI detected an abnormal vascular area, a
multiple-core-needle biopsy specimen was obtained
to assess for possible tumor progression in the highly
suspicious area. However, only a positive biopsy result
was useful for diagnosis. The definition of a major
complication was a complication that might threaten
the patient’s life, lead to substantial morbidity and
disability, or result in a lengthened hospital stay if left
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Significant differences in baseline characteristics
2
and treatment results were assessed by the χ test,
Fisher exact test and t-test. Kaplan-Meier models and
log-rank tests were used in overall survival and local
progression-free survival analyses. Overall survival
duration was counted in months from the date of
RFA to death or last follow-up. Local progression-free
survival duration was counted in months from the
date of first RFA to local progression of tumor, death,
or last follow-up. For the patients who were lost to
follow-up, survival was counted in months from the
date of RFA to the last follow-up, and the status was
considered as censored data. Ten potential prognostic
factors were considered in this study, including age,
gender, tumor size, tumor number, tumor location,
serum AFP, serum liver function enzyme, portal
hypertension, previous treatment (such as TACE)
and RFA device. Cox proportional hazards model was
used for multivariate analysis. Portal hypertension
was diagnosed when the dilatation of main branches
of the portal system and the presence of collaterals
were detected. Liver function enzyme [alanine
transaminase (ALT) and aspartate transaminase
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gression after RFA was 2 to 26 mo, with an average
of 10.3 ± 8.5 mo. There was a significant difference
in local progression rate between the difficult
location and control groups (12.7% vs 7.1%, P =
0.046). Additionally, local progression rate in the
subgroup with tumors near peripheral structures
was significantly higher than that in the control
group (14.4% vs 7.1%, P = 0.018) (Table 2). Local
progression and new lesions in the liver were retreated if the patient’s physical condition was strong
enough to tolerate another RF ablation session. In
the difficult group, 114 HCC patients received 2-11
RFA sessions, while 20 HCC patients received 2-5
RFA sessions in the control group. The mean number
of RFA sessions was significantly higher in the difficult
group than in the control group (1.5 ± 1.0 vs 1.3 ±
0.7 sessions, P = 0.038).

Table 1 Comparison of baseline characteristics of 382
hepatocellular carcinoma patients in the difficult group and 88
hepatocellular carcinoma patients in the control group n (%)
Characteristic
Sex
Male
Female
Age (yr)
Liver cirrhosis
Child-Pugh class
Class A
Class B
Maximum diameter
> 3 cm
> 5 cm
Tumor number
Elevated AFP
Previous TACE
Previous hepatectomy

Difficult group Control group P value
(n = 382)
(n = 88)
331 (86.6)
51 (13.4)
55.3 ± 10.1
369 (96.6)

74 (84.1)
14 (15.9)
57.4 ± 11.8
84 (95.5)

0.531

235 (61.5)
147 (38.5)
3.4 ± 1.2
204 (53.4)
40 (10.5)
1.4 ± 0.6
172 (45.0)
95 (24.9)
58 (15.2)

62 (70.5)
26 (29.5)
3.1 ± 1.1
43 (48.9)
5 (5.7)
1.3 ± 0.9
38 (43.2)
18 (20.5)
11 (12.5)

0.117

0.652
0.605

0.071

0.128
0.754
0.382
0.521

Overall survival and local progression-free survival

TACE: Transarterial chemoembolization; AFP: Alpha-fetoprotein.

The 1-, 3-, 5-, and 7-year overall survival rates were
84.3%, 54.4%, 41.2%, and 29.9%, respectively,
in the difficult location group and 92.5%, 60.3%,
43.2%, and 32.8% in the control group, respectively.
There was no significant difference in overall survival
between the two groups (P = 0.371). (Table 3, Figure
6). The 1-, 3-, 5-, and 7-year local progression-free
survival rates were 77.9%，49.0%, 38.0%, and
29.1% in the difficult location group, respectively,
and 88.2%，55.6%, 36.3%, and 36.3% in the
control group, respectively. There was no significant
difference in local progression-free survival between
the two groups (P = 0.584) (Table 4 and Figure 7).
Ten potential prognostic factors were included in
the multivariate analysis using a Cox proportional
hazards model. Among these factors, Child-Pugh
classification (HR = 2.024, P < 0.001), tumor
number (HR = 1.599, P = 0.003), serum liver
function enzyme (HR = 1.426, P = 0.029) and tumor
size (HR = 1.262, P = 0.047) were well related to
the HCC patient prognosis. Child-Pugh classification
was the highest risk factor (Table 5), whereas tumor
location was not a significant risk factor.

(AST)] values were assessed, and the normal ra
nge was 0-40 IU/L for ALT and 0-45 IU/L for AST.
SPSS 16.0 software (SPSS, Chicago, IL) was used
to perform statistical analyses, and P < 0.05 was
considered statistically significant.

RESULTS
In the difficult group, the average tumor size was
3.4 ± 1.2 cm (range, 1.0-6.0 cm). The maximum
tumor size was ≥ 3 cm in 204 (53.4%) patients. In
the control group, the average tumor size was 3.1
± 1.1 cm (range, 1.1-6.0 cm). The maximum tumor
size was ≥ 3 cm in 43 (48.9%) patients. There were
no statistically significant differences in baseline
characteristics between the two groups. The baseline
characteristics of the patients are listed in Table 1.

Early tumor necrosis rate and local progression rate

According to one-month CT/MRI results, the early
tumor necrosis rate in the difficult group was similar
to that in the control group (97.6% vs 94.3%, P
= 0.080). Additionally, there was no significant
difference in the early tumor necrosis rates among
tumors near a large vessel (93.7%), near peripheral
structures (94.2%) or under the liver capsule
(95.4%). In total, 31 tumors had residual tissue after
initial RFA treatment. Three patients with residual
un-ablated tumors gave up additional RFA session
due to tumor adherence to the diaphragm or bowel;
four patients received TACE due to the occurrence of
new lesions in the liver, and the remaining 24 tumors
in 24 patients were successfully ablated after the
second or third RF ablation.
The follow-up period was 6 to 116 mo, with
an average of 28 ± 22.4 mo. The local tumor pro
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Complications

In the present study, 29 (4.2%, 29/689) patients
had severe complications, including hemoperitoneum
in 6 patients, biliary injury in 5 patients, hemothorax
in 3 patients, pyothorax in 1 patient, liver abscess
in 3 patients, intestinal perforation in 3 patients,
cholecystitis in 2 patients, needle-track seeding in
6 patients and intestinal perforation-related death
in 1 patient. The rate of major complications for the
difficult group was 4.9%, and that for the control
group was 0.8%; this difference was statistically
significant (P = 0.041) (Table 6). Minor complications
included self-limited capsule hematoma, small pleural
effusions, slight cholangiectasis, transient jaundice
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Table 2 Outcome of radiofrequency ablation in the difficult and control groups n (%)
Group

Number of patients

Number of tumors

Tumor diameter (cm)

Early necrosis

Local progression

88
382
87
232
63
470

170
473
95
291
87
643

3.1 ± 1.1
3.4 ± 1.2
3.5 ± 1.5
3.4 ± 1.2
3.1 ± 1.4
3.3 ± 1.3

166 (97.6)
446 (94.3)
89 (93.7)
274 (94.2)
83 (95.4)
612 (95.2)

12 (7.1)1
60 (12.7)1
10 (10.5)
42 (14.4)1
8 (9.2)
72 (11.2)

Control
Difficult
Near large vessels or bile ducts
Near peripheral structures
Under liver capsule
Total
1

Local progression rate in the difficult group was significantly higher than that in the control group (12.7% vs 7.1%, P = 0.046). Local progression rate in the
subgroup of tumors near peripheral structures was significantly higher than that in the control group (14.4% vs 7.1%, P = 0.018).

Table 3 Comparison of overall survival between the difficult and control groups
Group

Number of patients

Control
Difficult
Near large vessels or bile ducts
Near peripheral structures
Under liver capsule
Total

88
382
87
232
63
470

Overall survival (%)

1

1-yr

3-yr

5-yr

7-yr

92.5
84.3
86.3
82.8
90.2
85.8

60.3
54.4
41.4
56.9
69.2
56.8

43.2
41.2
38.0
42.9
40.1
41.6

32.8
29.9
33.8
28.8
30.1
30.4

1

There was no significant difference in long term survival between the difficult and control groups (P = 0.371).

Table 4 Comparison of local progression-free survival between the difficult and control groups
Group

Number of patients

Control
Difficult
Near large vessels or bile ducts
Near peripheral structures
Under liver capsule
Total

88
382
87
232
63
470

Local progression-free survival (%)

1

1-yr

3-yr

5-yr

7-yr

88.2
77.9
81.7
77.3
80.5
79.8

55.6
49.0
35.6
48.7
53.1
50.3

36.3
38.0
33.4
38.6
37.8
37.5

36.3
29.1
30.7
27.2
28.1
29.8

1

There was no significant difference in local progression-free survival between the difficult and control groups (P = 0.584).

Overall survival

0.8

Difficult group
Control group
Difficult censored
Control censored

1.0

Local progression-free survival

1.0

0.6

0.4

0.2

0.0

0.8

Control group
Difficult group
Control censored
Difficult censored

0.6

0.4

0.2

0.0
0 6 12 18 24 30 36 42 48 54 60 66 72 78 84 90 96 102 108

0 6 12 18 24 30 36 42 48 54 60 66 72 78 84 90 96 102 108

Time post-RFA (mo)

Time post-RFA (mo)

Figure 6 Graph shows the overall survival of hepatocellular carcinoma
patients after radiofrequency ablation in different groups. The 1-, 3-,
5-, and 7-year overall survival rates in the difficult group were similar to
those in the control group (84.3%, 54.4%, 41.2%, and 29.9% vs 92.5%,
60.3%, 43.2%, and 32.8%, respectively, P = 0.371). RFA: Radiofrequency
ablation.
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Figure 7 Graph shows the local progression-free survival of hepatocellular
carcinoma patients after radiofrequency ablation in different groups. The
1-, 3-, 5-, and 7-year local progression-free survival rates in the difficult group
were not significantly different from those in the control group (77.9%, 49.0%,
38.0%, and 29.1% vs 88.3%, 55.6%, 36.3%, and 36.3%, respectively, P = 0.584).
RFA: Radiofrequency ablation.

1561

February 7, 2015|Volume 21|Issue 5|

Yang W et al . Radiofrequency ablation of HCC in difficult locations
[32]

of 93% (38/41). Ng et al
used an internally
cooled electrode in 52 patients with perivascular
HCC. The complete necrosis rate for small HCC
was 92%, the local recurrence rate was 11%, and
the 2-year overall survival rate was 75%. Koda
[33]
et al
successfully treated 25 lesions under the
diaphragm using RFA with artificial pleural effusion.
Complete necrosis was achieved in 22 lesions
(88%), and local recurrence was diagnosed in one
[34]
patient (4.5%). Teratani et al
reported a clinical
study that included 207 patients with 231 nodules
in high-risk locations treated by percutaneous RFA
and showed no significant differences in the 3-year
local progression rate between nodules in high-risk
locations and those located elsewhere. However, the
outcomes of RFA in difficult locations still need to be
verified in a large series of patients with long-term
follow-up.
In the present study, we compared the 5- and
7-year survival rates between patients with tumors
in difficult locations and those with tumors located
elsewhere. In addition, the differences between
tumors in different difficult locations, such as abutting
major vessels or bile ducts, adjacent to extrahepatic
organs, and/or located in the subcapsular space,
were further analyzed. Our study involved large
samples and analyzed the effect of RFA on the longterm survival of patients with tumors in different
locations; the results provided important evidence
for extending the indications of RFA and confirmed
its efficacy for difficult cases of HCC.

Table 5 Multivariate analysis of prognostic factors with Cox
proportional hazards in 470 hepatic cellular cancer patients
after radiofrequency ablation
Wald P value
value

Variable

Child-Pugh classification 28.046
Tumor number
8.555
Liver function enzyme
4.760
Tumor size
3.951

0.000
0.003
0.029
0.047

HR
2.024
1.599
1.426
1.262

95%CI for HR
Lower

Upper

1.559
1.167
1.037
1.003

2.628
2.189
1.963
1.589

and moderate thermal injury of the abdominal wall.
Adverse reactions included abdominal pain, shou
lder pain, pain in the right upper abdomen associated
with breathing, postoperative fever, and transient
abnormal liver function. These complications were
resolved with symptomatic treatment or without any
special treatment.

DISCUSSION
[24]

In 1996, Rossi et al
first reported the therapeutic
effect of percutaneous RFA in primary or metastatic
malignancies confined to the liver. Thereafter,
numerous studies have demonstrated the advan
tages of RFA over percutaneous ethanol injection
[25-27]
(PEI) for treating small HCC
. However, the high
recurrence and complication rates associated with
RFA greatly restricted its application, especially for
the treatment of large tumors, multifocal tumors
[28,29]
and tumors in high-risk locations
. Early reports
suggested that the major complications of RFA
were closely related with tumor site. For example,
RFA of tumors located centrally abutting the portal
vein is liable to cause biliary injury, and in tumors
located in the periphery of the liver, RFA can cause
damage to adjacent structures, such as intestinal
perforation. Therefore, these types of liver tumors
are regarded as difficult cases for RFA protocols. In
the past decade, significant advances in RF devices
and technology have enabled the treatment of
patients with unresectable liver tumors who were
previously not eligible for RFA treatment with novel
RFA strategies. These new RFA methods are based
on individualized protocols and new technologies
aimed at increasing the tumor necrosis rate while
considering potential complications and overall
safety. These advances enabled patients with HCC
who were receiving palliative care to undergo radical
therapy.
RFA treatment for tumors abutting key structures
[30]
has attracted increasing attention. Chopra et al
reported a complete necrosis rate of 87% (7/8)
in HCC adjacent to the gallbladder treated by RFA
with no gallbladder injury. In another study, Choi
[31]
et al
performed RFA of HCC adjacent to the
GI tract, which resulted in a tumor necrosis rate
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Therapeutic efficacy

In the present study, tumors adjacent to key extra
hepatic organs, such as the gallbladder, intestines
and diaphragm, tumors abutting large vessels and
subcapsular tumors were included in the difficult
group. With optimized RFA strategies, early tumor
necrosis rates in different locations all yielded
above 90%. The tumor necrosis rates for subgroups
near vessels, near peripheral structures and un
der the liver capsule were 93.7%, 94.2%, and
95.4%, respectively, with no statistically significant
differences (P = 0.872).
The local progression rate was lower in the
difficult group than in the control group (12.7%
vs 7.1%, P = 0.046) during follow-up. The com
paratively higher progression rate in the difficult
group may be attributed to its limited safety
margin. In particular, the local progression rate
for the subgroup with HCC tumors near peripheral
structures was 14.4%, which was significantly
higher than that in the control group (7.1%, P =
0.018). For tumors abutting large vessels or bile
ducts, a larger safety margin was possible because
of the heat-sink effect of blood flow and the
protective effect of smooth muscle for the bile duct.
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Table 6 Comparison of major complications between the difficult and control groups
Group

Number of patients

Number of RFA

Complication (%)

Common complication name

88
382
87
232

121
568
151
309

1 (0.8)1
28 (4.9)1
6 (4.0)
18 (5.8)

Needle seeding (1/1)

63

108

4 (3.7)

470

689

29 (4.2)

Control
Difficult
Near large vessels or bile ducts
Near peripheral structures

Under liver capsule
Total

Bile duct injury (4/6)
GI perforation (3/18)
Bloody pleural (3/18)
Needle seeding (3/18)
Hemoperitoneum (2/4)
Needle seeding (2/4)

1

The major complication rate in the difficult group was significantly higher than that in the control group (4.9% vs 0.8%, P = 0.041). RFA: Radiofrequency
ablation.

Complications analysis

In subcapsular tumors, fluid injection is an effective
method to widen the extrahepatic space, which
facilitates the complete destruction of a tumor by
the ablation needle. However, in tumors adjacent to
perihepatic organs, even artificial ascites injection
could not achieve an effective separation, which
resulted in a limited safety margin, and the residual
tumor advanced toward local progression during
follow-up.
A previous analysis of prognostic factors based
on the results from 266 patients with HCC treated
by RFA in our center suggested that the degree of
liver function, tumor stage and standard therapy
application were independent prognostic factors,
[14]
while tumor location was excluded . The results
of the present study also showed that the 1-, 3-,
5-, and 7-year overall survival rates in the difficult
group were similar to those in the control group
(84.3%, 54.4%, 41.2%, and 29.9% vs 92.5%,
60.3%, 43.2%, and 32.8%, respectively, P = 0.371).
In the multivariate analysis using a Cox proportional
hazards model, Child-Pugh classification, tumor
number, serum liver function enzyme and tumor
size were independent risk factors for HCC patients,
whereas tumor location was not a significant risk
factor. This result reinforces the idea that RFA is also
an effective treatment for HCC in difficult locations.
Additionally, the 1-, 3-, 5-, and 7-year local
progression-free survival rates in the difficult group
were not significantly different from those in the
control group (88.2%, 55.6%, 36.3%, and 36.3% vs
77.9%, 49.0%, 38.0%, and 29.1%, respectively, P =
0.584). These results suggested that although difficult
tumor location can result in a high rate of progression
in tumors treated by RFA, location has little influence
on the long-term outcomes. In should be noted
that in our study, the number of RFA sessions in the
difficult group was significantly higher than that in
the control group (P = 0.038). This result indicated
that the patients in the difficult group received more
re-treatments by RFA for local progression than the
control group. The frequent RFA retreatments might
greatly contribute to overall survival.
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The overall rate of complications of RFA is low co
mpared with that of other localized treatments,
such as surgery and cryoablation. However, RFArelated death and severe complications should not
be underestimated. In a multicenter study in Italy,
the mortality rate was 0.3%, the rate of additional
major complications was 2.2%, and the rate of
[23]
minor complications was less than 5% . In the
present study, complications occurred in 28 patients
(4.9%) in the difficult group; only one patient
(0.8%) in the control group experienced needletrack seeding. Biliary injury, which was the most
common complication of RFA in tumors abutting
large vessels or bile ducts, is related to thermal or
mechanical damage as well as alterations in the blood
supply of the biliary track. In the present study, four
patients who developed cholangiectasis with jaundice
(direct bilirubin/total bilirubin, > 50%) underwent
percutaneous transhepatic cholangial drainage (PTCD)
and/or percutaneous transhepatic cholangiography
(PCT) for biliary drainage, and one patient was
treated against infection. Jaundice resolved in these
four patients after treatment.
The most severe complication in superficially lo
cated liver tumors treated by RFA is gastrointestinal
perforation, which occurs most frequently in the
[23,34-36]
colon (0.06%-0.30%)
. In the present study,
delayed colon perforation occurred one week after
RFA treatment in 3 patients with liver tumors
adjacent to the colon. These patients were treated
by surgical repair and drainage. One of the 3 patients
had a history of biliary surgery, and postoperative
adhesion made it difficult to separate the liver from
the intestine. These data indicated that intestinal
perforation mostly occurred in patients with intestinal
adhesions as a result of previous abdominal surgery.
Perforation always occurred 2-3 d after RFA because
of the 24 h of fasting, and in some cases, perforation
was latent, suggesting that patients at a high risk of
perforation should be carefully observed for at least
one week. All 3 patients with GI perforation were
treated by multiple-tined electrode, indicating that
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the mono-polar electrode is preferred in such cases.
Hemorrhage, another major complication, occurred
in 6 patients. Two of these patients had recurrent
tumors located superficially, with a tumor size >
5 cm and a protruding section of 1/4 to 2/5 of the
entire tumor. Cough occurred 2 h after RFA, and the
increased abdominal pressure caused by position
changes resulted in the rupture and bleeding of the
tumor, suggesting that these cases were not suitable
for RFA. In another patient with HCC combined with
portal hypertension, the dilated collateral vessel
branches that extended and adhered to the liver
surface were punctured by the RFA electrode, causing
moderate bleeding. This occurrence underscored the
importance of imaging reading pre-RFA to avoid large
vessels, arteriovenous fistulas, and phlebangioma.
The other 3 patients developed minor or moderate
hemoperitoneum as a consequence of improper
operation. Thermal ablation in situ was applied, and
the bleeding was controlled in all patients before
[37]
discharge .
Three patients with HCC located under the dia
phragm developed hemothorax and/or abscess in
the right thoracic cavity; two were attributed to the
large size and convex surface of the tumor, whereas
the other one was induced by poor visualization
of the needle tip, which punctured a vessel in the
diaphragm. No severe complications, such as dia
phragm perforation, were observed. The risk of
needle-track seeding has been reported to vary
widely, with rates ranging from 0.2%-12.5% in
[23,36,38,39]
patients treated by percutaneous RFA
. In the
present study, 0.9% of the patients in the difficult
group showed needle-track seeding. To reduce the
risk of needle-track seeding, the electrode should be
retracted slowly, and the needle temperature should
be controlled.

other centers.
In conclusion, although the complication rate and
local progression rate were notably higher in the
difficult group (4.9% vs 0.8% and 12.7% vs 7.1%,
respectively), these results were not substantial
enough to prevent consideration of RFA in these cases
(7-year overall survival rate: 29.9% vs 32.8%). With
appropriate attention to technique and adjunctive
measures and with judicious patient selection,
ultrasound-guided percutaneous RFA of lesions close
to vital structures remains a reasonable option in
patients willing to accept the complication risk.

COMMENTS
COMMENTS
Background

Hepatocellular carcinoma (HCC) is one of the most common malignancies
in the world, causing more than 500000 deaths every year. Clinical evidence
has confirmed the efficacy of radiofrequency ablation (RFA) for the treatment
of localized HCC. However, tumors are often found in difficult locations (e.g.,
abutting key structures such as the stomach, bowel, gallbladder, diaphragm and
large vessels) that may be injured during RFA with subsequent complications
or recurrence. Recently, many studies have reported an increased tumor
necrosis rate and a reduced rate of complications with RFA treatment in such
tumors. However, the long-term outcomes, such as an analysis of the 5-year
survival and beyond, in a large number of difficult tumors have been rarely
demonstrated.

Research frontiers

In the present study, tumors adjacent to key extrahepatic organs, such as
the gallbladder, intestines and diaphragm, tumors abutting large vessels and
subcapsular tumors were included in the difficult group. Individual treatment
strategies were developed to treat these difficult cases, and early tumor
necrosis rates in different locations all yielded above 90%.

Innovations and breakthroughs

Recently, many studies have reported an increased tumor necrosis rate and
a reduced rate of complications with RFA treatment of HCC tumors in difficult
locations. However, the outcomes in patients with difficult HCC treated by
RFA still needs to be verified in a large population of patients with long-term
follow-up. In the present study, we compared the 5- and 7-year survival rates
between patients with tumors in difficult locations and those with tumors located
elsewhere. In addition, the differences between tumors in different difficult
locations, such as abutting major vessels/bile ducts, adjacent to extrahepatic
organs, and subcapsular, were analyzed.

Limitations

Applications

Twenty percent of patients included in this study
had received TACE, indicating that the improvement
of the long-term survival and recurrence may have
been the result of the combination of TACE and RFA.
However, the percent of patients who had previously
received TACE in the difficult group was equal to
that in the control group, and the combination of
TACE and RFA was used as a routine method for
the treatment of large HCC with rich blood supply
in both groups. Thus, the use of TACE in some
patients should not bias the analysis of the longterm outcomes between the two groups. In addition,
the success of RFA for difficult HCC relied greatly
on the experience and skill of the operator, and the
outcome was expected to improve with an increasing
number of cases treated by RFA. This single center
study was a 10-year retrospective investigation, and
the data obtained in the early years and in the later
years were analyzed together. Therefore, the results
obtained could have differed from those reported in
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With appropriate attention to technique and adjunctive measures and with
judicious patient selection, ultrasound-guided percutaneous RFA of lesions
close to vital structures remains a reasonable option in patients willing to accept
the complication risk.

Terminology

RFA: a medical procedure in which part of the electrical conduction system
of the heart, tumor or other dysfunctional tissue is ablated using the heat
generated from high-frequency alternating current. The radiofrequency waves
passing through the electrode increase the temperature within tumor tissue,
which results in tumor destruction. HCC in difficult location: nodules adjacent
to large vessels were defined as those located ≤ 5 mm from a first or second
branch of the portal vein, the base of hepatic veins, or the inferior vena cava,
while nodules adjacent to extrahepatic organs were defined as those located
≤ 5 mm from the diaphragm, lung, gallbladder, right kidney, or gastrointestinal
tract.

Peer-review

This study evaluated HCC patients treated by RFA to investigate the long-term
outcomes (tumor recurrence and survival) in normal or high risk HCC location
groups. The manuscript is very interesting, presenting valuable evidence to
support the practice of RFA treatment in the field of interventional management
of HCC and showing excellent presentation and detailed description of the
methods and techniques used. The strengths of this paper are the increased
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number of patients and the sufficient follow-up.
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remaining six were operated by the same surgeon. In all
patients gastrointestinal endoscopic removal of the band
was attempted by two individual gastroenterologists.
Clinical signs of band migration were: persisted nausea,
abdominal pain, weight gain, recurrent infection of the
port and tubing system and hematemesis.
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RESULTS: In four patients removal was performed
without complications. In two patients extracting
the cleaved gastric band into the stomach appeared
impossible. The two remaining patients presented with
acute hematemesis and melena. One of these patients
was readmitted with hematemesis. The other patient
started bleeding during the gastroscopy and was
converted to a laparoscopy in which one of the branches
of the left gastric artery was oversewn.
CONCLUSION: Band migration after gastric banding
can be life threatening. Gastrointestinal endoscopic
removal is a feasible technique that holds the promise
of fast reconvalescence.
Key words: Morbid obesity; Adjustable gastric band;
Migration; Gastroscopy; Gastrointestinal endoscopic
device removal
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Band migration after gastric banding can be
life threatening. Gastrointestinal endoscopic removal
is a feasible technique that holds the promise of fast
reconvalescence. However, there is a risk for fulminant
hemorrhage from the extraction site, even a few weeks
after the procedure. It is inadvisable to postpone reintervention when bleeding is suspected when a patient
presents with hematemesis or melena.

Abstract
AIM: To remove the migrated bands using a gastrointestinal
endoscopic approach. Little is published on complications
that can occur.
METHODS: From June 2006 to June 2010, eight
patients developed intragastric band migration. Two
patients had received their AGB in a different hospital, the
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1

2

INTRODUCTION
Adjustable gastric banding (AGB) is one of the
surgical treatment modalities for morbid obesity.
Over the years popularity for this treatment increased
it has been by far the most performed bariatric
procedure for years in Europe and increasingly so in
the United States. AGB combines moderate excess
weight loss with low post operative morbidity and
mortality. Despite low complication rates, some
failures do occur and as the total number of patients
[1-3]
increase, so does its complications .
Complications after AGB are not uncommon and
consist mainly of hernias, gastroesophageal reflux
[1-3]
disease, pouch dilatation and leakage of the band .
Intragastric migration of the band is perhaps one
of the gravest complications. Migration is regularly
reported in literature and prevalence ranges from
0.3% to 4.8% and in one study even in 11% within
[3-13]
the first two years after surgery
. When migration
occurs, band removal is mandatory to prevent intra
abdominal infection, gastrointestinal obstruction or life
threatening hemorrhage. Although the introduction of
the pars flaccid technique might have lowered the risk
for developing band migration, the increased number
of AGB procedures worldwide makes migration a
[1,2,6]
complication to be reckoned with
.
In our hospital the removal of migrated AGB is
most often performed by gastrointestinal endoscopy.
This approach is less demanding for the patient while
for removal of the migrated gastric band surgery is,
in theory, not required. The stomach heals in the
months after removal and then patients are offered
a second procedure. This approach reduces the
number of surgical interventions from two to one.
During this endoscopic procedure the band is cut
and removed transoraly. Gastrointestinal endoscopic
removal is promoted as a relatively safe alternative
for laparoscopic removal of the band and mortality
[12,14]
has not yet been reported
. We present eight
patients with migrated gastric bands in whom
gastrointestinal endoscopic removal was attempted.

Figure 1 Endoscopic view of migrated gastric band. 1: Gastroscope through
esophagus; 2: Migrated gastric band.

of the band was attempted by two individual gas
troenterologists. Clinical signs of band migration
were: persisted nausea, abdominal pain, weight gain,
recurrent infection of the port and tubing system and
hematemesis. Demographics and preoperative data
are shown in Table 1. This study was approved by the
medical Ethics Committee of the Rijnstate Hospital in
Arnhem.

Preoperative

When an AGB migration was suspected all patients
underwent an upper gastrointestinal gastrograffin
study (UGI) and a gastroscopy (Figure 1). In most
cases the AGB has to be completely migrated into
the stomach to reveal a migrated band on a UGI.
Therefore a gastroscopy is imminent in most cases
to diagnose a possible migration, so that when
suspicion is high, the gastrograffin swallow can be
[14]
left out . When migration was confirmed, proton
pump inhibitors were prescribed and the patient was
scheduled for gastrointestinal endoscopic removal of
the AGB.

Operative technique

The gastrointestinal endoscopic removal of a mig
rated gastric band is an interdisciplinary procedure
in our hospital. Although the procedure was carried
out under general anesthesia in all cases, conscious
sedation for gastrointestinal endoscopic band remo
val and local anesthesia for port removal is possible.
The removal of the AGB is divided into two stages:
First the removal of the port and the connecting
tube and secondly the gastrointestinal endoscopic
removal of the band.
After insertion of the gastroscope and insufflation
of the stomach the migrated band is identified.
Figure 2 shows the gastric band cutter. A metal
cutting wire (1 in Figure 2) is guided in between
the protruded portion of the band and the stomach
wall. Then the tip of the wire is retracted outside the
patient so that the wire is looped around the band

MATERIALS AND METHODS
From June 2006 to June 2010, eight patients
developed intragastric band migration. Two patients
had received their AGB in a different hospital, the
remaining six were operated by the same surgeon.
In all patients gastrointestinal endoscopic removal
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Table 1 Demographics and preoperative data
Patient
No.

Age (yr) Sex

Symptoms
Abdominal pain
and vomiting
Abdominal pain

Migration (months
after placement)

1

34

F

2

2

43

F

3

35

F

4

44

F

5

38

F

6

31

F

Infection after port
revision
Anemia, melena
and collaboration
Abdominal pain
and weight gain
Acute hematemesis

7

47

F

Abdominal pain

47

8

51

F

Weight gain

107

99
4
10
34
4

Band type and
placement

BMI prior to AGB
(kg/m²)

BMI prior to
removal (kg/m²)

Possible cause of
migration

SAGB, 11 cm3, Pars
flaccid
SAGB, 9 cm3,
Perigastric
SAGB, 11 cm3, Pars
flaccid
SAGB, 11 cm3, Pars
flaccid
Bioring, 9 cm3, Pars
flaccid
SAGB, 11 cm3, Pars
flaccid
SAGB, 9 cm3, Pars
flaccid
LAP-BAND®,
Perigastric

46.1

35.8

Peroperative trauma

42.9

25.5

39.7

33.4

Hyperinflation of
band (12 cm3)
Infection

40.6

33.2

Infection

44.7

35.8

43.5

35.7

Hyperinflation of
the band (11.5 cm3)
Preoperative trauma

42.4

30.2

Fibrous capsule

45.3

38.1

Infection

F: Female; SAGB: Swedish adjustable gastric band; BMI: Body mass index; AGB: Adjustable gastric band.

Table 2 Pre- and post-operative data
Patient
No.

Band removed

Complications preoperative

Postoperative course

Months after
removal

Current complaints

1
2
3
4

Laparoscopic
Endoscopic
Endoscopic
Endoscopic

Conversion to laparoscopy
No complications
No complications
No complications

12
11
3
-

Little restriction
Too much weight loss
Weight regain
Back to initial weight

5
6
7
8

Endoscopic
Endoscopic
Laparoscopic
Endoscopic

No complications
Conversion to laparoscopy
Conversion to laparoscopy
No complications

Gastric bypass
Gastric sleeve
Gastric bypass
Collabated; bleeding ulcus. Refuses
further bariatric treatment
Gastric bypass
Died due to gastric bleeding
Gastric bypass
Scopinaro

10
5
4

No complaints
No complaints
Weight regain

stomach and out by mouth. The migration defect in
the stomach wall is not closed.

1a

Postoperative

3

All patients were reexamined gastroscopically a
few days after the removal of their AGB to confirm
adequate closure of the migration defect and to
exclude apparent bleeding. While these patients
received their AGB to achieve weight loss, removing
[9]
the AGB will lead to weight gain in most cases . All
patients were evaluated to decide which bariatric
procedure was most appropriated to replace the
AGB and were followed in time.

1b

2

Figure 2 Endoscopic gastric band cutter. 1a: Metal cutting wire; 1b: Metal
cutting wire looped around adjustable gastric band; 2: Flexible metal overtube; 3:
Toggle device.

RESULTS
All eight patients agreed on attempting a gastro
intestinal endoscopic removal of their AGB. Results
are shown in Table 2.
Four patients had their bands removed gastro
scopically without any complications. Almost all
complaints caused by the migrated band vanished
immediately and patients could leave the following
day. These patients received a different bariatric
procedure after a mean of nine months (months

with both ends coming out by mouth. A flexible
metal overtube (2 in Figure 2) is inserted over the
wires to provide counterforce to the band. When
wire-ends pulled tight using the special Toggle
device (3 in Figure 2), the band is easily cut through
(Gastric Band Cutter System Surgical Company).
The loose end of the cutted band can now be caught
with a polypectomy loop and pulled free into the
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3-12). Five patients will eventually receive a gastric
bypass, one patient received a gastric sleeve and
one will receive a biliopancreatic division with duo
denal switch (BPD-DS).
In one patient the AGB was cut, but dislocation
into the stomach failed. The surgeon performed
a laparoscopy and found that tissue had grown
into the buckle of the AGB making gastrointestinal
endoscopic extraction impossible. The tissue capsule
in which AGB was located was cleaved and the AGB
removed. Gastrointestinal endoscopic removal in
patient seven also failed. In this case the band had
only partially migrated and the gastroenterologist
was unable to loop the guide wire over the band.
Eventually this procedure was converted to an
uncomplicated laparoscopic removal of the band.
Two patients suffered from melena and hema
temesis prior to the procedure. Both patients
did not use any medication. In patient number
four, no complications occurred during the initial
gastrointestinal endoscopic removal of the AGB.
This patient was readmitted after four days with
significant hematemesis. Gastroscopy revealed an
ulcer with signs of recent bleeding just below the
migration site. After coagulation no more bleeding
occurred and the patient was discharged after six
days. This patient refused further operations for the
treatment of her morbid obesity, and currently has
reached her initial body mass index.
In patient number six bleeding occurred when
the band was dislocated into the stomach and this
procedure was converted to laparoscopy while the
bleeding site could initially not be located. The
bleeding arose from a branch of the left gastric
artery and was oversewn. Follow up gastroscopy
after a few days showed no more signs of bleeding
and this patient was discharged after three days
without any symptoms. However nine weeks the
reafter she was acutely readmitted in another
hospital with hematemesis and hypovolemic shock.
Urgent gastroscopy showed a large blood clot inside
the stomach, but an active bleeding could not be
located. She was transferred to a university hospital
to attempt angiographic embolisation. However, one
day later the patients situation suddenly worsened
during another gastroscopy and a computed to
mography was made, which showed an active blee
ding on the site were the AGB had been located.
Unfortunately the patient developed an abdominal
compartment syndrome and died during an emer
gency laparotomy.

11%. However, larger series describe an average rate
[5-13,15-17]
as low as 1% or even less
. The percentage of
migrated bands is possibly higher, as a prospective
study showed a great number of migrated gastric
bands (7.5%) when patients were screened routinely
[18]
during the first years after placement . The
prevalence of migration increases over time because
patients often remain asymptomatic for long periods
or even will never become symptomatic. For this
reason a great number of migrated bands will not
be discovered unless a gastroscopy is performed
[15,18]
routinely
. In recent years, gastric bands placed
around the pouch of a Roux-en-Y gastric bypass as
redo surgery have been introduced, however also
[19]
these seem to be migrating .
There are several possible mechanisms for band
migration into the gastric lumen. The first is early
erosion or trauma of the gastric wall during the
laparoscopic insertion of the band. More specifically
during cannulation of the retrogastric route or when
the band is pulled behind the stomach using a
hooked retraction device, the dorsal serosal portion
of the cardia is easily lacerated. This may be the
cause of early perforation and subsequent migration.
Secondly, chronic shear stress of the band on
the stomach wall due to physiological movement
of the gastric wall and diaphragm can lead to
microperforation and infection. These infections are
most likely due to a microperforation of the gastric
wall, giving microorganisms a chance to colonize
the gastric band and migrate to the port site. An
infected port is therefore always a reason to perform
[2]
a gastroscopy . Another factor is the pressure
applied by simply filling the adjustable band in order
to get enough restriction to meals. Chronic overfilling
of the band or inclusion of too much gastric wall
within the gastric band during placement can add
to this pressure problem. The fourth mechanism
for migration lies in the fact that a gastric band is
recognized by the immune system as a foreign body
leading to a rejection reaction against the silicon
material. This causes formation of a fibrous capsule
[1,2,8,14,20]
that leads to contraction
. The suggested
mechanisms can play a role in AGB migration. It
is however likely in our opinion that the etiology of
most migrations is multifactorial.
Due to the tissue capsule formed around the
band most patients are asymptomatic, because it
seals of the peritoneal cavity. However, a number
of clinical signs and symptoms can occur when a
gastric band has migrated. These include the inability
to regulate the stomach diameter with inflation, a
sudden stop in weight loss or even weight regain,
recurrent port size infection and life-threatening
[5,10-12,14]
gastrointestinal bleeding
. When a band has
completely eroded into the gastric lumen it may lead
to life threatening complications such as peritonitis or
[4,21,22]
upper intestinal hemorrhage
. Even acute bowel

DISCUSSION
Migration of the AGB is a complication which can
occur shortly after placement, but is more often a
long-term complication. Incidences of band migration
greatly vary in literature, with a range from 0.3% to
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obstruction or thrombophlebitis of the portal vein
[23-26]
after migration have been reported
.
A number of endoscopic and surgical methods
for removing a partially migrated band have been
described in published articles. The first is a pe
[2,7,27,28]
rigastric laparoscopic division
, the second a
[5,9,16]
transgastric approach
. These techniques have
the advantage of being relative safe, allow gastric
wall repair and omental patching. Several other
groups have reported endoscopic methods using
traditional endoscopic devices or the gastric band
[8,12,20,29,30]
cutter (Agency for Medical Innovation)
.
The latter has the advantage to be minimal invasive,
but is only advised when performed by experienced
surgeons or gastroenterologists.
The ideal momentum of endoscopic extraction of
the migrated band is matter of debate. Some articles
using the gastrointestinal endoscopic technique
advise to wait until complete migration, so that the
[14,20]
band can be easier removed
. Other authors
stress the serious risk of peritonitis and advise to
remove the band rapidly after an endoscopic con
[7,10,11,23,30,31]
firmation of migration
. In our hospital the
migrated AGB is removed shortly after the diagnosis
to minimize the risk of complications. This implicates
that removal in some cases is performed when the
AGB has only partially migrated, which makes the
procedure more difficult.
A number of complications occurred during and
after gastrointestinal endoscopic removal of the
AGB. Gastrointestinal endoscopic extraction failed
in two patients due to tissue overgrowth into the
buckle in one case, and minimal migration in a
second of the AGB. This is a known complication and
has been described earlier in 20% of patients were
[8]
gastrointestinal endoscopic removal is attempted .
Although AGB is a relatively safe procedure
with mortality rates less than 0.1% there are two
major complications leading to grave morbidity and
the risk of death. One is early or late perforation
leading to peritonitis, sepsis and organ failure.
The other is massive bleeding due to iatrogenic
trauma or erosion of a vessel by the band. Band
[6,21-23]
migration holds the risk of both
. In our series
we had two patients with significant bleeding after
the gastrointestinal endoscopic removal. One of
them was easily controlled, in the second case a
conversion to laparoscopy was necessary to locate
and stop the hemorrhage. Although both patients
were discharged in good health, one patient
eventually died due to a massive rebleeding at the
AGB location two months after the gastrointestinal
endoscopic removal.
Band migration is a serious complication after
AGB that can be potentially life threatening and
should be treated accordingly. Gastrointestinal
endoscopic removal of the migrated AGB is a
feasible technique that holds the promise of fast
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reconvalescence. However, there is a serious risk for
fulminant hemorrhage from the extraction site, even
a few weeks after the procedure. It is inadvisable to
postpone re-intervention when bleeding is suspected
or to try a gastrointestinal endoscopic approach
when a patient presents with hematemesis or
melena.
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RESULTS: Of 24 patients with colorectal perforations,
the CT attenuation values of ascites were significantly
higher than those in patients with perforations at
other sites [22.5 Hounsfield units (HU) vs 16.5 HU,
respectively, P = 0.006]. Colorectal perforation was
significantly associated with postoperative complications
(P = 0.038). The prediction rate of colorectal perforation
using attenuation values as an auxiliary diagnosis
improved by 9.8% compared to that of CT findings
alone (92.2% vs 82.4%).
CONCLUSION: The CT attenuation values of ascites
could facilitate the prediction of perforation sites
and postoperative complications in GI perforations,
particularly in cases in which the perforation sites are
difficult to predict by CT findings alone.
Key words: Perforation site prediction; Gastrointestinal
perforation; Computed tomography attenuation value;
Ascites; Volume rendering method
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: In gastrointestinal (GI) perforations, the
prediction of perforation sites is important for surgeons
in planning for intensive perioperative care of fatally
ill patients. Although multi-detector row computed
tomography (CT) continues to gain further acceptance
as a diagnostic tool, more precise identification of the
perforation site is required in clinical practice. We show
that the CT attenuation values of ascites in patients
with GI perforations could simply and objectively
predict perforation sites and are useful in predicting
postoperative complications, particularly in cases in
which perforation sites are difficult to predict by CT

Abstract
AIM: To evaluate the effect of computed tomography
(CT) attenuation values of ascites on gastrointestinal
(GI) perforation site prediction.
METHODS: The CT attenuation values of the ascites
from 51 patients with GI perforations were measured
by volume rendering to calculate the mean values.
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findings alone.

a simplified and objective method to increase its
reliability in clinical practice is required.
CT images of a GI perforation are characterized by
free intraperitoneal gas, ascites and abscesses in the
[14,18]
peritoneal cavity
. Ascites relevant to GI perforation
might contain GI contents as well as exudates or
blood that might influence CT attenuation values. We
hypothesized that CT attenuation values most likely
reflect the degree of ascites contamination, which
could help to predict GI perforation sites. To verify this
hypothesis, we compared the CT attenuation values
of ascites in patients with GI perforation sites. The
objectives of this study were to assess the sensitivity
and specificity of CT attenuation values to predict
GI perforation sites and evaluate their usefulness in
clinical practice.

Seishima R, Okabayashi K, Hasegawa H, Tsuruta M, Hoshino
H, Yamada T, Kitagawa Y. Computed tomography attenuation
values of ascites are helpful to predict perforation site. World
J Gastroenterol 2015; 21(5): 1573-1579 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i5/1573.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i5.1573

INTRODUCTION
A delay in acute abdomen diagnoses is reported
to markedly influence morbidity and mortality and
[1,2]
is associated with a lengthened hospital stay
.
Computed tomography (CT) has gained acceptance
as a fast and accurate diagnostic method for acute
abdomen cases and has become a vital imaging
technique in emergency departments, which increases
the level of diagnostic certainty. A randomized
controlled clinical trial conducted in the United Kingdom
reported that early CT (within 24 h of presentation)
reduced serious diagnostic errors by 17% and decreased
[2]
the hospital stay and mortality rate .
Gastrointestinal (GI) perforation is one of the most
life-threatening conditions in acute abdomen cases.
Despite recent advances in imaging techniques, surgical
treatment, and intensive medical care, peritonitis
caused by GI perforation is associated with various
[3]
complications and is linked with a mortality rate
[4-8]
of 5%-30% . Among various GI perforation sites,
colorectal perforation has the highest complication
[9]
rate and approaches 55% . To prevent postoperative
complications, the prediction of perforation sites is
important for surgeons in planning intensive perio
perative care of fatally ill patients.
The use of multi-detector row CT (MDCT) has led
to improvements in the diagnosis of GI perforation
and the prediction of perforation sites. Retrospective
studies have reported that the sensitivity of MDCT
for perforation site prediction is approximately
[10-12]
80%-85%
, whereas that of conventional CT
[13]
is 36% . A previous prospective study reported
that the concentration of extraluminal air bubbles,
segmental bowel wall thickening, and focal defects of
the bowel wall were the three most significant specific
[14]
signs for predicting perforation sites using CT ;
however, these signs might be subtle or only indirectly
related to the site or etiology of perforation, and some
patients exhibit none of these signs. In an emergent
situation, the precise identification of the perforation
site is important for surgeons for appropriate and
[15]
immediate patient management . Although the use
of laparoscopic surgery has been increasing, even
for colorectal perforations, it is limited to elective
[16,17]
cases
. Open surgery is required for patients with
colorectal perforations. Although MDCT continues
to gain further acceptance as a diagnostic tool,

WJG|www.wjgnet.com

MATERIALS AND METHODS
Patients

A total of 61 consecutive GI perforation patients with
detectable ascites by abdominal CT on admission
underwent surgery at Keio University Hospital
(Tokyo, Japan) between 2006 and 2012. The data
were obtained from our surgical database. All the
patients were intraoperatively diagnosed with GI
perforations. To exclude the influence of bowel pre
paration, 10 patients with iatrogenic perforations
were excluded from this analysis including seven
with anastomotic leakage after GI surgery, two with
intraoperative injuries, and one with a perforation
after an endoscopic submucosal dissection, whereas
those with perforations resulting from chemotherapy
or radiotherapy were included. A total of 51 patients
were included in our analyses. The patient data were
obtained from a prospectively maintained registry
of surgery records and reviewed retrospectively.
For our analysis, the patients were divided into the
following two groups: a colorectal perforation group
and a group with perforations at other sites, including
the upper GI and small intestine. The postoperative
complications were categorized as systematic (including
pneumonia, pulmonary embolism, and deep vein th
rombosis) or surgical site infections (SSIs). The study
protocol was approved by the institutional ethics
committee of Keio University Hospital.

Evaluation of CT attenuation values of ascites

All the CT scans were performed using a BrightSpeed
scanner (General Electric Medical Systems, Milwaukee,
WI, United States) with 5-mm slices. Each enhanced
CT was performed with an intravenous injection of
iohexol (Omnipaque; Daiichi-Sankyo Co., Tokyo,
Japan) as the contrast agent at a dose of 300 mgI/
kg and scanned at the late phase. No oral contrast
agent was used. The ascites sites revealed by CT were
categorized into the following five sites: perihepatic,
perisplenic, paracolic gutters, pelvis, or Douglas pouch.
The ascitic fluid volume at each site was quantified
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A

A
B
C

Figure 2 Representative measurements of computed tomography attenuation
values by the 2D method. The CT attenuation values of three arbitrary points
on the ascites (A, B and C in the CT slice) were measured, and the mean value
was calculated. CT: Computed tomography.

method). Of the slices showing the greatest fluid
accumulation, a region of interest of approximately 5
2
mm was selected, and three arbitrary points of the
ascites were measured (Figure 2). The average of the
three points was calculated. All the measurements
were made retrospectively and independently by two
investigators who were blinded to patient complaints,
specific medical histories, physical examination fin
dings, surgery data, laboratory evaluations, and
imaging results. The data are presented as the average
measurements of two investigators and expressed as
Hounsfield units. The patients with any of the three
specific findings of perforation site prediction by CT
(concentration of extraluminal air bubbles, segmental
bowel wall thickening, and focal defect of the bowel
wall) were defined as predicted cases.

B

Statistical analysis

The median values with interquartile ranges (IQR)
are presented for the continuous variables. The
comparisons between the two groups were made
using the Mann-Whitney U test or Fisher’s exact
test. Univariate and multivariate linear regression
analyses were used to evaluate the influence of the
covariates on the measurement of the CT attenuation
values of the ascites. Logistic regression analysis was
used to evaluate the risk factors of postoperative
complications. The covariates with a P value of ≤
0.10 in the univariate analysis were included in
the multivariate analysis. The interclass correlation
coefficient was calculated to evaluate the reliability of
the data obtained from different measuring methods
or investigators. The ability of the CT attenuation
values to predict colorectal perforation or perforations
of other sites was assessed using receiver operating
characteristic (ROC) curves, and the cut-off point was
determined using the ROC curve closest to (0, 1) to
the point at which the sensitivity and specificity were
maximized. All the statistical tests were two-sided, and
the significance level was set at 0.05. All the statistical
analyses were performed using SPSS version 21

Figure 1 Representative construction of a 3D image of ascites by OsiriX. A:
Consecutive computed tomography slices were used for measurement. Intraabdominal ascites are outlined in each slice; B: 3D image of ascites constructed
with OsiriX software.

by three-dimensional (3D)-CT volumetry (a volume
rendering method) using OsiriX computational open
source Digital Imaging and Communication in Medicine
imaging software (v.3.7.1; OsiriX Foundation, Geneva,
Switzerland) (Figure 1). The average CT attenuation
values were calculated from the 3D constructions of
where the greatest fluid accumulations were found.
All the measured ascites fluid volumes were at least
3
5 cm . All the measurements were performed in a
similar manner, using a single CT slice image (2D
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Table 3 Logistic regression analysis of risk factors for
postoperative complications

Table 1 Patient characteristics n (%)
Colorectum
(n = 24)

Other sites
(n = 27)

70 (44-91)1
14 (58.3)

61 (24-84)1
15 (55.6)

5 (20.8)
14 (58.3)
2 (8.3)
3 (12.5)

6 (22.2)
16 (59.3)
3 (11.1)
2 (7.4)

Age (yr)
Gender (male)
Reason of perforation
Malignancy
Benign
Chemo and/or radiotherapy
Idiopathic
Ascites accumulated site
Douglas’s pouch
Perihepatic
Paracolic gutter
Intrapelvic
Amount of ascites (cm3)
Intravenous contrast (no)
Time from onset (hours)
CT attenuation values of ascites

12 (50.0)
13 (48.1)
7 (29.2)
10 (37.0)
5 (20.8)
3 (11.1)
0
1 (3.7)
17.3
55.4
(5.1-736.3)1
(9.3-494.1)1
5 (23.8)
4 (15.4)
25.5 (6-144)1 17.7 (4-192)1
22.5
16.5
(11.2-66.9)
(2.5-63.1)

P value
0.0152
1.0003
0.8803

Age
Reason of perforation
Perforation site
CT attenuation values of ascites

lysis showed that the perforation site (coefficient
= 8.86, 95%CI: 1.49-16.24; P = 0.020) was sig
nificantly associated with the CT attenuation values.
Additionally, the multivariate analysis showed that
the perforation site (coefficient = 7.39, 95%CI:
1.60-13.19; P = 0.014) was identified as a significant
independent factor that influenced the CT attenuation
values of ascites.
Further analysis was performed to clarify the
association between postoperative complications
and the CT attenuation values of ascites. The logistic
regression analysis results are shown in Table 3. An
analysis of postoperative complications demonstrated
that the perforation site (coefficient = 3.40, 95%CI:
1.07-10.78; P = 0.038) and age (coefficient = 1.04,
95%CI: 1.01-1.08; P = 0.026) were significant risk
factors for postoperative complications. The influences
of the CT attenuation values of ascites on SSIs and
systemic infections were separately evaluated using
logistic regression analysis. Colorectal perforation was
significantly associated with SSIs (coefficient = 2.52,
95%CI: 1.06-5.98; P = 0.036) and not systemic
complications (coefficient = 2.10, 95%CI: 0.62-7.17;
P = 0.236).
These results suggested that the volume rendering
system was useful for predicting perforation sites;
however, it might be too complicated to perform on
an emergency basis. Therefore, we evaluated whether
measurements of the CT attenuation values of ascites
using one-slice CT images (2D method) provided
similar results. As shown in Figure 3A, there was a
significant correlation between the CT attenuation
values of ascites gained by volume rendering and the
2D method (ICC = 0.93, P < 0.001). To further clarify
the efficacy of the 2D method, two investigators
independently assessed the reproducibility of the CT
attenuation values measured by the 2D method. As
demonstrated in Figure 3B, there was a significant
correlation in the CT attenuation values measured
between the two investigators (ICC = 0.91, P <
0.001), suggesting that the CT attenuation values
measured by the 2D method were reproducible re
gardless of the investigator. From the data obtained
by the 2D method, an ROC curve was drawn. The
area under the curve was calculated as 0.82, which
indicated strong abilities to predict perforation sites.
A cut-off value of a perforation site was estimated
at 18 HU. Using this cut-off value, the sensitivity of

0.0182
0.4863
0.3402
0.0062

Table 2 Univariate and multivariate analysis of influencing
factors on the computed tomography attenuation values of
ascites
Multivariate

Coefficient
(95%CI)

P value

Coefficient
(95%CI)

P value

8.86 (1.49-16.24)
-0.09 (-0.04-0.02)

0.020
0.513

7.39 (1.60-13.19)

0.014

1.57 (-4.64-7.77)

0.614

1.48 (-2.01-4.97)

0.397

5.10 (-4.61-14.80)

0.296

-0.03 (-0.14-0.09)

0.656

statistical software (IBM Japan, Tokyo, Japan).

RESULTS
Of the 51 patients, 24 (47.1%) had colorectal perforations
and 27 (52.9%) had perforations at other sites (17 in
the small intestine and 10 in the upper GI tract). The
patient characteristics are presented in Table 1. The
patients with colorectal perforations were significantly
older (P = 0.015) and had a smaller amount of ascites
(P = 0.018) than those with perforations at other
sites. The patients with colorectal perforations had
significantly higher CT attenuation values using volume
rendering [colorectal vs other sites, 22.5 Hounsfield
unit (HU) (IQR = 15.9) vs 16.5 HU (IQR = 9.8),
respectively, P = 0.006].
The univariate and multivariate analysis results
of the factors influencing the CT attenuation values
of ascites are shown in Table 2. The univariate ana

WJG|www.wjgnet.com

0.026
0.374
0.038
0.247

0.5943

Median (range); 2Mann-Whitney U test; 3Fisher’s exact test. CT: Computed
tomography.

Perforation site
Amount of
ascites
Reason of
perforation
Ascites
accumulated site
Intravenous
contrast
Time from onset

P value

1.04 (1.01-1.08)
1.50 (0.61-3.67)
3.40 (1.07-10.78)
1.03 (0.98-1.07)

CT: Computed tomography.

1

Univariate

Coefficient (95%CI)
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A

B
60

ICC = 0.93

ICC = 0.91

P < 0.001

40

Investigator 2

Volume rendering method

60

20

0

0

20

40

60

40

P < 0.001

20

0

2D method

0

10

20

30

40

50

60

2D method

Figure 3 Evaluation of the reproducibility of the 2D method. A: Correlation between the CT attenuation values calculated by the volume rendering and 2D
methods; B: Correlation between the CT attenuation values calculated by two investigators. ICC: interclass correlation coefficient; CT: Computed tomography.

concentration of extraluminal air bubbles, segmental
bowel wall thickening, and focal defect of the bowel
wall) was associated with the site of bowel perforation
[14]
indicated by CT . However, it was noted that 14% of
all patients did not have any of these characteristics,
[14]
and the perforation sites could not be predicted .
In this study, nine patients (17.6%) did not exhibit
any of the three characteristics and, consequently,
the perforation sites could not be predicted. Using the
CT attenuation values with a cut-off point of 18 HU
as an auxiliary diagnosis, the accuracy of perforation
site prediction was improved by 9.8%. These results
suggested that combining the two methods could
enhance the efficiency and power of GI perforation
diagnosis.
The CT attenuation value is defined as the radiodensity
of each material and is expressed in HUs, in which
the radiodensity of distilled water at standard pressure
and temperature was defined as 0 HU, whereas that of
air was defined as -1000 HU. Each tissue has unique
CT attenuation values, although the values vary by
tissue components. These quantitative values have
been applied to clinical diagnosis in several studies.
[25]
Nandalur et al
analyzed the CT attenuation values
of 145 pleural effusions and found that the mean
attenuation of exudates (17.1 HU) was significantly
[26]
higher than that of transudates (12.5 HU). Allen et al
reported that abdominal fluid collections exhibiting high
fluid attenuation (> 20 HU) was a significant predictor
of infection, suggesting that an infectious component
has a higher CT attenuation value than does water.
The findings of this study provide further evidence that
a CT attenuation value is approximately proportional to
the extent of the bacterial and contaminated contents
derived from GI perforation. Thus, the application of
the CT attenuation value is considered to be useful
for evaluating fluid collections with the objective of
quantitative and qualitative analyses. However, further
investigations are required to define the role of CT
attenuation values in clinical practice.
Volume rendering is extremely useful for obtaining
anatomical and morphological information and

Table 4 Perforation site predicting rate of each method n (%)
Site prediction rate
CT findings
CT attenuation values of ascites
Combining both methods

42 (82.4)
40 (78.4)
47 (92.2)

CT: Computed tomography.

colorectal perforation prediction was 87.5% (21/24),
whereas the specificity was 70.4% (19/27).
The site prediction rate of conventional perforation
site prediction using CT findings was 82.4% (42/51),
whereas the rate of the new method using the CT
attenuation values of ascites was 78.4% (40/51).
Applying our new method to the nine patients for
whom perforation sites could not be predicted by CT
findings, five could be precisely predicted. Thus, the
site prediction rate improved by 9.8% compared to
that of the CT findings alone (Table 4).

DISCUSSION
In this study, we showed that the CT attenuation
values of ascites in patients with GI perforations were
correlated with the perforation sites (colorectal or
others), suggesting that the CT attenuation values
of ascites are useful for diagnosing perforation sites.
The CT attenuation values of ascites were particularly
correlated with SSIs. The CT attenuation values
measured in any three points on a single CT image,
which is more convenient, was comparable with vo
lume rendering and could immediately improve the
diagnostic procedure for patients with acute abdomen.
These results propose a new application of CT and
suggest that this imaging method is useful for the
evaluation of morphological as well as qualitative and
quantitative findings.
CT is a strong modality for the diagnosis of GI
perforation and should be performed routinely for
[10,19-24]
most patients with acute abdomen
. A previous
study proposed that a triad of characteristics (the
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has become a respected technique in the surgery.
Frequently, 3D reconstruction of intra-abdominal
organs has been utilized for preoperative assessment.
The 3D reconstruction of vessels from preoperative
CT clarifies the cross relationship of the ileocolic
artery or the right colic artery with the superior
mesenteric vein, which is important for appropriate
[27]
lymphadenectomy in a right hemicolectomy . A
narrow pelvis, which is considered an operative risk
in rectal surgery, can be evaluated preoperatively by
[28]
3D reconstruction of the pelvis . Recent attempts
to perform surgery by projecting a 3D reconstructed
image on the patient’s body, with a beam fixed to
the operating table to enhance spatial perception
during surgical intervention (augmented reality) have
[29,30]
been successful
. In this study, we used a novel
method to measure CT attenuation values that was
predominantly intended to minimize the influence of
partial volume effects and biases incurred by each
patient or image when measuring the values. Our
finding suggested that the volume rendering method
was useful in terms of qualitative and quantitative
evaluations. However, it appears to be difficult to
apply this method in practice during emergency
situations. In the pursuit of more suitable clinical app
lications, we measured the CT attenuation values of
ascites on a single CT image (2D method) and found
that the 2D method was reproducible and strongly
correlated with the volume rendering method. The
2D method was considered to be more suitable in
practical applications.
There were some limitations to this study. First,
the sample size was relatively small for conclusive
results. Considering the rarity of GI perforation, a
multi-centric prospective study should be conducted
to assess the efficacy of CT attenuation values. In
addition, this study was a retrospective analysis that
potentially included selection bias.
Prediction of perforation sites is important be
cause they greatly influence patient morbidity and
mortality. To improve risk management, perforation
site prediction is useful in evaluating the risk of
[11,18]
postoperative complications at an early stage
.
The results of the logistic regression analysis in this
study suggested that the CT attenuation values of
ascites might be helpful in evaluating the risk of
postoperative complications. The CT attenuation
values of ascites were better correlated with SSI
than with systemic complications. This result was
consistent with the fact that high CT attenuation
values of ascites were significantly correlated with
colorectal perforation, which increased the values
because of infection and subsequent inflammation,
and that the SSI risk in colorectal perforation was
higher than that at other perforation sites. Our
results indicated that CT attenuation values reflected
local inflammation or properties of ascites.
The CT attenuation values of ascites in patients
with GI perforations could simply and objectively
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predict perforation sites and is useful for predicting
postoperative complications, particularly for SSIs.
Our findings suggested that the evaluation of the CT
attenuation values of ascites could assist in prompt
and accurate diagnoses and decrease patient mortality
and morbidity by shortening the time from diagnosis
to appropriate intensive care. This study demonstrated
that CT could reveal morphological characteristics as
well as qualitative and quantitative information.
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The study results suggest that the CT attenuation values of ascites could
be helpful for predicting perforation sites, particularly in cases in which the
perforation sites are difficult to predict by CT findings alone.

Terminology

The CT attenuation value is defined as the radiodensity of each material and is
expressed in HUs, in which the radiodensity of distilled water at the standard
pressure and temperature was defined as 0 HU, whereas that of air was
defined as -1000 HU. Each tissue has unique CT attenuation values, although
the values vary by tissue components.

Peer-review

Using the cut-off value of the CT value of ascites, suggested by the authors,
added five correct perforation site predictions. This simple method of
differentiating colorectal perforation from other sites should be applied in
emergency CT of acute abdomen.

REFERENCES
1

2

3

4

1578

Rosen MP, Sands DZ, Longmaid HE, Reynolds KF, Wagner
M, Raptopoulos V. Impact of abdominal CT on the management
of patients presenting to the emergency department with acute
abdominal pain. AJR Am J Roentgenol 2000; 174: 1391-1396
[PMID: 10789801 DOI: 10.2214/ajr.174.5.1741391]
Ng CS, Watson CJ, Palmer CR, See TC, Beharry NA, Housden
BA, Bradley JA, Dixon AK. Evaluation of early abdominopelvic
computed tomography in patients with acute abdominal pain of
unknown cause: prospective randomised study. BMJ 2002; 325:
1387 [PMID: 12480851 DOI: 10.1136/bmj.325.7377.1387]
Tsujimoto H, Yaguchi Y, Hiraki S, Sakamoto N, Kumano I,
Matsumoto Y, Yoshida K, Sugasawa H, Ono S, Yamamoto J, Hase
K. Peritoneal computed tomography attenuation values reflect
the severity of peritonitis caused by gastrointestinal perforations.
Am J Surg 2011; 202: 455-460 [PMID: 21943948 DOI: 10.1016/
j.amjsurg.2010.08.037]
Noguiera C, Silva AS, Santos JN, Silva AG, Ferreira J, Matos E,

February 7, 2015|Volume 21|Issue 5|

Seishima R et al . Ascites CT value in GI perforation

5

6
7

8
9
10

11

12

13
14

15

16

17

18

Vilaça H. Perforated peptic ulcer: main factors of morbidity and
mortality. World J Surg 2003; 27: 782-787 [PMID: 14509505 DOI:
10.1007/s00268-003-6645-0]
Svanes C, Lie RT, Svanes K, Lie SA, Søreide O. Adverse effects
of delayed treatment for perforated peptic ulcer. Ann Surg 1994;
220: 168-175 [PMID: 8053739 DOI: 10.1097/00000658-19940800
0-00008]
Lehnert T, Buhl K, Dueck M, Hinz U, Herfarth C. Two-stage radical
gastrectomy for perforated gastric cancer. Eur J Surg Oncol 2000; 26:
780-784 [PMID: 11087645 DOI: 10.1053/ejso.2000.1003]
Shinkawa H, Yasuhara H, Naka S, Yanagie H, Nojiri T, Furuya Y,
Ariki K, Niwa H. Factors affecting the early mortality of patients
with nontraumatic colorectal perforation. Surg Today 2003; 33:
13-17 [PMID: 12560901 DOI: 10.1007/s005950300002]
Mäkelä JT, Kiviniemi H, Laitinen S. Prognostic factors of
perforated sigmoid diverticulitis in the elderly. Dig Surg 2005; 22:
100-106 [PMID: 15849471 DOI: 10.1159/000085472]
Bielecki K, Kamiński P. [Surgical treatment of colonic diverticulitis-personal observations]. Wiad Lek 2001; 54: 233-240 [PMID:
11436693]
Maniatis V, Chryssikopoulos H, Roussakis A, Kalamara C,
Kavadias S, Papadopoulos A, Andreou J, Stringaris K. Perforation
of the alimentary tract: evaluation with computed tomography.
Abdom Imaging 2000; 25: 373-379 [PMID: 10926189 DOI:
10.1007/s002610000022]
Kim SH, Shin SS, Jeong YY, Heo SH, Kim JW, Kang HK.
Gastrointestinal tract perforation: MDCT findings according to
the perforation sites. Korean J Radiol 2009; 10: 63-70 [PMID:
19182505 DOI: 10.3348/kjr.2009.10.1.63]
Catalano C, Fraioli F, Laghi A, Napoli A, Pediconi F, Danti M,
Nardis P, Passariello R. High-resolution multidetector CT in the
preoperative evaluation of patients with renal cell carcinoma. AJR
Am J Roentgenol 2003; 180: 1271-1277 [PMID: 12704036 DOI:
10.2214/ajr.180.5.1801271]
Chen CH, Huang HS, Yang CC, Yeh YH. The features of
perforated peptic ulcers in conventional computed tomography.
Hepatogastroenterology 2001; 48: 1393-1396 [PMID: 11677972]
Hainaux B, Agneessens E, Bertinotti R, De Maertelaer V, Rubesova
E, Capelluto E, Moschopoulos C. Accuracy of MDCT in predicting
site of gastrointestinal tract perforation. AJR Am J Roentgenol 2006;
187: 1179-1183 [PMID: 17056902 DOI: 10.2214/AJR.05.1179]
Oguro S, Funabiki T, Hosoda K, Inoue Y, Yamane T, Sato M,
Kitano M, Jinzaki M. 64-Slice multidetector computed tomography
evaluation of gastrointestinal tract perforation site: detectability of
direct findings in upper and lower GI tract. Eur Radiol 2010; 20:
1396-1403 [PMID: 19997849 DOI: 10.1007/s00330-009-1670-5]
Schwesinger WH, Page CP, Gaskill HV, Steward RM, Chopra S,
Strodel WE, Sirinek KR. Operative management of diverticular
emergencies: strategies and outcomes. Arch Surg 2000; 135:
558-562; discussion 562-563 [PMID: 10807280 DOI: 10.1001/
archsurg.135.5.558]
Gaertner WB, Kwaan MR, Madoff RD, Willis D, Belzer GE,
Rothenberger DA, Melton GB. The evolving role of laparoscopy in
colonic diverticular disease: a systematic review. World J Surg 2013;
37: 629-638 [PMID: 23192170 DOI: 10.1007/s00268-012-1872-x]
Ghekiere O, Lesnik A, Hoa D, Laffargue G, Uriot C, Taourel P.

19
20

21

22

23
24

25

26

27

28

29

30

Value of computed tomography in the diagnosis of the cause of
nontraumatic gastrointestinal tract perforation. J Comput Assist
Tomogr 2007; 31: 169-176 [PMID: 17414748 DOI: 10.1097/01.
rct.0000237809.11123.8e]
Ghahremani GG. Radiologic evaluation of suspected gastrointestinal
perforations. Radiol Clin North Am 1993; 31: 1219-1234 [PMID:
8210347]
Ongolo-Zogo P, Borson O, Garcia P, Gruner L, Valette PJ. Acute
gastroduodenal peptic ulcer perforation: contrast-enhanced and thinsection spiral CT findings in 10 patients. Abdom Imaging 1999; 24:
329-332 [PMID: 10390552 DOI: 10.1007/s002619900509]
Sherck J, Shatney C, Sensaki K, Selivanov V. The accuracy of
computed tomography in the diagnosis of blunt small-bowel
perforation. Am J Surg 1994; 168: 670-675 [PMID: 7978016 DOI:
10.1016/S0002-9610(05)80142-4]
Gonzalez JG, Gonzalez RR, Patiño JV, Garcia AT, Alvarez CP,
Pedrosa CS. CT findings in gastrointestinal perforation by ingested
fish bones. J Comput Assist Tomogr 1988; 12: 88-90 [PMID:
3335676 DOI: 10.1097/00004728-198801000-00016]
Lohrmann C, Ghanem N, Pache G, Makowiec F, Kotter E, Langer
M. CT in acute perforated sigmoid diverticulitis. Eur J Radiol 2005;
56: 78-83 [PMID: 16168267 DOI: 10.1016/j.ejrad.2005.03.003]
Furukawa A, Sakoda M, Yamasaki M, Kono N, Tanaka T, Nitta N,
Kanasaki S, Imoto K, Takahashi M, Murata K, Sakamoto T, Tani
T. Gastrointestinal tract perforation: CT diagnosis of presence, site,
and cause. Abdom Imaging 2005; 30: 524-534 [PMID: 16096870
DOI: 10.1007/s00261-004-0289-x]
Nandalur KR, Hardie AH, Bollampally SR, Parmar JP, Hagspiel
KD. Accuracy of computed tomography attenuation values in the
characterization of pleural fluid: an ROC study. Acad Radiol 2005;
12: 987-991 [PMID: 16087093 DOI: 10.1016/j.acra.2005.05.002]
Allen BC, Barnhart H, Bashir M, Nieman C, Breault S, Jaffe
TA. Diagnostic accuracy of intra-abdominal fluid collection
characterization in the era of multidetector computed tomography.
Am Surg 2012; 78: 185-189 [PMID: 22369827]
Spasojevic M, Stimec BV, Fasel JF, Terraz S, Ignjatovic D. 3D
relations between right colon arteries and the superior mesenteric
vein: a preliminary study with multidetector computed tomography.
Surg Endosc 2011; 25: 1883-1886 [PMID: 21136104 DOI: 10.1007/
s00464-010-1480-5]
Ogiso S, Yamaguchi T, Hata H, Fukuda M, Ikai I, Yamato T, Sakai Y.
Evaluation of factors affecting the difficulty of laparoscopic anterior
resection for rectal cancer: “narrow pelvis” is not a contraindication.
Surg Endosc 2011; 25: 1907-1912 [PMID: 21136101 DOI: 10.1007/
s00464-010-1485-0]
Sugimoto M, Yasuda H, Koda K, Suzuki M, Yamazaki M,
Tezuka T, Kosugi C, Higuchi R, Watayo Y, Yagawa Y, Uemura S,
Tsuchiya H, Azuma T. Image overlay navigation by markerless
surface registration in gastrointestinal, hepatobiliary and pancreatic
surgery. J Hepatobiliary Pancreat Sci 2010; 17: 629-636 [PMID:
19798463 DOI: 10.1007/s00534-009-0199-y]
Volonté F, Pugin F, Bucher P, Sugimoto M, Ratib O, Morel P.
Augmented reality and image overlay navigation with OsiriX in
laparoscopic and robotic surgery: not only a matter of fashion. J
Hepatobiliary Pancreat Sci 2011; 18: 506-509 [PMID: 21487758
DOI: 10.1007/s00534-011-0385-6]
P- Reviewer: Gong JS S- Editor: Ma YJ
L- Editor: A E- Editor: Liu XM

WJG|www.wjgnet.com

1579

February 7, 2015|Volume 21|Issue 5|

World J Gastroenterol 2015 February 7; 21(5): 1580-1587
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v21.i5.1580

© 2015 Baishideng Publishing Group Inc. All rights reserved.

ORIGINAL ARTICLE
Retrospective Study

Comparison between uncovered and covered self-expandable
metal stent placement in malignant duodenal obstruction
Ji Won Kim, Ji Bong Jeong, Kook Lae Lee, Byeong Gwan Kim, Dong Won Ahn, Jae Kyung Lee, Su Hwan Kim
enrolled from January 2003 to June 2013. All patients
had symptomatic obstruction characterized by nausea,
vomiting, reduced oral intake, and weight loss. The
exclusion criteria included asymptomatic duodenal
obstruction, perforation or peritonitis, concomitant
small bowel obstruction, or duodenal obstruction
caused by benign strictures. The technical and clinical
success rate, complication rate, and stent patency were
compared according to the placement of uncovered (n
= 38) or covered (n = 29) stents.
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RESULTS: The technical and clinical success rates did
not differ between the uncovered and covered stent
groups (100% vs 96.6% and 89.5% vs 82.8%). There
were no differences in the overall complication rates
between the uncovered and covered stent groups
(31.6% vs 41.4%). However, stent migration occurred
more frequently with covered than uncovered stents
[20.7% (6/29) vs 0% (0/38), P < 0.05]. Moreover, the
overall cumulative median duration of stent patency
was longer in uncovered than in covered stents [251
d (95%CI: 149.8 d-352.2 d) vs 139 d (95%CI: 45.5
d-232.5 d), P < 0.05 by log-rank test] The overall
cumulative median survival period was not different
between the uncovered stent (70 d) and covered stent
groups (60 d).
CONCLUSION: Uncovered stents may be preferable
in malignant duodenal obstruction because of their
greater resistance to stent migration and longer stent
patency than covered stents.
Key words: Duodenal obstruction; Stents; Palliative
treatment; Gastric outlet obstruction; Neoplasms

Abstract

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

AIM: To compare the clinical outcomes of uncovered
and covered self-expandable metal stent placements in
patients with malignant duodenal obstruction.

Core tip: Malignant duodenal obstruction is a terminal
event in patients with pancreatic, hepatobiliary,
duodenal, and metastatic cancer. In these patients,

METHODS: A total of 67 patients were retrospectively
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maintenance of oral food intake is crucial because it is
essential to their quality of life. However, comparison
of clinical outcomes between uncovered and covered
stent placements have been not well evaluated in
malignant duodenal obstruction. Our results show
that uncovered stents may be preferable in patients
with malignant duodenal obstruction because of their
greater resistance to stent migration and longer overall
duration of stent patency than those of covered stents.

and covered metal stents in patients with malignant
duodenal obstruction. Therefore, the present study
aimed to compare the technical success rate, clinical
success rate, complication rate, stent patency, and
survival between uncovered and covered stents.

MATERIALS AND METHODS
Patients

We retrospectively reviewed our hospital’s database
to identify all patients with malignant duodenal
obstruction who underwent endoscopic SEMS pla
cement at Seoul National University Boramae Hos
pital between January 2003 and June 2013. All the
patients had symptomatic obstruction characterized
by nausea, vomiting, reduced oral intake, and weight
loss. In patients with suspected biliary obstructionbased on liver function tests and computed tomo
graphy (CT) scan-endoscopic biliary stenting using
a metallic stent was always attempted prior to
duodenal stenting.
All patients underwent CT to determine the extent
of the tumor and to evaluate the site, degree, and
length of the obstructive lesion. The histopathological
diagnosis was confirmed by endoscopic biopsy that
was performed before or during stent placement.
The inclusion criteria were acute malignant gastric
outlet obstruction, diagnosed based on the clinical
obstructive symptoms and a radiologic examination.
The exclusion criteria included asymptomatic patients
with duodenal obstruction, evidence of perforation or
peritonitis, concomitant small bowel obstruction, or
duodenal obstruction caused by benign strictures.
The present study was performed in accordance
with the guidelines of our institutional review board,
which approved this study.

Kim JW, Jeong JB, Lee KL, Kim BG, Ahn DW, Lee JK, Kim SH.
Comparison between uncovered and covered self-expandable
metal stent placement in malignant duodenal obstruction World
J Gastroenterol 2015; 21(5): 1580-1587 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i5/1580.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i5.1580

INTRODUCTION
Malignant duodenal obstruction is a late complication
of pancreatic, hepatobiliary, duodenal, and me
tastatic cancer, which is usually diagnosed at an
advanced stage when curative resection is im
[1,2]
possible
. The median survival rate of patients
with unresectable malignant duodenal obstruction
[3]
varies widely and can be up to 6-12 mo . Malignant
duodenal obstruction leads to nausea, vomiting,
and cachexia, resulting in progressive deterioration
[4,5]
of the patient’s quality of life
. The main goal
of treatment in these patients is palliation of obs
tructive symptoms, thereby improving the quality
of life. Although palliative surgical procedures have
traditionally been performed, they are associated
with a high rate of morbidity and mortality due to
[6-8]
advanced disease and poor general condition
.
Self-expandable metal stent (SEMS) placement is
associated with a higher clinical success rate, shorter
delay of oral intake following the procedure, lower
incidence of delayed gastric emptying, and shorter
[9,10]
hospital stay than palliative surgery
.
Although SEMS insertion has an excellent te
chnical and clinical success rate for relieving gastric
outlet obstruction symptoms, recurrent obstruction
of the uncovered SEMS due to progressive tumor
ingrowth through the wire mesh of the stent is a
[11-16]
significant problem
. To overcome the increased
rate of recurrent obstruction associated with un
covered stents, a covered stent has recently been
used in the palliative treatment of malignant gastric
[17,18]
outlet obstruction
. However, the use of covered
[4,19]
stents has been plagued by stent migration
.
Moreover, previous studies have focused on the
clinical outcomes of stent placement in patients with
peripyloric obstruction caused by gastric cancer.
However, a limited number of clinical studies have
compared the clinical outcomes between uncovered
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Duodenal SEMS placement

The stent length was selected by allowing for
an additional 2-4 cm to be exposed distally and
proximally to the obstructive lesion. The 3 stent
types used in our study were as follows: (1) the
Niti-S D-type pyloric/duodenal stent (uncovered
SEMS; Taewoong Medical, Seoul, Korea); (2) the
Niti-S Head-type pyloric/duodenal stent (covered
SEMS; Taewoong Medical); and (3) the newly
developed Niti-S Comvi-type pyloric/duodenal stent
(covered SEMS; Taewoong Medical). The uncovered
Niti-S D-type stent was made from a mesh of a
single strand of nitinol wire formed into a cylindrical
shape without flared ends. The covered Niti-S Headtype stent had a silicone covering with uncovered
flared ends. The covered Niti-S Comvi pyloric/
duodenal stent had a polytetrafluoroethylene (PTFE)
covering with uncovered ends. The inserted stents
had diameters of 18 mm, 20 mm, 22 mm, and 24
mm and lengths of 60 mm, 80 mm, 100 mm, and
120 mm.
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Two expert endoscopists (Jeong JB, Kim JW)
inserted all the stents using an endoscopic approach.
For the endoscopic stent placement, the endoscope
(GIF-2T240 and CF-260, Olympus, Co., Tokyo,
Japan) was carefully inserted into the lesion site.
One or two clippings were subsequently performed
> 2 cm proximal to the lesion. A 0.035-inch guide
wire (Trace metro, Cook, United States) was passed
across the obstruction and into the distal part of the
obstruction. After a 5F biliary catheter was passed
through the guide wire across the obstruction, the
length of the obstructive lesion was measured by the
injection of water-soluble contrast dye (Gastrograffin)
through a 5F biliary catheter. A stent delivery system
was advanced over the guide wire through the
working channel of the endoscope and was inserted
in the obstruction by fluoroscopic guidance. The
stent was deployed at the stricture site while pulling
back the outer sheath, under combined fluoroscopic
and endoscopic guidance.
After stent placement, plain radiographs of the
abdomen was obtained at 24 h, 48 h, and 72 h, and
we evaluated the position of the stent and the relief
of the gastric outlet obstruction.

Whitney U test for continuous variables and the χ or
Fisher exact test for categorical variables. Wilcoxon
signed-rank tests were used to assess improvements
in the GOOSS scores. Overall stent patency and
patient survival were estimated using the KaplanMeier method and compared using the log-rank test.
The putative prognostic factors for stent patency
were analyzed by the multivariate Cox proportional
hazard model with forward stepwise selection. The
following potential prognostic factors were included
in this model: age, sex, patient performance
status, underlying malignancy, stage of malignancy,
obstruction site, stent type, length and diameter of
stent, chemotherapy before and after stent placement,
and biliary drainage before stent placement. The
Factors with substantial impacts (P < 0.2) in the
univariate analysis were subsequently evaluated with
multivariate analysis. All statistical analyses were
conducted using the IBM SPSS Statistics software,
version 20 (IBM Corp., United States). A value of P <
0.05 was considered significant.

Outcomes

SEMS placement was conducted in 67 patients with
malignant duodenal obstruction. Twenty-nine of the
patients were male. Our patients were aged 68.7 ±
10.5 years (mean ± SD; range, 37 years-93 years).
The causes of malignant obstruction were pancreatic
cancer (46.3%), bile duct cancer (17.9%), gallbladder
cancer (13.4%), ampulla of Vater cancer (7.5%),
duodenal cancer (6%), others cancer including colon,
bladder, and cervical cancer (6%), and hepatocellular
carcinoma (3%). The median duration from tumor
diagnosis to duodenal intervention was 116 d (range,
1 d-2930 d).
The baseline characteristics did not differ sig
nificantly between the 2 groups (Table 1). Of the 67
patients, 38 patients (56.7%) received uncovered
SEMS, whereas 28 (41.8%) received covered SEMS,
with the exception of one case of technical failure (n
= 1). Three patients in the uncovered stent group
required 2 overlapping stents because of a long
stricture at the time of diagnosis. Before the duodenal
procedure, a considerable number of patients [29
(76.3%) and 15 (51.7%) in the uncovered and
covered stent groups, respectively] had undergone
biliary drainage (percutaneous transhepatic biliary
drainage, endoscopic retrograde biliary drainage,
and surgery). Sixteen (23.9%) of the 67 patients
received various palliative chemotherapeutic agents
after metal stent placement. Twelve patients with
advanced pancreatic cancer were administered the
single agent gemcitabine (n = 2) or gemcitabinebased combination chemotherapy (n = 12). Two
patients with gallbladder cancer were treated with
a combination of gemcitabine and cisplatin. One

RESULTS
Patient characteristics

Technical success was defined as successful stent
placement across the obstructive lesion. Clinical
success was defined as an increase based on the
gastric outlet obstruction scoring system (GOOSS),
with a score of > 1 point and/or reduction of poor
oral intake or vomiting 1 wk after SEMS placement.
GOOSS assigns a point score depending on the
patient’s level of oral intake (none, 0; liquids only,
[20]
1; soft solids, 2; low-residue or full diet, 3) .
Complications after stent insertion were defined as
adverse events that induced the recurrence of ob
structive symptoms, such as stent occlusion, stent
migration, perforation, or biliary obstruction. Stent
patency was defined by the period between the
initial stent placement and loss of stent function as a
result of the complications.

Follow-up and stent patency duration

In patients with palliative stent placement, clinical
follow-up or telephone interviews regarding the
recurrence of obstructive symptoms were conducted
at an interval of 1-3 mo.
The duration of stent patency was defined as the
time from stent placement to stent-related compli
cations. When no stent-related complication occurred,
the duration of stent patency was considered equal to
the survival duration.

Statistical analysis

Patients were divided into 2 groups according to
stent type (uncovered and covered). Differences
between the groups were analyzed using the Mann-

WJG|www.wjgnet.com

1582

February 7, 2015|Volume 21|Issue 5|

Kim JW et al . Stenting and duodenal obstruction
Table 1 Baseline characteristics

Table 2 Main outcomes and complications
Stent type

Age (yr)
Sex (M/F)
ECOG PS (0/1/2/3/4)
Previous treatment
Operation
Chemotherapy
Previous biliary drainage
PTBD
ERBD
PTBD and ERBD
Underlying malignancy
Pancreatic cancer
Bile duct cancer
Gallbladder cancer
Ampullary cancer
Duodenal cancer
Hepatocellular carcinoma
Others
Cancer stage
Ⅰ
Ⅱ
Ⅲ
Ⅳ
Stent diameter (mm)
Stent length (mm)
Stent number
1 stent
2 stents
Median time interval to
intervention from
Initial diagnosis (d)
Chemotherapy after procedure
Median duration of follow-up (d)

Stent type

P value

Uncovered
(n = 38)

Covered
(n = 29)

68.9 ± 10.2
18/20
(47.4/52.6)
0/9/16/9/4

68.5 ± 11.2
11/18
(37.9/62.1)
0/5/10/8/6

0.2031

6 (9.0)
10 (14.9)

5 (7.5)
5 (7.5)

1.000
0.377

5 (13.2)
19 (50.0)
5 (13.2)

7 (24.1)
8 (27.6)
0 (0.0)

0.246
0.064
0.064
0.4231

22 (32.8)
4 (6.0)
4 (6.0)
3 (4.5)
1 (1.5)
1 (1.5)
3 (4.5)

9 (13.4)
8 (11.9)
5 (7.5)
2 (3.0)
3 (4.5)
1 (1.5)
1 (1.5)

1 (2.6)
3 (7.9)
2 (5.3)
32 (84.2)
19.8 ± 0.55
99.5 ± 17.1

1 (3.4)
5 (17.2)
1 (3.4)
22 (75.9)
19.4 ± 0.92
101.4 ± 14.3

35 (53.0)
3 (4.5)
96.5 (3-803)

28 (42.4)
0 (0.0)
118.0 (1-2930)

Technical success
Clinical success
GOOSS score
Pre-stenting (0/1/2/3)
Post-stenting (0/1/2/3)
Causes of clinical failure
Poor expansion
Migration
Perforation
Peritoneal seeding
Septic shock
Complications
Migration
Tumor ingrowth
Perforation
Biliary obstruction
Stent collapse
Poor expansion
Food impact
Retreatment rate
Stenting
Operation
Removal of food materials
Ballooning
PTBD
30-d mortality
Median time interval to
reintervention from initial
intervention (d)

0.860
0.440

0.3351

0.699
0.688
0.256

Uncovered
(n = 38)

Covered
(n = 29)

38 (100)
34 (89.5)

28 (96.6)
24 (82.8)

31/3/4/0
25/2/2/0
4/10/18/61 5/11/10/32
4 (10.5)
4 (13.8)
2 (5.3)
0 (0.0)
0 (0.0)
2 (6.9)
0 (0.0)
1 (3.4)
1 (2.7)
0 (0.0)
1 (2.7)
1 (3.4)
12 (31.6)
12 (41.4)
0 (0.0)
6 (20.7)
6 (15.8)
1 (3.4)
0 (0.0)
2 (6.9)
3 (7.9)
0 (0.0)
0 (0.0)
3 (10.3)
2 (5.3)
0 (0.0)
1 (2.6)
0 (0.0)
12 (31.6)
10 (34.5)
5 (13.2)
9 (31.0)
1 (2.6)
1 (3.4)
1 (2.6)
0 (0.0)
2 (5.3)
0 (0.0)
3 (7.9)
0 (0.0)
6 (15.8)
8 (27.6)
60 (14-251)
71 (2-147)

P value

0.433
0.485
0.5841
0.1661
0.485
0.502
0.184
0.433
1.000
1.000
0.407
0.005
0.129
0.184
0.252
0.076
0.502
1.000
0.802
0.075
1.000
1.000
0.502
0.252
0.239
0.573

0.699
1

11 (28.9)
71 (8-592)

5 (17.2)
60 (9-827)

Linear by linear association; 2The GOOSS score improved significantly
after stent placement than those before stent placement (P < 0.001,
Wilcoxon signed-rank test). Values are presented as number (%) or d
(range). GOOSS: Gastric outlet obstruction scoring system = no oral intake,
0; liquid only, 1; soft solids, 2; low-residue or full diet; PTBD: Percutaneous
biliary drainage.

0.265
0.411

1

Linear by linear association. Values are presented as n (%), mean ± SD,
or d (range). ECOG PS: Eastern cooperative oncology group performance
status; PTBD: Percutaneous biliary drainage; ERBD: Endoscopic retrograde
biliary drainage.

placement due to poor expansion (n = 2), additional
obstruction (n = 1), and poor medical condition
due to septic shock (n = 1). In contrast, in the
covered stent group, stent placement was clinically
successful in 24 (82.8%) of the 29 patients. The
remaining 4 patients (13.8%) experienced clinical
failure of stent placement due to stent migration
(n = 2), perforation (n = 1), and septic shock (n =
1). The clinical success rate did not ultimately differ
significantly between the uncovered and covered
stent groups (89.5% vs 82.8%; Table 2). The
GOOSS scores in the patients with technical success
improved significantly compared to the scores before
stent placement (mean, 1.55 vs 0.25, P < 0.001;
Table 2).

patient with intrahepatic cholangiocarcinoma was
managed with a combination of TS-1 and cisplatin.
One patient with hilar cholangiocarcinoma was
managed with a combination of gemcitabine and
cisplatin.

Technical/clinical success rates according to stent type

The technical success rate was not different between
the uncovered and covered stents (100% vs 97%;
Table 2). Of the 29 patients who received uncovered
stents, one patient experienced technical failure
consisting of an inability to pass the guidewire
through the obstruction of the third portion of the
duodenum caused by pancreatic cancer. This patient
ultimately underwent covered stent reintervention 3
d after the first intervention.
Stent placement was clinically successful in
34 (89.5%) of the 38 patients in the uncovered
stent group (Table 2). The remaining 4 patients
(10.5%) experienced clinical failure of the stent
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Complications

During the follow-up period after stent insertion,
12 (31.6%) of the 38 patients in the uncovered
stent group and 12 (41.4%) of the 29 patients in
the covered stent group experienced various types
of complications, including stent migration (n = 6),
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Table 3 Prognostic factors for stent patency
Univariate analysis
Age (> 70 yr)
Sex (M)
ECOG PS (> 2)
Underlying malignancy (pancreatic cancer)
Stage (> Ⅲ)
Obstruction site
Proximal of 2nd portion
2nd portion
Distal of 2nd portion
Stent
Covered
Length (> 100 mm)
Diameter (> 18 mm)
Chemotherapy after stent insertion
Chemotherapy before stent insertion
Biliary drainage before stent insertion

Multivariate analysis

HR (95%CI)

P value

1.792 (0.731-4.391)
0.998 (0.418-2.384)
1.436 (0.590-3.492)
0.512 (0.205-1.276)
0.955 (0.345-2.648)

0.202
0.996
0.425
0.151
0.930
0.414

1.000
0.552 (0.211-1.441)
0.486 (0.116-2.042)

0.225
0.325

2.586 (1.046-6.388)
1.261 (0.480-3.307)
0.664 (0.221-1.997)
0.425 (0.125-1.449)
0.261 (0.059-1.158)
0.799 (0.306-2.086)

0.040
0.638
0.466
0.172
0.077
0.646

HR (95%CI)

P value

2.586 (1.046-6.388)

0.040

ECOG PS: Eastern cooperative oncology group performance status.

80

Moreover, the retreatment rates for the uncovered
and covered stents were not significantly different
(31.6% vs 34.5%; Table 2).

60

Stent patency and survival

Cumulative rates (%)

100

The median follow-up was 70 d (range, 8 d-827
d). The overall cumulative median duration of stent
patency was significantly longer in the uncovered
stent group (251 d; 95%CI: 149.8 d-352.2 d)
than in the covered stent group (139 d; 95%CI:
45.5 d-232.5 d; P = 0.033; Figure 1). The overall
cumulative median survival period was not different
between the uncovered stent (70 d; 95%CI: 45.8
d-94.3 d) and covered stent groups (60 d; 95%CI:
32.3 d-87.7 d; P = 0.673).
The statistical analyses of the potential factors
predisposing to stent patency are summarized
in Table 3. Multivariate Cox regression analysis
identified that the type of inserted stent (covered)
was the only independent prognostic factor for stent
patency (HR = 2.586; 95%CI: 1.046-6.388; P =
0.040).

40
20
0
0

100

200
300 400
Stent patency (d)

500

600

Figure 1 Overall stent patency between the uncovered (solid line) and
covered stent groups (dotted line; P = 0.033).

tumor ingrowth (n = 7), bowel perforation (n =
2), biliary obstruction (n = 3), stent collapse (n =
3), poor stent expansion (n = 2), and food impact
(n = 1; Table 2). The overall complication rate did
not differ significantly between the uncovered and
covered stent groups (31.6% vs 41.4%; Table 2).
Stent migration was more frequent in covered stents
than in uncovered stents [20.7% (6/38) vs 0%
(0/29); P = 0.005; Table 2], which was managed
with restenting. Tumor ingrowth occurred in the
uncovered (n = 6) and covered stent groups (n = 1)
and was retreated with restenting (n = 5), surgical
operation (n = 1), and no retreatment (n = 1).
Perforation was found in 2 patients who underwent
a covered stent placement, with one patient un
dergoing surgery and another patient refusing
further treatment. Biliary obstruction developed
only in the uncovered stent group without previous
biliary drainage (n = 3), which was managed with
percutaneous transhepatic biliary drainage (n = 3).
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DISCUSSION
Endoscopic stent placement has been widely used
for inoperable malignant gastric outlet obstruction
as an alternative treatment to surgery because of
the high technical and clinical success rate, and high
[6,11,21-25]
efficacy
. However, most previous studies
have included patients with gastric cancer or have
[11,21]
not focused on the duodenal stent results
; thus,
previously reported results may not be applicable
to malignant duodenal obstruction because gastric
cancer and pancreaticobiliary cancer have different
mechanisms of gastric outlet obstruction. Gastric
cancer is the primary cause of gastric outlet obs
truction, with the obstruction site usually being
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the peripyloric area. In contrast, pancreaticobiliary
cancer arises because of secondary involvement of
the duodenum and is usually combined with biliary
[26]
obstruction for anatomical reasons .
We found that metal stent placement in patients
with malignant duodenal obstruction is technically
feasible and clinically effective. Our results (tech
nical and clinical success rates of 97% and 83%,
respectively) were consistent with a previous sys
[21]
tematic review of enteral stenting . Although
duodenal stent placement was technically feasible
in most of our patients, endoscopic stent placement
is technically more difficult in duodenal obstruction
than in distal gastric obstruction, not only because
of the loop formation by the endoscope in the
distended stomach during the stent placement
but also because of the curved configuration of
the duodenal C-loop. In the present study, 11.9%
(8/67) of patients experienced clinical failure,
[27,28]
which is similar to the rate previously reported
.
Interestingly, of the 8 patients who experienced
clinical failure after stent placement, 2 patients could
not tolerate oral intake because of their poor medical
condition associated with septic shock after stenting.
Similarly, patients’ performance status has been
[28]
reported to affect their clinical improvement . We
propose that patient-related factors, such as general
medical condition after stenting and performance
status, should be considered potential factors for the
clinical effectiveness of stenting.
The overall complication rate of 36% observed
in this study is higher than that previously re
[11,29]
ported (17%-28%)
; the discrepancy may
originate from differences in patient ages, clinical
conditions, sample sizes, anatomical locations,
operator experience, and the definitions used
[21]
for the complications between the studies .
Furthermore, we found that the overall complication
rate was not different between the patients who
underwent uncovered and covered stent placement,
which is in agreement with the results reported
[30]
in a previous prospective study . However, the
[30]
previous study
has a limitation in that the study
enrolled only patients with gastric cancer; thus,
the results may not be applicable to the present
study, which included only patients with malignant
duodenal obstruction. Our findings indicate that
the complication rates in patients with malignant
duodenal obstruction may not differ according to
the type of stent used, as demonstrated in gastric
[30]
cancer cases .
In this study, we found that stent migration
was more frequent in covered stents than in un
covered stents in patients with malignant duodenal
obstruction, which is consistent with previous
[27,31]
studies
. However, the earlier study by Waidmann
[31]
et al
included a relatively small number of patients
with uncovered stents (n = 16) and covered stents
[27]
(n = 16). The other previous study
enrolled only
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patients with pancreatobiliary cancer. Although
malignant duodenal obstruction is caused mainly
by pancreatobiliary cancer, other malignancies
(hepatocellular carcinoma, duodenal cancer, and
metastasis from others cancer) may also cause
malignant duodenal obstruction, as shown in our
study. We postulate that the high rate of stent
migration in the covered stents may be attributed
to the imprecise approximation of the covering
membrane of the stent to the duodenal wall, even
when the stent was completely expanded. Given
that the duodenal stents were placed in a severely
angulated structure of the duodenal C-loop, they
may have been subjected to high levels of stress,
especially from the peristaltic movement in the
area around the stent, which is more prone to stent
migration.
Given that duodenal stent placement over the
ampulla of Vater may be complicated by biliary
obstruction, mandatory biliary decompression
prior to stent placement in the second part of the
[32]
duodenum has been recommended . In contrast,
[33]
Yoon et al
reported that biliary obstruction is
a rare complication and that prophylactic biliary
drainage is not required in patients who undergo
covered stent placement. However, the stents in
the present study were placed over the ampulla
of Vater in 7 patients without previous biliary
drainage. Jaundice occurred in 3 (42.9%) of the
7 patients during the follow-up period, which was
associated with the compression of the inserted
stent to the ampulla of Vater, as shown in Figure 2.
Therefore, we suggest that when considering the
endoscopic management of duodenal obstruction in
patients without clinically overt biliary obstruction,
prophylactic biliary drainage should be considered.
We found that the overall stent patency was
significantly longer in the patients who received
uncovered stents than in those who received co
[27]
vered stents. Similarly, Woo et al
reported that
stent patency tended to be shorter in covered
stents than in uncovered stents. We suggest that
the placement of uncovered stents may be more
useful in maintaining stent patency compared to
covered stents in patients with malignant duodenal
obstruction.
[29,34]
Previous studies
have shown that chemoth
erapy after stent placement could be independently
associated with prolonged stent patency. However,
[29]
the previous study
included a mixed group of
patients with not only malignant duodenal obs
truction but also peripyloric obstruction. In contrast,
[35]
Cha et al
reported that palliative chemotherapy
does not improve stent patency in patients with
malignant gastric outlet obstruction. In the current
study, the type of inserted stent (covered) was
only associated with stent patency (HR = 2.586;
95%CI: 1.046-6.388; P = 0.040). These differences
may originate from differences in chemotherapeutic
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A

B

Figure 2 Images from an 81-year-old man with bladder cancer with multiple metastases. A: Computed tomographic (CT) scan obtained 18 d after stent
placement showing significant dilatation of the intrahepatic bile duct (long arrow); B: CT scan obtained 18 d after stent placement at the level of the ampulla of Vater
(AOV) showing significant dilatation of the common bile duct due to the compression of the inserted stent (long arrow) to the AOV (arrowheads).
placement is performed in patients with malignant duodenal obstruction.

agents, underlying malignancy, anatomical location,
and type of inserted stent. Therefore, further
prospective randomized trials with control of the
aforementioned confounding factors are required to
determine the potential factors associated with stent
patency and to identify appropriate individual patient
groups for the placement of duodenal metal stents.
Our study has several limitations. First, the
study was retrospective and conducted at a single
center, which could introduce bias. Selection bias in
the selection of stent type (uncovered vs covered)
may have been involved because the stents were
selected based on the preference and experience of
the physician. Second, the present study included
a relatively small number of patients in the covered
stent group compared with the uncovered stent
group. Further large-scale randomized prospective
studies are necessary to overcome these limitations.
The results of the present study suggest that
uncovered stents may be preferable in patients with
malignant duodenal obstruction because of their
increased resistance to stent migration and longer
stent patency compared to covered stents.

Terminology

SEMSs are made of nitinol alloy with polytetrafluoroethylene and have a
silicone covering or no covering.

Peer-review

This is a very interesting comparative observational study on the clinical
outcomes of stent placement (uncovered vs covered) in patients with malignant
duodenal obstruction. From the results of this study, practitioners can identify
that uncovered stents may be preferable over covered stents.
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Abstract
AIM: To evaluate the feasibility, safety, and efficacy of
laparoscopic pancreaticoduodenectomy (LPD) using a
reverse-“V” approach with four ports.
METHODS: This is a retrospective study of selected
patients who underwent LPD at our center between
April 2011 and April 2012. The following data were
collected and reviewed: patient characteristics, tumor
histology, surgical outcome, resection margins, mor
bidity, and mortality. All patients were thoroughly
evaluated preoperatively by complete hematologic in
vestigations, triple-phase helical computed tomography,
upper gastrointestinal endoscopy, and biopsy of am
pullary lesions (when present). Magnetic resonance
cholangiopancreatography was performed for doubtful
cases of lower common bile duct lesions.
RESULTS: There was no perioperative mortality.
LPD was performed with tumor-free margins in all
patients, including patients with pancreatic ductal
adenocarcinoma (n = 6), ampullary carcinoma (n =
6), intra-ductal papillary mucinous neoplasm (n = 2),
pancreatic cystadenocarcinoma (n = 2), pancreatic
head adenocarcinoma (n = 3), and bile duct cancer (n
= 2). The mean patient age was 65 years (range, 42-75
years). The median blood loss was 240 mL, and the
mean operative time was 368 min.
CONCLUSION: LPD using a reverse-“V” approach
can be performed safely and yields good results in
elective patients. Our preliminary experience showed
that LDP can be performed via a reverse-“V” approach.
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This approach can be used to treat localized malignant
lesions irrespective of histopathology.

presence of pancreatic head tumors restricted to the
second part of the duodenum, well-differentiated or
moderate grade ampullary tumors restricted to the
second part of the duodenum, or bile duct tumors.
The exclusion criteria for LPD were tumor invasion
into the portal vein (PV) or the superior mesenteric
vein (SMV) on radiographic imaging for which venous
resection could be necessary. The following patient
data were reviewed: demographic data, preoperative
evaluation, surgical procedure, perioperative data,
morbidity, and pathology. All patients were thoroughly
evaluated preoperatively by complete hematologic
investigations, triple-phase helical computed
tomography (CT), upper gastrointestinal endoscopy,
and biopsy of ampullary lesions (when present).

Key words: Laparoscopic pancreaticoduodenectomy;
Operation; Indications
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Laparoscopic pancreaticoduodenectomy via
reverse -“V” approach can be performed with safety and
obtain good results in elective patients. The preliminary
experience showed a good prospect via reverse-“V”
approach for LDP. Localized malignant lesions and
irrespective of histopathology may be particularly
amenable to this approach.

Surgical procedure

The procedure was performed under general ane
sthesia with the patient in supine position with
legs apart. Four trocars (5-11 mm) were used for
the procedure. The trocars were placed as follows
(Figure 1): umbilicus (10 mm) for telescope; mid
point between the xiphoid and umbilicus, left of the
midline (11 mm); right hand working and EndoGIA, sub-xiphoid (5 mm) for liver retraction and PV
and duodenum mesentery exposure; right anterior
axillary line for subcostal (5 mm) bowel retraction.
After establishing a pneumoperitoneum, lapa
roscopy was performed to inspect. A 5.0 MHz lapa
roscopic ultrasound probe (Aloka Prosound 5500,
Aloka Co., Tokyo) was used to examine the liver,
stomach, peritoneal cavity, and mesentery vessels.
The gastrocolic ligament was divided using ultrasonic
shears, and the lesser sac was widely exposed. The
hepatic flexure of the colon was mobilized inferiorly,
and a Kocher maneuver was performed. The SMV
was identified at the inferior border of the pancreatic
neck (Figure 2). The third and fourth portions of the
duodenum and proximal jejunum were mobilized
from the right to the left under the SM vessel while
retracting the duodenum to the right. The jejunum
was then transected 10-15 cm distal to the ligament of
Treitz with the linear stapler (Figure 3).
The specimens were then retracted in reverse
to the right along the SMV and PV. The specimens
were dissected from the jejunum mesentery vessels,
duodenum mesentery vessels, and larger tributary
vessels (pancreaticoduodenal vessels). An ultrasonic
dissector was used to dissect the pancreatic head and
uncinate process from the SMV, superior mesenteric
artery, and PV. Simultaneously, the pancreatic neck
parenchyma was divided with ultrasonic shears. At
the superior boarder of the pancreas, the common
hepatic artery and the gastroduodenal and right
gastric arteries were identified and isolated from
posterior to anterior (Figures 4-7). The arteries were
clipped and divided, and the process was continued
to isolate the proper hepatic artery and common bile
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INTRODUCTION
Laparoscopic pancreatioduodenectomy (LPD) was
[1]
first reported in 1994 , and the procedure is not
currently a well-accepted treatment approach. The
concerns regarding the use of LPD stem from the
long operative time, the need of perfect operational
[2-6]
skills, and the lack of obvious advantages
. In
our institution, most abdominal operations could be
performed using a laparoscopic approach eight years
ago. The eligible surgeries include laparoscopic liver
resection, pancreatectomy, gastrectomy, and other
surgeries. LPD is not commonly performed because
the procedure is associated with high mortality and
[7]
morbidity .
We have accumulated substantial experience
in laparoscopic surgery and developed a modified
Whipple procedure, namely, a reverse-“V” approach,
to optimize the laparoscopic surgery for selected
oncology patients. This report focuses on a laparo
scopic surgical procedure completed with the reverse“V” approach using four ports.

MATERIALS AND METHODS
Between April 2011 and April 2012, 40 pancreati
coduodenectomies were performed at our institution.
Of these, 21 (52.5%) patients were scheduled for
laparoscopic resection. Similar to a study by Corcione
[5]
et al , all patients who were included in the series
met the following inclusion criteria: American Society
of Anesthesiologists (ASA) grade Ⅰ to Ⅲ and the
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A

B
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Figure 1 Placement of trocars (A) and postoperative image (B).

Jejum

Pancreas

SMV

Figure 2 Freeing the gastrocolic ligament exposes the inferior border of
the pancreas and superior mesenteric vein. SMV: Superior mesenteric vein.

duodenum

Figure 4 Transection of the jejunum.

SMV
Pancrease

TVC

SMV

Figure 5 Transection of the pancreas. Pancreatic neck parenchyma is divided
with ultrasonic shears. SMV: Superior mesenteric vein.

Figure 3 Mobilization of the duodenum and the proximal jejunum from right
to left under the superior mesenteric vein (mobilization of the duodenojejunal
flexure from the retroperitoneum). SMV: Superior mesenteric vein;

1-2 cm distal to the pyloric ring. The PV groove and
the retroperitoneal/uncinate margin were inked, and
separate bile duct and pancreatic neck margins were
obtained prior to sending the specimens for frozen
section analysis.
The jejunal stump was passed into the supra
mesocolic compartment and removed from the middle
incision. Modified Roux-en-Y reconstruction procedures
were performed by an open method through the
retrieval incision. First, an ante-colic, end-to-side

duct along the PV. Retrograde cholecystectomy and
a common hepatic bile duct transection were then
performed. With the exception of the stomach, the
specimens were divided. The sub-xiphoid trocar site
was extended into a 5-7 cm incision at the anterior
of the pancreas. The specimens were removed
though the incision. All peripancreatic tissue including
lymph nodes and nervous fibre was taken en bloc
with the specimens. The specimens were transected
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Figure 6 Common hepatic artery and the gastroduodenal and right
gastric arteries are identified and isolated from posterior to anterior. CHA:
Common hepatic artery; PV: Portal vein.

Figure 7 After the pancreatic-duodenum removal. PV: Portal vein;

the pancreaticojejunostomy. The hepaticojejunostomy
was performed in laparoscopy with interrupted
4-0 absorbable Vicryl with a lost stent. The Braun
anastomosis and the jejunojejunostomy were also
performed extracorporeally in the same manner
as the open method. No technical difficulties were
encountered.

Table 1 Patient demographics and surgical data n (%)

Patients
Age (yr)
Body mass index
ASA score
Sex, female/male
Disease status
Benign
Malignant
Parenchymal background (n)
Soft
Intermediate
Solid
Type of procedure
Pylorus-preserving
Operative time (min)
Estimated blood loss (mL)
Conversion rate
Number of lymph nodes retrieved

Median (range)
21
66 ± 12
25 (17-37)
3 (2-3)
13/8

Perioperative care

The patients were postoperatively fasted until the
appearance of bowel activity. The patients were
given postoperative narcotic analgesics for the first
24 h and were subsequently treated with nonnarcotic
analgesics. The patients were discharged once
they need not intravenous fluids and can be mobile
independently. Any death within 30 d of surgery was
included in perioperative mortality. Pancreatic fistula
was diagnosed while the value of fluid amylase in
drain output was greater than three times the serum
[8]
amylase on or after the third postoperative day .

3 (14.3)
18 (73)
9
6
6
14 (95)
316 (260-410)
240 (30-1000)
1 (4.9)
14 (8-26)

RESULTS

duodenojejunostomy was performed with two layers
of running 3-0 proline. Based on Cattell’s work, an
end-to-side pancreaticojejunostomy was performed
approximately 40-60 cm distal to the gastroenteric
anastomosis.
The pancreatic duct was identified with a silicone
tube. The dorsal pancreas was fastened to the
seromuscular layer of the jejunum by passing suture
thread though the intestinal wall and pancreatic
parenchyma to the border 0.5-0.8 cm from the outer
layer. The dorsal and ventral borders of the pancreas
were sutured to the seromuscular layer of the je
junum with a running d 3-0 non-absorbable proline
suture as an inner layer. Finally, the seromuscular
layer of the jejunum was sutured with an outer layer
of running 3-0 silk sutures over the inner layer at
the ventral border to the pancreas capsule. This
reconstruction was accomplished using a laparoscopic
approach by inserting instruments through the
retrieval incision. A lost anastomic stent was placed at

WJG|www.wjgnet.com

Pancrease

IVC

PV

Characteristic

PV

A total of 21 patients underwent LPD. One patient
was converted to an open procedure following
uncontrolled bleeding. The patient population in
cluded 13 women and 8 men. Their mean age was
65 years (SD, 11 years), and the median body mass
index was 25 (range, 17-37). The median ASA score
was Ⅱ. The indication for pancreaticoduodenectomy
included benign diseases in 3 (14.3%) patients
and malignant diseases in 18 (85.7%) patients.
The perioperative outcome is shown in Table 1. The
LPD procedure for all patients was undertaken with
curative intent. None of the patients had evidence
of locally advanced, SMV vascular involvement, or
metastatic disease.
The mean pancreatic duct and bile duct diameters
were respectively 4 mm (range, 1.5-6 mm) and 12
mm (8-18 mm), respectively. The mean pancreatic
operative time was 368 min (260-450 min), and
the mean blood loss was 300 mL (100-1000 mL).
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Table 3 Surgical outcomes and complications n (%)

Table 2 Final diagnosis and histologic findings

Modality
Pancreatic anastomotic leak
Delayed gastric emptying
Postoperative pneumonia
Surgical site infection

n (%)

Diagnosis
Pancreatic ductal adenocarcinoma
Intraductal papillary mucinous neoplasm
Ampullary adenocarcinoma
Cholangiocarcinoma
Cyst adenoma
Duodenal adenoma
Specimen characteristics
Tumor size, median (range) (cm)
Margin-negative, R0 resection
Regional lymph node metastases

6
2
8
2
2
1

10-15 cm from the proximal jejunum to the Treitz
ligament. The jejunum is divided from the jejunum
and duodenum mesentery to the mesenteric vessels
and upwards to the hepatic portal triad adjacent
to the SMV and PV. The surgical procedure route is
convenient for laparoscopic dissection. Moreover, the
route facilitates the finding and safe dissection of the
hepatic artery, PV, and bile duct from the posterior
aspect along the gap among the portal vein, hepatic
artery, and bile duct. Additionally, this surgery can be
performed with four ports. The traditional procedure
requires more time to identify the relationship
among the tumor, SMV, and PV before dissecting
the hepatic artery, gastroduodenal artery, and SMV
[13-17]
anteriorly
. In the current study, the mean
operative time was 316 min, which is faster than
previous reports (Table 4).
In the present series, the middle 5-7 cm in
cision was used to retrieve the specimen en bloc.
Additionally, the incision was used to perform the
extra corporal gastroenteric and enteroenteric ana
stomosis easily and safely. The gut reconstruction
in laparoscopy is time-consuming and may cause
the spread of bacteria. The anastomosis requires
time to reconstruct by a Roux-en-Y anastomosis or
physiologic repair. Our approach takes advantage
of the retrieval incision to assist the pancreas-tojejunum anastomosis using a mini-laparectomy
technique. The benefits of the surgery include
preventing pancreatic leakage and reducing the
difficulty of anastomosis. The procedure is simple
and effective and merits further investigation.
The development of a pancreatic fistula (PF) is
[8,18,19]
an Achilles heel for LPD
, and laparoscopic
pancreatic-enteric anastomosis is technically difficult
and has a high risk of pancreatic leakage. The mean
incidence of PF in LPD was reported as 28.6% (range,
0%-50%) (Table 4). In this series, we modified
the anastomotic modes by two layering methods.
Only one patient with preoperative pancreatitis had
markedly increased amylase in the drain fluids,
and we cannot differentiate the rise of amylase due
to pancreatitis from that due to PF. However, the
patient was successfully treated with a conservative
treatment.
Advanced professional skills are required to
decrease the operative time, morbidity, and surgeon
frustration. Surgeons attempting LPD should have
skillful experience on pancreatic surgery to avoid

3 (1.6-5.0)
20 (95)
5 (24)

At the completion of the procedure, a Jackson-Pratt
drain was left near the pancreaticojejunostomy in all
patients. The histologic findings included 6 pancreatic
ductal adenocarcinomas, 6 ampullary carcinomas,
3 pancreatic head adenocarcinomas, 2 intra-ductal
papillary mucinous neoplasms, 2 pancreatic cys
tadenocarcinomas, and 2 biliary cancers. The mean
tumor size was 3.1 cm (1.1-5cm), and the mean
number of lymph nodes removed was 12 (7-26). In
all of patients, an R0 resection (curative resection)
was achieved. Regional lymph node metastases were
found in 7 of 21 (33.3%) patients with malignancy.
The pathologic outcomes are shown in Table 2.
Perioperative complications occurred in 6 (24.8%)
patients and included pancreatic anastomotic leak
[n = 1 (4.9%)], delayed gastric emptying [n = 2
(9.7%)], postoperative pneumonia [n = 1 (4.9%)],
and superficial surgical site infection [n = 1 (4.9%)]
(Table 3).

DISCUSSION
LPD represents one of the most advanced abdominal
operations due to the complex dissection and enteric
reconstruction. Despite being first described by
[1]
Gagner and Pomp in 1994, LPD is not a well-accepted
procedure. Concerns regarding the use of LPD have
increased as a result of the long operative time,
requirement for advanced laparoscopic skills, and lack
[9-12]
of perceived benefits over open approaches
. While
the surgical procedure is complicated and difficult
to perform, the surgical approach that is adopted
[1-3,13,14]
by most authors
is similar to traditional
open-surgery procedures and is inadequate for a
laparoscopic approach. This is likely another factor
delaying the acceptance of LPD. We have simplified
the surgical procedure using an inverse-“V” approach.
Our new surgical strategy has several advantages
(Table 3). The approach involves dissecting the
gastrocolic ligament and moving downward to isolate
the transverse duodenum, moving upward to the
jejunum to pull the duodenum to the right, and
then removing the proximal jejunum from under the
mesenteric vessel. Next, the jejunum is transected
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5 (24.6)
1 (4.9)
2 (9.7)
1 (4.9)
1 (4.9)
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Table 4 Publications with laparoscopic pancreatioduodenectomy surgical outcomes
Ref.
Gagner et al[1] 1994
Gagner et al[2] 1997
Dulucq et al[20] 2006
Staudacher et al[21] 2005
Mabrut et al[22] 2005
Lu et al[23] 2006
Zheng et al[24] 2006
Palanivelu et al[17] 2007
Cai et al[25] 2008
Pugliese et al[3] 2008
Sa Cunha et al[26] 2008
Gumbs et al[13] 2008
Ammori et al[14] 2011
Total
The current study

n

HA/total

OT (min)

EBL (mL)

2
10
25
4
3
5
1
42
1
19
2
3
7
124
21

2/0
2/8
12/13
4/0
1/2
0/5
NA
0/42
0/1
7/6
0/2
0/3
1/6
28/76
0/21

NA
510
287
416
300
528
390
370
510
482
510
NA
628
448
316

NA
NA
107
325
300
770
50
65
800
180
300
NA
350
325
280

PF n (%)

M n (%)

HS (d)

NA
2 (20)
NA
0
NA
NA
NA
3 (7.1)
0
3 (23.1)
1 (50)
1 (33)
1 (14.3)
11.6
1

NA
NA
27
0
NA
3 (60)
NA
NA
0
7 (54)
1 (50)
1 (33)
2 (28.6)
22 (28.6)
26.7

NA
NA
NA
12
7
NA
30
10
14
18
19
NA
11
16
14

HA: Pancreatic head; OT: Operative time; EBL: Estimated bleeding loss; M: Morbidity; HS: Hospital stay; NA: Not available. PF: Pancreatic fistula.

severe complications, and to perform the LPD acco
rding to oncologic standards of pancreatic resection.
If LPD is performed in selected cases by highly
skilled laparoscopic surgeons, the procedure is fe
asible, safe, and oncologically adequate. When the
learning curve has been overcome, laparoscopy
may improve postoperative outcomes in excellence
centers. Multicenter randomized trials are needed to
confirm this.
Based on our experience in open pancreatico
duodenectomies and laparoscopic surgery, as pr
evious reported, LPD is feasible, safe, and advan
[10,12,27]
tageous in selected patients
. We established
stringent criteria for selecting patients to treat
with the laparoscopic approach. Early ampullary
adenocarcinomas and cholangiocarcinomas are most
amenable to a laparoscopic approach. Furthermore,
patients with early pancreatic head carcinoma
without lymph node or major vessel involvement
and tumors smaller than 3 cm are suitable for
laparoscopic surgery. Based on our experience with
pancreatic surgery, laparoscopic ultrasound is a
useful modality for assessing tumor resectability.
Most patients can be correctly evaluated using
contrast-enhanced triple-phase helical CT and
diagnostic laparoscopy with laparoscopic ultrasound.
In one patient cohort, the combination of these tools
[28]
led to a diagnostic sensitivity of 100% . The only
conversion to open surgery in our series occurred in a
patient with a tumor that was preoperatively located
in the uncinate and was regarded as a relative
indication for laparoscopy. The transection is also
difficult and may cause bleeding. Therefore, after
making the decision to remove the tumor based on
an evaluation by triple-phase helical (multi-detector)
CT and diagnostic laparoscopy with laparoscopic
ultrasound, the present surgical approach directly
dissects and divides the tissue around the tumor
instead of investing time exploring whether the
tumor has invaded a main vessel. This approach is

WJG|www.wjgnet.com

another time-saving aspect of the procedure.
A sound operation is possible using the laparo
scopic approach. In our series, all of the patients had
a negative margin in the histopathology. The number
of lymph node removed was adequate due to the
magnification with the laparoscopy. Similar curative
[17,18,20]
resection rate has been described by others
.
The oncologic outcomes of laparoscopic procedure
have not been compared with the open manner. This
series lacks enough patients and follow-up time to
evaluate the oncologic outcomes such as survival rate
and tumor recurrence. However, possible surrogates
to evaluate the oncologic procedure itself may
include curative resection rate, the area of resection
and the number of removed lymph nodes that were
achieved. In this series, the oncologic outcomes were
compared with those in the open manner, which
suggests that LPD is not an inferior procedure.
This early experience suggests that LPD via
an inverse-“V” approach is feasible and safe. The
preoperative evaluation using imaging and diagnostic
laparoscopy with laparoscopic ultrasound can make
the present surgical approach feasible and efficacious.
A randomized controlled trial may be required to
confirm our conclusions.
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METHODS: Clinical and pathological information for
535 patients including 538 tumors was reviewed and
recorded. Mutation analyses for exon 2 of KRAS gene
and exon 15 of BRAF gene were performed by Sanger
sequencing except that in 9 tumors amplification
refractory mutation system PCR was used. Expression
of MMR proteins including MHL1, MSH2, MSH6 and
PMS2 was evaluated by immunohistochemistry.
Correlations of KRAS and BRAF mutation status and the
expression status of MMR proteins with age, gender,
cancer stage, location, and histology were analyzed.
Correlations between KRAS or BRAF mutations and
MMR protein expression were also explored.
RESULTS: The overall frequencies of KRAS and BRAF
mutations were 37.9% and 4.4%, respectively. KRAS
mutations were more common in patients ≥ 50 years
old (39.8% vs 22% in patients < 50 years old, P <
0.05). The frequencies of BRAF mutants were higher in
tumors from females (6.6% vs males 2.8%, P < 0.05),
located in the right colon (9.6% vs 2.1% in the left
colon, 1.8% in the rectum, P < 0.01), with mucinous
differentiation (9.8% vs 2.8% without mucinous
differentiation, P < 0.01), or being poorly differentiated
(9.5% vs 3.4% well/moderately differentiated, P <
0.05). MMR deficiency was strongly associated with
proximal location (20.5% in the right colon vs 9.2% in
the left colon and 5.1% in the rectum, P < 0.001), early
cancer stage (15.0% in stages Ⅰ-Ⅱ vs 7.7% in stages
Ⅲ-Ⅳ, P < 0.05), and mucinous differentiation (20.2%
vs 9.2% without mucin, P < 0.01). A higher frequency
of MLH1/PMS2 loss was found in females (9.2% vs 4.4%
in males, P < 0.05), and MSH2/MSH6 loss tended to
be seen in younger (<50 years old) patients (12.0% vs
4.0% ≥ 50 years old, P < 0.05). MMR deficient tumors
were less likely to have KRAS mutations (18.8% vs
41.7% in MMR proficient tumors, P < 0.05) and tumors

Abstract
AIM: To investigate gene mutations and DNA mismatch
repair (MMR) protein abnormality in Chinese colorectal
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with abnormal MLH1/PMS2 tended to harbor BRAF
mutations (15.4% vs 4.2% in MMR proficient tumors, P
< 0.05).

with the BRAF V600E mutation tend to have a poor
[8-10]
prognosis
. Moreover, the presence of the BRAF
V600E mutation in a MLH1 deficient CRC indicates
that it is a sporadic rather than a Lynch syndrome
associated carcinoma with high level of microsatellite
[11]
instability (MSI-H) . MSI-H CRCs are either caused
by germ line mutations or epigenetic silencing of
[2]
DNA mismatch repair (MMR) genes
and have
distinct clinical and pathological features. Detection
of mismatch repair protein deficiency or MSI status
is not only useful for screening Lynch syndrome but
also can serve as a prognostic marker for favorable
outcome. In addition, it is also a negative predictive
marker for fluoropyrimidine-based chemotherapy
[12,13]
in patients with stage Ⅱ disease
. From 2010,
mutation analysis for KRAS and BRAF as well as MSI/
MMR testing has been suggested to be performed for
CRC patients by the National Comprehensive Cancer
[14]
Network (NCCN) clinical practice guidelines .
Frequencies of KRAS and BRAF mutations and
MSI-H in CRCs have been widely studied in Western
populations. Among them, KRAS mutations are the
most frequent molecular changes, with a frequency
[15-20]
ranging from 22% to 46.7%
, while BRAF
mutations are less frequent, with a frequency ranging
[15,21-25]
from 5.0% to 21.8%
. Several studies have
reported the frequencies of KRAS and BRAF mutations
in Chinese CRC patients in the English literature.
However, most of the studies performed with limited
sample size and the results were controversial, with a
frequency of KRAS mutations ranging from 19.7% to
43.9% and that of BRAF mutations ranging from 1.7%
[26-32]
to 25.4%
. MSI CRCs account for approximately
[17,19,20,33-35]
15-20% of all CRCs in Western countries
.
Limited reports from China show a frequency of
MSI CRCs in Chinese patients (ranging from 9.6%
to 13%) lower than that in Western populations but
[36-40]
close to reports from Korea
.
Information from previous studies raises the
possibility that geographic and/or racial differences
may present between Chinese and Western
populations. Therefore, more data are needed to
further clarify the characteristics of these important
molecular changes in Chinese CRC patients. In the
present study, we collected the data of CRC patients
treated from 2010 to 2013 in our department and
hope to provide more information about CRC in
Chinese patients.

CONCLUSION: The frequency of sporadic CRCs having

BRAF mutation, MLH1 deficiency and MSI in Chinese
population may be lower than that in the Western
population.

Key words: Colorectal carcinoma; KRAS ; BRAF; DNA
mismatch repair; MLH1; MSH2; MSH6; PMS2
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Tests for KRAS, BRAF and DNA mismatch
repair protein status were important for clinical
management of patients with colorectal carcinoma
(CRC). Investigations from large samples for these
molecular markers were limited in Chinese CRC
patients. In the present study, we collected and
summarized clinicopathological and molecular data of
535 CRC patients in our institution. These results would
help to understand CRC molecular features and guide
Lynch syndrome screening, CRC clinical management
and individualized therapy in the Chinese population.
Ye JX, Liu Y, Qin Y, Zhong HH, Yi WN, Shi XY. KRAS and
BRAF gene mutations and DNA mismatch repair status in
Chinese colorectal carcinoma patients. World J Gastroenterol
2015; 21(5): 1595-1605 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i5/1595.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i5.1595

INTRODUCTION
Colorectal carcinoma (CRC) is one of the most co
mmon malignancies in the world. Although CRC in
China is not as common as that in most Western
countries, its incidence has increased steadily in
recent years due to living standard improvement
[1]
and lifestyle change .
Based on current knowledge on the carcino
genesis of CRCs, individualized clinical managements
[2,3]
have been recommended for CRC patients
.
Testing tumor tissue for predictive or prognostic
gene mutations to guide personalized therapy is a
rapidly emerging field in pathology.
The epidermal growth factor receptor (EGFR)
[4]
is a major therapeutic target in CRCs . Activating
mutations of the KRAS gene is thought to stimulate
the RAS/RAF/MAPK pathway independent of EGFR
activation, therefore CRCs with KRAS mutations are
[5]
resistant to EGFR inhibitors . Although the predictive
value of BRAF mutation status for response to
[6,7]
EGFR inhibitors is still uncertain , its prognostic
value for CRCs is widely accepted, i.e., patients
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MATERIALS AND METHODS
Patients and tissues

We searched the pathology database of the Depart
ment of Pathology of Peking University Third Hospital
from 2010 to 2013 for primary or metastatic
colorectal adenocarcinomas. Five hundred and
thirty-five patients with 538 tumors tested for KRAS
and BRAF mutations or MMR protein expression
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Table 1 Primary antibodies for immunohistochemical staining for mismatch repair proteins
Antibody
MLH1
MSH2
MSH6
PSM2

Supplied by

Clone No.

Positive signal
localization

Dilution

Incubation
temperature (℃)

Incubation
period (h)

Novocastra, UK
Novocastra, UK
Novocastra, UK
Novocastra, UK

14
FE11
BC/44
EP51

Nuclear
Nuclear
Nuclear
Nuclear

1:50
1:20
1:80
1:30

37
37
37
37

2
2
2
2

Table 2 Primer sequences for KRAS exon 2 and BRAF exons 15, annealing temperature and size of expected PCR products
Exon
KRAS 2
BRAF 15

Primer No.

Primer sequence 5’-3’

AT (℃)

Product size (bp)

2-F
2-R
15-F
15-R

TAGTCACATTTTCATTATTTTTAT
AGATTTACCTCTATTGTTGGAT
ATCTACTGTTTTCCTTTACTTACT
ATTCTTACCATCCACAAAATG

55

160

55

160

AT: Annealing temperature; F: Forward; R: Reverse.

were collected. The pathology records and clinical
charts were reviewed to obtain the following in
formation: patient gender, age, anatomic site of
tumor, morphological characteristics (histologic type,
tumor grade, depth of tumor penetration, lymph
node involvement, lymphatic or vascular invasion,
perineural invasion), and history of metastasis or
other tumors. Base on clinical data, primary locations
of tumors were defined as the right colon (from
the cecum through the transverse colon), left colon
(from the splenic flexure through the rectosigmoid
flexure) and rectum (15 cm above the anal verge).
Tumors were staged according to the seventh
edition of the American Joint Commission on Cancer
(AJCC) TNM staging system. Well to moderately
differentiated tumors were grouped together and
tumors diagnosed as mucinous adenocarcinomas,
signet-ring cell carcinomas and adenocarcinomas
with mucinous or signet-ring cell differentiation were
recorded as mucin-producing tumors.
Data and tissue collection was approved by
the Ethics Committee of Peking University Health
Science Center, following the ethical guidelines of
the 1975 Declaration of Helsinki.

staining for any of these four proteins was regarded
as deficient MMR (dMMR) (Figure 1). Since family
history and genetic information were unavailable, no
attempt was made to further classify patients into
with Lynch syndrome or sporadic MSI-H CRCs.

Analysis of KRAS or BRAF gene mutations by Sanger
sequencing
[41]

As previously described by Zhong et al
and Liu
[42]
et al , genomic DNA was extracted from formalinfixed paraffin-embedded (FFPE) tumor tissue sections
with the Qiagen Blood and Tissue Kit (QiagenInc,
Valencia, CA) according to the manufacturer’s pro
tocol. The KRAS exon 2 and BRAF exon 15 were
amplified by polymerase chain reaction (PCR) using
PromegaGoTaq Hot Start Colorless Master Mixes
(Promega Corporation, Madison, WI, United States).
The specific primers and sizes of the expected
amplicons are presented in Table 2. Genomic DNA of
50-100 ng was amplified in a 50 μL reaction system
containing 25 μL of Hot Start Colorless Master Mix
and 5 μL of 10 μmol/L primer mix. The PCR reaction
conditions consisted of 2 min at 95 ℃, 40 cycles of
94 ℃ for 30 s, 55 ℃ for 40 s and 72 ℃ for 1 min, and
72 ℃ for 7 min. Five microliters of the PCR product
was analyzed on a 1.2% agarose gel with 100 to 600
bp DNA marker. Gels were visualized on a BioRad
Gel Doc 2000TM system and Quantity One software
(BioRad, Hercules, CA, United States). The resulting
PCR amplicons were purified and sequenced in both
directions using the BigDye Terminator kit and an ABI
Prism 3500 DNA Analyzer (Applied Biosystems, Foster
City, CA) according to the manufacturer’s instructions.
Mutant cases were validated by a second inde
pendent PCR and sequencing. The sequencing results
were observed with ABI Sequence Scanner software
and compared with the reference sequences of the
BRAF and KRAS genes from NCBI database to mark
the position of nucleotide change.

Immunohistochemistry for MMR proteins

Sections of one representative block of each tumor
were incubated with antibodies to MLH1, MSH2, MSH6
and PMS2. Standard heat-induced epitope retrieval
in EDTA solution (pH 9.0 for MLH1, PMS2, and
MSH2, pH 6.0 for MSH6) and immunostaining and
signal detection using the Dako EnVision Detection
System and a Dako Autostainer (Dako North America
Inc., California, United States) were performed.
The sources, dilutions, and incubation time of each
primary antibody are listed in Table 1. Any tumor
cell with nuclear staining was defined as positive for
that marker. Positive staining for all these proteins
was regarded as proficient MMR (pMMR). Negative
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A

B

C

D

Figure 1 Immunohistochemical staining for DNA mismatch repair proteins in one case of colorectal carcinoma. Tumor cells with retained MLH1 (A) and PMS2
(B) expression, and with absent MSH2 (C) and MSH6 (D) expression, which were regarded as deficient MMR. Note stromal cells and lymphocytes serving as internal
positive controls.

Analysis of KRAS and BRAF gene mutations by
amplification refractory mutation system PCR

logical characteristics were compared across dif
2
ferent subgroups and analyzed with χ test. Cor
relations between KRAS or BRAF mutations and
dMMR status were also explored. P values < 0.05
were considered statistically significant.

For nine cases, mutations in KRAS exon 2 and BRAF
exon 15 were identified by amplification refractory
mutation system (ARMS)-PCR. Briefly, FFPE tissues
were digested using 20 mg/mL proteinase K in ATL
buffer (Qiagen) overnight at 56 ℃. DNA isolation was
performed with the QIAamp DNA Mini Kit (Qiagen)
according to the manufacturer’s protocol. KRAS and
BRAF mutation status was assessed with Human
KRAS Gene 7 Mutations Fluorescence Polymerase
Chain Reaction Diagnostic Kit and Human BRAF
Gene V600E Mutations Fluorescence Polymerase
Chain Reaction Diagnostic Kit (Amoy Diagnostics
Co. Ltd, Xiamen, China) on the Agilent-Stratagene
M × 3000P Q-PCR System (Agilent Technologies,
Santa Clara, CA), according to the manufacturers’
instructions. The 7 most common KRAS mutations
(p.G12D, p.G12V, p.G12A, p.G12C, p.G12S, p.G12R,
and p.G13D) in CRCs were detected. The reaction
conditions included 1 cycle at 95 ℃ for 5min; 15
cycles at 95 ℃ for 25 s, 64 ℃ for 20 s, 70 ℃ for 20 s;
31 cycles at 93 ℃ for 25 s, 60 ℃ for 35 s, 72 ℃ for
20 s. Fluorescence signals were collected at 60 ℃.

RESULTS
Patient characteristics

Of these 535 patients, males were slightly more
than females with a male to female ratio of 1.34:1.
Patient age at presentation ranged from 21 to 95
years (median, 65 years) with 10.7% of patients
< 50 years at diagnosis. Most patients (61.2%)
presented with stage Ⅱ or Ⅲ disease. Almost all
patients had solitary primary tumor except that three
patients had synchronous tumors (two patients had
two tumors confined in the left colon, one had two
tumors with one in the right colon and the other in
the rectum). In 6 patients, only metastatic lesions
were available for testing, and 3 of them received
neoadjuvant therapy. Both preoperative biopsy
and radical specimens were tested for KRAS and
BRAF mutations in two patients, and both primary
and metastatic lesions were tested in 5 patients.
Since there was no discrepancy between biopsy and
radical resection specimens or between primary and
metastatic tumors, the results from two different
tests were recorded as once. Clinical information of
all studied patients is summarized in Table 3.

Statistical analysis

Clinical and pathological characteristics are sum
marized as percentages. Mutation rates of KRAS and
BRAF and overall or each MMR protein expression
deficiency were also calculated. Clinical and patho
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Figure 2 Sequence chromatograms displaying concomitant mutations of KRAS and BRAF found in this study. Concomitant mutations of KRAS G12V (A) and
BRAF R603stop were detected in colorectal carcinoma tissue of a 71-year-old woman (B). Another patient, a 62-year-old woman, had mutations of both KRAS G13D (C)
and BRAF S602Y (D). The amino acid changes corresponding to the codon alternations are as follows: G12V (GGT→GTT) and G13D (GGC→GAC) in exon 2 of the
KRAS gene, S602Y (TCT→TAT) and R603stop (CGA→TGA) in exon 15 of the BRAF gene.

Table 3 Clinicopathological information of the studied
patients n (%)

Table 4 Correlations between KRAS and BRAF status and
clinicopathological features n (%)

Clinical feature

Clinicopathological
feature

Gender
Age (yr)
Location

Tumor differentiation
Tumor stage

Total cases
Male
Female
< 50
≥ 50
Right colon
Left colon
Rectum
Poor
Well-moderate
Ⅰ
Ⅱ
Ⅲ
Ⅳ
Not available

306 (57.2)
229 (42.8)
57 (10.7)
478 (89.3)
177 (32.9)
165 (30.7)
196 (36.4)
94 (17.5)
444 (82.5)
95 (17.7)
168 (31.2)
215 (40.0)
50 (9.3)
10 (1.9)

Gender
Male
Female
Age (yr)
< 50
≥ 50
Location
Right colon
Left colon
Rectum
Mucin production
With
Without
Tumor differentiation
Poor
Well-moderate
Tumor stage
Ⅰ-Ⅱ
Ⅲ-Ⅳ

KRAS gene mutations and correlations with
clinicopathological features

KRAS status was ascertained for 485 patients including
488 tumors. The over-all mutation rate was 37.9%
(185/488). KRAS mutations identified in codon 12
included G12D (n = 90, 18.4%), G12V (n = 37, 7.6%),
G12C (n = 9, 1.8%), G12A (n = 8, 1.6%), G12S (n
= 7, 1.4%), and G12R (n = 1, 0.2%). Mutations in
KRAS codon 13 included G13D (n = 31, 6.4%), G13C
(n = 1, 0.2%) and G13G (silent mutation) (n = 1,
0.2%). One patient was identified with concomitant
KRAS mutations in codon 12 and codon 33 (G12D
and D33N). Compared with patients < 50 years old,
KRAS mutations in patients ≥ 50 years old were more
common (39.8% vs 22%, P < 0.05). The rate of KRAS
mutations was not significantly associated with gender,
tumor location, tumor differentiation, stage or mucin
production (Table 4).
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KRAS
Mutant/tested
cases

BRAF
P value Mutant/tested P value
cases

100/277 (36.1)
84/208 (40.4)

0.336

7/254 (2.8)
13/196 (6.6)

0.048

11/50 (22)
173/435 (39.8)

0.014

3/47 (6.4)
17/403 (4.2)

0.758

67/161 (41.6)
50/150 (33.3)
68/177 (38.4)

0.318

14/146 (9.6)
3/167 (2.1)
3/140 (1.8)

0.001

41/108 (38)
144/380 (37.9)

0.990

10/102 (9.8)
10/351 (2.8)

0.006

25/84 (29.8)
160/404 (39.6)

0.091

7/74 (9.5)
13/379 (3.4)

0.045

85/232 (36.6)
97/247 (39.3)

0.553

10/218 (4.6)
10/228 (4.4)

0.918

BRAF mutations and correlations with
clinicopathological features

Twenty (4.4%) mutations were detected in 453
CRCs from 450 patients. Sixteen mutations were
V600E and the other four were D594G, D594N,
R603stop and S602Y. There were no concomitant
KRAS and BRAF V600E mutations, but one patient
had concomitant mutations of KRAS G12V (Figure 2A)
and BRAF R603stop (Figure 2B), and one with KRAS
G13D (Figure 2C) and BRAF S602Y (Figure 2D). The
proportion of mutant BRAF was higher in females
(6.6% vs 2.8% in males, P < 0.05), in tumors
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Table 5 Correlations between DNA mismatch repair protein deficiency and clinicopathological features n (%)
Clinicopathological feature

dMMR
Defective/tested

Total
Gender
Age (yr)
Location

Mucin production
Tumor differentiation
Tumor stage

Male
Female
< 50
≥ 50
Right colon
Left colon
Rectum
With
Without
Poor
Well-moderate
Ⅰ-Ⅱ
Ⅲ-Ⅳ

55/481 (11.4)
25/272 (9.2)
29/206 (14.1)
9/50 (18.0)
45/428 (10.5)
33/161 (20.5)
13/142 (9.2)
9/178 (5.1)
20/99 (20.2)
35/382 (9.2)
13/79 (16.5)
42/402 (10.4)
37/246 (15.0)
18/234 (7.7)

MLH1/PMS2

P value

Defective/tested
31/481 (6.4)
12/272 (4.4)
19/206 (9.2)
3/50 (6.0))
28/428 (6.5)
23/161 (14.3)
5/142 (3.5)
3/178 (1.7)
11/99 (11.1)
20/382 (5.2)
6/79 (7.6)
25/402 (6.2)
20/246 (8.1)
11/234 (4.7)

0.095
0.114
0.000

0.002
0.125
0.012

MSH2/MSH6

P value

Defective/tested
24/481 (5.0)
13/272 (4.8)
10/206 (4.9)
6/50 (12.0)
17/428 (4.0)
10/161 (6.2)
8/142 (5.6)
6/178 (3.4)
9/99 (9.1)
15/382 (3.9)
7/79 (8.9)
17/402 (4.2)
17/246 (6.9)
7/234 (3.0)

0.034
1.000
0.000

0.034
0.649
0.127

P value
0.970
0.031
0.446

0.065
0.148
0.049

Table 6 Correlations between DNA mismatch repair protein expression deficiency and KRAS or BRAF status n (%)
KRAS (n = 432)

MMR status
dMMR
MLH1/PMS2 deficiency
MSH2/MSH6 deficiency
pMMR

BRAF (n = 424)

Mutant/tested cases

P value

9/48 (18.8)
3/29 (10.3)
6/19 (31.6)
160/384 (41.7)

0.0021
0.0012
0.3833

Mutant/tested cases
4/43 (9.3)
4/26 (15.4)
0/17 (0)
16/381 (4.2)

P value
0.264
0.0373
0.8173

1

dMMR vs pMMR; 2MLH1/PMS2 deficiency vs pMMR; 3MSH2/MSH6 vs pMMR. MMR: DNA mismatch repair.

located in the right colon (9.6% vs 2.1% in the left
colon and 1.8% in the rectum, P < 0.05), with poor
differentiation (9.5% vs 3.4% with well-moderate
differentiation, P < 0.05) and with mucinous
appearance (9.8% vs 2.8% without mucin, P < 0.05).
BRAF mutations were not related with patient’s age or
tumor stage (Table 4).

10.4%, P > 0.05) (Table 5).

Correlations between KRAS and BRAF mutations and
dMMR status

Less KRAS mutants were seen in dMMR tumors than
in pMMR tumors (18.8% vs 41.7%, P < 0.05). BRAF
mutation rate was higher in dMMR tumors than in
pMMR tumors, although it did not show a significant
difference (9.3% vs 4.2%, P > 0.05). Nevertheless,
tumors with defected MLH1/PMS2 tended to harbor
BRAF mutations compared with pMMR tumors (15.4%
vs 4.2%, P < 0.05). No BRAF mutation was detected
in tumors with MSH2/MSH6 deficiency (Table 6).

MMR protein expression and correlations with
clinicopathological features

Overall, 11.4% of tumors showed loss of expression
for at least one MMR protein, and the deficient rates
of MLH1, MSH2, MSH6 and PMS2 in studied patients
were 5.8% (28/481), 2.7% (13/481), 3.8% (18/480)
and 6.5% (19/293), respectively. The proportion
of dMMR tumors varied by site with a significantly
higher rate (20.5%) in tumors located in the right
colon compared to those in the left colon (9.2%) and
rectum (5.1%, P < 0.001). There were more stages
I-Ⅱ dMMR tumors than stages Ⅲ-Ⅳ dMMR tumors
(15.0% vs 7.7%, P < 0.05) and dMMR tumors
tended to show mucinous differentiation. In females,
a higher frequency of MLH1/PMS2 deficiency was
found (9.2% vs 4.4% in males, P < 0.05). Loss
of MSH2/MSH6 expression was more frequent in
patients < 50 years old than in those ≥ 50 years old
(12.0% vs 4.0%, P < 0.05). Although dMMR tumors
were more often in tumors with poor differentiation
than in those with well-moderate differentiation,
it did not show a significant difference (16.5% vs
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DISCUSSION
As predictive and/or prognostic biomarkers, KRAS
and BRAF mutation tests are important for predicting
response to EGFR-targeted therapy and prognosis of
CRC patients. However, regional and racial differences
[15-19,38,43,44]
in mutation rates may be present
. Marked
differences between Chinese population and other
[26-32]
countries were also observed
, which need to be
further confirmed in studies based on large sample
size.
In the present study, we found an overall KRAS
mutation rate of 37.9% in CRCs, which was close to
most of the previous reports either about Chinese or
[15-18,20,26-30,43,45-49]
other ethnicities
. Studies based on
clinical practices or CRC cell line models showed that
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CRCs with KRAS G13D mutation responded partly
[50,51]
to cetuximab and panitumumab
. Therefore, the
subtype of KRAS mutations may also have clinical
implications. In our cases, the major mutant types
were G12D, G12V and G13D, accounting for 85%
of all mutations. About 6.4% of CRC patients in our
group were found to have KRAS G13D mutation,
[15,16,52]
which was also consistent with other reports
.
One uncommon finding in our cases was concomitant
KRAS mutations in codon 12 (G12D) and codon 33
(D33N). The patient was a 59-year-old male with a
poorly differentiated tumor located in the left colon.
To our knowledge, the latter mutation is the first
identified mutant in CRCs. Other non-hot mutations
were also found in previous reports, however, clinical
[53-55]
impact of these mutations is unknown
. CRCs
or colorectal cancer cell lines with special KRAS
mutations seemed to have different malignant
[50,56]
potential and proliferative ability
, which may lead
to different responses to anti-EGFR agents. However,
detailed mechanism needs further exploration.
Correlations between KRAS status and clinico
pathological features are controversial. Some of the
previous reports showed that the frequency of KRAS
mutation was in association with age, gender, tumor
[15,16,19,26,28,30]
grade or stage but some did not
. Reports
[28,30,45,52]
from four independent Chinese groups
showed that KRAS mutations were associated with
patient gender, but not with patient age. In a study
[57]
including 966 CRCs, Gao et al
observed that KRAS
mutations were not only associated with patient
gender and age, but also with tumor differentiation.
Similar inconsistent results were also presented in
[46,55]
studies on other ethnicities
. In our series of
cases, we could only find that tumors in patients
older than 50 years tended to harbor mutant KRAS.
These diverse findings suggest that the difference in
KRAS mutation rates in different groups is too minute
to be declared with limited samples. The different
[46,58]
criteria for age division might also be a cause
.
BRAF mutation rates are significantly different in
[15,21-25]
previous studies of non-Chinese population
.
The lowest mutation rate came from a study
on Japanese CRC patients (3%), followed by
reports from Russia and Israel (4.1% and 5%,
[24,43,44]
respectively)
. On the contrary, reports about
European and Americans showed significantly higher
rates of BRAF mutation, which were mostly around
[19,20,23,59]
15%
. In most of the studies about Chinese
[30,31,48]
population
, low percentage of CRCs were
found to harbor mutant BRAF, ranging from 1.7% to
[32]
7%. The only exception is a report from Mao et al ,
which showed that the frequency of BRAF mutations
was as high as 25.4% in a group of Chinese CRC
patients. However, their report also showed that
24% of KRAS mutant cases had concomitant BRAF
V600E mutation. This phenomenon was inconsistent
with the general opinion that concomitant KRAS and
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BRAF V600E mutations were rare if not mutually
[15,45,60,61]
exclusive
. Considering the relatively limited
number of cases included in their study (69 cases),
the result may be not representative. In our study,
we also observed a low BRAF mutation rate of 4.4%,
which was consistent with most of other reports in
[44]
Chinese and was similar to that in Japanese . Our
finding together with other reports supports the
opinion that the frequency of BRAF mutation varies
[21,31,61]
among different races and/or regions
. In
addition, no patient was found to have concomitant
mutations for KRAS and BRAF V600E in our cases.
However, of the four cases with non-V600E BRAF
mutation, two had concomitant KRAS mutation.
Although the significance for these uncommon
[22]
mutations was uncertain , our findings further
confirmed the rarity of concomitant KRAS and BRAF
V600E mutations in CRCs. Also in accordance with
[21,61]
previous reports
, we found BRAF mutation to
be more common in females, in proximally located
poorly differentiated tumors, or in mucin-producing
tumors, although no significant association was found
between BRAF mutations and patient age or tumor
stage. This may be partially because the number of
BRAF mutant cases is limited in our study.
CRCs with deficient MMR exhibit high frequency
MSI and have distinctive clinicopathological features,
biological behavior and clinical treatments compared
to CRCs with pMMR, which in most cases are mi
[2]
crosatellite stable (MSS) . dMMR CRCs accounted for
about 15%-20% of all CRCs in reports from Western
[12,13,17,19,20,33,34,62]
countries
, and are more common in
stage Ⅱ tumors (up to 22%) than in stage Ⅲ tumors
[15,35]
(up to 14%)
. Information about dMMR CRCs in
[36]
Chinese population is limited. Huang et al
and Jin
[37]
et al
using PCR-based MSI testing showed that
the frequencies of MSI-H CRCs in their cases from
Southeast China were 11.9% to 13%, which were
slightly lower than most of the reports from Western
[15,17,19,20,33-35]
populations
. Detecting MMR protein loss
by IHC showed similar efficiency to more complex
[63,64]
gene analysis for MSI or MMR gene mutations
.
The current study is one of the largest series that
analyzed the MMR status by IHC in Chinese CRCs.
Again, our data showed a low frequency of dMMR
in Chinese CRCs. The overall frequency of dMMR
CRCs and the frequencies of dMMR CRCs in early
stage (stage Ⅰ-Ⅱ) and advanced stage (stage Ⅲ-Ⅳ)
CRCs were 11.4%, 15.4% and 7.7%, respectively.
[36]
Our findings, together with Huang et al
’s and
[37]
Jin et al ’s reports, suggest that CRCs in Chinese
might have different genetic background from that
in Western populations, and were less likely to have
MSI.
Of note, the majority of dMMR CRCs are sporadic
and caused by inactivation of MLH1 (about 95%).
Lynch syndrome, which is caused by germ-line
mutations of MMR genes, accounts for about 20%
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therapy in the Chinese population.

of the dMMR CRCs, and MLH1 mutation is found
[65]
in approximately 40% of the cases . Therefore,
the vast majority of dMMR CRCs should have MLH1
deficiency. By using IHC, our study was able to
inform which MMR proteins were lost in an MSI CRC,
and provide more information than previous reports
in Chinese CRCs. Surprisingly, our data showed
only 50.9% of dMMR CRCs with MLH1 loss, which
was much lower than expected. Moreover, BRAF
mutations have been reported in 33% to 60% of
MSI-H tumors particularly in tumors with methylation
[20,35,66,67]
of the MLH1 promoter
. Among our dMMR
cases, only 15.4% had BRAF mutations, which
was also much lower than previous reports. These
findings suggest that the low frequency of dMMR
CRCs in our series is likely caused by including less
sporadic dMMR CRCs. Our finding further indicated
that ethnic and geographic differences might be
present in Chinese dMMR CRCs, although further
investigations, such as germ-line mutation analysis
of MMR genes and/or analysis of MLH1 promoter
methylation, are needed to clarify this possibility.
[68]
Since Hampel et al ’s study has showed that the
widely used Amsterdam or Bethesda screening
guideline may miss as many as 22% of patients
with Lynch syndrome, feasible and economic IHC
technique was suggested to perform on all newly
diagnosed CRCs to screen Lynch syndrome and gu
[69,70]
ide clinical management for MSI patients
. In this
case, there will be more and more data coming out
to provide detailed information of Chinese CRCs.
In summary, our results show a low frequency
of BRAF mutations and MMR deficiency, especially
less MLH1 deficiency, in a large series of Chinese
CRC patients. It suggests that CRCs are less likely to
have MSI in Chinese populations, and it is probably
caused by the fact that there are less sporadic MMR
deficient CRCs in Chinese. However, additional
epidemiologic data and genetic investigations are
needed to confirm the difference.

Peer-review

The study reports KRAS and BRAF gene mutations and MMR protein
expression status in large number of Chinese CRC patients. The results
corroborate the earlier findings and show high rates of mutations in the KRAS
gene. Associations of these genetic markers with various clinicopathological
parameters have also been made. The study also shows less MMR defects in
these patients.
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According to the order of the date of surgery, patients
were divided into 6 groups (A-F) with 20 cases in each
group. All surgeries were performed by the same group
of surgeons. We performed a comprehensive and indepth retrospective comparative analysis of the clinical
data of all patients, with the clinical data including
general patient information and intraoperative and
postoperative observation indicators.
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RESULTS: There were no differences in the basic
information among the patient groups (P > 0.05). The
operative time of the hand-assisted surgery stage in
group A was 8-10 min longer than the other groups,
with the difference being statistically significant (P =
0.01). There were no differences in total operative time
between the groups (P = 0.30). Postoperative intestinal
function recovery time in group A was longer than that
of other groups (P = 0.02). Lengths of hospital stay and
surgical quality indicators (such as intraoperative blood
loss, numbers of detected lymph nodes, intraoperative
side injury, postoperative complications, reoperation
rate, and readmission rate 30 d after surgery) were not
significantly different among the groups.
CONCLUSION: HALG is a surgical procedure that can
be easily mastered, with a learning curve closely related
to the operative time of the hand-assisted laparoscopic
surgery stage.
Key words: Learning curve; Gastric cancer; Hand-assisted
laparoscopic D2 radical gastrectomy; Operative time;
Surgical quality indicators

Abstract
AIM: To describe the learning curves of hand-assisted
laparoscopic D2 radical gastrectomy (HALG) for the
treatment of gastric cancer.

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

METHODS: The HALG surgical procedure consists
of three stages: surgery under direct vision via the
port for hand assistance, hand-assisted laparoscopic
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Core tip: In order to explore the learning curves and
impact factors of hand-assisted laparoscopic D2 radical
gastrectomy (HALG) for the treatment of advanced
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gastric cancer, plenty of pre-, intra-, and postoperative data was involved in this study. We found
that the HALG learning curve was closely related to
the operative time of the hand-assisted laparoscopic
surgery stage and was not related to surgical quality
indicators. The HALG learning curve indicates that it is
a surgical procedure that can be easily mastered.

the learning curve in a smooth, safe, and fast manner.

MATERIALS AND METHODS
General information

From July 2008 to June 2013, our center conducted
120 HALG procedures. All patients received pre
operative histopathological examination under ga
stroscopy to confirm the diagnosis. The patients
underwent preoperative upper gastrointestinal
imaging, chest X-ray, and abdominal computed to
mography scans to exclude distant metastases, such
as pulmonary and liver metastases, and to confirm
that the tumors did not show signs of invasion of
adjacent organs and were resectable. Based on
the order of the date of the surgery, patients were
divided into 6 groups, A-F, with 20 cases in each
group. General patient information included age,
gender, body mass index (BMI), American Society of
[17]
Anesthesiologists (ASA) physical status classification ,
history of abdominal surgery, tumor size, tumor TNM
stage, and the rate of switching to laparotomy during
surgery. All surgeries were performed by the same
group of surgeons that had mastered the technique of
laparotomic D2 radical gastrectomy and had amassed
a wealth of clinical experience. All patients were
attended to under uniform treatment principles and
discharge standards.

Gong JQ, Cao YK, Wang YH, Zhang GH, Wang PH, Luo
GD. Learning curve for hand-assisted laparoscopic D2 radical
gastrectomy. World J Gastroenterol 2015; 21(5): 1606-1613
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i5/1606.htm DOI: http://dx.doi.org/10.3748/wjg.v21.i5.1606

INTRODUCTION
Laparoscopic-assisted D2 radical gastrectomy (LAG)
is capable of the same degrees of thoroughness
and safety as laparotomy for the treatment of ad
vanced gastric cancer, which is a view that has been
[1,2]
accepted by the majority of surgeons . Compared
to laparotomic radical gastrectomy, laparoscopic
techniques have obvious advantages, such as reduced
invasiveness, cosmetic incisions, reduced pain in
[3,4]
patients, and shorter postoperative hospital stays .
However, the laparoscopic surgical procedure is
[5]
difficult, with long learning curves . To determine
a starting point between the two procedures that
not only maintains their individual advantages, but
also avoids their shortcomings, we have created
our own surgical route, hand-assisted laparoscopic
D2 radical gastrectomy (HALG), on the basis of the
characteristics of hand-assisted laparoscopic radical
[6,7]
colectomy . A few HALG cases have been reported
in recent years, but there have been no systematic
[8-13]
reports on the topic
. From July 2008 to June
2013, we conducted 120 HALG procedures and have
generated a fixed, convenient, and safe surgical
protocol. This procedure has been widely reported in
China and introduced in multiple keynote speeches
in national meetings, which has inspired widespread
[12,13]
acclaim
. For LAG, D2 lymph node dissection is
the principal factor that prevents its comprehensive
application and is also the point of difficulty and
[14,15]
bottleneck for this technique
. In our preliminary
work, we performed an in-depth prospective study
focusing on HALG and LAG, and we believe that the
former effectively breaks the latter’s point of difficulty
and bottleneck while maintaining the same degrees
[16]
of thoroughness and safety as laparotomy . To
promote this procedure, we retrospectively analyzed
the learning curve of HALG performed by the same
surgical team in our center. We hope to provide a
reference for surgeons who have already mastered
the technique of laparotomic radical gastrectomy to
then successfully perform HALG and thereby surpass

WJG|www.wjgnet.com

Surgical methods

Tumor staging was performed via abdominal ex
ploration, with D2 radical surgery implemented and
perigastric lymph node dissection performed according
to Japan’s “Statute of gastric cancer treatment”.
The HALG surgical method can be divided into three
phases using total gastrectomy as an example: (1)
Surgery under direct vision via the port for handassistance: in this stage, an incision approximately
7 cm under the xiphoid in the middle of the upper
th
th
abdomen was made, and the omentum, 5 , 6 ,
th
14 , and portions of 8a groups of lymph nodes were
dissected; (2) Hand-assisted laparoscopic surgery:
in this stage, after placing the LapDisc hand-assisted
st
nd
rd
th
th
th
th
th
device, the 1 , 2 , 3 , 4 , 7 , 9 , 10 , 11 , and
remaining 8a groups of lymph nodes were dissected;
and (3) Gastrointestinal tract reconstruction phase.
Specific surgical procedures and our preliminary work
[16]
have been published in Surgical Endoscopy .

Observation indicators

The observation and recording of all indicators were
completed by dedicated personnel in our center,
followed by statistical analysis. For the 6 groups of
patients, intraoperative observation of the following
indicators was conducted: surgical approach (total
gastrectomy, proximal gastrectomy, and distal
gastrectomy), operative time, blood loss, number
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Table 1 Comparison of general data for hand-assisted laparoscopic D2 radical gastrectomy
Cohort
Age (yr), mean ± SD
Median (range)
Sex (male:female)
BMI; mean ± SD
median (range)
ASA
Ⅰ
Ⅱ
Ⅲ
Pre-abdominal operation, n (%)
Size of tumor (cm), mean ± SD
median (range)
TNM stage (n)
Ⅰ
Ⅱ
ⅢA
ⅢB
Ⅳ
Open conversion

A (n = 20)

B (n = 20)

C (n = 20)

D (n = 20)

E (n = 20)

F (n = 20)

P value

58.45 ± 7.80
60.0 (34-71)
12:8
24.24 ± 3.15
24.7 (19.6-32.0)

56.45 ± 9.67
57.0 (40-75)
13:7
24.04 ± 2.94
23.9 (19.0-31.7)

57.30 ± 9.89
56.5 (40-72)
12:8
25.47 ± 3.31
25. 6 (19.9-31.8)

59.05 ± 11.66
63.0 (36-73)
11:9
25.28 ± 3.59
26.2 (19.0-31.5)

59.65 ± 7.32
59.5 (41-75)
14:6
24.93 ± 3.26
25.1 (19.3-31.9)

59.95 ± 8.51
60.5 (45-75)
13:7
25.30 ± 3.31
25.0 (19.5-31.7)

0.82

1
14
5
1 (5)
4.57 ± 1.54
4.6 (2.2-6.8)

3
9
8
2 (10)
4.64 ± 1.49
5.3 (2.3-6.2)

2
14
4
2 (10)
4.53 ± 1.46
4.5 (2.4-6.8)

1
16
3
3 (15)
4.66 ± 1.29
4.4 (2.2-6.7)

2
14
4
2 (10)
4.96 ± 1.41
5.2 (2.3-6.7)

3
12
5
1 (5)
4.94 ± 1.54
5.1 (2.2-6.8)

3
3
3
6
5
1

2
4
4
4
6
0

3
4
3
3
7
1

3
3
4
4
6
0

2
2
3
5
8
0

2
3
5
2
8
0

0.95
0.64
0.70

0.89
0.89
0.99

0.54

ASA: American Society of Anesthesiologists; BMI: Body mass index (calculated as kg/m2); TNM: Tumor-node-metastasis; HALG: Hand-assisted
laparoscopic D2 radical gastrectomy.

of detected lymph nodes, and intraoperative side
injury. The postoperative observation indicators
were: intestinal function recovery time, postoperative
hospital stay, postoperative complications (pulmonary
infection, cardiac arrhythmias, gastrointestinal fistula,
gastrointestinal disorders, bile reflux, abdominal
infection, and wound infection), reoperation rate,
readmission rate after 30 d, and mortality. Perigastric
lymph nodes were removed one by one from the
resected specimens by a pathologist, and were
classified based on pathological examination. To
facilitate statistical analysis, the intraoperative
and postoperative indicators of cases switched to
laparotomy were not included in the statistics. To
facilitate a more intuitive evaluation of the learning
curve for time, we divided operative times into two
parts: total operative time (from opening the incision
to completion of incision suturing) and hand-assisted
laparoscopic surgery time (from the insertion of the
LAP DISC to the removal of the trocars).

statistically significantly different in terms of age (P
= 0.82), gender (P = 0.95), BMI (P = 0.64), ASA
classification (P = 0.70), history of abdominal surgery
(P = 0.89), tumor size (P = 0.89), and tumor TNM
stage (P = 0.99). In terms of the rate of switching
to laparotomy in surgery, there were two cases that
were switched to laparotomy (P = 0.54); group A had
one case with tumors that invaded the splenic hilum
and group C had one case with tumors that had
invaded the celiac trunk. Those patients who were
switched to laparotomy in surgery were not included
in the intraoperative and postoperative statistics.
Therefore, the intraoperative and postoperative
statistics had 19 cases each in groups A and C, and
20 cases each in the remaining groups.

Results from intraoperative indicators

The intraoperative indicators included a total of five
items: surgical approach (total gastrectomy, proximal
gastrectomy, and distal gastrectomy), operative time,
blood loss, number of detected lymph nodes, and
unexpected injuries. As shown in Table 2, the various
groups were not statistically significantly different
in terms of surgical approach (P = 0.99). Group A
had a total operative time of 166.26 ± 12.15 min,
4-8 min longer than the rest of the groups, but
the difference was not statistically significant (P =
0.30). For groups A-F, the operative time of handassisted surgery stage was 43.21 ± 11.20, 35.00
± 7.3, 34.11 ± 8.07, 35.20 ± 7.63, 33.65 ± 6.68,
and 35.55 ± 9.92 min, respectively, with group A
requiring 8-10 min longer than the other groups,
which was a statistically significant difference (P =
0.01); however, there were no statistically significant

Statistical analysis

We used SPSS 16.0 software for the statistical ana
lysis. Measurement data are expressed as mean ±
SD and analyzed using one-way analysis of variance.
Pairwise comparisons were conducted using the
Tamhane and least significant difference tests. Count
2
data were analyzed using the χ test. Significance was
set at P < 0.05.

RESULTS
Results from general patient information

As shown in Table 1, the patient groups were not
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Table 2 Comparison of intraoperative data for hand-assisted laparoscopic D2 radical gastrectomy
Cohort
Type of operation (n)
Total gastrectomy
Distal gastrectomy
Proximal gastrectomy
Operative time (min)
Total, mean ± SD
median (range)
Lap, mean ± SD
median (range)
Blood loss (mL)
mean ± SD
median (range)
Lymph nodes harvested
mean ± SD
median (range)
Unexpected injury

A (n = 19)

B (n = 20)

C (n = 19)

D (n = 20)

E (n = 20)

F (n = 20)

P value

8
10
1

7
11
2

8
9
2

7
12
1

8
10
2

8
9
3

166.26 ± 12.15
169 (137-185)
43.21 ± 11.20
43 (25-65)

159.70 ± 12.36
158 (139-184)
35.00 ± 7.31
33 (24-50)

161.68 ± 12.01
164 (136-183)
34.11 ± 8.07
33 (23-54)

158.30 ± 11.97
157.5 (136-184)
35.20 ± 7.63
36 (22-47)

162.95 ± 11.27
164.5 (140-182)
33.65 ± 6.68
34 (21-48)

158.80 ± 11.85
157.5 (138-180)
35.55 ± 9.92
35.5 (18-51)

0.30

237.89 ± 71.77
267 (120-340)

231.90 ± 68.42
248 (125-343)

242.42 ± 71.96
265 (112-335)

245.55 ± 70.70
260.5 (120-342)

225.75 ± 68.65
223 (117-341)

235.55 ± 64.59
226 (116-335)

0.96

17.74 ± 4.56
17 (10-23)
0

18.25 ± 3.78
18.5 (11-23)
0

19.26 ± 2.26
19 (12-23)
0

18.47 ± 3.58
19 (12-23)
0

18.37 ± 3.55
19 (12-23)
0

19.16 ± 3.39
19 (13-23)
0

0.78

0.99

0.01

HALG: Hand-assisted laparoscopic D2 radical gastrectomy.

Table 3 The comparison of postoperative data for hand-assisted laparoscopic D2 radical gastrectomy
Cohort
Functional recovered bowel (h)
mean ± SD
Median (range)
Length of stay (d)
mean ± SD
median (range)
Complication (total)
Pulmonary infection
Arrhythmia
Anastomotic leak
Gastrointestinal dysfunction
Bile back flow
Abdominal cavity infection
Wound infect
Reoperation
Readmission

A (n = 19)

B (n = 20)

C (n = 19)

D (n = 20)

E (n = 20)

F (n = 20)

P value

65.58 ± 10.53
63 (44-93)

55.65 ± 12.13
52.5 (41-83)

57.42 ± 10.92
56 (37-82)

54.65 ± 11.33
54 (38-75)

55.35 ± 9.81
54 (38-77)

56.25 ± 9.95
55 (41-80)

0.02

9.79 ± 1.78
10 (7-13)
3

8.75 ± 1.77
8.5 (6-13)
3
1

8.53 ± 1.74
8 (6-12)
3
1

8.55 ± 1.28
8 (7-12)
1

8.60 ± 1.67
8.5 (6-13)
2

8.50 ± 1.40
8 (6-12)
2

0.11
0.89

1
1
1

1
1
1

1
1

1

1
1
1
1

1

2

1

1
0.39
0.59

HALG: Hand-assisted laparoscopic D2 radical gastrectomy.

differences among the remaining groups (P > 0.05).
Intraoperative blood loss was 112-343 mL, with no
statistically significant differences among the groups
(P = 0.96). The number of detected lymph nodes
was 10-23, with no statistically significant differences
among the groups (P = 0.78). In all groups, there
were no unexpected operation-induced injuries.

was statistically significantly different (P = 0.02);
however, there were no statistically significant
differences among groups B-F (P > 0.05). Group
A had a hospital stay of 9.79 ± 1.78 d, which was
longer than the other groups, but not statistically
significantly different (P = 0.11). Groups A-F had 3,
3, 3, 1, 2, and 2 respective cases of postoperative
complications that were all cured, with no statistically
significant differences (P = 0.89), of which group A
had 1 case of pan-peritonitis caused by duodenal
stump leakage that was cured by re-surgery and
drainage; the other groups had no gastrointestinal
leak. There were 5 cases that were re-admitted
within 30 d of surgery, including 1 case in group A
that was hospitalized due to poor appetite, 1 case in
group B that was re-admitted due to constipation,
2 and 1 cases in groups C and F, respectively, that
were hospitalized due to intestinal adhesions. The
above patients exhibited symptom relief after 2-5

Results from postoperative indicators

The postoperative indicators included a total of
5 items: intestinal function recovery time, pos
toperative hospital stay, postoperative compli
cations (pulmonary infection, cardiac arrhythmias,
gastrointestinal fistula, gastrointestinal disorders, bile
reflux, abdominal infection, and wound infection),
reoperation rate, and readmission rate after 30 d.
As shown in Table 3, group A had a postoperative
intestinal function recovery time of 65.58 ± 10.53
h, 8-11 h longer than the rest of the groups, which
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side injury, rate of postoperative complications,
reoperation rate, and readmission rate 30 d after
surgery. Therefore, these indicators did not show
learning curve trends.

Functional recovered of bowel (h)
Operative time of hand-asisted (min)
Lymph nodes harvested
Lengh of stay (d)

P = 0.02

DISCUSSION
After searching the relevant literature, we deter
mined that this study is the first retrospective ana
lysis and investigation of the learning curve for
HALG. We compared general patient information (age,
gender, BMI, ASA classification, history of abdominal
surgery, tumor size, TNM stage, and rate of switching
to laparotomy) for each group of patients and
found that there were no significant differences (P
> 0.05) among the groups. We performed an indepth analysis and investigation of the intraoperative
and postoperative indicators of various groups and
established our own HALG learning curve to provide
a reference for surgeons who have mastered the skill
of laparotomic D2 radical gastrectomy to smoothly
utilize HALG.

P = 0.01

P = 0.78
P = 0.11
A

B

C

D

E

F

Cohort

Figure 1 The learning curve for hand-assisted laparoscopic D2 radical
gastrectomy. HALG: Hand-assisted laparoscopic D2 radical gastrectomy.

d of treatment and were discharged; there were no
statistically significant differences among the groups
(P = 0.59). There were no postoperative deaths.

HALG learning curve was closely related to operative
time of hand-assisted laparoscopic surgery stage but
not to quality of surgery

Establishment of the learning curve

As shown in Figure 1, group A had an operative time
in the hand-assisted laparoscopic surgery stage of
43.21 ± 11.20 min, significantly longer than the
other groups (P = 0.01), whereas there were no
statistically significant differences among groups
B-F (P > 0.05); the learning curve had a significant
downward trend from point A to point B, and
showed a flat trend from point B to point F. When
comparing postoperative intestinal function recovery
time, recovery time in group A was 65.58 ± 10.53 h,
significantly longer than the other groups (P = 0.02),
whereas there were no significant differences among
groups B-F (P > 0.05); therefore, the learning
curve had a significant downward trend from point
A to point B, and showed a flat trend from point B
to point F. When comparing the lengths of hospital
stay, group A had a hospital stay of 9.79 ± 1.78 d,
which was longer than the rest of groups; however,
the differences were not statistically significant (P
= 0.11). The learning curve showed a downward
trend from point A to point B, but the trend was not
significant, while the curve was flat from point B to
point F. The most important quality indicator for D2
radical gastrectomy is the number of obtained lymph
nodes. Group A obtained 17.74 ± 4.56 lymph nodes,
with no statistically significant differences (P = 0.78)
when compared with the other groups; therefore,
the curve was flat. No group had a statistically
significant difference in terms of total operative time
(P = 0.30); therefore, the learning curve trend was
not obvious. There were no significant differences
among the groups (P > 0.05) for the other related
quality indicators, such as blood loss, intraoperative

WJG|www.wjgnet.com

When starting to master a surgical procedure,
beginners inevitably go through a process of imita
tion, exploration, mastering, and stereotyping;
this process is considered to be a learning curve.
Usually, the learning curve is measured not only by
operative time, but, more importantly, by recent
[18]
quality of surgeries . In this study, we applied the
following quality indicators: blood loss, number of
lymph nodes obtained, unexpected injuries, rate of
switching to laparotomy, postoperative intestinal
function recovery time, postoperative complications,
length of stay, and readmission rate after 30 d.
Analyzing the HALG learning curve statistics, we
believe that the HALG learning curve was only
closely related to the operative time of the handassisted laparoscopic surgery stage and was not
related to any indicators of surgical quality.
In HALG surgery, we took full advantage of
the port for hand-assistance to complete most
of the lymph node dissections and related tissue
dissociations required by the D2 radical treatment
principles under direct vision. Only portions of the
lymph node and tissue dissociations were completed
in the hand-assisted stage, which greatly reduced
the laparoscopic workload. Analysis of the total
operative time showed that group A took 4-8 min
longer than the other groups, but the difference
was not statistically significant (P = 0.30). We then
analyzed the operative time of the hand-assisted
stage and found that the time for group A was 8-10
min longer than other groups, which was statistically
significant (P = 0.01); however, there were no
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HALG broke through the bottleneck of the LAG learning
curve

significant differences among groups B-F (P > 0.05).
These data suggest that hand-assisted laparoscopic
surgery stage is key to the HALG learning curve,
with the operative time learning curve of this stage
determining the total operative time learning curve
of HALG.
We also analyzed the learning curves of indicators
related to surgical quality. The postoperative
intestinal function recovery time of group A was
8-11 h longer than the rest of the groups, which
was a statistically significant difference (P = 0.02);
there were no statistically significant differences
among groups B-F (P > 0.05). The length of
hospital stay of group A was longer than the other
groups, but this difference was not statistically
significant (P = 0.11). The above data did not
suggest that the HALG learning curve was directly
related to surgery quality indicators, instead being
only directly related to the operative time of the
hand-assisted laparoscopic surgery stage. Handassisted and laparoscopic-assisted techniques are
minimally invasive surgical techniques that have
been developed in recent years. Studies have shown
that minimal invasiveness is closely related to the
stability of the internal environment. A shorter
operative time is associated with less trauma to the
body; lower levels of serum inflammatory cytokines,
such as interleukin-6 (IL-6), IL-10, C-reactive
protein, and tumor necrosis factor-α; and a more
[19,20]
stable internal body environment
. Analysis of
the HALG time learning curve revealed that group
A had a significantly longer hand-assisted surgical
time than the other groups. This group experienced
the largest interference to the internal environment,
thereby leading to longer intestinal function recovery
and hospital stay times than the other groups.
When comparing other elements of quality
indicators, group A did not show statistically signi
ficant differences in terms of blood loss, number of
lymph nodes obtained, intraoperative side injury,
rate of switching to laparotomy, postoperative
complications, reoperation rate, or readmission rate
after 30 d compared with the other groups (P >
0.05). Therefore, the learning curve trends were not
obvious. Our analysis indicated some reasons for
these findings: (1) The surgical team had mastered
the laparotomic D2 radical gastrectomy technique.
Most lymph node dissection and tissue separation
work was completed under direct vision via the port
for hand assistance, and the surgical techniques
were fully consistent with those of laparotomy;
and (2) The HALG hand-assisted laparoscopic
stage accounted for a relatively low proportion of
the total operative time, with only group A having
a significantly longer operative time in the handassisted stage than the other groups (P = 0.01).
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The greatest point of difficulty and bottleneck for the
promotion of LAG in clinical practices is laparoscopic
[14,21]
D2 lymph node dissection
. To overcome this
difficulty and break through this bottleneck, we
have successfully performed HALG and formed a
fixed, safe, and convenient surgical protocol that
features minimal invasiveness of LAG and the
safety and lymphadenectomy thoroughness of lapa
[12,14,16]
rotomy
. In this study, the HALG learning curve
included 20 cases, which is a significantly reduced
number compared to the LAG learning curves
[22,23]
reported by others
. Our analysis indicated
some possible reasons for this difference: (1) D2
lymph node dissection is the key step and point of
difficulty for radical treatment. HALG divides the
lymph node dissection into two stages, with the
first taking full advantage of direct vision via the
port for hand assistance to complete most of the
lymph node dissections and the subsequent handassisted stage only completing the remaining lymph
node dissections, thereby greatly reducing the
laparoscopic operation time; (2) Completion of LAG
requires the close coordination of three people: the
surgeon, the assistant, and the camera assistant.
The coordination of these three people is achieved
through rigorous training and the accumulation of
experience over a long period of time. HALG only
requires cooperation between the surgeon and the
camera assistant, greatly reducing the difficulty of
cooperation and shortening training time; and (3)
In HALG, the surgeon’s left hand works closely with
the ultrasonic scalpel, the thumb and forefinger of
the assisting hand stretch out in reverse directions
to separate the tissue from the parts that are being
exposed, and the remaining three fingers cooperate
with these two fingers to form a triangle of support.
HALG can fully reveal the operative field, which has
an important advantage in the dissection of tissues
around the splenic hilum, the lesser curvature of the
stomach, and the cardia; thus, the complexity of
the surgical procedure is significantly reduced when
compared with LAG.

Factors affected the HALG learning curve

Analysis of the HALG learning curve revealed that
it was influenced by simple impact factors: (1) A
reasonable surgical route is one of the important
factors affecting the HALG learning curve and is also
important in ensuring smooth surgical performance.
In the beginner stage, the surgical route is not
finalized, and skill stability is still lacking, which are
factors that seriously affect the surgical process.
When we first launched HALG, the hand-assist port
was close to the upper edge of the umbilicus. The
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biggest drawback of this type of port was that it
was difficult to complete lymph node dissection
for the upper edge of the lesser curvature of the
stomach under direct vision. Inappropriate selection
of the trocar location for the ultrasonic scalpel could
also greatly affect the operation of the assisting
hand in the limited space in the upper abdomen.
Inappropriate selection of the observation hole could
also seriously affect the surgeon’s viewing angle
and could sometimes lead to visual dislocation; and
(2) In the surgical procedure, the surgeons need to
utilize hand dexterity as much as possible to fully
expose the operative field, protect important blood
vessels and tissue, and stop bleeding using the
thumb and forefinger in a timely manner so that the
cutting, slicing, separating, and sectioning functions
of the ultrasonic scalpel can be utilized to the
extreme, thus greatly reducing the operative time.

surgical procedure is difficult, with long learning curves. In order to determine
a starting point between the two procedures that not only maintains the
advantages of the two procedures but also avoids their shortcomings, a few
HALG cases have been reported in recent years; however, there have been no
systematic reports on HALG.

HALG is a surgical procedure that can be easily
mastered
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Abstract
AIM: To assess the vitamin A status of patients with
Crohn’s disease (CD) by evaluating serum retinol levels
and the relative dose response (RDR) test (liver retinol
stores).
METHODS: Vitamin A nutritional status was measured
by serum retinol obtained by high performance liquid
chromatography and the RDR test for evaluation of
the hepatic stores. Body composition was performed
by densitometry by dual-energy X-ray absorptiometry.
Vitamin A dietary intake was assessed from a semiquantitative food frequency questionnaire.
RESULTS: This study included 38 CD patients and
33 controls. Low serum retinol concentrations were
detected in 29% of CD patients vs 15% in controls
(P < 0.005). The RDR test was positive in 37% of CD
patients vs 12% in controls, which indicated inadequate
hepatic vitamin A stores (P < 0.005). Individuals
with hypovitaminosis A had lower BMI and body fat
compared with those without this deficiency. There
was no association between vitamin A deficiency and
its dietary intake, ileal location, presence of disease
activity and prior bowel resections.
CONCLUSION: Patients with CD have higher prevalence
of vitamin A deficiency, as assessed by two independent
methods.
Key words: Crohn’s disease; Vitamin A; Serum retinol;
Relative dose response test; Body composition
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stress, and participates in several primary functions
[13-15]
of the human body
. In spite of the potential
protective role of vitamin A in inflammatory states,
very few studies have investigated whether a
deficiency in this micronutrient is present in CD pa
[5,8,11]
tients
. In all previous studies, the serum retinol
level (SRL) was used as the only measurement to
assess the nutritional status of vitamin A. However,
the SRL might be a poor reflection of the vitamin
A status: previous studies observed a normal SRL
[16]
despite low concentrations of retinol in liver biopsies .
In this study, for the first time, we aimed to assess
the vitamin A status in CD patients, taking into
consideration not only the SRL, but also the relative
dose response (RDR) test, an accurate, indirect
[17]
indicator of the hepatic retinol stores .

Core tip: In this study, a higher prevalence of vitamin
A deficiency was detected in Crohn’s disease (CD)
patients compared with healthy controls by measuring
serum retinol levels and the relative dose-response test.
According to the relative dose-response test, almost
40% of the CD patients had inadequate hepatic vitamin
A stores, which was three times the value found in
healthy controls. CD Patients with hypovitaminosis
A had lower BMI and body fat compared with those
without this deficiency. There was no association
between vitamin A deficiency and its dietary intake,
ileal location, presence of disease activity and prior
bowel resections.
Soares-Mota M, Silva TA, Gomes LM, Pinto MAS, Mendonça
LMC, Farias MLF, Nunes T, Ramalho A, Zaltman C. High
prevalence of vitamin A deficiency in Crohn's disease patients
according to serum retinol levels and the relative dose-response
test. World J Gastroenterol 2015; 21(5): 1614-1620 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v21/i5/1614.
htm DOI: http://dx.doi.org/10.3748/wjg.v21.i5.1614

MATERIALS AND METHODS
Study design and patient inclusion

This cross-sectional study included 38 individuals with
CD and 33 healthy controls. Patients were recruited
at the inflammatory bowel disease (IBD) outpatient
clinic of the Federal University of Rio de Janeiro
(UFRJ) Hospital (HUCFF), Brazil. Healthy controls
were enrolled among university staff and medical
students with no history of intestinal disorders and
chronic or acute diseases. The Ethics Committee of
the Institute of Public Health Studies/UFRJ approved
this study. All patients and control subjects gave their
written informed consent before enrolment. Data
was analyzed anonymously to preserve the patient’s
confidentiality.

INTRODUCTION
Crohn's disease (CD) is characterized by chronic
and recurring intestinal inflammation, with periods
[1]
of remission and activity . Owing to long-term gut
inflammation, CD patients can develop continuous
[2,3]
increase in oxidative stress in the affected tissue .
As a result, the reactive oxygen species (ROS) ori
ginating from this process can be an important
[4]
factor in the pathogenesis of the disease . In ideal
conditions, a complex of antioxidant substances,
including vitamin A, inhibits the oxidative stress,
[5]
limiting tissue damage . In CD, however, an imba
lance between the formation and the destruction of
[6]
free radicals seems to be present . This imbalance
can be further aggravated by a low intake of mi
cronutrients, which could reduce the antioxidant
micronutrient concentration and increase the levels of
[6]
lipid peroxidation .
In the past, important nutritional disorders,
including protein-energy malnutrition, were a do
[7]
minant feature of CD . Although the calorie and
macronutrient consumption is currently considered
adequate in most CD patients in remission, previous
studies demonstrated that the same does not occur
for the intake of micronutrients, which tends to be
[8-10]
reduced
. This deficiency in micronutrients with
antioxidant function, even when subclinical, can
facilitate lipid peroxidation, leading to an increase in
[11,12]
oxidative stress, regardless of disease activity
.
Vitamin A is one of these important micronutrients
with antioxidant capabilities. This vitamin has a
protective role against free radicals and oxidative
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Patient selection and data collection

All included patients fulfilled the following inclusion
criteria: active follow up at the outpatient clinic and
established diagnosis of CD by clinical, radiological,
[18]
endoscopic and histological parameters .
The following exclusion criteria were considered for
both patients and controls: use of supplementation
of vitamin A, drugs that might interfere with the
absorption of fat-soluble vitamins, a BMI > 40 kg/
2
m , autoimmune diseases, liver diseases, previous
bowel resection with residual small intestine < 180
[19]
cm , restricted diet and recent hospitalization (less
than 6 mo). In addition, pregnancy, nursing, active
smokers, chronic consumption of alcoholic beverages
and any intestinal disorder (in the controls) were
also considered exclusion criteria. Only severe and
symptomatic impairment of pancreatic and biliary
function can cause fat-soluble vitamin deficiencies
and no patient included had symptoms or a metabolic
blood panel suggestive of these conditions.

Vitamin A status in CD patients and controls

Fasting serum retinol measurement: In patients
and controls, quantification of SRL was determined
by high performance liquid chromatography (HPLC),
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(Merck Hitachi LaChrom Elite Model equipped with
Diode Array Detector-DAD) after a 12-h fast. The
resulting SRLs were compared with the normal cutoff points proposed by the World Health Organization
(WHO) and were presented in interval classes of
[20]
0.35 μmol/L . Thus, vitamin A deficiency according
to SRL was classified as severe (< 0.35 μmol/L),
moderate (≥ 0.35 μmol/L, < 0.70 μmol/L) and mild
[20]
(≥ 0.70 μmol/L, < 1.05 μmol/L) .

C-reactive protein (CRP) and hemoglobin values were
evaluated. CRP was measured by nephelometry,
and values greater than 3.0 mg/L were used as the
reference value for high CRP. The normal values of
hemoglobin obtained by the colorimetric method
were in the range of 14-18 g/dL for men and 12-16
g/dL for women.

Statistical analysis

Qualitative variables were described according
to their absolute and relative frequencies. The
quantitative variables of symmetric and asymmetric
distribution were described by the mean and
standard deviation, and the median was used to
present the data concerning the intake of vitamin
A. The t-student test and the Mann-Whitney U test
were used for comparison of parametric and nonparametric variables, respectively. To analyze the
2
association between the categorical variables, the χ
test and Fisher's exact test were used. To analyze the
correlation between the variables, the Pearson test
was used. The significance level adopted was 5%
and data analysis was performed with the statistical
program SPSS (Statistical Package for Social
Sciences) for Windows version 16.0.

Vitamin A liver stores-the RDR test: The RDR
test is a noninvasive, functional test that allows an
indirect, accurate estimation of the total hepatic
[21]
stores of vitamin A . In all subjects, the RDR test
was performed according to the following instructions.
After a baseline blood collection (T0), 2500 IU of
retinyl palmitate (UNICEF, Batch, SchemPTY. Co,
Melbourne, Australia) was diluted in 1mL of oil
solution and orally administered. All subjects then
received a standard breakfast, with estimated total
content of 16.2 g of lipids and 111.5 µg retinol activity
equivalents (RAE) of vitamin A. After a 5-h interval
with no food intake, a second blood collection was
carried out. The therapeutic response was evaluated
by assessing circulating values of serum retinol 5 h
after vitamin A administration. RDR was calculated by
[22]
the formula described by Loerch et al , and an RDR
≥ 20% was used as the cut-off point, above which is
considered a positive RDR and an indirect indication
[23]
of inadequate hepatic stores .

RESULTS
Clinical and demographic characteristics

Of the 38 included CD patients, 53% (n = 20) were
female, and the mean age was 39.2 ± 10.3 years.
The mean disease duration was 3.76 ± 5.21 years.
An overall summary of patients’ characteristics is
presented in Table 1. In the control group, 33 healthy
subjects were included, 58% were female and the
mean age was 34.7 ± 13.05 years. There were no
differences between the CD group and controls with
respect to age and gender.

Assessment of variables associated with low SRL in CD
patients

Clinical variables: Clinical and demographic data
on CD characteristics (i.e., disease history, disease
activity and previous surgeries) were collected from
medical records. The Montreal classification was
used to classify patients regarding disease behavior
[24]
and location . At enrollment, disease activity was
[25]
assessed by the Harvey-Bradshaw index (HB) .

Prevalence of vitamin A deficiency according to SRL
and the RDR test

Dietary intake of vitamin A, nutritional status and
other laboratory parameters: The dietary intake of
vitamin A was calculated using a semi-quantitative
food frequency method. The cut-off point for
adequate dietary intake was 900 µg/d for men
[26]
and 700 µg/d for women . CD patients were also
evaluated by anthropometric measurements, which
included weight, height and body mass index (BMI),
classified according to the cut-off points proposed by
[27]
the WHO . Densitometry by dual X-ray emission
(DEXA) was conducted to allow body composition
assessment based on the following parameters:
body fat percentage, lean body mass, bone mineral
content and fat mass. Average values of 9%-16%
for men and 15%-22% for women were used to
[28]
categorize body fat percentages . In addition,
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SRL with different cut-off categories and the results
for the RDR test are shown in Table 2. Considering
an SRL below 1.05 µmol/L, which is traditionally
considered vitamin A deficiency, 29% in the CD group
and 15% in the control group had hypovitaminosis
A (P < 0.005). Notably, 24% of CD subjects had
moderate to severe depletion compared with 6 % of
the controls (P < 0.005). With respect to the hepatic
retinol stores, 37% of the subjects in the CD group
and 12% in the control group had decreased retinol
stores in the liver, as suggested by a positive RDR
test (P < 0.005).
The relationship between serum retinol and RDR
test results in the patients can be seen in Table 3.
Among subjects with normal SRL, five CD patients
and no controls had a positive RDR test. Among
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Table 1 Clinical characteristics of the Crohn's disease population
n (%)

Parameters
Disease activity (n = 38)
In remission
Moderate activity
Severe activity
Disease Location (n = 35)
Ileum (L1)
Colon (L2)
Ileocolonic (L3)
Upper digestive tract (L4)
Phenotype (n = 31)
Non-stricturing and non-penetrating (B1)
Stricturing (B2)
Penetrating (B3)
Surgery (n = 38)
None
Small bowel resection
Colonic resection
Other procedures
Medical treatment (n = 38)
5-ASA
Immunosuppressants
Corticosteroids
Anti-TNF therapy
Antibiotics
Body composition parameters (n = 34)
LBM (kg)
BMC (kg)
Body fat (kg)
Body fat (%)

Table 2 Serum retinol levels and relative dose response test
results with mean and standard deviation

mean ± SD
Serum retinol categories

Normal levels
(≥ 1.05 µmol/L)
Deficiency
(< 1.05 µmol/L)
Mild deficiency
(1.05-0.70 µmol/L)
Moderate deficiency
(0.70-0.35 µmol/L)
Severe deficiency
(< 0.35 µmol/L)
RDR test
Positive (≥ 20%)
Negative (< 20%)

12 (34.3)
8 (22.9)
15 (42.9)
0 (0)
6 (19.4)
9 (29.0)
16 (51.6)
18 (47.4)
5 (13.1)
3 (7.9)
12 (31.6)

Controls
Serum
retinol
values

n (%)

27 (71)

2.69 ± 1.47

28 (85)

2.63 ± 1.29

11 (29)

0.49 ± 0.26

5 (15)

0.74 ± 0.32

2 (5)

1.00 ± 0.00

3 (9)

0.96 ± 0.05

5 (13)

0.46 ± 0.05

1 (3)

0.50 ± 0.00

4 (11)

0.28 ± 0.02

1 (3)

0.3 ± 0.00

14 (37)
24 (63)

0.97 ± 0.87
2.68 ± 1.59

4 (12)
29 (88)

0.67 ± 0.33
2.58 ± 1.30

WHO, 1996[29]. CD: Crohn's disease; RDR: Relative dose response.

Table 3 Relationship between normal and low serum retinol
levels and negative and positive relative dose response test
results in Crohn's disease patients and controls
42.01 ± 11.63
2.39 ± 9.73
20.34 ± 0.51
31.59 ± 10.89

Serum retinol levels

RDR test
Negative

Normal
Low
Total

Positive

CD

CT

CD

CT

22
2
24

28
1
29

5
9
14

0
4
4

CT: Controls; CD: Crohn's disease; RDR: Relative dose response.

b
2.85 ± 1.55

Assessment of factors associated with low SRL in CD
patients

4.00

mmol/L-1

CD Patients
Serum
retinol
values

1

25 (65.8)
28 (73.7)
3 (7.9)
3 (7.9)
1 (2.6)

LBM: Lean body mass; BMC: Bone mineral content.

5.00

1

n (%)

34 (89.4)
4 (10.52)
0 (0)

Dietary intake of vitamin A: In the food frequency
questionnaire, 11 CD patients (29%) had inadequate
intake of vitamin A. There was no clear association
between poor consumption of vitamin A and low
SRL, because only four patients had low results and
inadequate scores in the food questionnaire. Overall,
there was no statistically significant difference in the
median vitamin A intake between patients with and
without low SRL (Table 4). Notably, no difference
was observed in the median vitamin A intake
according to gender (women, n = 20, 1148.5 µg/d
vs men, n = 17, 1112.4 µg/d) in the studied CD
population.

1.94 ± 0.75

3.00
2.00

0.44 ± 0.23

1.00
0.00
ARC/RDR- n = 22

ARC/RDR+ n = 5

VAD/RDR+ n = 9

Figure 1 Fasting serum retinol concentration according to relative dose
response test results. Values are mean ± standard deviation. ARC (adequate
retinol concentration in serum), VAD (vitamin A deficiency in serum), RDR+
(positive relative dose response), RDR- (negative relative dose response test).
b
P < 0.001 (ARC/RDR- vs VAD/RDR+, one-way ANOVA test).

Nutritional status: According to BMI, overall, 49%
(19/38) of the CD patients were eutrophic patients,
24% (9/38) were overweight, 16% (6/38) were
obese and only 11% (4/38) were below the ideal
level. The mean value of fat percentage was 31.59%
(± 10.89%), being 31.6% (± 8.22%) among women
and 22.7% (± 8.94%) among men. The body
composition of patients evaluated by DEXA is shown
in Table 1. The parameters of body composition
according to the presence of low SRL can be seen

individuals with low SRL, two CD patients and one
control had a negative RDR test. In the CD group,
the mean SRL according to vitamin A deficiency
status (serum retinol) and RDR test results is shown
in Figure 1. SRL gradually reduced from patients
with adequate serum retinol with a positive RDR
test to patients with serum hypovitaminosis A and
a positive RDR test, compared with patients with
normal results in both tests.

WJG|www.wjgnet.com

1617

February 7, 2015|Volume 21|Issue 5|

Soares-Mota M et al . Vitamin A deficiency and Crohn’s disease
[35]

deficiency in CD patients ranged from 0%
to
[36]
[37]
21%
in adults, and 16% in children . The dosage
of fasting SRL underestimates the actual vitamin A
[17,38-40]
deficiency
; therefore, these studies need to be
interpreted carefully. In this regard, SRL can be kept
quite constant by release of hepatic retinol until the
global body stores are quite depleted, making the
plasma retinol concentration a poor reflection of the
[41]
global body vitamin A status .
Low body stores of vitamin A are detected reliably
only when plasma retinol concentrations are lower
[42]
than 100 µg/L . To resolve these inaccuracies, the
RDR test has been proposed as a way to calculate
the total body store of retinol, based on the principle
that the plasma retinol concentration is little affected
by oral administration of vitamin A when the hepatic
stores of retinol are high. When the liver reserves
are low, however, the plasma retinol concentration
[42]
increases markedly, reaching a peak in 5 h . A
positive RDR test in individuals with normal SRL
indicates that their hepatic stores of retinol are
affected, while still maintaining an adequate serum
[42]
retinol concentration . In our series, five CD
patients had normal SRL with a positive RDR test,
which indicated normal retinol levels in their sera,
despite low retinol stores in the liver. This active
balance between serum levels and the hepatic stores
of retinol was also demonstrated by the finding that
the mean SRL was lower in patients with a positive
RDR test compared with subjects with a negative
test. It is important, therefore, to evaluate the SRL
along with the RDR test to achieve an accurate
global diagnosis of hypovitaminosis A.
Importantly, hypovitaminosis A occurred in pa
rallel with an adequate dietary consumption of this
micronutrient, suggesting that the vitamin intake
might not be the determining factor for the observed
deficiency. In fact, in CD patients, the finding that
the dietary intake of vitamin A does not reflect SRL is
[35]
not novel. Imes et al
previously found normal SRL
in a CD population in which one third of all subjects
had low dietary vitamin A intake. In this regard, the
severity of disease activity is a better predictor of low
[37]
SRL than the nutritional status . It is also important
to note that there were no significant differences in
serum retinol concentration in the presence of ileal
involvement, even though the ileum is the main
[42]
site of absorption of vitamin A . This finding may
be related to the patchy nature of CD, in which the
inflammatory process affects non-continuous areas of
the gut within areas of non-inflamed mucosa that are
fully capable of absorbing micronutrients. In addition,
the chronic inflammatory state associated with CD
might represent an important cause of vitamin A
deficiency, regardless of disease location, because of
the elevated oxidative stress that is characteristic of
[2,3]
this condition . In this regard, one previous study
showed that patients with active CD had significantly
lower SRL and that these levels became significantly

Table 4 Body composition parameters, vitamin A intake,
disease duration and clinical characteristics of interest in
Crohn's disease patients, according to serum retinol level
< 1.05 µmol/L ≥ 1.05 µmol/L P value
(n = 11)
(n = 27)

Parameters
BMI (kg/m2)
Weight (kg)
Body fat (%)
LM (kg)
BMC (kg)
Body fat (kg)
Vitamin A intake (mg/d)
Disease duration (yr)
Bowel resection
Ileal resection
Ileal involvement
Active disease (HB index)
High CRP levels
Low HB levels

21.69 ± 2.74
58.75 ± 9.46
26.13 ± 10.32
38.66 ± 8.35
2.21 ± 0.55
13.22 ± 5.43
1125.7
6.73 ± 7.89
7 (63)
2 (18)
10 (90)
3 (27)
2 (18)
1 (9)

25.65 ± 5.48
68.96 + 15.59
33.27 ± 11.68
43.04 ± 10.03
2.44 ± 0.50
22.53 ± 11.28
1163.9
2.41 ± 2.94
13 (48)
3 (11)
20 (74)
1 (4)
9 (33)
5 (18)

0.029
0.051
0.131
0.272
0.273
0.032
0.561
0.164
0.386
0.956
0.430
0.330
0.430
0.345

Data are represented as mean ± SD, median or n (%). BMI: Body mass
index; LM: Lean body mass; BMC: Bone mineral content.

in Table 4. Patients with decreased SRL showed
significantly lower BMI and body fat (kg) than those
without it (P = 0.029; P = 0.032, respectively).
Clinical characteristics: With respect to clinical
characteristics, no association with low SRL was
detected when ileal location, bowel resection, ileal
resection and disease duration were evaluated (Table
4). In addition, no association between low SRL and
anemia or high CRP levels was detected (Table 4).

DISCUSSION
With the current standard multidisciplinary care of
IBD and the development of medical therapies that
might change the natural history of the disease,
the prevalence of malnutrition has markedly de
[29]
creased . Currently, many IBD patients face a very
different nutritional scenario, where obesity and
obesity-related diseases affect their quality of life and
[30]
life expectancy . Even though clinical malnutrition is
becoming rarer among IBD outpatients, an important
deficiency of micronutrients, including vitamin
[31-34]
A, is still frequently found in this population
.
Unfortunately, all studies evaluating the relationship
between IBD and vitamin A deficiency used the
dosage of fasting SRL as the single parameter to
[5,8,11]
determine vitamin A depletion
. To the best of
our knowledge, this is the first study to combine SRL
with the more accurate RDR test to assess the status
of vitamin A in CD patients.
In the present study, the prevalence of low SRL
was 29% (15% in controls) and a positive RDR test
was found in 37% (12% in controls), suggesting that
vitamin A deficiency is still present in CD patients
and might be higher compared with results solely
based on retinol measurements in sera. In previous
studies using SRL, the prevalence of vitamin A
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[5]

higher after resection of the inflamed area .
Given the predominant inclusion of inactive su
bjects and the limited number of patients when
individuals were categorized into groups of normal
or low SRL, it is important to stress that the lack
of association between clinical characteristics and
low SRL might reflect a lack of statistical power
and these results should be interpreted carefully.
In addition, owing to the small cohort of patients
enrolled, further analysis of potential risk factors for
vitamin A deficiency related to CD characteristics and
treatment was not possible. Future studies should
address whether there is a subgroup of CD patients
at higher risk of developing vitamin A deficiency. In
this specific, high risk population, screening for such
deficiency with SRL measurements and the RDR test
would be reasonable in clinical practice.
In conclusion, the nutritional profile of individuals
with CD has undergone many changes because
of major advances in the clinical management of
the disease. Those changes have shifted the focus
towards overweight and obesity, which is different
from the characteristic protein energy malnutrition
established in the past. Deficiencies in micronutrients
such as vitamin A, however, are still prevalent in this
specific population. Importantly, such deficiencies
in antioxidant micronutrients can aggravate the
imbalance between the formation and destruction of
free radicals in the intestinal mucosa of these patients.
The present results suggest that there is a deficit
of vitamin A in CD patients, and that the exclusive
use of SRL as a diagnostic tool might underreport its
actual prevalence compared with the more accurate
RDR test. In this series, low SRL were not related
to vitamin A quantitative intake. More studies are
necessary to explain the mechanisms behind the
development of vitamin A deficiency in patients with
IBD.

The RDR test is a noninvasive functional test permitting an indirect, accurate
estimation of the total hepatic stores of vitamin A, using measurements of
serum retinol before and after oral administration of retinyl palmitate.
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METHODS: A total of 614 malignant liver lesions
(132 hepatocellular carcinomas, 468 metastases and
14 intrahepatic cholangiocarcinomas) and 291 benign
liver lesions (102 hemangiomas, 158 cysts, 24 focal
nodular hyperplasia, 1 angiomyolipoma and 6 hepatic
adenomas) were included from seven studies (eight
sets of data).

Abstract

Core tip: We investigated the diagnostic capability of
breath-hold diffusion-weighted imaging (DWI) and
found that it is useful for differentiating between
malignant and benign hepatic focal lesions. The dif
fusion characteristics of the benign liver lesions that

RESULTS: The pooled sensitivity and specificity of
breath-hold DWI were 0.93 [95% confidence interval
(CI): 0.91-0.95] and 0.87 (95%CI: 0.83-0.91),
respectively. The positive likelihood ratio and negative
likelihood ratio were 7.28 (95%CI: 4.51-11.76) and 0.09
2
(95%CI: 0.05-0.17), respectively. The P value for χ
heterogeneity for all pooled estimates was < 0.05. From
the fitted summary receiver operating characteristic
curve, the area under the curve and Q * index were 0.96
and 0.91, respectively. Publication bias was not present
(t = 0.49, P = 0.64). The meta-regression analysis
indicated that evaluated covariates including magnetic
resonance imaging modality, echo time, mean age,
maximum b factor, and number of b factors were not
sources of heterogeneity (all P > 0.05).
CONCLUSION: Breath-hold DWI is useful for differ
entiating between malignant and benign hepatic
lesions. The diffusion characteristics of benign
lesions that mimic malignant ones have rarely been
investigated.
Key words: Breath-hold imaging; Diffusion-weighted
imaging; Hepatic tumor; Meta-analysis
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

AIM: To investigate the diagnostic capability of breathhold diffusion-weighted imaging (DWI) for differentiation
between malignant and benign hepatic lesions.
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mimic malignant lesions have rarely been investigated
and further studies are needed. Standardization of
the acquisition protocol for breath-hold DWI across
multicenter trials is recommended.

(www.ncbi.nlm.nih.gov/pubmed/) including articles
listed through April 2014. The following search terms
were used: “liver and apparent diffusion coefficient
(ADC)”, “liver and ADC”, “hepatic and ADC”, “hepatic
and apparent diffusion coefficient”, “hepatic and
DWI”, “liver and diffusion weighted imaging”, “liver
and DWI”, “hepatic and diffusion weighted imaging”,
and “hepatic and DWI”. The search was limited to
English-language studies only. The reference lists
of all included studies were examined for relevant
publications.

Chen ZG, Xu L, Zhang SW, Huang Y, Pan RH. Lesion discrimination
with breath-hold hepatic diffusion-weighted imaging: A metaanalysis. World J Gastroenterol 2015; 21(5): 1621-1627 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v21/i5/1621.
htm DOI: http://dx.doi.org/10.3748/wjg.v21.i5.1621

Eligibility criteria for study selection

Studies were included in this analysis if: (1) breathhold DWI was performed using either a 1.5T or 3.0T
magnetic resonance (MR) scanner; (2) the diagnostic
criteria of the malignant and benign hepatic focal
lesions were clearly stated; (3) method of DWI
analysis was reported; and (4) data were available to
fill out cross-tabs in order to assess true-positive (TP),
true-negative (TN), false-positive (FP) and falsenegative (FN) cases.

INTRODUCTION
Cancer is a leading cause of death worldwide,
accounting for 8.2 million deaths in 2012 (Globocan
2012, International Agency for Research on Cancer).
It is expected that annual cancer cases will rise
from 14 million in 2012 to 22 million within the next
two decades. Liver cancer killed 700000 people in
2008. Cancer mortality can be reduced if cases are
detected and treated early through diagnosis and
screening programs (http://www.who.int/cancer/
events). Accurate diagnosis of focal hepatic lesions
is essential for adequate treatment planning; in
particular, to select patients who are candidates
for hepatic resection, local ablation, or systemic
[1-4]
chemotherapy .
Diffusion-weighted imaging (DWI) provides tissue
contrast based on the diffusion properties of water
molecules in tissue, without using any contrast
agents. The inherent sensitivity of DWI sequences
to motion remains a source of problems for liver
[5-7]
imaging
. Respiratory motion degrades images
through both temporal blurring and generation of
discrete artifacts. Several techniques can be used to
reduce the artifacts of respiratory motion: respiratory
gating, respiratory ordered phase encoding, navigator
gating, and signal averaging. None of these methods
entirely eliminate the motion-associated degradation
of image quality. Breath-hold imaging has proved to
[8-10]
be far more satisfactory
.
A review of the literature reveals that DWI is
able to differentiate lesions with high water content
(cysts and hemangiomas) from solid lesions.
Differences in apparent diffusion coefficients have
been reported between benign and malignant focal
[7,11-14]
liver lesions
. Preliminary data are promising.
The breath-hold technique is useful and considerably
enhances magnetic resonance imaging (MRI). The
present systematic review and meta-analysis aimed
to investigate the diagnostic capability of breath-hold
DWI for differentiating malignant and benign hepatic
focal lesions.

Data collection

The characteristics of each study including study
name, year of publication, MR modalities used,
strength of field, pulse, repetition time (TR), echo
time (TE), number of b factors, mean age, maximum
b factor, mean size of malignant lesions, number
of benign lesions [total, hemangiomas, cysts,
focal nodular hyperplasia (FNH), angiomyolipoma
and hepatic adenomas] and malignant lesions
(total, hepatocellular carcinomas, metastases, and
intrahepatic cholangiocarcinomas), TP, TN, FP, and
FN, are shown in Tables 1 and 2.

Statistical analysis

Statistical analyses were performed using Meta-DiSc
version 1.4 or Stata 12.0 (StataCorp, College Station,
TX, United States). Potential threshold effects
were investigated using Spearman’s correlation co
efficient. We assessed heterogeneity through visual
2
inspection of the forest plots and with the I statistic
quantifying inconsistency across studies. For each
study, the sensitivity, specificity, positive likelihood
ratio (PLR) and negative likelihood ratio (NLR)
was calculated (DerSimonian-Laird random effects
model). A symmetric summary receiver operating
characteristics (SROC) curve was fitted. Publication
bias was evaluated by Deeks’ asymmetry test. To
explore the sources of heterogeneity in the studies,
we performed meta-regression analyses using the
Moses-Shapiro-Littenberg method. P < 0.05 was
considered to be statistically significant.

MATERIALS AND METHODS

RESULTS

Search strategy

Study selection and data extraction

A computerized search was performed using PubMed
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Table 1 Liver breath-hold diffusion-weighted imaging studies and result
No.

Ref.

MRI unit Field
(T)

Pulse

TR
(ms)

TE
(ms)

b factors b factor
(n )
(Max)

PAT

Acceleration Mean age FS
factor
(yr)

1
2
3
4

Erturk et al[15]
Ichikawa T et al[16]
Koh et al[18]
Löwenthal et al[19]

Philips
Siemens
Phillips
Phillips

1.5
1.5
1.5
1.5

SS-SE-EPI
SS-SE-EPI
SSEPI
SSEPI

NA 120-125
NA
54
1850
56
1850
68

2
3
3
2

1000
55
500
500

SENSE
NA
SENSE
SENSE

2
NA
2
2

60.4
58.0
57.0
61.6

Yes
Yes
NA
NA

5
6
7
8

Taouli et al[20]

Phillips
Phillips
Phillips
GE

1.5
1.5
1.5
1.5

SSEPI
SSEPI
SSEPI
SS-SE-EPI

2400
3106
1338
NA

2
4
3
7

500
400
800
846

NA
NA
SENSE
NA

NA
NA
2
NA

52.0
52.0
56.0
60.0

NA
NA
Yes
Yes

Yang et al[1]
Kim et al[17]

104
104
66
70

Cutoff
(ADC)
1.63
5.5
NA
Mal < 2.5
benign > 3
1.5
1.5
NA
1.6

Lesion size
(mal)
2.3
NA
1.96
3
5
5
1.76
NA

ADC: Apparent diffusion coefficient; Mal: malignant; NA: Not available; PAT: Parallel acquisition technique; SENSE: Sensitivity encoding; SSEPI: Singleshot echo-planar imaging sequence; SS-SE-EPI: Single-shot spin-echo echo-planar imaging; T: Tesla.

Table 2 Liver breath-hold diffusion-weighted imaging studies and result, n
No.
1
2
3
4
5
6
7
8

Ref.

Malignant

Benign

Total

HCC

Met

Chol

Total

Hem

Cysts

FNH

Ang

Hep

42
63
83
278
24
24
51
49

21
48
0
0
9
9
12
33

21
15
83
278
15
15
26
15

0
0
0
0
0
0
13
1

44
11
50
54
28
28
46
30

16
11
1
24
7
7
19
17

28
0
49
30
6
6
27
12

0
0
0
0
12
12
0
0

0
0
0
0
0
0
0
1

0
0
0
0
3
3
0
0

Erturk et al[15]
Ichikawa et al[16]
Koh et al[18]
Löwenthal et al[19]
Taouli et al[20]
Yang et al[1]
Kim et al[17]

TP

FP

FN

TN

40
59
65
271
21
23
49
48

4
0
2.5
15
3
1
5
6

2
4
18
7
4
6
2
1

40
11
47.5
39
24
22
41
24

Ang: Angiomyolipoma; Chol: Cholangiocarcinoma; FN: False negative; FNH: Focal nodular hyperplasia; FP: False positive; HCC: Hepatocellular
carcinoma; Hem: Hemangioma; Hep: Hepatic adenoma; Met: Metastases; TN: True negative; TP: True positive.

liver lesions (102 hemangiomas, 158 cysts, 24 FNH,
one angiomyolipoma and six hepatic adenomas)
[1,15-20]
were included (No.1-8; Table 1)
. The mean
age of patients was 57.1 years.
All studies used a 1.5T MR scanner with singleshot echo-planar imaging sequence (No.1-8). Seven
studies (No.1, 3-8) used a sequence with maximum
b factor in the range of 400-1000 ms, while one
study used a sequence with maximum b factor of
55 (No.2). Typical acquisition parameters include TE
(No.1-8) of ≥ 54 ms (range: 56-125 ms) and TR of
≥ 1338 ms (range: 1338-3106 ms) (No.3-7). Three
studies did not provide information on TR (No.1,
2, 8). Four studies did not provide information on
the fat-suppressed technique (No.3-6). The parallel
acquisition technique was used in four studies (No.1,
3, 4, 7) and the typical acceleration factor was 2. The
results of all analyses are reported in Tables 1 and 2.

827 articles identified by database search

28 articles relevant from title and abstract

Applying inclusion
criteria

Reviews/letter/n = 5
Free breathing/respiratory
Triggering/respiratory gated n = 9
Not published in English n = 2
insufficient data n = 5

Data extracted from 7 articles (8 sets of data)

Figure 1 Flow chart for articles identified and included in this meta-analysis.

articles that were published through April 2014. The
initial screening by one reviewer reduced the total to
28. Finally, we selected eight sets of data in seven
articles that met all the inclusion criteria for metaanalysis (Figure 1).

Synthesis of general diagnostic parameters

Figure 2 shows the forest plots of sensitivity (Figure
2A), specificity (Figure 2B), PLR (Figure 2C), and
NLR (Figure 2D) of breath-hold DWI for differential
diagnosis between focal malignant and benign
hepatic lesions. The threshold effect was not present
(P = 0.058).
The pooled sensitivity and specificity of breathhold DWI were 0.93 [95% confidence interval

Description of studies

This meta-analysis was performed on a per-lesion
basis. A total of 614 malignant liver lesions (132
hepatocellular carcinomas, 468 metastases and 14
intrahepatic cholangiocarcinomas) and 291 benign

WJG|www.wjgnet.com

1623

February 7, 2015|Volume 21|Issue 5|

Chen ZG et al . Benign/malignant discrimination of hepatic lesions

A

Sensitivity (95%CI)
Erturk SM
Ichikawa T
Koh DM
Lowenthal D
Taouli B
Taouli B
Yang DM
Kim T

0.95
0.94
0.78
0.97
0.84
0.79
0.96
0.98

(0.84-0.99)
(0.85-0.98)
(0.68-0.87)
(0.95-0.99)
(0.64-0.95)
(0.60-0.92)
(0.87-1.00)
(0.89-1.00)

Pooled sensitivity = 0.93 (0.91-0.95)
0.0

0.2

0.4
0.6
Sensitivity

0.8

1.0

χ 2 = 41.37; df = 7 (P = 0.0000)
2
Inconsistency (I ) = 83.1%

B

Specificity (95%CI)
Erturk SM
Ichikawa T
Koh DM
Lowenthal D
Taouli B
Taouli B
Yang DM
Kim T

0.91 (0.78-0.97)
1.00 (0.72-1.00)
0.95 (0.85-0.99)
0.72 (0.58-0.84)
0.89 (0.71-0.98)
0.96 (0.78-1.00)
0.89 (0.76-0.96)
0.80 (0.61-0.92)

Pooled specificity = 0.87 (0.83-0.91)
0.0

0.2

0.4
0.6
Specificity

0.8

1.0

χ 2 = 18.95; df = 7 (P = 0.0083)
2
Inconsistency (I ) = 63.1%

C

Positive LR (95%CI)
Erturk SM
Ichikawa T
Koh DM
Lowenthal D
Taouli B
Taouli B
Yang DM
Kim T

0.01

1
Positive LR

100.0

10.48 (4.11-26.73)
22.31 (1.48-336.78)
15.66 (4.65-52.71)
3.51 (2.28-5.40)
7.56 (2.57-22.27)
18.24 (2.66-125.16)
8.84 (3.86-20.26)
4.90 (2.39-10.03)

Random effects model
Pooled positive LR = 7.28 (4.51-11.76)
Cochran-Q= 13.94; df = 7 (P = 0.0522)
2
Inconsistency (I ) = 49.8%
2
Tau = 0.2074

D

Negative LR (95%CI)
Erturk SM
Ichikawa T
Koh DM
Lowenthal D
Taouli B
Taouli B
Yang DM
Kim T

0.01

1
Negative LR

100.0

0.05
0.07
0.23
0.03
0.18
0.22
0.04
0.03

(0.01-0.20)
(0.03-0.18)
(0.15-0.35)
(0.02-0.07)
(0.07-0.45)
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Figure 2 Forest plots. A: Sensitivity; B: Specificity; C: Positive likelihood ratio (LR); and D: Negative LR. CI: Confidence interval.

(CI): 0.91-0.95] and 0.87 (95%CI: 0.83-0.91),
respectively. PLR and NLR were 7.28 (95%CI:
4.51-11.76) and 0.09 (95%CI: 0.05-0.17),
2
respectively. The P value for χ heterogeneity for all
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pooled estimates was < 0.05.
The overall accuracy was further explored by
drawing SROC curves, and the area under the curve
(AUC) and Q* index (Figure 3) were 0.96 and 0.91,
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Figure 3 Summary receiver operating characteristics curve. Sensitivity and
specificity are plotted for individual studies. AUC: Area under the curve. SROC:
Summary receiver operating characteristics.
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Figure 4 There is no significant publication bias.

including MR scanner, scanning technique, TR, TE,
maximum b factor, number of b factors used for ADC
calculation, mean tumor size, and mean patient age,
were sources of heterogeneity. It is known that the
best acquisition strategies for DWI sequences in focal
liver disease are still a matter of debate. There was
considerable variation in the results, which may be
an indicator that more detailed investigation should
be carried out on the presence of heterogeneity.
ADCs tend to decrease in the order of cysts, hem
[24]
angiomas, HCCs, and metastases . The malignant
lesions, including metastases and HCCs, had the
lowest ADCs, whereas the benign lesions, including
hemangiomas and cysts, had the highest ADCs.
Benign hepatocellular lesions had intermediate
[20]
ADCs . FNH and hepatic adenoma readily mimic
malignant hepatic tumors, and these benign lesions
often show increased signal intensity on DWI.
However, the diffusion characteristics of the benign
hepatocellular lesions, including cases of FNH
(24/291) and adenoma (6/291), have rarely been
reported and need further studies. It is known that
DWI is more useful with hepatic metastases than
with HCCs, primarily because the T2 relaxation time
is long enough with most metastases, and there is no
resemblance of histopathologic architecture between
[22]
metastases and surrounding liver parenchyma .
However, the relevant data available for malignant
hepatic focal lesions in the current published articles
focus on hepatic metastases (468/614). All these data
have demonstrated that the diagnostic capability of
breath-hold DWI for differentiation of malignant and
benign hepatic focal lesions might be overestimated.
Asymmetrical funnel plots are linked to pub
lication bias, although there are other sources of
asymmetry that have to be considered, including
other dissemination biases, differences in the quality
of smaller studies, presence of true heterogeneity,
[25-28]
and chance
. In the present meta-analysis, the
funnel plot indicated that there may not have been

respectively, indicating good diagnostic accuracy.
Publication bias was not present (t = 0.49, P = 0.64)
(Figure 4).
The meta-regression analysis indicated that eva
luated covariates, including MRI modality, TE, mean
age, maximum b factor, and number of b factors, were
not sources of heterogeneity (all P > 0.05).

DISCUSSION
DWI has a strongpoint in that it provides excellent
lesion-to-liver contrast with the suppression of the
background signal of liver parenchyma as well as
vessels, which reduces the likelihood of overlooked
[7,21,22]
lesions
. Malignant tumors with hypercellularity,
narrowed intercellular spaces, and increased density
of cell membranes that hamper water molecule
diffusion may well exhibit increased signal intensity
[22]
on DWI . Breath-hold imaging has proved to be
more satisfactory. We used commonly available MRI
techniques (e.g., no respiratory triggering) so that
our results are applicable to most MRI units and not
[15]
restricted to major academic centers .
Based on calculations of the relevant data avai
lable in the current published articles, our systematic
review and meta-analysis demonstrated that breathhold DWI was useful for differentiating between
malignant and benign hepatic focal lesions. The
results demonstrated that the overall diagnostic
performance of the test with DWI to differentiate
malignant and benign hepatic focal lesions was high.
However, significant heterogeneity among studies
was noted in our analysis.
Our meta-regression analysis indicated that
evaluated covariates were not sources of hete
rogeneity. These results are consistent with recent
[23]
systematic reviews , which have reported that
neither threshold effect nor evaluated covariates
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publication bias.
The present study had several limitations. First,
there was notable heterogeneity among the studies.
Evaluated covariates were not the sources and this
needs further investigation. Second, diagnostic ca
pability might be overestimated due to the possibility
of selection bias. The diffusion characteristics of the
benign liver lesions (e.g., FNH and adenoma) that
mimic malignant lesions have rarely been investigated
and require further studies.
In conclusion, breath-hold DWI was useful for
differentiation between malignant and benign hepatic
focal lesions. However, diagnostic capability might be
overestimated due to the possibility of selection bias.
Standardization of the acquisition protocol for breathhold DWI across multicenter trials is recommended.
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Impact of lymph node micrometastasis on gastric
carcinoma prognosis: A meta-analysis
Yong-Ji Zeng, Chun-Dong Zhang, Dong-Qiu Dai
electronic databases including PubMed, EMBASE, the
Cochrane Database of Systematic Reviews, the Cochrane
Controlled Studies Register, and the China National
Knowledge Infrastructure electronic database between
January 1996 and January 2014. Strict literature retrieval
and data extraction were performed to extract relevant
data. Data analysis was conducted using RevMan 5.2.4
software, and relative risks (RRs) for patient death in
five years and recurrence were calculated. A fixed- or
random-effects model was selected to pool and a forest
plot was used to display RRs.
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RESULTS: Twelve cohort studies containing a total
of 1684 patients were identified. LNMM positivity
was worse than LNMM negativity with regards to the
number of patients who died in five years. The effects
of LNMM positivity in patients with gastric cancer of
different T-stages remain unclear. LNMM in patients
with gastric carcinoma was also associated with a
higher recurrence rate. With regards to the number
of patients who died in five years, Asian patients were
worse than European and Australian patients.
CONCLUSION: We recommend that LNMM should not
be used as a gold standard for prognosis evaluation
in patients with gastric cancer in clinical settings until
more high quality trials are available.
Key words: Gastric carcinoma; Survival; Lymph node
micrometastasis; Meta-analysis
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This is the first meta-analysis describing the
effect of lymph node micrometastasis (LNMM) on
gastric carcinoma prognosis worldwide. LNMM positivity
was associated with a worse prognosis compared with
LNMM negativity. The effects of LNMM positivity in
patients with gastric cancer of different T-stages remain
unclear. LNMM in patients with gastric carcinoma was
also associated with a higher recurrence rate. With

Abstract
AIM: To investigate the prognostic significance of
lymph node micrometastasis (LNMM) in patients with
gastric carcinoma.
METHODS: Two reviewers independently searched
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regards to the number of patients who died in five
years, Asian patients were worse than European and
Australian patients.

Infrastructure electronic databases were searched
systematically between January 1996 and January
2014. Medical subject headings of “gastric
carcinoma/cancer,” “lymph node micrometastasis,”
and “prognosis” were used. The reference lists
of all retrieved articles were reviewed for further
identification of potentially relevant studies.

Zeng YJ, Zhang CD, Dai DQ. Impact of lymph node
micrometastasis on gastric carcinoma prognosis: A meta-analysis.
World J Gastroenterol 2015; 21(5): 1628-1635 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v21/i5/1628.htm
DOI: http://dx.doi.org/10.3748/wjg.v21.i5.1628

Data collection process

Two reviewers (Zeng YJ, Zhang CD) independently
extracted relevant data, including study and po
pulation features and outcomes from key words,
titles, abstracts, and full articles when necessary.
They compared the results, synthesized the same
opinions, and solved disagreements by discussion
with a third reviewer.
The following data were extracted for all included
studies: treatment approach, study and year, co
untry, depth of tumor invasion, median age or
mean age, sex ratio, median follow-up, method
of detecting LNMM, definition of micrometastasis,
average numbers of lymph nodes retrieved, journal
name, sample size, number of patients who died in
five years, and recurrence rate (Tables 1-4).

INTRODUCTION
Although gastric cancer has demonstrated the second
largest annual decline in death rates over the past
10 years (2000-2009), it remains the second highest
cause of cancer-related mortality worldwide, with
a total of 21600 new cases and 10990 deaths
[1,2]
projected to occur in the United States in 2013 .
Although systematic lymph node dissection is
performed routinely for patients with gastric cancer
and has improved survival rates, some patients
still die of recurrence. Lymph node metastasis is
considered one of the most signiﬁcant prognostic
[3-8]
parameters in patients with gastric carcinoma
.
However, several researchers have demonstrated
that radical gastrectomy with lymph node dissection
leading to a node-negative (pN0) final diagnosis
based on hematoxylin-eosin (HE) staining did not
[9-11]
prevent gastric cancer recurrence
. Lymph node
micrometastasis (LNMM; 0.2-2.0 mm in size),
which is common in nodes deemed to be negative
by HE staining, but positive for cytokeratin (CK) by
immunohistochemical (IHC) staining, is thought to be
a key etiology of recurrence and distant metastasis
[12]
after resection of primary gastric tumors . Recently,
IHC techniques have been applied to identify lymph
node micrometastasis missed by routine histological
examination. However, the clinical impact of LNMM on
[13-17]
gastric carcinoma prognosis remains controversial
.
Several studies have reported that LNMM missed by
HE staining in gastric carcinoma is a strong indicator
of overt metastatic disease or poor prognosis; some
researchers reported that there is no significant
correlation between micrometastasis and other
clinicopathologic characteristics, and that the presence
[18-29]
of LNMM does not influence patient prognosis
.
Thus, we aimed to investigate the potential prognostic
significance of LNMM in patients with gastric cancer.

Inclusion criteria

Based on the Cochrane handbook for systematic
review of interventions (Version 5.2.4), inclusion
criteria and exclusion criteria were designed. The
inclusion criteria were as follows: (1) all published
and unpublished high quality original studies; (2)
only studies discussing the clinical impact of LNMM
on prognosis of gastric carcinoma were included;
(3) only the most informative and latest study from
the same author or institution was selected; and (4)
retrieval of at least 15 lymph nodes to avoid stage
migration was considered the minimum number
of lymph nodes necessary for accurate staging
of gastric cancer, according to NCCN Guidelines
[30,31]
Version 2.2013 Gastric cancer
. No restriction on
language was considered.

Exclusion criteria

Exclusion criteria were as follows: (1) less than
the minimum number of lymph nodes (n = 15) re
[30,31]
trieved
; (2) low quality studies or those with
little information about the data of interest; and (3)
non-cohort studies, reviews, or case reports.

Statistical analysis

Data analyses were conducted using Review Ma
nager 5.2.4 software. Dichotomous variables were
analyzed with relative risks (RRs). A P value of less
than 0.05 was considered statistically significant;
a 95%CI was applied. A fixed-effects model was
2
selected if I was ≤ 30% and the P value for a test
of heterogeneity was ≥ 0.05. A random-effects
2
model was selected if I was >3 0% and the P value

MATERIALS AND METHODS
Literature search

To identify relevant studies and published abstracts,
PubMed, EMBASE, the Cochrane Database of Sys
tematic Reviews, the Cochrane Controlled Studies
Register, and the China National Knowledge
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Table 1 Basic characteristics of the studies included
Ref.
Cai et al[18], 2000
Fukagawa et al[19], 2001
Choi et al[20], 2002
Lee et al[21], 2002
Yasuda et al[22], 2002
Morgagni et al[23], 2003
Yonemura et al[24], 2007
Kim et al[25], 2008
Ishii et al[26], 2008
Kim et al[27], 2009
Wang et al[28], 2012
Jeuck et al[29], 2015

Country

Sex (male/female)

Age (yr)

Median follow-up

Japan
Japan
South Korea
Australia
Japan
Italy
Japan
South Korea
Japan
South Korea
China
Germany

52/272
51/18 vs 22/163
37/23 vs 19/93
NM
30/14 vs 13/73
111/119
198/110
110/43 vs 21/103
23/12
50/40
43/22 vs 74/523
51/13 vs 28/33

63 mea
57.8 ± 10.8 vs 59.8 ± 12.11 med
59 mea
NM
NM
68 med
NM
54.7 ± 10.8 vs 52.0 ± 12.51 med
62 med
55.1 ± 12.2 vs 51.6 ± 12.31 mea
31.8 ± 10.9 vs 57.9 ± 13.01 mea
66.3 mea

24 M
> 36 M
26.3 vs 25.13
NM
> 60 M
60 M
83 M
83 M
57.1 M
49 vs 47 M3
45.6 M
56.4 vs 49.23

1

mean ± SD; 2There are a total of 79 patients in this study and 10 patients were excluded because they suffered metastasis; 3Lymph node micrometastasis
(LNMM) negative vs positive. med: Median age; mea: Mean age; NM: Not mentioned.

Table 2 Lymph node micrometastasis characteristics of the included studies
Ref.
Cai et al[18], 2000
Fukagawa et al[19], 2001
Choi et al[20], 2002
Lee et al[21], 2002
Yasuda et al[22], 2002
Morgagni et al[23], 2003
Yonemura et al[24], 2007
Kim et al[25], 2008
Ishii et al[26], 2008
Kim et al[27], 2009
Wang et al[28], 2011
Jeuck et al[29], 2015

Depth of tumor
invasion

Method

Antibody

Definition of
micrometastasis

LNs (n )

Average
LNs (n )

T1b
T2-T3
T1b
T1-T4
T2-T3
T1
T1-T4
T1-T3
T1b-T2
T1
T1-T3
T1-T4

IHC
IHC
IHC
IHC
IHC
IHC
IHC
IHC
IHC
IHC
IHC
IHC

CK (CAM5.2)
CK (AE1/AE3)
CK (AE1/AE3)
CK (35βH11)
CK (CAM5.2)
CK(MNF 116)
CK (AE1/AE3)
CK (AE1/AE3)
CK (O.N.352)
CK (AE1/AE3)
CK (AE1/AE3)
CK (KL1)

pN0 by HE staining
pN0 by HE staining
pN0 by HE staining
pN0 by HE staining
pN0 by HE staining
pN0 by HE staining
≤ 0.2 mm
pN0 by HE staining
pN0 by HE staining
≤ 2 mm
> 0.2 mm and ≤ 2 mm
pN0 by HE staining

1945
4484
2272
3625
2039
5400
12012
4990
1028
3526
4202
2018

25.0
41.9
25.8
23.7
31.9
18.0
39.0
27.1
29.4
39.2
22.0
21.2

IHC: Inmmunohistochemistry; CK: Cytokeratin; pN0: Node-negative; HE: Hematoxyline-eosin; T1: Tumor invades lamina propria, muscularis mucosae or
submucosa; T1a: Tumor invades lamina propria or muscularis mucosae; T1b: Tumor invades submucosa; T2: Tumor invades muscularis propria; T3: Tumor
penetrates subserosal connective tissue without invasion of visceral peritoneum or adjacent structures; T4a: Tumor invades serosa (visceral peritoneum);
T4b: Tumor invades adjacent structures.

Table 3 Lymph node micrometastasis positive vs negative groups
Sample
(positive vs negative)

Patients who died in 5 yr
(positive vs negative)

P value

Cai et al[18], 2000
Fukagawa et al[19], 2001
Choi et al[20], 2002
Lee et al[21], 2002

69 (17 vs 52)
107 (38 vs 69)
88 (28 vs 60)
153 (75 vs 78)

< 0.01
0.860
0.683
< 0.05

Yasuda et al[22], 2002
Morgagni et al[23], 2003
Yonemura et al[24], 2007
Kim et al[25], 2008
Ishii et al[26], 2008
Kim et al[27], 2009
Wang et al[28], 2011
Jeuck et al[29], 2014

64 (20 vs 44)
300 (30 vs 270)
308 (37 vs 271)
184 (31 vs 153)
35 (4 vs 31)
90 (9 vs 81)
191 (54 vs 137)
95 (16 vs 79)

3/17 vs 0/52
2/38 vs 8/69
2/28 vs 3/60
Total: 38/75 vs 19/78; EGC: 2/12 vs 0/34; AGC:
36/63 vs 19/44
7/20 vs 2/44
2/30 vs 30/270
5/37 vs 16/271
13/31 vs 13/1531
0/9 vs 0/812
39/54 vs 18/137
6/16 vs 21/79

Ref.

< 0.1
0.779
0.014
< 0.001
< 0.001
0.026

1

Median survival 17 mo, 95%CI: 7-28 for micrometastasis positive, and median survival not reached, 95%CI: 6-121 mo for micrometastasis negative;
Disease-speciﬁc survival. EGC: Early gastric cancer; AGC: Advanced gastric cancer.

2

[32]

for a test of heterogeneity was < 0.1.
Overall survival (OS) was defined as the time
from randomization to death from any cause or

WJG|www.wjgnet.com

to the last follow-up visit . When there was no
randomization in cohort studies analyzed, we used
the number of patients who died in five years to
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and the number of patients who died in five years
demonstrated no significant difference between
LNMM positive and negative groups. In addition, the
RR for total events was 2.43 (1.42-4.13, P = 0.001;
Figure 1).

Table 4 Recurrence rates for lymph node micrometastasis
positive vs negative groups
First author, year

Recurrence (positive vs negative)

[18]

3/17 vs 0/52
2/38 vs 4/65
2/28 vs 3/60
2/30 vs 0/270
5/37 vs 1/271
12/31 vs 5/153
0/4 vs 0/31
0/9 vs 0/211

Cai et al , 2000
Fukagawa et al[19], 2001
Choi et al[20], 2002
Morgagni et al[23], 2002
Yonemura et al[24], 2007
Kim et al[25], 2008
Ishii et al[26], 2008
Kim et al[27], 2008

Numbers of gastric cancer patients who died in five
years in early, advanced, and early/advanced gastric
cancer, LNMM positive vs LNMM negative groups

A subgroup analysis in early gastric cancer (EGC),
advanced gastric cancer (AGC), and EGC/AGC was
conducted, with a total of 11 studies containing
1649 patients (355 LNMM positive, 1294 LNMM
negative). A random-effects model analysis was
2
conducted (total: I = 78%, heterogeneity test P <
[18,20,21,23,27]
0.00001). For EGC, five cohort studies
were included (105 LNMM positive, 535 LNMM
2
negative) and a random-effects model was applied (I
= 64%, heterogeneity test P = 0.04). No statistically
significant difference was found with regards to
the number of patients who died in five years in
patients with LNMM positivity compared with LNMM
negativity in EGC (RR = 1.95, 95%CI: 0.36-10.48,
[19,21,22]
P = 0.44). For AGC, three cohort studies
were
included (166 LNMM positive, 186 LNMM negative)
2
and a random-effects model was applied (I =
73%, heterogeneity test P = 0.03). No statistically
significant difference in the number of patients who
died in five years was found in patients with LNMM
positivity compared with LNMM negativity in AGC
(RR = 1.61, 95%CI: 0.47-5.55, P = 0.45). On the
contrary, the RR for patient death in five years in the
EGC/AGC group was 2.94 (1.41-6.13, P = 0.004),
and the number of patients who died in five years
demonstrated statistical significance. In addition, the
RR for total events was 2.09 (1.13-3.87, P = 0.02;
Figure 2).

1

Disease-speciﬁc survival.

evaluate patients’ survival in this meta-analysis,
rather than OS.

RESULTS
The primary section of this meta-analysis concerns
LNMM positivity vs LNMM negativity. The second
section addresses the numbers of patients who died
in five years in LNMM positive and LNMM negative
groups. In the third section, recurrence rates in both
groups are addressed. A forest plot was conducted
to display RRs and subgroup analyses when applied.
In addition, funnel plots and Egger’s test were used
to assess publication bias.
A total of 83 studies were retrieved and 71 of
them were found to be unrelated to our study. As
a result, 12 cohort studies involving 1684 patients
[18-29]
were finally included
. Eleven studies addressed
survival rates in LNMM positive and negative gastric
[18-29]
carcinoma cases, for a total of 1649 patients
.
[20,21,23,27]
Four studies
addressed the numbers of
patients who died in five years for LNMM positive
and negative groups of patients with early gastric
[18,20,23-27]
carcinoma. Eight studies
compared
preoperative recurrence in LNMM positive and
negative groups. Included studies are described in
Tables 1-4.

Gastric cancer recurrence rates for LNMM positive and
LNMM negative groups
[18-20,23-27]

Eight cohort studies
containing 1117 patients
(194 LNMM positive, 923 LNMM negative) were
included. A significant difference was observed with
regards to recurrence rate (RR = 7.18, 95%CI:
1.92-26.86, P = 0.003). Statistical heterogeneity
2
was detected (I = 67%, heterogeneity test P = 0.01;
Figure 3).

Numbers of gastric cancer patients who died in five
years, LNMM positive vs negative groups

In this meta-analysis, we used the number of
patients who died in five years to evaluate patient
survival. A subgroup analysis between Asia, Europe,
and Australia was conducted for a total of 11 studies
containing 1649 patients (355 LNMM positive,
1294 LNMM negative) and a random-effects model
2
was used (total: I = 71%, heterogeneity test P =
0.0003). There was a significant difference between
LNMM positive and negative groups in the number
of patients who died in five years in Asia, and the
RR was 3.38 (1.78-6.41, P = 0.0002). On the
contrary, the RR for patient death in five years in
Europe and Australia was 1.55 (0.90-2.68, P = 0.12),
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DISCUSSION
Most of the included cohort trials conducted between
1996 and 2014 had small statistical power in
this meta-analysis. Meta-analysis is an ideal sta
tistical tool that increases the statistical power of
comparisons, and offers more powerful evidence
for clinical decision making compared with cohort
trials. Thus, this meta-analysis was conducted
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Micrometastasis positive
Study or subgroup

Events

Micrometastasis negative

Risk ratio

Risk ratio

Total

Events

Total

Weight M-H, Random, 95%CI

16
75
30
121

21
19
30

79
78
270
427

13.0%
15.3%
8.0%
36.3%

52
60
69
153
81
137
44
271
867

2.8%
6.1%
7.3%
13.6%

Total (95%CI)
355
1294
Total events
117
130
Heterogeneity: Tau² = 0.43; χ ² = 31.09, df = 9 (P = 0.0003); I ² = 71%
Test for overall effect: Z = 3.25 (P = 0.001)
Test for subgroup differences: χ ² = 3.29, df = 1 (P = 0.07), I ² = 69.6%

100.0%

1.1.1 In Europe and Australia
Jeuck et al 2014
Lee et al 2002
Morgagni et al 2003
Subtotal (95%CI)
Total events
Heterogeneity: Tau² = 0.09; χ ² =
Test for overall effect: Z = 1.57 (P
1.1.2 In Aisa
Cai et al 2000
Choi et al 2002
Fukagawa et al 2001
Kim et al 2008
Kim et al 2009
Wang et al 2011
Yasuda et al 2002
Yonemura et al 2007
Subtotal (95%CI)
Total events
Heterogeneity: Tau² = 0.37; χ ² =
Test for overall effect: Z = 3.73 (P

6
38
2

1.41
2.08
0.60
1.55

(0.68,
(1.33,
(0.15,
(0.90,

M-H, Random, 95%CI

2.93)
3.26)
2.39)
2.68)

46
70
3.25, df = 2 (P = 0.20); I ² = 39%
= 0.12)

3
2
2
13
0
39
7
5

17
28
38
31
9
54
20
37
234

0
3
8
13
0
18
2
16

15.3%
7.4%
11.2%
63.7%

20.61 (1.12, 380.08)
1.43 (0.25, 8.07)
0.45 (0.10, 2.03)
4.94 (2.54, 9.60)
Not estimable
5.50 (3.47, 8.72)
7.70 (1.75, 33.82)
2.29 (0.89, 5.88)
3.38 (1.78, 6.41)

71
60
15.15, df = 6 (P = 0.02); I ² = 60%
= 0.0002)
2.43 (1.42, 4.13)
0.002

0.1

1

10

500

Favours (LNM positive) Favours (LNM negative)

Figure 1 Meta-analysis examining patients who died in five years for lymph node micrometastasis positive vs negative groups. LNM: Lymph node metastasis.

retrieved in individual patients, it was more likely
that an inexperienced pathologist could have failed
to identify micrometastases. We concluded that
studies in which a higher number of lymph nodes
were retrieved would have more reliable results.
The fewer number of retrieved lymph nodes in
Italian, German, and Australian studies, compared
with those from Eastern Asia, could lead to a more
obscure relationship between LNMM positivity and
the number of patients who died in five years in the
Europe and Australia subgroup analysis, where no
significant difference between groups was found.
Additionally, only three cohort trials were utilized
in Europe and Australia, resulting in possible pu
blication bias (Figure 4). The total number of
patients from three cohort trials in Europe and
Australia group was 528, without randomization in
cohort studies, all of which could affect the numbers
of patients who died in five years for Asia and
Europe/Australia. We speculate that, with regards
to the number of patients who died in five years,
LNMM positivity is worse in Asian patients, and that
the effects of LNMM positivity on survival in Europe/
Australia patients still require validation until more
high-level cohort studies are available.
Gastric carcinoma prognosis is strongly affected
by the T-stage of the tumor. Peritoneal dissemination
and subsequent peritoneal recurrence are common
when the primary tumor invades through the
[19]
serosa (T3) . The available evidence from the 11

to assess the clinical impact of LNMM on gastric
carcinoma prognosis. LNMM (0.2-2.0 mm in size),
which is common in nodes deemed to be negative
by HE staining, but positive for CK by IHC staining,
is thought to be a key etiology of recurrence
and distant metastasis after resection of primary
[12]
gastric tumors . Recently, IHC techniques have
been applied to identify LNMM missed by routine
histological examination. However, the clinical impact
of lLNMM on gastric carcinoma prognosis remains
[13-17]
controversial
.
In this meta-analysis, we used the number of
patients who died in five years to evaluate patient
survival. LNMM positivity was associated with a
worse prognosis compared with LNMM negativity.
LNMM in patients with gastric carcinoma was also
associated with a higher recurrence rate. The
number of patients who died in five years was worse
for Asian, compared with European and Australian
patients.
It is relatively more difficult to achieve the mi
nimum number of retrieved lymph nodes in patients
in the West compared with patients in the East, as
the former tends to have a larger BMI. We found a
higher number of retrieved lymph nodes in studies
from Eastern Asia (average 22-41.9) compared
with the Italian, German, and Australian (average
18-23.7) counterparts. Considering the fact that
the average number of retrieved lymph nodes was
more than 15, but fewer than 15 lymph nodes were

WJG|www.wjgnet.com

1632

February 7, 2015|Volume 21|Issue 5|

Zeng YJ et al . Lymph node micrometastasis and gastric carcinoma prognosis
LNM positive
Study or subgroup

Events

Total

LNM negative
Events

2.1.1 Early gastric cancer
Cai et al 2000
3
17
0
Choi et al 2002
2
28
8
Kim et al 2009
0
9
0
Lee et al 2002
2
12
0
Morgagni et al 2003
2
30
30
Subtotal (95%CI)
96
Total events
9
38
Heterogeneity: Tau² = 1.79; χ ² = 8.42, df = 3 (P = 0.04); I ² = 64%
Test for overall effect: Z = 0.78 (P = 0.44)

Total

Risk ratio

Risk ratio

Weight M-H, Random, 95%CI

52
60
81
34
270
497

3.3%
8.4%
23.1%

20.61 (1.12, 380.08)
0.54 (0.12, 2.36)
Not estimable
13.46 (0.69, 262.10)
0.60 (0.15, 2.39)
1.95 (0.36, 10.48)

69
44
44
157

7.8%
13.7%
7.9%
29.5%

0.45 (0.10, 2.03)
1.32 (0.89, 1.98)
7.70 (1.75, 33.82)
1.61 (0.47, 5.55)

271
153
137
79
640

9.5%
12.4%
13.5%
12.1%
47.4%

1.37 (0.42, 4.49)
4.94 (2.54, 9.60)
5.50 (3.47, 8.72)
1.41 (0.68, 2.93)
2.94 (1.41, 6.13)

Total (95%CI)
355
1294
Total events
115
135
Heterogeneity: Tau² = 0.68; χ ² = 46.51, df = 10 (P < 0.00001); I ² = 78%
Test for overall effect: Z = 2.34 (P = 0.02)
Test for subgroup differences: χ ² = 0.75, df = 2 (P = 0.69), I ² = 0%

100.0%

2.09 (1.13, 3.87)

2.1.2 Advanced gastric cancer
Fukagawa et al 2001
Lee et al 2002
Yasuda et al 2002
Subtotal (95%CI)
Total events
Heterogeneity: Tau² = 0.86; χ ² =
Test for overall effect: Z = 0.75 (P

2
36
7

38
63
20
121

8
19
2

3.4%
7.9%

M-H, Random, 95%CI

45
29
7.37, df = 2 (P = 0.03); I ² = 73%
= 0.45)

2.1.3 Early gastric cancer/Advanced gastric cancer
Jeuck et al 2014
3
37
16
Kim et al 2008
13
31
13
Wang et al 2011
39
54
18
Yonemura et al 2007
6
16
21
Subtotal (95%CI)
138
Total events
61
68
Heterogeneity: Tau² = 0.41; χ ² = 12.93, df = 3 (P = 0.005); I ² = 77%
Test for overall effect: Z = 2.89 (P = 0.004)

0.002
0.1
1
LNM positive

10
500
LNM negative

Figure 2 Meta-analysis examining patients who died in five years for lymph node micrometastasis positive vs negative groups in patients with early
gastric cancer, advanced gastric cancer, and early/advanced gastric cancer. LNM: Lymph node metastasis.
LNM positive
Study or subgroup
Cai et al 2000
Choi et al 2002
Fukagawa et al 2001
Ishii et al 2008
Kim et al 2008
Kim et al 2009
Morgagni et al 2003
Yonemura et al 2007

LNM negative

Risk ratio

Risk ratio

Events

Total

Events

Total

Weight M-H, Random, 95%CI

3
2
2
0
12
0
2
5

17
28
38
4
31
9
30
37

0
3
4
0
5
0
0
1

52
60
65
31
153
21
270
271

11.7%
18.5%
19.0%

11.2%
15.9%

20.61 (1.12, 380.08)
1.43 (0.25, 8.07)
0.86 (0.16, 4.45)
Not estimable
11.85 (4.49, 31.22)
Not estimable
43.71 (2.15, 889.90)
36.62 (4.40, 304.91)

923

100.0%

7.18 (1.92, 26.86)

Total (95%CI)
194
Total events
26
13
Heterogeneity: Tau² = 1.67; χ ² = 15.00, df = 5 (P = 0.01); I ² = 67%
Test for overall effect: Z = 2.93 (P = 0.003)

23.7%

M-H, Random, 95%CI

0.001
0.1
LNM positive

1

10
1000
LNM negative

Figure 3 Meta-analysis of recurrence rates for lymph node micrometastasis positive vs negative groups in gastric cancer. LNM: Lymph node metastasis.
[18,21,22,25,28,29]

trials showed that neither the EGC only group nor
the AGC only group had a significant difference
in the number of patients who died in five years
between LNMM positive and negative groups.
On the contrary, the EGC/AGC group showed a
significant difference between groups with regards
to the number of patients who died in five years.
This finding is the opposite of that found in several

WJG|www.wjgnet.com

previous studies
. However, the total
numbers of patients in the EGC, AGC, and EGC/AGC
groups were 640, 352, and 907, respectively. It is
[18,20,21,27]
more likely that these three groups (EGC
,
[19,21,22]
[24,25,28,29]
AGC
and EGC/AGC
) were insufficiently
powered. Therefore, the effects of LNMM positivity
in different T-stages of gastric cancer remain unclear
and require validation in future studies.

1633

February 7, 2015|Volume 21|Issue 5|

Zeng YJ et al . Lymph node micrometastasis and gastric carcinoma prognosis
0.0

indicates that LNMM may be associated with higher
recurrence rates in Asian gastric cancer patients,
with higher numbers of patients who died in five
years. However, due to unsatisfied statistical power,
there is no definite evidence for higher numbers
of patients who died in five years associated with
LNMM positivity in the subgroup analysis for EGC
or AGC only. Therefore, we recommend that LNMM
should not be used as a gold standard for prognosis
evaluation in patients with gastric cancer until more
high quality trials are available.

Subgroups
In Europe and Australia
In Aisa

SE(log[RR])

0.5

1.0

1.5
RR

2.0
0.002

0.1

1

10

500

Egger's test
Std Eff Coefficient Standard error
Slope
Bias

0.0458347
0.1555189

0.3196701
0.0844239

t

P > |t |

COMMENTS
COMMENTS

95%CI

Background

0.14 0.890 -0.6913258-0.7829952
1.84 0.103 -0.0391629-0.3502008

Gastric cancer remains the second highest cause of cancer-related mortality
worldwide. Several studies have reported that lymph node micrometastasis
missed by hematoxylin-eosin staining in gastric carcinoma is a strong
indicator of overt metastatic disease or poor prognosis; some researchers
reported that there is no significant correlation between micrometastasis and
other clinicopathologic characteristics, and that the presence of lymph node
micrometastasis does not influence patient prognosis.

Figure 4 Funnel plot of patients who died in five years in patients with
positive vs negative lymph node micrometastasis and Egger’s test
for publication bias for patients who died in five years for lymph node
micrometastasis positive vs negative groups.

Research frontiers

To date, many studies have been performed to determine the association
between lymph node micrometastasis (LNMM) and gastric cancer prognosis,
including several recent systematic reviews. However, these reviews were
methodologically insufficient and thus could not achieve a comprehensive
conclusion.

We found no difference in the number of patients
who died in five years in EGC, which may be
because no further LNM or LNMM was detected in
EGC due to its early pathological stage, or because
of insufficiently powered results. Likewise, we found
that no difference in the number of patients who
died in five years in the AGC group; however, there
was a significant difference in the EGC/AGC group.
In light of these considerations, we recommend that
LNMM should not be used as a gold standard for
prognosis evaluation in patients with gastric cancer
until more high quality trials are available.
It has been widely accepted that cancer relapse
may originate from micrometastatic lesions with
[24]
proliferative activity . Previous studies reported
that LNMM was strongly associated with the sub
sequent development of hematogenous and pe
ritoneal metastases, but not locoregional lymph node
[9,18,33]
recurrence
. Likewise, the available evidence
from eight cohort studies supports the likelihood of
recurrence in LNMM positive compared with LNMM
negative patients.
The limitations of these studies require attention,
including: (1) unsatisfied statistical power; (2)
significant heterogeneity among studies in some
comparisons, which requires subgroup analyses to
exclude potential difference; and (3) a relatively
symmetrical funnel plot for the numbers of patients
who died in five years in LNMM positive compared
with LNMM negative patients (5 dots on the left
and 4 dots on the right). Stata version 12.0 was
used (Egger’s test) to assess publication bias, and a
relatively small publication bias was detected (P =
0.103; Figure 4). There was no country or language
restriction used in this meta-analysis.
Based on the present evidence, our meta-analysis

WJG|www.wjgnet.com

Innovations and breakthroughs

Based on the present evidence, our meta-analysis indicates that LNMM may
be associated with higher recurrence rates in Asian gastric cancer patients,
and higher numbers of patients who died in five years. However, there was no
strong evidence that LNMM was associated with a worse prognosis in gastric
cancer patients in the West. These findings were not presented clearly in
previous systematic reviews.

Applications

LNMM may be associated with higher recurrence rates in Asian gastric cancer
patients, with higher numbers of patients who died in five years, but had no
significant effect on prognosis of patients in the West. An exploration of the
mechanism for this association may help to improve gastric cancer prognosis.

Terminology

LNMM (0.2-2.0 mm in size), which is common in nodes deemed to be negative
by HE staining, but positive for cytokeratin by immunohistochemical staining, is
thought to be a key etiology of recurrence and distant metastasis after resection
of primary gastric tumors.

Peer-review

The present manuscript addresses lymph node micrometastasis, a very
controversial topic in gastric cancer treatment. It is well known that survival in
N0 patients improves as a function of the number of retrieved nodes.
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were found that fulfilled the previously agreed-upon
standards. We then performed a systematic review
and meta-analysis on the enrolled trials that met the
inclusion criteria.

Abstract

Core tip: The data were extracted from the KaplanMeier curves of every study identified and then input
into a hazard ratio calculation spreadsheet. The
HRs generated from the sheet were combined with
RevMan5.0. To the best of our knowledge, this is the
first meta-analysis assessing the use of sorafenib in the
peri-operative period of liver transplantation.

RESULTS: Out of the 104 studies identified in the
database, 82 were not clinical experiments, and 18 did
not fit the inclusion standards. Among the remaining
4 articles, only 1 was related to the preoperative use
of sorafenib, whereas the other 3 were related to its
postoperative use. As the heterogeneity among the
2
4 studies was high, with an I of 86%, a randomized
effect model was applied to pool the data. The
application of sorafenib before liver transplantation
had a hazard ratio (HR) of 3.29 with a 95% confidence
interval (CI) of 0.33-32.56. The use of sorafenib after
liver transplantation had an HR of 1.44 (95%CI:
0.27-7.71). The overall pooled HR was 1.68 (95%CI:
0.41-6.91).
CONCLUSION: The results showed that the use of
sorafenib during the peri-operative period of liver
transplantation did not improve patient survival
significantly. In fact, sorafenib could even lead to a
worse prognosis, as its use may increase the hazard of
poor survival.
Key words: Liver transplantation; Sorafenib; Perioperative period; Kaplan-Meier curve; Hazard ratio
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

AIM: To evaluate whether the application of sorafenib
during the peri-operative period of liver transplantation
improves prognosis in liver cancer patients.
METHODS: We searched PubMed, EMBASE and
MEDLINE for eligible articles. A total of 4 studies
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Potentially relevant studies
identified and screened for retrieval
based on search strategy (n = 104)

Excluded as not clinical
experiments (n = 82)

Abstract review (n = 22)

Studies not meeting
inclusion criteria(n = 18)

Studies suitable for
meta-analysis or systematic
review (n = 4)

INTRODUCTION
Liver cancer is the sixth most common cancer in
the world and represents the third most common
[1]
cause of cancer-related death . Surgical resection
and liver transplantation have been considered the
most potentially curative treatments up to now.
For patients with a solitary lesion < 5 cm or three
nodules < 3 cm that are not suitable for resection [III,
A], liver transplantation is the ultimate best choice.
However, sufficient improvements in 5-year diseasefree and overall survival rates for patients receiving
transplantations have not been obtained, as the
post-transplantation recurrence rate of carcinoma is
[2]
as high as 66.7% . As a result, there is an urgent
need for an effective method to decrease the posttransplantation recurrence rate.
Sorafenib is a multi-kinase inhibitor that is
able to block the Raf/mitogen-activated protein
kinase extracellular signal-regulated kinase (MEK)/
extracellular signal-regulated kinase (ERK) path
[3]
way . Due to the involvement of this pathway in
tumorigenesis, including liver carcinogenesis, sorafenib
could be used to restrain the proliferation and survival
of tumor cells. Consequently, sorafenib has been
introduced for the treatment of liver cancer.
Up to now, there have been several clinical
experiments focusing on the peri-operational utility
of sorafenib in liver transplantation, rating its validity
as an adjuvant therapy for cancer patients. However,
sufficiently large multi-center studies to provide an
overall evaluation of sorafenib in the peri-operative
period of liver transplantation are still lacking. The
present meta-analysis was intended to combine all
of the relevant studies to assess the curative effect
of sorafenib as an adjuvant therapy.

Figure 1 Study flow.
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Figure 2 An example of how to extract the data from the Kaplan-Meier
curves[10].

Articles were identified by an electronic search of
PubMed, EMBASE, and MEDLINE using the keywords
“liver transplantation” and “sorafenib”, and the personal
bibliographies of two of the authors were also included.
The bibliographies reported in any of the studies
identified were used for further trial identification.
The articles are limited to published trials with at
least an abstract given in English. No contact was
made with the authors to obtain unpublished data.

vember 2008 to September 2013.
Before determining the targets, several standards
were decided. The potential literature to be included
had to fulfill the following criteria: (1) the experiment
was carried out on humans who were going to or
had received a liver transplantation; (2) sorafenib
was compared with a placebo or other non-sorafenib
treatment during the peri-operative period of liver
transplantation; (3) randomized controlled trails were
the first choice, followed by cohort and then casecontrol studies; (4) all of the studies had to have a
common end point, which was defined as the time of
patient death or the last time of follow-up; and (5) all
potentially included studies should provide survival
curves or hazard ratios (HRs) with corresponding
95% confidence intervals (CIs).
Out of the 104 studies identified, none were
randomized controlled trials; 82 were not clinical
experiments; and 18 did not fulfill the inclusion
standards. Among the remaining 4 articles, only 1
was related to the preoperative use of sorafenib,
whereas the other 3 were related to its postoperative
[4-7]
use. As a result, only 4 retrospective cohort trials
were included in this meta-analysis (Figure 1).

Selection of trials

Data extraction

MATERIALS AND METHODS
Literature search

Except for one article, the remaining three ones

A total of 104 articles was obtained, spanning No
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Figure 3 An example depicting the process by which the data extracted from the K-M curves are input into the HR calculation spreadsheet, step by step[10].
Data input screens (A, B and D), generated curves (C and E) and output screen (F) from the calculations spreadsheet.

did not directly provide the HRs and corresponding
95%CIs, although the survival curves were available.
[8,9]
Using widely proven, accepted scientific methods ,
the data were extracted from the survival curves with
Engauge 4.0. Then, the data were input into the HR
calculation spreadsheet, which was created by Tierney
[10]
et al . Using the methodology stated above, the
HRs, standard errors (SEs) and their corresponding
95%CIs were estimated from the curves. The detailed

WJG|www.wjgnet.com

process is shown in Figures 2 and 3.

Statistical analysis

HRs and their SEs were analyzed as a whole using
Review Manager 5.0, and statistical heterogeneity
2
was defined as P < 0.10 or I > 50%. As the
potential heterogeneity was determined using the
standard above, a randomized effect model was
used to measure the outcomes.
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0.0

analysis to examine the use of sorafenib in the
peri-operative period of liver transplantation. As a
targeted drug, sorafenib was first used to treat renal
cell carcinoma. Then, it only took a few years before
sorafenib was first applied as a novel adjuvant
treatment for hepatocellular carcinoma, especially
[11]
for patients requiring liver transplantation .
Although sorafenib has anti-tumor potentiality in
theory, the outcomes of multi-center cohort or casecontrol trials indicate that sorafenib does not have any
apparent effect in improving overall survival. More
over, sorafenib therapy may lead to a poor prognosis,
as it can increase the hazard of poor survival.
Considerable side effects have been observed
[12]
among patients receiving sorafenib . Based on the
[13]
published literature , high grade toxicities were
reported in 25%-30% (Yoon et al, 4/13 patients;
Pfiffer et al, 2/8 patients) of patients under sorafenib/
calcineurin inhibitor (CNI) combination therapy and
in 55% (Kim et al, 5/9 patients) in another series
using sorafenib in combination with mTORi.
From the authors’ perspective, the following
reasons may account for the present discouraging
conclusion. Sorafenib, as a newly developed targeted
drug, has been used for too short a time for true
analysis, and its popularization and application have
been constricted due to its costs, which are too high
for patients. Furthermore, liver transplantation, as
the final treatment for liver cancer, is not available
for all cancer patients. As a result, the number
of participants that could have been included in
the experiments is small, and we here may have
underestimated the potential of sorafenib.
In conclusion, sorafenib should not be recommended
for patients suffering from liver cancer or those waiting
for or having received liver transplantation.
Unfortunately, only 4 eligible articles were included
in the present study; sorafenib has not yet been
applied in liver transplantation for a very long period.
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Post-transplantation
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Figure 5 Funnel plot of the included studies.

RESULTS
As shown in the forest figure, the HRs, as extracted
from the Kaplan-Meier curves using the formula
[9,10]
recommended by Parmar, Tierney et al
, were
transformed to In[HR] to make the data fulfill a normal
distribution (Figure 4).
Among the four studies identified, one was
related to sorafenib use before liver transplantation,
whereas the other three investigated the use of
sorafenib after liver transplantation.
The present meta-analysis showed that the use
of sorafenib during liver transplantation did not sig
nificantly improve the overall survival. The use of
sorafenib before liver transplantation had an HR of
3.29 (95%CI: 0.33-32.56), and the therapy used
after liver transplantation had an HR of 1.44 (95%CI:
0.27-7.71). The overall HR was 1.68 (95%CI:
0.41-6.91). Based on the funnel plot, publication
bias might have been detected (Figure 5).

DISCUSSION
To the best of our knowledge, this is the first meta-

WJG|www.wjgnet.com

1639

February 7, 2015|Volume 21|Issue 5|

Qi HL et al . Sorafenib use in liver transplantation
Because of the limited data, we could consider only
the overall survival rates and the estimated HRs in
our analysis, making the results of this study not very
persuasive. However, the present study represents
the first effort in this new area, and our work could
provide some suggestive evidence.
More cohort trials and, optimally, RCTs are needed
to verify our conclusion. Research on sorafenib and
any other targeted drugs should be encouraged, as
such drugs may have as-yet-underestimated antitumor abilities.

3

4

5
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RESULTS: By pooling the eligible studies, we found
that the HIF-1α -1772C>T polymorphism was not
associated with the risk of developing digestive tract
cancer (dominant comparison, OR: 1.156; 95%CI:
0.839-1.593; P heterogeneity = 0.007), and no significant
association was found in the Asian population or the
Caucasian population. However, for the -1790G>A
polymorphism, carriers of the variant -1790A allele had
a significantly increased risk of digestive tract cancer
compared with those with the wildtype -1790G allele
(dominant comparison, OR: 3.252; 95%CI: 1.661-6.368;
P heterogeneity < 0.001). Additionally, this increased risk of
digestive cancer was only detected in Asians; there was
no significant association in Caucasians.
CONCLUSION: This meta-analysis demonstrates that
the HIF-1α -1790G>A polymorphism is associated with
a significantly increased risk of digestive tract cancer,
while the -1772C>T polymorphism is not.
Key words: Hypoxia-inducible factor-1α; Digestive tract
cancer; Polymorphisms; Cancer risk; Meta-analysis
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The functional polymorphisms of hypoxiainducible factor-1α (HIF-1α) (-1772C>T and -1790G>A)
have been extensively investigated; however, the
relationship between HIF-1α polymorphisms and
digestive tract cancer has remained unclear. In this work,
we found that the HIF-1α -1772C>T polymorphism
was not associated with the overall risk of developing
digestive tract cancer (dominant comparison, OR: 1.156;
95%CI: 0.839-1.593; P heterogeneity = 0.007). However, the
variant -1790A allele significantly increased the risk of

Abstract
AIM: To investigate the association between hypoxiainducible factor-1α (HIF-1α) polymorphisms (-1772C>T
and -1790G>A) and the risk of digestive tract cancer.
METHODS: A total of 13 eligible studies were
retrieved from PubMed, EMBASE, and the China
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digestive tract cancer (OR: 3.252; 95%CI: 1.661-6.368;

suggests that these functional SNPs could alter the
susceptibility to various types of cancer. However,
current studies have yielded conflicting results about
HIF-1α polymorphisms and the risk of developing
cancer of the digestive tract. For example, Kang et
[15]
al
found that the -1772C>T polymorphism was
associated with an increased risk of colorectal cancer;
[16]
however, Li et al
did not find any significant
association with gastric cancer risk. Thus, this metaanalysis was performed to ascertain the relationship
between the HIF-1α -1772C>T and -1790G>A
polymorphisms and susceptibility to cancer of the
digestive tract.

P heterogeneity < 0.001).

Sun X, Liu YD, Gao W, Shen SH, Li M. HIF-1α -1790G>A
polymorphism significantly increases the risk of digestive
tract cancer: A meta-analysis. World J Gastroenterol 2015;
21(5): 1641-1649 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i5/1641.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i5.1641

INTRODUCTION
Genetic polymorphisms are natural DNA sequence
variations that occur in the healthy population with
[1]
an expected frequency higher than 1% . Common
genetic polymorphisms include single nucleotide
polymorphisms, insertions, deletions, minisatellites
and microsatellites. Approximately 90% of DNA
polymorphisms are single nucleotide polymorphisms
(SNPs). Functional SNPs in gene regulatory or coding
sequences can alter gene expression or affect the
function of proteins. SNPs are associated with interindividual variation and diversity and have recently
been considered as principal genetic elements
involved in the development of complex diseases,
[2]
such as cancer .
Hypoxia-inducible factor-1 (HIF-1) is a trans
cription factor complex that activates gene transcri
ption, enhancing oxygen availability and allowing
[3]
metabolic adaptation to hypoxia . HIF-1 is com
posed of two subunits, HIF-1α and HIF-1β. HIF-1α
plays a critical role in adjusting oxygen levels, and it
[4-6]
is involved in the processes of angiogenesis
and
[7,8]
cell proliferation
. HIF-1α is expressed in many
cancer cells as a result of oncogene expression
[9,10]
and intratumoral hypoxia
. Furthermore, it has
been demonstrated that HIF-1α is an unfavorable
prognostic factor in a variety of digestive tract
cancers, such as pancreatic cancer and hepatocellular
[11-13]
carcinoma
.
The HIF-1α gene is located on chromosome
14q21-24. Two common SNPs in the protein
coding region of the HIF-1α gene have been
widely investigated: the C-to-T substitution at
-1772 (-1772C>T, P582S, or rs11549465) and the
G-to-A substitution at -1790 (-1790G>A, A588T, or
rs11549467). The -1772C>T polymorphism leads to
a proline-to-serine substitution, and the -1790G>A
polymorphism leads to an alanine-to-threonine
substitution. Both the -1772C>T and -1790G>A
polymorphisms are functional and located in the
oxygen-dependent degradation domain, which is
closely related to the N-terminal transactivation
[4,14]
domain of HIF-1α
. Therefore, these functional
SNPs may affect the stability and trans-activating
capacity of HIF-1α. Additionally, evidence also
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MATERIALS AND METHODS
Selection of eligible studies

The eligible studies were obtained by searching
online databases. In order to identify as many related
articles as possible, PubMed, EMBASE, and the China
National Knowledge Infrastructure (CNKI) were
searched. Combinations of medical subheadings and
the key words “HIF-1α” or “hypoxia-inducible factor
1, α subunit” or “HIF1A” or “HIF-1α”, “polymorphism,
single nucleotide” or “single nucleotide polymorphism”
or “polymorphism” or “SNP”, and “neoplasms”
or “cancer” or “tumor” were used to search the
databases. Alternative spellings of these key words
were also considered. The most recent research
was performed on July 15, 2013, and there was no
limitation on the research.

Inclusion and exclusion criteria

Studies were selected according to the following
inclusion criteria: (1) case-control studies; (2) in
vestigation of the association of HIF-1α polymor
phisms (-1772C>T and -1790G>A) and the risk
of developing digestive tract cancer; (3) cancer
diagnosis by histopathology; and (4) studies pro
viding detailed genotype frequencies. Studies without
detailed genotype frequencies were excluded. The
titles and abstracts of the records retrieved from the
databases were screened, and the full-text papers
were further evaluated to confirm eligibility. Two
reviewers (Sun X and Liu YD) extracted the eligible
studies independently according to the inclusion
criteria. Disagreements between the two reviewers
were discussed with another reviewer until a
consensus was achieved.

Data extraction

Data from the eligible studies were independently
extracted by the two reviewers using a predesigned
data collection form. The following data were
collected: name of first author, year of publication,
country where the study was carried out, ethnicity,
cancer types, the source of the controls, number of
cases and controls, genotype frequency in the cases
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Table 1 Baseline characteristics of eligible studies
Ref.

Year

Country

Ethnicity

Control

Cancer type

SNP

Cases

Controls

Alves et al[21]
Ruiz-Tovar et al[22]
Wang et al[7]
Kang et al[15]
Shieh et al[24]
Hsiao et al[25]
Knechtel et al[17]
Chen et al[26]
Li et al[16]
Muñoz-Guerra et al[27]
Fransén et al[28]
Ling et al[29]
Kuwai et al[30]

2012
2012
2009
2011
2010
2010
2010
2009
2009
2009
2006
2005
2004

Brazil
Spain
China
Korea
China
China
Austria
China
China
Spain
Sweden
China
Japan

Latin America
Caucasian
Asian
Asian
Asian
Asian
Caucasian
Asian
Asian
Caucasian
Caucasian
Asian
Asian

HB
PB
HB
HB
HB
HB
HB
PB
HB
PB
HB
PB
PB

Oral cancer
Pancreatic cancer
Pancreatic cancer
Colorectal cancer
Oral cancer
Hepatocellular carcinoma
Colorectal cancer
Oral cancer
Gastric cancer
Oral cancer
Colorectal cancer
Esophageal cancer
Colorectal cancer

C1722T, G1790A
C1722T, G1790A
C1722T, G1790A
C1722T
C1722T, G1790A
C1722T, G1790A
C1722T, G1790A
C1722T, G1790A
C1722T, G1790A
C1722T, G1790A
C1722T, G1790A
C1722T
C1722T

40
59
263
50
305
102
381
347
87
155
198
95
100

88
159
271
50
96
347
1209
174
106
139
258
104
100

HB: Hospital-based studies; PB: Population-based studies; SNP: Single nucleotide polymorphism.

and controls. Ethnicity was categorized as Asian,
Caucasian, or Latin American (Table 1). According
to the source of control, the eligible studies were
defined as hospital-based (HB) and population-based
(PB). The sample size in the eligible studies was
classified as either large (> 500) or small (< 500).
Hardy-Weinberg equilibrium (HWE) in the controls
2
was tested using the χ test for goodness of fit, and
P < 0.05 was considered as the absence of HWE.
Two reviewers reached consensus on each item.

heterogeneity was considered significant when P <
0.10. The fixed-effects model (based on the MantelHaenszel method) and random-effects model (based
on the DerSimonian-Laird method) were used to
pool the data from different studies. The fixed-effects
model was used when there was no significant
heterogeneity; otherwise, the random-effects model
[18]
was applied . Meta-regression was performed to
detect the source of heterogeneity. Publication bias
was detected by Begg’s funnel plot and Egger’s linear
regression test, and a P < 0.05 was considered
[19]
significant . To test the influence of publication
bias, the fail-safe number was also calculated for P =
[20]
0.05 (Nfs0.05) and P = 0.01 (Nfs0.01) . All statistical
analyses were calculated with STATA software version
10.0 (Stata Corp., College Station, TX, USA), and all
P values are two-sided.

Statistical analysis

The strength of the association between the HIF1α -1772C>T and -1790G>A polymorphisms
and the risk of developing digestive tract cancer
was measured by odds ratios (ORs) with 95%
confidence intervals (CIs). The estimates of the
pooled ORs were obtained by calculating a weighted
average of the ORs from each study. A 95%CI was
used for the test of statistical significance, and a
95%CI without an OR of 1 indicated a significantly
increased or reduced cancer risk. The pooled ORs
were calculated for allele comparison (A vs a),
heterozygote comparison (Aa vs aa), and dominance
modeling (AA/Aa vs aa) (A: the mutant allele, a:
the wildtype allele; the -1772T and -1790A alleles
were considered as mutant alleles). The combined
[15]
genotype was reported by Kang et al
and Knechtel
[17]
et al ; thus, only dominant comparison models
were calculated for these 2 studies. Subgroup
analyses were also conducted according to ethnicity,
cancer type, source of control, and sample size. A
sub-group analysis was not performed for subgroups
containing less than 2 studies. Sensitivity analyses
were performed to identify each individual study’s
effect on the pooled results and test the reliability of
the results.
2
The χ test based on Q was used to check the
statistical heterogeneity between studies, and the
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RESULTS
Overview of eligible studies

According to our search strategy, 558 records were
retrieved and screened. After primary screening, 16
full-text papers were retrieved for further assessment
[15-17,21-30]
of eligibility. Finally, 13
eligible studies were
included and 3 studies were excluded because they
[31,32]
were not related to cancer risk
or the HIF-1α
[33]
-1772C>T and -1790G>A polymorphisms . The
procedure for study selection is shown in Figure 1.
Of the 13 eligible studies, 2182 cancer patients
and 3101 controls were enrolled. The baseline
characteristics of the included studies are shown
in Table 1. Six types of digestive tract cancer
were investigated: oral cancer, esophageal cancer,
gastric cancer, pancreatic cancer, hepatocellular
carcinoma, and colorectal cancer. Most studies
were carried out among Asian and Caucasian
populations, while only one study was performed
in Latin America. The -1772C>T polymorphism
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Table 2 Meta-analysis results of -1772C>T polymorphism
Dominant comparison
Overall
Ethnicity
Caucasian
Asian
Source of control
HB
PB
Cancer types
OC
PC
CRC
HWE
No
Yes
Sample size
Small
Large

Allele comparison

Heterozygote comparison

OR (95%CI)

P het

OR (95%CI)

P het

OR (95%CI)

P het

1.156 (0.839-1.593)

0.007

1.325 (0.846-2.076)

< 0.001

0.853 (0.502-1.450)

< 0.001

1.053 (0.842-1.317)
1.302 (0.748-2.266)

0.381
0.007

1.075 (0.795-1.454)
1.169 (0.667-2.049)

0.011
< 0.001

0.459 (0.174-1.211)
1.132 (0.628-2.040)

0.060
0.009

1.314 (0.884-1.954)
0.898 (0.498-1.620)

0.014
0.086

1.661 (0.755-3.656)
1.163 (0.698-1.938)

< 0.001
0.089

1.153 (0.633-2.099)
0.482 (0.166-1.405)

0.009
0.004

1.063 (0.643-1.757)
1.388 (0.542-3.555)
1.118 (0.573-2.182)

0.304
0.032
0.015

2.517 (0.705-8.980)
1.753 (1.225-2.508)1
0.262 (0.011-6.380)

< 0.001
0.349
0.024

0.917 (0.444-1.895)
0.500 (0.018-14.015)
0.241 (0.011-5.509)

0.135
0.001
0.027

0.777 (0.466-1.296)
1.260 (0.873-1.818)

0.832
0.007

3.221 (0.673-15.414)
1.149 (0.723-1.826)

< 0.001
0.009

0.250 (0.051-1.211)
1.091 (0.660-1.803)

0.139
0.005

0.958 (0.621-1.479)
1.569 (1.049-2.345)1

0.031
0.125

1.192 (0.680-2.089)
1.983 (1.325-2.969)1

< 0.001
0.867

0.658 (0.362-1.197)
1.994 (1.307-3.042)1

0.007
0.529

1

Significant association. Phet: P value of heterogeneity; HB: Hospital-based studies; PB: Population-based studies; OC: Oral cancer; PC: Pancreatic cancer;
CRC: Colorectal cancer.

eligible studies, we found that the -1772C>T
polymorphism was not associated with the risk of
digestive tract cancer in any of the three comparison
models (dominant comparison, OR: 1.156; 95%CI:
0.839-1.593; Pheterogeneity = 0.007; Figure 2). The metaanalysis results for the -1772C>T polymorphism
are shown in Table 2. Sub-group analyses were
performed, and no significant association with the
risk of digestive tract cancer was found among
Asians or Caucasians in the HB studies. Because the
data from 3 studies were not inconsistent with HWE,
we performed sub-group analyses according to HWE,
and no statistical association was found in any of
the groups. In terms of cancer types, we found that
only the variant -1772T allele was associated with a
significantly increased risk of pancreatic cancer (OR:
1.753; 95%CI: 1.225-2.508; Pheterogeneity = 0.349),
while no significant association was observed with
oral cancer or colorectal cancer. Notably, sample size
had a significant influence on the pooled results.
As shown in Table 2, large studies suggested an
increased risk, while small studies revealed no
significant association.
Begg’s funnel plot (P = 0.373; Figure 3) and
Egger’s linear regression test (P = 0.813) suggested
that no publication bias affected the results. A
sensitivity analysis also confirmed the stability of
our results because no individual study affected the
pooled results significantly (Figure 4). Due to the
significant heterogeneity among the studies, a metaregression was performed to identify the source of
heterogeneity (for the dominant model), and the
results suggested that ethnicity (P = 0.021), sample
size (P = 0.002), and HWE (P < 0.001) were the

Records identified through
database searching (n = 558)
PubMed: 188
EMBASE: 215
CNKI: 155

Records screened (n = 558)

Records excluded (n = 542)

Full-text articles assessed
for eligibility (n = 16)

Full-text articles excluded:
not for cancer risk (n = 2)
not about -1772C>T or
-1790G>A polymorphism
(n = 1)

Studies included in
qualitative synthesis
(n = 13)

Figure 1 Flow chart of study selection.

was investigated in all studies, and the -1790G>A
[16,17,21-28]
polymorphism was studied in 10 studies
.
For the -1772C>T polymorphism, the absence of
[21,22,27]
HWE in controls was detected in 3 studies
;
however, no disequilibrium was detected for the
-1790G>A polymorphism. In the control population,
homozygotes for the variant -1772TT were detected
[20,23,26,27]
in 4 studies
, while the -1790AA genotype was
not detected among the cancer cases.

Meta-analysis results

-1772C>T polymorphism: By pooling all the
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Table 3 Meta-analysis results of -1790G>A polymorphism
Dominant comparison
Overall
Ethnicity
Caucasian
Asian
Source of control
HB
PB
Cancer types
OC
PC
CRC
Sample size
Small
Large

Allele comparison

OR (95%CI)

P het

3.252 (1.661-6.368)1

< 0.001

4.455 (1.938-10.241)1

1.882 (0.627-5.644)
2.921 (1.909-4.470)1

< 0.001
0.163

2.881 (0.943-8.807)
2.793 (1.877-4.158)1

3.258 (1.331-7.977)1
3.516 (1.340-9.229)1

< 0.001
0.026

7.919 (1.582-39.636)1
2.499 (0.929-6.726)
0.971 (0.571-1.650)
4.127 (1.511-11.267)1
2.186 (0.863-5.537)

Heterozygote comparison

P het

OR (95%CI)

P het

< 0.001

2.677 (1.677-4.273)1

< 0.001

0.009
0.195

1.898 (0.411-8.761)
2.891 (1.890-4.422)1

0.002
0.165

4.904 (1.375-17.489)1
3.923 (1.894-8.128)1

< 0.001
0.084

2.521 (1.526-4.167)1
2.729 (0.823-9.053)1

0.094
0.011

< 0.001
0.098
0.454

9.663 (1.312-71.149)1
3.030 (1.946-4.716)1

< 0.001
0.418

3.165 (1.264-7.924)1
1.611 (0.241-10.760)

0.019
0.019

< 0.001
0.001

4.976 (1.457-16.996)1
3.313 (2.214-4.959)1

< 0.001
0.969

2.351 (1.180-4.682)1
3.492 (2.298-5.307)1

0.007
0.690

OR (95%CI)

1

Significant association. OR: Odds ratio.

Study
ID
Ruiz-Tovar J (2012)
Wang X (2011)
Kang MJ (2011)
Shieh TM (2010)
Hsiao PC (2010)
Knechtel G (2010)
Chen MK (2009)
Li K (2009)
Muñoz-Guerra MF (2009)
Fransén K (2006)
Ling TS (2006)
Kuwai T (2004)
Alves LR (2012)
2
Overall (I = 57.5%, P = 0.007)
0.001

1

OR (95%CI)

%Weight

0.82 (0.39, 1.72)
2.16 (1.32, 3.51)
3.63 (1.08, 12.18)
1.04 (0.43, 2.50)
2.19 (0.88, 5.43)
1.22 (0.93, 1.61)
1.73 (0.76, 3.95)
0.34 (0.11, 1.10)
0.74 (0.36, 1.50)
0.88 (0.53, 1.45)
1.11 (0.46, 2.69)
0.04 (0.00, 0.67)
(Excluded)
1.16 (0.84, 1.59)

9.05
12.35
4.99
7.52
7.23
15.35
8.07
5.30
9.34
12.17
7.45
1.18
0.00
100.00

1

20

Figure 2 Forrest plot of the -1772C>T polymorphism and the risk of digestive tract cancer. 1Weights are from random effects analysis. Dominant comparison:
TT + CT vs CC. OR: Odds ratio.

are shown in Table 3. A pooled analysis of the 10
eligible studies revealed that the variant -1790A
allele significantly increased the risk of digestive
tract cancer, as observed in the dominant model
(OR: 3.252; 95%CI: 1.661-6.368; P heterogeneity <
0.001; Figure 5), the allele comparison (OR: 4.455;
95% CI: 1.938-10.241; Pheterogeneity < 0.001), and
the heterozygote comparison. Next, stratified
analyses were performed. As shown in Table 3, the
source of controls and the sample size did have a
significant effect on the results. However, we only
found a significantly increased risk in Asians, not in
Caucasians. In Asians, the -1790G>A polymorphism
was associated with increased susceptibility to
cancers of the digestive tract, while no significant
association was observed in Caucasians. As for the
cancer types, the -1790G>A polymorphism increased
the risk of oral cancer and pancreatic cancer, but not
the risk of colorectal cancer (Table 3).

4

OR

2

0

-2
0.0

0.5

1.0

1.5

s.e. of: OR

Figure 3 Begg’s funnel plot with pseudo 95% confidence limits.

sources of heterogeneity between the studies.
-1790G>A polymorphism: The results of the
meta-analysis of the -1790G>A polymorphism
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A

B

Meta-analysis estimates, given named study is omitted
Lower CI limit

Estimate

Alves LR (2012)

Lower CI limit

Estimate

Upper CI limit

Alves LR (2012)
Ruiz-Tovar J (2012)
Wang X (2011)
Kang MJ (2011)
Shieh TM (2010)
Hsiao PC (2010)
Knechtel G (2010)
Chen MK (2009)
Li K (2009)
Muñoz-Guerra MF (2009)
Fransén K (2006)
Ling TS (2006)
Kuwai T (2004)

Ruiz-Tovar J (2012)
Wang X (2011)
Shieh TM (2010)
Hsiao PC (2010)
Knechtel G (2010)
Chen MK (2009)
Li K (2009)
Muñoz-Guerra MF (2009)
Fransén K (2006)

1.41 2.66

Meta-analysis estimates, given named study is omitted

Upper CI limit

3.25

6.35

7.53

0.76 0.84

1.16

1.59 1.70

Figure 4 Meta-analysis estimates, with given named study omitted (A, B).
Study
ID

OR (95%CI)

Alves LR (2012)
Ruiz-Tovar J (2012)
Wang X (2011)
Shieh TM (2010)
Hsiao PC (2010)
Knechtel G (2010)
Chen MK (2009)
Li K (2009)
Muñoz-Guerra MF (2009)
Fransén K (2006)
2
Overall (I = 84.9%, P = 0.007)

219.86 (43.60, 1108.77)
1.31 (0.43, 4.02)
3.72 (2.21, 6.24)
1.09 (0.45, 2.61)
4.10 (1.91, 8.82)
0.85 (0.44, 1.61)
3.26 (1.62, 6.59)
2.93 (1.06, 8.06)
8.67 (3.73, 20.16)
1.31 (0.51, 3.36)
3.25 (1.66, 6.37)
0.0009

1

%Weight

1

7.16
9.15
11.42
10.15
10.57
11.02
10.81
9.58
10.27
9.87
100.00

1109

Figure 5 Forrest plot of the -1790G>A polymorphism and the risk of digestive tract cancer. 1Weights are from random effects analysis. Dominant comparison:
AA + GA vs GG.

The results of Begg’s test (P = 0.05) and Egger’s
test (P = 0.064) indicated the presence of significant
publication bias. Additionally, the stability of our
results was confirmed by the sensitivity analysis
(Figure 4B). The fail-safe number was calculated
to estimate the influence of publication bias. The
value of the fail-safe number was large (Nfs0.05 =
359.34, Nfs0.01 = 172.98), which suggested that
the publication bias was low and our result was
reliable. Due to the significant heterogeneity among
the studies, a meta-regression was performed to
identify the source of the heterogeneity (for the
dominant model). The results suggested that sample
size (P = 0.002) and HWE (P < 0.001) were the
sources of heterogeneity between studies.

HIF-1α is a critical gene involved in the cellular
response to hypoxia. By activation of various genes
that are related to the regulation of angiogenesis, cell
survival, apoptosis, and the proliferative response,
HIF-1α has an important role in tumor progression and
[34,35]
metastasis
. In the presence of oxygen, HIF-1α
[36]
is hydroxylated and degraded by the proteasome ;
however, in a hypnotic microenvironment, the HIF-1α
[37]
protein accumulates . Studies have shown that HIF1α is overexpressed in various digestive tract tumors,
such as colon cancer, pancreatic cancer, stomach
[9,38]
cancer, and esophageal cancer
. The functional
-1772C>T and -1790G>A polymorphisms of HIF1α are associated with an increased trans-activation
capacity of HIF-1α under normoxic and hypoxic
[4]
conditions . Thus, these two SNPs may alter the risk
of digestive tract cancer.
In this meta-analysis, we identified 13 eligible
[15-17,21-30]
studies
and found that the -1772C>T
polymorphism was not associated with the risk of
digestive tract cancer. Stratified analyses according
to ethnicity, source of controls, and HWE did not
find any differences between the sub-groups. The
results suggested that the -1772C>T did not alter

DISCUSSION
The results of the present meta-analysis suggest
that the -1772C>T polymorphism of the HIF-1α
gene is not associated with the risk of digestive
tract cancer; however, the -1790G>A polymorphism
significantly increases the susceptibility to digestive
tract cancer.
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the overall risk of developing digestive tract cancer.
However, the results of this meta-analysis did reveal
that the -1790G>A polymorphism was associated
with a significantly increased risk of digestive tract
cancer, and an elevated susceptibility to cancer
was also observed in the majority of the subgroups. Specifically, we found that Asian carriers
of the variant -1790A allele had an increased risk
compared with Caucasians. The difference between
ethnicities may be explained by differences in the
genetic background, lifestyle, and environmental
[39]
exposure between the groups . Additionally, the
-1772C>T and -1790G>A polymorphisms had
different impacts on the risk of developing a specific
kind of cancer (Table 2 and Table 3), suggesting
that HIF-1α polymorphisms may exert cancer typespecific effects.
Notably, significant heterogeneity was detected
in this meta-analysis. Meta-regression and subgroup
analyses were carried out to detect the source of this
heterogeneity. For both -1772C>T and -1790G>A,
ethnicity was the source of the heterogeneity. For
-1772C>T, sample size and HWE also contributed
to the observed heterogeneity. On the other hand,
the sensitivity analysis confirmed the reliability and
stability of our results. Additionally, no evidence of
significant publication bias was not found by Egger’s
test or Begg’s test.
While we were conducting this meta-analysis,
an updated meta-analysis of HIF-1α polymorphisms
[40]
was published . Compared with the updated
meta-analysis, we focused exclusively on digestive
tract cancer and included more eligible studies
[40]
related to this type of cancer; Liu and Zhang
only included studies before 2011. Because more
eligible studies were included in our meta-analysis,
we performed comprehensive sub-group analyses
according to cancer type, sample size, HWE, and
ethnicity. However, limitations of our meta-analysis
should also be noted. First, although we performed
a comprehensive meta-analysis, the number of
relevant studies was limited and we could not
perform sub-group analyses for each kind of digestive
tract cancer. Second, the sample sizes in the included
studies were relatively small. For the -1772C>T
polymorphism, increased susceptibility was observed
in large studies, while no significant association
was found in small studies. Third, the genotype
distribution of the controls was not in agreement with
HWE in 3 studies on the -1772C>T polymorphism,
although sub-group analysis demonstrated that the
absence of HWE had no significant effect on the
pooled results.
In summary, in this meta-analysis of 13 eligible
studies, we found that the -1790G>A polymorphism
of HIF-1α significantly increases the susceptibility
to digestive tract cancer, while the -1772C>T
polymorphism is not associated with significant
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risk. Further studies with larger sample sizes are
warranted to validate these associations, particularly
for the -1772C>T polymorphism.
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METHODS: The online databases PubMed, EMBASE,
and ISI Web of Science were searched for studies
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occurrence published through April 2014. Studies
that did not adjust for body mass index (BMI) were
excluded. In addition, the independent effect of BMI
was also assessed with the included studies. The
pooled effect sizes and 95% confidence intervals (CIs)
were calculated using random- or fixed-effects models
based on the degree of heterogeneity. Furthermore,
subgroup analyses, meta-regression, sensitivity analyses,
and publication bias were performed.
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RESULTS: Twenty eligible studies were identified. The
summary odds ratio (OR) values per-unit increase in
waist circumference (WC) and BMI for NAFLD formation
2
were 1.07 (95%CI: 1.03-1.10, I = 73.9%, n = 11
2
studies) and 1.25 (95%CI: 1.13-1.38, I = 88.7%, n
= 11 studies), respectively. When the indices were
expressed as binary variables (with the non-obesity
group as reference), the pooled OR in WC, waist-to2
hip ratio, and BMI were 2.34 (95%CI: 1.83-3.00, I =
2
41.8%, n = 7 studies), 4.06 (95%CI: 1.53-10.79, I =
2
65.7%, n = 3 studies), and 2.85 (95%CI: 1.60-5.08, I
= 57.8%, n = 5 studies), respectively. Using the same
studies as the latter (n = 5), pooled OR in WC was 3.14
(95%CI: 2.07-4.77), which is greater than that in BMI.
CONCLUSION: Central obesity may pose a greater
threat to national health than general obesity, although
both are independently associated with increased risk
of NAFLD.
Key words: Central obesity; General obesity; Nonalcoholic
fatty liver disease; Body mass index; Waist circumference
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Abstract
AIM: To investigate whether central obesity is associated
with nonalcoholic fatty liver disease (NAFLD) formation
after adjusting for general obesity.
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Core tip: Central and general obesity are independently
associated with increased risk of nonalcoholic fatty liver
disease (NAFLD). Per-unit increase in waist circumference
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and body mass index increased the incidence risk of
NAFLD by 0.07- and 0.25-fold, respectively. The risk for
disease is increased in individuals with a higher waist
circumference, waist-to-hip ratio, and body mass index
by 1.34-, 3.06-, and 1.85-fold, respectively. The results of
this analysis suggest that central obesity poses a greater
threat to national health than general obesity. Therefore,
future studies should place a greater emphasis on central
obesity.

Previous studies have demonstrated that patients
with NAFLD have significantly higher visceral fat
areas and waist circumferences (WCs) compared
with body mass indices (BMIs) of matched control
[13,14]
individuals
. In addition, central obesity is an
important predictor for NAFLD, even in individuals
[15,16]
with normal weight
. A recent study emphasized
that no other anthropomorphic parameters are
independently associated with NAFLD after adjusting
[17]
for waistline . Furthermore, as a metabolic factor,
WC is strongly associated with insulin resistance
and increased alanine aminotransferase activity in
[18,19]
patients with NAFLD
. According to the above
findings, we hypothesized that central obesity is
closely associated with the incidence of NAFLD,
and the association may be independent of general
obesity. However, several epidemiological studies
have suggested no statistically significant association
between central obesity and NAFLD after adjusting
[20-23]
for BMI
. Thus, the principal aim of this review
was to assess whether central obesity independently
conveys increased NAFLD risk after excluding BMI as
a confounder. All of the relevant studies were summed
with the meta-analysis method. Furthermore, the
independent effect of BMI in NAFLD was investigated
in the included studies.

Pang Q, Zhang JY, Song SD, Qu K, Xu XS, Liu SS, Liu C.
Central obesity and nonalcoholic fatty liver disease risk after
adjusting for body mass index. World J Gastroenterol 2015;
21(5): 1650-1662 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i5/1650.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i5.1650

INTRODUCTION
Nonalcoholic fatty liver disease (NAFLD) encompasses
a spectrum of non-cancerous liver diseases ranging
from simple steatosis to nonalcoholic steatohepatitis
(NASH). Considering that NAFLD has been increasingly
recognized as a major cause of liver-related mortality,
[1,2]
the disease has become a global problem . NAFLD
may progress to liver fibrosis, liver cirrhosis, or
even hepatocellular carcinoma (HCC), the fifth most
common cancer and the third most common cause
[3]
of death from cancer worldwide . Moreover, due to
the high prevalence of NAFLD worldwide, especially in
developed countries, the incidence of NAFLD-related
[4]
HCC has gradually increased .
As a hepatic manifestation of metabolic syndrome
(MS), NAFLD is closely associated with metabolic
[5,6]
disorders such as diabetes and obesity
. The
incidences of general/central obesity have greatly
increased over the past few decades due to unhealthy
dietary patterns, decreased physical activity, and
sedentary lifestyles. Along with the rapid increase of
obese patients, the morbidity and impact of NAFLD
[6,7]
have increased in recent years
. However, the
majority of hepatologists are exclusively focused on
the association between general obesity and NAFLD
risk, thus neglecting the effect of central obesity.
Moreover, several meta-analyses and epidemiological
studies demonstrated that central obesity might be
a better predictor of metabolic disorders and tumors
[8-10]
than general obesity
. Nevertheless, these studies
failed to show the independent risk of central obesity
as odds ratio (OR) values were calculated without
adjustments for general obesity.
[11]
In various definitions of MS , central obesity,
rather than general obesity, is generally considered to
be an indispensable component of MS. This suggests
that central obesity should not be neglected as a risk
factor for NAFLD. In fact, some individuals with no
[12]
general obesity could potentially develop NAFLD .

WJG|www.wjgnet.com

MATERIALS AND METHODS
Search strategy and selection criteria

Two independent investigators (Pang Q and Zang
JY) performed a systematic search with no language
restrictions using the PubMed, EMBASE, and ISI
Web of Science databases up until April 2014. The
core search consisted of terms “central obesity” or
“abdominal obesity” or “abdominal adiposity” or
“central adiposity” or “waist circumference” or “waistto-hip ratio” or “waist” or “WC” or “WHR”, combined
with terms “nonalcoholic fatty liver” or “nonalcoholic
steatohepatitis” or “hepatic steatosis” or “NAFLD” or
“NASH”. In addition, the reference lists of included
studies and review articles were searched by hand.
Included studies had to meet the following criteria:
(1) published as an original article; (2) used a cohort,
case-control, cross-sectional, or nested case-control
design; (3) estimated the association between WC
or waist-to-hip ratio (WHR) and the incidence of
NAFLD in adults, and reported OR value with 95%
confidence interval (CI) adjusting for BMI; and (4)
diagnosed NAFLD by imaging or biopsy, and excluded
patients with alcoholic liver disease (ALD). If a study
was published more than once, the publication with
the most adjusted OR value was used. Studies were
excluded if they recruited all fatty liver patients
without distinguishing NAFLD from ALD. A study
was excluded if it met one of the following criteria:
(1) evaluated the influence of WC in the progress
of NAFLD; (2) recruited non-adult individuals; (3)
recruited special individuals with pre-existing diseases
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494 citations from PubMed
580 citations from EMBASE
590 citations from Web of Science

867 records excluded
568 not relevant
105 recruited not adults
171 recruited special individuals with preexisting diseases
23 reviews or letters

984 records after duplicates removed

117 full-text articles assessed for eligibility
97 full-text articles excluded
48 just reported mean ± SD
23 crude odds ratio
11 without adjusting for BMI
9 without excluding ALD
3 more than two categories
3 didn’t report CIs

21 datasets (in 20 studies) included in the meta-analyses
11 OR value as a slope per-unit WC increase
7 two categories of WC
3 two categories of WHR

Figure 1 Flow diagram of search strategy and study selection. ALD: Alcoholic liver disease; OR: Odds ratio; WC: Waist circumference; WHR: Waist-to-hip ratio.

(diabetes, obese); (4) not published as full reports
(conference abstracts and letters to editors); and (5)
reported only the relation between central obesity
and NAFLD-related fibrosis, cirrhosis, or cancer.

analyses in the corresponding study were considered
as adjusted confounders.
The heterogeneity among studies was assessed
2
with Q and I statistic values (25%, 50%, and 75%
correspond to cut-off points for low, moderate,
and high degrees of heterogeneity, respectively).
A fixed-effects model was used when significant
2
heterogeneity was observed [P < 0.1 (Q), or I >
50%]; otherwise, a random-effects model was used.
To identify those factors that could significantly alter
the pooled OR value, as well as to explore the source
of heterogeneity among studies, subgroup and metaregression analyses were performed for the covariates
in at least two studies in each group. Sensitivity
analyses were performed to investigate whether any
single study markedly affected the results, and the
effects model was used to observe changes in the
results. Publication bias was examined in funnel plots
using Begg’s and Egger’s tests. The STATA software,
version 12.0 (StataCorp LP, College Station, TX,
United States) was used to analyze the data.

Data extraction

Three investigators (Pang Q, Qu K, Xu XS) indepen
dently evaluated and retrieved studies for inclusion
according to the selection criteria. Discrepancies
among investigators were solved through discussion.
For each included study, the following information was
extracted using a standardized protocol for collecting
data: (1) the first author’s last name; (2) publication
year; (3) region in which the study population
dwelled; (4) number of recruited patients; (5) cohort
characteristics (age, sex, and WC); (6) study design;
(7) diagnostic basis for NAFLD; (8) the cut-off values
for WC, WHR, and BMI (if reported); (9) OR value and
95%CI; and (10) controlled confounders. The MOOSE
[24]
guidelines
were followed for the current metaanalysis, and the quality of each study was assessed
using the Newcastle-Ottawa Scale. All data were
double-checked by a single investigator (PQ).

RESULTS

Statistical methods

Identification and selection of studies

WC/WHR ratio was expressed as a binary variable in
most of the included studies. This did not meet the
specific requirement in at least three categories of
[25,26]
dose-response meta-analysis
. In other words,
binary variables (with a lower level as a reference)
could not be converted to continuous variables (ex
pressed OR value as a slope per-unit increase in
variables) by using generalized least-squares trend
estimation. Thus, the two types of variables were
analyzed separately to estimate the association
between central obesity and the risk of NAFLD
occurrence. Variables that entered multiple factor

WJG|www.wjgnet.com

A flow diagram of the literature search and selection
process is shown in Figure 1. Of the total 1664 citations,
21 datasets were identified in 20 studies (published
[20-23,27-42]
2005-2013)
. The consensus among the
three observers concerning which studies to include
was good (κ = 0.925-0.974). No additional articles
were included from review of the references. Thus, a
total of 21 datasets were used in this meta-analysis;
11 of which expressed OR values as a slope per-unit
increase in WC. Seven studies reported OR values for
WC, and three studies reported ORs for WHR with the
lower category (a subgroup with a lower level) as a
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Table 1 Baseline characteristics for studies included in meta-analysis
First author and year

Country

High vs low category in waist circumference
Zelber-Sagi et al[27]
Israel
Park et al[28]
Korea
Choi et al[29]
Korea
Tsai et al[30]
Taiwan
Kogiso et al[31]
Japan
Das et al[32]
India
Pinidiyapathirage et al[33]
Sri Lanka
High vs low category in waist-to-hip ratio
Kogiso et al[31]
Japan
Zheng et al[34]
China
Wengert et al[35]
Germany
Per-unit increase in waist circumference
Yoon et al[36]
Korea
Church et al[22]
USA
Sung et al[37]
Korea
Seo et al[20]
Korea
Xu et al[38]
China
Sathiaraj et al[39]
India
Zhou et al[40]
China
Eshraghian et al[21]
Iran
Cheah et al[41]
Malaysia
Foster et al[42]
USA
Li et al[23]
China

Case, n (M/W) Control, n (M/W)

Design

Excluding

1

Cut-off

Adjusted NOS
factors

66/32
62/84
246/68
253/120
33/24
89/75
45/27

108/120
118/86
216/129
275/228
60/113
926/821
144/185

c-s
c-s
c-s
c-s
c-s
n-c-c
c-s

Hep B, C, DILI
Hep B, C
Hep B, C
None
Hep B, C
Hep B, C, DILI
Hep B, C

102/88
90/80
90/80
90/80
85/90
90/80
90/80

5
11
7
7
10
6
4

8
6
6
7
7
8
8

33/24
189/61
58/22

60/113
192/48
138/125

c-s
c-c
c-s

Hep B, C
Hep B, C
Hep B, C

0.845/0.845
0.900/0.850
NR

10
8
8

7
7
9

11/27
24/0
7155/1867
45/28
139/88
77/21
211
127
17/17
227/294
28/51

15/38
218/0
10461/11757
50/36
416/235
75/27
513
705
19/24
1144/1391
130/233

c-s
n-c-c
c-s
c-c
c-s
c-c
Cohort
c-s
c-s
c-s
Cohort

Other liver diseases
Other liver diseases
Hep B, C, DILI
Hep B, C, DILI
Other liver diseases
Hep B, C, DILI
Other liver diseases
DILI, other liver diseases
None
DILI, other liver diseases
Other fatty liver

/
/
/
/
/
/
/
/
/
/
/

3
3
2
12
7
2
11
12
9
9
17

7
7
6
8
7
6
8
7
8
7
8

1

In addition to exclusion of alcoholic liver disease. c-c: Case-control; c-s: Cross-sectional; DILI: Drug-induced liver injury; Hep: Hepatitis; M: Men; n-c-c:
Nested case-control; NOS: Newcastle-Ottawa scale; NR: Not reported; W: Women.

reference. One cohort study estimated the association
between WC and NAFLD without distinguishing the
NAFLD incidence rate (185 patients) from the NAFLD
[40]
prognosis (26 patients) . The qualities of the studies
were moderate to high (mean Newcastle-Ottawa
Scale score 7.24, range: 6-9). With exception of two
Korean studies, all articles were published in English.

The baselines of the included studies are summarized
in Table 1. The meta-analysis involved 12065 cases
(9135 men and 2930 women) and 33692 controls
(15983 men and 15709 women). Two studies used
a prospective cohort design; five studies used casecontrol or nested case-control designs, whereas the
remaining studies used a cross-sectional design. All
studies recruited both men and women except one
[22]
study that exclusively recruited men . Three studies
were performed in western countries (Europe and the
United States), and others were from Asia. The mean
patient age ranged from 35.5 to 71.9 years. NAFLD
was assessed by imaging (computed tomography or
ultrasound) in all the included studies.

effects model. WC was independently associated
with NAFLD, and the pooled OR value was 1.065
(95%CI: 1.029-1.103). When stratified by region, the
OR values were 1.076 and 1.031 in the Asian (nine
studies) and American (two studies) populations,
respectively.
A meta-analysis was performed from six crosssectional, and one nested case-control studies that
expressed WC as a binary variable. WC cut-off values
were all in accordance with the definition of central
obesity of the national or international scientific
associations/federations. A fixed-effects model was
2
used when a low heterogeneity was present (I =
41.8%; P = 0.112). The pooled effect size was 2.344
(95%CI: 1.831-3.0), and the result suggested that
central obesity was independently associated with
NAFLD.
WHR is another accepted anthropometric measure
for defining central obesity. Three studies estimated
the influence of elevated WHR level in the occurrence
of NAFLD. The summary OR value was 4.061 (95%CI:
1.529-10.790), with moderate heterogeneity among
2
studies (I = 65.7%; P = 0.054).

Pooled OR value for WC and WHR

Pooled OR value for BMI

Characteristics of included studies

To utilize the included studies fully, the association
between BMI and NAFLD risk was estimated after
adjusting for WC. The results summarizing 16 studies
are shown in Figure 2D and E. A per-unit increase in
BMI was independently associated with the risk of
NAFLD, with significant heterogeneity among studies

Figure 2A-C shows the results of meta-analyses
for WC and WHR. Eleven studies involving 10 454
individuals estimated OR values as a slope unit
increase in WC. A high degree of heterogeneity was
2
observed (I = 73.9%; P = 0.000), and thus, the
summary OR value was calculated using a random-
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A

Study ID

OR (95%CI)

East
Yoon (2005)
Sung (2007)
Seo (2008)
Sathiaraj (2011)
Xu (2011)
Zhou (2012)
Eshraghian (2013)
Cheah (2013)
Li (2013)

%weight

1.13 (1.04, 1.22)
1.07 (1.03, 1.11)
0.91 (0.77, 1.07)
5.49 (2.60, 11.60)
1.06 (1.02, 1.10)
1.12 (1.05, 1.20)
1.00 (0.88, 1.13)
1.22 (1.02, 1.44)
1.05 (1.00, 1.10)

9.14
14.47
3.67
0.22
14.75
10.45
5.40
3.38
13.43

1.08 (1.03, 1.13)

74.90

Church (2006)

1.06 (0.97, 1.16)

8.15

Foster (2013)

1.03 (1.02, 1.05)

16.95

1.03 (1.02, 1.05)

25.10

1.07 (1.03, 1.10)

100.0

OR (95%CI)

%weight

Zelber (2006)

2.90 (1.31, 6.43)

9.59

Tsai (2008)

1.76 (1.12, 2.76)

30.30

Choi (2008)

1.96 (1.24, 3.10)

29.24

Park (2008)

1.44 (0.57, 3.64)

7.06

Kogiso (2009)

5.78 (1.71, 19.53) 4.11

Das (2010)

3.60 (1.75, 7.41)

Pinidiyapathirage (2011)

5.30 (2.21, 12.68) 8.00

2

Subtotal (I = 73.6%, P = 0.000)
West

2

Subtotal (I = 0.0%, P = 0.535)
2

Overall (I = 73.9%, P = 0.000)
1

Weights are from random effects analysis
0.7

B

1
OR (per 1-unit increase in WC)

1.5

Study ID

2

Overall (I = 41.8%, P = 0.112)

0.5

C

2.34 (1.83, 3.00)

1
2.5
OR (high vs low category of WC)

11.69

100.00

6

Study ID

Kogiso (2009)
Zheng (2012)

OR (95%CI)

%weight

1.80 (0.59, 5.55)

30.44

11.76 (3.90, 35.45) 30.87

Wengert (2013)

3.29 (1.52, 7.11)

2

Overall (I = 65.7%, P = 0.054)

38.69

4.06 (1.53, 10.79) 100.00

1

Weights are from random effects analysis
0.2

1

5

10

OR (high vs low category of WHR)
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D

Study ID

OR (95%CI)

%weight

1.45 (1.19, 1.76)
1.23 (1.16, 1.31)
1.92 (1.08, 3.42)
6.03 (3.26, 11.15)
1.35 (1.21, 1.49)
1.12 (0.92, 1.37)
1.11 (1.05, 1.17)
1.00 (0.70, 1.44)
1.32 (1.16, 1.49)

9.11
13.28
2.49
2.24
12.13
8.97
13.40
4.92
11.49

Subtotal (I = 83.8%, P = 0.000)

1.31 (1.17, 1.46)

78.03

West
Church (2006)
Foster (2013)
2
Subtotal (I = 0.0%, P = 0.331)

1.14 (0.91, 1.42)
1.02 (0.98, 1.06)
1.02 (0.98, 1.06)

8.32
13.66
21.97

1.25 (1.13, 1.38)

100.00

East
Yoon (2005)
Sung (2007)
Seo (2008)
Sathiaraj (2011)
Xu (2011)
Zhou (2012)
Eshraghian (2013)
Cheah (2013)
Li (2013)
2

2

Overall (I = 88.7%, P = 0.000)
1
Weights are from random effects analysis
0.5

1

2

OR (per 1-unit increase in WMI)

E

Study ID

OR (95%CI)

%weight

Zelber (2006)

2.20 (0.93, 5.19)

20.19

Choi (2008)

1.49 (0.97, 2.28)

30.45

Kogiso (2009)

5.29 (1.59, 17.60) 14.11

Das (2010)

4.30 (1.60, 11.53) 17.65

Pinidiyapathirage (2011)

4.80 (1.79, 12.90) 17.60

2

Overall (I = 57.8%, P = 0.050)

2.85 (1.60, 5.08)

100.00

1

Weights are from random effects analysis
0.5

1
2.5
OR (high vs low category of BMI)

5.5

Figure 2 Meta-analyses of the included studies. Forest plots of studies for the associations of various obesity parameters with nonalcoholic fatty liver disease
generated using random-effects model analyses (exception: fixed-effects model for plot in B). A: Per-unit increase in waist circumference (WC); B: high vs low
category of WC; C: High vs low category of WHR; D: Per-unit increase in BMI; E: High vs low category of BMI.

Exploration of heterogeneity

2

(OR = 1.250, 95%CI: 1.131-1.382, I = 88.7%; p
= 0.000). Stratified by region, the pooled OR values
in the eastern (Asia) and western (Europe and the
US) populations were 1.307 and 1.023, respectively.
There was no significant heterogeneity among the
2
studies performed in western regions (I = 0.0%; p =
0.331).
Five Asian studies expressed BMI as a binary
variable. Four of them evaluated NAFLD risk in ov
erweight individuals (in comparison to the lower BMI
level), and one estimated risk in obese patients.
2
Given moderate heterogeneity among studies (I
= 57.8%; P = 0.050), a random-effects model was
implemented indicating an overall adjusted OR of
2.854 (95%CI: 1.604-5.080).

WJG|www.wjgnet.com

With 11 studies estimating the influence of per-unit
WC increase in NAFLD, subgroup and meta-regression
analyses were performed for the covariates region,
design method, number of adjusted confounders,
and the number of involved patients. The covariate
regions and number of individuals were analyzed for
seven studies estimating the association between
central obesity and NAFLD (Table 2). When WC was
expressed as a continuous variable, the number
of individuals and adjusted confounders affected
the summary effect size. The OR value was found
to be statistically significant (lower CI > 1) only in
studies with > 700 individuals, and more than three
adjusted confounders. There were significantly higher
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Table 2 Subgroup and meta-regression analyses of waist circumference and the risk of nonalcoholic fatty liver disease
Covariates

Studies, n

Subgroup

P of Q

OR

I2

(95%CI)
Per-unit increase in waist circumference
Region
East
West
Design
c-s
Others
Adjusted
Yes
(> 3 confounders)
No
Individuals
Yes
(> 700)
No
High vs low category of waist circumference
Design
c-s
Others
Individuals
Yes
(> 600)
No

Inter-group

Univariate

Multivariate

P value

P value

P value

9
2
8
3
7
4
6
5

1.076 (1.025-1.129)
1.031 (1.016-1.046)
1.063 (1.014-1.114)
1.071 (1.026-1.119)
1.051 (1.019-1.084)
1.126 (1.000-1.269)
1.054 (1.025-1.083)
1.100 (0.991-1.22)

0.000
0.535
0.000
0.254
0.035
0.000
0.055
0.000

73.6
0.0
79.1
26.9
55.8
85.0
56.7
81.5

0.006

0.171

0.214

0.157

0.764

0.984

0.031

0.489

0.770

0.163

0.728

0.975

5
2
3
4

2.113 (1.615-2.765)
4.072 (2.189-7.575)
2.070 (1.546-2.774)
3.185 (2.010-5.046)

0.180
0.512
0.245
0.164

36.2
0.0
28.9
41.2

0.057

0.642

0.947

0.122

0.635

0.942

P of Q

I2

Inter-study

Univariate

Multivariate

P value

P value

P value

Table 3 Further analyses after adding several studies
Covariates

Subgroup

n of studies

OR
(95%CI)

Per-unit increase in waist circumference
Region
East
West
Design
c-s
Others
Adjusted
Yes
(> 3 factors)
No
Adjusting for BMI
Yes
No
Excluding ALD
Yes
No
High vs low category of waist circumference
Region
East
West
Design
c-s
Other
Adjusted
Yes
(> 3 factors)
No
Adjusting for BMI
Yes
No
Excluding ALD
Yes
No

15
5
14
6
11
9
14
6
16
4

1.089 (1.057-1.122)
1.040 (1.028-1.052)
1.067 (1.042-1.193)
1.076 (1.049-1.103)
1.059 (1.038-1.081)
1.101 (1.055-1149)
1.064 (1.040-1.089)
1.086 (1.046-1.127)
1.079 (1.051-1.107)
1.056 (1.022-1.093)

0.000
0.149
0.000
0.140
0.000
0.000
0.000
0.000
0.000
0.000

94.1
40.8
94.6
39.8
82.9
95.9
84.8
95.3
90.0
93.8

0.001

0.180

0.145

0.010

0.734

0.968

0.806

0.393

/

0.000

0.649

0.918

0.000

0.603

0.869

11
5
12
4
10
6
10
6
12
4

2.687 (2.018-3.579)
3.098 (2.005-4.785)
2.471 (1.958-3.119)
5.212 (2.121-12.807)
3.002 (2.268-3.973)
2.840 (2.184-3.691)
2.492 (1.898-3.271)
3.281 (2.308-4.664)
2.856 (2.115-3.855)
2.794 (1.716-4.549)

0.000
0.000
0.000
0.858
0.000
0.000
0.002
0.000
0.000
0.000

74.4
83.3
72.3
0.0
73.1
75.2
65.8
79.5
74.9
89.5

0.000

0.545

0.934

0.000

0.015

0.078

0.000

0.459

/

0.000

0.221

0.591

0.000

0.910

1.000

2

heterogeneities and wider CIs in the subgroups of:
eastern population, cross-sectional study, fewer
adjusted potential confounders, and fewer individuals.
For all the covariates, no significant between-group
differences were found in univariate or multivariate
meta-regression analyses.

the western populations (OR = 1.040, I = 40.8%;
p = 0.149). Moreover, the association between WC
and risk of NAFLD was stronger in case-control/
cohort studies than in cross-sectional studies (P =
0.010). There were higher heterogeneities and wider
CIs in the subgroups of an eastern population, crosssectional study, without adjusting for BMI, and without
excluding ALD; all of which could be a source of
heterogeneity (P < 0.05). For all the covariates, no
significant between-group differences were found by
univariate and multivariate meta-regression analyses.
Similarly, further analysis was performed after
the addition of nine studies estimating NAFLD risk in
individuals with central obesity. Of these nine studies,
[22,51-54]
five OR values were not adjusted for BMI
, and
[55-58]
four studies did not distinguish ALD from NAFLD
.
The result was inconsistent with the previous

Further analysis with several additional studies

Nine additional studies were identified for further
exploration. Although all the studies provided OR
values that estimated the influence of per-unit WC in
NAFLD incidence, six studies calculated ORs without
[17,43-47]
adjusting for BMI
and four studies recruited
[47-50]
patients without excluding ALD
(Table 3). Likewise,
when stratified by geographic region, the association
was stronger in the eastern populations (OR =
2
1.089, I = 94.1%; p = 0.000) in comparison with
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higher levels of WC, WHR or BMI (with a lower level as
a reference) faced an increase in the NAFLD incidence
rate by 1.34-, 3.06- and 1.85-fold, respectively. When
these factors are expressed as continuous variables,
comparing the strength of association among the three
anthropomorphic parameters is meaningless due to
enormous differences in their values and ranges.
In contrast, it is more meaningful to compare the
strength between higher WC (or WHR) level and
higher BMI level within the same studies. This
approach showed that patients with central obesity
had a higher risk of NAFLD than individuals with
general obesity.
This study demonstrates a stronger association
between obesity and NAFLD risk in the eastern
population compared with the western population
when WC and BMI were reported as measurement
data. Therefore, region may have been a potential
source of heterogeneity in these studies. However,
when WC was expressed as a categorical variable,
individuals in the west had a greater NAFLD risk.
This contradiction is easily explained by the fact
that the WC cut-off-value was higher in westerners
(102 cm) than easterners (90 cm). Further analysis
with 18 additional datasets found that the region,
design, adjusting for BMI, and excluding ALD were
all potential causes of heterogeneity. However,
none of the covariates were statistically different by
multivariate meta-regression. The lack of significant
changes after excluding any single study or using
the other effects model demonstrates the reliability
of the results from this meta-analysis.
Obesity has been shown to be an important risk
[59]
factor for many liver diseases . Most hepatologists
stress only the role of general obesity on the etiologies
of these disorders while ignoring the special role
of central obesity. Central obesity can also lead to
some hepatic pathological changes. It is still not
clear whether the effect of central obesity on NAFLD
is independent of general obesity. Our findings have
clarified this controversy, and can easily explain
why some patients with NAFLD have a normal BMI
level but an expanded waistline. We also verified
that the impact of central obesity was more serious
than the impact of general obesity. Furthermore,
the independent effects of the two obesity modes
suggested that they might be synergistic risk factors
for NAFLD. This supposition is consistent with an
Asian study that indicated that patients with both
general and central obesity showed more than twofold
risk of developing fatty liver compared to obese
[16]
individuals with no central obesity . General obesity
is mainly caused by overeating, whereas central
obesity is a result of a sedentary lifestyle. Thus, our
results emphasize the importance of considering the
pathophysiological factor when treating NAFLD. The
individuals with an elevated BMI, as well as a wider
waistline, should follow moderate diets and increase
physical activity as a preventive measure against

Table 4 Summary estimates by fixed- vs random-effects
methods
OR (95%CI)
Categorical variable
WC
WHR
BMI
WC1
Per-unit increase
WC
BMI

Fixed-effects

Random-effects

2.344 (1.831-3.000)
3.910 (2.255-6.780)
2.183 (1.582-3.013)
2.844 (2.082-3.885)

2.550 (1.799-3.615)
4.061 (1.529-10.790)
2.854 (1.604-5.080)
3.139 (2.067-4.767)

1.043 (1.031-1.055)
1.121 (1.093-1.150)

1.065 (1.029-1.103)
1.250 (1.131-1.382)

1

Pooled same studies from above body mass index (BMI) category.

results after being stratified by region, as the OR
value in the western population (3.098) was higher
than in the eastern population (2.687). Univariate
meta-regression analyses demonstrated that the
association was significantly stronger in studies
with a case-control or cohort design than in crosssectional studies (P = 0.015). However, the statistical
significance disappeared in multivariable metaregression (P = 0.078). There were no significant
between-group differences for other covariates
in univariate and multivariate meta-regression
analyses.

Sensitivity analysis and test of publication bias

To compare the degree of influence of central and
general obesity in the NAFLD incidence rate, the
five studies that provided adjusted OR estimations
of both higher vs lower WC and higher vs lower
BMI, were analyzed separately. The results showed
a greater risk of NAFLD in individuals with central
obesity in comparison with individuals with higher
BMI levels. All the results were consistent, with
no significant differences between fixed-effects or
random-effects models were found (Table 4). WHR,
which had the greatest effect in both effects models,
might be the best parameter in predicting NAFLD. In
addition, the influence analyses found that no single
study affected the summary estimates (not shown).
There was no statistical evidence of publication
bias among studies expressing WC as a continuous
variable (P = 0.436 using Begg’s test; P = 0.222 using
Egger’s test), as well as among studies expressing WC
as a binary variable (P = 0.230 using Begg’s test; P =
0.092 using Egger’s test) (Figure 3).

DISCUSSION
This is believed to be the first meta-analysis investigating
the independent relationship between two types of
obesity and NAFLD risk. The results indicate that
high WC, WHR and BMI levels are all independently
associated with NAFLD. WC and BMI per-unit
increases led to 0.07- and 0.25-fold increases in the
risk of developing NAFLD, respectively. Individuals with
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A

B

Begg's funnel plot with pseudo 95%CIs
2

1
Log[OR]

Log[OR]

1

Begg's funnel plot with pseudo 95%CIs
2

0

-1

0

-1
0

0.2

0.4

0

s.e. of: log[OR]

C

0.2

0.3

s.e. of: log[OR]

D

Begg's funnel plot with pseudo 95%CIs
2

Begg's funnel plot with pseudo 95%CIs
2

1
Log[OR]

1
Log[OR]

0.1

0

-1

0

-1
0

0.2

0.4

0.6

0

s.e. of: log[OR]

0.2

0.4

0.6

s.e. of: log[OR]

Figure 3 Funnel plots for publication bias. A: Per-unit increase in waist circumference (WC) (P = 0.436); B: High vs low category of WC (P = 0.230); C: Per-unit
increase in body mass index (BMI) (P = 0.533); D: High vs low category of BMI (P = 0.086). s.e.: standard error.

NAFLD. While only few studies reported an association
between central obesity and HCC, several metaanalyses have demonstrated a significant increase in
[10,60,61]
cancer risk in patients with central obesity
. The
significant effects of WC and WHR on NAFLD, a pivotal
cause of HCC, may partly suggest that central obesity
could independently increase HCC risk.
Some investigations have previously reported an
association between increased abdominal obesity and
hepatic steatosis. There were some shortcomings
in these studies. On one hand, many of the studies
assessed NAFLD by abnormal liver biochemistry
[62,63]
levels
. Although most patients with this disorder
demonstrate abnormal liver function, Sorrentino et
[64]
al
indicated that liver enzyme levels could not be
used as surrogate markers of NAFLD. On the other
hand, some of the studies involved all fatty liver
patients, but failed to distinguish NAFLD from ALD.
Despite NAFLD and ALD having similar pathology
performance and pathogenesis, the nutritional
status and adiposity condition of the two diseases
are different. Central obesity is not a significant
[65,66]
determinant for ALD-induced liver dysfunction
.
Moreover, there is a synergistic effect between
risky alcohol consumption and obesity in relation to
[67]
liver diseases . Thus, to improve the accuracy of
diagnosis and reduce heterogeneity among studies,
only studies that assessed NAFLD by imaging/biopsy
were included and those involving ALD were excluded.
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The influence of ALD on heterogeneity was tested in
our further analyses. In addition, as the diagnostic
criteria for children’s central obesity are significantly
different from those for adults, we excluded studies
that did not recruit adults. To assess the validity and
reliability of our results, subgroup analyses, metaregression, and sensitivity analyses were performed.
The rigorous selection criteria of our study may
have led to some potential limitations. First, NAFLD
[68]
is highly prevalent in obese children , and our
restriction to adults meant that we were unable to
extrapolate the risk of obesity to children. Second,
liver biopsy is universally considered the best tool
for identifying NAFLD. However, none of our included
studies diagnosed fatty liver by biopsy. Third, the
effect of obesity may be different between men
and women. Previous studies suggested that the
hypoandrogenism in men and hyperandrogenism in
[69]
women can potentially lead to NAFLD via obesity .
In addition, there is a correlation between liver fat
deposition and WC in men with NAFLD, but not in
[70]
women . Thus, our results may produce gender
distinction, and gender may be a potential source of
heterogeneity. Few studies separately reported OR
values for both genders, thus, we could not stratify by
gender. Finally, the causal exploration designs, such
as cohort, case-control, and cross-sectional design,
[71]
have lower reliability . Involving more cohort design
studies would strengthen the argument, something
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that our study did not do.
There are a variety of reasons why central obesity
induces fatty liver. Central obesity is an essential
component of MS; a disorder strongly associated with
many metabolic factors. As an indispensable metabolic
organ, the liver is inseparable from metabolism. These
universally accepted facts disclose the intrinsic links
between central obesity and liver diseases. Additionally,
NAFLD is often accompanied by diabetes, dyslipidemia,
[72,73]
and hypertension
, and these metabolic disorders
[74]
could coexist in non-general obese individuals . A
case-control study showed that central obesity without
[75]
insulin resistance can play a limited role in fatty liver ,
indicating that metabolic factors were significant in
the role of central obesity. These results suggest that
central obesity-induced metabolic disorders may be a
major cause for NAFLD. Furthermore, central obesity
could disturb the secretion of adipose tissue-derived
adipokines, subsequently leading to an increase in
harmful (tumor necrosis factor-α, interleukin-6, and
resistin) and a decrease in protective (adiponectin)
[76,77]
adipocytokines
. Increased serum levels of
detrimental cytokines in obese subjects accelerate
[78,79]
the occurrence of NAFLD
.
As no therapies have been widely accepted, the
treatment of NAFLD is another puzzling problem.
Dietary modification (total calorie, fat, and carbohydrate
restriction), exercise, weight loss, pharmacotherapy,
[80-82]
and surgical intervention are potential options
. It
is worth noting that bariatric surgery could improve
hepatic histology in most of the obese NAFLD patients,
however, a small number of patients, especially those
[83]
who lose weight too rapidly, might become worse .
There are some animal data, as well as preliminary
human data, showing that metformin may offer some
[84]
benefits for NAFLD . Liver transplantation is still
the best choice for patients with decompensated
[85]
nonalcoholic cirrhosis .
NAFLD is considered as a cause of many other
liver diseases. Thus, our results suggest that central
obesity poses a bigger threat to national health than
general obesity. However, further investigation is
still needed to determine whether central obesity
is independently associated with NAFLD-related
disorders, and whether it can induce NAFLD that
progresses into NASH, cirrhosis, or HCC.

the incidence of HCC in NAFLD has increased. Moreover, there has been an
increase in the obesity rate and the morbidity and impact of NAFLD.
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The majority of hepatologists focus exclusively on the association between
general obesity and NAFLD risk, while neglecting the influence of central
obesity. Several meta-analyses and epidemiological studies have indicated
that central obesity is a better predictor of metabolic disorders and tumors than
general obesity. Nevertheless, these studies failed to show an independent
risk of central obesity as they reported odds ratio values without adjusting for
general obesity.

Innovations and breakthroughs

This is the first meta-analysis to investigate the independent relationship
between general/central obesity and NAFLD risk. A total of 12065 cases and
33692 controls in 20 studies were included. The results indicate that higher
waist circumference (WC), waist-to-hip ratio (WHR), and body mass index (BMI)
are all independently associated with NAFLD. Therefore, patients with central
obesity are at a higher risk of developing NAFLD than individuals with general
obesity.

Applications

General obesity is caused mainly by overeating while central obesity results
from a sedentary lifestyle. Thus, our results emphasize the importance of
considering the pathophysiological factor in the treatment of NAFLD. Individuals
with an elevated BMI and a wider waistline should follow moderate diets and
increase exercise levels to prevent NAFLD. The significant effects of WC and
WHR on NAFLD, a pivotal cause of HCC, suggest that central obesity could
independently increase HCC risk.

Terminology

WC, a common anthropometric measure for defining central obesity, is related
to many diseases, especially metabolic diseases. WHR is another index for
defining central obesity. Abnormal BMIs, the most important index for defining
general obesity, could increase the morbidity and mortality rates of many
diseases, as well as a variety of tumors.

Peer-review

This meta-analysis is the result of an extensive and rigorous selection of
articles. The statistical analysis is comprehensive and rigorously presented.
The discussions are logical. The authors observed that both central and general
obesity, particularly increases in WC and BMI, are independently associated
with increased risk of NAFLD.
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p53 gene. A minimally invasive total esophagectomy

was performed at the Department of Surgery of the
University of Cologne, and histologic analysis of the
resection specimen confirmed extensive high-grade
dysplasia involving the oral resection margin, but no
invasive carcinoma. This case does not fit the current
World Health Organization (WHO) definition of highgrade squamous cell dysplasia, which requires fullthickness involvement of the squamous epithelium.
Thus, the WHO criteria should probably be reconsidered
in order to allow for a diagnosis of high-grade dysplasia
in cases where dysplastic cells are exclusively located in
the basal layer of the esophageal squamous epithelium.
Key words: Basal cell compartment; Esophagus; p53 mutation; World Health Organization-classification;
Squamous cell dysplasia
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: An unusual case of high-grade squamous
cell dysplasia involving the entire esophagus with
dysplastic cells located exclusively in the basal portion
of the esophageal squamous epithelium is reported.
The analyses of results from step-biopsies of the
entire esophagus were obtained using histologic and
immunohistochemical analyses. Molecular pathologic
analysis showed mutation of the p53 gene. The current
World Health Organization (WHO) definition of highgrade squamous dysplasia requires full-thickness
involvement of the squamous epithelium, which was not
present in the current case. Therefore, we recommend
that the WHO criteria should be reconsidered and
revised.

Abstract
This report presents a case involving a unique
observation of a high-grade squamous dysplasia invol
ving the entire esophagus. Dysplastic cells were located
exclusively in the basal portion of the esophageal
squamous epithelium. The findings were documented
using histologic analysis of the step-biopsies from
the entire esophagus, histologic examination of the
esophagectomy-specimen, immunohistochemical
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INTRODUCTION
The current World Health Organization (WHO)
classification of tumors of the digestive system
classifies precursor lesions of esophageal squamous
cell carcinoma as either low-grade or high-grade
intraepithelial neoplasia. In a low-grade intra
epithelial neoplasia, the cytologic abnormalities are
confined to the lower half of the epithelium, whereas
the abnormalities in a high-grade intraepithelial
neoplasia also involve the upper half of the epi
[1]
thelium with greater cytologic alterations . We
present a case of high-grade dysplasia (intraepithelial
neoplasia), involving nearly the entire length of the
esophagus, which was located in the lower third of
the squamous epithelium.

Figure 1 Endoscopic view of the esophagus showing granular changes
of the inner surface as well as whitish discoloration.

grade squamous cell dysplasia.
A total of 40 quadrant biopsies starting 2.5 cm
from the gastroesophageal junction up to 2.5 cm
aboral from the upper esophageal sphincter were
performed. In 25/40 biopsies, the above-described
basal pattern of dysplastic cells was present. The
remaining biopsies presented normal esophageal
squamous epithelium. There was no indication of
either full-thickness involvement of the squamous
epithelium by dysplastic cells or invasion of the
subepithelial stroma or the submucosa in any of the
biopsies.
The patient was then admitted to the Department
of Gastrointestinal Endoscopy of the University of
Hamburg for consideration for possible endoscopic
therapy, which was unsuccessful due to the ex
tension of the process. Subsequently, a minimally
invasive total esophagectomy was performed in April
2013 at the Department of Surgery of the University
of Cologne. Histologic analysis of the resection
specimen showed extensive high-grade dysplasia
involving the oral resection margin, but no invasive
carcinoma. Fourteen regional lymph nodes were free
of tumor tissue.

CASE REPORT
A 63-year-old male with a longstanding history of
pipe smoking was admitted for an evaluation by
a gastroenterologist. The patient complained of a
progressive dysphagia over a period of about ten
years. Preliminary endoscopic examination showed
a stenosis of the esophagus 15-25 cm from the
incisors and a granular whitish discoloration of the
entire esophagus (Figure 1). The rest of the upper
gastrointestinal tract appeared normal.
The initial forceps biopsies showed cells with highly
atypical nuclei in the basal third of the squamous
epithelium, whereas the upper layers were entirely
normal (Figure 2). The squamous epithelium showed
loss of cell cohesion to the subepithelial stroma.
Additionally, the atypical cells were characterized
by a poorly cohesive arrangement. In addition to
dysplasia, virus-induced changes were considered.
However, immunohistochemistry for herpes virus
was negative. The atypical cells were positive for
p53 (Figure 3). Due to the unusual presentation,
doubts on the dysplastic nature of the atypical cells
remained. Therefore, molecular analysis for p53mutation was performed, revealing a point mutation
in codon 220, which results in the replacement of
a tyrosine by a cysteine. Polymerase chain reaction
analysis showed no evidence of herpes simplex virus
types 1 and 2. Additional immunohistochemical
analysis displayed membranous expression of
E-cadherin and β-catenin in the atypical cells. No
nuclear expression of β-catenin was found. The
atypical cells were positive for cytokeratin 5/6 and 7,
but negative for p63. There was no presence of fullthickness involvement or involvement of the upper
half of the squamous epithelium by dysplastic cells
in any of the biopsies. Additionally, the atypical cells
had 100% Ki-67 labeling, indicating high proliferative
activity. These findings led to a diagnosis of high-
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DISCUSSION
The unusual cell type described here was characterized
as being neoplastic. However, it may be controversial
whether the atypical cells are characterized by
glandular or squamous differentiation. In our opinion,
squamous differentiation was present as indicated
by the presence of the spindle-shaped cells, the
immunohistochemical demonstration of cytokeratin
5/6 expression, and the extension of the tumor in
the esophagus. Thus, if a glandular lesion is to be
considered, one would expect to find some glandular
precursor lesion such as Barrett’s esophagus. More
over, the patients’ history of tobacco usage points to a
typical squamous cell carcinogenesis in the esophagus.
Esophageal squamous cell dysplasia is usually
found adjacent to invasive squamous cell carcinoma
and is more frequent in the early than in advanced
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A

B

Figure 2 Initial forceps biopsy results. A: Tangential section through the esophageal epithelium. Numerous atypical cells adjacent to the subepithelial papillae,
overlying squamous epithelium without atypia. Hematoxylin and eosin stain; original magnification × 10; B: High-magnification of tumor cells with highly atypical nuclei,
loss of cell cohesion, and either polygonal or spindle-cell shapes.

the criteria that demand severe cytologic alterations
and involvement of the upper half of the squamous
epithelium would not allow the diagnosis of highgrade dysplasia and probably result in substantial
underdiagnosis. Therefore, it should be taken into
consideration whether the presence of severe
cytologic alterations alone are sufficient for diagno
sing high-grade squamous dysplasia.

COMMENTS
COMMENTS
Case characteristics

A 63-year-old male with a history of tobacco usage presented with progressive
dysphagia.

Figure 3 Esophageal squamous epithelium showing atypical cells with
accumulation of the p53-protein, restricted to the basal portion of the
epithelium.

Clinical diagnosis

Esophageal stenosis and discoloration of the esophageal epithelium.

Differential diagnosis

Virus esophagitis, intraepithelial neoplasia.

[2]

cancer stages . Squamous dysplasia without con
comitant carcinoma in low incidence countries of
esophageal cancer, such as Germany, is usually
displayed as a small lesion only detectable after
[3]
meticulous endoscopic examination . Histologic
analysis alone does not provide sufficient information
regarding the underlying causes for the unusual
growth pattern of dysplastic cells. However, it is
tempting to speculate that the dysplastic cells, in fact,
did not attain the full malignant phenotype, resulting
in the dependence on a special niche to support growth
and survival. The basal portion of the squamous
epithelium is the compartment where the esophageal
stem cells are located. Thus, a distinct composition
of growth factors and/or the short distance to
submucosal blood vessels may support the growth of
[4]
cells with incomplete malignant capacities .
In addition to reporting an unusual case, our
observation points to a potential problem in the
current WHO definition of esophageal high-grade
squamous dysplasia. Thus, a strict adherence to

Pathological diagnosis

Squamous high-grade intraepithelial neoplasia.

Treatment

The patient was treated with a minimally invasive total esophagectomy.

Peer-review

This manuscript is an interesting “case report” with new information.
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Core tip: Bleeding of peptic ulcer at the posterior
duodenal bulb still is a particular endoscopic challenge
with increased risk of treatment failure and worse
outcome. In this article, we report successful treatment
of an actively bleeding peptic ulcer located at the
posterior duodenal wall, using an over-the-scopeclip in the case of a 54-year-old male patient with
hemorrhagic shock. Incident primary hemostasis was
achieved and no adverse events occurred during a
follow-up of 60 d.
Brechmann T, Schmiegel W. Successful treatment of lifethreatening bleeding from a duodenal posterior bulb peptic
ulcer by an over-the-scope-clip. World J Gastroenterol 2015;
21(5): 1666-1669 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i5/1666.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i5.1666

INTRODUCTION
Acute upper gastrointestinal (GI) bleeding repre
sents a major, potentially life-threatening com
plication of gastroduodenal ulcer disease with high
morbidity. Especially localization on the posterior
wall of the duodenal bulb has been proven to be
risk factor of adverse outcome in bleeding peptic
[1]
[2]
ulcers and predictor of treatment-failure . In
retrospective analysis, rebleeding, despite high
rate of successful initial hemostasis, frequently
occurs in actively bleeding peptic ulcers: i.e.,
20% in Ia of Forrest-classification and about 27%
[3]
in Ib . In that particular study, the higher rate

Abstract
Bleeding of peptic ulcer at the posterior duodenal bulb
still is a particular endoscopic challenge with increased
risk of treatment failure and worse outcome. In this
article, we report successful treatment of an actively
bleeding peptic ulcer located at the posterior duodenal
wall, using an over-the-scope-clip in the case of a
54-year-old male patient with hemorrhagic shock.
Incident primary hemostasis was achieved and no
adverse events occurred during a follow-up of 60 d.
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transfusion of four units of erythrocyte concentrates,
one unit of fresh frozen plasma and crystalloid
infusion. Immediate medication with double standard
dose of proton pump inhibitor (pantoprazole 80
mg) intravenously, followed by constant infusion
(pantoprazole 8 mg/h) were administered, and
we performed an emergent esophagogastrodu
odenoscopy (EGD). Besides a coagulum in the
fundus, endoscopy with a therapeutic endoscope
(Olympus 160-XTQ) revealed an ulcer on the distal
posterior wall of the bulb with severe spurting
bleeding (figure 1). Conventional clipping did not
seem promising due to the tangential position of
the bleeding vessel. Furthermore, limited space and
®
severe bleeding inhibited targeting HemoSpray (Cook
Medical, Bloomington, IN 47402-4195, United States)
optimally, which resulted in a clot in the lumen, but
not on the bleeding source.
Thus, we decided to apply an OTSC. Conse
quently, the scope was replaced by a therapeutic
endoscope with smaller diameter (Olympus 160-TQ)
and we attached a type gc OTSC with 6 mm of cap
depth to the instrument. This version of the clip
allows optimal grip of the “bear-claw” on the taut
tissue of the posterior bulb.
After applying anaesthetic gel on the device,
the scope could be inserted easily. In the course
of the procedure, we redisplayed and catched the
lesion with the OTSC Anchor (OTSC, Ovesco, 72074
Tübingen, Germany). By sucking the duodenal wall
and pulling the anchor, it was then possible to place
enough tissue within the cap so that the OTSC could
finally be applied to the lesion. The bleeding stopped
instantly (figure 2A).
In the course of hospitalization, RBC rema
ined stable and finally increased without further
transfusion. As the patient suffered from iron-defi
ciency (decreased Ferritin-level), we administered
iron intravenously in the form of carboxymaltose.
Both, pathohistological evaluation and urease test
showed that Helicobacter pylori was the cause
for the patient’s ulcer disease. Treatment with cla
rithromycin 500 mg b.i.d. and amoxicillin 1000
mg b.i.d. was introduced. Demission was possible
within one week after the emergent EGD had been
performed. Once the patient had been stabilized
and proven fit for examination, a subsequent EGD
showed that the edema was diminishing in size; the
scope could pass the lesion freely (figure 2B); red
blood cell count was 8.6 g/dl. Until the visit 30 d
after intervention, the erythrocytes had increased
up to a level of 9.9 g/dl. No adverse events were
reported during a follow-up of 60 d.

Figure 1 Initial picture of bleeding ulcer on the posterior wall of the
duodenal bulb.

of rebleeding in oozing rather than in spurting
lesions might be explained by more frequent use
of monotherapy (64.5% for Ⅰa vs 87.8% for Ⅰb);
in older prospective studies, patients with spurting
arterial bleeding required more clips compared to
patients with oozing ones and showed lower rates
[4,5]
of hemostasis . Since then, endoscopic treatment
has advanced significantly, but the success rate of
endoscopic hemostasis and the rate of rebleeding
have scarcely been reported. The full wall grabbing
over-the-scope-clip (OTSC) that was recently
developed by Ovesco (Ovesco Endoscopy AG,
Dorfackerstr. 26, 72074 Tübingen, Germany), has
been approved not only for closing perforations,
but also for the treatment of bleeding. While most
case studies describe closure of perforation, only
few reports, however, claim efficacy of OTSC in
treatment of severe peptic ulcerous bleeding.
In literature, most cases, in which an OTSC was
applied, deal with iatrogenic lesions, while only a
small number of series with few cases describe
[6-10]
hemostasis of upper GI-bleeding
. Nevertheless,
[8]
only one case deals with severe duodenal bleeding .

CASE REPORT
A 54-year-old male patient came to our hospital
with hematemesis. He reported that he had had
recurrent gastric and duodenal ulcers 30 to 40 years
ago during the second decade of life, which were
back then diagnosed by radiological means. No
comorbidity was known; the patient was neither on
non-steroidal anti-inflammatory drugs nor on any
other medication. He exhibited signs of hypovolemic
shock (heart rate 130 bpm, blood pressure 100/55
mmHg); digitorectal examination disclosed melena;
further physical examination revealed no pathological
findings.
Red blood cell count (RBC) was determined 5.6
g/dl, while the other laboratory tests were within
normal range.
Cardiocirculatory stabilization was achieved by
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DISCUSSION
This case, to our knowledge, represents the second case
of treatment of a peptic ulcer with spurting bleeding
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Clinical diagnosis

A

The bleeding source was a duodenal ulcer Forrest Ia.

Differential diagnosis

Different bleeding sources especially of the upper gastrointestinal tract have to
taken into account.

Laboratory diagnosis

Red blood cell count was as low as 5.6 g/dl.

Imaging diagnosis

Emergent endoscopy showed a spurting bleeding ulcer at the posterior wall of
the duodenal bulb.

Pathological diagnosis

Histopathological examination showed Gastritis due to Helicobacter pylori.

Treatment

Endoscopic treatment included hemospray and an over-the-scope-clip (otsc),
medical treatment included PPI-therapy and an antiobiotic regimen.

B

Related reports

Several case report showed the potential role of the OTSC in other
localisations, i.e., stomach and colon.

Term explanation

The OTSC is a device that allows endoscopic full wall closure for cases of
perforations or bleeding.

Experiences and lessons

The OTSC offers a promising opportunity in an difficult-to-reach and difficultto-treat localisation of severe ulcerous bleeding and can be placed without
downsides.

Peer-review

This report is very interesting and well illustrated about the utility of this form of
endoscopic therapy in difficult ulcer bleeding control such are the posterior will
placed.

Figure 2 Over-the-scope-clip in situ directly after placing (A) and overthe-scope-clip one week after hemostasis (B).

REFERENCES

applying OTSC and the first treatment ever on primary
®
instance right after failure of HemoSpray . Besides
closure of perforations, retrospective case-series
to date report, the treatment of bleeding-sources
in the stomach or colorectum, and predominantly
iatrogenic lesions. In theory, there are four major
challenges that make using an OTSC difficult: (1) the
tight tissue; (2) the limited cavity of the duodenum;
and (3) the thin wall and the fact that the area is
hard to reach. Theoretically, adverse events like
perforation, misplacement or treatment failure and
even subsequent duodenal stenosis are possible.
This proves the interestingness of our case, as it
does not only emphasize the usefulness, but also
the safety of the “bear-claw” in treating severe, lifethreatening bleeding during emergency endoscopy,
even in a challenging localization of posterior bulb.
We suggest to conduct prospective studies in order
to prove OTSC as the device of choice.
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CASE REPORT

Gastrojejunostomy for pyloric stenosis after acute gastric
dilatation due to overeating
Akiharu Kimura, Norihiro Masuda, Norihiro Haga, Tomokazu Ito, Kichirou Otsuka, Jyunko Takita,
Hitoshi Satomura, Yuji Kumakura, Hiroyuki Kato, Hiroyuki Kuwano
abdominal distention due to overeating. Acute gastric
dilatation was diagnosed. The patient was hospitalized,
and nasogastric decompression was initiated. On
hospitalization day 3, she developed shock, and her
respiratory state deteriorated, requiring intubation and
mechanical ventilation. Nasogastric decompression
contributed to the improvement in her clinical condition.
She was discharged 3 mo after admission. During
outpatient follow-up, her dietary intake decreased,
and her body weight gradually decreased by 14
kg. An upper gastrointestinal series and endoscopy
revealed pyloric stenosis; therefore, we performed
gastrojejunostomy 18 mo after her initial admission.
The patient was discharged from the hospital with
no postoperative complications. Gastric necrosis and
perforation due to overeating-induced gastric dilatation
are life-threatening conditions. Surgical intervention
may be required if delayed pyloric stenosis occurs after
conservative treatment. We report a case of pyloric
stenosis due to overeating-induced gastric dilatation
treated by gastrojejunostomy 18 mo after the initial
presentation.
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Core tip: Acute gastric dilatation due to overeating may
be life-threatening if gastric necrosis or perforation occurs.
Therefore, emergency surgery is performed in most
cases. This is the first report of a patient who underwent
surgery more than a year after initial treatment. The
number of patients with eating disorders, such as bulimia,
has recently increased. For this reason in particular,
physicians should be aware of acute gastric dilatation due
to overeating.

Abstract
A 34-year-old woman presented at our hospital with
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continued conservative treatment. Seven days
after intubation, we performed a tracheotomy. Her
respiratory state gradually improved, and she was
extubated 3 wk after intubation. The abdominal
distention gradually improved by decompression.
Thereafter, upper gastrointestinal (UGI) endoscopy
and an UGI series were performed. The UGI
endoscopy showed mucosal deciduation at the pyloric
antrum (Figure 2A), but the UGI series showed no
leakage and good passage of the contrast medium
(Figure 3A). Thus, there was no evidence of pyloric
stenosis. Tube feeding was initiated on hospitalization
day 30 and continued until she was able to eat
rice gruel. Three months after admission, she was
discharged from our hospital.
While our patient was followed-up as an out
patient, her dietary intake gradually decreased.
Although we recommended surgical treatment for her
several times during the course of an outpatient, she
rejected surgical treatment. Ultimately, she lost 14
kg from her original weight on admission. At present,
her height and weight are 160 cm and 40 kg, res
pectively. However, because the UGI series and
endoscopy revealed pyloric stenosis (Figures 2B and
3B), we performed Roux-en-Y gastrojejunostomy 18
mo after the first admission, with her consent. The
postoperative course was uneventful, and she was
discharged from our hospital 3 wk after surgery. The
passage of contrast medium during the postoperative
UGI series indicated that the anastomosis was
accurate (Figure 4). At two years after surgery, the
patient had gained 20 kg.

Kimura A, Masuda N, Haga N, Ito T, Otsuka K, Takita J, Satomura
H, Kumakura Y, Kato H, Kuwano H. Gastrojejunostomy for
pyloric stenosis after acute gastric dilatation due to overeating.
World J Gastroenterol 2015; 21(5): 1670-1674 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v21/i5/1670.htm
DOI: http://dx.doi.org/10.3748/wjg.v21.i5.1670

INTRODUCTION
Although gastric necrosis or perforation following
gastric dilatation is unusual because of the rich blood
supply to the stomach, the occurrence of these
conditions may be life-threatening. We report our
experience with a patient who underwent gastro
jejunostomy for pyloric stenosis after presenting with
acute gastric dilatation due to overeating. Further
more, we discuss the recent literature available on
the subject.

CASE REPORT
A 34-year-old woman ate an overly large meal of
curry, rice, and potatoes. She gradually developed
abdominal distention for which she sought medical
attention. The general physician decided on an
expectant approach. However, she presented at our
hospital because her symptoms did not improve. This
patient had a history of episodes of bulimic binging,
but she had failed to self-induce vomiting this time.
Physical examination at presentation revealed
a blood pressure of 117/68 mmHg, a pulse rate
of 100 beats/min, and a body temperature of
36.7 ℃. Her abdomen was distended, but there
were no signs of peritoneal irritation. The significant
laboratory test results were as follows: white blood
cell count, 16700 cells/µL; C-reactive protein, 2.33
mg/dL; amylase, 1190 IU/L; serum creatinine
phosphokinase, 4007 IU/L; blood urea nitrogen
(BUN), 15.2 mg/dL; and creatinine, 2.33 mg/dL.
Abdominal computed tomography scans revealed
a massive dilation of the stomach reaching the
pelvis but with no ascites or free air (Figure 1). We
made a diagnosis of acute gastric dilatation due to
overeating without gastric perforation or necrosis.
A nasogastric tube was inserted, and decom
pression and irrigation were initiated. On posthospitalization day 3, the patient developed shock,
and her respiratory state worsened. We then
performed intubation and initiated mechanical
ventilation. The inferior vena cava and diaphragm
were compressed by her remarkably distended
stomach. Further, decreased venous return and
ventilatory impairment aggravated her condition.
Although we considered emergency surgery, her
general condition promptly improved after fluid
resuscitation and respiratory care. Therefore, we
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DISCUSSION
Acute gastric dilatation is a medical condition in
which the stomach becomes progressively hy
potonic and overstretched despite the absence of
[1]
mechanical obstruction . This condition can be
caused by overeating, postoperative ileus, child
birth, chronic debilitating affection, central nervous
[2]
system damage, severe infection, and trauma .
Among these causes, acute gastric dilatation due
to overeating is more common in females with un
[3]
derlying eating disorders, such as anorexia nervosa .
The rich collateral blood flow of the stomach ge
nerally protects the gastric wall from ischemia;
gastric necrosis or perforation following gastric
dilatation is unusual. However, a remarkable increase
in the intragastric pressure by massive gastric
dilatation can decrease the intramural blood flow,
[4]
resulting in possible gastric necrosis or perforation .
Immediate nasogastric decompression and sufficient
fluid resuscitation are necessary for the treatment
[5]
of acute gastric dilatation . These procedures can
decrease the intragastric pressure and reduce the
risk of necrosis and perforation; therefore, they
should be implemented as early as possible. If gastric
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A

B

Figure 1 Computed tomography on initial admission. A. Upper abdomen B. Pelvis.

A

B

Figure 2 Gastrointestinal endoscopy revealed pyloric stenosis. A: One month after admission, gastrointestinal endoscopy revealed mucosal deciduation at the
pyloric antrum, but there were no findings of pyloric stenosis; B: One year after discharge, gastrointestinal endoscopy revealed progressive pyloric stenosis.

A

B

Figure 4 A postoperative gastrointestinal series showed improvement in
the contrast medium passage through the stomach and intestine.

necrosis or perforation is suspected or if draining
the gastric contents is difficult, immediate surgical
intervention is required. Resection of the necrotic
portion of the stomach is required in some cases,
and total gastrectomy is required in others.
In our case, the pyloric stenosis progressed
more than a year after initial treatment. The partial
necrosis of the gastric wall may have been caused
by acute gastric dilatation because the serum
creatinine-phosphokinase level increased at onset.
We promptly performed nasogastric decompression,
which may have prevented complete gastric necrosis

Figure 3 Gastrointestinal series showed pyloric stenosis. A: Two months
after admission, an upper gastrointestinal series showed no leakage and a
good passage of contrast medium; B: One year after discharge, a follow-up
gastrointestinal series showed advanced pyloric stenosis.
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Table 1 Reported cases of acute gastric dilatation due to overeating
Year

Age (yr)

Sex

Underlying disease

Duration to surgery

Treatment

Outcome

2000
2006
2011
1987
1987
1987
1990

Nakao et al[5]
Barada et al[6]
Kim et al[7]
Abdu et al[8]
Abdu et al[8]
Deret et al[9]
Trott et al[10]

Ref.

17
24
26
14
17
48
17

F
F
F
F
F
F
F

Anorexia nervosa
Anorexia nervosa
Eating disorder
None
Eating disorder
Schizophrenia
Bulimia nervosa

8h
NA
NA
Emergency
Emergency
5h
Emergency

Alive
Alive
Dead
Alive
Dead
Alive
Alive

1992
1995

Beiles et al[11]
Adson et al[12]

24
35

F
F

Bulimia nervosa
Eating disorder

Emergency
2d

1995
1996
1998
2000
2000
2002

Adson et al[12]
Willeke et al[13]
Seligmann et al[14]
Qin et al[15]
Qin et al[15]
Holtkamp et al[16]

30
19
31
12
4
16

F
F
F
F
F
M

Bulimia nervosa
Anorexia nervosa
Bulimia nervosa
None
None
Anorexia nervosa

NA
Emergency
NA
NA
Emergency
8h

2003
2004
2004
2005
2006
2009
2010
2011
2012
2012
2012

Turan et al[17]
Sinicina et al[18]
Mathevon et al[19]
Luncă et al[20]
Gyurkovics et al[21]
Kashyap et al[22]
García Salido et al[23]
Hohenauer et al[24]
Mishima et al[25]
Franco-López et al[26]
Our case

18
19
25
22
22
36
16
21
12
31
34

M
M
F
M
F
F
Unknown
F
M
F
F

Mental retardation
Anorexia nervosa
Anorexia nervosa
Mental retardation
Eating disorder
Eating disorder
Anorexia nervosa
Psychosis
None
Bulimia nervosa
Bulimia nervosa

Emergency
NA
NA
NA
Emergency
Emergency
NA
NA
Emergency
Emergency
1.5 yr

Proximal gastrectomy
Nasogastric tube decompression
Nasogastric tube decompression
Partial gastrectomy
Total gastrectomy
Total gastrectomy
Gastric tube decompression
(by laparotomy)
Partial gastrectomy
Nasogastric tube decompression
(with appendectomy)
Nasogastric tube decompression
Partial gastrectomy
Nasogastric tube decompression
Oral gastric tube decompression
Partial gastrectomy
Aspiration of stomach contents
(by laparotomy)
Total gastrectomy
None
Nasogastric tube decompression
Nasogastric tube decompression
Gastrostomy
Gastrotomy
Nasogastric tube decompression
Nasogastric tube decompression
Partial gastrectomy
Gastrotomy
Gastrojejunostomy

Alive
Alive
Alive
Alive
Alive
Dead
Alive
Alive
Dead
Dead
Alive
Alive
Dead
Alive
Alive
Alive
Alive
Alive
Alive

NA: Not availiable.

and perforation. Because of the increase in the
intragastric pressure caused by massive gastric
dilatation, the intramural blood flow decreased,
resulting in partial necrosis of the gastric mucosa
and muscle scarring due to fibrosis. Together, these
regenerative processes can lead to pyloric stenosis.
In this case, acute gastric dilatation occurred only
once. However, the dilatation of the stomach was
severe, and it took approximately one month to drain
the gastric contents completely. Therefore, delayed
pyloric stenosis might have occurred.
From a literature search of the PubMed database
between l966 and 2013, in addition to our patient,
we retrieved 25 cases of acute gastric dilatation
due to overeating (Table 1). The mean age of these
patients was 22.7 (range, 4-48) years, indicating
a greater frequency among young patients. There
were more female patients than males (n = 20 and 5
patients, respectively, with the gender of one patient
being unknown). Eighteen patients had underlying
eating disorders, such as anorexia or bulimia
nervosa. Sixteen patients underwent laparotomy,
three of whom underwent total gastrectomy. In
contrast, eight patients were treated by nasogastric
decompression alone. Eleven patients underwent
emergency surgery: three within several hours and
one within several days. In most cases, emergency
or semi-emergency surgery was performed. To the

WJG|www.wjgnet.com

best of our knowledge, our patient was the first
to undergo surgery more than a year after initial
treatment. According to our literature search, six
patients died despite immediate treatment, including
surgical intervention. Despite the many reports of
young patients, some patients died shortly after
surgery or the onset of symptoms. Therefore, gastric
perforation following acute gastric dilatation may be
more severe than usually considered.
In conclusion, although acute gastric dilatation
due to overeating is rare, physicians should be aware
of its potential complications, such as gastric necrosis
or perforation. Moreover, if conservative treatment is
preferred over surgery, physicians should be aware
of the possibility of delayed pyloric stenosis.

COMMENTS
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Case characteristics

A 34-year-old woman developed abdominal distention due to overeating.

Clinical diagnosis

The abdomen was distended, but there were no signs of peritoneal irritation.

Differential diagnosis

Gastric perforation, Ascites, Gastric dilatation.

Laboratory diagnosis

White blood cell count, 16700 cells/µL; C-reactive protein, 2.33 mg/dL;
amylase, 1190 IU/L; serum creatinine phosphokinase, 4007 IU/L; blood urea
nitrogen, 15.2 mg/dL; and creatinine, 2.33 mg/dL. The results of her liver
function tests were within normal limits.
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Imaging diagnosis
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Abdominal computed tomography scans revealed a massively dilated stomach
reaching the pelvis without ascites or free air.

Treatment
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Initially, conservative treatment by nasogastric decompression was performed,
and Roux-en-Y gastrojejunostomy was performed for delayed pyloric stenosis
18 mo after the first admission.

Related reports

13

Term explanation
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Twenty-five cases of acute gastric dilatation due to overeating were retrieved
from a literature search of the PubMed database of cases between l966 and
2013.
Acute gastric dilatation is a medical condition in which the stomach becomes
progressively hypotonic and overstretched, despite the absence of mechanical
obstruction.
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Experiences and lessons

This study not only presents the importance of immediate treatment for acute
gastric dilatation but also describes the possibility of delayed pyloric stenosis
after conservative treatment.
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Peer-review

The article demonstrated a high mortality rate when performing emergency
surgery for acute gastric dilatation due to overeating. Gastrojejunostomy is an
interesting option in this situation.
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CASE REPORT

Castleman’s disease of the spleen
Hee-Jeong Lee, Ho-Jong Jeon, Sang-Gon Park, Chi-Young Park
generalized symptoms. Three main distinct histologic
variants are recognized: hyaline-vascular type, plasma
cell type, and mixed type. Extranodal CD is rare.
Specifically, UCD exclusively in the spleen is extremely
rare, with only 2 cases described in the literature to
date. Here, we describe an asymptomatic 75-yearold man with a 5.7 cm × 4.5 cm sized heterogenous
enhanced mass located in the spleen. He underwent
surgical resection for diagnosis and treatment. A
pathologic examination indicated the hyaline-vascular
type of CD. In this patient, the preoperative diagnosis
was difficult to determine, and therefore, invasive
procedures were required.
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Core tip: Unicentric Castleman’s disease (CD) of spleen
is extremely rare, with only less than 5 cases described
in the literature. We experienced a case of CD isolated
spleen.
Lee HJ, Jeon HJ, Park SG, Park CY. Castleman’s disease of the
spleen. World J Gastroenterol 2015; 21(5): 1675-1679 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v21/i5/1675.
htm DOI: http://dx.doi.org/10.3748/wjg.v21.i5.1675

Abstract

INTRODUCTION

Castleman’s disease (CD) is a rare lymphoproliferative
disorder of unknown etiology. Clinically, it occurs
as a localized (unicentric) disease or as a systemic
(multicentric) disease. Unicentric Castleman’s disease
(UCD) presents as a solitary mass and primarily affects
the mediastinal, retroperitoneal, and cervical lymph
nodes. In contrast to multicentric CD, which involves
peripheral lymphadenopathy and numerous systemic
symptoms, UCD is not typically associated with
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Castleman’s disease (CD), also known as angio
follicular lymph node hyperplasia, is a rare lympho
proliferative disorder that was first described by
[1]
Benjamin Castleman in 1954 . CD is categorized
[2]
into two clinical types: unicentric and multicentric .
Pathologically, CD is subdivided into the hyaline[3]
vascular (HV), plasma cell (PC), and mixed types .
Depending on the clinical and pathologic subtypes
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Figure 2 A specimen obtained during splenectomy.

Figure 1 Computed tomography of the abdomen and pelvis shows a 5.7
cm × 4.5 cm sized solid mass in the spleen.

range 0.0-0.3 mg/dL). Tests were negative for both
HIV antigen and antibody.
Computed tomography (CT) revealed a 5.7 cm
× 4.5 cm sized single mass in the spleen (Figure 1).
No enlarged abdominal lymph nodes were observed,
and the rest of the abdominal organs appeared to be
normal. No other masses or lymphadenopathy were
noted on computed tomography of the chest.
A broad spectrum antibiotics (ceftriaxone) was
prescribed to the patient due to fever, diarrhea,
leukocytosis, elevated ESR, and elevated CRP. On day
6 of his hospital stay, the fever had subsided, and
the patient’s symptoms and general condition had
improved. On day 8 of the patient’s hospital stay, the
underwent laparoscopic splenectomy for diagnosis
and treatment because the lesion was limited to the
spleen.
The lesion was a well circumscribed, rubbery
tumor (Figure 2). A histopathologic examination
revealed hyalinized germinal centers with expanded
mantle zones of small lymphocytes that surrounded
the germinal centers in addition to interfollicular
hypervascularity without plasma cell sheets (Figure
3). Therefore, the hyaline vascular variant of CD was
diagnosed. Test for human herpes virus (HHV)-8
was negative.

of CD, the clinical manifestations and management
of the disease are distinct. Although CD can occur
wherever lymphoid tissue is found, classically, it
[3]
arises as a solitary mediastinal nodal mass . The
most common sites of UCD are the mediastinum,
[3,4]
lung, neck, abdomen and retroperitoneum . Less
[4]
common sites include the axilla, groin, and pelvis .
Solid organ involvement is rare, and isolated splenic
involvement is extremely rare. Thus far, only 2 cases
have been reported in the literature: a case of mixed
[5]
type UCD described by Kujat et al and a case of
[6]
hyaline-vascular type UCD described by Taura et al .
Here, we report a rare case of a patient with solitary
splenic CD.

CASE REPORT
A 75-year-old man was referred to us with an iso
lated splenic mass that was detected by computed
tomography of the abdomen during an evaluation for
abdominal pain, diarrhea and fever. His symptoms
began 3 d ago. His medical history included hyper
tension. His vital signs were as follows: body tem
perature 38.2 ℃, blood pressure 110/70 mmHg, pulse
84 beats per minute, and respiratory rate of 20 breaths
per minute. A physical examination revealed only nonspecific findings with the exception of increased bowel
sound. No lymphadenopathy was present.
Laboratory results were as follows: white blood
3
cell count 13210/mm (normal range 4000-8000/
3
mm ), hemoglobin 13.2 g/dL (normal range
3
14.0-18.0 g/dL), platelet count 143 × 10³/mm
3
(normal range 150-400 × 10³/mm ), total protein 7.1
g/dL, albumin 3.6 g/dL, aspartate aminotransferase
(AST) 57 IU/L, alkaline aminotransferase (ALT) 39
IU/L, alkaline phosphatase 45 IU/L, serum lactate
dehydrogenase level 684 IU/L (normal range 200-450
IU/L), blood urea nitrogen 26.2 mg/dL, creatinine 1.19
mg/dL, serum sodium 133 mEq/L, serum potassium
4.0 mEq/L, chloride level 95 mEq/L, erythrocyte
sedimentation rate 40 mm/h (normal range 10-20
mm/h), and C-reactive protein 11.0 mg/dL (normal
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DISCUSSION
CD comprises a heterogeneous group of lympho
proliferative disorders with variable clinical presen
tations and prognoses.
The pathogenesis of CD is not clear, but it has
been suggested that CD is associated with im
munoregulatory defects in individuals infected with
[7]
HHV-8 and human immunodeficiency virus (HIV) .
HHV-8 infection is universally found in cases of HIVassociated multicentric CD (MCD) and in 40%-50%
[8,9]
of cases of HIV-negative MCD . HHV-8 encodes
viral interleukin (IL)-6, which can induce the
secretion of endogenous human IL-6, and vascular
endothelial growth factor and can also enhance
[10,11]
angiogenesis
. Specifically, the role of HHV-8 and
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A

B

Figure 3 Castleman’s disease. A: In a low-power field (magnification × 100), enlarged follicles with atrophic centers and pale pink vessels rich in interfollicular stroma
are observed; B: In a high-power field (magnification × 400), hyaline deposition in the germinal center and expanded mantle zones of concentric small lymphocytes are
observed.
[19]

IL-6 in the pathogenesis of the PC type of MCD has
long been recognized. During symptomatic episodes,
the serum IL-6 level is elevated in patients with the
[12]
PC type of CD .
Additionally, CD is associated with Kaposi’s sarcoma,
Hodgkin’s lymphoma, non-Hodgkin’s lymphoma,
POEMS syndrome (polyneuropathy, organomegaly,
endocrinopathy, monoclonal M protein and skin
[7,13]
lesions) and paraneoplastic pemphigus
.
CD presents as three histological variants:
hyaline-vascular (HVCD), plasma cell (PCCD) and
[3]
mixed type . A mixed subtype has been reported
in a few patients. Clinically, CD presents as either
a localized disease (UCD) or as a systemic disease
[2]
(MCD) .
Approximately 80%-90% of cases of UCD are
classified as HVCD, while only 10%-20% are classi
[3,4]
fied as PCCD . UCD is mostly asymptomatic and is
diagnosed incidentally upon imaging. Symptoms may
be seen in a few patients as a result of mass effects.
While UCD can occur at any age, the median age of
the patients was 35 years, with an equal male/female
[4]
ratio . The majority of cases of UCD originate in the
mediastinum, lung, neck, pelvis, retroperitoneum and
[3,4]
axilla . Anemia, fever, fatigue, hypoalbuminemia,
hypergammaglobulinemia, and elevation of eryth
rocyte sedimentation are typically observed in approxi
mately 50% of patients who present with the plasma
[14]
cell type .
Most patients with MCD have the plasma cell
type, and most of them have B symptoms (e.g.,
fever, night sweats, weight loss). Fewer than 10%
are asymptomatic. Peripheral lymphadenopathy is
[15,16]
virtually always present in cases of MCD
. The
majority of patients also present with hepatosple
[17,18]
nomegaly
. While only approximately 10% of
HIV-negative patients have mediastinal or abdo
minal lymphadenopathy at presentation, after
disease progression or if patients are infected with
HIV at diagnosis, approximately 50% show lymph
[16]
node involvement at these sites . A subset of
patients experience skin rash, edema, body cavity
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effusion, and neurologic changes . Laboratory
abnormalities include anemia, hypoalbuminemia,
hypergammaglobulinemia, increased IL-6, elevated
erythrocyte sedimentation rate and elevated C-re
[20]
active protein . HHV-8 is frequently associated
with MCD, specifically in HIV-positive patients, and
[8,9]
the disease prognosis is poor
. MCD typically
presents in individuals between 50 and 65 years
of age, although those who are infected with HIV
[4,15,16,21]
tend to be younger
. Male sex is predominant
[4]
(50%-65%) .
Generally, the workup for CD is the same that
for any form of lymphadenopathy. Initial imaging
is usually performed with CT, as the affected nodes
or the localized mass in cases of CD demonstrate
[22]
a dense homogeneous enhancement . Clinical
and radiologic findings are not pathognomonic
for CD, and therefore, a definitive diagnosis is
established only by histologic examination of the
[23]
surgical specimen . Tissue that is obtained by
a fine needle aspiration or core needle biopsy
is often nondiagnostic, therefore, an excisional
biopsy is preferred. HVCD is characterized by
distinctive follicles with atrophic hyalinized germinal
centers and a broad mantle zone of lymphocytes
that form concentric rings (so-called onion-skin
arrangement). Regressed germinal centers are
surrounded by an expanded mantle zone. Increased
interfollicular vascularity with hyalinized vessels
[7,24]
is another important feature
. A characteristic
lollipop appearance is observed, that is the “onionskin” of the mantle zone lymphocytes with a pe
[25]
netrating vessel to the germinal center . PCCD
has fewer distinctive histologic features. However,
it is characterized by remained the lymph node
architecture, variable hyperplastic germinal centers,
interfollicular hypervascularity and marked plasma
[3,26]
cell sheets cytosis
.
The treatment of patients with CD depends
on its presentation. Surgical resection is curative
[4,27]
in UCD
. In the patients with UCD who have
undergone an incomplete resection, radiotherapy
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has been shown to improve the outcome . Medical
therapy such as steroid and combination chemo
therapy is considered a primary treatment option for
[29]
patients with MCD .
This patient was diagnosed incidentally after
imaging was performed. A CT scan revealed a solitary
mass on the spleen without any lymphadenopathy or
any other organ involvement. The patient underwent
a splenectomy for diagnosis and curable treatment.
The pathologic diagnosis was HVCD localized to the
spleen. This patient is elderly relative to most other
patients with UCD. He presented with fever, and
blood tests revealed mild anemia, elevated ESR,
and elevated CRP. These findings were characteristic
of MCD rather than UCD, and of the plasma cell
variant of UCD rather than hyaline-vascular variant.
However, this patient presented with only a single
mass on the spleen without any lymphadenopathy
in the chest, abdomen and pelvis according to CT.
These findings are adequate for the diagnosis of
UCD. While the peak incidence of UCD occurs in
the second to fourth decades of life, it can occur at
any age. Fever had subsided and the elevated ESR
and CRP improved after treatment with antibiotics
that targeted colitis. These clinical symptoms and
findings are associated with infection but not with
CD. Furthermore, these findings are adequate for the
diagnosis of the hyaline-vascular variant of CD in that
the pathologic findings showed atrophic hyalinized
germinal centers with expanded mantle zones of
small lymphocytes that surround the germinal
centers and interfollicular hypervascularity without
plasma cell sheets. HHV-8 infection is universally
found in HIV-associated MCD versus in HIV-negative
MCD and is associated with PCCD rather than HVCD.
Most cases of the hyaline-vascular variant of UCD
are negative for HHV-8. Although, HHV-8 infection
would support the diagnosis, a negative serologic
or immunohistochemical assay for HHV-8 would not
eliminate the diagnosis. Therefore, this patient was
diagnosed with HVCD according to radiologic and
histologic findings. We experienced and reported
an extremely rare case of CD that originated in an
extranodal organ, the spleen.

Imaging diagnosis

COMMENTS
COMMENTS

8

[28]

Computed tomography revealed a 5.7 cm × 4.5 cm sized single mass in the
spleen.

Pathological diagnosis

A laparoscopic splenectomy revealed unicentric Castleman’s disease of the
hyaline vascular type.

Treatment

Laparoscopic splenectomy.

Related reports

Unicentric Castleman’s disease (UCD) is mostly asymptomatic and is
diagnosed incidentally upon imaging.

Term explanation

POEMS syndrome is a syndrome characterized by polyneuropathy,
organomegaly, endocrinopathy, monoclonal M protein and skin lesions.

Experiences and lessons

This case report describes the typical histologic findings of the hyaline-vascular
variant of UCD, which are atrophic hyalinized germinal centers with expanded
mantle zones of small lymphocytes that surround the germinal centers and
interfollicular hypervascularity without plasma cell sheets.

Peer-review

This case is the third case reported in the literature as UCD localized to the
spleen, and although it is atypical with regard to the age of onset, the pathologic
findings are indicative of the typical hyaline-vascular variant of UCD.
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CASE REPORT

Belching, regurgitation, chest tightness and dyspnea: Not
gastroesophageal reflux disease but asthma
Jing-Xi Zhang, Xian-Bao Zhan, Chong Bai, Qiang Li
esophageal pH monitoring showed that the Demeester
score was 11.4, in the normal range. High-resolution
manometry showed that integrated relaxation pressure
and intrabolus pressure were higher than normal
(20 mmHg and 22.4 mmHg, respectively), indicating
gastroesophageal junction outflow tract obstruction.
Pulmonary function test showed severe obstructive
ventilation dysfunction [forced expiratory volume in 1
second (FEV1)/forced vital capacity 32%, FEV1 was
1.21 L, occupying 35% predicted value after salbuterol
inhalation], and positive bronchial dilation test (∆
FEV1 260 mL, ∆FEV1% 27%). Skin prick test showed
Dermatophagoides farinae (++), house dust mite
(++++), and shrimp protein (++). Fractional exhaled
nitric oxide measurement was 76 ppb. All the symptoms
were alleviated completely and pulmonary function
increased after combination therapy with corticosteroids
and long-acting β2-agonist. Bronchial asthma was
eventually diagnosed by laboratory tests and the effect
of anti-asthmatic treatment, therefore, physicians,
especially the Gastrointestinal physicians, should pay
attention to the belching symptoms of asthma.
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Core tip: Belching is a common symptom of gastro
esophageal reflux disease. If the symptoms are
not relieved after anti-reflux treatment, bronchial
asthma needs to be considered when the patient is
accompanied by respiratory symptoms. Combination of
multiple tests including pulmonary function, fractional
exhaled nitric oxide, and allergen skin prick test, except
for specific gastroenterological examinations, is helpful
to make a correct diagnosis. Corticosteroids are the
most effective medication for asthma-induced belching.
This case suggests that physicians, especially the
gastrointestinal physicians, should pay attention to the
belching symptoms of asthma.

Abstract
Belching is a common symptom of gastroesophageal
reflux disease. If the symptoms are not relieved
after anti-reflux treatment, another etiology should
be considered. Here, we report a case of a 43-yearold man who presented with belching, regurgitation,
chest tightness and dyspnea for 18 mo, which became
gradually more severe. Gastroscopic examination
suggested superficial gastritis. Twenty-four-hour
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routine blood testing showing white blood cell count
3
3500/mm , 9% eosinophil percentage (normal range
3
0.5%-5%), absolute eosinophil count 310/mm
3
(normal range 20-510/mm ), hemoglobin 165 g/
3
dL, and platelet count 195000/mm . Liver function,
renal function, and electrolyte balance were normal.
Serum total IgE was 272 IU/mL (normal range < 165
IU/mL). Parasitological examination and detection of
parasite eggs in stool showed negative results. The
patient had taken three drugs: ilaprazole entericcoated tablets (10 mg q.d), domperidone (10
mg t.i.d), and L-glutamine and sodium gualenate
granules (0.67 g t.i.d) orally for 10 wk without effect.
In the Respiratory Medicine Department, chest
computed tomography showed no abnormal findings.
Pulmonary function test showed severe obstructive
ventilation dysfunction [forced expiratory volume in
1 second (FEV1)/forced vital capacity (FVC)] 32%,
FEV1 was 1.21 L, occupied 35% predicted value
after salbuterol inhalation, and positive bronchial
dilation test (∆FEV1 260 mL, ∆FEV1% 27%).
Residual volume/total lung capacity (RV/TLC) 23%,
the diffusion capacity decreased slightly (Diffusion
lung capacity for carbon monoxide (DLCO) 73%).
The viscous resistance or total airway resistance (R5)
and central airway resistance (R20) increased clearly
(263% and 184% predicted value), X5 (peripheral
elastic resistance) increase slightly, and resonance
frequency increased to 289% predicted value. Skin
pick test showed Dermatophagoides farinae (++),
house dust mite (++++), and shrimp protein (++).
Fractional exhaled nitric oxide (FENO) measurement
was 76 ppb (NIOX, Solna, Sweden).
The patient received 40 mg methylprednisolone
intravenous infusion for 3 d, followed by budesonide/
formoterol 160/4.5 µg inhalation (twice daily)
combined with leukotriene receptor montelukast (10
mg po, q.n) for 3 mo. The patient started sublingual
mite desensitization treatment. The patient felt
better and his symptoms resolved completely after
2 wk treatment. After 3 mo treatment, FEV1 and
FEV1/FVC increased to 1.9 L (67% predicted value)
and 64% predicted value, and FENO decreased to 25
ppb. According to the above results and drug effects,
the patient was diagnosed with bronchial asthma
and is still undergoing follow-up.

Zhang JX, Zhan XB, Bai C, Li Q. Belching, regurgitation, chest
tightness and dyspnea: Not gastroesophageal reflux disease but
asthma. World J Gastroenterol 2015; 21(5): 1680-1683 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v21/i5/1680.
htm DOI: http://dx.doi.org/10.3748/wjg.v21.i5.1680

INTRODUCTION
Gastroesophageal reflux disease (GERD) commonly
produces symptoms in subjects of all ages. The
dominant complaints are usually related to the
upper gastrointestinal tract and include heartburn,
regurgitation, and occasionally dysphasia. Patients
with reflux are also liable to respiratory complications
leading to severe, progressive, and disabling pul
monary damage. More recently, attention has
been drawn to an association between reflux and
exacerbations of bronchial asthma. There is still
controversy about the causation of these two types
of symptoms.
In this report, we describe a case with digestive
complaints accompanied by respiratory symptoms,
which was not controlled by antacid or gastric
prokinetic agents but by antiasthmatic treatment.
We tried to establish the related pathophysiological
mechanisms that would indicate that asthma was
the cause of the GERD-like symptoms.

CASE REPORT
A 43-year-old non-smoking man complained of
belching, abdominal distention, and regurgitation
for 18 mo, which became gradually more severe
in the past 2 mo, accompanied by chest tightness
and dyspnea, especially at night. No hemoptysis,
heartburn, cough or sputum was reported. He had
allergic rhinitis and no family history of asthma.
The patient had no history of smoking. In previous
hospital visits the patient was treated for GERD
for more than 2 mo but obtained no symptom
relief. There was no positive sign in the physical
examination. The patient gave written informed
consent to report his case.
In the Gastroenterology Department, gastroscopic
examination suggested superficial gastritis. Twentyfour-hour esophageal pH monitoring showed a
Demeester score of 11.4 (normal range < 14.7), 49
total reflux episodes (normal range < 73), including
28 episodes of acid reflux, 14 of weak acid reflux, two
of acid gas reflux, and five of weak acid gas reflux.
There was no basic gas reflux. The belching was
associated with reflux. High-resolution manometry
showed that integrated relaxation pressure (IRP)
and intrabolus pressure (IBP) were higher than
normal (20 mmHg and 22.4 mmHg, respectively),
indicating gastroesophageal junction outflow tract
obstruction. Other laboratory results were as follows:
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DISCUSSION
Belching is a common symptom of digestive system
diseases, such as GERD, chronic gastritis, digestive
ulcer, or functional dyspepsia. The most common
[1]
cause is GERD . However, in this case, the symptoms
did not resolve after antireflux treatment. Treatment
failure questions whether the diagnosis was correct
or the treatment was appropriate. Referring to
respiratory symptoms and lung function test results,
bronchial asthma was considered and the patient
was controlled by antiasthmatic therapy. Therefore,
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a diagnosis of asthma and not GERD was eventually
determined.
Asthma is an inflammatory disease of the air
ways characterized by increased airway reactivity
with airflow obstruction. A long duration of airway
inflammation can result in severe destruction of lung
function, like the severe obstructive ventilation in
the present middle-aged patient. Recurrent cough,
wheezing, and dyspnea are the typical symptoms
of this common respiratory disease. Recently, a few
atypical symptoms such as chest pain, pure chest
tightness, and cardiac palpation have been reported
[2-4]
in asthma
. Most of these patients with atypical
symptoms did not visit respiratory physicians and
many of them were misdiagnosed with other diseases
for several months to years, which suggests that
it is necessary for internal physicians to consider a
diagnosis of asthma in patients with non-respiratory
symptoms. In this case, this patient complained
with the presentation of digestive disease and re
ceived various tests and therapy focused on GERD,
however, the etiology about respiratory disorder
is definitely made by adding special test such as
FENO, SPT etc., at last. Therefore asthma patients
also can be appeared firstly in gastroenterology
department except for non-pulmonary department
such as cardiovascular, psychology, ear-nosethroat department. It would be helpful for internal
physicians, including gastroenterologists, to make
a correct diagnosis by continuously improving their
differential diagnosis capability.
The prevalence of GERD in patients with asthma
[5,6]
[7]
is estimated at 34%-80% . In China, Chen et al
reported that the prevalence of GERD was 67%
in patients with asthma. The mechanism of the
phenomenon is related to the increase in intrathoracic
pressure due to greater respiratory effort, which
makes the transdiaphragmatic pressure increase and
lower esophageal pressure decrease, thus causing
gastric gas or acid reflux. In the present case, the
DeMeester score was not high enough to diagnose
GERD. However, the increases in IRP and IBP were
indicative of abnormal gastroesophageal motility.
It is possible that the increased transdiaphragmatic
pressure resulted in gastroesophageal junction outflow
tract obstruction.
How to differentiate asthma and GERD is important
for correct diagnosis. Medical history should be
carefully taken, including atopy, especially allergic
rhinitis. Epidemiological studies have shown con
sistently that asthma and allergic rhinitis are frequent
comorbid conditions. Most patients with asthma
(> 80%) have allergic rhinitis and many patients
with allergic rhinitis (≤ 50%) have asthma and/or
[8]
increased nonspecific bronchial hyper-reactivity .
The abnormal laboratory results should be noted
and analyzed as far as possible. This patient had
eosinophilia and a high level of IgE. Although
patients with eosinophilia have digestive symptoms,
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parasitic disease should be excluded by negative
stool test and parasite antibody test. Eosinophilic
gastroenteritis can present as eosinophilia, normal
upper gastrointestinal endoscopy and asthmatic
[9]
wheezing , however, the patients show no ascites or
other gastrointestinal symptoms such as abdominal
pain, vomiting, and loss of appetite. Both eosinophilia
and higher IgE level are useful indicators of atopy.
Focusing on these two important features, other
specific laboratory tests should be conducted. Apart
for lung function tests, skin prick test and FENO
analysis should be performed in a timely manner.
FENO is a useful noninvasive biomarker to reflect
eosinophilic airway inflammation with high specificity.
[10]
FENO > 50 ppb supports a diagnosis of asthma .
The skin prick test could help us to determine the
coexistence of allergic conditions. So, it is valuable
to combine various methods to make a definite
diagnosis.
In conclusion, some gastrointestinal symptoms
such as belching and regurgitation may be the first
and main complaint of bronchial asthma. Compre
hensive differentiation and combination of auxiliary
tests are the key to making a correct diagnosis for
asthma.

COMMENTS
COMMENTS
Case characteristics

A 43-year-old man presented with a combination of belching, regurgitation,
chest tightness, and dyspnea.

Clinical diagnosis

The patient was initially admitted to the Gastroenterology Department and
treated with anti-reflux therapy.

Laboratory diagnosis

Twenty-four-hour esophageal pH monitoring showed a Demeester score in
the normal range of 11.4. High-resolution manometry showed that integrated
relaxation pressure and intrabolus pressure were higher than normal (20 mmHg
and 22.4 mmHg, respectively), indicating gastroesophageal junction outflow
tract obstruction. Pulmonary function test showed severe obstructive ventilation
dysfunction [forced expiratory volume in 1 second (FEV1)/forced vital capacity
(FVC)] was 32%, FEV1 was 1.21 L, and occupied 35% predicted value after
salbuterol inhalation, and positive bronchial dilation test (∆FEV1 260 mL, ∆
FEV1% 27%). Skin pick test showed Dermatophagoides farinae (++), house
dust mite (++++), and shrimp protein (++). Fractional exhaled NO measurement
was 76 ppb.

Treatment

The patient received 40 mg methylprednisolone intravenous infusion for 3 d,
followed by budesonide/formeterol 160/4.5 µg inhalation (twice daily) combined
with leukotriene receptor montelukast (10 mg po, q.n.) continuously for 6 mo.
The symptoms resolved completely and his pulmonary function improved
significantly.

Related reports

Many studies have reported that reflux can induce airway hyper-reactivity
and result in an asthma-like presentation, and that asthmatic symptoms are
resolved only by antireflux therapy, suggesting that gastroesophageal reflux
disease (GERD) was the cause of asthmatic manifestation. However, in this
case, we found that reflux symptoms were released completely by only using
antiasthmatic therapy, which indicates that asthma may be eventually the cause
of reflux symptoms.

Experiences and lessons

Belching is a common symptom of GERD. If the symptom is not resolved
after anti-reflux treatment, bronchial asthma needs to be considered when the
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patient has accompanying respiratory symptoms. There is controversy about
the causative relationship between GERD and exacerbations of bronchial
asthma. Combination of multiple tests including pulmonary function, FENO,
allergen skin prick test, as well as gastroenterological examinations, and effect
of antiasthmatic treatment may be helpful in making the correct diagnosis.
Corticosteroids are the most effective medication for asthma-induced belching.

6

This case will shed light on the diagnosis and differential diagnosis between
asthma and GEED for the physicians. It is a good paper of interest for
gastrointestinal physician.

7
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CASE REPORT

Gastric metastasis from small cell lung cancer: A case report
Song Gao, Xu-Dong Hu, Su-Zhen Wang, Ning Liu, Wei Zhao, Qing-Xi Yu, Wen-Hong Hou, Shuang-Hu Yuan
The preferential metastatic sites are the brain, liver,
adrenal glands, bone, and bone marrow. However,
metastases of the gastrointestinal system, especially the
stomach, are rare; most cases of stomach metastasis
are asymptomatic and, as a result, are usually only
discovered at autopsy. We report a case of gastric
metastasis originating from SCLC. The patient was
a 66-year-old man admitted to our hospital due to
abdominal pain. He underwent gastroscopy, with the
pathological report of the tissue biopsy proving it to be
a small cell cancer. Immunohistochemistry was positive
for CD56, synaptophysin, and pan-cytokeratin. These
results confirmed the diagnosis of gastric metastasis of
a neuroendocrine small cell carcinoma from the lung.
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Core tip: Small cell lung cancer metastases of the
gastrointestinal system are rare; most cases of
stomach metastasis are asymptomatic and as a result
are usually only discovered at autopsy. We report
a case of gastric metastasis originating from small
cell lung cancer. The patient was a 66-year-old man
admitted to our hospital due to abdominal pain and
who underwent gastroscopy. The pathological report
of the tissue biopsy proved it to be a small cell cancer,
with immunohistochemistry being positive for CD56,
synaptophysin, and pan-cytokeratin, thereby confirming
the diagnosis of gastric metastasis of a neuroendocrine
small cell carcinoma from the lung.
Gao S, Hu XD, Wang SZ, Liu N, Zhao W, Yu QX, Hou WH,
Yuan SH. Gastric metastasis from small cell lung cancer: A case
report. World J Gastroenterol 2015; 21(5): 1684-1688 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v21/i5/1684.
htm DOI: http://dx.doi.org/10.3748/wjg.v21.i5.1684

Abstract
Small cell lung cancer (SCLC) represents a group of
highly malignant tumors that give rise to early and
widespread metastases at the time of diagnosis.
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peritoneum, lymph node tumefaction and integration
were observed, with a maximum cross-section of
approximately 8.6 cm × 6.6 cm (Figure 1B). Our
patient underwent a gastroscopy that showed a
large ulcer approximately 2.0 cm × 3.0 cm size in
the posterior wall of the stomach. The pathological
report of the tissue biopsy proved it to be a small
cell cancer, with the immunohistochemistry results
being positive for CD56, synaptophysin, and pancytokeratin (Figure 2). Based on the cytomorphology
and immunocytochemistry, the diagnosis was gastric
metastasis from SCLC.
Given the conservation of performance status
and renal function, the patient received a doublet
regimen of metastatic first-line chemotherapy based
2
on etoposide (120 mg/m D1 + D2 + D3 - D1 =
2
D21) and cisplatin (100 mg/m D1 - D1 = D21).
After two cycles of the chemotherapy, a follow-up CT
scan showed progression of the disease. The patient
then received one cycle of second-line chemotherapy
2
with irinotecan (60 mg/m D1 + D8 - D1 = D21).
Following the chemotherapy regimen, and considering
his poor condition, the patient was provided only with
supportive care. He died three months after receiving
the diagnosis of gastric metastasis from SCLC.

INTRODUCTION
Lung cancer is the most commonly diagnosed can
cer and the leading cause of cancer mortality
[1]
worldwide . Neuroendocrine tumors occupy about
20% of lung cancers, with 15% of those being small
[2,3]
cell lung cancer (SCLC) . Over 90% of patients with
SCLC are elderly and are either currently or formerly
heavy smokers; this percentage has increased due to
[4]
a longer duration and heavier intensity of smoking .
The most frequent symptoms of SCLC include
coughing, dyspnea, wheezing, and hemoptysis
caused by local intrapulmonary tumor growth, with
symptoms caused by intrathoracic sources spreading
to the chest wall, superior vena cava, or esophagus,
while recurrent nerve pain, anorexia, fatigue, and
neurological complaints are due to distant spread
[5,6]
and paraneoplastic syndromes
. Approximately
50% of patients have widespread metastatic disease
at the time of their initial diagnosis. The preferential
metastatic sites are the brain, liver, adrenal glands,
[7]
bone, and bone marrow . Conversely, metastases
of the gastrointestinal tract from SCLC are relatively
infrequent; particularly so with regards to the
stomach. Additionally, most cases of stomach me
tastasis are asymptomatic and, as a result, are us
[8-10]
ually only discovered at autopsy
.
Here, we report on a case of a patient with a
gastric metastasis originating from SCLC, which
was confirmed by tissue biopsy and immunohisto
chemistry.

DISCUSSION
Lung cancer typically spreads from the lungs to the
brain, liver, adrenal glands, bone, and bone marrow.
In addition to the esophagus, metastasis to the
gastrointestinal tract from lung cancer is not common
and is often asymptomatic, with an incidence of
[11,12]
approximately 0.3%-1.77%
. However, a much
higher incidence has been noted during autopsies:
gastrointestinal metastasis (stomach, small intestine,
and large intestine) from lung cancer at autopsy has
[8-10]
been reported to occur in 7.3%-12.2% of cases
.
Upon searching the medical records of 470 patients
with lung cancer confirmed by autopsy, Yoshimoto et
[13]
al
identified 56 (11.9%) cases with gastrointestinal
metastasis. Multiple metastases occurred in 6.2% (29),
with metastasis to the stomach in 5.1% (24), small
intestine in 8.1% (38), and large intestine in 4.5% (21).
Of the 24 patients with stomach metastasis, the most
common histological type of metastatic lung carcinoma
to the stomach was adenocarcinoma, followed by
squamous cell carcinoma and large cell carcinoma;
only 3 cases were SCLC.
Indeed, gastric metastasis from lung cancer,
especially SCLC, is very rare, with only sporadic
[14-23]
published cases in the past several decades
. Sym
ptoms of epigastralgia, chronic bleeding, anemia, and
hematemesis were presented in those cases. More
attention should therefore be paid to gastrointestinal
metastatic signs (such as abdominal pain), especially
when considering that it was the most frequent
(80% of cases) symptom in symptomatic patients.

CASE REPORT
A 66-year-old man with a history of long-term
heavy smoking was referred to our hospital due to
a productive cough and chest tightness in February
2013. On admission, a computed tomography (CT)
scan of the chest showed a lung mass approximately
5.0 cm × 4.0 cm in size at the right hilum (Figure
1A). Sputum cytology proved it to be small cell lung
cancer (SCLC). No widespread metastatic disease was
found by a magnetic resonance imaging (MRI) scan
of the brain, a CT scan of the chest and abdomen,
or a full-body emission computed tomography
(ECT) scan. The patient was therefore diagnosed
with limited-stage SCLC. He was hospitalized and
tolerated five successive courses of chemotherapy
2
with etoposide (120 mg/m D1 + D2 + D3 - D1 =
2
D21) and cisplatin (100 mg/m D1 - D1 = D21),
followed by chest radiation (54 Gy/30 fractions/42 d).
After this treatment, the patient received a CT scan
of the chest, showing complete remission.
In April 2014, the patient returned to the hospital
with epigastrium pain, a cough, expectoration,
chest tightness, and suffocation. A CT scan of the
epigastrium showed abnormal thickening in the
stomach wall; between the liver, stomach, and retro
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A

B

Figure 1 Computed tomography scan of the chest cut disclosed a large space-occupying lesion (5.0 cm × 4.0 cm) at the right hilum (A), computed
tomography scan of the abdomen cut showed abnormal thickening in the stomach wall, as well as lymph node tumefaction and integration (B).

A

B

C

D

Figure 2 Immunohistochemical staining was positive for CD-56, synaptophysin, and pan-cytokeratin. A: Positive reaction for CD56 in tumor cells (magnification
× 200); B: Positive reaction for synaptophysin in tumor cells (magnification × 200); C: Positive reaction for pan-cytokeratin in tumor cells (magnification × 200); D:
Pathology by biopsy from the stomach (hematoxylin eosin staining) showed cancer cells around the gastric mucosal glands (magnification × 100).

Gastroscopy can be used to establish the diagnosis
when necessary.
Lung cancer metastasis of the stomach is mostly
caused by hematogenous metastasis. The direct
invasion of cancer cells often occurs through the
pulmonary vein, then through the left heart, with
systemic blood transferred to organs and tissues
throughout the body. Although transfer to the stomach
is relatively rare, we cannot exclude the possibility of
cancer cells in phlegm being swallowed and entering
the stomach, thereby causing implantation metastasis.
Several studies have confirmed that PET scans
can increase the accuracy of staging in patients with
[24,25]
SCLC due to it being a highly metabolic disease
.
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A few researchers have also reported metastatic
tumors of the gastrointestinal tract and the use of
[26,27]
FDG-PET in gastrointestinal metastasis
. The
function and potential value of FDG-PET scanning in
gastric metastasis have been studied in recent years.
[28]
Hayasaka et al
evaluated 308 patients who had
undergone a whole-body FDG-PET scan for tumor
detection, with four cases in which metastasis was
found in the gastrointestinal tract being reviewed:
one duodenal metastasis, one jejunal metastasis,
and two stomach metastases from lung carcinoma.
Thus, FDG-PET imaging provides the diagnosis of
gastrointestinal metastasis with valuable information.
Said observations suggest that imaging modality is
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Clinical diagnosis

valuable in the detection of metastatic tumors of the
gastrointestinal tract, and therefore should be useful
in preventing complications such as the intestinal
obstruction and massive bleeding which are caused
[26]
by metastatic tumors of the gastrointestinal tract .
Although PET/CT appears to improve staging
accuracy in SCLC, pathologic confirmation is still
required for PET/CT-detected lesions that result in
upstaging. SCLC is defined as “a malignant epithelial
tumour consisting of small cells with scant cytoplasm,
ill-defined cell borders, finely granular nuclear
[29]
chromatin, and absent or inconspicuous nucleoli” .
Immunohistochemical studies can confirm complicated
cases. Testing for neuroendocrine markers, such as
CD56, synaptophysin, and chromogranin, can be
useful; indeed, less than ten percent of SCLC tumors
are negative for all these markers. Meanwhile, among
up to 90% of cases, SCLC is also positive for TTF-1.
Epithelial markers, such as cytokeratins, which can
help to distinguish SCLC from lymphomas and other
small round tumors, are found in many SCLC tumors.
In our case, the immunohistochemistry results were
positive for synaptophysin, CD56, and pan-cytokeratin,
which proved it to be a gastric metastasis of a
neuroendocrine small cell carcinoma from the lung.
Chemotherapy leads to rapid responses, with
occasionally striking improvement in symptoms and
outcomes, as SCLC is very chemosensitive. The firstline treatment to extensive-stage SCLC is four to
six cycles of etoposide combined with a platinumbased chemotherapy (cisplatin or carboplatin), which
is better than other combined treatments according
[30,31]
to two meta-analyses
. In six trials involving
1476 previously untreated Asian and Caucasian
[32]
patients with extensive-stage SCLC, Jiang et al
found irinotecan and platinum combination regimens
were associated with higher response rates and
better overall survival than etoposide and cisplatin.
Therefore, etoposide plus platinum is still regarded
as the standard regimen for patients with SCLC,
though irinotecan plus platinum has been added to
guidelines as an option for patients with extensivestage disease.
In conclusion, although gastric metastasis from
lung cancer is very rare, we should pay more attention
to gastrointestinal metastatic signs, with gastroscopy
and FDG-PET imaging potentially providing valuable
information for the diagnosis of gastrointestinal
metastasis. Moreover, the use of immunocytochemistry
may also help to confirm a suspected diagnosis.
Etoposide plus platinum is still the standard regimen
for patients with extensive-stage SCLC.

Gastric metastasis from small cell lung cancer.

Differential diagnosis

Primary gastric cancer and primary gastric lymphoma.

Imaging diagnosis

A computed tomography scan of the epigastrium showed abnormal thickening
in the stomach wall; between the liver, stomach, and retroperitoneal, lymph
node tumefaction and integration were observed, with a maximum cross-section
of approximately 8.6 cm × 6.6 cm.

Pathological diagnosis

Gastric metastasis originating from small cell lung cancer.

Treatment

The patient was treated with two cycles of chemotherapy based on etoposide
(120 mg/m2 D1 + D2 + D3 - D1 = D21) and cisplatin (100 mg/m2 D1 - D1 =
D21), and one cycle of second-line chemotherapy with irinotecan (60 mg/m2 D1
+ D8 - D1 = D21).

Related reports

The preferential metastatic sites of SCLC are the brain, liver, adrenal glands,
bone, and bone marrow. In contrast, metastases to the gastrointestinal system,
especially the stomach, are rare.

Term explanation

Small cell lung cancer metastases to the gastrointestinal system are rare, and
in most cases, stomach metastases are asymptomatic; as a result, they are
usually only discovered at autopsy.

Experiences and lessons

Although gastric metastasis from lung cancer is very rare, we should pay more
attention to gastrointestinal metastatic signs; the use of immunocytochemistry,
when available, may help to confirm a suspected diagnosis.

Peer-review

This article reports a rare case of gastric metastasis originating from small cell
lung cancer, introduces the clinical characteristics of this tumor, and provides
insight into therapeutic and diagnosis implications.
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Core tip: A recently article in the World Journal
of Gastroenterology entitled “Antiviral therapy in

cytomegalovirus-positive ulcerative colitis: A systematic
review and meta-analysis” showed that antiviral
therapy caused a higher risk of 30-d colectomy in
cytomegalovirus-positive ulcerative colitis patients.
We found that in this article, unfavorable outcome
of antiviral therapy was due to inappropriate study
inclusion in meta-analysis.
Wu XW, Yang MF, Li N, Wang FY. Unfavorable outcome of
antiviral therapy in cytomegalovirus-positive ulcerative colitis
may be due to inappropriate study inclusion in meta-analysis.
World J Gastroenterol 2015; 21(5): 1689-1690 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v21/i5/1689.htm
DOI: http://dx.doi.org/10.3748/wjg.v21.i5.1689

Abstract

TO THE EDITOR

Some previous articles reported that antiviral treatment
was effective to reduce the colectomy rate in ulcerative
colitis (UC) patients with cytomegalovirus (CMV)
infection. Kopylov et al recently carried out a systematic
review and meta-analysis to evaluate the impact of
antiviral therapy on CMV-positive UC. The results
showed that patients who received antiviral treatment
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[1]

Kopylov et al recently published an interesting
article in the World Journal of Gastroenterology
entitled “Antiviral therapy in cytomegalovirus-positive
ulcerative colitis: A systematic review and metaanalysis”. In this study, they investigated the impact
of antiviral therapy on the colectomy rate in ulcerative
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Wu XW et al . Antiviral therapy in CMV-positive UC
colitis (UC) patients with cytomegalovirus (CMV)
infection. Nine studies were included for the metaanalysis, and the 30-d colectomy risk in patients
with antiviral therapy was significantly higher than
patients without antiviral therapy (odds ratio, 2.40,
95%CI: 1.05-5.50).
After full-text review of the nine articles, we con
sidered that four of them were not suitable for the
[2]
inclusion in the meta-analysis. Kim et al reported
that 14 CMV-positive patients with steroid resistance
were treated with ganciclovir, and three of them
underwent colectomy without remission. Other 17
CMV-positive patients did not receive ganciclovir only
because they were steroid responsive, and none of
[3]
them required surgery. Kopylov et al retrospectively
described the clinical course and outcome of 13 CMVpositive UC patients, seven of whom were treated
with antivirals. The treated and untreated groups
were significantly different in disease severity,
and antiviral therapy was generally undertaken in
[4]
patients without clinical improvement. Omiya et al
prospectively evaluated the necessity of antiviral
therapy based on endoscopic feature in 20 UC
patients with CMV infection. Ten patients without a
large ulcer did not receive anti-CMV treatment and
all maintained remission. Other ten patients with a
large ulcer were treated with ganciclovir and three
of them underwent colectomy, but their clinical and
endoscopic characteristics were significantly severer.
[5]
Maruyama et al reported that 16 CMV-positive UC
patients received conventional immunosuppressive
therapies. Four unresponsive patients were treated
with ganciclovir and one of them avoided colectomy,
while 12 responsive patients were not administrated
with antiviral therapy. In the four studies, colectomy
rates in treated groups were much higher than that in
untreated groups. But it is obviously that the decision
of antiviral administration was according to response
to conventional therapy or severity of disease, which
were regarded as important factors impacting the
rate of colectomy. Thus, we considered that these
studies were inappropriately included in this metaanalysis evaluating the efficacy of antiviral therapy
in UC patients with CMV infection. Accordingly, there
was not enough evidence to conclude that antiviral
therapy led to a higher 30-d colectomy risk.
Although no randomized controlled trial has
been performed to evaluate the efficacy of antiviral
therapy in UC patients with CMV infection, some
observational studies had showed that CMV infection

was associated with steroid-resistant disease and
antiviral therapy was beneficial to clinical outcome.
[6]
Xue et al reviewed previous studies that estimated
the effectiveness of antiviral therapy in CMV-positive
UC patients, and found that overall remission rate
was up to 80.2% after receiving anti-CMV treatment.
Ganciclovir is the first choice for treatment of CMV
infection in UC patients, and 2-3 wk therapy duration
[7]
is recommended by the ECCO . With the use of
some immunosuppressors and biological agents, the
colectomy rate in UC patients has reduced in recent
years. Although antiviral therapy is not routinely
recommended in steroid-refractory UC patients
with CMV infection, we think it is still a considerable
therapeutic method before surgery.
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Francesco Crea, Vancouver
Mirko Diksic, Montreal
Jane A Foster, Hamilton
Hugh J Freeman, Vancouver
Shahrokh M Ghobadloo, Ottawa
Yuewen Gong, Winnipeg
Philip H Gordon, Quebec
Rakesh Kumar, Edmonton
Wolfgang A Kunze, Hamilton
Patrick Labonte, Laval
Zhikang Peng, Winnipeg
Jayadev Raju, Ottawa
Maitreyi Raman, Calgary
Giada Sebastiani, Montreal
Maida J Sewitch, Montreal
Eldon A Shaffer, Alberta
Christopher W Teshima, Edmonton
Jean Sévigny, Québec
Pingchang Yang, Hamilton
Pingchang Yang, Hamilton
Eric M Yoshida, Vancouver
Bin Zheng, Edmonton

Chile
Marcelo A Beltran, La Serena
Flavio Nervi, Santiago
Adolfo Parra-Blanco, Santiago
Alejandro Soza, Santiago

China
Zhao-Xiang Bian, Hong Kong
San-Jun Cai, Shanghai
Guang-Wen Cao, Shanghai
Long Chen, Nanjing
Ru-Fu Chen, Guangzhou
George G Chen, Hong Kong
Li-Bo Chen, Wuhan
Jia-Xu Chen, Beijing
Hong-Song Chen, Beijing
Lin Chen, Beijing
Yang-Chao Chen, Hong Kong
Zhen Chen, Shanghai

II

Ying-Sheng Cheng, Shanghai
Kent-Man Chu, Hong Kong
Zhi-Jun Dai, Xi’an
Jing-Yu Deng, Tianjin
Yi-Qi Du, Shanghai
Zhi Du, Tianjin
Hani El-Nezami, Hong Kong
Bao-Ying Fei, Hangzhou
Chang-Ming Gao, Nanjing
Jian-Ping Gong, Chongqing
Zuo-Jiong Gong, Wuhan
Jing-Shan Gong, Shenzhen
Guo-Li Gu, Beijing
Yong-Song Guan, Chengdu
Mao-Lin Guo, Luoyang
Jun-Ming Guo, Ningbo
Yan-Mei Guo, Shanghai
Xiao-Zhong Guo, Shenyang
Guo-Hong Han, Xi’an
Ming-Liang He, Hong Kong
Peng Hou, Xi’an
Zhao-Hui Huang, Wuxi
Feng Ji, Hangzhou
Simon Law, Hong Kong
Yu-Yuan Li, Guangzhou
Meng-Sen Li, Haikou
Shu-De Li, Shanghai
Zong-Fang Li, Xi’an
Qing-Quan Li, Shanghai
Kang Li, Lasa
Han Liang, Tianjin
Xing’e Liu, Hangzhou
Zheng-Wen Liu, Xi’an
Xiao-Fang Liu, Yantai
Bin Liu, Tianjin
Quan-Da Liu, Beijing
Hai-Feng Liu, Beijing
Fei Liu, Shanghai
Ai-Guo Lu, Shanghai
He-Sheng Luo, Wuhan
Xiao-Peng Ma, Shanghai
Yong Meng, Shantou
Ke-Jun Nan, Xi’an
Siew Chien Ng, Hong Kong
Simon SM Ng, Hong Kong
Zhao-Shan Niu, Qingdao
Bo-Rong Pan, Xi’an
Di Qu, Shanghai
Rui-Hua Shi, Nanjing
Bao-Min Shi, Shanghai
Xiao-Dong Sun, Hangzhou
Si-Yu Sun, Shenyang
Guang-Hong Tan, Haikou
Wen-Fu Tang, Chengdu
Anthony YB Teoh, Hong Kong
Wei-Dong Tong, Chongqing
Eric Tse, Hong Kong
Hong Tu, Shanghai
Rong Tu, Haikou
Jian-She Wang, Shanghai
Kai Wang, Jinan
Xiao-Ping Wang, Xianyang
Dao-Rong Wang, Yangzhou
De-Sheng Wang, Xi’an
Chun-You Wang, Wuhan
Ge Wang, Chongqing
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Xi-Shan Wang, Harbin
Wei-hong Wang, Beijing
Zhen-Ning Wang, Shenyang
Wai Man Raymond Wong, Hong Kong
Chun-Ming Wong, Hong Kong
Jian Wu, Shanghai
Sheng-Li Wu, Xi’an
Wu-Jun Wu, Xi’an
Qing Xia, Chengdu
Yan Xin, Shenyang
Dong-Ping Xu, Beijing
Jian-Min Xu, Shanghai
Wei Xu, Changchun
Ming Yan, Jinan
Xin-Min Yan, Kunming
Yi-Qun Yan, Shanghai
Feng Yang, Shanghai
Yong-Ping Yang, Beijing
He-Rui Yao, Guangzhou
Thomas Yau, Hong Kong
Winnie Yeo, Hong Kong
Jing You, Kunming
Jian-Qing Yu, Wuhan
Ying-Yan Yu, Shanghai
Wei-Zheng Zeng, Chengdu
Zong-Ming Zhang, Beijing
Dian-Liang Zhang, Qingdao
Ya-Ping Zhang, Shijiazhuang
You-Cheng Zhang, Lanzhou
Jian-Zhong Zhang, Beijing
Ji-Yuan Zhang, Beijing
Hai-Tao Zhao, Beijing
Jian Zhao, Shanghai
Jian-Hong Zhong, Nanning
Ying-Qiang Zhong, Guangzhou
Ping-Hong Zhou, Shanghai
Yan-Ming Zhou, Xiamen
Tong Zhou, Nanchong
Li-Ming Zhou, Chengdu
Guo-Xiong Zhou, Nantong
Feng-Shang Zhu, Shanghai
Jiang-Fan Zhu, Shanghai
Zhao-Hui Zhu, Beijing

Croatia
Tajana Filipec Kanizaj, Zagreb
Mario Tadic, Zagreb

Cuba
Damian Casadesus, Havana

Czech
Jan Bures, Hradec Kralove
Marcela Kopacova, Hradec Kralove
Otto Kucera, Hradec Kralove
Marek Minarik, Prague
Pavel Soucek, Prague
Miroslav Zavoral, Prague

Denmark
Vibeke Andersen, Odense
E Michael Danielsen, Copenhagen
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Egypt
Mohamed MM Abdel-Latif, Assiut
Hussein Atta, Cairo
Ashraf Elbahrawy, Cairo
Mortada Hassan El-Shabrawi, Cairo
Mona El Said El-Raziky, Cairo
Elrashdy M Redwan, New Borg Alrab
Zeinab Nabil Ahmed Said, Cairo
Ragaa HM Salama, Assiut
Maha Maher Shehata, Mansoura

Estonia
Margus Lember, Tartu
Tamara Vorobjova, Tartu

Finland
Marko Kalliomäki, Turku
Thomas Kietzmann, Oulu
Kaija-Leena Kolho, Helsinki
Eija Korkeila, Turku
Heikki Makisalo, Helsinki
Tanja Pessi, Tampere

France
Armando Abergel Clermont, Ferrand
Elie K Chouillard, Polssy
Pierre Cordelier, Toulouse
Pascal P Crenn, Garches
Catherine Daniel, Lille
Fanny Daniel, Paris
Cedric Dray, Toulouse
Benoit Foligne, Lille
Jean-Noel Freund, Strasbourg
Hervé Guillou, Toulouse
Nathalie Janel, Paris
Majid Khatib, Bordeaux
Jacques Marescaux, Strasbourg
Jean-Claude Marie, Paris
Driffa Moussata, Pierre Benite
Hang Nguyen, Clermont-Ferrand
Hugo Perazzo, Paris
Alain L Servin, Chatenay-Malabry
Chang Xian Zhang, Lyon

Germany
Stavros A Antoniou, Monchengladbach
Erwin Biecker, Siegburg
Hubert E Blum, Freiburg
Thomas Bock, Berlin
Katja Breitkopf-Heinlein, Mannheim
Elke Cario, Essen
Güralp Onur Ceyhan, Munich
Angel Cid-Arregui, Heidelberg
Michael Clemens Roggendorf, München
Christoph F Dietrich, Bad Mergentheim
Valentin Fuhrmann, Hamburg
Nikolaus Gassler, Aachen
Andreas Geier, Wuerzburg
Markus Gerhard, Munich
Anton Gillessen, Muenster

III

Thorsten Oliver Goetze, Offenbach
Daniel Nils Gotthardt, Heidelberg
Robert Grützmann, Dresden
Thilo Hackert, Heidelberg
Joerg Haier, Muenster
Claus Hellerbrand, Regensburg
Harald Peter Hoensch, Darmstadt
Jens Hoeppner, Freiburg
Richard Hummel, Muenster
Jakob Robert Izbicki, Hamburg
Gernot Maximilian Kaiser, Essen
Matthias Kapischke, Hamburg
Michael Keese, Frankfurt
Andrej Khandoga, Munich
Jorg Kleeff, Munich
Alfred Koenigsrainer, Tuebingen
Peter Christopher Konturek, Saalfeld
Michael Linnebacher, Rostock
Stefan Maier, Kaufbeuren
Oliver Mann, Hamburg
Marc E Martignoni, Munic
Thomas Minor, Bonn
Oliver Moeschler, Osnabrueck
Jonas Mudter, Eutin
Sebastian Mueller, Heidelberg
Matthias Ocker, Berlin
Andreas Ommer, Essen
Albrecht Piiper, Frankfurt
Esther Raskopf, Bonn
Christoph Reichel, Bad Brückenau
Elke Roeb, Giessen
Udo Rolle, Frankfurt
Karl-Herbert Schafer, Zweibrücken
Peter Schemmer, Heidelberg
Andreas G Schreyer, Regensburg
Manuel A Silva, Penzberg
Georgios C Sotiropoulos, Essen
Ulrike S Stein, Berlin
Dirk Uhlmann, Leipzig
Michael Weiss, Halle
Hong-Lei Weng, Mannheim
Karsten Wursthorn, Hamburg

Greece
Alexandra Alexopoulou, Athens
Nikolaos Antonakopoulos, Athens
Stelios F Assimakopoulos, Patras
Grigoris Chatzimavroudis, Thessaloniki
Evangelos Cholongitas, Thessaloniki
Gregory Christodoulidis, Larisa
George N Dalekos, Larissa
Urania Georgopoulou, Athens
Eleni Gigi, Thessaloniki
Stavros Gourgiotis, Athens
Leontios J Hadjileontiadis, Thessaloniki
Thomas Hyphantis, Ioannina
Ioannis Kanellos, Thessaloniki
Stylianos Karatapanis, Rhodes
Michael Koutsilieris, Athens
Spiros D Ladas, Athens
Theodoros K Liakakos, Athens
Emanuel K Manesis, Athens
Spilios Manolakopoulos, Athens
Gerassimos John Mantzaris, Athens
Athanasios D Marinis, Piraeus
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Nikolaos Ioannis Nikiteas, Athens
Konstantinos X Papamichael, Athens
George Sgourakis, Athens
Konstantinos C Thomopoulos, Patras
Konstantinos Triantafyllou, Athens
Christos Triantos, Patras
Georgios Zacharakis, Athens
Petros Zezos, Alexandroupolis
Demosthenes E Ziogas, Ioannina

Guatemala
Carlos Maria Parellada, Guatemala

Hungary
Mihaly Boros, Szeged
Tamás Decsi, Pécs
Gyula Farkas, Szeged
Andrea Furka, Debrecen
Y vette Mandi, Szeged
Peter L Lakatos, Budapest
Pal Miheller, Budapest
Tamás Molnar, Szeged
Attila Olah, Gyor
Maria Papp, Debrecen
Zoltan Rakonczay, Szeged
Ferenc Sipos, Budapest
Miklós Tanyi, Debrecen
Tibor Wittmann, Szeged

Iceland
Tryggvi Bjorn Stefánsson, Reykjavík

India
Brij B Agarwal, New Delhi
Deepak N Amarapurkar, Mumbai
Shams ul Bari, Srinagar
Sriparna Basu, Varanasi
Runu Chakravarty, Kolkata
Devendra C Desai, Mumbai
Nutan D Desai, Mumbai
Suneela Sunil Dhaneshwar, Pune
Radha K Dhiman, Chandigarh
Pankaj Garg, Mohali
Uday C Ghoshal, Lucknow
Kalpesh Jani, Vadodara
Premashis Kar, New Delhi
Jyotdeep Kaur, Chandigarh
Rakesh Kochhar, Chandigarh
Pradyumna K Mishra, Mumbai
Asish K Mukhopadhyay, Kolkata
Imtiyaz Murtaza, Srinagar
P Nagarajan, New Delhi
Samiran Nundy, Delhi
Gopal Pande, Hyderabad
Benjamin Perakath, Vellore
Arun Prasad, New Delhi
D Nageshwar Reddy, Hyderabad
Lekha Saha, Chandigarh
Sundeep Singh Saluja, New Delhi
Mahesh Prakash Sharma, New Delhi
Sadiq Saleem Sikora, Bangalore
Sarman Singh, New Delhi
Rajeev Sinha, Jhansi
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Rupjyoti Talukdar, Hyderabad
Rakesh Kumar Tandon, New Delhi
Narayanan Thirumoorthy, Coimbatore

Indonesia
David Handojo Muljono, Jakarta
Andi Utama, Jakarta

Iran
Arezoo Aghakhani, Tehran
Seyed Mohsen Dehghani, Shiraz
Ahad Eshraghian, Shiraz
Hossein Khedmat, Tehran
Sadegh Massarrat, Tehran
Marjan Mohammadi, Tehran
Roja Rahimi, Tehran
Farzaneh Sabahi, Tehran
Majid Sadeghizadeh, Tehran
Farideh Siavoshi, Tehran

Ireland
Gary Alan Bass, Dublin
David J Brayden, Dublin
Ronan A Cahill, Dublin
Glen A Doherty, Dublin
Liam J Fanning, Cork
Barry Philip McMahon, Dublin
RossMcManus, Dublin
Dervla O’Malley, Cork
Sinead M Smith, Dublin

Israel
Dan Carter, Ramat Gan
Jorge-Shmuel Delgado, Metar
Eli Magen, Ashdod
Nitsan Maharshak, Tel Aviv
Shaul Mordechai, Beer Sheva
Menachem Moshkowitz, Tel Aviv
William Bahij Nseir, Nazareth
Shimon Reif, Jerusalem
Ram Reifen, Rehovot
Ariella Bar-Gil Shitrit, Jerusalem
Noam Shussman, Jerusalem
Igor Sukhotnik, Haifa
Nir Wasserberg, Petach Tiqwa
Jacob Yahav, Rehovot
Doron Levi Zamir, Gedera
Shira Zelber-Sagi, Haifa
Romy Zemel, Petach-Tikva

Italy
Ludovico Abenavoli, Catanzaro
Luigi Elio Adinolfi, Naples
Carlo Virginio Agostoni, Milan
Anna Alisi, Rome
Piero Luigi Almasio, Palermo
Donato Francesco Altomare, Bari
Amedeo Amedei, Florence
Pietro Andreone, Bologna
Imerio Angriman, Padova
Vito Annese, Florence
Paolo Aurello, Rome

IV

Salavtore Auricchio, Naples
Gian Luca Baiocchi, Brescia
Gianpaolo Balzano, Milan
Antonio Basoli, Rome
Gabrio Bassotti, San Sisto
Mauro Bernardi, Bologna
Alberto Biondi, Rome
Ennio Biscaldi, Genova
Massimo Bolognesi, Padua
Luigi Bonavina, Milano
Aldo Bove, Chieti
Raffaele Bruno, Pavia
Luigi Brusciano, Napoli
Giuseppe Cabibbo, Palermo
Carlo Calabrese, Bologna
Daniele Calistri, Meldola
Vincenza Calvaruso, Palermo
Lorenzo Camellini, Reggio Emilia
Marco Candela, Bologna
Raffaele Capasso, Naples
Lucia Carulli, Modena
Renato David Caviglia, Rome
Luigina Cellini, Chieti
Giuseppe Chiarioni, Verona
Claudio Chiesa, Rome
Michele Cicala, Roma
Rachele Ciccocioppo, Pavia
Sandro Contini, Parma
Gaetano Corso, Foggia
Renato Costi, Parma
Alessandro Cucchetti, Bologna
Rosario Cuomo, Napoli
Giuseppe Currò, Messina
Paola De Nardi, Milano
Giovanni D De Palma, Naples
Raffaele De Palma, Napoli
Giuseppina De Petro, Brescia
Valli De Re, Aviano
Paolo De Simone, Pisa
Giuliana Decorti, Trieste
Emanuele Miraglia del Giudice, Napoli
Isidoro Di Carlo, Catania
Matteo Nicola Dario Di Minno, Naples
Massimo Donadelli, Verona
Mirko D’Onofrio, Verona
Maria Pina Dore, Sassari
Luca Elli, Milano
Massimiliano Fabozzi, Aosta
Massimo Falconi, Ancona
Ezio Falletto, Turin
Silvia Fargion, Milan
Matteo Fassan, Verona
Gianfranco Delle Fave, Roma
Alessandro Federico, Naples
Francesco Feo, Sassari
Davide Festi, Bologna
Natale Figura, Siena
Vincenzo Formica, Rome
Mirella Fraquelli, Milan
Marzio Frazzoni, Modena
Walter Fries, Messina
Gennaro Galizia, Naples
Andrea Galli, Florence
Matteo Garcovich, Rome
Eugenio Gaudio, Rome
Paola Ghiorzo, Genoa
Edoardo G Giannini, Genova
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Luca Gianotti, Monza
Maria Cecilia Giron, Padova
Alberto Grassi, Rimini
Gabriele Grassi, Trieste
Francesco Greco, Bergamo
Luigi Greco, Naples
Antonio Grieco, Rome
Fabio Grizzi, Rozzano
Laurino Grossi, Pescara
Simone Guglielmetti, Milan
Tiberiu Hershcovici, Jerusalem
Calogero Iacono, Verona
Enzo Ierardi, Bari
Amedeo Indriolo, Bergamo
Raffaele Iorio, Naples
Paola Iovino, Salerno
Angelo A Izzo, Naples
Loreta Kondili, Rome
Filippo La Torre, Rome
Giuseppe La Torre, Rome
Giovanni Latella, L’Aquila
Salvatore Leonardi, Catania
Massimo Libra, Catania
Anna Licata, Palermo
C armela Loguercio, Naples
Amedeo Lonardo, Modena
Carmelo Luigiano, Catania
Francesco Luzza, Catanzaro
Giovanni Maconi, Milano
Antonio Macrì, Messina
Mariano Malaguarnera, Catania
Francesco Manguso, Napoli
Tommaso Maria Manzia, Rome
Daniele Marrelli, Siena
Gabriele Masselli, Rome
Sara Massironi, Milan
Giuseppe Mazzarella, Avellino
Michele Milella, Rome
Giovanni Milito, Rome
Antonella d’Arminio Monforte, Milan
Fabrizio Montecucco, Genoa
Giovanni Monteleone, Rome
Mario Morino, Torino
Vincenzo La Mura, Milan
Gerardo Nardone, Naples
Riccardo Nascimbeni, Brescia
Gabriella Nesi, Florence
Giuseppe Nigri, Rome
Erica Novo, Turin
Veronica Ojetti, Rome
Michele Orditura, Naples
Fabio Pace, Seriate
Lucia Pacifico, Rome
Omero Alessandro Paoluzi, Rome
Valerio Pazienza, San Giovanni Rotondo
Rinaldo Pellicano, Turin
Adriano M Pellicelli, Rome
Nadia Peparini, Ciampino
Mario Pescatori, Rome
Antonio Picardi, Rome
Alberto Pilotto, Padova
Alberto Piperno, Monza
Anna Chiara Piscaglia, Rome
Maurizio Pompili, Rome
Francesca Romana Ponziani, Rome
Cosimo Prantera, Rome
Girolamo Ranieri, Bari
Carlo Ratto, Tome
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Barbara Renga, Perugia
Alessandro Repici, Rozzano
Maria Elena Riccioni, Rome
Lucia Ricci-Vitiani, Rome
Luciana Rigoli, Messina
Mario Rizzetto, Torino
Ballarin Roberto, Modena
Roberto G Romanelli, Florence
Claudio Romano, Messina
Luca Roncucci, Modena
Cesare Ruffolo, Treviso
L ucia Sacchetti, Napoli
Rodolfo Sacco, Pisa
Lapo Sali, Florence
Romina Salpini, Rome
Giulio Aniello, Santoro Treviso
Armando Santoro, Rozzano
Edoardo Savarino, Padua
Marco Senzolo, Padua
Annalucia Serafino, Rome
Giuseppe S Sica, Rome
Pierpaolo Sileri, Rome
Cosimo Sperti, Padua
Vincenzo Stanghellini, Bologna
Cristina Stasi, Florence
Gabriele Stocco, Trieste
Roberto Tarquini, Florence
Mario Testini, Bari
Guido Torzilli, Milan
Guido Alberto Massimo, Tiberio Brescia
Giuseppe Toffoli, Aviano
Alberto Tommasini, Trieste
Francesco Tonelli, Florence
Cesare Tosetti Porretta, Terme
Lucio Trevisani, Cona
Guglielmo M Trovato, Catania
Mariapia Vairetti, Pavia
Luca Vittorio Valenti, Milano
Mariateresa T Ventura, Bari
Giuseppe Verlato, Verona
Alessandro Vitale, Padova
Marco Vivarelli, Ancona
Giovanni Li Volti, Catania
Giuseppe Zanotti, Padua
Vincenzo Zara, Lecce
Gianguglielmo Zehender, Milan
Anna Linda Zignego, Florence
Rocco Antonio Zoccali, Messina
Angelo Zullo, Rome

Japan
Yasushi Adachi, Sapporo
Takafumi Ando, Nagoya
Masahiro Arai, Tokyo
Makoto Arai, Chiba
Takaaki Arigami, Kagoshima
Itaru Endo,Yokohama
Munechika Enjoji, Fukuoka
Shunji Fujimori, Tokyo
Yasuhiro Fujino, Akashi
Toshiyoshi Fujiwara, Okayama
Yosuke Fukunaga, Tokyo
Toshio Fukusato, Tokyo
Takahisa Furuta, Hamamatsu
Osamu Handa, Kyoto
Naoki Hashimoto, Osaka
Yoichi Hiasa, Toon



Masatsugu Hiraki, Saga
Satoshi Hirano, Sapporo
Keiji Hirata, Fukuoka
Toru Hiyama, Higashihiroshima
Akira Hokama, Nishihara
Shu Hoteya, Tokyo
Masao Ichinose, Wakayama
Tatsuya Ide, Kurume
Masahiro Iizuka, Akita
Toshiro Iizuka, Tokyo
Kenichi Ikejima, Tokyo
Tetsuya Ikemoto, Tokushima
Hiroyuki Imaeda, Saitama
Atsushi Imagawa, Kan-onji
Hiroo Imazu, Tokyo
Shuji Isaji, Tsu
Toru Ishikawa, Niigata
Toshiyuki Ishiwata, Tokyo
Soichi Itaba, Kitakyushu
Yoshiaki Iwasaki, Okayama
Tatehiro Kagawa, Isehara
Satoru Kakizaki, Maebashi
Naomi Kakushima, Shizuoka
Terumi Kamisawa, Tokyo
Akihide Kamiya, Isehara
Osamu Kanauchi, Tokyo
Tatsuo Kanda, Chiba
Shin Kariya, Okayama
Shigeyuki Kawa, Matsumoto
Takumi Kawaguchi, Kurume
Takashi Kawai, Tokyo
Soo Ryang Kim, Kobe
Shinsuke Kiriyama, Gunma
Tsuneo Kitamura, Urayasu
Masayuki Kitano, Osakasayama
Hirotoshi Kobayashi, Tokyo
Hironori Koga, Kurume
Takashi Kojima, Sapporo
Satoshi Kokura, Kyoto
Shuhei Komatsu, Kyoto
Tadashi Kondo, Tokyo
Yasuteru Kondo, Sendai
Yasuhiro Kuramitsu, Yamaguchi
Yukinori Kurokawa, Osaka
Shin Maeda, Yokohama
Koutarou Maeda, Toyoake
Hitoshi Maruyama, Chiba
Atsushi Masamune, Sendai
Hiroyuki Matsubayashi, Suntogun
Akihisa Matsuda, Inzai
Hirofumi Matsui, Tsukuba
Akira Matsumori, Kyoto
Yoichi Matsuo, Nagoya
Y Matsuzaki, Ami
Toshihiro Mitaka, Sapporo
Kouichi Miura, Akita
Shinichi Miyagawa, Matumoto
Eiji Miyoshi, Suita
Toru Mizuguchi, Sapporo
Nobumasa Mizuno, Nagoya
Zenichi Morise, Nagoya
Tomohiko Moriyama, Fukuoka
Kunihiko Murase, Tusima
Michihiro Mutoh, Tsukiji
Akihito Nagahara, Tokyo
Hikaru Nagahara, Tokyo
Hidenari Nagai, Tokyo
Koichi Nagata, Shimotsuke-shi

January 12, 2015

Masaki Nagaya, Kawasaki
Hisato Nakajima, Nishi-Shinbashi
Toshifusa Nakajima, Tokyo
Hiroshi Nakano, Kawasaki
Hiroshi Nakase, Kyoto
Toshiyuki Nakayama, Nagasaki
Takahiro Nakazawa, Nagoya
Shoji Natsugoe, Kagoshima City
Tsutomu Nishida, Suita
Shuji Nomoto, Naogya
Sachiyo Nomura, Tokyo
Takeshi Ogura, Takatsukishi
Nobuhiro Ohkohchi, Tsukuba
Toshifumi Ohkusa, Kashiwa
Hirohide Ohnishi, Akita
Teruo Okano, Tokyo
Satoshi Osawa, Hamamatsu
Motoyuki Otsuka, Tokyo
Michitaka Ozaki, Sapporo
Satoru Saito, Yokohama
Chouhei Sakakura, Kyoto
Naoaki Sakata, Sendai
Ken Sato, Maebashi
Toshiro Sato, Tokyo
Tomoyuki Shibata, Toyoake
H Shimada, Tokyo
Tomohiko Shimatani, Kure
Yukihiro Shimizu, Nanto
Tadashi Shimoyama, Hirosaki
Masayuki Sho, Nara
Ikuo Shoji, Kobe
Atsushi Sofuni, Tokyo
Takeshi Suda, Niigata
M Sugimoto, Hamamatsu
Ken Sugimoto, Hamamatsu
Haruhiko Sugimura, Hamamatsu
Shoichiro Sumi, Kyoto
Hidekazu Suzuki, Tokyo
Masahiro Tajika, Nagoya
Hitoshi Takagi, Takasaki
Toru Takahashi, Niigata
Yoshihisa Takahashi, Tokyo
Shinsuke Takeno, Fukuoka
Akihiro Tamori, Osaka
Kyosuke Tanaka, Tsu
Shinji Tanaka, Hiroshima
Atsushi Tanaka, Tokyo
Yasuhito Tanaka, Nagoya
Shinji Tanaka, Tokyo
Minoru Tomizawa, Yotsukaido City
Kyoko Tsukiyama-Kohara, Kagoshima
Takuya Watanabe, Niigata
Kazuhiro Watanabe, Sendai
Satoshi Yamagiwa, Niigata
Takayuki Yamamoto, Yokkaichi
Hiroshi Yamamoto, Otsu
Kosho Yamanouchi, Nagasaki
Ichiro Yasuda, Gifu
Yutaka Yata, Maebashi-city
Shin-ichi Yokota, Sapporo
Norimasa Yoshida, Kyoto
Hiroshi Yoshida, Tama-City
Hitoshi Yoshiji, Kashihara
Kazuhiko Yoshimatsu, Tokyo
Kentaro Yoshioka, Toyoake
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Nobuhiro Zaima, Nara

Jordan
Khaled Ali Jadallah, Irbid

Kuwait
Islam Khan, Kuwait

Lebanon
Bassam N Abboud, Beirut
Kassem A Barada, Beirut
Marwan Ghosn, Beirut
Iyad A Issa, Beirut
Fadi H Mourad, Beirut
AIa Sharara, Beirut
Rita Slim, Beirut

Lithuania
Antanas Mickevicius, Kaunas

Malaysia
Huck Joo Tan, Petaling Jaya

Mexico
Richard A Awad, Mexico City
Carlos R Camara-Lemarroy, Monterrey
Norberto C Chavez-Tapia, Mexico City
Wolfgang Gaertner, Mexico City
Diego Garcia-Compean, Monterrey
Arturo Panduro, Guadalajara
OT Teramoto-Matsubara, Mexico City
Felix Tellez-Avila, Mexico City
Omar Vergara-Fernandez, Mexico City
Saúl Villa-Trevino, Cuidad de México

Morocco
Samir Ahboucha, Khouribga

Norway
Trond Berg, Oslo
Trond Arnulf Buanes, Krokkleiva
Thomas de Lange, Rud
Magdy El-Salhy, Stord
Rasmus Goll, Tromso
Dag Arne Lihaug Hoff, Aalesund

Pakistan
Zaigham Abbas, Karachi
Usman A Ashfaq, Faisalabad
Muhammad Adnan Bawany, Hyderabad
Muhammad Idrees, Lahore
Saeed Sadiq Hamid, Karachi
Yasir Waheed, Islamabad

Poland
Thomas Brzozowski, Cracow
Magdalena Chmiela, Lodz
Krzysztof Jonderko, Sosnowiec
Anna Kasicka-Jonderko, Sosnowiec
Michal Kukla, Katowice
Tomasz Hubert Mach, Krakow
Agata Mulak, Wroclaw
Danuta Owczarek, Kraków
Piotr Socha, Warsaw
Piotr Stalke, Gdansk
Julian Teodor Swierczynski, Gdansk
Anna M Zawilak-Pawlik, Wroclaw

Portugal
Marie Isabelle Cremers, Setubal
Ceu Figueiredo, Porto
Ana Isabel Lopes, LIsbon
M Paula Macedo, Lisboa
Ricardo Marcos, Porto
Rui T Marinho, Lisboa
Guida Portela-Gomes, Estoril
Filipa F Vale, Lisbon

Netherlands
Robert J de Knegt, Rotterdam
Tom Johannes Gerardus Gevers, Nijmegen
Menno Hoekstra, Leiden
BW Marcel Spanier, Arnhem
Karel van Erpecum, Utrecht

Puerto Rico
Caroline B Appleyard, Ponce

New Zealand
Leo K Cheng, Auckland
Andrew Stewart Day, Christchurch
Jonathan Barnes Koea, Auckland
Max Petrov, Auckland

Romania
Mihai Ciocirlan, Bucharest
Dan LucianDumitrascu, Cluj-Napoca
Carmen Fierbinteanu-Braticevici, Bucharest
Romeo G Mihaila, Sibiu
Lucian Negreanu, Bucharest
Adrian Saftoiu, Craiova
Andrada Seicean, Cluj-Napoca
Ioan Sporea, Timisoara
Letiţia Adela Maria Streba, Craiova
Anca Trifan, Iasi

Nigeria
Olufunmilayo Adenike Lesi, Lagos
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Gut microbiota and liver diseases
Masami Minemura, Yukihiro Shimizu
previous findings, trials using probiotics have been
performed for the prevention or treatment of liver
diseases. In this review, we summarize the current
understanding of the changes in gut microbiota asso
ciated with various liver diseases, and we describe the
therapeutic trials of probiotics for those diseases.
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Core tip: Gut microbiota are associated with various
human diseases (e.g. , metabolic, gastroenterological
and liver diseases, and allergies). Genomic analyses
of gut microbiota have enabled the comprehensive
identification of the population of gut bacteria and
revealed that changes in these populations are involved
in various diseases’ pathophysiology. The liver is
affected by changes in the intestinal milieu due to the
entry of gut bacteria or their metabolites into the liver
through the portal vein. Here we summarize the current
understanding of changes in gut microbiota associated
with various liver diseases. We also summarize the
recent therapeutic trials of probiotics in liver diseases.
Minemura M, Shimizu Y. Gut microbiota and liver diseases.
World J Gastroenterol 2015; 21(6): 1691-1702 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v21/i6/1691.htm
DOI: http://dx.doi.org/10.3748/wjg.v21.i6.1691

Abstract
Several studies revealed that gut microbiota are asso
ciated with various human diseases, e.g. , metabolic
diseases, allergies, gastroenterological diseases, and
liver diseases. The liver can be greatly affected by
changes in gut microbiota due to the entry of gut
bacteria or their metabolites into the liver through
the portal vein, and the liver-gut axis is important
to understand the pathophysiology of several liver
diseases, especially non-alcoholic fatty liver disease
and hepatic encephalopathy. Moreover, gut microbiota
play a significant role in the development of alcoholic
liver disease and hepatocarcinogenesis. Based on these
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INTRODUCTION
14

More than 10 microorganisms live in the human
4
gastroenterological tract, including > 10 bacterial
species. Most of the bacteria are anaerobic, and
the numbers and composition of the bacteria differ
[1]
according to the site of the gut (Table 1 ). The
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40%. Other detected species were Proteobacteria,
Actinobacteria, and Faecalibacteria. The composition
differed dramatically among individuals, and was also
different according to the individuals’ ages. Elderly
individuals were reported to show increased Bacte
roides species diversity whereas bifidobacteria were
[20]
reduced , although contrasting results have been
[21,22]
obtained
.

[1]

Table 1 Composition of gut microbiota
Microorganism

Stomach

Total count
0-104
Aerobic microorganisms
Streptococcus
0-103
Enterococcus
rare
Staphylococcus
0-103
Enterobacteria
0-102
Anaerobic microorganisms
Peptostreptococcus
0-103
Bifidobacterium
0-102
Lactobacillus
0-103
Clostridium
rare
Eubacterium
rare
Veillonella
0-102
Fusobacterium
0-102
Bacteroides fragillis
rare
Prevotella
0-102

Jejunum

Ileum

Colon

0-105

104-108

1010-1012

0-104
0-102
0-103
0-103

102-104
102-104
102-105
102-107

103-105
105-1010
104-106
104-1010

0-103
0-104
0-104
rare
rare
0-103
0-103
0-103
102-104

102-106
103-109
102-105
102-104
rare
102-104
103-104
103-107
103-104

1010-1012
108-1011
106-108
106-109
109-1012
103-106
106-108
1010-1012
104-105

FUNCTIONS OF GUT MICROBIOTA
Digestion and metabolism

Human enzymes are known to be unable to digest
complex carbohydrates and plant polysaccharides.
Instead, gut microbiota ferment the non-digestible
carbohydrates, including cellulose, resistant starch and
inulin in the colon to yield energy for microbial growth
and end products such as short-chain fatty acids
[23]
(SCFAs) . The SCFAs formed are organic fatty acids,
and the major SCFAs consist of acetate, propionate
and butyrate. Butylate is an energy substrate for
the colonic epithelium, and acetate and propionate
[23]
are energy substrates for peripheral tissues .
Propionic and butyric acids were shown to regulate
cell proliferation and differentiation, and to induce
[24]
hormone release , the hepatic control of lipids, and
[25]
carbohydrate metabolism . Moreover, several SCFAs
have been shown to exert anti-inflammatory and
[26,27]
immunomodulatory effects
.

numbers of bacteria increase from the stomach, to
the jejunum, ileum and colon. The composition of
the bacterial flora also changes according to age and
[2,3]
diet . It has been clarified that gut microbiota play
a critical role in the formation of the gut immune
[4,5]
system
and that they also affect the systemic
[6,7]
immune system . Moreover, interactions between
[8-12]
[13-15]
gut microbiota and the liver
or brain
have
been analyzed. The composition of the microbiota is
also associated with various diseases. In this review,
we summarize the current understanding of the
role of gut microbiota, especially in relation to liver
diseases, and we describe relevant clinical trials of the
treatment of liver diseases by probiotics.

Immune response to gut microbiota

COMPOSITION OF GUT MICROBIOTA
Methods for analyzing gut microbiota

Since most of the gut bacteria cannot be cultured,
[16]
comprehensive analyses of them have been difficult .
Advances in molecular biological techniques have
enabled the analyses of the whole genomes of gut
microbiota, and real-time PCR, microarray, and
pyrosequencing have been applied to improve the
resolution of the microbial biodiversity and quantifi
[17]
cation of microbial species . Among those genebased methods, DNA pyrosequencing based on 16S
[18]
rRNA genes
is currently the most useful method for
comprehensive analysis of gut microbiota with high
resolution and accurate quantification.

Composition of gut microbiota and its change according
to age
[19]

Claesson et al analyzed the composition of intestinal
microbiota by pyrosequencing of over 40000 16S
rRNA gene V4 region amplicons. They found that
the phylum Bacteroides was the most predominant
species of bacteria in 68% of the individuals studied,
with an average proportion of 57%, followed by the
phylum Firmicutes with an average proportion of

WJG|www.wjgnet.com

4

Although we harbor more than 10 bacterial species
in the gut and the composition is relatively stable in
[28]
each person without causing inflammation , the
mechanisms responsible for maintaining the flora over
the long term are not yet clearly understood. The
maintenance of the gut flora may be based on immune
tolerance to microbiota because of the formation of
the repertoire of microbiota during early life after birth,
when the immune system is too immature to eradicate
intestinal micro-organisms.
[29]
Round et al
showed that Bacteroides fragilis
could induce immune tolerance to gut microbiota
by developing and promoting functions of Foxp3+
regulatory T cells (Tregs) through polysaccharide A
produced by the bacteria. In another study, certain
Clostridium species, especially phylogenetic clusters IV
and XIV (but not Lactobacillus or Bacteroides species)
were the most effective in inducing the differentiation
[30]
of Tregs . Natural killer T (NKT) cells, a subgroup
of T cells that recognize self-antigens and microbial
lipid antigens presented by CD1d, have an important
role in the development and the composition of gut
microbiota through the CD1d molecule. Conversely,
the development and maturation of mucosal and
systemic NKT cells are controlled by commensal gut
[31]
microbiota . Moreover, CD1d presents self-antigens
and microbial lipid antigens to NKT cells, which are
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Table 2 Changes in gut microbiota in human diseases
Diseases

Change in microbiota

Allergies

Lactobacillus spp. ↓
Bifidbacterium adolescentis ↓
Clostridium difficile ↓
Helicobacter pylori ↓
Bacteroidetes ↑
Proteobacteria ↑
Actinobacteria ↓
Firmicutes ↓
Bacteroidetes ↓
Lactobacillus ↑
Firmicutes/Bacteroidetes ratio ↓
Firmicutes ↓
Clostridia ↓
Betaproteobacteria ↓
Bacteroidetes/Firmicutes ratio ↑
Bacteroides vulgatus ↑
Escherichia coli ↓
Clostridium coccoides ↓

Autism

Obesity

Type 2 Diabetes

Celiac disease

but rather microbial dysbiosis causes those diseases.

[35]

GUT MICROBIOTA AND THE LIVER
Since 70% of the liver’s blood is supplied from the
portal vein, gut-derived toxins and microbial products
constantly enter the liver. The liver could thus be
greatly influenced by the composition and function of
gut microbes, mainly by receiving metabolites derived
from the microbes.
In normal conditions, small amounts of bacteria or
bacterial metabolites enter the liver, and most of them
are eliminated by Kupffer cells with little activation.
However, when the gut-mucosal barrier is damaged by
intestinal inflammation or portal hypertension, large
amounts of bacteria enter the liver and activate Kupffer
cells and hepatic stellate cells. One of the pathogenic
bacteria-derived factors is lipopolysaccharide (LPS),
and LPS activates those cells via its binding to Tolllike receptor 4 on their surface. Upon the activation of
those cells, pro-inflammatory cytokines are produced
and are involved in liver damage. It is of note that
alcohol was shown to disrupt the intestinal epithelial
cell tight junctions and impair the functioning of the
gut barrier, leading to bacterial translocation and
enhanced entry of bacteria metabolites into the portal
[36]
vein .
Moreover, the impaired motility of the intestines,
increased epithelial permeability, and increased release
of pro-inflammatory cytokines in the intestines found
in cases of liver cirrhosis with portal hypertension may
[37]
affect the liver .

involved in the pathogenesis of human inflammatory
[32]
bowel disease . Thus, cross-talk between the mi
crobiota and CD1d-restricted NKT cells plays an im
portant role in microbial homeostasis and intestinal
inflammation.
These overall data suggest that the immune tole
rance is important not only for the maintenance of gut
microbiota, but also for suppressing harmful immune
responses to microbiota in the gut. Inflammatory
bowel diseases are now thought to be caused by an
[33]
uncontrolled immune response to gut microbiota .

Role of gut microbiota in the maturation of the immune
system

GUT MICROBIOTA AND LIVER DISEASES

The role of gut microbiota in gut immune maturation,
including the numbers of intestinal CD4+and CD8+
T cells and dendritic cells, has been demonstrated in
[5]
mice . The effect of early gut colonization on systemic
[34]
immune responses was also shown by Hansen et al ,
who reported that a single oral inoculation of a bacteria
suspension made from caecal content of specific
pathogen-free mice to germ-free mice at 3 wk of age,
but not at 1 wk of age, permanently changed the gut
microbiota composition, and the delayed colonization
caused permanent changes in the immune systems
of the mice. The mechanisms responsible for the
influence of commensal bacteria on host immunity are
thought to be nutrient- and metabolite-dependent.
Collectively, these data indicate an interplay
between gut microbiota and the host’s immune system.

There are several reports on the changes in gut
microbiota in liver diseases, and the representative data
are summarized in Table 3.

Nonalcoholic fatty liver disease

Nonalcoholic fatty liver disease (NAFLD) is a common
disease all over the world, following the increasing
prevalence of obesity and metabolic syndrome.
About 10% of patients with NAFLD are now thought
to progress to non-alcoholic steatohepatitis (NASH)
with the potential to develop liver cirrhosis and even
hepatocellular carcinoma (HCC). Since it is now
evident that the gut microbiota play an important role
in energy storage and the subsequent development
[38]
of obesity , the role of gut microbiota in the deve
lopment and progression of NAFLD has become a
focus of research.
Indeed, the compositions of microbiota have been
shown to differ in obese and lean individuals, with
increased Firmicutes and decreased Bacteroidetes levels
in the obese under the intake of the same amount
[39]
of food . Extensive analyses of gut microbiota in
patients with NAFLD have been performed recently,

GUT MICROBIOTA AND HUMAN
DISEASES
Several specific changes in the composition of gut
microbiota in a number of human diseases have
[35]
been reported (Table 2 ). It would be reasonable to
speculate that not a single disease-causing microbe
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gut microbiota to the prognosis of patients with liver
[45,46]
cirrhosis
.
[47]
Qin et al
analyzed the gut microbiomes in liver
cirrhosis patients by quantitative metagenomics, and
they found that the gut microbiota in the patients
contained less Bacteroidetes and Firmicutes and more
Streptococcus spp. and Veillonella spp. compared
to healthy controls. Both Streptococcus spp. and
Veillonella spp. are bacteria of oral origin and might be
associated with the pathophysiology of liver cirrhosis.
Although the functions and the contribution of these
bacteria in the pathogenesis and complications of liver
cirrhosis remain to be clarified, these findings could
help develop a new therapeutic strategy against liver
cirrhosis by focusing on the gut microbiota.

Table 3 Changes in gut microbiota in liver diseases
Diseases

Change in microbiota

NAFLD

Bacteroidetes ↓
Prevotella ↑
Porphyromonas ↑
Enterobacteriaceae ↑
Streptococcaceae ↑
Bifidobacteria ↓
Lachnospiraceae ↓
Bacteroidetes ↓
Firmicutes ↓
Streptococcus spp. ↑
Veillonella spp. ↑
Bacteroidaceae ↓
Prevotellaceae ↑
Enterobactericaea ↑
Porphyromonadacae ↑
Alcaligenacae ↑

Cirrhosis

Alcoholics
Alcoholic liver cirrhosis
Cirrhosis with
encephalopathy

Ref.
[41]

[45,46]

[47]

[50,51]
[53]
[55]

Alcoholic liver disease

Chronic alcohol consumption is related to fatty liver,
liver fibrosis and liver cirrhosis, and both alcohol and
acetaldehyde have been suspected to be pathogenic
for liver injury. However, the importance of gut
microbiota in the pathogenesis of alcoholic liver injury
has been revealed. In alcohol-fed mice, Akkermansia
and Bacteroides were increased, and Lactobacillus
[48]
was decreased . In human alcoholics, a decrease
in Bacteroidaceae and an increase in Prevotellaceae
[49]
were found . Besides gut dysbiosis, increased gut
permeability-due to the disruption of tight junctions
caused by ethanol and acetaldehyde-leads to the
increased entry of LPS, endotoxin and bacterial DNA
[50,51]
into the liver
. These activate Kupffer cells via
TLR4 or TLR 9 on the cell surface, and induce pro[52]
inflammatory cytokines from Kupffer cells .
[53]
Tuomisto et al
analyzed bacterial DNA in the
feces of patients with alcoholic liver cirrhosis, and
they found that the feces contained more bacterial
DNA of Enterobactericaea compared to those of he
althy volunteers. They also analyzed ascites, and
found that 50% of the ascites from the alcoholic liver
cirrhosis patients contained Enterobactericaea, a
[53]
Clostridium leptum group or Lactobacillus spp. .

NAFLD: Nonalcoholic fatty liver disease.

and individuals with NAFLD were found to show a
lower percentage of Bacteroidetes and higher levels of
Prevotella and Porphyromonas species compared to
healthy controls. Moreover, the predisposition to develop
to NAFLD was dependent on the expression of Toll-like
receptors (TLR) 4 or 9, or tumor necrosis factor-alpha
[40]
(TNF-α) receptor .
The mechanisms underlying the progression from
simple fatty liver to NASH are not fully understood,
but a study suggested that NASH harbors modified
microbiota that produce endogenous ethanol, leading
[39]
to the development of NASH .
A bacteria-mediated mechanism for the progression
[41]
of NASH was recently proposed by Imajo et al . They
found that obesity-induced leptin upregulates CD14
via STAT3 signaling, resulting in hyper-responsibility to
low-dose LPSs, leading to the liver inflammation and
fibrosis of NASH.

Liver cirrhosis

In liver cirrhosis, the decreased secretions of bile
[42,43]
[44]
acid
and portal hypertension
could affect the
composition and the growth of gut microbiota. Previous
[45,46]
studies
revealed that the gut microbiota in
patients with liver cirrhosis showed a higher prevalence
of pathogenic bacteria such as Enterobacteriaceae
and Streptococcaceae and a lower prevalence of be
neficial bacteria such as Bifidobacteria and Lachno
spiraceae compared to healthy controls. The gut
microbial communities were the same irrespective
of their etiologies, indicating that the composition
characteristics in the liver cirrhosis patients were due
mostly to the liver cirrhosis. Interestingly, a positive
correlation was observed between the patients’ ChildTurcotte-Pugh (CTP) scores and Streptococcaceae,
whereas Lachnospiraceae was significantly decreased
in the cirrhosis patients and negatively correlated
with the CTP scores, suggesting a contribution of
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Hepatic encephalopathy

Hepatic encephalopathy (HE) is a complication often
found in patients with advanced liver cirrhosis. It
greatly affects the quality of life in those patients. HE
is characterized by reversible cognitive impairment
which is caused not by organic organ damage but
by toxic substances produced by microbiota in the
intestine. Although ammonia is thought to be the main
factor causing HE, other factors such as mercaptans,
phenols, short- and medium-chain fatty acids and
benzodiazepine-like compounds could contribute to
the development of HE. Since most of these factors
are derived from gut microbiota, analyses of the
composition of the microbes will be important for both
the understanding and management of HE.
[54]
A report from Bajaj et al
found that fecal
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microbiota in cirrhotic patients contained significantly
higher levels of Enterobacteriaceae, Alcaligeneceae,
and Fusobacteriaceae and lower levels of Rumino
coccaceae and Lachnospiraceae compared to those in
controls. Moreover, in cirrhotic patients with HE, the
correlation between Porphyromonadacae and Alca
ligenacae with poor performance on cognitive tests
[55]
was observed. However, Bajaj et al
later reported
that sigmoid colon mucosal microbiomes are different
from stool microbiomes in patients with liver cirrhosis
and HE, and they found that in patients with HE the
mucosal microbiome, but not the stool microbiome,
showed less Roseburia and more Enterococcus, Ve
illonella, Megasphaera, and Burkholderia compared
to non-HE subjects. These data suggest that a
stool microbiota analysis might not be enough to
understand the pathogenesis of HE, and that changes
in the colonic mucosal microbiota could contribute to
the development of HE.

Intratumoral interleukin-17-producing T helper
cells (Th17) were found to be associated with poor
[59]
prognoses of patients with HCC , possibly due to the
[60]
promotion of angiogenesis and tumor growth , and
most of these Th17 cells are generated in the gut by
[61]
an interaction with gut microbiota . Therefore, there
could be close associations among HCC progression,
the generation of Th17 cells, and gut microbiota. Taken
together, the above-described findings indicate that the
development of liver cancer can be modulated by gut
microbiota, suggesting the possibility of therapeutic
intervention.

UTILIZATION OF PROBIOTICS IN LIVER
DISEASES
Bacterial translocation and endotoxemia, which
can be caused by increased permeability of the
[62]
intestinal mucosa , are thought to contribute to the
pathogenesis of various complications in liver cirrhosis
[63,64]
such as hepatic encephalopathy
and spontaneous
[65,66]
bacterial peritonitis
. The changes of intestinal
microflora might also be associated with the patho
[67]
genesis of NASH . Beneficial effects of probiotics
have been reported in not only gastrointestinal but
also liver diseases. Here we describe therapeutic trials
using probiotics and their indications in liver diseases.

HCC

Eighty percent of HCCs develop in fibrotic or cirrhotic
livers, and the main etiologies include hepatitis B,
hepatitis C, and alcohol intake. However, as obesity
has become more prevalent in most developed cou
ntries, the development of HCC in patients with
NAFLD has been increasing. In viral hepatitis, chronic
inflammation of the liver is thought to be associated
with hepatocarcinogenesis, but the mechanism un
derlying the development of HCC in NAFLD patients
has not been clarified.
[56]
Yoshimoto et al
reported that obese mice show
alterations of gut microbiota, leading to an increased
production of a gut bacterial metabolite, deoxycholic
acid (DCA), which is known to cause DNA damage.
Increased levels of DCA in the enterohepatic circulation
induce a senescence-associated secretory phenotype
in the hepatic stellate cells, which secrete inflammatory
and tumor-promoting factors in the liver. The obese
mice showed HCC development after exposure to a
chemical carcinogen. These data indicate that gut
bacterial metabolites promote obesity-induced HCC
[56]
development in mice. Yoshimoto et al
also found
that a similar pathway may contribute to NASHassociated HCC development in humans.
[57]
Dapito et al
demonstrated in a mouse model
that TLR4 activation by LPS from the intestinal
microbiota was closely associated with injury- and
inflammation-driven tumor promotion but not with
the tumor initiation of hepatocarcinogenesis induced
by a combination of diethylnitrosamine and the
hepatotoxin carbon tetrachloride. The contribution of
intestinal microbiota was confirmed by a decrease in
hepatocarcinogenesis in germ-free mice compared
to specific pathogen-free mice. On the other hand,
a metabolite from gut microbiota, propionate, was
shown to inhibit the cancer cell proliferation of liver
[58]
cancer cells in the liver in a mouse model .
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HE

[63]

HE is a common complication of liver cirrhosis .
Gut flora are associated with the pathogenesis of
[64]
HE , because urease-producing gut bacteria such as
Klebsiella and Proteus species can increase the produc
tion of ammonia and endotoxins. It was reported in
several studies that the alteration of gut flora using
probiotics and/or prebiotics could improve HE. The
probiotics include strains of lactic acid bacilli (e.g.,
Lactobacillus and Bifidobacterium), a nonpathogenic
strain of Escherichia coli (e.g., E. coli Nissle 1917),
Clostridium butyricum, Streptococcus salivarius, and
Saccharomyces boulardii (a nonpathogenic strain
of yeast), and VSL#3. The most-studied probiotic,
VSL#3, consists of a mixture of eight probiotic strains
(Streptococcus thermophilus, Bifidobacterium breve,
B. longum, B. infantis, Lactobacillus acidophilus, L.
[68]
plantarum, L. paracasei, and L. bulgaricus) .
As of 2011, nine randomized controlled trials
(RCTs) had been reported comparing probiotics and
synbiotics with no intervention or placebo in patients
[69-77]
with HE (Table 4)
. Some of these studies included
cases using lactulose for prebiotics or as control
arms; lactulose acts by altering the colonic pH and
[78]
improving gastrointestinal transit. McGee et al
and
[79]
Holte et al
independently reported a systematic
review and a meta-analysis of these randomized trials
on probiotics for HE, respectively. Both groups found
that patients treated with probiotics appeared to have
reduced plasma ammonia concentrations compared
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Table 4 Randomized controlled trials for hepatic encephalopathy
Ref.

Year

Sample size

Treatment regimens

Duration

Favorable effects

10 d

NH3 ↓
Performance status: improved
NH3 ↓
Psychometric test: improved
Endotoxemia ↓
Child-Turcotte-Pugh classification:
improved

(treatment/
placebo)
1,2

Loguercio et al[69]

1987

40 (20/20)

2

1995

40 (21/19)

2004

55 (20/35)

2007

60 (30/30)

Bajaj et al[73]

2008

25 (17/8)

1,2

Sharma et al[74]

2008

105 (70/35)

1,2

2011
(2009)

160 (120/40)

1

2010

125 (63/62)

1

Pereg et al[77]

2011

40 (20/20)

Agrawal et al[80]

2012

235 (157/78)

Enterococcus Lactic Acid bacteria strain SF68 vs
lactulose
Enterococcus Lactic Acid bacteria strain SF68 vs
lactulose
Pediacoccus pentoseceus, Leuconostoc mesenteroides,
Lactobacillus paracasei, and Lactobacillus plantarum
with fermentable fibers vs fermentable fibers only
or non-fermentable fiber
Bifidobacterium (subtype not available) with fructooligosaccharide (FOS) vs mix of vitamins
Streptococcus thermophilus, Lactobacillus bulgaricus,
Lactobacillus acidophilus, Lactobacillus casei, and
Bifidobacteria vs none
Streptococcus faecalis, Clostridium butyricum, Bacillus
mesentricus, and Lactic acid bacillus with lactulose vs
lactulose
VSL#3 (containing Streptococcus thermophilus,
Bifidobacterium breve, Bifidobacterium longum,
Bifidobacterium infantis, Lactobacillus acidophilus,
Lactobacillus plantarum, Lactobacillus paracasei,
Lactobacillus bulgaricus) vs lactulose or placebo
Bifidobacterium (subtype not available) and FOS vs
lactulose
Lactobacillus acidophilus, Lactobacillus bulgaricus,
Bifidobacterium bifidum, and Streptococcus
thermophiles (Bio-plus, Supherb, Israel) vs placebo
VSL#3 vs lactulose or none

Lunia et al[81]

2014

160 (86/74)

VSL#3 vs placebo

Loguercio et al[70]

1,2

Liu et al[71]

Malaguarnera et al[72]

2

1,2

Mittal et al[75]

Malaguarnera et al[76]

3 x 4 wk
30 d

90 d
60 d

NH3 ↓
Psychometric test: improved
Psychometric test: improved

30 d

NH3 ↓
Psychometric test: improved

3 mo

NH3 (arterial) ↓

60 d

NH3 ↓
Psychometric test: improved
NH3 ↓

6 mo

> 3 mo

> 6 mo

NH3 (arterial) ↓
Psychometric test: improved
Secondary prophylaxis of HE
NH3 (arterial) ↓
Prevention of HE

1

RCTs included in meta-analysis by McGee et al[78]; 2RCTs included in meta-analysis by Holte et al[79].

to patients treated with placebo or no intervention,
but treatment with neither probiotics nor synbiotics
did not significantly alter the clinically relevant
outcomes (i.e., mortality and quality of life). The
trials had high risks of systematic and random errors,
because each sample size was small and the dosing
periods and quantities of the probiotics were different
among the trials.
[80]
After those meta-analyses, Agrawal et al reported
a randomized trial examining the use of probiotics
for the secondary prophylaxis of HE. The study as
signed 235 patients who had suffered from HE pre
viously, and the results showed that recurrent HE
occurred in fewer patients who received probiotics
or lactulose compared with no treatment (34% and
27%, respectively, vs 57%). There was no significant
difference in recurrence rates between the patients
who received probiotics and those who received
[81]
lactulose. Lunia et al
reported preventive effects
of probiotics on the development of HE in patients
with liver cirrhosis who had not experienced overt HE.
Patients who received the probiotics were less likely
to develop overt HE compared to controls (1.2% vs
19%; HR = 2.1). These prospective trials indicate
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that probiotics could be effective in preventing overt
HE.
On the other hand, Lactobacillus GG AT strain
53103 (LGG), which is a well-studied probiotic with
a published history of safety and efficacy in humans,
was examined to evaluate its safety and tolerability in
[82]
patients with minimal HE . The trial showed that LGG
was safe and well-tolerated in patients with cirrhosis
and could cause reductions of the endotoxemia and
[82]
TNF-α production seen in these patients .
Among the various probiotics, the most efficacious
species for HE appeared to be Lactobacilli and
Bifidobacteria. However, additional prospective and
randomized controlled trials are needed before these
probiotics can be routinely recommended.

Non-alcoholic steatohepatitis

NAFLD is characterized by the accumulation of
triglyceride in hepatocytes in non-alcohol users. NAFLD
can progress to more severe liver diseases, such as
[83,84]
NASH
. It has been reported the NAFLD/NASH
was associated with increased intestinal permeability
and small bowel bacterial overgrowth, which could
increase the production of proinflammatory cytokines
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Table 5 Randomized controlled trials for non-alcoholic steatohepatitis
Ref.

Year

Sample size
(treatment/placebo)

Treatment regimens

Duration

Favorable effects

Other
information

1

Aller et al[90]

2011

28 (14/14)

3 mo

ALT ↓

1

Vajro et al[91]

2011

20 (10/10)

8 wk

1

66 (34/32)

1

2013

20 (10/10)

ALT ↓
PG-PS IgA ↓
ALT ↓ CRP ↓ TNF-a ↓
LDL-cholesterol ↓
Serum endotoxin ↓
HOMA-IR↓ Steatosis ↓
NASH activity index ↓
AST ↓
Liver fat (IHTG) ↓

Cardiovascular
risk factors: NS
Hepatorenal US
ratio: NS

2012

Lactobacillus bulgaricus and Streptococcus
thermophiles vs placebo
Lactobacillus rhamnosus strain GG vs
placebo
Bifidobacterium longum with fructooligosaccharides vs placebo

Malaguarnera et al[92]

Wong et al[93]

Lactobacillus plantarum, Lactobacillus
deslbrueckii, Lactobacillus acidophilus,
Lactobacillus rhamnosus and
Bifidobacterium bifidum (The Lepicol
probiotic formula) vs usual care

24 wk

6 mo

1

RCTs included in meta-analysis by Ma et al[94]. PG-PS: Peptidoglycan-polysaccharide; IHTG: Intrahepatic triglyceride content; NASH: Non-alcoholic
steatohepatitis; NS: Not significant.

[85]

and contribute to the pathogenesis of NASH .
Several pharmacologic treatments for NAFLD/NASH
have been reported, including insulin-sensitizers (e.g.,
pioglitazone), antioxidants (e.g., N-acetylcysteine,
vitamin E), ursodeoxycholic acid, and anti-TNF-α ag
ents, but a standard treatment has not been esta
[86]
blished .
In animal models of NASH, treatments with pro
biotics such as VSL#3 improved the histological fin
dings including reduced fat deposits and damage to
the liver parenchyma, with decreasing serum alanine
[87,88]
aminotransferase (ALT) levels
. VSL#3 also
reduced oxidative and inflammatory liver damage in
[89]
mouse NASH models .
Several clinical trials of probiotics administered to
patients with NAFLD have been reported. Loguercio
[70]
et al
found that the administration of VSL#3
might reduce liver injury and improve liver function
in NAFLD patients. Four relatively high-quality RCTs
that evaluated the effects of probiotics in NAFLD
[90-93]
patients were reported (Table 5)
. All four trials
showed that probiotic therapy significantly decreased
the serum levels of ALT, but only two of the trials
revealed an improvement of liver steatosis, which
[92]
was evaluated by repeated liver biopsies
or proton[93]
[94]
magnetic resonance . Ma et al performed a metaanalysis of these four RCTs to assess the efficacy
of probiotic therapies, and they found that the pro
biotic therapy significantly decreased the levels of
aminotransferases, total-cholesterol, high-density
lipoprotein (HDL) and TNF-α in the serum, and the
homeostasis model assessment of insulin resistance.
The lower levels of HDL in the probiotic-treated groups
compared to the placebo groups was unexpected,
and the mechanism is unclear. In two of the RCTs,
probiotics were used with prebiotics in NAFLD
patients, and the combination significantly reduced
the patients’ serum aminotransferase levels and liver
steatosis.
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Lactobacillus, bifidobacterium, and streptococcus
are used as probiotics for patients with NASH, and
prebiotics such as fructo-oligosaccharides (FOS) are
frequently used with these probiotics because they
[95]
can be fermented by bifidobacteria and lactobacilli .
FOS could contribute to bifidobacteria growth as the
dominant species in the large bowel and reduce the
[96]
growth of harmful bacteria .
Although the above-described studies have several
limitations including small sample sizes and a lack
of data about the patients’ diets and exercise, the
treatments with probiotics and prebiotics for patients
with NAFLD are promising.

Alcoholic liver disease

The chronic consumption of alcohol induces various
biological abnormalities including liver injury (ranging
from fatty liver, liver fibrosis, and alcoholic hepatitis
to liver cirrhosis), pancreatitis, impaired neutrophil
functions, endotoxemia, and increased oxidative
stress in the gut. Most of these abnormalities could
be associated with altered gut microbiota, raising the
possibility that probiotics would be effective for the
improvement of these conditions.
In an open-label study with Lactobacillus casei
[97]
Shirota , patients with alcoholic cirrhosis who
received the probiotic for 4 wk showed a restoration
of neutrophil phagocytic capacity, possibly due to the
decreased expression of TLR4 on the surface of these
cells. In a mouse model fed an ethanol-containing diet,
heat-killed Lactobacillus brevis (L. brevis) SBC8803
significantly decreased the serum levels of ALT and
AST and the hepatic content of triglyceride and total
cholesterol in the liver caused by ethanol, which may
be associated with the up-regulation of TNF-α and
sterol regulatory element-binding proteins in the
[98]
liver .
[99]
In a pilot study reported by Kirpich et al ,
alcoholic patients who received bifidobacteria and
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Surgical procedures

lactobacilli for 5 d showed increased numbers of those
bacteria in the gut, and they showed significantly
lower AST and ALT activity in the serum, indicating
that a short-term administration of probiotics can
change the gut microbiota, leading to the amelioration
of liver injury induced by chronic alcohol consumption.
The therapeutic effect of probiotics could be due to
a reduction in oxidative stress and inflammation
in the intestine and liver and the preservation of
[100]
gut barrier function
. L. plantarum was recently
microencapsulated and administered to rats chronically
[101]
fed alcohol
. The rats showed reductions in the
levels of endotoxemia, serum aminotransferase, NFκB, cytokines such as TNF-α, and IL12/p40, and they
also showed improvements in the histology of the
intestine and liver. Considering the greater survival
of probiotics under gastric acidic conditions, this
approach might be efficacious. However, the bacteriafree culture supernatant of Lactobacillus rhamnosus
GG was proven to suppress the alcohol-induced
intestinal permeability, endotoxemia and subsequent
[102]
liver injury . It thus remains uncertain whether the
survival of probiotics is necessary for obtaining the
optimal effect of treatment with probiotics.

Probiotic and symbiotic therapies have been attempted
to maintain liver function or prevent post-surgical
infections in patients undergoing liver resection or liver
transplantation.
Rayes reported a randomized double-blind study
with a composition of four lactic acid bacteria (Pedia
coccus pentosaceus 5-33:3, Leuconostoc mesen
teroides 77:1, Lactobacillus paracasei ssp. paracasei
[106]
F19, and L. plantarum 2362) and four fibers
.
The treated group received probiotics for 15 d, and
the control group received fibers only. The treated
group showed less post-operative infections (3%
in the treated group vs 48% in the control group)
and needed shorter antibiotic therapy compared to
the control group. Similar results were obtained in
[107]
a study conducted in Japan
in which probiotics
treatment reduced the perioperative infections in liver
transplantation recipients from 24% to 4%. In another
study, treatment with probiotics 3 d preoperatively
and 7 d postoperatively was found to be efficacious
[108]
for the better and faster recovery of liver functions .
These data suggest that perioperative probiotics or
synbiotics may have significant benefits by reducing
infections and by maintaining liver functions in patients
undergoing liver resection or liver transplantation.

HCC

Most HCCs develop in the liver chronically infected by
Hepatitis B or C virus. However, with the increasing
prevalence of metabolic syndrome, the incidence of
[103]
HCC from NASH has been increasing
. Although
the mechanism of HCC development from NASH in
association with dysbiosis of gut microbiota has been
proposed as mentioned above, no therapeutic trials for
the prevention of HCC in patients with NASH have been
reported, to our knowledge. Reports of the therapeutic
prevention of HCC using probiotics are limited to
aflatoxin-induced HCC. In a clinical study, healthy but
aflatoxin-exposed subjects were randomly assigned
to two groups; one group received a mixture of
Lactobacillus rhamnosus LC705 and Propionibacterium
freudenreichii subsp. shermanii strains and the other
received a placebo, and the groups’ urinary excre
tions of aflatoxin-DNA adduct (aflatoxin B(1)-N(7)[104]
guanine) were compared
. The results showed
that the elevated urinary excretion of aflatoxin B(1)N(7)-guanine was significantly decreased in the
probiotics group but not in the controls, suggesting the
inhibition of the intestinal absorption of aflatoxin B(1)
[104]
by probiotics
. These data may also indicate that
probiotics therapy could contribute to the inhibition
of aflatoxin B-induced hepatocarcinogenesis. In a rat
study examining the effects of probiotic fermented milk
and chlorophyllin on the prevention of aflatoxin-induced
hepatocarcinogenesis, the probiotics treatment reduced
the expressions of c-myc, bcl-2, cyclin D1 and rasp-21,
suggesting the protective potential of the probiotics in
[105]
aflatoxin-induced hepatocarcinogenesis .
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THERAPEUTICS ADVANCES

Robotic assisted Roux-en-Y hepaticojejunostomy in a
post-cholecystectomy type E2 bile duct injury
Arun Prasad, Sudipto De, Purak Mishra, Abhishek Tiwari
operative field. We present a case of 36-year-old female
patient who had undergone elective cholecystectomy
2 mo ago for gall stones and had a common bile duct
injury during surgery. As the stricture was old and
complete it could not be tackled endoscopically. We did
a laparoscopic assisted adhesiolysis followed by robotic
Roux-en-y hepaticojejunostomy. No intraoperative
complications or technical problems were encountered.
Postoperative period was uneventful and she was
th
discharged on the 4 postoperative day. At followup, she is doing well without evidence of jaundice or
cholangitis. This is the first reported case of robotic
hepaticojejunostomy following common bile duct in
jury. The hybrid technique gives the patient benefit of
laparoscopic adhesiolysis and robotic suturing.
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Core tip: Robotic surgery has the advantages of a 20
times magnified 3D vision for the surgeon. The intuitive
and tremor free accurate movements of the robotic
fingers make it an ideal tool to do fine reconstructive
surgery. Hepaticojejunostomy is one such surgery
specially when done for bile duct injury that occurred
during cholecystectomy. We present the first ever
reported robotic hepaticojejunostomy for iatrogenic bile
duct injury.

Abstract
Roux-en-Y hepaticojejunostomy anastomosis is the
treatment of choice for common hepatic duct injury
type E2. It has been performed laparoscopically with
the advancement of laparoscopic skill. Recently, a
telemanipulative robotic surgical system was introduced,
providing laparoscopic instruments with wrist-arm
technology and 3-dimensional visualization of the
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2 cm of the confluence. Type E3 strictures occur at
the confluence preserving the extrahepatic ducts
and, in type E4, the structuring process includes the
extrahepatic biliary tree. Type E5 strictures involve
aberrant right hepatic duct anatomy, with injury to the
aberrant duct and common hepatic duct.
The standard treatment procedure for a type E2
stricture is a resection of the injured segment with
mucosa to mucosa anastomosis using a Roux-en-Y
[7]
jejunal limb . Choledochoduodenostomy is not done
because most injuries to the bile duct occur higher in
the biliary tree, close to the hilum, thus not allowing for
tension-free anastomosis to the duodenum. Recently,
many centers have reported their experience with
laparoscopic Roux-en-y hepaticojejunostomy. Although
the use of laparoscopy to do the procedure has found
to be feasible, most of these reports suggested that
these procedures were complicated by technical
difficulties. The use of da Vinci Robotic Surgical System
helps decrease these technical difficulties. The da Vinci
robot provides a three-dimensional vision instead of
a two dimensional one through the laparoscope. The
Robotic system also provides other advantages like
reduction of tremor and scaling of motion which further
increase the precision of the procedure. But the biggest
advantage is the use wristed instrumentation which
provides additional degrees of mobility compared to the
restriction of the laparoscopic systems. We used the
daVinci robot to do an Roux-en-Y Hepaticojejunostomy
in a 36 years old female patient with Type E2 CBD
injury post cholecystectomy.

INTRODUCTION
Although seen with any operation involving right
upper quadrant dissection, injuries occurring during or
following cholecystectomy account for more than 80%
of all iatrogenic bile duct injuries. During laparoscopic
or open cholecystectomy, injury to the common bile
[1]
duct is an unusual but devastating complication .
Inflammation in the porta, variable biliary anatomy,
inappropriate exposure, aggressive attempts at he
mostasis, and surgeon inexperience are commonly
cited risk factors. Early reports suggested that surgical
inexperience, performing less than 20 laparoscopic
cholecystectomies, was highly correlated with bile
duct injury, evidence has suggested that visual
misperception accounts for 97% of iatrogenic biliary
injuries and technical skill or knowledge accounts for
only 3%. With sufficient cephalad retraction of the
gallbladder fundus, the cystic duct overlies the common
[2]
hepatic duct, running in a parallel path . Without
inferolateral traction of the gallbladder infundibulum to
dissociate these structures, dissection of the apparent
cystic duct may actually include the common hepatic
duct, placing it in jeopardy. By retracting Hartmann’s
pouch inferolaterally, and opening the triangle of Calot,
the cystic duct is displaced from the porta, no longer
collinear with the hepatic duct. The use of a 30-degree
laparoscope is useful to provide adequate visualiza
tion of the critical view of safety during laparoscopic
[3]
cholecystectomy . Also, in many of these cases, a
confirmation bias occurs, in which surgeons tend to
rely on evidence that supports their perception while
simultaneously discounting visual cues that suggest
an alternative explanation. Confirmation bias helps
explain why most bile duct injuries are identified in
the postoperative setting, not intraoperatively. The
multifactorial nature of biliary injury highlights the
concept that injury avoidance consists of many levels
[4]
of protective mechanisms . Surgeon knowledge of
biliary anatomy and aberrant anatomy, use of an
angled laparoscope, appropriate and directed traction
and counter-traction on the gallbladder, sufficient
suspicion of findings that discount the current per
spective, and converting to an open operation at the
earliest suspicion can help decrease the likelihood
of biliary injury. Although the use of routine versus
selective cholangiography is controversial, evidence
has suggested that cholangiography does not com
pletely avoid bile duct injury, but may reduce the
[5]
incidence and extent of injury . The original analysis
of biliary reconstruction was based on the Bismuth
classification, and has been modified by Strasberg.
Classification of bile duct injuries is determined by
location of injury and helps guide later surgical re
[6]
construction . Among postoperative bile duct stri
ctures, types E1 and E2 involve the common hepatic
duct but not the bifurcation, with type E1 having a
stump of more than 2 cm of the common hepatic
duct below the confluence and type E2 being within
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Case presentation
Our patient was a female of 36 years and came to
us with multiple episodes of abdominal pain with
deep icterus. She gave history of undergoing an
elective open cholecystectomy at another hospital
two months ago for gall stone disease. Her liver
function tests were heavily deranged with high
direct bilirubin (> 20 mg/dl) and OT/PT (538/422
mg/dl) and alkaline phosphatase (758 mg/dl).
Ultrasonography demonstrated mild hepatomegaly
with dilated intrahepatic biliary radicles (Figure 1). An
magnetic resonance cholangiopancreatography scan
(Figure 2) revealed a tight short segment stricture
in the common hepatic duct with gross intrahepatic
biliary radical dilatation. Opinion was sought from
gastroenterologist who felt that the stricture is
not passable by Encoscopic Retrograde CholangioPancreatography and surgical option has to be tried.
The patient underwent laparoscopic adhesiolysis and
da Vinci robotic Roux En Y hepaticojejunostomy.

Surgical technique
After placing the patient in supine position, pneu
moperitoneum was created upto 12 mmHg using the
Veress needle. Three 5 mm trocars were inserted to
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Figure 1 Ultrasound showing dilated hepatic ducts.
Figure 3 Hepatic duct opened.

Figure 2 Mri scan of the hepatic ducts.

carry out the adhesiolysis. We then placed the camera
and instruments and the table was placed in reverse
Trendelenburg and right up position. This allowed
the intestines to fall away from the operating field
Alongwith cephalad retraction to the liver the porta
hepatis was exposed. Laparoscopic adhesiolysis was
done with the help of a suction and cautery. The porta
was freed from the duodenum and the transverse
colon. Bile was aspirated from the confluence.
The robot was docked. Three 12-mm robotic trocars
for camera and accessory device were applied. The
jejunum was divided at 40 cm from the DJ flexure by
an endoscopic stapler. Side-to-side enteroenterostomy
anastomosis was done with the help of endoscopic
stapler. The bile duct was opened (Figure 3) and
was anastomosed to a Roux loop of jejunum with an
antecolic Roux-en-Y end-to-side hepaticojejunostomy.
The anastomoses was made using 3 0 Vicryl sutures
at each of the corners (Figure 4). The hepatico-je
junostomy and jejuno-jejunostomy were re-checked
for proper lie, bile leak and hemostasis. A drain was
placed in the subhepatic region. The fascial and skin
incisions were closed.

Figure 4 Robotic hepaticojejunostomy anastomosis.

progressed to normal diet on the fourth postoperative
day. She was discharged without any complications.
On follow up, she is doing well without any complaints.

DISCUSSION
The first uses of laparoscopic surgery were in the
field of hepato-biliary surgery i.e., cholecystectomy.
Following advancements in the camera and instru
ments and the increased skill of surgeons, Minimal
access surgery has invaded all parts of the body today.
But the use of laparoscopy in the field of hepato-biliary
surgery still remains restricted to cholecystectomies.
This is mostly due to the limited exposure present in
the area, along with dense adhesions increasing the
risk of visceral injury. The instruments of laparoscopy
are rigid in nature with limited degrees of freedom.
This coupled with the fulcrum effect of laparoscopy
which takes the movement away from the wrist and
fingers to the elbow and 2-dimensional imaging,
are the main contributors to the limitations of the
[8]
laparoscopic approach . Robotic surgery becomes
a great tool in hepato biliary by overcoming these
shortcomings.
The daVinci robot has a three dimensional vision
compared to the two dimensional view of the lapa
roscope which provides for the surgeon to be immersed
in the oppressive field. Secondly, the motion scaling

Postoperative course
Postoperatively, the patient was managed conse
rvatively with i.v. antibiotics, analgesics and fluids.
The subhepatic drain showed minimal drainage and
was removed on second post operative day. She was
started on liquids on the third post operative day and

WJG|www.wjgnet.com

1705

February 14, 2015|Volume 21|Issue 6|

Prasad A et al . Robotic assisted Roux-en-Y hepaticojejunostomy
and tremor reduction software increase the precision
of the surgery and decrease blood loss. However,
the main advantage of the da Vinci robot is the use
of the wristed instruments for doing fine dissection
in areas of dense adhesions and fine suturing of
hepaticojejunostomy and jejunojejunostomy ana
[9]
stomoses . It might well be that in the future,
advanced hepato biliary procedures like hepaticoje
junostomy and Whipple’s procedure may be done by
robotic surgery.
Robotic surgery, with its implications in urologic
and gynaecologic surgery, has had multiple mention
in case reports. A few cases of hepaticojejunostomy
for choledochal cysts have also been reported but
no reports have been found for a Roux-en-Y hepati
cojejunostomy for a biliary injury following cholecy
[10,11]
stectomy
.
On the other side of the coin, the disadvantages
includes the bulky hardware which makes it impos
sible for the robot to be moved to other theatres.
Although the lack of haptic feedback and loss of
tactile sensation are propagated by noon believers
to be the biggest obstacle, but the magnified three
dimensional vision more than compensates for it.
Finally, in a country like India, the increased initial
cost of the machine along with high maintenance
[12]
cost prevents it’s penetration into peripheral areas .
Although many people advocate a steep learning
curve for advanced laparoscopic surgery, but the ease
of dissection and suturing techniques with the robotic
technique greatly reduce the learning curve.
Finally, we would like to say that the use of robotic
surgery has immense scope in hepato biliary surgery
with advanced surgeries like hepaticojejunostomy,
CBD exploration and pancreaticoduodenectomy being
[13]
facilitated by the ease of Robotic suturing .

injury. The hybrid technique gives the patient benefit
of laparoscopic adhesiolysis and robotic suturing.
But further experience is needed to evaluate the
advantages on surgical technique and it is effect on
decreased hospital stay for patients.
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REVIEW

Pancreatic cancer early detection: expanding higher-risk
group with clinical and metabolomics parameters
Shiro Urayama
highest level of detection capacity of smaller pancreatic
lesions, is the commonly employed and preferred
clinical imaging-based PDAC detection method. Various
molecular biomarkers have been investigated for
characterization of the disease, but none are shown
to be useful or validated for clinical utilization for early
detection. As seen from studies of a small subset
of familial or genetically high-risk PDAC groups, the
higher yield and utility of imaging-based screening
methods are demonstrated for these groups. Multiple
recent studies on the unique cancer metabolism inclu
ding PDAC, demonstrate the potential for utility of
the metabolites as the discriminant markers for this
disease. In order to generate an early PDAC detection
screening strategy available for a wider population, we
propose to expand the population of higher risk PDAC
group with combination clinical and metabolomics
parameters.
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Core tip: This is a summary of current pancreatic cancer
cohort early detection studies and a potential approach
being considered for future application. This is an area
that requires heightened efforts as lack of effective
treatment and screening scheme for wider population
is leading this particular disease to be the second lethal
cancer by 2030.

Abstract
Pancreatic ductal adenocarcinoma (PDAC) is the fourth
and fifth leading cause of cancer death for each gender
in developed countries. With lack of effective treatment
and screening scheme available for the general
population, the mortality rate is expected to increase
over the next several decades in contrast to the other
major malignancies such as lung, breast, prostate and
colorectal cancers. Endoscopic ultrasound, with its
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(EUS) has proven itself to be a superior imaging study
for detection of a small or early-stage pancreatic
neoplasm as compared to other modalities such as
transabdominal ultrasound, computed tomography
(CT), magnetic resonance imaging (MRI), positron
[12-14]
emission tomography scans and angiography
.
[15]
[16]
Yasuda et al
and Rösch et al
had initially de
monstrated the superiority of EUS in detection of
[17]
small pancreatic lesions. More recently, DeWitt et al
had verified the superiority of EUS as compared to
multi-detector CT scan. In another study, Khashab
[18]
et al
demonstrated that the sensitivity of EUS in
detecting a pancreatic mass was significantly greater
than that of CT images, and particularly for pancreatic
neuroendocrine tumors, which commonly consist of
smaller lesions. In addition, EUS detected CT-negative
tumors in more than 90% of the cases. As an ad
ditional diagnostic modality, EUS-guided fine needle
aspiration (FNA) provides success rates of 90%-95%,
with an overall sensitivity and specificity of 85%-90%
[19-22]
and 98%-99%, respectively
. Thus, the utility
and the advantage of EUS enable visualization and
targeting of small pancreatic masses. Lesions of 5
mm or less could be visualized and sampled, which
might not have been accessible or identifiable by
[23]
other imaging modalities .

INTRODUCTION
Currently, pancreatic ductal adenocarcinoma (PDAC)
is the fourth major cause of cancer mortality in the
[1]
United States . It is predicted that 46420 new cases
and 39590 deaths would result from pancreatic
[2]
cancer in the United States in 2014 . Worldwide,
there were 277668 new cases and 266029 deaths
[3]
from this cancer in 2008 . In comparison to other
major malignancies such as breast, colon, lung and
prostate cancers with their respective 89%, 64%,
16%, 99% 5-year survival rate, PDAC at 6% is
[2]
conspicuously low . For PDAC, the only curative
option is surgical resection, which is applicable in only
10%-15% of patients due to the common discovery
[4]
of late stage at diagnosis . In fact, PDAC is notorious
for late stage discovery as evidenced by the low per
centage of localized disease at diagnosis, compared
to other malignancies: breast (61%), colon (40%),
lung (16%), ovarian (19%), prostate (91%), and
[5]
pancreatic cancer (7%) . With the existing effective
screening methods, the decreasing trends of cancer
death rate are seen in major malignancies such as
breast, prostate and colorectal cancer. In contrast, it
is estimated that PDAC is expected to be surfacing as
[6]
the second leading cause of cancer death by 2030 .
With the distinct contribution of late-stage dis
covery and general lack of effective medical therapy,
a critical approach in reversing the poor outcome of
pancreatic cancer is to develop an early detection
scheme for the tumor. In support of this, we see the
trend that despite the poor prognosis of the disease,
for those who have undergone curative resection with
negative margins, the 5-year survival rate is 22% in
contrast to 2% for the advanced-stage with distant
[7,8]
metastasis . An earlier diagnosis with tumor less
than 2 cm (T1) is associated with a better 5-year
survival of 58% compared to 17% for stage ⅡB
[9]
[10]
PDAC . Ariyama et al reported complete survival of
79 patients with less than 1 cm tumors after surgical
resection. Furthermore, as a recent report indicates,
the estimated time from the transformation to premetastatic growths of pancreatic cancer is appro
[11]
ximately 15 years ; there is a wide potential window
of opportunity to apply developing technologies in
early detection of this cancer.
In this article, we will review the recent studies
on the PDAC early detection approaches and ongoing
research endeavors in developing early detection
schemes for this devastating disease, with specific
attention to application of combined clinical and
metabolomics parameters.

Diagnostic Molecular Markers
and Pancreatic Cancer
In order to enhance the diagnostic accuracy of PDAC,
molecular markers on EUS-FNA samples have been
evaluated in recent years. Utilities of DNA mutations
and loss of heterozygosity are being reported as
[24,25]
potential surrogate markers of the cancer
. In a
[26]
recent study, Takahashi et al
assessed k-ras point
mutations in PDAC and chronic focal pancreatitis
[27,28]
samples obtained by EUS-FNA
. The study re
vealed the presence of point mutations of k-ras in
74% of patients with PDAC compared to no mutations
in chronic focal pancreatitis. In another study, Tada et
[29]
al reported a high k-ras gene mutation rate in 20 of
26 cases of EUS-FNA specimens (77%) and in 12 of
19 cases of pancreatic juice (63%) in PDAC. However,
the presence of k-ras mutations in a benign condition
such as chronic pancreatitis and premalignant lesions
such as intraductal papillary mucinous neoplasm
(IPMN) in addition to lack of such mutations in 20% of
PDAC limit the usage of this test solely as a diagnostic
or a detection tool. Other studies analyzing p53 by
[30]
immunohistochemistry , telomerase activity with
[31]
a ribonucleoprotein enzyme , and a broad panel of
microsatellite allele loss markers demonstrated similar
[32]
results . In the presence of inconclusive EUS-FNA
cytology, molecular markers could potentially comple
ment EUS-FNA cytology results to help establish the
diagnosis of malignancy.

PDAC Early Detection and
Diagnosis - Imaging-based Tests
Over the past few decades, endoscopic ultrasound
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Table 1 Pancreatic ductal adenocarcinoma related genetic syndromes
Syndrome

Inheritance

Gene mutation

Risk of PDAC

Peutz-Jeghers syndrome[38]
Hereditary pancreatitis[39-41]

AD
AD

SIR = 132
OR = 69.9

Familial atypical multiple mole melanoma
syndrome[42-44]
Hereditary breast-ovarian cancer
syndrome[45-51]
Lynch syndrome[52]
Cystic fibrosis[53]

AD

STK11/LKB1
PRSS1
SPINK1
CDKN2A

SIR = 13-38

BRCA2
BRCA1
MLH1, MSH2, MSH6 or PMS2
CFTR

BRCA2: OR = 3.5-10-fold increased risk
BRCA1: OR = 2.26 times average population
SIR = up to 8.6
OR = 5.3-6.6

AD
AD
Autosomal recessive

AD: Autosomal dominant; PDAC: Pancreatic ductal adenocarcinoma; SIR: Standardized incidence ratio.

play for the genesis of PDAC in this subset.
Analysis of the PDAC kindred data from Johns
Hopkins’ National Familial Pancreas Tumor Registry
has shown that the risk of PDAC in individuals with
two afflicted FDRs is 6.4% and the lifetime risk is
8%-12%; for persons with three afflicted FDRs, the
relative and lifetime risks for PDAC increase to 32%
[36]
[61]
and 16%-32%, respectively . Brune et al
in their
recent article reported a higher risk of PDAC among
FPC kindred with a younger onset (age less than 50).
[62]
Rulyak et al
in another study found smoking as a
significant risk factor in FPC cohort, especially among
males and those under age 50. This factor increases
the cancer risk by 2.0-3.7 times and lowers the
onset age by 10 years. A risk assessment software
tool, PancPRO, has been generated and is available
for calculating the risk for individuals with familial
pancreatic cancer (http://www4.utsouthwestern.edu/
[35]
breasthealth/cagene/default.asp) .

Select Population-based Research
for Early Detection Scheme
Development
PDAC screening in high-risk individuals

Currently, a general population-screening program
for PDAC is not cost-effective because of low relative
disease incidence and non-availability of simple,
cheap, highly accurate non-invasive tests. The main
goal of the screening is to identify clinically signifi
cant precursor or early stage PDAC. However, since
overwhelming majority of premalignant and small
PDAC lesions is asymptomatic, we do not have a
definite surrogate marker to identify a subset po
pulation for screening. Consequently, as one of the
approaches in investigating the risks, research has
focused on identification of a subset of individuals
with a higher-risk for PDAC development in order
to elucidate the genetic predilection. Up to 10% of
PDAC patients have a familial/genetic basis and they
have increased risk of developing both pancreatic
[33-37]
and extra-pancreatic malignancies
. Classic cate
gorization of high-risk patients are based on the
highly associated genetic risks defined as those who
have significant family history of the cancer or have
an inherited PDAC syndrome with a known genetic
abnormality (Table 1).

Screening modalities and the current screening
programs: Many of the screening programs have
used additional investigational biomarker to com
plement imaging tests to identify the early lesions. A
commonly used marker, CA19-9, is neither sensitive
nor specific independently for early PDAC or precursor
[63]
detection. Kim et al
in their study found only 0.9%
positive-predictive value using the standard cutoff value (37 U/mL). Other biomarkers investigated
recently include MIC-1, CEACAM-1, SPan1, DUPAN,
Alpha4GNT, and PAM4, but none is validated for
[64]
routine clinical use . In another approach, elevated
fasting-glucose level has been demonstrated to be
[65]
associated with sporadic PDAC
and is currently
utilized by an European registry in high-risk people
with mutational analysis of pancreatic juice along with
p16 promoter methylation status.
Several international screening programs exist for
PDAC in high-risk individuals. “Cancer of the Pancreas
Screening Study” (CAPS study), led by John Hopkins
University, is the largest screening program that
involves 24 American Centers of Excellence. To date,
three studies, CAPS 1, CAPS 2 and CAPS 3, have
been completed (Table 2).

Familial pancreatic cancer: Familial pancreatic
cancer (FPC) cohort (cancer in two or more firstdegree relatives (FDRs) or in three or more affected
family members - including one first-degree relative)
is considered a high-risk and a candidate for screening
[47,54,55]
program
. Currently, the genetic foundation for
FPC is not fully understood. Various investigations
have demonstrated the presence of a germline
[47-49]
mutation in the BRCA2 gene
, association of
[46,56]
[57]
BRCA1
, paladin gene mutation
as well as other
genes such as apolipoprotein A4, CEA, keratin 19,
[58,59]
stratifin, trefoil factor, and S100A6
in FPC, and
[60]
more recently identification of PALB2 , as a pan
creatic cancer susceptibility gene. These facts suggest
that multiple and heterogeneous factors are likely at
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Table 2 Results of screening programs for pancreatic cancer in high-risk groups n (%)
Study

CAPS1

CAPS2

CAPS3

U of Washington

FaPaCa

Dutch Study

Diagnostic Yield

2 (5.3)

8 (10)

92 (43)

10 (13)

1 (1.3)

10 (23)

Positive finding of abnormal imaging such as mass (solid, cyst) or abnormal duct in the cases. CAPS: Cancer of the Pancreas Screening Study; FaPaCa:
Familial Pancreatic Cancer Study.

In the CAPS 1, thirty-eight patients including 31
from a kindred with > 3 affected with PDAC, 6 with 2
affected relatives, and 1 patient with Peutz-Jeghers
syndrome (PJS) were studied. Screening protocol
with EUS revealed six pancreatic masses: 1 invasive
PDAC, 1 benign IPMN, 2 serous cystadenomas, and
2 non-neoplastic lesions. The yield of screening was
[66]
5.3% in this study . In the CAPS 2, seventy-eight
[67]
high-risk patients were studied . In 8 patients, the
screening found pancreatic neoplasia, confirmed
by surgery or FNA: 6 benign IPMNs, 1 IPMN that
progressed to invasive PDAC, and another had highgrade pancreatic intraepithelial neoplasia (PanIN-3).
The CAPS 3 was a multicenter prospective cohort
study involving annual EUS, MRI screening with assays
of DNA and protein markers in serum and pancreatic
juice. Over 200 patients were enrolled over a threeyear period. The study results on the detection mo
dality comparison demonstrated that the EUS has the
highest rate of detection of early neoplastic changes in
[68]
up to 42.6% of the asymptomatic high-risk group .
In another study from the University of Washing
ton, high-risk familial cohorts were screened with
EUS, beginning 10 years prior to the earliest index
PDAC case. If EUS was normal, they underwent a
repeat EUS in 2-3 years. With abnormal EUS findings,
they were referred for ERCP and if abnormalities were
[69]
noted, patients were offered surgical intervention .
Among 75 screened subjects, 15 had gone to surgery
for abnormal EUS and ERCP findings. All surgical
cases revealed premalignant lesions: PanIN-3 in 10
[70]
and PanIN-2 in five cases . The study gave a yield
of 13% (10 out of 75) for detecting PanIN-3 lesions.
A single patient developed unresectable PDAC during
the surveillance.
In a German PDAC screening program (FaPaCa),
76 patients were followed using annual EUS, MRCP,
and laboratory assays (CDKN2a and BRCA2 genetic
analysis, CA19-9 and CEA). Any appreciable lesion
was evaluated with EUS. With an abnormal finding,
the patient underwent surgical exploration and if
malignancy was detected, total pancreatectomy
was performed. In 10 cases, lesions were seen on
EUS as compared to only seven detected by MR
scan. Out of the seven MRCP-positive cases, six
underwent resections and the histology showed one
PanIN-3, one PanIN-2, one PanIN-1, and three with
other benign lesions. This resulted in a diagnostic
[71]
yield of 1.3% for PanIN-3 detection . Another
study from the Netherlands in 44 high-risk subjects
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demonstrated a 7% detection rate for asymptomatic
[72]
PDAC and a 16% for premalignant lesions .
The International CAPS Consortium have recently
met and reported a suggested guideline for current
[73]
PDAC screening based on the risk . A consensus
(≥ 75% agreement by the participants) was reached
that the following groups should be offered screening
(only to individuals who are surgical candidate): (1)
FDRs of the cancer patients from a familial pancreatic
cancer cohort with at least two affected FDRs; (2)
patients with Peutz-Jeghers syndrome; and (3)
p16, BRCA2 and hereditary non-polyposis colorectal
cancer mutation carriers with at least single affected
FDR. The initial screening should include EUS and/or
MRI. However, consensus was not reached on the
beginning and the end age of screening/surveillance
and the interval of the examination. Their conclusions
also included requirement for further studies, and the
clinical management should occur at high-volume
centers with multidisciplinary teams.

Future of Pancreatic Cancer
Screening
Current screening programs have demonstrated that
the EUS evaluation can detect premalignant lesions
and early cancers in certain small subset of highrisk groups. However, as the overwhelming majority
of PDAC cases involve patients who develop the
disease sporadically without a recognized genetic
abnormality, the application of this modality for PDAC
detection screening is very limited for the general adult
population.

Select population based approach

identification of a higher-PDAC-risk group:
As the prevalence of PDAC in the general United
States population over the age 55 is approximately
68 per 100000, a candidate discriminant test with a
specificity of 98% and a sensitivity of 100% would
generate 1999 false-positive test results and 68 true[74]
positives . Thus, relying on a single determinant
for distinguishing the PDAC early-stage cases from
the general population would necessitate a highly
accurate test with a specificity of greater than 99%.
More practical approach, then, would be to begin with
a subset of population with a higher prevalence, and
in conjunction with novel surrogate markers to curtail
the at-risk subset, we could begin to identify the
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group with significantly increased PDAC risk for whom
the endoscopic/imaging-based screening strategy
could be applied.
An initial approach in selection of the screening
population is to utilize selective clinical parameters
that could be used to curtail the subset of the general
population at increased PDAC risk. For instance,
based on the epidemiological evidence, such clinical
parameters include hyperglycemia or diabetes,
which are noted in 50%-80% of pancreatic cancer
[75-79]
patients
. Though not encompassing all PDAC
patients, this subset includes a much larger proportion
of PDAC patients for whom we may select further
for screening. Similarly, patients with a history of
chronic pancreatitis or obesity are reported to have
[80-85]
increased PDAC risk during their lifetime
. Recent
findings from molecular biology and animal studies
investigating effects of diet-induced obesity in a PDAC
mouse model demonstrated increased occurrence of
pancreatic inflammation and accelerated pancreatic
neoplastic changes, supporting the association of
obesity and pancreatic inflammation and PDAC
[86,87]
risks
. Considering that millions are being diag
nosed with diabetes or glucose intolerance, chronic
pancreatitis, or obesity annually in comparison to
PDAC, however, further refinement of the screening
patient group is critically needed to justify for
developing a larger scale screening protocol.

of common cancer mutations including Akt1, HIF
(hypoxia-inducible factor), and p53 have been shown
to support the Warburg effect through glycolysis and
down-regulation of metabolite flux through the Krebs
[94-101]
cycle
. In PDAC, increased phosphorylation or
activation of Akt1 has also been reported (illuminating
[102]
on the importance of enzyme functionality)
as
well as involvement of HIF1 in the tumor growth via
[103,104]
effects on glycolytic process
and membrane[105]
bound glycoprotein (MUC17) regulation
reflective of activation of metabolic pathways. Further
evidences of loss-of-function genetic mutations in key
mitochondrial metabolic enzymes such as succinate
dehydrogenase and fumarate hydratase, isocitrate
dehydrogenase, phosphoglycerate dehydrogenase
[106-110]
support carcinogenesis and the Warburg effect
.
Other important alternative pathways in cancer meta
bolism such as glutaminolysis and pyruvate kinase
isoform suppression have been shown to accumulate
respective upstream intermediates and reduction of
associated end products such as NADPH, ribose-5[111-116]
phosphate and nucleic acids
. As such, various
groups have reported metabolomics biomarker
[117,118]
applications for different cancers
.
As a major organ involved in metabolic regulation
in a healthy individual, pancreatic disorder such as
malignancy is anticipated to influence the normal
metabolism, presenting further rationale and in
terest in elucidating the implication of malignant
transformation and PDAC development. Proteomic
analysis of the pancreatic cancer cells demonstrated
alteration in proteins involved in metabolic pathways
including increased expression of glycolytic and
reduced Krebs cycle enzymes, and accumulation of key
proteins involved in glutamine metabolism, in support
of Warburg effect. These in turn play significant role
in nucleotide and amino acid biosynthesis required for
[119]
sustaining the proliferating cancer cells . Applications
of sensitive mass spectrometric techniques in me
tabolomics study of PDAC detection biomarkers have
led to identification of a set of small molecules or
metabolites (or biochemical intermediates) that are
potent discriminants of developing PDAC and the
controls (See Figure 1 as an example of metabolomics
based analysis, allowing segregation of PDAC from
benign cases). Recent reports from our group as well
as others have demonstrated that specific candidate
metabolites consisting of amino acids, bile acids,
and a number of lipids and fatty acids - suspected to
be reflective of tumor proliferation as well as many
systemic response yet to be determined - were id
entified as potential discriminant for blood-based
[120-123]
PDAC biomarkers
. As a further supporting data,
elucidation of lipids and fatty acids as discriminant
factors from PDAC and benign lesions from the cancer
tissue and adjacent normal tissue has been reported
[124]
recently .
By virtue of simultaneously depicting the multiple

Translational research - application of metabolomics
approach

Initially established as a key methodology in the
field of inborn metabolic errors and toxicology,
metabolomics have developed over the years to
examine a much wider array of low-molecular-weight
products or intermediates within the biological state
of a cell, tissue, organ, or organism. A metabolome
represents a physiological readout of the biochemical
state in an individual’s body compartment, and
provides the functional terminal signals of the
genome and proteome, reflecting more closely the
current phenotypic state of an individual in response
[88]
to the environmental stimuli . Thus, metabolomics
data has considerable potential in elucidating cancerdevelopment risks, with its additional capacity for
providing temporal molecular information to the
ongoing changes originating from genetic PDAC risk
alone.
With the recent advancement in the technology and
resumed interest in the cancer-associated metabolic
[89,90]
abnormality
, application of metabolomics in
[91]
the cancer field has attracted more attention .
Cancer-related metabolic reprogramming, Warburg
effect, has been known since nearly a century ago
in association with various solid tumors including
[92]
PDAC , as cancer cells undergo energetically in
efficient glycolysis even in the presence of oxygen in
[93]
the environment (aerobic glycolysis) . A number
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Figure 1 Example of metabolomics based analysis, allowing segregation of pancreatic ductal adenocarcinoma from benign cases. Heat map illustration of
discriminant capability of a metabolite set derived from gas chromatography and liquid chromatography/mass spectrometry plasma metabolomics dataset comparing
pancreatic ductal adenocarcinoma patients (Red or group 1; n = 110) and benign pancreas (includes benign cysts, chronic pancreatitis, and normal pancreas)
(Green or group 2; n = 90). Metabolites are plotted on x-axis, and the cases on the y-axis. Blue color indicates data points with a value smaller than the median of the
respective metabolite and the red indicates higher values. This candidate set of metabolites enabled the segregation of the two groups.

metabolite levels, metabolomics approach reveals
various biochemical pathways that are uniquely
involved in malignant conditions and has led to
findings such as abnormalities of glycine and its
mitochondrial biosynthetic pathway, as a potential
[125]
therapeutic target in certain cancers
. Moreover, in
combination with other systems biology approaches
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such as transcriptomics and proteomics, further
refinement in characterization of cancer development
and therapeutic targets as well as identification of
potential biomarkers could be realized for PDAC. Since
many enzymes in a metabolic network determine
metabolites’ level and nonlinear quantitative rela
tionship from the genes to the proteome and me
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tabolome levels exist, a metabolome cannot be
easily decomposed to a specific single marker, which
[126]
will designate the cancer state
. Thus, in order to
delineate a pathological state such as PDAC, multiple
metabolomic features might be required for accurate
depiction of a developing cancer. Future studies are
anticipated to incorporate cancer systems’ biological
knowledge, including metabolomics, for optimal
designation of PDAC biomarkers, which would be
utilized in conjunction with a clinical-parameterderived population subset for establishing the
PDAC screening population. Subsequently, further
validation studies for the PDAC biomarkers need to
be performed.

8

9

10
11

CONCLUSION
12

Current imaging-based detection and diagnostic
methods for PDAC is effectively providing answers
to clinical questions raised for patients with signs or
symptoms of suspected pancreatic lesions. However,
the endoscopic/imaging-based screening schemes
are currently limited in applications to early PDAC
detection in asymptomatic patients, aside from a
small group of known genetically high-risk groups.
There is a high demand for developing a method
of selecting distinct subsets among the general
population for implementing the endoscopic/imaging
screening test effectively. Application of combinations
of clinical risk parameters/factors with the developing
molecular biomarkers from translational science
such as metabolomics analysis brings hopes of
providing us with early PDAC detection markers, and
developing effective early detection screening scheme
for the patients in the near future.
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Vitamin D: a new player in non-alcoholic fatty liver disease?
Myrto Eliades, Elias Spyrou
has become the most common form of chronic liver
disease in western countries. NAFLD and vitamin D
deficiency often coexist and epidemiologic evidence
has shown that both of these conditions share several
cardiometabolic risk factors. In this article we provide
an overview of the epidemiology and pathophysiology
linking NAFLD and vitamin D deficiency, as well as the
available evidence on the clinical utility of vitamin D
supplementation in NAFLD.
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Core tip: non-alcoholic fatty liver disease (NAFLD) is
a multifactorial disease and its pathogenesis is closely
linked to the metabolic syndrome. Vitamin D deficiency,
which also shares similar associations with obesity and
sedentary lifestyle, is often found together with NAFLD.
As our understanding of the many functions of vitamin
D has grown, emerging evidence points to a closely
linked and potentially causative relationship between
vitamin D deficiency and NAFLD. As such, vitamin D
is now emerging as an immunomodulatory and antifibrotic agent. However, in order to implement clinical
recommendations larger, randomized, placebo-control
trials are required to better evaluate the efficacy of
vitamin D replacement in NAFLD.

Abstract
Vitamin D through its active form 1a-25-dihydroxyv
tamin D [1,25(OH)2D] is a secosteroid hormone that
plays a key role in mineral metabolism. Recent years
have witnessed a significant scientific interest on
vitamin D and expanded its actions to include immune
modulation, cell differentiation and proliferation and
inflammation regulation. As our understanding of the
many functions of vitamin D has grown, the presence
of vitamin D deficiency has become one of the most
prevalent micronutrient deficiencies worldwide.
Concomitantly, non-alcoholic fatty liver disease (NAFLD)

WJG|www.wjgnet.com

Eliades M, Spyrou E. Vitamin D: A new player in non-alcoholic
fatty liver disease? World J Gastroenterol 2015; 21(6): 1718-1727
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i6/1718.htm DOI: http://dx.doi.org/10.3748/wjg.v21.i6.1718

INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD) has be
come the most common form of chronic liver di
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Figure 1 Vitamin D synthesis and metabolism. DBP: D binding protein; VDRE: Vitamin D response element.

sease in Western countries with prevalence as high
[1,2]
as 30%
, thus exceeding that of viral hepatitis
and alcoholic liver disease. NAFLD represents a
continuum of hepatic injuries, which progress from
simple fatty liver to steatohepatitis (NASH), cirrhosis
or even hepatocellular carcinoma. The metabolic
syndrome is universally considered as the key factor
[3,4]
in the pathogenesis of NAFLD . However, the evo
lution of liver inflammation in NAFLD and the pro
gression from simple fatty liver to steatohepatitis
[5]
and hepatic fibrosis is more complex . As our under
standing in the pathogenesis of NASH continues to
evolve, vitamin D is emerging as an important player
in the development and progression of NAFLD. This
review will assess the role of vitamin D deficiency in
the pathogenesis of NAFLD, explore the epidemiologic
evidence that supports a link between vitamin D defi
ciency and NAFLD and provide available evidence on
the clinical utility of vitamin D replacement in NAFLD
subjects.
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VITAMIN D METABOLISM
Vitamin D is a fat-soluble vitamin. Although, multiple
forms of this vitamin exist, vitamin D2 (ergocalciferol)
and vitamin D3 (cholecalciferol) are the two major
forms. Vitamin D2 is produced by some organisms of
phytoplankton, invertebrates and yeast in response
to ultraviolet irradiation but it is not constitutively
produced by vertebrates. Thus this form of vitamin
D has been exploited commercially and is used for
fortification and supplementation. Vitamin D3 on
the other hand, originates in the skin of most verte
brates including humans, after irradiation of 7-dehy
drocholesterol with ultraviolet light (UVB) (Figure 1).
Dietary vitamin D2 is absorbed by the small intestine
and incorporated into chylomicrons where it is
transported to the liver bound to vitamin D-binding
protein. In the liver, vitamin D from both the skin
and diet is then metabolized by 25-hydroxylase
(CYP2R1) to 25-hydroxyvitamin D [25(OH)D], which
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is the major circulating metabolite and the most
widely used indicator of vitamin D stores. 25(OH)D
is transported to the kidney where it undergoes hy
droxylation by 1a-hydroxylase (CYP27B1) to the
biologically active form 1a,25-dihydroxyvitamin D
[1,25(OH)2D]. Finally, via binding to vitamin D rece
ptor (VDR), 1,25(OH)2D is able to exert its biological
actions.
The synthesis of 1,25(OH)2D is tightly regulated
by the synthetic activity of 1a-hydroxylase and the
catabolic activity of 24-hydroxylase (CYP24A1) which
catabolizes 1,25(OH)2D to the water soluble and
biologically inactive calcitoic acid which is then ex
creted in the bile. Parathyroid hormone, 1,25(OH)2D
and Fibroblast growth factor 23 (FGF23) are the main
regulators of these enzymes. 1,25(OH)2D decreases
its own synthesis though negative feedback but also
by way of inhibition of parathyroid hormone (PTH)
which is the main stimulus for 1a-hydroxylase trans
cription. Fibroblast growth factor 23, secreted from
osteoblasts, acts on the kidneys to suppress renal
expression of 1a-hydroxylase and to promote 24-hy
droxylase activity which result in reduced production
of 1,25(OH)2D.

levels < 14 ng/ml . In the same study, vitamin D
treatment improved insulin resistance among patients
with baseline glucose intolerance. Similarly, another
meta-analysis showed that vitamin D supplementation
improves insulin resistance compared to placebo,
[12]
albeit the effect was weak . In support of the be
neficial role of vitamin D in diabetes and insulin re
sistance are the findings of various animal studies
showing that lack of VDR in mice or vitamin D defi
ciency impairs insulin secretion from pancreatic beta
[13]
cells . In contrast to the above findings, are the
[14]
results of a recent meta-analysis by Seida et al .
In this study, 35 randomized controlled trials were
examined with a total of 43407 patients. No signi
ficant effect of vitamin D supplementation on the
prevention of diabetes in individuals without diabetes,
or on the reduction of insulin resistance and hy
perglycemia in those with pre-diabetes or established
type 2 diabetes was found. However these results are
limited by the presence of moderate heterogeneity
between the studies, the associated risks of bias and
the short term of follow up.
Given the strong association of NAFLD with obe
sity and the metabolic syndrome, recent years have
witnessed a significant scientific interest into the
potential role of vitamin D in NAFLD. Accumulating
epidemiological data suggest that low levels of serum
25(OH)D are associated with NAFLD as diagnosed
either by biochemistry, imaging or biopsy. These data
are summarized in a recently published meta-analysis
in which NAFLD subjects were 26% more likely to be
[15]
vitamin D deficient compared to controls . In US
the largest of these studies was by Liangpunsakul et
[16]
al
in which the authors reported that in a subset
of 1287 adult participants from the NHANES Ⅲ
database, those with unexplained elevation in serum
alanine aminotransferase (ALT) levels - a proxy of
NAFLD - had lower 25(OH)D levels than those with
normal ALT levels (24.7 ± 10.4 ng/ml vs 26.8 ±
10.9 ng/ml, P < 0.01). Compared to the lowest
quartile, patients with the two top quartiles of serum
25(OH)D levels had significantly lower prevalence of
unexplained elevation in serum ALT, independently
[16]
of metabolic syndrome features . In Asia, the
largest study was a cross-sectional study of 6567
Korean men which found that subjects in the lowest
tertile of 25(OH)D levels had a significantly increased
risk for NAFLD compared to thosein the highest
tertile, even after adjusting for body mass index and
metabolic syndrome (OR = 1.247 and 1.408 vs the
[17]
highest tertile, P < 0.001) . A more recent Korean
study however, showed contradictory results. In this
study the authors analyzed data from the Korean
National Health and Nutrition Examination database
(KNHANES IV) with more than 16000 individuals
and found that obese subjects (BMI > 25) with > 2
components of the metabolic syndrome were more
likely to have elevated liver enzymes compared
to normal weight subjects; however there was no

VITAMIN D TARGETS
The leading and most widely known physiological
function of 1,25(OH)2D is to regulate mineral and
skeletal homeostasis. However, over the last decades
the functions of vitamin D have been broadened
beyond those on skeletal tissue and calcium home
ostasis. Indeed, the finding of VDR expression in a
wide range of tissues such as the immune system
(T and B cells, macrophages, and monocytes), the
reproductive system (uterus, testis, ovary, prostate,
placenta, and mammary glands), the endocrine
system (pancreas, pituitary, thyroid and adrenal
cortex), in muscles (skeletal, smooth and heart
muscles), and in brain, skin, and liver has stimulated
considerable interest in understating the putative
pleiotropic properties of vitamin D and introduced
the idea of a paracrine/autocrine role in regulating
cell proliferation, differentiation and apoptosis as
[6,7]
well as immune-cells regulation .

VITAMIN D DEFICIENCY AND NAFLD:
THE EPIDEMIOLOGIC EVIDENCE TO
DATE
Numerous publications propose that low levels of
25(OH)D are strongly associated with features of the
[8,9]
metabolic syndrome
and may play an important
role in modifying the risk for cardio-metabolic out
comes including Type 2 diabetes (T2DM), hypertension
[10]
and cardiovascular disease . A recent systematic
review found that 25(OH)D levels > 25 ng/ml were
associated with 43% lower risk of T2DM compared to
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Table 1 Potential mechanisms and evidence to support a benefit for vitamin D in non-alcoholic fatty liver disease
Mechanisms

Evidence

Improvement in insulin secretion and insulin Presence of VDR in pancreatic beta cells[26]
Expression of 1-α-hydroxylase enzyme in pancreatic beta cells[79]
resistance
Impaired insulin secretory response in mice lacking a functional VDR[13]
Transcriptional activation of the human insulin gene by 1,25(OH)2D[80]
Vitamin D deficiency impairs glucose-mediated insulin secretion from rat pancreatic beta cells in vitro[81]
and in vivo[82]
Vitamin D enhances insulin responsiveness for glucose transport in muscle cells[83]
Vitamin D up-regulates glucose transporter 4 (GLUT4) translocation and glucose utilization in
adipocytes[44]
Improvement in adipose tissue inflammation Higher 25(OH)D concentrations were independently associated with higher adiponectin concentrations in
a large cohort of men and women[40]
Reduction of IL-6 in adipocytes after supplementation of vitamin D in mice fed high fat diet[84]
1,25-dihydroxyvitamin D treatment in human adipocytes inhibits NF-κB pathway and reduces proinflammatory cytokine release[85,86]
1,25-dihydroxyvitamin D inhibits macrophage recruitment and increases adiponectin expression in
preadipocytes[87]
Improvement in hepatic inflammation
Vitamin D deficiency causes TLR activation and exacerbates hepatic inflammation[42]
Artificial sunlight therapy in rats reduced liver inflammation and apoptosis[43]
VDR expression on cholangiocytes was inversely correlated with steatosis severity and nonalcoholic fatty
liver disease score in NASH patients[31]
Improvement in hepatic fibrosis
Presence of VDR in HSC[24]
Vitamin D treatment suppresses HSC proliferation in cultured HSC from rats[73]
Vitamin D treatment downregulates pro-fibrotic marker TIMP-1 and collagen type Ⅰ production in
cultured HSCs[73,74]
VDR knockout mice develop spontaneous liver injury with fibrosis[30]
VDR: Vitamin D receptor; TLR: Toll-like receptor; IL: Interleukin; TLR: Toll like receptor; NASH: Nonalcoholic steatohepatitis; HSC: Hepatic stellate cells.

significant difference in vitamin D levels between the
[18]
groups .
[19]
Targher et al
was the first to study the asso
ciation between biopsy-proven NAFLD and vitamin
D levels. The study confirmed that 25(OH)D concen
trations were lower in NAFLD subjects compared
to matched controls. Furthermore 25(OH)D levels
predicted the histological severity of NAFLD, with
NASH patients having lower 25(OH)D levels compared
to those with isolated fatty liver. These findings have
been confirmed by four other studies with biopsy[20,21]
[22,23]
proven NAFLD in adults
and in children
.
Collectively, the data from the published studies
indicate that NAFLD subjects are more likely to be
vitamin D deficient compared to controls. However,
definite directionality of the results cannot be as
certained due to the nature of the above studies
(i.e., cross-sectional) and the limitations observed
which include the variability in the method of diag
nosis of NAFLD, clinical heterogeneity among the
study groups and variability in defining vitamin D
deficiency.

steatohepatitis and hepatic fibrosis. A number of
these pathways can be affected by vitamin D and
relate to the hormonal, immunologic and cellular diffe
rentiation “non-classical” effects of vitamin D. Below,
we will discuss each of these pathways. A summary of
evidence is provided in Table 1 and Figure 2 provides
a schematic representation of these mechanisms.

PUTATIVE MECHANISMS LINKING
VITAMIN D DEFICIENCY TO NAFLD
Vitamin d signaling

Vitamin D mediates its intracellular signals via its
receptor VDR which is constitutively expressed in the
[24,25]
liver
. It has been estimated that VDR regulates
over 200 genes involved in glucose and lipid meta
[13,26]
[27]
bolism
, inflammation , cellular proliferation
[28]
and differentiation and apoptosis . In a GWAS
study of NAFLD subjects, four single nucleotide poly
morphisms (SNPs) were found to have significant
association with NAFLD. Among these four SNPs GC
gene was included which is predominately expres
sed in hepatocytes and codes for vitamin D binding
[29]
protein, the main carrier protein for vitamin D .
We also know from animal studies that normal func
tioning of VDR is crucial for liver fibrosis, as VDR
knockout mice exhibit spontaneous liver injury with
[30]
[31]
fibrosis . In humans, Barchetta et al
showed
that liver VDR expression is inversely correlated with
severity of NAFLD on histopathology, independently

NAFLD PATHOPHYSIOLOGY
Our understanding of the pathogenesis of NAFLD
has evolved from the relatively simplistic “two-hit”
[5]
hypothesis to the “multiple-hits” hypothesis . In
this model, a number of diverse, parallel processes
contribute to the development and progression of
liver inflammation from simple hepatic steatosis to
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Lipogenesis
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Figure 2 Schematic representation of metabolic, anti-inflammatory and anti-fibrotic effects of vitamin D on hepatocytes and non-parenchymal hepatic
cells (hepatic stellate cells, Kupffer cells) in non-alcoholic fatty liver disease. Left: At the initial stage of lipogenesis, 1,25(OH)2D acts on adipocytes and inhibits
NF-κB transcription, known as the pro-inflammatory “master switch”, and thus inhibits the expression of the inflammatory cytokines IL-6, TNF-α and IL-1β. It also
increases adiponectin secretion from adipoycytes and enhances GLUT-4 receptor expression in myocytes, both of which improve insulin resistance; Middle: Increased
gut permeability allows translocation of bacterial pathogens which can activate Toll like receptors on Kupffer cells. 1,25(OH)2D downregulates the expression of TLR-2,
TLR-4 and TLR-9 in these cells and thus ameliorates inflammation; Right: 1,25(OH)2D acts on hepatic stellate cells by binding to VDR and reduces proliferation of
these cells that play a major role in inducing fibrosis. VDR: Vitamin D receptor; TLR: Toll like receptor; LPS: Lipopolysacharides.

from other metabolic parameters such as BMI,
insulin resistance or adiponectin.

been described as the prototypic adipokine by way
of its function as an anti-inflammatory agent. In
murine models, high levels of adiponectin have been
experimentally shown to decrease necroinflammation
and steatosis in alcoholic and nonalcoholic fatty liver
[36]
[37]
disease
as well as improved insulin resistance .
Moreover, studies in humans showing reduced serum
levels of adiponectin and reduced hepatic expression
of its receptor in patients with NASH compared with
[38,39]
body mass index-matched patients with steatosis
,
provide strong supportive evidence that reduced
adipocyte production of adiponectin plays an impor
tant role in the pathogenesis of progressive NAFLD.
The role of vitamin D in adipokine activity is
[40]
an active area of research. Vaidya et al
showed
a positive association between 25(OH)D concen
trations and levels of adiponectin in a large cohort
of patients. Interestingly, this relationship was inde
pendent of BMI. Furthermore, in a double-blind,
randomized, controlled trial of Iranian type 2 diabetic
patients, daily intake of 1000 IU vitamin D either
with or without extra calcium for 12 wk resulted in
a significant increase of serum adipokines including
adiponectin and decreased cellular secretion of the
[41]
inflammatory cytokines IL-6 and IL-1β .
Additional evidence from animal studies further
support the notion of an immunomodulatory role of

Adipose tissue, insulin resistance and hepatic
inflammation - the role of vitamin d

Insulin resistance, a key risk factor in the patho
genesis of NAFLD, is linked to the development of
[32,33]
oxidative stress and lipotoxicity
. As a result,
hepatic steatosis resulting from accumulation of
free fatty acids is associated with a state of chronic
hepatic inflammation. An important mediator in this
process is nuclear factor κ-β (NF-κB) that functions
as a pro-inflammatory “master switch” by upregula
ting the transcription of a wide range of inflammatory
mediators. Accordingly, increased NF-κB activity in
the livers of high fat diet mice is associated with the
increased expression of pro-inflammatory cytokines,
including TNF-α, IL-6, IL-1β and activation of Kupffer
[34]
cells . These cytokines are capable of producing all
of the classical histological features of NASH including
hepatocyte necrosis/apoptosis, neutrophil chemotaxis
and activation of hepatic stellate cells. Moreover,
human studies have demonstrated increased cytokine
gene expression in the livers of patients with NASH
compared to obese controls with normal livers, with
the increased expression correlating with histolocical
[35]
severity . Adiponectin on the other hand, has
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vitamin D in NAFLD. To explore the effect of vitamin
[42]
D deficiency on inflammatory markers Roth et al
used a rat model consistent of 4 groups; rats were
fed either a low-fat diet alone (LFD) or with vitamin
D depletion (LFD + VDD) or high-fat Western diet
which was either replete (WD) or deficient in vitamin
D (WD + VDD). In VDD groups, blood 25(OH)D
levels were reduced compared to the replete diet
groups. Mice fed WD/VDD showed increased hepatic
steatosis comprared to LFD groups. Liver histology
also showed increased lobular inflammation and
NAFLD activity score in WD/VDD group compared
to the WD alone group. In addition WD/VDD mice
had increased hepatic mRNA levels of resistin, IL-4,
IL-6 and TNF-α markers known to be implicated in
oxidative stress and hepatic inflammation. Accord
[43]
ingly in another rat NASH model , phototherapy
increased 25(OH)D and 1,25(OH)2D levels while
reducing hepatocyte inflammation, fibrosis and apo
ptosis compared to controls. Phototherapy also im
proved insulin resistance and increased serum adipo
nectin in association with reduced hepatic expression
of inflammatory genes TNF-α and TFG-β. In total,
these findings suggest that vitamin D deficiency
worsens NAFLD related to upregulation of hepatic
inflammatory and oxidative stress genes.
Another interesting and plausible mechanism
underlying the association of diabetes/insulin resis
tance with low vitamin D levels has been recently
showed in an in-vitro study where 3T3L1 adipocytes
were treated with high glucose in the presence or
absence of 1,25-dihydroxyvitamin D. 1,25(OH)2D
treatment of adipocytes caused significant up-regu
lation of GLUT4 receptor expression and its tran
slocation to cell surface, and an increase in glucose
[44]
uptake as well as glucose utilization . Supplemen
tation also stimulated adiponectin secretion in high
glucose-treated cells, lending further weight of a
beneficial effect of vitamin D in reducing adipose
tissue inflammation.

gut permeability and small intestinal bacterial over
growth (SIBO). Both gut permeability and the pre
valence of SIBO correlated with the severity of stea
[48]
tosis but not with presence of NASH in this study .
Bacterial lipopolysaccharides (LPS) are activators
of the immune system and in animal models were
involved in the development of both systemic inflam
[49]
mation and obesity . Toll Like receptor-4 (TLR-4)
recognizes a diverse array of pathogen associated
[50]
molecular patterns including LPS . The role of TLR-4
has been studied and there is a clear association
[48,49,51-54]
between TLR-4 activation and NAFLD
. In
terestingly, the development and progression of
NAFLD by western diet is exacerbated by vitamin D
deficiency through the activation of TLR2 and TLR4
by way of CD14/LBP, and stimulation of downstream
inflammatory signaling molecules leading to steatosis
[42]
and inflammation .
Toll-like receptor 5 (expressed in the gut mucosa
helping defense against infection) is implicated in the
development of metabolic syndrome and alterations
in gut microbiota. In a study published in 2010, TLR5-deficient mice developed hyperphagia, obesity,
insulin resistance and hepatic steatosis. In this
study, transfer of microbiota from TLR-5-deficient
mice to healthy mice led to development of de novo
disease, indicating a possible connection between
[55]
TLR-5 and intestinal microbiota in NAFLD . In con
[54]
trast to this study, Kanuri et al
found that TLR-5 is
significantly overexpressed in patients with NAFLD
compared to controls thus making the role of TLR-5
in the development of NAFLD unclear.
A different subtype of TLR, TLR-9 is activated by
bacterial/viral DNA and has been implicated in the
[56]
development of steatohepatitis in animal models .
[57]
Miura et al
showed that TLR-9-deficient mice
failed to develop inflammation vs controls when
exposed to IL-1b. In another study mentioned earlier
the investigators showed that vitamin D deficient
mice following Western Diet had increased levels
[42]
of messenger RNA of TLR-2, TLR-4, and TLR-9 .
However, there are no randomized controlled trials
studying whether vitamin D replacement is beneficial
in suppressing the effects of TLR-4 and TLR-9.
The role of the major components of the innate
[58-61]
immunity like macrophages and Kuppfer cells
,
[62-64]
[65]
neutrophils
, eosinophils
and dendritic cells
[66,67]
(DC)
in the pathogenesis of NAFLD and insulin
resistance has been studied but a detailed report
extends beyond the goals of the current review. It is
however interesting to note the immunomodulatory
effect of vitamin D in DC. Dendritic cells express
[68]
VDR
and treatment with 1,25(OH)2D inhibits DC
maturation and promotes a tolerogenic phenotype in
[69,70]
[66]
some studies
. However Henning et al
showed
that DC depletion markedly exacerbates intrahepatic
fibroinflammation. Thus the role of vitamin D in the

Intestinal microbiome and innate immunity in nafld
and the role of viatamin d deficiency

The liver is positioned between the gut and systemic
circulation and in addition to its synthetic function
it has a key role in degrading and removing toxins,
exogenous antigens, and infectious agents responding
to exogenous antigenic molecules. This role makes the
liver not only a metabolic organ but also a mediator of
[45]
systemic and local innate and adaptive immunity .
The intestinal epithelial cells prevent the translocation
of bacterial products to the portal circulation. When
this barrier is ineffective the liver cells are exposed to
bacterial products and this translocation may impair
liver homeostasis and trigger liver inflammation, in
[46,47]
ducing the innate immune response
. A study from
Italy showed that patients with NAFLD have increased
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regulation of this pathway is not clear yet.

vitamin D supplementation). After a follow-up period
of 4 mo, there were no significant differences in the
serum levels of liver enzymes, HOMA-IR or grades of
hepatic steatosis, measured by ultrasound, between
the two groups. However there was a significant
decrease in the levels of hsCRP and MDA (malon
dialdehyde) - a marker of lipid peroxidation - in
the subjects treated with vitamin D. The negative
results of this study on the markers of steatosis and
liver injury have to be interpreted carefully given
the limited number of participants (n = 53) and the
relatively short term of follow up. On the contrary,
the confirmation that vitamin D treatment resulted in
improvement of inflammatory biomarkers in NAFLD
subjects suggests that vitamin D supplementation
may be considered as an adjunctive therapy to
attenuate systemic inflammation in NAFLD.

Vitamin D and hepatic fibrosis

The development of liver fibrosis in NAFLD indicates
advanced disease and is in fact the strongest
[71]
predictor for disease-specific mortality . It is cha
racterized by an accumulation of extracellular matrix
(ECM) with subsequent destruction of the normal
liver architecture, leading to liver cell dysfunction.
Hepatic stellate cells (HSCs) play a critical role in
the development of liver fibrosis, since they are
responsible for excessive deposition of ECM proteins,
predominantly type Ⅰ collagen. Two main processes
lead to liver fibrosis. First, HSCs become activated,
resulting in increased cellular proliferation and bio
transformation to an activated myofibroblast-like cell.
Second, there is an increase in ECM protein synthesis
and deposition, predominantly type Ⅰ collagen. TGF-β1
signaling pathway plays a central role in this process,
as it is the main stimulating factor for profibrotic ECM
[72]
synthesis .
Although it has been known for some time that
vitamin D has anti-proliferative and anti-fibrotic pro
perties and plays an important role in the regulation
of ECM, little has been known until recently about the
effects of vitamin D on HSCs. Indeed, the finding of
[24]
a robust VDR expression in HSCs
has led to the
discovery that VDR signaling can suppress fibrotic
[30,73]
gene expression and inhibit proliferation of HSCs
.
Elegant mechanistic studies with VDR knockout mice
confirmed the development of spontaneous liver
[30]
injury with fibrosis in these mice . Moreover, in an
experimental mouse model of liver injury, co-treat
ment with VDR ligand attenuated the progression of
[30]
liver fibrosis . Consistent with the above studies
are the findings of another in-vitro study, this time
in human HSCs, in which treatment with 1,25(OH)2D
caused inhibition of fibrogenesis by inhibiting type 1
[74]
collagen formation . The underlying mechanism by
which VDR prevents this pathological process has only
been recently elucidated and involves the antagonistic
action of VDR on SMAD transcription factor - a key
transcription factor in the pro-fibrotic process linking
[30]
TGF-β1 .

CONCLUSION
Vitamin D deficiency is commonly associated with
NAFLD and has even been correlated with disease
severity. The metabolic, anti-inflammatory and antifibrotic properties of vitamin D provide plausible
mechanisms by which vitamin D may impact on the
various steps of disease progression and severity.
Cumulatively, this would suggest that vitamin D
replacement might be effective in the treatment
of NAFLD. However, controversies exist in the field
given the limited number of prospective randomized
studies in humans examining the role of vitamin
D supplementation in NAFLD, the presence of vari
ability on the methodologies used for detecting
[76]
vitamin D levels
as well as the lack of consensus
in the scientific community on defining the optimal
[77,78]
levels of vitamin D (> 20 ng/mL vs > 30 ng/mL)
.
In conclusion, larger, randomized, placebo-con
trolled trials are required to better evaluate the
efficacy of vitamin D replacement and parameters
of therapy in NAFLD. Until then, it is premature
to recommend vitamin D supplementation for the
specific treatment of NAFLD even though its role
seems to be promising.
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Abstract
Biological drugs opened up new horizons in the ma
nagement of inflammatory bowel diseases (IBD).
This study focuses on access to biological therapy in
IBD patients across 9 selected Central and Eastern
European (CEE) countries, namely Bulgaria, the
Czech Republic, Estonia, Hungary, Latvia, Lithuania,
Poland, Romania and Slovakia. Literature data on
the epidemiology and disease burden of IBD in CEE
countries was systematically reviewed. Moreover, we
provide an estimation on prevalence of IBD as well
as biological treatment rates. In all countries with the
exception of Romania, lower biological treatment rates
were observed in ulcerative colitis (UC) compared
to Crohn’s disease despite the higher prevalence of
UC. Great heterogeneity (up to 96-fold) was found in
access to biologicals across the CEE countries. Poland,
Bulgaria, Romania and the Baltic States are lagging
behind Hungary, Slovakia and the Czech Republic in
their access to biologicals. Variations of reimbursement
policy may be one of the factors explaining the differ
ences to a certain extent in Bulgaria, Latvia, Lithuania,
and Poland, but association with other possible
determinants (differences in prevalence and incidence,
price of biologicals, total expenditure on health,
geographical access, and cost-effectiveness results)
was not proven. We assume, nevertheless, that health
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deterioration linked to IBD might be valued differently
against other systemic inflammatory conditions in
distinct countries and which may contribute to the
immense diversity in the utilization of biological drugs
for IBD. In conclusion, access to biologicals varies
widely among CEE countries and this difference cannot
be explained by epidemiological factors, drug prices or
total health expenditure. Changes in reimbursement
policy could contribute to better access to biologicals in
some countries.

early onset, fluctuating disease course, unpredictable
prognosis and lack of a cure, IBD poses a conside
rable burden on patients.
Introduction of biological drugs in the treatment
of IBD has brought a paradigm shift in patient ma
nagement and treatment goals that promoted
corticosteroid-free clinical, endoscopic, and biomarker
[3,4]
remission
. Infliximab was the first biological
approved by European Medicines Agency (EMA) for
treatment of CD in 1999, then 7 years later in UC,
adalimumab was registered in 2007 in CD and 5 years
later in UC. Furthermore, golimumab received autho
risation for the treatment of UC in 2013. Although
biologicals have been marketed in Western Europe
for over 15 years now, the access is fairly difficult in
certain CEE countries. Of note, in 2013, biosimilar
infliximab has been approved for the same indications
as the original drug and has now been marketed first
[5]
in the CEE region , and may affect the access to
biologicals worldwide as well as in the CEE countries.
This study aimed to explore access to biological
therapy of IBD patients in nine Central and Eastern
European (CEE) countries, namely Bulgaria, the
Czech Republic, Estonia, Hungary, Latvia, Lithuania,
Poland, Romania and Slovakia. Literature data was
systematically reviewed on the epidemiology and
disease burden of IBD in these CEE countries. We also
aimed to explore whether the access to biologicals
is different in these countries and furthermore, to
identify possible factors that predispose to regional
differences.

Key words: Inflammatory bowel diseases; Ulcerative
colitis; Biological therapy; Access; Europe, Central and
Eastern; Crohn’s disease
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Great heterogeneity ranging up to 96-fold
difference in access of inflammatory bowel diseases
(IBD) patients to biologicals can be found across
Central and Eastern Europe (CEE): Poland, Bulgaria,
Romania, and the Baltic States have, to date, fallen
behind Hungary, Slovakia and the Czech Republic.
The following factors did not explain the considerable
variations among the CEE countries: differences in
prevalence and incidence, price of biologicals, total
expenditure on health, geographical access, clinical
guidelines, and cost-effectiveness results. We assume
that health deterioration linked to IBD might be
valued differently against other systemic inflammatory
conditions in distinct countries which contributes to the
great heterogeneity.

Epidemiology

Rencz F, Péntek M, Bortlik M, Zagorowicz E, Hlavaty T,
Śliwczyński A, Diculescu MM, Kupcinskas L, Gecse KB,
Gulácsi L, Lakatos PL. Biological therapy in inflammatory
bowel diseases: access in Central and Eastern Europe. World J
Gastroenterol 2015; 21(6): 1728-1737 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i6/1728.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i6.1728

Recent data indicate that the incidence and prevalence
of IBD are increasing over time and in different geo
[6]
graphical locations . In Europe, the annual incidence
of CD and UC ranges between 0.3-12.7 and 0.6-24.3
[6]
per 100000 person-years, respectively . European
prevalence rates vary between 4.9-505 per 100000
persons for UC and 0.6-322 per 100000 persons
[6]
in CD . The peak ages for CD and UC occurrence
are 20-30 years and 30-40 years, respectively; and
[1]
paediatric IBD accounts for 7%-20% of all cases .
To provide an insight into the epidemiology of
IBD in the CEE countries, we relied on the summary
[7]
introduced by Lakatos et al in 2006, and incor
porated results of a complementary systematic lite
rature search for the period between 2006 and June
th
30 , 2014. We included publications that dealt with
the 9 selected CEE countries, and excluded those that
investigated only paediatric IBD (Table 1).
Overall 17 studies from 7 CEE countries were
identified with observation periods varying from 1951
to 2013. No data was available on the epidemiology of
IBD from Bulgaria or Latvia. To date, only one multicountry study has been carried out that involved 5 out
[8]
of the 9 countries of interest . Among CEE countries,
the highest incidence and prevalence rates were noted

INTRODUCTION
Crohn’s disease (CD) and ulcerative colitis (UC) are
idiopathic, chronic inflammatory disorders of the
gastrointestinal tract known as inflammatory bowel
diseases (IBD). In general, IBD is characterised by
flare-ups and remissions of varying duration and
severity, and only a minority of patients experience a
[1]
chronic, continuous disease course . CD may involve
any part of the digestive tract, but mainly affects the
distal ileum and the colon, whereas UC usually starts
in the rectum and extends in a continuous retrograde
[1,2]
manner through part of, or the entire colon . Appro
ximately 80% of CD patients will require at least one
intestinal surgery, while 10%-30% of UC patients
[1]
will undergo colectomy during their lifetime . Due to
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Table 1 Incidence and prevalence of Crohn's disease and ulcerative colitis in the total population in 9 selected Central and Eastern
European countries
Ref.
Burisch et al[8], 20141
Bitter and Hulec[45], 1980
Nedbal et al[46], 1967
Salupere[47], 2001
Kull et al[48], 1998
Burisch et al[8], 20141
Nagy et al[49], 2004
Lakatos et al[10], 2011
Lakatos et al[9], 2004

Country, region/city

Study period

Czech Republic, Prague
South Bohemia
Czech Republic, North Bohemia
Czech Republic
Estonia, Tartu County
Estonia, Tartu County
Estonia, Southern Estonia
Hungary, Borsod-Abaúj-Zemplén County
Hungary, Western Hungary
Hungary, Veszprém County

2010

Burisch et al[8], 20141
Zvirbliene et al[50], 20032
Kiudelis et al[51], 2012
Burisch et al[8], 20141
Chojecki[52], 1964
Wiercinska-Drapalo et al[53], 2005
Gheorghe et al[54], 1997
Gheorghe et al[11], 2004

Hungary, Veszprém County
Lithuania
Lithuania, Kaunas
Lithuania, Kaunas
Poland, Warsaw
Poland, Bialystok
Romania, Bucharest
Romania, nationwide

Toader[55], 2008
Burisch et al[8], 20141
Príkazská et al[56], 1996
Príkazka et al[57], 1998
Gregus et al[12], 2014

Romania, North-East region
Romania, Timis
Slovakia, nationwide
Slovakia, nationwide
Slovakia

1968-1978
1960-1965
1993-1998
1973-1992
2010
1962-1992
2002-2006
I: 1997-2001
P: 1991-2001
2010
1995-2001
2007-2009
2010
1951-1960
1990-2003
1990-1997
I: 2002-2003
P: 2004
1988-2007
2010
1994
1994
2013

5

Incidence/10

5

Prevalence/10

CD

UC

CD

UC

5.50
3.80
1.40
0.27
5.20
8.87
2.23

5.5
3.8
1.3
1.4
1.7
1.5
5.2
1.4
11.9
5.89

-

-

115.3
52.9

17.6
10.7
10.4
211.1
142.6

11.5
1.21
2.40
0.66
0.10
0.42
0.50

10.3
6.56
6.1
1.8
0.97

10.0
66.0
1.51

30-40
2.42

1.54
1.70
6.75
4.60

0.35
2.4
6.8

6.75
80.5

150.5

1

Aged ≥ 15 years; 2Extrapolation by Lakatos et al[7], 2006. I: Incidence; P: Prevalence; CD: Crohn's disease; UC: Ulcerative colitis.

5

Number of new patients
Bulgaria
Czech Republic
Estonia
Hungary
Latvia
Lithuania
Poland
Romania
Slovakia
Total

Total patient number

CD

UC

Total

CD

UC

Total

208
416
58
975
57
61
1080
287
211
3353

290
416
58
873
80
155
1506
405
311
4094

497
833
116
1848
137
216
2586
692
522
7447

6162
8768
1090
9775
1695
2482
32049
16526
3687
82235

11381
16192
2013
17897
3131
4584
59188
30520
6893
151798

17543
24960
3103
27672
4826
7066
91237
47046
10580
234033

Data sources: Numbers of new patients were estimated based on incidence
data by Burisch et al [8], 2014. In case of the Czech Republic mean of
two available regional incidence data was calculated (4.65/105 both for
CD and UC), and for Bulgaria and Lithuania mean incidence rate of 8
CEE countries (Croatia, Czech Republic, Estonia, Hungary, Lithuania,
Moldova, Romania, and Russia) calculated by Burisch et al[8] was applied
(CD 3.3/105, UC 4.6/105). Total patient number was estimated using data
from Gregus et al[12], 2014 for Slovakia (CD 80.5/105, UC 150.5/105) and
Lakatos et al[10], 2011 for Hungary (CD 115.3/105, UC 211.1/105). For the
other countries mean prevalence rates of Slovakia and Hungary were
applied (CD 97.9/105, UC 180.8/105). Population data were obtained from
Eurostat Statistics Database[34]. CD: Crohn's disease; UC: Ulcerative colitis.
5

Disease burden
IBD is a disabling condition that considerably reduces
patients’ health-related quality of life and influences
[13]
their professional, social and personal lifestyle .
Due to the early onset and chronic character of the
disease, patients have to deal with their disorder
throughout their lifetime. The overall mortality of IBD

5

in Hungary (incidence CD 8.87/10 , UC 11.9/10 and
5
5
prevalence CD 115.3/10 , UC 211.1/10 ), while the
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5

lowest in Romania (incidence CD 0.5/10 , UC 0.97/10
5
5 [9-11]
and prevalence CD 1.51/10 , UC 2.42/10 )
. Never
theless, comparison of these studies is hampered
by the different study designs, investigation periods,
length of follow-up, country regions, genetic and
lifestyle characteristics, and age-groups included.
CEE was previously seen as a low incidence area.
Nonetheless, more recent data has confirmed increasing
incidence and prevalence trends. For instance, latest
studies highlighted that incidence and prevalence in
certain CEE countries, e.g., the Czech Republic, Estonia,
Hungary, and Slovakia emerging to that observed in
[8,10,12]
Western and Northern European countries
.
The estimated number of patients annually diag
nosed with IBD (aged ≥ 15 years) approached 7500
(55% UC) within the region. Our findings suggest
that in 2013, there were approximately 235000 IBD
patients (aged ≥ 15 years) between these countries
and the proportion of patients with UC added up to
65% (Table 2). Of note, these patient numbers are
extrapolations based on available epidemiology data.

Table 2 Estimated number of newly diagnosed and prevalent
Crohn's disease and ulcerative colitis patients aged ≥ 15
years in 9 selected Central and Eastern European countries,
2013
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[24]

patients is slightly, but significantly higher than in the
general population with standardized mortality ratios
[14,15]
of 1.39 for CD and 1.19 for UC, respectively
.
In Western countries, IBD is associated with an
excessive economic burden. In 2006, the average
direct medical costs of CD amounted to €2898-6960/
[16]
patient/year in Western Europe . Mean annual
per patient direct medical costs of UC ranged from
€8949 to €10395, and total economic burden of
UC accounted for €12.5-29.1 billion annually in
[17]
Europe (2008 prices) . Earlier studies from the past
decade pointed out that primary cost drivers of IBD
[18,19]
were surgical treatments and hospitalizations
.
Nevertheless, recent studies indicated that healthcare
costs of IBD have shifted from hospitalization and
surgery towards drug therapy, mainly due to the
[20,21]
increasing use of biological drugs
. Besides medical
costs, a substantial proportion of patients are young
adults and thus, indirect costs related to productivity
loss at work account for about 16%-69% of the total
[17,19-21]
burden
.
Limited data are available on the costs of IBD
[22-25]
from the CEE countries
. In a recently published
paper within the framework of the Epidemiological
Committee of European Crohn’s and Colitis Orga
nisation (ECCO-EpICom), costs for the first year
of follow-up of newly diagnosed patients, including
[22]
diagnostics and treatment, were estimated . In
the CEE region (Croatia, the Czech Republic, Estonia,
Hungary, Lithuania, Moldova, Romania, and Russia)
annual per patient costs of CD comprised of the
following items: diagnostics €1264, surgery €19586,
standard treatment €324, and biologicals €9607,
respectively, whereas those for UC were: diagnostics
€740, surgery €14014, standard treatment €513,
and biologicals €1729, respectively. Cost calculation
was based on the Danish diagnosis-related group
(DRG) financing system and costs of medications
were encountered in Danish prices for all countries;
thus, results should be interpreted with caution in the
[22]
CEE .
Direct healthcare costs attributable to IBD were
[23]
investigated in Poland by Meder et al . Between
2004 and 2007 medical costs of an acute exacerbation
and a 12-mo follow-up period were calculated in
41 IBD patients, of whom 7 received surgical and 3
biological therapy. The average annual per patient
costs of treatment amounted to €2968 in CD and
€2540 in UC (EUR 1 = PLN 4.142). The bulk of direct
costs were related to biological therapy and surgical
treatment with mean annual per patient costs of €1565
[23]
and €692, respectively .
In a multicentre study from Poland, indirect costs
in 256 CD patients (aged 18-65 years, biological
treatment rate not reported) were determined by
[24]
a human capital approach (HCA) . Per patient
mean annual costs attributable to absenteeism and
presenteeism were €2348 and €3011, respectively
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(EUR 1 = USD 1.344, year 2012) .
[25]
Recently, Mandel et al
conducted a research on
the indirect costs of IBD among 443 patients in Hun
gary. Applying the HCA method, average total annual
per patient productivity loss was €1880, of which €1450
and €430 incurred due to disability-related productivity
loss and sick leaves from work, respectively (EUR 1
= HUF 300, year 2013). Annual per patient costs of
presenteeism in CD and UC patients were reported
[25]
€2605 and €2410, respectively .

ACCESS TO BIOLOGICAL THERAPY
So far, the following three biologicals have been re
gistered for the treatment of IBD by EMA: adalimumab
and infliximab for the treatment of CD; adalimumab,
infliximab, and golimumab for the treatment of UC.
Numbers of gastroenterology centres entitled to
administer biological therapy in the CEE countries are
presented in Table 3. In the 9 selected countries, on
average 784000 inhabitants are covered by a centre;
nevertheless, in Romania and Latvia this exceeds the
2 million inhabitants per centre threshold, whereas
in Estonia, Slovakia and the Czech Republic fewer
than 500000 inhabitants are referred to each centre
on average (Figure 1). We found a strong inverse
correlation between the number of inhabitants
covered by a centre and countries’ total expenditure
on health (r = -0.83, P = 0.005).
Due to the lack of IBD registries covering the
entire patient population in the CEE countries, partial
data on biological exposure are available via multiple
sources such as health insurance databases, IMS
sales statistics, ministries of health, national gastro
enterology societies, and personal communication
(Table 3). We provide an approximate estimation on
biological treatment rates estimated from prevalence
data of Table 2 and number of patients with biological
therapy in Table 3: Hungary 19.1%, Slovakia 18.7%,
the Czech Republic 11.3%, Estonia 3.9%, Lithuania
2.9%, Poland 2.8%, Romania 1.5%, Bulgaria 0.7%
and Latvia 0.2%, respectively. Rates of UC patients
treated with biologicals are as follows: Slovakia
6.4%, Hungary 3.5%, Romania 2.1%, Estonia 1.3%,
Lithuania 1%, Bulgaria and Latvia 0%-0%, respe
ctively. Taking into consideration the uncertainty in
prevalence data, we also calculated the biological
treatment rates based on the number of inhabitants
for each country. (This approach disregards the
differences in prevalence across the 9 countries.) Bio
logical exposure rates are confirmed by the average
5
number of patients treated with biologicals per 10
inhabitants that shows similar distribution (Figure 2).
However, these geographical access estimations need
to be interpreted with caution since only patients
aged ≥ 15 years were taken into consideration,
and number of patients on biologicals aged < 15 is
unknown.
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Table 3 Number of Crohn's disease and ulcerative colitis patients treated with biologicals and centres where biologicals are
administered in 9 selected Central and Eastern European countries, 2014
Country

Number of patients
CD

Bulgaria
Czech Republic
Estonia
Hungary
Latvia
Lithuania
Poland
Romania
Slovakia
Total

1

Centres
UC

1

Total

Infliximab

Adalimumab

Total

Infliximab

Adalimumab

Golimumab

Total

NR
750
29
970
1
30
506
114
350
2750

46
240
13
900
2
43
382
139
340
2105

46
990
42
1870
3
73
888
253
690
4855

NR
412
21
460
0
15
NA
73
320
1301

0
NA
5
170
0
31
NA
540
110
856

NR
NA
1
0
0
0
NA
37
10
48

0
412
27
630
0
46
NA
650
440
2205

46
1402
69
2500
3
119
888
903
1130
7060

4
26
4
16
1
4
502
7
133
125

Including paediatric and adult patients; 2Approximately; 310 adult and 3 paediatric. National gastroenterology societies, ministries of health, IMS data,
personal communication. NA: Not available; NR: Not reimbursed; CD: Crohn's disease; UC: Ulcerative colitis.
1

Number of CD patients treated with biologicals/10
inhabitants

Number of inhabitants covered by one
gastroenterology centre (Thousands)

5

ROM

3000
2500

LVA

2000

BGR

1500
2

R = 0.6905
1000

POL

HUN
LTU

500
0

0

EST

SVK

CZE

200
400
600 800 1000 1200 1400 1600
Health expenditure per capita (current US$)

15

SVK
CZE

10

5

POL
ROM
BGR

0
0

Figure 1 Number of inhabitants covered by one gastroenterology centre
entitled to administer biological therapy in 9 selected Central and Eastern
European countries, 2014. Population data: Eurostat Statistics Database
(2013)[34], total health expenditure per capita (2012): World Bank Databank[26].
BGR: Bulgaria; CZE: Czech Republic; EST: Estonia; HUN: Hungary; LVA:
Latvia; LTU: Lithuania; POL: Poland; ROM: Romania; SVK: Slovakia.

200

LTU

EST

LVA

400
600
800
1000 1200 1400
Health expenditure per capita (current US$)

1600

Figure 2 Average number of Crohn's disease patients treated with
biologicals per 105 inhabitants compared to countries per capita total
expenditure on health. Ulcerative colitis would display a similar figure. Sizes
of bubbles refer to the absolute number of patients treated with biologicals
in each country. Data sources: patient numbers: IMS data (2014 or latest
available), population data: Eurostat Statistics Database (2013)[34], total health
expenditure per capita (2012): World Bank Databank[26]. BGR: Bulgaria; CZE:
Czech Republic; EST: Estonia; HUN: Hungary; LVA: Latvia; LTU: Lithuania;
POL: Poland; ROM: Romania; SVK: Slovakia.

Price and reimbursement

To focus on prices of biologicals, some differences can
be noted within the CEE region: adalimumab €957€1262, infliximab €481-€617, and golimumab €1067[5]
€1646 (per dose national list prices) .
In most CEE countries, biologicals are covered
at 100% by the health insurance system, although
share of coverage between pharmaceutical companies
and insurance funds occurs in certain countries. For
instance, in Bulgaria 25% is paid by the pharma
ceutical companies and 75% by the National Health
Insurance Fund. Among the Baltic States, biological
therapy is compensated by 100% in Lithuania
and Estonia, but only 50% of medication cost is
reimbursed in Latvia, where the other half is financed
by patient co-payment. All three biologicals approved
by EMA in IBD indication are reimbursed in CEE except
for Bulgaria, where original infliximab and golimumab

WJG|www.wjgnet.com

HUN

20

do not have reimbursement coverage.
From 2014, biosimilar infliximab began to be mar
keted in the CEE countries resulting in a price reduction
of approximately 20%-25%. In Hungary, since May 15,
newly initiated biological therapy with infliximab must
be undertaken with a biosimilar antibody. A mandatory
switch is not recommended; however, relapsers should
only be treated with a biosimilar if more than a year
has passed since the termination of the previous
biological therapy. A somewhat different regulation
is applied in Poland, where new patients have to be
treated with a biosimilar, and even patients receiving
the original drug are forced to switch to biosimilar
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UC: 3 points reduction in Mayo score; corticosteroiddependent UC: corticosteroid-free remission).
In Bulgaria and Poland, CD patients’ maintenance
therapy is reimbursed only up to 12 mo; however,
in Poland re-treatment is covered after 16 wk after
the termination of the previous treatment. Criteria
are more strict for UC, mainly severe patients are
eligible to receive biological therapy, and additionally,
treatment duration is also limited, for example, in
Poland only three doses of infliximab without any
further continuing treatment can be offered; and in
Hungary, where UC patients’ maintenance therapy is
limited to 12 mo; nevertheless, during later flare-ups,
retreatment is allowed.
Besides, different authorisation processes fun
ction that can affect the access in CEE. In general,
gastroenterologists have to request for the biological
drug from the health insurance company at the
initiation of the therapy, and additionally they are
obliged to report on therapeutic outcomes. During
maintenance treatment, prolongation has to be
claimed every 6 mo.

infliximab as maintenance therapy. By contrast, in
Romania, switch is not mandated, although in order to
ensure a price level comparable to the biosimilars for
patients, surplus costs generated by the prohibition of
substitution are paid by pharmaceutical companies.
In Lithuania, from August 1, biosimilar infliximab has
to be the first-choice for all newly initiated biological
therapies; however, the original antibodies are financed
for patients on maintenance therapy with infliximab or
adalimumab, and a switch is not allowed. The situation
is unique in Bulgaria, where infliximab has not been
reimbursed to date, and, hence, IBD patients skipping
the original infliximab commence their first biological
therapy with a biosimilar. On the other hand, in the
Czech Republic either the originally released anti-TNF
agents or the biosimilars can be used according to
a physician’s decision, and moreover, after the intro
duction of the biosimilars, prices of both the originally
released and the biosimilar drug are required by law to
be reduced by at least 15%.
Total per capita expenditure on health in the 9 CEE
countries varied between $420 (Romania) and $1432
[26]
(Czech Republic) (year 2012) . We observed no
significant correlation between the average number
5
of patients treated with biologicals per 10 inhabitants
and total health expenditure (Figure 2). Despite
Hungary, Poland, Lithuania, and Latvia having similar
total expenditure on health, a higher proportion
5
of patients per 10 inhabitants was treated with
biologicals in Hungary than in the other three countries.
Furthermore, in Slovakia and the Czech Republic
5
a lower proportion of patients per 10 inhabitants
received biologicals compared to their relatively high
total health expenditure.

DISCUSSION
The objective of this paper is to review the access
to biological therapy in IBD across 9 selected CEE
countries. The proportion of patients treated with
biologicals and average number of patients treated
5
per 10 inhabitants were estimated. Potential bias
due to the unknown validity of country specific IBD
epidemiology was filtered out using this populationbased calculation.
In CEE, the estimated proportion of patients
treated with biologicals vary from 0.2%-19.1% for
CD and from 0%-6.4% for UC. In the United States,
a recently published, retrospective analysis of a large
database containing pharmacy and medical claims
data of almost 1 million IBD patients indicates that
16.8% of CD and 3.5% of UC patients were treated
with biologicals (infliximab, adalimumab, certolizumab
[29]
pegol, natalizumab) between 2010 and 2012 .
This is similar to the treatment patterns of the bestperforming countries from the CEE region.
In England, it is estimated that in CD and UC,
13% and 15% of the clinically eligible patients
[30]
received biologicals in 2012 . Thus, on average 26
CD patients were treated with biologicals (infliximab,
5
adalimumab) per 10 adults aged ≥ 18 years which
is higher than the rates observed in any of the CEE
[30]
countries (Figure 2) .
In all countries other than Romania, the lower
biological treatment rates were observed in UC
compared to CD despite the higher prevalence of UC.
A possible explanation for the difference is that the
first biological in UC indication was approved in 2007
(8 years after CD); therefore, due to the economic
crisis and the subsequently implemented austerity

Eligibility criteria

Based on the current diagnostic and treatment
[27,28]
recommendations of ECCO
, national gastroen
terology societies have established their own gui
delines. Several variations can be found across the
CEE countries regarding the clinical criteria defined
for eligibility to be treated with biologicals and
in financing restrictions; we try to point out some
notable differences between those countries, where
criteria are clearly stated.
In most countries, moderate to severe luminal
CD (Crohn’s Disease Activity Index - CDAI > 300 in
adults), or perianal or fistulising CD, or moderate
to severe UC patients with immunosuppressant or
corticosteroid refractory disease, or those with intole
rance or contraindication to conventional therapies
are eligible to be treated with biologicals. Efficacy of
the induction therapy should be evaluated between
weeks 12 and 16, and maintenance therapy is
reimbursed for those who fulfil the response criteria
(luminal CD: ≥ 70 points decrease in CDAI; fistulising
CD: ≥ 50% reduction in the amount of drainage; UC:
≥ 50% reduction in UCDAI; corticosteroid-resistant
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policies affecting health care spending as well, UC
patients in these 9 CEE countries were disadvantaged
compared to patients with either CD or with other
systemic inflammatory conditions, where biological
drugs had been used historically. Also, there are
additional, non-economic determinants promoting
treatment differences between CD and UC, e.g.,
higher percentage of UC patients had their disease
controlled with “conventional” therapies and the
[31]
curative surgical option in medical failure .
We tried to identify the most important factors
that are underlying the differences in biological uptake
among the CEE countries. Experts usually state that
the following factors might influence the access to
biologicals: differences in incidence and prevalence,
price of biologicals, per capita total health expenditure,
geographical access, clinical and financing guidelines,
disease burden, cost-effectiveness results of bio
logicals, medical professionals’ lobbying power, local
reimbursement policy, and health care financing
mechanisms.
In CEE, access to biologicals is highly diverse,
in certain countries such as Hungary, Slovakia, and
the Czech Republic, higher number of patients per
5
10 inhabitants are treated with biologicals, whereas
in the Baltic States, Poland, Romania, and Bulgaria
access to biologicals is rather limited. In addition
to IBD, heterogeneous access to biologicals was
reported from 6 CEE countries (Bulgaria, the Czech
Republic, Hungary, Poland, Romania, and Slovakia)
in other inflammatory conditions such as rheumatic
[32]
diseases . Nevertheless, access rates in IBD vary
more extensively across these six CEE countries. Com
pared to approximately an 8-fold difference noted
in rheumatoid arthritis (Poland: 1.3% and Slovakia:
[32]
10%) , we found up to 27-fold difference in CD
(Bulgaria: 0.7%, Hungary: 19.1%). In addition, when
considering all the 9 countries, that difference was as
high as 96-fold.
Unfortunately, there are a lack of registries on IBD
patients on biologicals, and up-to-date epidemiology
are missing from some countries (Table 1). We pre
sume, however, that variance in the incidence and
prevalence of IBD des not explain such great differ
ences in the access to biological therapy among these
9 countries. It should be addressed that establishing
registries would allow not only follow up of patients,
and provide valid and reliable data about access rates,
but also might favourably enhance financing and
reimbursement decision making concerning biologicals
and additionally biosimilars.
The difference in the prices of infliximab, ada
[33]
limumab, and golimumab in CEE
does not explain
the extent of heterogeneity for their access. Regarding
the economic performance, the per capita gross
domestic product (GDP) as a percentage of EU-27
countries’ ranges from 52.8% (Bulgaria) to 79.6% (the
Czech Republic) resulting also a significant differences
[34]
in total expenditure on health . As an example, the
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Czech Republic spends 70% more on health compared
to Romania and this might contribute to its 8-fold
higher access rate. However, comparison of Hungary
and Poland which have very similar total health
expenditure refutes this assumption since in Poland
the exposure to biologicals is approximately 10-fold
lower compared to Hungary (Figure 2).
The number and geographic distribution of ga
stroenterology centres offering biological therapy
can also affect the access in some countries. Ne
vertheless, Figures 1 and 2 indicate, that contrary
to a comparable number of patients covered by a
gastroenterology centre, Poland and Lithuania lag
behind Hungary in terms of biological treatment rates.
Various reimbursement coverage of biologicals is
possibly responsible for the diverse access rates in
CEE. In all countries but Latvia (50% co-payment),
biologicals are fully covered and do not require a copayment. However, in Romania and Bulgaria, insu
rance funds and pharmaceuticals share the financing
in a defined proportion. All countries apply eligibility
criteria based on the ECCO guidelines as a standard
for reimbursement, yet there can be marked vari
ations among the countries in terms of severity
of disease required and duration of reimbursed
maintenance therapy. For example, in Bulgaria and
Poland, the duration of maintenance treatment in CD
and in Hungary for UC are limited to 12 mo. These
obstacles likely contribute to the low access rates
found in Poland and Bulgaria but not in Hungary,
where despite the 12-mo stopping rule in UC, the
5
highest number of UC patients per 10 are treated
with biologicals among the CEE countries.
Access to medications is largely determined by
healthcare financing mechanisms. Most of the 9 coun
tries share a similar policy and biologicals are covered
under itemized financing; therefore, differences in
biological uptake are not explainable by this factor.
Additionally, in Hungary, a financing guideline on
biological drugs draws up patient eligibility criteria.
There is a unique situation in Lithuania, where a quota
system was established based on the number of
patients registered by treating centre, and only one in
every four clinical centres could gain quotas to initiate
new biological treatments. Thus, from August 1, 2014,
a total of 23 new IBD patients will receive biological
therapy within the next 12 mo in the whole country.
Most CEE countries have implemented a similar
health technology assessment (HTA) based decision[35]
making for reimbursement . It is unlikely that
IBD is unfavourably distinguished in countries with
established HTA, where reimbursement decisions
[35]
require cost-effectiveness data . Neither variations
of the estimated utility gain achievable until remission
as a result of biological therapy (CD: 0.06-0.43, UC:
0.25-0.47) nor cost-effectiveness of biologicals can
explain this access gap found between CD and UC in
[36-39]
CEE
. Utilities gained as a result of a therapy are
used to generate quality-adjusted life years (QALYs).
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QALY is a widely used outcome measure in costeffectiveness analysis that takes into account both the
[40]
length and the quality of life spent in a health state .
A single abstract can be found concerning costeffectiveness of biologicals from the CEE countries.
[41]
In Poland, Goszczynska et al
conducted a study
on cost-effectiveness of infliximab as an induction
therapy in severe active UC. In a 12-mo timeframe
an incremental cost-utility ratio for infliximab was
estimated at €16896/QALY compared to colectomy
that is below the official financing threshold (€24326/
[41]
QALY) (EUR 1 = PLN 4.142) . Recently, Gulácsi
[33]
et al
have estimated the cost-effectiveness of
biologicals used in gastroenterology, rheumatology,
and dermatology. According to the estimates, in the
Czech Republic, Hungary, Poland, and Slovakia, costeffectiveness results are below the threshold of 3
times per capita GDP/QALY applied in reimbursement
decision making in many CEE countries. However,
in Bulgaria and Romania under certain conditions
[33]
this ratio exceeds the threshold . Hence, variations
of cost-effectiveness ratios in six out of the 9 CEE
countries do not justify the heterogeneity; for
example, despite the calculated cost-effectiveness
data in Poland, exposure to these drugs is rather low.
Finally, in the field of rheumatology many more
patients are treated with biologicals than in IBD
[32]
across the CEE countries . However, the prevalence
of rheumatoid arthritis (RA) remains higher than
5
that of IBD with a prevalence of 610/10 inhabitants
reported in the Czech Republic and a 0.5% prevalence
[42,43]
in Hungary
. In addition, comparison of utility gain
achievable until remission as a result of biological
therapy is estimated to be similar to CD (0.06-0.43),
[36-39,44]
UC (0.25-0.47), and RA (0.15-0.40)
. Inter
preting these health gain findings requires caution.
Possible methodological differences must be con
sidered such as applied outcome measures, patients’
baseline quality of life, time frames, and study design.
Therefore, health gain differences cannot explain
inequalities in access rates between IBD and RA.

might be valued differently against other systemic
inflammatory conditions in distinct countries. Further
research, however, is needed to better understand
the key factors contributing to the above differences
and investigating future trends.
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Entecavir (ETV) and tenofovir (TDF) represent the
currently recommended first-line NAs in patients with
HBV decompensated cirrhosis. The combination of HBV
immunoglobulin (usually for a finite duration) and NA is
considered the standard of care for prophylaxis against
HBV recurrence after liver transplantation. TDF is the
best choice for hemodialysis patients and in patients
with chronic kidney disease with nucleoside resistance.
ETV and telbivudine are the preferred options in naïve
renal transplant recipients and with low viremia levels,
respectively. All hepatitis B surface antigen (HBsAg)positive candidates should be treated with NAs before
renal transplantation to achieve undetectable HBV DNA
at the time of transplantation. Conventional interferon
or NAs can also be used in children, on the basis
of well-established therapeutic indication. Pregnant
women at high risk of perinatal transmission could
be treated with lamivudine, telbivudine or TDF in the
last trimester of pregnancy. HBsAg-positive patients
under immunosuppression should receive NA preemptively (regardless of HBV DNA levels) up to 12 mo
after its cessation. In HBsAg negative, anti-HBc positive
patients under immunosuppression, further studies are
needed to form a final conclusion; however, it seems
that anti-HBV prophylaxis is justified in such patients
with hematological diseases and/or for those receiving
rituximab-containing regimens, regardless of their antiHBs or serum HBV DNA status.
Key words: Hepatitis B; Antiviral therapy; Tenofovir;
Entecavir; Telbivudine
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Abstract

Core tip: The management of hepatitis B virus (HBV)
infection in special populations is reviewed. HBV
patients with decompensated cirrhosis should receive
nucleos(t)ides analogs (NAs) before and after liver
transplantation. The choice of NA for patients with
chronic kidney disease, renal transplant candidates and

The development of effective nucleos(t)ide analogs
(NAs) against hepatitis B virus (HBV) has improved the
outcome of patients with chronic hepatitis B (CHB).
This review updates issues related to the management
of CHB patients included in special populations.
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recipients depends on viremia levels, the severity of
renal dysfunction and previous viral resistance. Children
at the immune-active period may receive interferon or
NAs. Pregnant women at risk of perinatal transmission
should receive class B antiviral drugs or LAM. HBV
patients receiving immunosuppressives should receive
antiviral therapy based on HBV serological profile, HBV
DNA detectability and intensity of immunosuppression.

transplant (LT) recipients; patients with chronic kidney
disease (CKD) and renal transplant recipients; patients
under immunosuppressive therapy or chemotherapy;
and finally young patients and pregnant women.

CHB PATIENTS BEFORE AND AFTER
LIVER TRANSPLANTATION
Before liver transplantation

CHB is a dynamic disease that can change over time,
[4]
resulting in serious decompensation . All patients with
HBV-DeCi should be commenced on NAs, regardless
of viral load and ALT activity. Several lines of evidence
demonstrated that these agents were generally well
tolerated in the long-term and they suppressed viral
replication, preventing possible flares in disease activity
[5,6]
and the occurrence of HCC . Such patients could
be selected for LT if they present hepatic dysfunction
[Child-Pugh score (CTP) ≥ 7 or model for end stage
liver disease (MELD) ≥ 10] and/or at least one major
complication (ascites, variceal bleeding or hepatic
[7,8]
encephalopathy) . The application of NAs prompted
a new era in LT of HBV-DeCi patients, because they
reduced the rates of recurrence remarkably and
improved their prognosis dramatically (survival rates
[9]
up to 90% over 5 years after LT) . While awaiting for
LT, patients should be followed closely, at least every
3 mo, for virological response and potential virological
breakthrough, by applying a sensitive polymerase
[3,10]
chain reaction (PCR) assay
. All data suggest that
an effective pretransplant anti-HBV therapy prevents
[11]
post-transplant HBV recurrence . hepatitis B surface
antigen (HBsAg)-positive candidates treated with NAs
could maintain undetectable HBV DNA, ameliorate
liver function and present long term survival after
[12-16]
LT
. Interestingly, liver function may improve
to such an extent that some patients might not
[17-23]
need transplantation at the end
(Table 1). The
critical parameters affecting the outcome of patients
with HBV-DeCi under antiviral agents have been
controversial. The baseline severity of liver disease,
expressed by the CTP score or the baseline bilirubin
[24]
and creatinine levels , and the levels of viral load in
which antiviral treatment is started, may be potential
influencing factors. Antiviral therapy initiation at
earlier stages is associated with better liver function
recovery (Table 1).
Pretransplant mainstay therapy should be potent,
with high-genetic barrier agents (i.e., ETV or TDF
monotherapy), which present long-term efficacy,
very good virological responses, low resistance
[10,25]
rates and result in reduction of liver fibrosis
. For
example, a recent study showed that ETV admini
stration in HBV-DeCi patients had a beneficial impact
[26]
on mortality : those treated with ETV for 24 wk
presented greater reduction in ALT levels and MELD
score, compared with those commenced on lami
vudine. The critical weak point of ETV and TDF is

Cholongitas E, Tziomalos K, Pipili C. Management of patients
with hepatitis B in special populations. World J Gastroenterol
2015; 21(6): 1738-1748 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i6/1738.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i6.1738

INTRODUCTION
More than half a million people with hepatitis B virus
(HBV) infection die annually from complications of
chronic hepatitis B (CHB), mainly the development of
liver decompensation and/or hepatocellular carcinoma
[1]
(HCC) . Untreated patients with HBV decompensated
cirrhosis (HBV-DeCi) have a 5-year survival rate of
[2]
only 14%-35% . The major breakthrough in the
field of therapy of CHB patients is the implementation
of oral nucleos(t)ide analogs (NAs). Should they be
instituted according to the international guidelines,
they will eliminate viral replication and l improve liver
[2,3]
dysfunction and survival . In fact, the newer NAs
[i.e., entecavir (ETV) and tenofovir (TDF)] are potent
antiviral agents with a minimal or even nonexistent
risk of resistance and, therefore, they represent the
currently recommended first-line for the therapy of
[3]
CHB .
In all phase Ⅲ pivotal trials, NA efficacy and safety
was assessed in CHB patients recruited with strict
inclusion criteria. However, in the “real world” daily
clinical practice, there are remain many CHB patients,
who, because of their particular characteristics, have
been excluded from the registration trials. These
CHB patients are generally referred to as special
populations. Although, they may be in need of more
urgent antiviral treatment, such as those with HBVDeCi, their therapeutic manipulation is usually based
on a relatively low degree of evidence (e.g., expert
opinion or non-randomized trials). Consequently the
decision as to whether special populations with CHB
need treatment or not, which NA suits them best
and the need for other specific management options,
require careful consideration.
The specific populations with CHB can be divided in
several groups and subgroups, determined on various
characteristics, such as age, severity of liver disease
and events/cormorbidities that may change the natural
history of HBV infection. The present review focuses on
the most frequently seen special populations with CHB.
These are patients with decompensated cirrhosis, liver
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Table 1 Studies of nucleos/tide analogs in patients with hepatitis B related decompensated cirrhosis (adapted by Cholongitas et al
Ref.

Number of patients

Fontana et al[17]
Schiff et al[18]
Shim et al[19]
Liaw et al[20]
Chan et al[21]
Hyun et al[22]
Cholongitas et al[23]

NA(s) used

1-yr data

[88]

)

Prognostic factors for the outcome

↓ CTP score ≥ 2, (%)

MELD score ↑

154

LAM

NR

NR

226
70
45/45/22
114/114
45/41
52

ADV
ETV
TDF/TDF + FTC/ETV
LdT/LAM
ETV/LAM
ETV/TDF

NR
49
26/48/42
32/39
NR/NR
23.8/19.3

-2
-2.2
-2/-2/-2
-1.0/-2.0
-4.9/-3.7
-0.4/-2.2

Serum bilirubin and creatinine levels at
baseline
NR
NR
NR
NR
Baseline CTP and MELD at 3 mo
Changes in MELD score between baseline
and 6 mo

NA: Nucleos/tide analogs; ADV: Adefovir; CTP: Child-Turcotte-Pugh; ETV: Entecavir; TDF: Tenofovir; FTC: Emtricitabine; HBV: Hepatitis B virus; LAM:
Lamivudine; LdT: Telbivudine; MELD: Model for end stage liver disease; NR: Not reported.

[34]

elevated rates of viral resistance. In our review , the
patients treated with HBV immunoglobulin (HBIG) and
lamivudine had HBV recurrence more frequently com
pared with those commenced on HBIG and adefovir.
More recently, we showed that the combination of
HBIG and ETV or TDF is the best prophylaxis, almost
[35]
eliminating post-transplant HBV recurrence (< 2%)
(Figure 1). Nevertheless, the high cost of HBIG and
the fact that more and more patients undergo LT with
undetectable HBV-DNA, has encouraged physicians to
test either a shorter course of HBIG (with continuation
[36,37]
of NA)
, or HBIG-free prophylactic regimens with
[35,38]
mono- or dual NA
. To select the appropriate group
of LT recipients in whom HBIG withdrawal, or even
no use at all, might be applicable, physicians should
be aware of the risk of post-transplant recurrence.
HBV DNA ≥ 20.000 IU/mL and HBeAg positivity at
the time of LT are associated with high risk of HBV
recurrence, whilst HBV DNA clearance, as well as
fulminant HBV and hepatitis D virus coinfection, pose
[39]
less risk of HBV recurrence .
To date, the combination of an NA with a low
[34]
dose of HBIG
is the preferred therapeutic regimen.
Another option has been the use of vaccination
[40,41]
instead of HBIG
. Active immunization with two
courses of an accelerated schedule of double-dose
recombinant HBV vaccine has been applied after LT.
However, the results regarding patient response were
conflicting, thus further studies are needed to confirm
the application of this strategy in clinical practice.
Finally, regarding the use of liver grafts from anti[42]
HBc positive donors, in our systematic review , we
showed that these grafts can be used safely in HBsAg
negative LT recipients. In these cases, anti-HBc/antiHBs positive recipients may need no prophylaxis at
all, while anti-HBc and/or antiHBs negative recipients
should receive long-term prophylaxis with lamivudine
(Figure 2).
The recurrence of CHB after LT is determined by
the redetection of serum HBsAg and/or serum HBV
DNA, which is usually connected with biochemical or
clinical evidence of active liver disease. The treatment

Patients with HBV recurrence after LT, %

15.0
12.5
10.0
P < 0.001

7.5

P = 0.51

P = 0.52

6.1

6.1

5.0

3.9

P = 0.52

2.5

2
1

0.0

0

HBIG+ HBIG+ HBIG+
LAM

1.5

ETV/TDF ADV

HBIG+ HBIG+
ETV

TDF

HBIG+ ETV/TDF
LAM with HBIG
discontinuation

Patients, n /N
115/1889 3/303

3/152

3/197

0/106

115/1889 4/102

Figure 1 Risk of recurrent hepatitis B virus infection after liver trans
plantation in relation to the type of post-transplant hepatitis B virus
prophylaxis[34,35]. HBIG: Hepatitis B immunoglobulin; LAM: Lamivudine; ETV:
Entecavir; TDF: Tenofovir; ADV: Adefovir.

their higher cost compared with lamivudine and the
[27]
potential TDF nephrotoxicity , although the latter
[20]
was not confirmed in a recent randomized trial .
Similarly, lamivudine and telbivudine are limited by
drug resistance, and adefovir is limited by its high
[28]
cost, lower potency and slower onset of action .
However, clinicians should be aware that telbivudine
can ameliorate creatinine clearance in patients with
[29,30]
CHB
and could be effective in cases of moderate
[31,32]
increase of viral load
. Other therapeutic NA
options are the combination of emtricitabine plus TDF;
however, this presents a similar efficacy to TDF or ETV
[20]
monotherapy , but at a higher cost. Finally, pre-LT
management should include surveillance of lifestyle
[33]
factors, comorbid conditions and drug interactions .

After liver transplantation

In general, management after LT includes prophylactic
and therapeutic approaches. Again, lamivudine is not
considered an optimal first-line choice because of the
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Anti-hepatitis B core positive liver grafts

anti-HBc negative and
anti-HBs negative
recipients

anti-HBc positive and/or
anti-HBs positive
recipients

anti-HBc+,
anti-HBs+

HBsAg positive
recipients

anti-HBc+,
anti-HBs-

Post-LT prophylaxis:
LAM

None

LAM

As indicated for chronic
hepatitis B patients

Figure 2 Proposed algorithm for allocation and management of anti-HBc positive liver grafts. Such grafts should be first offered to HBsAg positive, then
to anti-HBc and/or anti-HBs positive, and ultimately to HBV naive (both anti-HBc and anti-HBs negative) recipients[42]. LT: Liver transplantation; HBIG: Hepatitis B
immunoglobulin; LAM: Lamivudine.

Table 2 Dosage adjustment of nucleos(t)ides analogs in patients with chronic hepatitis B according to the creatinine (CrCl)
CrCl (mL/min)
≥ 50
30-49
10-29
< 5-10 or HD2

1

Lamivudine

Telbivudine

Adefovir

Entecavir

100 mg/d
50 mg/d
25 mg/d
10 mg/d

600 mg/d
600 mg/2nd day
600 mg/3rd day
600 mg/3rd-4th day

10 mg/d
10 mg/2nd day
10 mg/3rd day
10 mg/wk

0.5 mg/d
0.25 mg/d
0.15 mg/d
0.5 mg/wk

[44]

Tenofovir
245 mg/d
245 mg/2nd day
245 mg/3rd-4th day
245 mg/wk3

1

Recommendations only for nucleos(t)ide analog naïve patients (in lamivudine resistance the dosage is double); 2In patients undergoing HD, all agents
should be given once weekly after an HD session; 3Only for patients on HD. HD: Hemodialysis.

decline have been reported with all NAs, except for
telbivudine. Regular renal monitoring ensures prompt
diagnosis and management of kidney disease, as well
as adjustment of drug doses to renal function or if
patients are on regular HD, after each session (Table
[3,44,49]
2)
.
Patients receiving HD are high-risk individuals for
CHB, because they are very susceptible to nosocomial
[50]
transmission and occult HBV infection . The latter
might account for the potential risk of transmission
during HD service and reactivation of HBV after renal
transplantation (RT). Diabetes mellitus increased
the possibility of occult HBV infection in patients
[51]
on HD . Vaccination is an essential component of
preventive healthcare measures in this high-risk
population, and it should not be underutilized because
[52]
of poor response . Special vaccination regimens
are recommended, including double dose vaccination
(40 mg each) in four doses, preferably applied before
HD initiation. Serology should be performed every
year, and a booster dose should be given if antibody
titers are below 10 mIU/mL. Additional parameters
complicating the diagnosis and the clinical course
of CHB in patients on HD are the minimal or no
[53]
increase in liver function tests , the lower viral load
[54]
levels, because of its clearance by HD
and the high
bleeding risk related to clotting disorders and intradialysis anticoagulant therapies. Thus, transjugular

of HBV recurrence depends on the NA that LT reci
pient was receiving before recurrence. TDF should
be administered to patients with prior lamivudine
[3,43]
resistance or to those receiving long term ETV
and
the most potent combination of TDF and ETV should
be used in patients with multidrug resistant HBV
strains.

CHB PATIENTS BEFORE AND AFTER
KIDNEY TRANSPLANTATION
Patients with CKD represent a very special population
because of impaired immunity of renal failure, the
many co-morbidities and the use of multiple medi
[44]
cations . They present a heterogeneous patient
group, separated into three subgroups: patients with
HBV-related nephropathies (membranous/membra
noproliferative/IgA glomerulopathy/polyarteritis
[45-47]
nodosa)
, patients receiving hemodialysis (HD) and
the renal transplant recipients. The course of CHB has
a significant impact on the management of all these
patient categories and affects their morbidity and
[48]
mortality .
All HBsAg positive patients should undergo base
line renal evaluation, both before the start of antiviral
treatment and during its administration. During longterm therapy, minimal rates of creatinine clearance
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Nucleos(t)ide analogues for hepatitis B virus infection in
patients with chronic kidney diseases

HBV related nephropathies or
Creatinine clearance < 50-60 mL/min
or Hemodialysis (HD) patients

NA naive patients with treatment indications
Entecavir regardless of viremia
1
Telbivudine for patients with low viremia
Tenofovir (in HD patients)
Patients with resistance to any nucleoside
Tenofovir

After renal transplantation

HBsAg (+)
recipients

HBsAg (-), anti-HBc (+)
recipients or donors

HBsAg (+) donors
in HBsAg (-) recipients

Preemptively
(entecavir, tenofovir,
2
telbivudine)

HBV DNA monitoring or
lamivudine

Any NA
(plus HBIG when donors
with HBV viremia)

Figure 3 Proposed algorithm for the management of patients with chronic hepatitis B infection and kidney diseases. 1Low viremia is considered as HBV DNA
levels < 108 or < 106 IU/mL for HBeAg-positive and HBeAg-negative patients, respectively; 2The choice based on similar criteria as before renal transplantation. NA:
Nucleos(t)ide analogs; HBV: Hepatitis B virus; HBIG: Hepatitis B immunoglobulin[58].

liver biopsy in specialized centers and other noninvasive procedures, such as transient elastography,
[55,56]
are the preferable option for fibrosis staging
.

been proved efficacious in causing eGFR elevation in
[29,30]
CHB patients with high risk of renal impairment
.
[58]
TDF is the best choice during lamivudine resistance ,
but concerns exist regarding TDF use, because few
cases of ostemalacia and Fanconi syndrome have
[60]
been documented . Physicians should be vigilant
about these side effects and monitor patients closely
who are under these medications, especially when
creatinine clearance is below 50 mL/min.
Regarding patients on HD, antiviral treatment
should be given to those with active or fibrotic liver
disease and to renal transplant candidates. In general,
RT offers higher survival and better quality of life in
HBV positive patients on HD, with the condition that
they would be under antiviral prophylaxis, since it
[61]
is easier to prevent than treat CHB reactivation .
If no antiviral prophylaxis is administered after RT,
immunosuppressive therapy would predispose the
patients to rapidly progressive fibrosing cholestatic
hepatitis, even if the underline liver disease was
[62]
mild before RT . Patients with HBV compensated
cirrhosis are precluded from RT because they present
high risk of hepatic decompensation after solitary
RT, while patients with HBV-DeCi may only undergo
[63]
combined liver and kidney transplantation . In HD
patients, ETV or TDF are considered first line agents,
because of their high potency and the high genetic
[3]
barrier to resistance . Again, TDF is the first choice in
[3,58]
lamivudine resistance
(Figure 3).
All HBsAg-positive RT candidates should be
commenced on NAs before RT, regardless of the
[64]
baseline liver histology and serum HBV DNA level .
NAs should be continued after RT to retain viral load
clearance and prevent liver decompensation and
[3]
fibrosis . Oral antiviral treatment raised patient and

Antiviral therapy

With the advent of NAs, interferon (IFN) use has been
limited to young patients with HBV-related glome
rulopathy without cirrhosis, psychosis or autoimmune
[57]
disease . IFN has been poorly tolerated by patients
with CKD, has shown relatively low efficacy and has
[3]
set RT recipients under the risk of acute rejection ,
and thus, it is contraindicated.
Patients with HBV-related nephropathies, in which
kidney disease is induced via the immune-complex,
[6]
may respond highly to antiviral therapy , while those
who need immunosuppressive therapy ideally should
start antiviral treatment one month before treatment,
continued for at least 12 mo after last dose of immu
[6]
nosuppressive drug : ETV regardless of viremia, or
telbivudine for patients with low viremia (i.e., HBV
8
6
DNA levels < 10 or < 10 IU/mL for HBeAg-positive
and HBeAg-negative patients, respectively. However,
ETV has low efficacy when there is lamivudine resis
tance; therefore, TDF should be used in that setting
[58]
(Figure 3) .
Management of HBV patients with CKD requires
special manipulation, a multidisciplinary approach
and thorough renal monitoring. The administration of
NAs has increased the prognosis of patients with CKD
dramatically and has prevented the HBV recurrence
[3,59]
after RT
. In patients with CKD and treatment
indications for HBV infection, ETV is considered the
first choice, regardless of viremia. Telbivudine is the
best option when patients present low creatinine
clearance and low viremia levels. Telbivudine has
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graft survival significantly; whereas a decade ago,
HBsAg positivity was a significant predisposing factor
[65,66]
for high mortality and graft loss
.
The choice of the NA for HBsAg-positive RT is
decided on an individual basis, according to the patient’
s HBV-DNA levels before transplantation and the
previous exposure to NA(s). Lamivudine has been
used extensively in this setting, but its results have
been similar to those in other CHB populations. Thus,
ETV, regardless of viremia and creatinine clearance,
or telbivudine for patients with low viremia (i.e., HBV
8
6
DNA levels < 10 or < 10 IU/mL for HBeAg-positive
and HBeAg-negative patients respectively) or TDF
for cases with creatinine clearance > 60 mL/min (or
history of resistance to lamivudine) could be proposed
as the best choices (Figure 3). Although NAs should
be continued lifelong after RT, there is a recent study
showing safe antiviral withdrawal in four HBV positive
RT patients who presented complete suppression of
HBV infection having received antivirals for 14.3 mo.
They remained negative for HBV DNA for a median
[67]
60.5 mo .

including 288 children with HBeAg(+) CHB, showed
that treatment with lamivudine for 52 wk was well
tolerated and induced a virological response (HBeAg
clearance and undetectable HBV DNA) in 23%
compared with 13% of children treated with placebo
[73]
(P = 0.04) . However, genotypic resistance to
lamivudine developed in 19% of children treated with
[73]
lamivudine at week 52 . In a more recent study
including 106 adolescents (12-18 years-old) with
CHB [91% HBeAg(+)], a 73-wk treatment with TDF
resulted in a virological response in 89% of patients
compared with 0% in patients treated with placebo
[74]
(P < 0.001) . ALT normalization occurred in 74%
and 31% of patients treated with TDF and placebo
[74]
respectively (P < 0.001) . However, HBeAg clearance
[74]
rates did not differ between the two groups . Higher
ALT levels and low viral load were associated with
higher response rates to TDF treatment. TDF was safe
[74]
and no patients developed resistance .
Current guidelines recommend a conservative ma
nagement approach and careful treatment evaluation
[3]
in children with CHB . IFN is the agent of choice, while
[68]
NAs are a second-line treatment . IFN is approved
for use in children ≥ 1 year-old and is given thrice
2
weekly at a dose of 6 MU/m (maximum of 10 MU) for
[68]
6 mo . In contrast, PEGylated IFN is not licensed for
[68]
use in children with CHB . Lamivudine and ETV are
approved for use in children ≥ 2 years old, adefovir
and TDF for adolescents ≥ 12 years old, whereas
telbivudine is approved for adolescents ≥ 16 years
[10,75]
old
. Lamivudine is administered at a dose of 3mg/
kg per day (maximum of 100 mg) once daily and the
[10,75]
other NAs at the usual adult doses
. The optimal
duration of treatment with these agents in children
[68]
remains unknown . Under current circumstances,
treatment should be given for at least 6-12 mo after
[75]
HBeAg seroconversion , and indefinitely in patients
[75]
who do not achieve HBeAg seroconversion .

CHB IN CHILDREN
Most children remain at the immune-tolerant phase
[68]
of CHB until late childhood or adolescence . This
phase is characterized by very high viral load, normal
transaminase levels and lack of active disease in
[68]
liver biopsy . During the immune-tolerant phase,
currently available treatments of CHB have no
[68]
established benefit and should not be administered .
However, transaminase levels should be monitored
every 6-12 mo in children who are at the immunetolerant phase, because some will progress to the
[69]
immune-active phase of CHB . During the immuneactive phase, viral load declines, transaminase levels
increase and hepatic inflammation with potentially
[69]
fibrosis develop . According to current guidelines,
children presenting HBV DNA levels ≥ 2000 IU/mL at
the immune-active period and persistently elevated
alanine transaminase levels > 1.5 times the upper
limit of normal [on at least two occasions over at
least 6 mo in HBeAg(+) children or on at least three
occasions over at least 12 mo in HBeAg(-) children]
[68]
are potential candidates for treatment . Liver
biopsy should be considered at this point as well.
Treatment is indicated in case of moderate or severe
[68]
inflammation or fibrosis .
Regarding the choice of CHB treatment, small
studies showed that treatment with conventional
IFNα for 24 wk accelerates HBeAg clearance and
[70-72]
antiHBe seroconversion
. Improvements in liver
histology and increased rates of HBsAg clearance
[71,72]
were also reported in IFNα-treated children
.
High transaminase levels, low viral load and greater
inflammatory activity in liver biopsy were associated
[70]
with higher response rates to IFNα in a few studies .
Concerning NA(s), a pivotal randomized trial
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CHB IN PREGNANCY
All pregnant women should be screened for the
[10]
presence of CHB . CHB positivity does not affect
[76]
the pregnancy outcome
and vice versa: pregnancy
[77]
does not have an impact on CHB course or activity .
However, CHB flares occur in the post-partum period
[77]
and might lead to HBeAg clearance .
IFN, lamivudine, adefovir and ETV are listed by
the FDA as pregnancy category C drugs (i.e., animal
reproduction studies have shown an adverse effect
on the fetus and there are no adequate and wellcontrolled studies in humans), whereas telbivudine
and TDF are pregnancy category B (i.e., animal repro
duction studies have failed to demonstrate a risk to the
fetus and there are no adequate and well-controlled
[3]
studies in humans) . Accordingly, the treatment
of women of reproductive age contemplating pre
gnancy and not presenting advanced fibrosis has
[3]
to be postponed until post delivery . In cases of
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advanced fibrosis or cirrhosis, treatment is urgent,
with PEGylated IFN representing the first line option,
[3]
because of its finite treatment duration . In women
with no response to IFN or other contraindications,
TDF is the treatment of choice, providing that it would
[3]
be continued during pregnancy . When pregnancy is
confirmed in women who are on IFN or NA treatment
other than TDF, treatment is discontinued if there
is not advanced fibrosis or cirrhosis; if there is, it is
continued with the substitution of current medication
[3]
with TDF . Where medications are withheld during
pregnancy, close monitoring is needed because of
[3]
hepatic flare risk .
Whether the NAs use in pregnancy prevents pe
rinatal HBV transmission is an area of uncertainty.
In CHB endemic areas perinatal transmission occurs
in 70%-90% of children born from HBeAg(+) mo
[78]
thers . It is well established that the risk of progre
ssion from HBV infection to CHB is highest (appro
ximately 90%) in infants born from women with
CHB compared with patients who are infected with
[79,80]
HBV later in life
. The risk of perinatal HBV tran
smission is substantially reduced by the combined
prophylaxis of HBV immunoglobulin and HBV va
[78]
ccination ; however, it remains high in women
[81,82]
with increased viral loads
. Indeed, perinatal tran
smission of HBV is observed in approximately 8%-9%
7
8
of women with high viral loads (> 10 -10 copies/mL),
[81,82]
despite infant immunoprophylaxis
. In a meta[83]
analysis
incorporating 15 randomized controlled
trials (n = 1693 pregnant women), treatment with
th
lamivudine started at the 28 gestational week
was safe and reduced the risk of HBV transmission.
However, lamivudine did not show an effect on
HBV transmission in women with HBV DNA levels
8
[83]
> 10 copies/mL . In a more recent, open-label,
[81]
uncontrolled study , treatment with telbivudine
th
nd
started at the 20 to 32 gestational weeks and was
not only safe, but also prevented all cases of HBV
7
transmission in women with HBV DNA levels > 10
copies/mL. Interestingly, perinatal HBV transmission
occurred in 8% of women treated only with HBV
immunoglobulin and HBV vaccination but not tel
[81]
[84]
bivudine . Observational studies
suggest that
treatment with lamivudine or TDF during pregnancy
does not increase the risk of major birth defects.
6
Therefore, women with high viral loads (> 10 IU/mL)
should be treated with lamivudine, telbivudine or TDF
in the last trimester of pregnancy to reduce the risk
[3]
of HBV transmission .

Although the precise factors associated with risk of
[85,86]
reactivation are not well understood
, viral and
host factors, as well as immunosuppressive therapy
[87]
characteristics, are involved . For example, high
risk of HBV reactivation is associated with the use
of rituximab. The latter is a monoclonal antibody
[86]
against the CD20 receptor of B lymphocytes
and
it is used alone or in combination with steroids or
other regimens. Currently, rituximab is considered
[88]
the optimal treatment for B cell lymphomas , but its
use has been extended in several other hematological
and non-hematological diseases.
In clinical practice, any type of immunosuppressive
therapy can lead to HBV reactivation, in both HBsAg
positive and HBsAg negative/antiHBc positive
[85]
patients . Thus, it is highly recommended that all
candidates for chemotherapy and immunosuppressive
therapy should be screened for the HBV (HBsAg and
anti-HBc). In HBsAg-positive candidates, NA(s) should
be received pre-emptively before immunosuppressive
therapy, regardless of baseline HBV DNA levels and
[85,86]
for 12 mo after its cessation
. According to the
current guidelines, lamivudine can be used only in
HBsAg-positive candidates with low HBV DNA (<
2000 IU/mL) and when a finite and short duration
of immunosuppression is scheduled, otherwise the
candidates should be protected with a new NA (i.e.,
[3]
ETV or TDF) .
Although HBsAg negative/anti-HBc positive pa
tients have significantly lower risk of HBV reactivation
compared with HBsAg positive patients, there are
many reports of HBV reactivation in these patients,
because the prevalence of anti-HBc is higher than
[3]
that of HBsAg . However, no standard management
to prevent HBV reactivation has been established
in this setting. In our recent systematic review (un
published data) including more than 3300 HBsAg
negative/anti-HBc positive patients, the rates of
HBV reactivation were significantly lower in patients
with non-hematological than with hematological
diseases (2.5% vs 7.8%, P < 0.001), as well as in
those under rituximab free compared with rituximabcontaining regimens (3.5% vs 7.9%, P < 0.001).
Based on these findings, we concluded that anti-viral
prophylaxis should be given in HBsAg negative/antiHBc positive patients with hematological diseases
and/or those who are going to receive rituximabcontaining regimens, regardless of their anti-HBs
and serum HBV DNA status. On the other hand,
HBsAg negative/anti-HBc positive patients with nonhematological diseases and/or those who are going to
receive rituximab free regimens seem to require antiHBV prophylaxis only if they have detectable HBV
DNA. Nevertheless, further studies are needed to
form final conclusions, particularly in specific groups
of patients, such as those with solid tumors under
chemotherapy. Lamivudine seems to represent an
effective option in these cases, and clinicians should

CHB PATIENTS UNDER CHEMOTHERAPY
OR IMMUNOSUPPRESSION
After HBV exposure, the virus may persist in the
liver and other extra-hepatic sites for long periods,
posing a risk of reactivation in individuals who receive
[85]
chemotherapy or immunosuppressive therapy .
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Table 3 Management of chronic hepatitis B in special populations
Special population

Management

Before and after liver transplantation

Before: entecavir or tenofovir (± telbivudine in the presence of renal dysfunction)
After: HBIG plus entecavir or tenofovir (consider telbivudine in the presence of renal dysfunction)
Before and after kidney transplantation Before: entecavir or telbivudine or tenofovir (Figure 3)
After: entecavir or telbivudine or tenofovir in HBsAg(+) recipients [plus HBIG when HBsAg(-) recipients
receive graft from HBsAg(+) donor with HBV viremia] (Figure 3)
Pregnancy
lamivudine, telbivudine or tenofovir in the last trimester of pregnancy when HBV DNA > 106 IU/mL
Children
Interferon or nucleos(t)ide analogue (check age of child)
Under immunosuppressive regimen
HBsAg-positive candidates: lamivudine when baseline HBVDNA < 2000 IU/mL and short period (< 12 mo) of
immunosuppression; otherwise: ETV or TDF
HBsAg-negative/anti-HBc positive candidates: (1) if baseline HBV-DNA detectable: as HBsAg-positive
candidates; (2) otherwise: lamivudine only in hematological diseases or rituximab containing regimens
HBV: Hepatitis B virus; HBIG: Hepatitis B immunoglobulin; HBsAg: Hepatitis B surface antigen; ETV: Entecavir; TDF: Tenofovir.

continue anti-HBV prophylaxis and/or the follow-up of
such patients for at least 12 mo after discontinuation
of immunosuppression.

baseline HBV DNA, up to 12 mo after cessation of
immunosuppression. Finally, HBsAg negative/anti-HBc
positive patients with hematological diseases and/or
those who are going to receive rituximab-containing
regimens, regardless of their anti-HBs and serum HBV
DNA status, should be on anti-viral prophylaxis (Table 3).

CONCLUSION
Significant progress in therapies for HBV infection
has led to improvements in the management of CHB
patients with decompensated cirrhosis and after LT.
The former group should be treated with ETV or TDF,
which may lead to stabilization or even improvement
of liver disease and possible withdrawal from the
waiting list for LT. After LT, the combination of HBIG
(at least for a certain period) and ETV or TDF appears
to be the most effective approach, while ETV and TDF
seem to have no difference in their impact on renal
[36]
function . HBIG-free prophylaxis with a new NA
needs further evaluation, while telbivudine should be
[89]
considered in cases of renal dysfunction . In HBV
patients with CKD, new NAs are the best options
to minimize the consequences of HBV infection,
providing that their dosage is adjusted according
to creatinine clearance and taking into account
the potential nephrotoxicity and resistance profile.
Thus, ETV and telbivudine, an agent with promising
data showing improvement in creatinine clearance,
seem to be the preferred choices in CHB patients
with CKD, while TDF is considered the best option
in patients with prior resistance to any nucleoside
analog. Physicians should be aware that all HBsAg
positive patients should be treated with NAs before
RT to maintain undetectable HBV DNA and prevent
hepatic decompensation after RT. In pregnant women
with CHB, close monitoring is needed and in those
6
with high HBV DNA (> 10 IU/mL); treatment with
lamivudine, telbivudine or TDF in the last trimester of
pregnancy is the preferred option to reduce the risk
of HBV transmission. If an infected child ultimately
develops CHB, antiviral treatment should not be
started urgently, since most of them are in the im
mune-tolerant phase of the disease. All HBsAgpositive candidates for immunosuppressive therapy
should receive NA(s) pre-emptively, regardless of
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Abstract
AIM: To determine the expression of neurokinin-1
receptor (NK-1R), phosphorylated epidermal growth
factor receptor (pEGFR), cyclooxygenase-2 (Cox-2), and
vitamin D receptor (VDR) in normal, inflammatory bowel
disease (IBD), and colorectal neoplasia tissues from
Puerto Ricans.
METHODS: Tissues from patients with IBD, colitisassociated colorectal cancer (CAC), sporadic dysplasia,
and sporadic colorectal cancer (CRC), as well as nor
mal controls, were identified at several centers in Pu
erto Rico. Archival formalin-fixed, paraffin-embedded
tissues were de-identified and processed by immuno
histochemistry for NK-1R, pEGFR, Cox-2, and VDR.
Pictures of representative areas of each tissues diag
nosis were taken and scored by three observers using a
4-point scale that assessed intensity of staining. Tissues
with CAC were further analyzed by photographing re
presentative areas of IBD and the different grades of
dysplasia, in addition to the areas of cancer, within each
tissue. Differences in the average age between the five
patient groups were assessed with one-way analysis
of variance and Tukey-Kramer multiple comparisons
test. The mean scores for normal tissues and tissues
with IBD, dysplasia, CRC, and CAC were calculated
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and statistically compared using one-way analysis of
variance and Dunnett’s multiple comparisons test. Cor
relations between protein expression patterns were
analyzed with the Pearson’s product-moment correlation
coefficient. Data are presented as mean ± SE.

http://www.wjgnet.com/1007-9327/full/v21/i6/1749.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i6.1749

INTRODUCTION

RESULTS: On average, patients with IBD were younger
(34.60 ± 5.81) than normal (63.20 ± 6.13, P < 0.01),
sporadic dysplasia (68.80 ± 4.42, P < 0.01), sporadic
cancer (74.80 ± 4.91, P < 0.001), and CAC (57.50
± 5.11, P < 0.05) patients. NK-1R in cancer tissue
(sporadic CRC, 1.73 ± 0.34; CAC, 1.57 ± 0.53) and
sporadic dysplasia (2.00 ± 0.45) were higher than in
normal tissues (0.73 ± 0.19). pEGFR was significantly
increased in sporadic CRC (1.53 ± 0.43) and CAC
(2.25 ± 0.47) when compared to normal tissue (0.07
± 0.25, P < 0.05, P < 0.001, respectively). Cox-2 was
significantly increased in sporadic colorectal cancer
(2.20 ± 0.23 vs 0.80 ± 0.37 for normal tissues, P <
0.05). In comparison to normal (2.80 ± 0.13) and CAC
(2.50 ± 0.33) tissues, VDR was significantly decreased
in sporadic dysplasia (0.00 ± 0.00, P < 0.001 vs
normal, P < 0.001 vs CAC) and sporadic CRC (0.47 ±
0.23, P < 0.001 vs normal, P < 0.001 vs CAC). VDR
levels negatively correlated with NK-1R (r = -0.48) and
pEGFR (r = -0.56) in normal, IBD, sporadic dysplasia
and sporadic CRC tissue, but not in CAC.

Not only is colorectal cancer (CRC) the second most
commonly occurring cancer among Puerto Rican men
and women combined but it is also the deadliest can
[1]
cer in the Puerto Rican population . This situation
contrasts with that of both the general United States
population - where CRC is less frequent than prostate,
breast, and lung cancer and less deadly than lung
cancer - and in United States Hispanics - where CRC
incidence is surpassed by that of prostate and breast
cancer and more people die from lung cancer than
[2,3]
from CRC . Although the exact cause remains un
known, this disparity is likely due to a complex inter
play between several factors, such as differences in
genetic admixture and environment. Facilitating an
accurate diagnosis of CRC and its precursor lesions
in Puerto Ricans could help mitigate the disparate
incidence and mortality of CRC.
CRC encompasses several different modalities of
cancer, ranging from familial syndromes to colitisassociated malignancy to sporadic cancer. The latter
two serve as an example of how the same pathology
can arise through different pathways: sporadic CRC
arises from adenomatous polyps that progress to
carcinoma, also known as the adenoma-carcinoma
sequence. In contrast, colitis-associated colorectal
cancer (CAC) begins with the chronic inflammation
characteristic of inflammatory bowel diseases (IBD),
such as ulcerative colitis and Crohn’s disease, and
progresses to dysplasia and subsequently carcinoma,
also known as the colitis-dysplasia-carcinoma se
[4]
quence (Figure 1A) . Dysplasia is a definite neoplastic
change of the intestinal epithelium that does not pene
[5-7]
trate the basement membrane . The architectural
changes that define colitis-associated dysplasia are
[5]
analogous to those seen in adenomatous polyps .
Although dysplasia is currently the best marker of
CRC risk in IBD, the wide range of variability between
observers has led to a rising need for more reliable
[8]
criteria and markers of cancer risk . Interestingly, the
prevalence of IBD in Puerto Rico has recently been
estimated to be one of the highest among Hispanic
[9]
groups , and Hispanics display phenotypic differences
in the manifestations of IBD when compared to non[10]
hispanic whites . These two points emphasize the
existence of differences not only between Hispanics
and non-Hispanics but also between different Hispanic
populations, thus indicating a need for studies that
investigate disease processes in specific populations.
Much attention has been paid to signaling path
ways and their components because of their in
volvement in carcinogenesis and their potential as
[11]
therapeutic targets . The substance P-neurokinin-1

CONCLUSION: Immunohistochemical NK-1R and
pEGFR positivity with VDR negativity can be used to
identify areas of sporadic colorectal neoplasia. VDR
immunoreactivity can distinguish CAC from sporadic
cancer.
Key words: Colitis; Colon cancer; Dysplasia; Neurokinin;
Vitamin D
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This study compares for the first time the
expression of neurokinin-1 receptor, phosphorylated
epidermal growth factor receptor, cyclooxygenase-2,
and vitamin D receptor in samples from patients with
sporadic colorectal neoplasia, colitis, and colitis-asso
ciated colorectal neoplasia and obtained from a Puerto
Rican population. We believe that this knowledge could
be of great use for the further identification of reliable
markers of cancer risk and of potential therapeutic
targets in a population where colorectal cancer is the
deadliest cancer, and that our findings could be used
in the day-to-day examination of colonic biopsies for
establishing a diagnosis and distinguishing dysplasia
from reactive inflammatory changes.
Isidro RA, Cruz ML, Isidro AA, Baez A, Arroyo A, GonzálezMarqués WA, González-Keelan C, Torres EA, Appleyard CB.
Immunohistochemical expression of sp-nk-1r-egfr pathway
and vdr in colonic inflammation and neoplasia. World J
Gastroenterol 2015; 21(6): 1749-1758 Available from: URL:
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Figure 1 Histologic images depicting stages in the colitis-dysplasia-cancer progression of colitis-associated cancer. A: Colitis-associated colorectal cancer
(CAC) is thought to arise through the chronic colitis-dysplasia-carcinoma sequence; B: Examples of immunohistochemistry scoring for phosphorylated epidermal
growth factor receptor (pEGFR; top row) and vitamin D receptor (VDR; bottom row). A score of 0 indicates minimal or absent staining, whereas a score of 3 indicates
strongest staining for a particular antibody. For pEGFR, the pictures scored as 0, 1, 2, and 3 correspond to tissues with a diagnosis of normal, inflammatory bowel
disease (IBD), sporadic dysplasia, and sporadic colorectal cancer (CRC), respectively. For VDR, the pictures scored as 0, 1, 2, and 3 correspond to tissues with a
diagnosis of sporadic dysplasia, sporadic colorectal cancer, IBD, and normal, respectively. Scale bars = 100 μm.

receptor-epidermal growth factor receptor (SP-NK-1REGFR) pathway is of particular interest, since previous
studies from our laboratory have shown that signaling
components involved in these pathways are up-re
gulated in rat models of chronic inflammation and
[12-15]
colitis-associated neoplasia
. SP and its endoge
nous receptor, NK-1R, are known to play a pivotal role
in the pathophysiology of intestinal inflammation and
are also involved in many processes related to onco
[16,17]
genesis
. Binding of SP and NK-1R causes transa
ctivation of the EGFR, with subsequent activation of
other pathways, such as Raf/MEK/ERK and PI3K/
PDK/Akt, which can lead to increased inflammation
and proliferation, along with decreased apoptosis and
[18,19]
differentiation
. A downstream product of several
of these pathways is cyclooxygenase-2 (Cox-2), an
isozyme involved in the synthesis of prostaglandins.
The expression of Cox-2 is normally minimal under
basal conditions but is increased when it is stimulat
ed by inflammatory cytokines, growth factors, and
[20]
endotoxins .
There has been increasing awareness regarding
the possible importance of vitamin D levels in various
[21]
cancers, including CRC . Interestingly, binding of
calcitriol (1,2-dihydroxycholecalciferol, the active
form of vitamin D) to the vitamin D receptor (VDR)

WJG|www.wjgnet.com

has been shown to block the EGFR and to inhibit
several of its pathways (particularly, Raf/MEK/ERK),
resulting in an increase in apoptosis and a decrease
[22]
in proliferation and angiogenesis .
Previous studies have assessed the expression of
several of the aforementioned signaling components
in chronic colitis and in CRC. Levels of NK-1R, EGFR,
and Cox-2 have been shown to be elevated both in
[17,23-27]
patients with colitis and in patients with CRC
.
VDR levels have been shown to be decreased in
patients with colitis but either minimally expressed
[21,28]
or over-expressed in CRC
. Importantly, little is
known regarding the expression of these proteins
during dysplasia. Furthermore, no study to date has
investigated the expression pattern of these proteins
in either Puerto Ricans or United States Hispanics.
A unique expression pattern for these proteins in
dysplasia could further elucidate their potentially
critical roles in the development of cancer. Therefore,
the aim of this study was to determine and compare
the expression of NK-1R, pEGFR, Cox-2, and VDR in
patients with sporadic and colitis-associated colorectal
neoplasia and how it compares to that found in normal
tissues and in patients with IBD, in samples obtained
from a Puerto Rican population. This knowledge could
be of great use for the further identification of reliable
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5), IBD (n = 5), dysplasia (n = 5), cancer (n = 5) and
CAC (n = 6; Table 1). Patients with a histopathologic
diagnosis of CAC in biopsy or surgical specimens were
identified in the UPR Center for Inflammatory Bowel
Diseases database (Table 2). Corresponding archived
paraffin-embedded tissue blocks were retrieved from
UPR School of Medicine Pathology Laboratory and
de-identified by two pathologists (WGM and CGK),
with the identification list saved for re-identification.
All blocks were transferred to the Gastrointestinal
Research Laboratory at Ponce School of Medicine and
Health Sciences. Tissue sections from each of the
selected samples were stained with hematoxylin and
eosin in order for an independent pathologist (AAI) to
confirm the diagnosis.

Table 1 Patient sex and age distribution
Diagnosis

Sex

Mean age (range, yr)

Normal
IBD
Dysplasia
Cancer
CAC

3M+2F
4M+1F
3M+2F
3M+2F
3M+3F

63.2 (42-75)b
34.6 (23-56)
68.8 (52-76)b
73.6 (60-83)b
57.5 (40-77)a

a

P < 0.05, bP < 0.01, IBD patients vs normal, sporadic dysplasia, sporadic
cancer, and CAC patients. CAC: Colitis-associated colorectal cancer; IBD:
Inflammatory bowel disease; M: Male; F: Female (n = 5-6 patients per
group).

Table 2 Colitis-associated colorectal cancer patient information
Sample ID
1
2
3
4
5
6

IBD diagnosis Duration of Sex Age (yr) Graph symbol
disease (yr)
UC
UC
CD
UC
UC
UC

9
7
20
27
35
57

M
M
F
F
M
F

61
61
49
40
57
77

Immunohistochemistry

Tissue sections were deparaffinized in two 15-min
Hemo-De xylene-substitute baths. Graded ethanol
dilutions and distilled water were used for tissue
rehydration. Hydrogen peroxide (3%, aqueous) was
used to block endogenous peroxidase activity. After
washing with phosphate-buffered saline, antigen
retrieval was achieved by placing sections in citrateEDTA buffer (10 mmol/L; 2 mmol/L EDTA, 0.05%
Tween 20, pH 6.2) at 95 ℃-99 ℃ for 40 min and
at room temperature for 20 min. Sections were
then washed with distilled water for 2 min (twice),
phosphate-buffered saline for 5 min, and normal
serum (Biogenex, San Ramon, CA) for 15 min before
overnight incubation with the primary antibody.
Antibodies used included NK-1R (sc-15323; Santa
Cruz Biotechnology, dilution 1:100), pEGFR (#2236;
Cell Signaling Technology, dilution 1:400), Cox-2
(#160106; Cayman Chemical Co., dilution 1:200),
and VDR (Ab3508; Abcam Inc, dilution 1:2000).
Secondary antibody was added to the sections for 20
min using the Super Sensitive Link-Label IHC Detection
System (Biogenex, San Ramon, CA); sections were
incubated with the biotinylated secondary antibody
for 20 min and then with a streptavidin-peroxidase
conjugate for 20 min. 3,3-Diaminobenzidine chro
mogen solution (Biogenex, San Ramon, CA) was used
to achieve color development. Tissue sections were
counterstained with hematoxylin for 20 s, dehydrated
with graded ethanol dilutions, cleared with xylene,
and mounted with a xylene-based mounting me
dium. Pictures were taken of representative areas
containing the diagnosis of interest for each sample
and blindly scored by three observers. A four-point
scale ranging from 0 to 3 was used to assign scores
according to staining intensity. In this scale, a score of
0 corresponds to the lightest, or absence of, staining,
whereas 3 corresponds to the strongest staining for
a particular antibody (Figure 1B). Additionally, areas
diagnostic of IBD, dysplasia (mild, moderate, and
severe), and cancer in tissue from CAC patients were
photographed and scored.

●
■
▲
▼
◆
★

Graph symbol indicates the unique symbol used to identify each patient in
Figures 2B-5B. Duration of disease indicates duration at the time of biopsy.
IBD: Inflammatory bowel disease; UC: Ulcerative colitis; CD: Crohn’s
disease.

markers of cancer risk and of potential therapeutic
targets in a population where CRC is the deadliest
cancer.

MATERIALS AND METHODS
Use of human subjects and Institutional Review Boards
approval

This study was carried out in compliance with all
NIH regulations concerning the Protection of Human
Subjects and human tissue specimens were approved
for use by Institutional Review Boards (IRB) as follows.
The Ponce School of Medicine and Health Sciences
Institutional Review Board approved this study under
IRB protocol 080506-CA and the University of Puerto
Rico Medical Sciences Campus Institutional Review
Board approved this study under IRB protocol MSC
IRB 1250112. Both institutional review boards waived
the need for informed consent given that the samples
were existing archived pathological specimens which
were de-identified, and thus did not contain any iden
tifiable information that could be linked to the subjects.

Patients and tissue samples

Archived pathology laboratory samples, embedded
in paraffin and devoid of personal information, were
obtained from pathology laboratories of local hospitals.
Samples (paraffin blocks) of colonic tissue from 26
different patients were randomly selected by laboratory
staff for each of the following diagnoses: normal (n =

WJG|www.wjgnet.com
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A

3

RESULTS
There were no significant differences in gender between
groups. As might be expected, IBD patients were
significantly younger than normal, sporadic dysplasia,
sporadic cancer, and CAC patients (P < 0.01, P < 0.01,
P < 0.001, and P < 0.05 respectively; Table 1). There
were no significant differences in age between any of
the other groups.

IHC score

2

1

NK-1R levels are increased in colonic neoplasia

All diagnoses showed higher NK-1R expression when
compared to normal tissues, although this failed
to reach statistical significance (Figure 2A). NK-1R
levels doubled in sporadic cancer and CAC when
compared to normal. In normal tissues, staining was
found in the glands and surface epithelium. In IBD,
staining was found predominantly in the columnar
cells of the glands, with some additional staining
in the surface epithelium (in 40% of the samples).
Sporadic dysplasia stained predominantly in the
cytoplasm of columnar cells of the glands, whereas
in sporadic cancer the staining was mostly found in
the cytoplasm of poorly differentiated cancer cells. In
CAC, staining was mainly observed in the cytoplasm
of transformed glandular epithelial cells, and did not
vary significantly between different diagnostic areas
(Figure 2B).
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pEGFR levels are significantly increased in sporadic
and colitis-associated colorectal cancer
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For pEGFR, a 15-fold increase and a 19-fold increase
in expression were observed in IBD (1.00 ± 0.10)
and sporadic dysplasia (1.27 ± 0.34), respectively,
when compared to normal patients (0.07 ± 0.07;
Figure 3A). Patients with sporadic cancer or CAC had
significantly higher expression levels than those found
in normal tissues (P < 0.05 and P < 0.001, respe
ctively). In normal tissues, minimal to no staining
was found, with only one sample showing nonspecific
staining in the surface epithelium. Staining in IBD,
sporadic dysplasia, sporadic cancer, and CAC tissues
was observed in the columnar cells of the glands,
mainly in the cytoplasm. Areas of cancer within
CAC tissue had higher levels of pEGFR than other
diagnostic areas present, but these differences were
not statistically significant (Figure 3B). Figure 1B (top
row) shows an example of pEGFR staining.
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Figure 2 Expression of neurokinin-1 receptor in colonic tissue. A:
neurokinin-1 receptor (NK-1R) expression in tissue from normal, inflammatory
bowel disease (IBD), sporadic dysplasia, sporadic colorectal cancer, and
colitis-associated colorectal cancer (CAC) patients (n = 5 patients per group);
B: Expression of NK-1R in different diagnostic areas found within tissue from
CAC patients. Each patient is identified by a unique symbol (Table 2). IHC:
immunohistochemistry.

Statistical analysis

Graphpad Prism V6.0a (Graphpad Software, San
Diego, CA) was used to perform all statistical an
alyses. One-way analysis of variance and post hoc
multiple comparisons tests were used to determine
the statistical significance of the measured variables.
A Tukey-Kramer multiple comparisons test was used
to analyze differences between age distributions in the
five patient groups. Dunnett’s multiple comparisons
tests were used to analyze differences in protein
expression. Pearson’s product-moment correlation
coefficient was used to analyze the associations be
tween expression of the four proteins measured. A
difference was considered significant if P < 0.05. Data
presented as mean ± SE.

WJG|www.wjgnet.com

Cox-2 levels are significantly increased in sporadic
colorectal cancer

Cox-2 expression had an increasing trend similar to
that of pEGFR, with higher expression occurring with
worsening diagnosis. In patients with sporadic cancer,
levels more than doubled (2.20 ± 0.23) and were
significant when compared with normal tissues (P
< 0.05; Figure 4A). Cox-2 levels in CAC tissue were
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Figure 3 Expression of phosphorylated epidermal growth factor receptor
in colonic tissue. A: phosphorylated epidermal growth factor receptor (pEGFR)
expression in tissue from normal, inflammatory bowel disease (IBD), sporadic
dysplasia, sporadic colorectal cancer, and colitis-associated colorectal cancer
(CAC) patients (n = 5 patients per group except CAC, where n = 6). aP < 0.05
and bP < 0.01 vs normal; B: Expression of pEGFR in different diagnostic areas
found within tissue from CAC patients. Each patient is identified by a unique
symbol (see Table 2). IHC: immunohistochemistry.

Figure 4 Expression of cyclooxygenase-2 in colonic tissue. A: cyclooxygenase-2
(Cox-2) expression in tissue from normal, inflammatory bowel disease (IBD),
sporadic dysplasia, sporadic colorectal cancer, and colitis-associated colorectal
cancer (CAC) patients (n = 5 patients per group except CAC, where n = 6). aP
< 0.05 vs normal; B: Expression of Cox-2 in different diagnostic areas found
within tissue from CAC patients. Each patient is identified by a unique symbol
(Table 2). IHC: immunohistochemistry.

with sporadic dysplasia, no expression was found (P
< 0.001 vs normal), with minimal VDR expression
occurring in sporadic CRC (P < 0.001 vs normal;
Figure 5A). VDR levels in CAC tissue were significantly
higher than those of sporadic dysplasia and cancer
(P < 0.001) and more similar to those found in IBD
and normal tissue. Normal tissues stained in the
cytoplasm of the columnar cells of the glands. In IBD
tissues, staining was found in the cytoplasm of the
columnar cells of the glands and the acute inflam
matory cell infiltrate. In sporadic cancer, 4 out of 5
tissues had no staining in the glands; 3 of these had
light staining limited to inflammatory infiltrate within
the areas of necrosis. Only 1 of the samples had
slight staining in the columnar cells of the glands.
In CAC, staining was mostly in the cytoplasm of
glandular epithelial cells and inflammatory lamina

not as elevated as in tissues with sporadic cancer. No
significant differences were found between the other
groups. In normal tissues, staining was observed in
the glands and surface epithelium, when present.
Tissues from patients with IBD, sporadic dysplasia,
sporadic cancer, and CAC showed staining in the
columnar cells of the glands, mainly in the cytoplasm.
In CAC tissues, Cox-2 expression did not vary signi
ficantly between different diagnostic areas (Figure
4B) and negatively correlated with increased disease
duration (r = -0.87, P < 0.05).

VDR levels are significantly decreased in sporadic
neoplasia of colonic epithelium

The highest levels of VDR expression were found in
normal tissues. In patients who had been diagnosed
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A

that antagonizing either the NK-1R or the EGFR delayed
progression to dysplasia, decreased Cox-2 levels, and
[13,14]
reduced inflammation
. Also, we demonstrated that
delaying the transition to dysplasia by administering
probiotics was associated with an increase in VDR
[29]
expression . In the present study, we report the com
parative expression patterns of NK-1R, EGFR, Cox-2,
and VDR in colonic tissue from Puerto Rican patients
with IBD, sporadic colorectal neoplasia, and colitisassociated colorectal neoplasia.
Prior reports have demonstrated that there is
an alteration in the expression of NK-1R, pEGFR,
Cox-2, and VDR both in chronic colitis and in neopla
sm of the colon. However, the expression of these
proteins in Hispanic patients has never been studied.
Furthermore, NK-1R has been found to be increased
[30,31]
in tissue from patients with IBD and colon cancer
.
Here, we showed that NK-1R levels were increased
in colonic inflammation and neoplasia samples from
Puerto Rican patients, although these results were
not significantly different, most likely due to the small
sample size. Finding tissue from Puerto Rican patients
with colitis-associated dysplasia or cancer was
extremely difficult. After 2 years of actively seeking
said tissue, we were able to find only those tissues
that were used in this study. Curiously, NK-1R levels
in sporadic dysplasia did reach statistical significance,
but only if the CAC group was excluded. Nevertheless,
our results suggest that NK-1R is a relevant player
in colonic inflammation and neoplasia in Puerto
[32]
Rican patients. Gillespie et al
demonstrated that
a truncated form of NK-1R, rather than its fulllength counterpart, is increased in colectomy tissue
from patients with CAC who were treated at the
Boston University Medical Center. Our present study,
however, seems to indicate that levels of the fulllength NK-1R were increased in both sporadic and
colitis-associated colorectal neoplasia tissue samples
from Puerto Rican patients.
The role of EGFR in inflammatory and malignant
pathologies of the colon has long been known: Sottili
[24]
et al
demonstrated that EGFR is upregulated in
[25]
experimental colitis, and Malecka-Panas et al
demonstrated that EGFR is increased in the colonic
mucosa of patients with ulcerative colitis, adenomatous
polyps, and CRC, The relevance of EGFR in CRC is such
that anti-EGFR antibodies are currently being used
as adjuvant therapy in metastatic CRC. Our current
findings in samples from Puerto Rican patients are
consistent with the aforementioned studies: pEGFR
is increased in colonic inflammation and neoplasia,
with significantly elevated levels found in tissue from
both sporadic CRC and CAC. It is interesting to note
that the increased pEGFR expression does not exactly
match the increase in NK-1R levels. This suggests
that a factor other than NK-1R may account for the
marked increase seen in CAC. One possibility is that,
in Puerto Rican patients, EGFR might become an
oncogene in the colitis-dysplasia-carcinoma sequence
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Figure 5 Expression of vitamin D receptor in colonic tissue. A: vitamin D
receptor (VDR) expression in tissue from normal, inflammatory bowel disease
(IBD), sporadic dysplasia, sporadic colorectal cancer, and colitis-associated
colorectal cancer (CAC) patients (n = 5 patients per group except CAC, where
n = 6). aP < 0.001 vs normal and bP < 0.001 vs CAC; B: Expression of VDR in
different diagnostic areas found within tissue from CAC patients. Each patient is
identified by a unique symbol (see Table 2). IHC: immunohistochemistry.

propria cells and was consistent across the different
diagnostic areas (Figure 5B). Figure 1B (bottom row)
shows an example of VDR staining.

VDR levels negatively correlate with NK-1R and pEGFR
levels in colonic epithelium

Statistical tests showed that VDR expression had a
significant negative correlation with NK-1R (r = -0.48)
and pEGFR (r = -0.56) expression (P < 0.05) when
CAC tissue was excluded. These associations were
lost when analysis included results from CAC tissue.

DISCUSSION
Our laboratory has previously studied the role of
NK-1R, EGFR, Cox-2, and VDR in a rat model of colitis[12]
associated dysplasia and cancer . We demonstrated
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of CAC through a mechanism different from that which
takes place in the adenoma-carcinoma sequence
of sporadic CRC. Our present findings also suggest
that therapies directed against EGFR might be of
benefit to Puerto Rican CAC patients, thus warranting
further investigation. Our findings also underscore the
necessity to include different ethnic groups in clinical
trials, since these may respond differently to the same
treatment.
In ulcerative colitis, Cox-2 expression is up-regu
lated in the inflamed mucosa, and there is evidence
showing an overexpression of Cox-2 in cancer tissues,
[26,27,33,34]
suggesting an important role in tumorigenesis
.
Several epidemiological studies have found that these
levels are reduced in individuals with CRC who are
[35]
taking non-steroidal anti-inflammatory drugs . Our
findings show that, although expression is increased
in tissue from IBD and CAC patients, Cox-2 levels are
highest in sporadic CRC. Intriguingly, Cox-2 levels
in CAC patients negatively correlated with disease
duration, leading us to speculate that medications used
to ameliorate the inflammation of IBD could alter the
expression of Cox-2. Unfortunately, we were unable
to confirm this suspicion due to the limited patient
information available to us.
VDR is expressed in early-stage neoplasias but is
[28,36]
repressed in high-grade and metastatic cancers
.
[21]
Wada et al
(2009) demonstrated that VDR ex
pression decreases in ulcerative colitis, dysplasia,
and cancer. We have also shown that, in Puerto Rican
patients, there is a significant decrease in VDR ex
pression in sporadic dysplasia and in CRC, but not in
CAC, when compared to normal tissue. In sporadic
CRC, it is highly likely that without VDR, calcitriol
cannot regulate the EGFR-related pathways, resulting
in uncontrolled proliferation in the absence of differ
[22]
entiation and apoptosis . Although the exact cause
of the reduced VDR expression is yet to be elucidated,
one possibility is that cellular signaling events may
culminate in the nuclear translocation of certain factors
that inhibit the transcription of the VDR gene. A
possible candidate is SNAIL, a transcription factor that
represses VDR expression and whose upregulation
in colonic tumors has been associated with VDR
[37]
downregulation . Intriguingly VDR levels in CAC were
not significantly lower than those seen in normal or
IBD tissues. Although it has been reported that VDR
[22]
can negatively regulate EGFR-related pathways ,
this does not seem to be the case in CAC, since both
VDR and pEGFR are overexpressed. Perhaps another
factor is affecting VDR expression in CAC. Although
vitamin D deficiency is common among patients with
[38]
IBD , the effect of this deficiency on colonic VDR
expression is not clear. A possible explanation may lie
in the different molecular mechanisms responsible for
the development of CAC and sporadic CRC. Cancerassociated mutant p53 can affect VDR-mediated
[39]
transcriptional activation and repression . Both CAC
and sporadic CRC tend to have p53 mutations; how
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ever, these mutations tend to occur at later stages
[4]
in sporadic CRC and at very early stages in CAC .
Therefore, the long-term effects of mutant p53 could
be responsible for the increased VDR levels seen in
Puerto Rican patients with CAC.
To our knowledge, this study is the first to address
NK-1R, pEGFR, Cox-2, and VDR expression in Puerto
Ricans or any other Hispanic group. It is also one of
the few studies to examine and compare changes
in expression for these proteins in sporadic and
colitis-associated neoplasia. Doing so allowed us to
determine the expression pattern for these proteins
in IBD, sporadic dysplasia, sporadic CRC, and CAC.
Of particular interest is the differential expression of
pEGFR and VDR in sporadic CRC. Negative or weak
immunohistochemical staining for VDR and strong
immunohistochemical staining for pEGFR in colonic
gland cytoplasm in conjunction with architectural
changes can be very useful in distinguishing areas
of sporadic colonic dysplasia from cancer and from
non-neoplastic changes. These stains can further
help the pathologist pinpoint the regions in which
the presence of atypical mitosis and/or invasion will
render a diagnosis of malignancy, and absence of
these findings will establish the diagnosis of dysplasia.
This should greatly aid in reducing inter-observer
variability in establishing these crucial diagnoses, and,
by doing so, may help mitigate the current disparity
in CRC incidence and mortality between Puerto
Ricans and the general United States population.
Unfortunately, these changes are not as useful in
colitis-associated neoplasia. Whether these findings
are limited to Puerto Rican patients or generalizable
to other Hispanic groups or the general population
remains to be determined. Finally, although inflam
[40]
mation is involved in sporadic neoplasia
as well as
in colitis-associated colorectal neoplasia, our findings
further emphasize the different molecular events
underlying the pathogenesis of sporadic CRC and
CAC.
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Colorectal cancer (CRC) is the deadliest cancer in the Puerto Rican population
and the second deadliest cancer in both the general United States population
and in United States Hispanics. Signaling components of the substance
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P (SP)-neurokinin-1 receptor (NK-1R)-epidermal growth factor receptor
(EGFR) pathway are involved in development of intestinal inflammation and
in processes related to oncogenesis. Calcitriol and the vitamin D receptor
(VDR) can regulate EGFR and its pathways and may antagonize the neoplastic
process.

8

Research frontiers

Expression of these signaling components has not been examined in Puerto
Ricans or United States Hispanics, populations where colorectal cancer is one
of the deadliest cancers, in colon tissues with cancer and/or with the different
histopathological changes that lead up to cancer. This knowledge might be
important for CRC prevention and treatment.

9

Innovations and breakthroughs

10

This is the first study to address the expression of NK-1R, pEGFR, Cox-2, and
VDR in colonic tissue from Puerto Rican patients. In these patients, pEGFR
was significantly increased in sporadic and colitis-associated colorectal cancer
(CAC), Cox-2 was significantly increased in sporadic CRC, and VDR was
significantly decreased in sporadic dysplasia and sporadic CRC. Overall, VDR
levels negatively correlated with NK-1R and pEGFR in tissues without CAC.

11

Applications

These findings suggest that, in these patients, NK-1R and pEGFR immu
nohistochemical positivity together with VDR immunohistochemical negativity
could be used to identify areas of neoplastic change in sporadic colorectal
neoplasia, with changes in VDR immunoreactivity distinguishing CAC from
sporadic cancer.

12

Terminology

13

Sporadic CRC is the type of cancer of the colon and rectum that tends to
develop in the general population after the age of 50. In contrast, CAC is a type
of colorectal cancer that arises in patients with inflammatory bowel disease
(IBD). The risk of developing CAC increases with the duration, extent, and
severity of colonic inflammation. Dysplasia of the colon and rectum is defined
as a neoplastic change of the epithelium that is not invasive, and therefore
non-cancerous or benign. Nonetheless, dysplastic epithelium may eventually
become cancerous, and therefore malignant and invasive. Neoplasia includes
both benign changes, such as dysplasia, and malignant changes, such as
CRC.
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Peer-review

In this article, the authors compared for the expression of NK-1R, pEGFR,
Cox-2, and VDR with sporadic colorectal neoplasia, colitis, and colitisassociated colorectal neoplasia from a Puerto Rican population. The findings
suggest that NK-1R and pEGFR immunohistochemical positivity together
with VDR immunohistochemical negativity could be used to identify areas
of neoplastic change in sporadic colorectal neoplasia, with changes in VDR
immunoreactivity distinguishing CAC from sporadic cancer. This is a well-written
paper containing interesting results which merit publication.
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METHODS: The nucleoside analog BrdU was ip injected
tmlcgn
in beta-7-deficient mice (C57BL/6-Itgb
/J) of male
gender and age-matched male C57BL/J J mice (wild type)
4, 20, or 40 h before analysis. The total small intestine
was isolated, dissected, and used for morphometrical
studies. BrdU-positive epithelial cells were numbered in at
least 15 hemi-crypts per duodenum, jejunum, and ileum
max
of each animal. The outer most BrdU-positive cell (cell )
was determined per hemi-crypt, numerically documented,
and statistically analysed.
RESULTS: Integrins containing the beta-7-chain were
exclusively expressed on leukocytes. In the small
intestinal mucosa of beta-7 integrin-deficient mice the
number of intraepithelial lymphocytes was drastically
decreased. Moreover, the Peyer’s patches of beta-7
integrin-deficient mice appeared hypoplastic. In beta-7
max
integrin-deficient mice the location of cell
was fou
nd in a higher position than it was the case for the
controls. The difference was already detected at 4 h
after BrdU application, but significantly increased with
time (40 h after BrdU injection) in all small intestinal
segments investigated, i.e. , duodenum, jejunum, and
ileum. Migration of small intestinal enterocytes was
different between the experimental groups measured
max
by cell locations.
CONCLUSION: The E-cadherin beta-7 integrin pathway
probably controls migration of enterocytes within the
small intestinal surface lining epithelial layer.
Key words: Barrier function; Cell migration; Inflammatory
bowel disease; Integrin; Intercellular junctions
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Abstract
AIM: To hypothesize that beta-7 integrin affects cellular
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Core tip: Integrins are involved in migration of epithelial
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and non-epithelial cells. beta-7-chain integrins are
exclusively expressed on leukocytes and important
for homing of lymphocytes into the intestinal mucosa.
In beta-7 integrin-deficient mice, the number of
intraepithelial lymphocytes is drastically decreased and
accompanied by a significant increase in enterocyte
migration along the crypt-villus axis. This phenomenon
is probably mediated by the E-cadherin beta-7 integrin
pathway.

cell type and its environment. Several beta subunits
are preferentially expressed by immune cells. Espe
cially, beta-2 and beta-7 integrins are exclusively
[13]
found on leukocytes .
Beta-7 integrin can form heterodimers with either
the alpha4 or the alphaE subunit. Beta-7 integrins
were characterized as important molecular structures
in formation of the gut-associated lymphoid tissue
[15]
(GALT) . Alpha-4 beta-7 integrin binds to mucosal
addressin cell adhesion molecule-1 (MAdCAM-1),
which is constitutively expressed on intestinal endo
thelial cells and facilitates the retention of lympho
[16]
cytes in the gut epithelium via E-cadherin . Whereas
beta-7 integrin-deficient mice display a significant
reduction of intra-epithelial lymphocytes (IELs),
lamina propria lymphocytes, hypoplasia of Peyer’
s patches, and a reduced number of IgA- and IgMproducing cells in the small intestine, alphaE integrin[17]
deficient mice exhibit reduced numbers of IELs .
Here we concentrate on a detailed evaluation of
the impact of beta-7 integrin on enterocyte migration
in the small intestinal mucosa of mice.
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INTRODUCTION
Intestinal surface lining epithelial cells include ente
rocytes, goblet cells, enterochromaffine cells, M-cells,
and Paneth cells. All of these cell types are conti
nuously replaced within a couple of days. This process
is supported by cellular migration along the crypt[1-3]
villus axis (CVA) or crypt-plateau axis . Enterocyte
migration essentially contributes to configuration and
homeostasis of the intestinal mucosal barrier and plays
a pivotal role in mucosal healing after inflammatory or
[4]
non-inflammatory injuries . It is suggested that in the
intestine differentiation and behaviour of epithelial cells
[5,6]
are modified by lymphoid cells .
A plethora of molecular mechanisms and path
ways is involved in coordination of epithelial and
[7,8]
non-epithelial cell movement . Important steps in
cellular migration are G-protein-mediated cellular
polarisation with local increase in phosphatidylinositol3,4,5-triphosphate, activation of Rho GTPases, and a
synergism of actin polymerisation with the WiskottAldrich syndrome protein/WASP-family verprolinhomologous protein and Arp2/3-complex forming
[9-12]
lamellipodia, filopodia, podosomes or invadopodia
.
Integrins are trans-membrane cell adhesion
receptors connecting the extra- and intracellular envi
ronments by binding to ligands or structures outside
the cell and cytoskeletal components or signalling
[13]
molecules inside the cell . They are heterodimers,
consisting of non-covalently associated alpha and
beta chains. The composition of diverse alpha and
beta subunits determines the plasticity and diversity
[14]
in ligand recognition and signalling of integrins .
The integrin binding specificity is determined by
the extracellular domain recognizing diverse matrix
ligands including fibronectin, collagen, and laminin.
Modification of the integrin heterodimer repertoire
can cause altered cellular migration, including more
[8]
invasive phenotypes . Size, morphology, and location
of integrin-based adhesions strongly depend on the
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MATERIALS AND METHODS
Beta-7 integrin-deficient mice

For the present study beta-7-deficient mice (C57BL/6tmlcgn [15]
Itgb
/J ) of male gender and age-matched male
C57BL/J J mice (wild type) were used. All animals
were bred at the core facility of the University Hospital
Aachen under specific pathogen-free conditions. In
order to analyse intestinal epithelial cellular migration,
all mice received a single ip injection of the nucleoside
analog BrdU (30 μg/g mouse; Applichem, Cheshire,
CT) 4, 20, or 40 h before sacrificing. All procedures
were approved by the authority for environment
conservation and consumer protection of the state
North Rhine-Westfalia (LANUV, Germany).

Tissue preparation

After sacrificing, the total small intestine was isolated
and dissected. Afterwards, the intestinal tissues
(duodenum, jejunum, and ileum) were fixed for 24
h in neutral buffered formalin and automatically pro
cessed to paraffin. A binocular loupe was used for
orthogonal orientation of tissues in paraffin. From
each paraffin-embedded tissue block, sections of 3-5
μm were performed and stained with hematoxylineosin (HE).

Tissue morphometry

For morphometric procedures, tissue sections were
inspected with a Nikon Eclipse 80i microscope (Nikon,
Düsseldorf, Germany). Up to 50 hemi-crypts per
animal were evaluated (about 15 hemi-crypts per
duodenum, jejunum, and ileum). Criteria for small
intestinal hemi-crypts were adapted from a previously
[18]
published study : (1) a single epithelial layer is
visible from crypt basis to villus tip; (2) crypt basis
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without any distension; (3) open crypt lumen; (4)
between crypt and villus a small plateau is visible; (5)
crypt height 1/4 to 1/3 of the total CVA; and (6) in
each villus, the lamina propria mucosae is visible.

A

B

Immunohistochemistry

Serial sections of morphologically proved intestinal
tissues were prepared and immunostained against
[2]
BrdU . After blocking, DNA-incorporated BrdU was
detected with anti-BrdU antibodies (GE Healthcare,
Freiburg, Germany). Antibody-binding was visualized
with the MOM Kit and DAB as a chromogen (both
from Vector, Burlingame, United States). Anti-CD3
immunostainings were performed using a rabbit
polyclonal anti-CD3 antibody (Abcam, Cambridge,
United Kingdom) in a dilution 1:100. For antibody
detection the ImmPRESS system (Vector, Burlingame,
CA) and DAB as chromogen were applied.

1
2
3

C

D

Measurement of epithelial cell migration

For each animal BrdU-positive, epithelial cells were
numbered in 50 hemi-crypts per animal along the
small intestine (about 15 hemi-crypts per duodenum,
jejunum, and ileum) following previously published
[1,2]
procedures
. BrdU-positive epithelial cells were
characterized with “1”, BrdU-negative epithelial cells
with “0”. In each hemi-crypt, the outer most BrdUmax
positive cell (cell ) was determined and numerically
documented. Histomorphological evaluations were
performed by two morphologically experienced
investigators (Kuhn P and Gassler N) using a Nikon
Eclipse 80i microscope (Nikon).

1
2
3

Figure 1 Number of intra-epithelial lymphocytes is diminished in beta-7
integrin-deficient mice. Histological sections of the jejunum from beta-7
integrin-deficient mice (A and B) as well as age-matched male C57BL/J J mice
(C and D) are shown. In the HE stainings (A and C) characteristic intra-epithelial
lymphocytes are highlighted by arrows. Anti-CD3 immunostainings are shown (B
and D). Original magnification, × 400. 1: Tunica mucosa; 2: Tela submucosa; 3:
Muscularis propria.

Statistical analysis

For each time point of the study three animals per
group (nij = 3) were used. Data of 50 hemi-crypts per
small intestine (about 15 hemi-crypts per duodenum,
jejunum, and ileum) and animal were summarized
and the median was calculated. The same data were
used for the analysis of variance reflecting mouse
type and time course (4, 20 or 40 h). Data were
processed using Excel-based algorithms and SASbased procedures. Standard deviations of the means
were indicated by error bars. P-values of less than 0.05
were considered significant.

of beta-7 integrin-deficient mice when compared to
controls (Figure 1). In addition, the Peyer’s patches of
beta-7 integrin-deficient mice appeared hypoplastic.
These findings were in high accordance with the
original description of an injured GALT in beta-7
[15]
integrin-deficient mice .

Increased enterocyte migration in beta-7 integrindeficient mice

To evaluate migration of small intestinal enterocytes
in vivo we used the BrdU-assay established by Potten
[1,2]
et al . Beta-7 integrin-deficient mice and controls
were sacrificed 4, 20 or 40 h after BrdU application.
max
Location of cell
along the CVA was morpho
metrically evaluated in 50 hemi-crypts throughout the
small intestine of each animal (about 15 hemi-crypts
per duodenum, jejunum, and ileum) (Figure 2).
In the small intestinal mucosa of beta-7 integrinmax
deficient mice, the location of cell
was found in a
significantly higher position than it was the case for
the controls (Figure 3). The difference was already
detected at 4 h after BrdU application, but signifi
cantly increased with time (40 h after BrdU injection;
P-value < 0.05). The differences observed were

RESULTS
Diminished intra-epithelial lymphocytes in beta-7
integrin-deficient mice

Using HE-stained tissue sections, small intestinal
histomorphology of beta-7 integrin-deficient mice
and wild types littermates was compared. In both
groups, the basal tissue architecture was preserved
throughout the small intestine (duodenum, jejunum,
and ileum) including mucosa, submucosa, muscularis
propria, and serosa. However, the number of IELs was
significantly reduced in all small intestinal segments
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BrdU 20 h

BrdU 40 h

Wild type

Beta7-deficient

BrdU 4 h

Figure 2 Morphometrical approach for evaluation of enterocyte migration. Formalin-fixed and paraffin-embedded small intestinal tissues of beta-7 integrindeficient mice or wild type mice were anti-BrdU immunostained. BrdU was injected 4, 20, or 40 h before sacrificing mice. Red dots illustrate examples of cell max
location. The insets at 4 h illustrate staining results. Original magnification, × 200.
[8,13]

of cellular migration
. Integrins containing the
beta-7 subunit are exclusively expressed on leuko
cytes and important for cell trafficking as well as
homing and retention of lymphocytes into the inte
[13,15,22]
stinal mucosa
. It has been shown that beta-7
integrins bind MAdCAM-1, which is found on endo
thelial cells in small venules, and E-cadherin, which is
[23]
strongly expressed by enterocytes .
In the present study we evaluated the influence
of a loss of beta-7 integrin, which is essential for
homing and retention of lymphocytes within the mu
cosal epithelial layer, on the continuous migration of
enterocytes. The study was focussed on the small
intestine where configuration of the GALT is more
essential than in the colorectum.
Our study gives evidence that both establishment
of the GALT and enterocyte migration are affected
in the small intestinal mucosa of beta-7 integrindeficient mice. The finding that these animals display
diminished numbers of IELs is in line with several
[13,15,23]
previous studies
. The finding that the injured
configuration of IELs in the mucosa of beta-7 integrin
knockout mice is additionally associated with a
significant increase in enterocyte migration, which is
likely secondary to the lymphocyte homing defect, is
new.
In view with the literature, the E-cadherin beta-7
integrin pathway could be a molecular basis for an
increased enterocyte migration in beta-7 integrin
[23]
knockout mice . Binding of lymphocytes to epithelial
cells is strongly mediated by a molecular link between
[16]
alphaE beta-7 integrin and E-cadherin . In addition,
E-cadherin - the major constituent of adherens

a
60

40
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Cell

max

location

50

20
10
0

BrdU 4 h

BrdU 20 h

BrdU 40 h

Figure 3 Enterocyte migration is accelerated in beta-7 integrin-deficient
mice. Cellmax locations summarized from duodenum, jejunum, and ileum of
beta-7 integrin-deficient mice (white) and wild type littermates (black) 4, 20, 40
h after BrdU application (three animals per group). aP < 0.05 between group.

identical in all small intestinal segments investigated,
i.e., duodenum, jejunum, and ileum.

DISCUSSION
Cellular migration is a fundamental phenomenon
which is determined by a plethora of molecules and
[10]
regulated by diverse molecular pathways . In the
intestine, migration of epithelial and non-epithelial
cells is essential for integrity as well as maintenance
of the intestinal mucosal barrier and important to
[19-21]
establish intestinal immunity
.
Integrins are important players in establishment
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probably affects enterocyte migration.

junctions - is preferentially involved in the configuration
of apical junctional complexes and a major prerequisite
for cell as well as tissue polarization. Ultra-structurally,
E-cadherin binds intracellular to catenins (e.g., betacatenin, p120, and plakoglobin) which link E-cadherin
[24]
activities to the actin cytoskeleton . Disturbed
E-cadherin function has been linked to diverse patho
logical processes and diseases involving an injured
[25,26]
intestinal homeostasis and barrier function
.
A crucial role of E-cadherin in migration of en
[27]
terocytes was recently shown . Using the BrdU
technique they demonstrated that loss of E-cadherin
was associated with a significant increase in cell
migration and development of cell death. In view
with these data, epithelial cell migration within the
intestinal mucosa is probably modified by several
mechanisms including the composition of epithelial
and non-epithelial cell types and the integrity of
E-cadherin/adherens junctions. In a putative dynamic
model, epithelial migration at the intestinal surface is
probably lower in heterologue systems (epithelium
with normal or increased IELs; e.g., wild type mice)
than in homologue systems (epithelium without or low
IELs; e.g., beta-7 integrin knockout mice) or adherens
junction-defect systems (loss of E-cadherin/catenins;
e.g., conditionally inactivated Cdh1 gene in intestinal
epithelia). This point of view is further substantiated
by the observation that with an increasing content
of goblet cells within the surface epithelial layer
(heterologue system) enterocyte migration diminishes
from the small intestine (turnover time 48.3 h) to colon
[2]
(83.5 h) and rectum (101.2 h) . The present study
does not rule out the possibility that other molecular
mechanisms than a disturbed beta-7 integrinmediated enterocyte - lymphocyte communication
exists determining the migration defects. However,
further studies are necessary to investigate the
impact of cellular composition within the intestinal
epithelial layer to enterocyte migration and its puta
tive role in pathophysiological circumstances includ
ing inflammatory and non-inflammatory intestinal
disorders.
In conclusion, our study demonstrates that beta-7
integrin is not only involved in regulating homing
and retention of lymphocytes but also in regulating
migration of enterocytes within the small intestine
surface lining epithelium.

Innovations and breakthroughs

Recent reports have highlighted the importance of beta-7 integrins in
configuration the gut-associated lymphoid tissue and lymphocyte migration.
This is the first study demonstrating that beta-7 integrin deficiency is associated
with a disturbed enterocyte migration. Loss of beta-7 integrin accelerates
enterocyte migration along the crypt-villus axis probably mediated via the
E-cadherin beta-7 integrin pathway.

Applications

The observation that beta-7 integrin affects enterocyte migration could be
crucial for the better understanding how immunological mechanisms modulate
intestinal barrier configuration.

Terminology

Integrins are proteins involved in cell-cell as well as cell-matrix cross talks. They
are found in several classes and isoforms. Beta-7 integrins are exclusively
expressed on leukocytes and important for cell trafficking as well as homing
and retention of lymphocytes.

Peer-review

In this study, the authors attempt to demonstrate that beta-7 integrin controls
enterocyte migration within the small intestinal surface lining epithelial layer.
They have used beta-7 integrin deficient mice for this study.
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Abstract
AIM: To investigate the possible involvement of Sirtuin
1 (SIRT1) in rat orthotopic liver transplantation (OLT),
when Institute Georges Lopez 1 (IGL-1) preservation
solution is enriched with trimetazidine (TMZ).
METHODS: Male Sprague-Dawley rats were used as
donors and recipients. Livers were stored in IGL-1 pre
servation solution for 8h at 4 ℃, and then underwent
OLT according to Kamada’s cuff technique without
arterialization. In another group, livers were stored in
IGL-1 preservation solution supplemented with TMZ, at
-6
10 mol/L, for 8 h at 4 ℃ and then underwent OLT. Rats
were sacrificed 24 h after reperfusion, and liver and plasma
samples were collected. Liver injury (transaminase levels),
mitochondrial damage (glutamate dehydrogenase
activity) oxidative stress (malondialdehyde levels), and
+
nicotinamide adenine dinucleotide (NAD ), the cofactor necessary for SIRT1 activity, were determined
by biochemical methods. SIRT1 and its substrates (ac+
FoxO1, ac-p53), the precursor of NAD , nicotinamide
phosphoribosyltransferase (NAMPT), as well as the
phosphorylation of adenosine monophosphate activated
protein kinase (AMPK), p-mTOR, p-p70S6K (direct
substrate of mTOR), autophagy parameters (beclin-1,
LC3B) and MAP kinases (p-p38 and p-ERK) were
determined by Western blot.
RESULTS: Liver grafts preserved in IGL-1 solution
enriched with TMZ presented reduced liver injury and
mitochondrial damage compared with those preserved
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in IGL-1 solution alone. In addition, livers preserved
in IGL-1 + TMZ presented reduced levels of oxidative
stress. This was consistent with enhanced SIRT1 protein
expression and elevated SIRT1 activity, as indicated by
decreased acetylation of p53 and FoxO1. The elevated
SIRT1 activity in presence of TMZ can be attributed to
+
the enhanced NAMPT protein and NAD /NADH levels.
Up-regulation of SIRT1 was consistent with activation
of AMPK and inhibition of phosphorylation of mTOR
and its direct substrate (p-p70S6K). As a consequence,
autophagy mediators (beclin-1 and LC3B) were overexpressed. Furthermore, MAP kinases were regulated
in livers preserved with IGL-1 + TMZ, as they were
characterized by enhanced p-ERK and decreased p-p38
protein expression.

pathophysiology, a more profound knowledge of the
underlying mechanisms is needed in order to design
new therapeutic strategies able to minimize its adverse
effects.
SIRT1 is a histone deacetylase that either acti
vates or suppresses the transcription activities of
various non-histone proteins through its nicotinamide
+
adenine dinucleotide (NAD )-dependent activity.
SIRT1 has been associated with the pathophysiology
[3]
of IRI in several organs . In fact, SIRT1 is involved
in a wide variety of cellular processes, including
[4-7]
apoptosis, cellular stress and autophagy . It has
been reported that SIRT1 deacetylates p53, thus
reducing its transcriptional activity and its ability to
[8]
induce apoptosis . Forkhead box-containing protein
O 1 (FoxO1) is also a target for SIRT1, and its de
acetylation has been implicated in the detoxification
[9]
of ROS and the promotion of autophagy . Further
more, we have recently shown that SIRT1 activation
contributes, in part, to the protective effects of liver
[10]
ischemic preconditioning against IRI .
Adequate liver preservation is vital for the success
of transplantation, in order to maintain graft quality
after cold storage. At present, University of Wiscon
sin (UW) solution is the most widely used preser
vation solution. Recent studies have demonstrated
that Institute Georges Lopez 1 (IGL-1) preservation
solution is a valuable alternative for liver grafts in
[11,12]
orthotopic liver transplantation (OLT)
. Moreover,
supplementation of IGL-1 with trimetazidine (TMZ)
has been shown to increase the preservation of both
steatotic and non-steatotic liver grafts in an isolated
[13]
and perfused “ex vivo” model . However, the role of
SIRT1 in rat OLT when IGL-1 solutions are used has
not been assessed to date.
Given that TMZ is a promising additive for incre
asing liver graft preservation and since SIRT1 exerts
a protective role against warm IRI in the liver, the
aim of this study is to investigate the potential role
of SIRT1 in rat OLT when TMZ-enriched IGL-1 pre
servation solution is used.

CONCLUSION: Our study shows that IGL-1 preservation
solution enriched with TMZ protects liver grafts from the
IRI associated with OLT, through SIRT1 up-regulation.
Key words: Sirtuin 1; Ischemia-reperfusion injury; Liver
transplantation; IGL-1 preservation solution; Trimetazidine
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Sirtuin 1 (SIRT1) has been implicated in path
ways associated with ischemia-reperfusion injury (IRI),
but its role in rat orthotopic liver transplantation has
not yet been established. In our study, SIRT1 protein
expression levels and activity increased when Institut
Georges Lopez 1 (IGL-1) preservation solution was
supplemented with trimetazidine, which was associated
with less hepatic injury and mitochondrial damage. The
increased deacetylation of FoxO1 by SIRT1 agreed with
less oxidative stress and the activation of the autophagy
pathway. These findings support the notion that SIRT1
up-regulation may be an effective strategy for reducing
IRI and improving liver transplantation outcome.
Pantazi E, Zaouali MA, Bejaoui M, Folch-Puy E, Ben Abdennebi
H, Varela AT, Rolo AP, Palmeira CM, Roselló-Catafau J. Sirtuin
1 in rat orthotopic liver transplantation: An IGL-1 preservation
solution approach. World J Gastroenterol 2015; 21(6): 1765-1774
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i6/1765.htm DOI: http://dx.doi.org/10.3748/wjg.v21.i6.1765

MATERIALS AND METHODS
Animals

Male Sprague-Dawley rats (200-250 g) were used as
donors and recipients. Throughout the study, animals
were housed in conventional animal facilities where
temperature and humidity were controlled with a
12 h light/dark cycle. All animals had free access to
water and a standard laboratory diet. All procedures
were performed under isofluorane inhalation ane
sthesia. The experiments were approved by the
Ethics Committees for Animal Experimentation (CEEA,
Directive 400/12), University of Barcelona and all
procedures complied with European Union regulations
for animal experiments (EU guideline 86/609/EEC).
Rats were randomly distributed into groups as de

INTRODUCTION
Liver ischemia-reperfusion injury (IRI) can cause
primary graft non-function and may lead to organ
[1,2]
failure . The oxygen deprivation during ischemia
provokes depletion of cellular energy, whereas the
subsequent re-oxygenation during reperfusion initia
tes a cascade of complex pathways, including the
production of reactive oxygen species (ROS), which
in part are responsible for the subsequent induction
of hepatocellular injury. Given the complexity of IRI
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[10]

scribed below.

Hepatic injury was assessed in terms of alanine
aminotransferase (ALT) levels with commercial kits
from RAL (Barcelona, Spain). Briefly, plasma extracts
were collected before liver extraction and centrifuged
at 4 ℃ for 10 min at 0.8 g. Then, 200 μL of the su
pernatant was added to the substrate provided by
the commercial kit. ALT levels were determined at
365 nm with a UV spectrometer (DU 800, Beckman
Coulter) and calculated following the supplier’s in
[14]
structions .

previously described . Fifty μg of proteins was
separated on 8%-15% SDS-PAGE gels and transblotted on PVDF membranes (Bio-Rad). Membranes
were then blocked for one hour with 5% (w/v) nonfat milk in T-TBS and incubated overnight at 4 ℃
with antibody against SIRT1 (#07-131), p-mTOR
(Ser2481, #09-343), mTOR (#04-385), all purchased
from Merck Millipore, Billerica, MA; ac-p53 (ab37318,
abcam, United kingdom); ac-FoxO1 (D-19, sc-49437),
BECN1 (H-300, sc-11427), both purchased from Santa
Cruz Biotechnology Inc, CA, United States; p-AMPK
(Thr172, #2535), p-p38 mitogen activated protein (MAP)
kinase (Thr180/Tyr182,#9211), p-70S6K (Thr389,
#9205), LC3B (#2775), p-p44/42 MAPK (Erk1/2,
Thr202/Tyr204), #9101, all from Cell Signaling,
Danvers, MA, NAMPT (AP22021SU, Acris Antibodies
GmbH, Germany), HSP70 (610607, Transduction Labo
ratories, Lexington, KY) and b-actin (A5316, Sigma
Chemical, St. Louis, MO, United States). Membranes
were then incubated for 1 h at room temperature with
the corresponding secondary antibody linked to hor
seradish peroxidase. Bound complexes were detected
using WesternBright ECL-HRP substrate (Advansta,
Barcelona, Spain) and were quantified using the Quan
tity One software for image analysis. Results were
expressed as the densitometric ratio between the pro
tein of interest and the loading control (b-actin).

Glutamate dehydrogenase activity

Statistical analysis

Experimental design

The following experimental groups were created:
(1) Sham (n = 6): Animals underwent transverse
laparotomy and received silk ligatures in the right
suprarenal vein, diaphragmatic vein, and hepatic
artery; (2) IGL-1 (n = 6): Livers were flushed and
stored in IGL-1 preservation solution for 8h at 4 ℃,
and then underwent OLT according to Kamada’s cuff
technique without arterialization. Rats were sacrificed
24 h after reperfusion for liver and plasma sample
collection; and (3) IGL-1 + TMZ (n = 6): Same as
group 2, but livers were preserved in IGL-1 solution
-6
supplemented with trimetazidine (TMZ) at 10 mol/L.

Transaminase assay

Data are expressed as mean ± SE. Statistical com
parison was performed by variance analysis, followed
by the Student-Newman-Keuls test (Graft Pad prism
software). P < 0.05 was considered significant.

Glutamate dehydrogenase (GLDH) is a mitochondrial
enzyme that catalyses the conversion of glutamate to
2-oxoglutarate. It was used as an indirect marker of
mitochondrial damage; it was measured in plasma,
[15]
as described previously .

RESULTS

Lipid peroxidation assay

Liver injury and mitochondrial damage

Lipid peroxidation in the liver was used as an indirect
measure of the oxidative injury induced by ROS.
Lipid peroxidation was determined by measuring the
formation of malondialdehyde (MDA) with the thi
[16]
obarbiturate reaction . Liver samples were homo
genized in Tris-HCL pH = 7 and 250 μL of trichloroacetic
acid (TCA) were added to 250 μL of liver homogenates.
Then, the samples were centrifugated in 3000 rpm
at 4 ℃ for 15 min. Then, 250 μL of thiobarbituric acid
(TBA) were added to the supernatant and were heated
at 100 ℃ for 30 min. MDA reacted with TBA to form
a pink chromogenic compound whose absorbance at
540 nm was measured. The result was expressed as
nmols/mg protein.

We first determined liver and mitochondrial injury
through transaminase and GLDH levels respectively in
the different experimental groups. Livers preserved in
IGL-1 and subjected to OLT showed the highest ALT
and GLDH levels, whereas addition of TMZ to the IGL-1
solution resulted in a significant decrease in liver and
mitochondrial injury in comparison with IGL-1 solution
alone (Figure 1).

SIRT1, NAMPT, ac-p53 ac-FoxO1 proteins expression
and NAD+ levels

In order to explore the potential involvement of
SIRT1 in the protective effects of TMZ on rat OLT, we
first determined its protein expression pattern. SIRT1
protein expression was significantly increased when
livers were preserved in IGL-1 solution compared
with the Sham group (Figure 2C). Interestingly, the
addition of TMZ to IGL-1 solution clearly enhanced
SIRT1 expression compared with IGL-1 solution alone
(Figure 2C). In view of the altered SIRT1 protein
levels, we then investigated parameters associated
with SIRT1 activity, such as the protein expression of

NAD+/NADH determination
+

NAD /NADH from liver were quantiﬁed with a com
mercially available kit (MAK037, Sigma Chemical,
St. Louis, MO, United States) according to the manu
facturer’s instructions.

Western blot analysis

Liver tissue was homogenized in HEPES buffer as
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Figure 1 Alanine aminotransferase levels (A) and hepatic glutamate dehydrogenase (B) in plasma after 24 h of reperfusion. Sham: Liver harvested without
transplantation; IGL-1: Liver transplanted after 8 h of cold storage in IGL-1 solution; IGL-1 + TMZ: Liver transplanted after 8 h of cold storage in IGL-1 solution with
10-6 M Trimetazidine (TMZ). aP < 0.05 vs Sham; cP < 0.05 vs IGL-1. ALT: Alanine aminotransferase; GLDH: Glutamate dehydrogenase.

we next evaluated both phosphorylated mTOR (p-
mTOR) and mTOR protein levels as well as the pho
sphorylation levels of its direct substrate, p-p70S6K.
As shown in Figure 4B and C, the addition of TMZ to
IGL-1 solution significantly reduced p-mTOR/mTOR
and p-p70S6k protein levels compared with IGL-1
preservation solution alone.

nicotinamide phosphoribosyltransferase (NAMPT), the
+
NAD /NADH levels, as well as the acetylation state of
two direct substrates, p53 and FoxO1. As shown in
Figure 2A, liver graft preservation in IGL-1 solution led
to high NAMPT protein expression, which was further
enhanced in case of IGL-1 supplemented with TMZ.
+
Furthermore, NAD /NADH levels were significantly
reduced in both IGL-1 groups in comparison to nontreated animals (Figure 2B). However, the presence
of TMZ in IGL-1 resulted in a better preservation
+
of NAD /NADH levels than the IGL-1 alone (Figure
2B). This was consistent with decreased acetylated
FoxO1 and p53 protein levels in IGL-1 + TMZ group
compared with IGL-1 (Figure 2D and Figure 2E re
spectively). These results suggest an increase in
SIRT1 activity in the IGL-1 + TMZ group; therefore,
the protective effect of TMZ is exerted, at least in
part, through the induction of both SIRT1 expression
and activation.

Autophagy: Beclin-1 and LC3B protein levels

Autophagy is a conserved cellular process that is
activated under conditions of nutrient stress to pro
mote cell survival. Given the importance of the mTOR
[18]
signaling pathway in the suppression of autophagy
and the fact that IGL-1 preservation solution enriched
with TMZ was characterized by inactivation of both
mTOR and p70S6k protein, we sought to test whether
TMZ-induced SIRT1 protective effects might be
mediated through the activation of autophagy. To do
so, we explored the expression of beclin-1 and LC3B,
two well-known proteins involved in the autophagic
pathway. Both proteins presented significant upregulation in the IGL-1 + TMZ group compared with
both Sham and IGL-1 group (Figure 5A, B).

Oxidative stress and HSP70 protein expression

Next, we evaluated lipid peroxidation as an indicator
of oxidative stress in OLT. Livers preserved in IGL-1
solution showed significantly increased MDA com
pared with Sham (Figure 3A). This increase was
prevented by the addition of TMZ in IGL-1 solution.
Moreover, livers preserved in IGL-1 solution up-regu
lated the levels of the cytoprotective heat shock pro
tein 70 (HSP70), which was further enhanced in the
presence of TMZ (Figure 3B).

MAP kinases

Finally, we explored the modulation of MAP kinases by
TMZ. Here we observed increased phosphorylation of
extracellular signal-regulated kinase (ERK) in IGL-1
preserved livers, which was further enhanced when
TMZ was added to the preservation solution (Figure
6A). Moreover, the presence of TMZ in IGL-1 solution
reversed the increased phosphorylation of p38 protein
levels detected in the livers preserved in IGL-1 solution
(Figures 6B and 7).

p-AMPK and p-mTOR activation

It is known that both AMP-activated protein kinase
(AMPK) and SIRT1 regulate each other and share
[17]
many common target molecules . We therefore
assessed the possible involvement of AMPK activation
in the protective effects of TMZ. As shown in Figure
4A, livers preserved with IGL-1 solution showed
increased phosphorylated AMPK (p-AMPK). However,
this AMPK activation was further enhanced in the
presence of TMZ. Given that the mammalian target
of rapamycin (mTOR) activity is regulated by AMPK,

WJG|www.wjgnet.com

DISCUSSION
The present study provides the first evidence that
SIRT1 up-regulation in a rat model of OLT contributes
to a better preservation of liver grafts against IRI.
SIRT1 over-expression is attributed to the use of a
modified IGL-1 preservation solution enriched with
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Figure 2 NAMPT protein expression (A), NAD+/NADH levels (B), SIRT1 (C), ac-FoxO1 (D) and ac-p53 (E) protein expression in livers after 24 h of
reperfusion. Sham: Liver harvested without transplantation, IGL-1: Liver transplanted after 8 h of cold storage in IGL-1 solution; IGL-1 + TMZ: Liver transplanted after
8 h of cold storage in IGL-1 solution with 10-6 mol/L trimetazidine (TMZ). aP < 0.05 vs Sham; cP < 0.05 vs IGL-1. NAMPT: Nicotinamide phosphoribosyltransferase;
NAD+: Nicotinamide adenine dinucleotide; SIRT1: Sirtuin 1; FoxO1: Forkhead box-containing protein O 1; NADH: Nicotinamide adenine dinucleotide.

TMZ, an anti-ischemic drug administered for the
[19]
treatment of angina pectoris . In earlier work with
an isolated perfused rat liver model, we already
showed that TMZ addition to IGL-1 solution promotes
cytoprotective markers that are induced during is
chemia, such as hypoxia inducible factor-1α through
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nitric oxide generation, as well as those promoted
[13]
during reperfusion, such as heme oxygenase-1 .
Here, we report that the addition of TMZ in IGL-1
preservation solution favors the activation of SIRT1 in
rat OLT.
The increases observed in SIRT1 protein levels
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Figure 3 Malondialdehyde (A) and HSP70 protein levels (B) in livers after 24 h of reperfusion. Sham: Liver harvested without transplantation; IGL-1: Liver
transplanted after 8 h of cold storage in IGL-1 solution; IGL-1 + TMZ: Liver transplanted after 8 h of cold storage in IGL-1 solution with 10-6 mol/L trimetazidine (TMZ).
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Figure 4 Protein levels of p-AMPK (A), p-mTOR/mTOR (B) and p-p70S6k (C) in livers after 24 h of reperfusion. Sham: Liver harvested without transplantation;
IGL-1: Liver transplanted after 8 h of cold storage in IGL-1 solution; IGL-1 + TMZ: Liver transplanted after 8 h of cold storage in IGL-1 solution with 10-6 mol/L
trimetazidine (TMZ). aP < 0.05 vs Sham; cP < 0.05 vs IGL-1.
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Figure 5 Protein expression of beclin-1 (A) and LC3B (Ⅱ)/(Ⅰ) (B) in livers after 24 h of reperfusion. Sham: Liver harvested without transplantation; IGL-1: Liver
transplanted after 8 h of cold storage in IGL-1 solution; IGL-1 + TMZ: Liver transplanted after 8 h of cold storage in IGL-1 solution with 10-6 mol/L trimetazidine (TMZ).
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Figure 6 Protein levels of pERK (A) and p-p38 (B) in livers after 24 h of reperfusion. Sham: Liver harvested without transplantation; IGL-1: Liver transplanted
after 8 h of cold storage in IGL-1 solution; IGL-1 + TMZ: Liver transplanted after 8 h of cold storage in IGL-1 solution with 10-6 mol/L trimetazidine (TMZ). aP < 0.05 vs
Sham; cP < 0.05 vs IGL-1.
[24]

were consistent with an effective prevention of liver
injury and mitochondrial damage. We previously
reported the protective effect of TMZ on liver damage
after graft preservation, and showed that its addition
to UW solution reduces liver injury and improves liver
[20]
function . Our current data confirm that SIRT1 upregulation in OLT due to TMZ can be considered as a
protective cellular signaling response against IRI. This
finding corroborates previous reports of a protective
effect for SIRT1 against IRI in different organs such
[21-23]
as heart, kidney and brain
.
SIRT1 over-expression in liver grafts preserved in
IGL-1 + TMZ was concomitant with increased levels
+
+
of both NAMPT and NAD . NAD is a cofactor required
for SIRT1 enzymatic activity. Furthermore, it has been
shown that NAMPT is the rate-limiting enzyme in the
+
NAD biosynthetic pathway and directly regulates
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SIRT1 activity in mammalian cells . NAMPT upregulation has been shown to be beneficial against
+
cardiac IRI through preservation of NAD levels and
[25]
SIRT1 regulation . Taking this into account, we
suggest that in the IGL-1 + TMZ group the increased
+
NAMPT protein levels promote NAD production, which
in turn contributes to the high SIRT1 deacetylase
activity. Indeed, in the same group we observed de
creased levels of acetylated p53 and FoxO1, two di
rect substrates of SIRT1, which have been reported
[26,27]
to be SIRT1 activity markers
. Therefore, the TMZ
protective effects observed are mediated, at least in
part, by enhanced SIRT1 activity.
SIRT1 plays an important role in cellular stress,
including the oxidative stress associated with IRI.
FoxO1 deacetylation by SIRT1 has been linked with
the capacity of FoxO1 to enhance the transcription

1771

February 14, 2015|Volume 21|Issue 6|

Pantazi E et al . Involvement of Sirtuin 1 in liver transplantation
TRZ

↑NAMPT

↑NAD

Mitochondrial damage
(GLDH)
Oxidative stress
(MDA)

↑SIRT1

Autophagy activation
↓pmTOR/p70S6K
↑beclin-1, LC3B

MAPK regulation
↑p-ERK
↓p-p38

↓IRI

Figure 7 Schematic model of the protective effect of sirtuin 1 against ischemia-reperfusion injury associated to rat orthotopic liver transplantation.
Trimetazidine (TMZ) addition to IGL-1 promotes NAMPT expression and enhances NAD+ levels, which in turn provokes SIRT1 up-regulation. SIRT1 contributes to
decreased hepatic injury by inhibiting mitochondrial damage and oxidative stress, activating autophagic pathway and by enhancing p-ERK and decreasing p-p38
protein expression. SIRT1: Sirtuin 1; IRI: Ischemia-reperfusion injury; OLT: Orthotopic liver transplantation.
[31]

of anti-oxidant enzymes, thus contributing to the
[4,5,21]
resistance against oxidative stress
. For these
reasons, we decided to explore the potential relation
ship between SIRT1, ac-FoxO1 and the lipid pero
xidation that occurs in OLT. In the present study,
we found that the significant SIRT1 induction and
FoxO1 deacetylation were accompanied by marked
decreases in lipid peroxidation when TMZ was added
to IGL-1. Moreover, SIRT1 up-regulation in OLT may
contribute to reducing hepatic vulnerability against
oxidative stress and to improving the mitochondrial
status during oxidative stress conditions. Our results
[28]
corroborate those of Ou et al
who demonstrated
that over-expression of SIRT1 under oxidative stress
conditions enhanced mitochondrial function in em
[21]
bryonic stem cells. In addition, Hsu et al
demon
strated that hearts over-expressing SIRT1 were more
resistant to oxidative stress in response to IRI, due, in
part, to the effective FoxO1 deacetylation by SIRT1.
It is well known that increases in heat shock protein
expression are involved in the protection against oxida
[29]
tive stress . Our results also demonstrate strong
HSP70 protein expression in the IGL-1 + TMZ group.
This direct connection between SIRT1 and HSP70
during liver IRI was recently reported by our group in
[10]
liver ischemic preconditioning .
Autophagy plays an important role in both sensing
oxidative stress and removing oxidative damaged
[30]
proteins and organelles . This process involves the
inhibition of p-mTOR (mammalian TOR) and the sub
[31]
sequent inactivation of its direct substrate, p70S6k .
During autophagy, specific proteins such as beclin-1
(in the initial stages of autophagosome formation)
and LC3B (during autophagosome expansion) are
[32,33]
activated
. AMPK activation results in mTOR
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inhibition and subsequent autophagy activation . In
addition, SIRT1 deacetylase activity has been asso
ciated with activation of AMPK, and SIRT1- mediated
deacetylation of FoxO1 has also been implicated in
[34-36]
increased autophagy
. In our study, SIRT1 overexpression and the enhanced activity in the IGL-1 +
TMZ group was concomitant with AMPK activation,
reduced levels of p-mTOR/p-p70S6k, and increased
autophagy (beclin-1 and LC3B). Our findings are in
agreement with other investigations carried out in
[37-39]
[40]
liver
and kidney
which have shown the pro
tective effect of autophagy against IRI. Autophagy
activation through a NAMPT/SIRT1-dependent me
chanism has also been shown to be protective against
[41]
cerebral ischemia .
However, the role of autophagy in IRI has been
controversial, as various studies have evidenced
either a beneficial or detrimental role. For example
[40]
Jiang et al
have reported a renoprotective role of
autophagy against IRI; during ischemia, autophagy
can contribute to the provision of nutrients, whereas
during reperfusion can eliminate damaged proteins
[42]
and organelles. Similarly, Matsui et al
in cardiac
IRI showed that autophagy was protective during
ischemia, but beclin-1 dependent autophagy acti
vation during reperfusion was associated with cell
death. Autophagy is stimulated by various factors and
it still remains unknown which steps determine the
decision for the survival or death. Between them, the
time of ischemia seems to influence the autophagy
outcome, as a prolonged ischemia time can result in
excessive activation of autophagy and subsequently
[43]
to cell death . In our case, autophagy is associated
with decreased graft injury and thus we may suppose
that eight hours of cold preservation is not sufficient
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written and the study is well conducted. The beneficial effect of adding
trimetazidine on preservation solution is documented in several ways ranging
from hepatic enzyme dosage to all the biological cellular expression of damage
(SIRT1, ac-p53 ac-Fox O1 protein expression, to oxidative stress and HSP70
protein expression.

time for an excessive and detrimental activation of
autophagy. More profound investigations are required
in order to define the regulatory mechanisms of
autophagy.
In a recent publication, we reported that SIRT1
modulates (MAP) kinases, whose activation is a con
sequence of oxidative stress generation associated
[16]
to IRI . Here, we show that TMZ addition to IGL-1
enhances p-ERK protein levels and reduces p-p38
protein levels in comparison to IGL-1 alone. As a
result, the increased SIRT1 over-expression in OLT
coincided with the modulation of the MAP kinases, as
[44]
reported in other studies .
Taken together, our results show that TMZ exerts
its protective role against IRI associated with OLT,
in part, through the induction of SIRT1 protein ex
pression and activity. We found that SIRT1 up-regu
lation prevented liver injury and oxidative stress and
promoted liver autophagy (see Figure 7). Our findings
support the benefits of pharmacological activation of
SIRT1, a new therapeutic strategy for improving liver
graft preservation.
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n = 14) and ischemia/reperfusion (I/R) preceded by the
administration of 480 nmol of nitrite (n = 14). Serum
transaminases were measured after 4 h of reperfusion.
Liver microdialysate (MD) was sampled in 30-min
intervals and analyzed for glucose, lactate, pyruvate
and glycerol as well as the total nitrite and nitrate (NOx).
The NOx was measured in serum.

RESULTS: Aspartate aminotransferase (AST) at the
end of reperfusion was higher in the IR group than in
the nitrite group (40 ± 6.8 μkat/L vs 22 ± 2.6 μkat/L, P
= 0.022). Similarly, alanine aminotransferase (ALT) was
also higher in the I/R group than in the nitrite group (34
± 6 μkat vs 14 ± 1.5 μkat, P = 0.0045). The NOx in
MD was significantly higher in the nitrite group than in
the I/R group (10.1 ± 2.9 μmol/L vs 3.2 ± 0.9 μmol/L,
P = 0.031) after the administration of nitrite. During
ischemia, the levels decreased in both groups and
then increased again during reperfusion. At the end of
reperfusion, there was a tendency towards a higher
NOx in the I/R group than in the nitrite group (11.6 ±
0.7 μmol/L vs 9.2 ± 1.1 μmol/L, P = 0.067). Lactate in
MD was significantly higher in the IR group than in the
nitrite group (3.37 ± 0.18 mmol/L vs 2.8 ± 0.12 mmol/
L, P = 0.01) during ischemia and the first 30 min of
reperfusion. During the same period, glycerol was also
higher in the IRI group than in the nitrite group (464
± 38 μmol/L vs 367 ± 31 μmol/L, P = 0.049). With
respect to histology, there were more signs of tissue
damage in the I/R group than in the nitrite group, and
29% of the animals in the I/R group exhibited necrosis
compared with none in the nitrite group. Inducible
nitric oxide synthase transcription increased between
early ischemia (t = 15) and the end of reperfusion in
both groups.

Abstract
AIM: To investigate whether nitrite administered prior
to ischemia/reperfusion (I/R) reduces liver injury.

CONCLUSION: Nitrite administered before liver is
chemia in the rat liver reduces anaerobic metabolism
and cell necrosis, which could be important in the cli
nical setting.

METHODS: Thirty-six male Sprague-Dawley rats were
randomized to 3 groups, including sham operated (n =
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Key words: Ischemia-reperfusion injury; Nitrite; Liver
ischemia; Liver surgery; Microdialysis; Nitric oxide;
Inducible nitric oxide synthase

of NO on the respiratory chain
. The protective
effect of nitrite on the mouse liver has further been
supported by a study on the preservation of the
mouse liver in University of Wisconsin solution or
Lactated Ringer’s solution with or without the addition
[12]
of nitrite . In cardiac ischemia, nitrite has been
shown to decrease the infarct size, reduce apoptosis
[13]
and improve contractility . Inhaled NO has been
investigated in human liver transplantation and shown
[14,15]
to have some protective effect
. In a previous
study, our group showed that during liver ischemia,
the total level of nitrite and nitrate (NOx) is reduced
in the ischemic liver tissue and that iNOS transcription
is less activated during early reperfusion in rats
subjected to ischemic preconditioning (IPC) than
[16]
those subjected to ischemia and reperfusion alone .
The main hypothesis of this study was that
intravenously administered nitrite before ischemia
reduces IRI as measured by transaminase levels,
microdialysis and histology during early (4 h) re
perfusion. Additional hypotheses were that this
reduction could be related to the reduced anaerobic
metabolism that was detectable using microdialysis
and that the treatment reduces iNOS transcription
during the early phase of reperfusion.

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Nitric oxide has an important protective effect
against liver ischemia/reperfusion injury (IRI), although
large levels of the substance may increase IRI. The
total levels of nitrite and nitrate decrease in the liver
tissue during ischemia. Because nitrite can be reduced
to nitric oxide (NO) in an acidic environment, this de
crease may be due to NO formation. In this study,
the administration of nitrite before liver ischemia/re
perfusion reduced the IRI per evaluation with transa
minases, liver microdialysis and histology.
Björnsson B, Bojmar L, Olsson H, Sundqvist T, Sandström P.
Nitrite, a novel method to decrease ischemia/reperfusion injury
in the rat liver. World J Gastroenterol 2015; 21(6): 1775-1783
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i6/1775.htm DOI: http://dx.doi.org/10.3748/wjg.v21.i6.1775

INTRODUCTION

MATERIALS AND METHODS

As liver surgery continues to evolve and expand with
increasingly complicated resections being performed,
vascular inflow control (Pringle’s maneuver) is
occasionally used to reduce bleeding associated with
liver transection. Obstructing the vascular inflow to
the liver inevitably leads to some degree of ischemia/
[1]
reperfusion injury (IRI) .
It has been shown that when the availability of
nitric oxide (NO) is decreased during IRI in the rat
[2]
liver, there is more severe injury . On the other
hand, excessive NO levels, such as those found after
activation of inducible nitric oxide synthase (iNOS),
[3]
seem to be detrimental to the liver during IRI .
Although nitrite has mainly been considered an inert
product of NO oxidation, nitrite can be reduced to
[4]
NO in an acidic environment . More recently, this
process has been shown to occur, which is catalyzed
[5]
by deoxyhemoglobin, at physiological oxygen levels .
The reduction of nitrite to NO may increase the
bioavailability of NO in settings where nitric oxide
synthase (NOS) does not provide NO, such as when
oxygen is lacking. The administration of 48 nmol of
nitrite (via intraperitoneal injection) before reperfusion
decreases liver IRI (measured as the transaminase
[6]
level at 24 h of reperfusion) in a mouse model .
Further studies in isolated rat mitochondria have
shown that the administration of nitrite may modulate
mitochondrial electron transfer in a way that slows
electron transport and reduces the formation of
[7]
reactive oxygen species during reperfusion . This
finding is consistent with the known inhibitory effects
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Study protocol and animals

The study protocol was approved by the local ethics
committee for animal experiments at Linköping Uni
versity, Linköping, Sweden. Thirty-six male SpragueDawley rats (313-444 g, Scandjur, Sollentuna,
Sweden) were randomized into the following 3 groups:
(1) ischemia (n = 14); (2) nitrite administered before
ischemia (n = 14); and (3) sham operated (n = 8).
Two minutes before a 45-min period of segmental
ischemia, 480 nmol of sodium nitrite (Cayman
Chemical Company; Ann Arbor, MI, United States)
dissolved in saline was administered to the animals
in the nitrite group by injection into the caval vein.
The animals in the sham group were not subjected
to ischemia, but their livers were mobilized as in the
other groups. The animals were acclimatized for 1 wk
at 21 ℃ on a 12-h light/dark cycle with free access
to standard rat food pellets and tap water before the
experiment.

Anesthesia, surgery, blood sampling and tissue
sampling

The animals were anesthetized with isoflurane (Bax
ter Medical AB, Kista, Sweden), and 0.05 mg/kg
of buprenorphine (Temgesic ®, Schering-Plough,
Stockholm, Sweden) was administered sc for pain
relief. The animals were intubated with a 16 G in
travenous catheter (BD Venflon, Becton, Dickinson
and Company, Franklin Lakes, NJ, United States) and
ventilated with a Hallowell EMC Microvent 1 respirator
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(Hallowell EMC Pittsfield, MA, United States) during
the experiment. The rats were monitored using a
SurgiVet V3304 (Smiths Medical PM, Inc., Norwell,
MA, United States), and their body temperatures
were maintained within 38 ℃-39 ℃ through the use of
Animaltemp 1070 heating pads (Elmedex Elektronik
HB, Uppsala, Sweden). Laparotomy was performed
via a midline incision, and the ligament attachments
of the liver were divided. Immediately after intubation
and at every hour throughout the experiment, the
animals received 5 mL of warm (38 ℃) Ringer’s
acetate (Baxter Medical AB, Kista, Sweden) sc.
Microdialysis was carried out during the entire
experiment from two separate lobes (ischemia and
control) of the liver. After 15 and 40 min of ischemia
and at the end of reperfusion, biopsies were taken
from the ischemic lobe and stored in liquid nitrogen
for later analysis. A sample of the tissue collected at
the end of reperfusion was stored in formalin.

were then incubated for 10 min, and 20 μL of NaOH
was added. All samples were read in threes with
fluorometry using an excitation wavelength of 355
nm and an emission wavelength of 430 nm.

iNOS in the liver tissue

Ten milligrams of liver tissue (dry weight) was dis
rupted and homogenized in a Micro-Dismembranator
(Braun Biotech, Allentown, PA, United States) at 2900
rpm for 30 s. RNA extraction was performed according
to the manufacturer’s protocol (Qiagene, Valencia,
CA, United States); however, β-mercaptoethanol was
not used. The RNA was eluted in 300 μL of RNAsefree water; the RNA concentration was measured
at 260 nm, and its purity (approximately 2.0) was
read at 260/280 nm (NanoDrop, Thermo Scientific,
Erembodegem, Belgium). The RNA was further
stored at -70 ℃ until assayed. Reverse transcriptase
cDNA conversion with a High Capacity cDNA Reverse
Transcription Kit was used on 0.5 μg RNA in a total
volume of 20 μL according to the manufacturer’s
protocol (Applied Biosystems, Foster City CA, United
States). cDNA samples were stored at -20 ℃ until
assayed. Samples of 2 μL containing 50 ng cDNA
(0.025 μg/μL) were used in a total reaction volume
of 20 μL for the real-time PCR reaction. Samples
were analyzed in triplicate with a Fast Master Mix and
TaqMan Gene Expression Assay (Applied Biosystems)
in a 7500 Fast Instrument (Applied Biosystems). The
mean of the samples’ Ct is normalized in the results
against the mean Ct for glyceraldehyde-3-phosphatedehydrogenase, which is presented as ΔCt.

Microdialysis

CMA 20 Elite Microdialysis Probes (CMA/Microdialysis
AB, Stockholm, Sweden) were inserted in both the
left lateral and right lateral (control) liver lobes and
perfused at a rate of 1.0 μL/min with Perfusion fluid
T1 (147 mmol/L of Na, 4 mmol/L of K, 2.3 mmol/L
of Ca, and 156 mmol/L of Cl at a pH of 6 and an
osmolality of 290 mosm/kg) (CMA/Microdialysis AB)
from a CMA 400 Syringe Pump (CMA/Microdialysis
AB). Before insertion, the probes were preperfused.
After inserting the probe, 35 min were allowed
for the steady state to be reached, and 20 min of
baseline sampling of microdialysate was performed
before ischemia was induced. During ischemia, the
microdialysate was sampled in 22.5-min intervals;
thereafter, the intervals were 30 min. Analyses of
glucose, glycerol, lactate and pyruvate were per
formed instantly using the clinical bedside analyzer
ISCUS (CMA/Microdialysis AB).

NOx

-

Histology

Liver sections (2 μm) were hematoxylin-eosin stained
and coded before examination by a pathologist who
was blind to the experimental design. The degree
of liver injury was estimated using a scoring system
that evaluated the sinusoidal congestion (0-4), cyto
[17]
plasmic vacuolation (0-4) and necrosis (0-2) .

Statistical analysis

-

The sum of NO2 and NO3 (NOx) was analyzed in the
serum and microdialysate following the instructions
provided in the commercial “Nitrite/Nitrate Fluo
rometric Assay Kit” (Cayman Chemical Company,
Ann Arbor, MI, United States). Before analysis, the
serum was ultrafiltrated through a 10-kD cut-off
filter (Millipore, Solna, Sweden). The microdialysate,
conversely, was directly analyzed. Standard curves
were plotted. For nitrate, 10 μL of each sample was
diluted in 70 μL of assay buffer. Aliquots of 10 μL
of enzyme cofactor and 10 μL of nitrate reductase
mixture were added to the buffered sample. After 30
min of incubation at room temperature, 10 μL of DAN
(2,3-diaminonaphtalene) was added and incubated
for another 10 min. For nitrite, 10 μL of each sample
was diluted with 90 μL of assay buffer, and 10 μL of
DAN was added. Both the nitrate and nitrite samples
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The data are presented as the mean ± SE unless
otherwise stated. A P value < 0.05 was considered
statistically significant. t-tests were used to compare
the treatment groups. No statistical comparisons were
made between the study groups and sham group.
Statistica 8.0 software (StatSoft Inc., Tulsa, OK,
United States) was used for all statistical calculations.

RESULTS
Blood analyses

Liver transaminases: After 4 h of reperfusion,
higher serum AST levels (Figure 1A) were found in
the I/R group, 40 ± 6.8 μkat/L, compared with the
nitrite group, 22 ± 2.6 μkat/L (P = 0.022). Similarly,
the ALT levels (Figure 1B) at 4 h of reperfusion were
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Figure 1 Serum aspartate aminotransferase and alanine aminotransferase in rats. A: The serum aspartate aminotransferase (mean ± SE) in rats subjected to 45
min of segmental (left lateral lobe) liver ischemia and 4 h of reperfusion with (nitrite, n = 14) or without (ischemia reperfusion injury, n = 14) intravenous pre-treatment
with 480 nmol of nitrite and sham operated animals (n = 8). The animals treated with nitrite prior to ischemia and reperfusion had significantly lower aspartate
aminotransferase (AST) levels (P = 0.022); B: The serum alanine aminotransferase (ALT) (mean ± SE) in rats subjected to 45 min of segmental (left lateral lobe)
liver ischemia and 4 h of reperfusion with (nitrite, n = 14) or without (ischemia reperfusion injury, n = 14) intravenous pre-treatment with 480 nmol of nitrite and sham
operated animals (n = 8). The animals treated with nitrite prior to ischemia and reperfusion had significantly lower AST levels (P = 0.0045). IRI: Ischemia reperfusion
injury.
14

liver tissue was higher in the nitrite group, 10.1 ± 2.9
μmol/L, than in the I/R group, 3.2 ± 0.9 μmol/L (P =
0.031) (Figure 2). During ischemia, the levels of NOx
decreased in both groups and thereafter increased
during reperfusion. At the end of 4 h of reperfusion,
there was a trend towards higher levels of NOx in the
I/R group, 11.6 ± 0.7, than in the nitrite group, 9.2 ±
1.1 (P = 0.067).
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Glucose: In both the I/R and nitrite groups, glucose
increased approximately 2-fold (range: 6-12 mmol/L)
in the ischemic lobe compared with either the control
lobe or the pre-ischemic value in the ischemic lobe.
No significant difference was found between the two
ischemic lobes (Figure 3A). In the control lobes of the
nitrite group, a significant (P < 0.001) increase (range:
6.1-7.7 mmol/L) in glucose was observed after nitrite
administration. At t = 00:43 and during the first 95
min of the experiment, the glucose level was higher
in the control lobes of the nitrite group compared with
the I/R group (P = 0.049 and P = 0.02, respectively).
Otherwise, there was a constant decrease in glucose
during the experiment (Figure 3B).

IRI

2

00:20 00:4201:0501:3502:0502:3503:0503:3504:0504:3505:05
Time (hh:min)

Figure 2 Parenchymal (microdialytic), nitrite and nitrate (mean ± SE) in
the ischemic liver lobes in rats subjected to 45 min of segmental (left
lateral lobe) liver ischemia and 4 h of reperfusion with (nitrite, n = 14) or
without (ischemia reperfusion injury, n = 14) intravenous pre-treatment
with 480 nmol of nitrite and sham operated animals (n = 8). After the
administration of nitrite, the parenchymal nitrite and nitrate (NOx) was higher
than for animals that did not receive nitrite (P = 0.031). During ischemia, the
levels decreased in both groups and then increased again during reperfusion.
After 4 h of reperfusion, there was a trend towards higher levels in animals
that were not treated with nitrite (P = 0.067). The shaded area represents the
ischemic phase. IRI: Ischemia reperfusion injury.

Pyruvate: In the I/R group, pyruvate in the ischemic
segments fell to approximately 40% of the level in
the control segments at the end of ischemia. In the
nitrite group, the corresponding value was 15%. In
the early phase of reperfusion, there was a transient
increase in the parenchymal pyruvate in both groups.
There were, however, large interindividual variations
in the pyruvate levels, and no significant differences
were noted.
In the sham group, there were no significant
differences between the two lobes in the micro
dialysate (data not shown).

significantly higher in the IRI group, 34 ± 6 μkat/
L, than in the nitrite group, 14 ± 1.5 μkat/L, (P =
0.0045). In the sham group, the AST and ALT levels
were near normal when measured at the end of the
experiment (4.4 and 3.5, respectively).
NOx: The sum of nitrite and nitrate (NOx) was
measured in the serum at the end of reperfusion and
was not significantly different between the groups
(data not shown).

Parenchymal metabolism measured by microdialysis

NOx: After the administration of nitrite, NOx in the
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Lactate: The lactate levels increased more than

1778

February 14, 2015|Volume 21|Issue 6|

Björnsson B et al . Nitrite decreases rat liver IRI

A

16
14

Nitrite

12

IRI

8
6
4

10

2.5
2.0
1.5

0.0

00:20 00:4201:0501:3502:0502:3503:0503:3504:0504:3505:05

00:20 00:4201:0501:3502:0502:3503:0503:3504:0504:3505:05
Time (hh:min)

B

Nitrite

4.5

Sham

4.0

IRI

3.5

8
6
4
2
0

IRI

0.5

Lactate (mmol/L)

Glucose (mmol/L)

12

Sham

3.0

Time (hh:min)

14

Nitrite

1.0

2

B

P = 0.01

3.5

10

0

4.5
4.0

Sham

Lactate (mmol/L)

Glucose (mmol/L)

A

Nitrite
Sham
IRI

3.0
2.5
2.0
1.5
1.0
0.5

00:20 00:4201:0501:3502:0502:3503:0503:3504:0504:3505:05
Time (hh:min)

0.0

Figure 4 Parenchymal (microdialytic) lactate. A: Parenchymal (microdialytic)
lactate (mean ± SE) in the ischemic liver lobes in rats subjected to 45 min of
segmental (left lateral lobe) liver ischemia and 4 h of reperfusion with (nitrite,
n = 14) or without (ischemia reperfusion injury, IRI, n = 14) intravenous pretreatment with 480 nmol of nitrite and sham operated animals (n = 8). During
ischemia, parenchymal lactate increased in both groups; during the ischemic
phase and first 30 min of the reperfusion phase, the levels were higher in the
untreated group (P = 0.01). The shaded area represents the ischemic phase; B:
Parenchymal (microdialytic) lactate (mean ± SE) in the control (non-ischemic,
right) liver lobes in rats subjected to 45 min of segmental (left lateral lobe) liver
ischemia and 4 h of reperfusion with (nitrite, n = 14) or without (IRI, n = 14)
intravenous pre-treatment with 480 nmol of nitrite and sham operated animals
(n = 8). After the administration of nitrite, the parenchymal lactate increased
significantly (P = 0.012) and reached levels higher than those in the untreated
group (P = 0.01).

four-fold in the ischemic lobes (4 mmol/L) compared
with the control lobes (0.7 mmol/L) in the I/R group
during the ischemic phase; the same pattern was
observed in the nitrite group (3.3 and 1 mmol/L,
respectively), although the increase had a smaller in
magnitude. During ischemia and the first 30 min of
reperfusion, the lactate levels were significantly higher
in the IRI group than in the nitrite group (P = 0.01).
At the end of ischemia (t = 01:05) and after 30 min
of reperfusion (t = 01:35), there was a trend towards
less lactate in the nitrite group compared with the I/R
group (P = 0.053 and 0.08, respectively) (Figure 4A).
Lactate increased from 0.9 to 1.2 mmol/L (P =
0.012) in the control lobes in the nitrite group after
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Figure 3 Parenchymal (microdialytic) glucose. A: Parenchymal (micro
dialytic) glucose (mean ± SE) in the ischemic liver lobes in rats subjected to
45 min of segmental (left lateral lobe) liver ischemia and 4 h of reperfusion with
(nitrite, n = 14) or without (ischemia reperfusion injury, IRI, n = 14) intravenous
pre-treatment with 480 nmol of nitrite and sham operated animals (n = 8).
During ischemia, parenchymal glucose increased in both groups without any
difference noted between the groups. In the reperfusion phase, there was a
steady decline in the glucose levels. The shaded area represents the ischemic
phase; B: Parenchymal (microdialytic) glucose (mean ± SE) in the control (nonischemic, right) liver lobes in rats subjected to 45 min of segmental (left lateral
lobe) liver ischemia and 4 h of reperfusion with (nitrite, n = 14) or without (IRI,
n = 14) intravenous pre-treatment with 480 nmol of nitrite and sham operated
animals (n = 8). After the administration of nitrite, parenchymal glucose
increased significantly (P < 0.001) and reached levels higher than those in the
untreated group (P = 0.02).

the administration of nitrite, which was not observed
in the I/R group. Furthermore, the lactate levels were
significantly (P = 0.01) higher during the first 95 min
of the experiment in the control lobes in the animals
treated with nitrite than in those subjected to I/R
alone (Figure 4B).
In the sham group, the lactate levels remained
low and stable throughout the experiment.
Glycerol: The increase in glycerol in the ischemic
lobes (range: 18-686 μmol/L) compared with the
control lobes was approximately 38-fold in the I/R
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Figure 6 Distribution of total histological injury score. The distribution of
total histological injury score in the ischemic liver lobes in rats subjected to 45
min of segmental (left lateral lobe) liver ischemia and 4 h of reperfusion with
(nitrite, n = 14) or without (ischemia reperfusion injury, IRI, n = 14) intravenous
pre-treatment with 480 nmol of nitrite.

Figure 5 Parenchymal (microdialytic) glycerol (mean ± SE) in the
ischemic liver lobes in rats subjected to 45 min of segmental (left lateral
lobe) liver ischemia and 4 h of reperfusion with (nitrite, n = 14) or without
(ischemia reperfusion injury, n = 14) intravenous pre-treatment with 480
nmol of nitrite and sham operated animals (n = 8). During ischemia, the
parenchymal glycerol increased in both groups; during the ischemic phase and
the first 30 min of the reperfusion phase, the levels were higher in the untreated
group (P = 0.049). The shaded area represents the ischemic phase. IRI:
Ischemia reperfusion injury.

I/R group (n = 14), the mean score for sinusoidal
congestion was 1.29 compared with 0.86 in the
nitrite group (n = 14). Five animals (36%) scored
2 or higher in the I/R group compared with 1 (7%)
in the nitrite group. Similarly, the mean score for
cytoplasmic vacuolization was 0.71 in the I/R group
and 0.43 in the nitrite group, and 5 (36%) of the
animals in the IRI group did not show signs of
vacuolation compared with 8 (57%) in the nitrite
group. Of the 14 animals in the I/R group, 4 (29%)
had signs of necrosis by histology, whereas none were
found in the nitrite group. Together, the median total
score for the I/R group was 2 (0-6), and this value
for the nitrite group was 1 (0-3); Figure 6 shows the
distribution of the scores and Figure 7 shows the
representative histologic slides for each group.

group during the ischemic phase. The nitrite group
followed a similar pattern, but the increase (range:
25-602 μmol/L) was less pronounced than in the I/R
group (24-fold). During ischemia and the first 30 min
of reperfusion, the glycerol levels were significantly
higher in the IRI group than in the nitrite group (P
= 0.049). At the end of ischemia (t = 01:05), there
was a trend towards higher glycerol in the ischemic
lobes in the I/R group compared with the nitrite
group (P = 0.079); a similar trend was noticed
after 30 min of reperfusion (t = 01:35, P = 0.069).
In the ischemic lobes, the glycerol levels returned
to the levels observed in the control lobes after
approximately 60 min of reperfusion. No significant
changes were observed in the sham group or in the
control lobes (Figure 5).

DISCUSSION
This is the first experimental study to investigate the
effect of nitrite administered intravenously before
a period of segmental liver I/R in rats. This study
shows that nitrite reduces the systemic levels of AST
and ALT after 4 h of reperfusion, improves anaerobic
metabolism in the ischemic lobe (measured via
microdialysis) and reduces the histological signs of
IRI.
The administration of nitrite resulted in signi
ficantly higher NOx in the microdialysate before
ischemia, indicating that the administered nitrite
reached the liver parenchyma. The total NOx
was markedly reduced in the liver parenchyma
during ischemia in both groups. This reduction had
previously been shown in animals that were not
[16]
treated with nitrite in this model . The tendency
towards higher NOx in the IRI group at the end of
the experiment, although not statistically significant,
may reflect more endogenous NO production in the

Tissue analysis

iNOS mRNA: There was no difference in the iNOS
mRNA between the groups 15 min into ischemia (IRI
ΔCt = 9.3 ± 0.72, ΔCt nitrite = 8.6 ± 0.24). In both
groups, transcription was increased at the end of
the experiment to ΔCt = 3.8 ± 0.52 in the I/R group
and 3.4 ± 0.26 in the nitrite group (P < 0.01 in both
groups). There was, however, no significant difference
between the groups.
Histology: The degree of liver injury was evaluated
in terms of sinusoidal congestion (0-4), cytoplasmic
[17]
vacuolation (0-4) and necrosis (0-2) .
For the sham animals, all scores were zero, except
for 1 animal that scored 1 (10%-40% of hepatic
tissue was affected) for sinusoidal congestion. In the
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Figure 7 HE-stained liver tissue from the ischemic liver lobes in rats subjected to 45 min of segmental (left lateral lobe) ischemia and 4 h of reperfusion
without pre-treatment (A), with 480 nmol of nitrite administered intravenously before ischemia (B) and sham operated (20 x magnification) (C); In 40 ×
magnificataion, without pre-treatment (D) and with 480 nmol of nitrite administered intravenously before ischemia (E).

I/R group during reperfusion. In the sham group,
an increase in the MD NOx was noted during the
experiment, which is most likely consistent with the
inflammatory response to laparotomy. In the serum
analysis, no differences could be found between the
groups, which is consistent with our previous results
[6,16,18]
and with published data from others
. These
findings may be explained by data indicating that
nitrite is converted to NO and is bound to thiols and
[5,19]
metals
. Therefore, the administration of nitrite
may increase the bioavailability of NO and, in that
way, may reduce IRI.
Reduced iNOS transcription has been found to
accompany reduced IRI when IPC and R-IPC are
[20]
compared . In the present study, no significant
difference was noted, although there was a tendency
towards a larger increase of transcription in the I/R
group. Keeping in mind that almost 30% of the liver
cells showed signs of necrosis in the I/R group and,
therefore, may not have been capable of inducing
transcription, this could be a false-negative finding.
Another possible explanation is that the protective
effects of nitrite found in this study are not related to
a reduction in iNOS transcription.
In previous studies, lower glucose levels in
microdialysate from the ischemic liver were asso
[21,22]
ciated with diminished signs of IRI
. In this study,
this phenomenon was not confirmed, although the
glucose levels tended to return to normal earlier in
the nitrite group than they did in the I/R group (Figure

WJG|www.wjgnet.com

3A). Lactate was significantly higher in the ischemic
lobes in the I/R group than in the nitrite group,
indicating that there is reduced anaerobe metabolism
when nitrite is administered. The opposite was
observed in the control lobes, a finding that has not
been reported in earlier IRI studies, including those
using microdialysis. The increase in lactate observed
in the control lobes after nitrite administration may
be related to a dampening of the electron transport
[7,8]
chain, which is in agreement with previous studies .
Dampening of the electron transport chain will
decrease the oxidative stress and may therefore be
important in reducing IRI. This potential explanation
is further supported by the increase in hepatic glucose
found in the same control lobes, which may indicate
reduced metabolism. This subtle difference was not
observed in the ischemic lobe, which is perhaps due
to the increased anaerobic metabolism.
Glycerol was found to be significantly higher in the
I/R group than in the nitrite group during ischemia
and the first 30 min of reperfusion. Although the
degrees of correlation with the AST (r = 0.3) and ALT
(r = 0.27) levels were low and non-significant, they
are consistent with studies on IRI that have included
microdialysis and indicate damage to the cellular
[21,23]
membranes
. Furthermore, the histological
findings also indicate that the IRI is reduced with
nitrite treatment administered before ischemia, and
there is no necrosis in the treated animals, compared
with almost one-third of the untreated animals.
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supports earlier findings as the route of administration, and the animal strain
differs from the previous reports.

Together, these results indicate that nitrite ad
ministered before I/R reduces the IRI, and they
further corroborate an earlier study on mice that
showed that nitrite administered before reperfusion
[6]
reduces the IRI in a dose-dependent manner .
When interpreting these findings, one has to consider
that the results are obtained after a short period
of reperfusion; therefore, it is unclear whether the
damage continues during the later phase.
Because the administration of nitrite during is
chemia in the setting of liver resection would be
impractical, it is important to also evaluate the effects
when nitrite is administered prior to an ischemic
insult, as was performed in this study. The protective
effect of oral nitrite 24 h before hepatic ischemia
in mice has already been established; until now,
however, intravenous administration immediately
[7]
prior to ischemia has not been investigated . The
results presented herein support that nitrite may
have a protective role against IRI when administered
before an ischemic period. This could have clinical
implications insofar as one of the methods used
to lower the central venous pressure during liver
resections in humans involves the intravenous ad
[24]
ministration of nitroglycerine . Nitroglycerine has
a short half-life, and it is metabolized in the liver to
nitrite, which may constitute a pool of substrate for
[25]
NO production without NOS involvement . In a
small, randomized study on the effect of low central
venous pressure (CVP) on bleeding during hepa
tectomy, nitroglycerin was among the methods used
to lower the CVP. The low CVP group was had lower
(although nonsignificant) ALT levels postoperatively
than controls, which may be attributed to the
[26]
aforementioned effects of nitrite .
In conclusion, the administration of nitrite before
I/R reduces the biochemical and pathological signs of
the IRI. This effect may have clinical implications and
should be further investigated in the clinical setting.

Applications

The findings of this basic research article add to the authors’ understanding
of the value of nitrite as a protective treatment against damage to the liver
that is related to ischemia/reperfusion. Showing that this effect occurs in rats
as well as in mice (previously shown) may serve as the foundation for further
research in the area. It should be noted, however, that such treatment would
not immediately be adaptable to the clinical setting.

Terminology

Ischemia/reperfusion injury (IRI) is an ill-defined term that refers to the damage
in the liver when the circulation is closed and then reopened. The extent of the
damage is typically measured by the levels of liver transaminases in the serum.

Peer-review

In this paper, authors aim to investigate whether nitrite administration prevents
liver IRI. To reach their scope, the Authors used a rat model of liver IRI. In the
animal group treated with nitrates before IRI transaminases were significantly
lower, as well as anaerobic metabolism markers, than in the control or the
sham-operated group. Accordingly, histopathological liver tissue sections
demonstrated less injury in the treated group compared to controls.
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the damage. Until now, this has only been shown for mice. The current study
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In vitro identification of nonalcoholic fatty liver diseaserelated protein hnRNPM
Jun-ichi Takino, Kentaro Nagamine, Masayoshi Takeuchi, Takamitsu Hori
METHODS: Cells of the human hepatocyte cell line
Hep3B were incubated with or without fructose for
five days, and the corresponding cell lysates were
separated by two-dimensional gradient sodium dodecyl
sulfate-polyacrylamide gel electrophoresis. Glycer-AGEs
were detected with the anti-Glycer-AGEs antibody.
Furthermore, the identification of the proteins that are
modified by glyceraldehyde in the presence of high
concentrations of fructose was conducted using matrixassisted laser desorption/ionization time-of-flight mass
spectrometry (MALDI-TOF-MS). The protein and mRNA
levels were determined by Western blotting and realtime reverse transcription PCR, respectively.
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RESULTS: The results of the two-dimensional gra
dient sodium dodecyl sulfate-polyacrylamide gel
electrophoresis indicated a greater amount of GlycerAGEs in the sample exposed to high concentrations
of fructose than in the control. The detected GlycerAGEs showed isoelectric points in the range of 8.0-9.0
and molecular weights in the range of 60-80 kDa.
The heterogeneous nuclear ribonucleoprotein M
(hnRNPM), which plays an important role in regulating
gene expression by processing heterogeneous nuclear
RNAs to form mature mRNAs, was identified as a
modified protein using MALDI-TOF-MS. Increasing
the concentration of fructose in the medium induced
a concentration-dependent increase in the generated
Glycer-AGEs. Furthermore, in an experiment using
glyceraldehyde, which is a precursor of Glycer-AGEs,
hnRNPM was found to be more easily glycated than the
other proteins.
CONCLUSION: The results suggest that glyceralde
hyde-modified hnRNPM alters gene expression. This
change may cause adverse effects in hepatocytes and
may serve as a target for therapeutic intervention.

Abstract
AIM: To study the formation of intracellular glyce
raldehyde-derived advanced glycation end products
(Glycer-AGEs) in the presence of high concentrations of
fructose.
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ribonucleoprotein M; Nonalcoholic fatty liver disease;
Nonalcoholic steatohepatitis

Recent studies have suggested that AGEs can be
formed not only from sugars, but also from carbonyl
compounds produced as a result of the autoxidation
[9,10]
of sugars and from other metabolic pathways
.
Evidence suggests that the glyceraldehyde-derived
AGEs (Glycer-AGEs) are associated with diabetes[11-13]
related pathologic complications
. Absorbed fru
ctose is selectively metabolized in the liver and later
[1,2]
metabolized into glyceraldehyde by aldolase . The
immunohistochemical analysis of Glycer-AGEs show
intense staining in the livers of patients with nona
lcoholic steatohepatitis (NASH), which is a form of
[14]
NAFLD . It is well known that AGE modification
[15,16]
adversely alters protein function
. However, the
effects of fructose on the formation of intracellular
Glycer-AGEs remain poorly understood.
In this study, we have examined the formation of
intracellular Glycer-AGEs in the human hepatocyte
cell line Hep3B when exposed to high concentrations
of fructose.

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Excessive intake of fructose contributes to
the development of nonalcoholic fatty liver disease
and to the progression of the disease to nonal
coholic steatohepatitis. Fructose is metabolized to
glyceraldehyde, which is a precursor of glyceraldehydederived advanced glycation end-products (Glycer-AGEs).
We showed that intracellular Glycer-AGEs were formed
in the presence of high concentrations of fructose.
Additionally, heterogeneous nuclear ribonucleoprotein
M (hnRNPM) was identified as one of the target
proteins for glycation. These results suggest that the
glyceraldehyde-modified hnRNPM resulting from the
exposure of the cells to high concentrations of fructose,
alters gene expression and causes adverse effects in
hepatocytes.

MATERIALS AND METHODS

Takino J, Nagamine K, Takeuchi M, Hori T. In vitro identification
of nonalcoholic fatty liver disease-related protein hnRNPM.
World J Gastroenterol 2015; 21(6): 1784-1793 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v21/i6/1784.htm
DOI: http://dx.doi.org/10.3748/wjg.v21.i6.1784

Chemicals

All chemicals were commercial samples of high purity
and used as supplied. Glyceraldehyde was purchased
from Nakalai Tesque (Kyoto, Japan).

Cell cultures

Hep3B cells were grown in Dulbecco’s modified Eagle’
s medium (DMEM; Sigma-Aldrich, St. Louis, MO,
United States) supplemented with 10% fetal bovine
serum (Equitech-Bio, Kerrville, TX, United States)
under standard cell culture conditions (humidified
5
atmosphere, 5% CO2, 37 ℃). Cells (2 × 10 cells/mL)
were seeded in various plates or culture dishes (BD
Biosciences, Franklin Lakes, NJ, United States) and
incubated for 24 h before the start of all experiments.
To form intracellular Glycer-AGEs, cells were in
cubated with or without 0.5-10.0 mmol/L fructose for
120 h.

INTRODUCTION
Fructose is a major component in high fructose corn
syrup (HFCS) and sucrose, which are commonly used
as sweeteners in beverages and processed foods.
The consumption of fructose has increased over the
past 40 years, and HFCS consumption has increased
rapidly to replace 50% of the sucrose consumption.
HFCS is cheaper than sucrose and can be transported
easily; moreover, it is more effective in stabilizing the
[1,2]
texture of some processed foods than sucrose .
Increased fructose intake causes many adverse effects
such as obesity, dyslipidemia, and insulin resistance,
and contributes to the development and progression
of nonalcoholic fatty liver disease (NAFLD). NAFLDs
ranging from simple steatosis to steatohepatitis
[1-5]
include the most common liver diseases worldwide .
Advanced glycation end-products (AGEs) are
formed by the Maillard reaction, a nonenzymatic
reaction between the ketones or aldehydes of sugars
and the amino groups of proteins. AGEs are asso
ciated with aging and diabetes-related pathologic
[6,7]
complications
. This reaction begins with the
conversion of reversible Schiff base adducts to more
stable covalently bound Amadori rearrangement
products. Over the course of days to weeks, these
Amadori products undergo further rearrangement re
actions to form irreversibly bound moieties known as
[8]
AGEs .

WJG|www.wjgnet.com

Preparation of cell lysate

In the sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE) sample, cells were
2+
2+
washed with ice-cold Ca - and Mg -free PBS [PBS(-)]
and subjected to lysis buffer [25 mmol/L Tris-HCl
(pH 7.6), 150 mmol/L sodium chloride, 1% Nonidet
P-40, 1% sodium deoxycholate, 0.1% SDS, and 1×
protease inhibitor cocktail (Thermo Fisher Scientific
Inc., Waltham, MA, United States)]. Subsequently,
cell lysates were passed through a syringe several
times for further homogenization, and they were
centrifuged at 12000× g for 10 min at 4 ℃. After the
protein concentrations were measured, cell lysates
were dissolved in LDS sample buffer (Invitrogen of
Thermo Fisher Scientific) containing 10% sample
reducing agent (Invitrogen) and boiled for 10 min at
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In the two-dimensional gradient SDS-PAGE sa
mple, cells were washed with ice-cold PBS(-) and
subjected to 10% trichloroacetic acid for 30 min
at 4 ℃. Subsequently, collected cells were washed
with PBS(-) and dissolved in urea buffer (2 mol/L
thiourea, 7 mol/L urea, 3% CHAPS, 1% Triton X-100,
10% sample reducing agent) for 30 min at 4 ℃. The
resulting suspension was centrifuged at 20000× g for
30 min at 4 ℃.
Protein concentrations were measured using the
Bradford assay (Bio-Rad Laboratories Inc., Hercules,
CA, United States).

Briefly, 25 mg/mL of bovine serum albumin (BSA;
A0281, Sigma-Aldrich) was incubated at 37 ℃ for 7 d
under sterile conditions with 0.1 mol/L glyceraldehyde
and 5 mmol/L diethylenetriaminepentaacetic acid
(Dojindo Laboratories, Kumamoto, Japan) in 0.2 mol/L
phosphate buffer (pH 7.4). As a control, unglycated
BSA was incubated under the same conditions,
but without glyceraldehyde. The unglycated and
glycated albumin were purified using a PD-10 column
(GE Healthcare Ltd.) and dialysis against PBS. All
preparations were tested for endotoxin using the
Endospecy ES-20S system (Seikagaku Co., Tokyo,
Japan). Protein concentrations were determined using
the Dc protein assay reagent (Bio-Rad Laboratories)
using BSA as a standard.
The amount of Glycer-AGEs-BSA required to
neutralize rabbit anti-Glycer-AGE antibody was cal
culated based on a standard curve of Glycer-AGEsBSA in a competitive ELISA. The antibody was
incubated with 50 µg/mL of Glycer-AGEs-BSA for
1 h at room temperature and it was used for the
subsequent experiments.

Two-dimensional gradient SDS-PAGE and mass
spectrometry protein identification

After measuring the protein concentrations, cell
lysates that modified acrylamide (100 µg) were se
parated in agar gel (pH range: 3-10 or 5-10) (ATTO,
Tokyo, Japan) and 5-20% SDS-polyacrylamide
gradient gel (ATTO). All processes were performed
according to the manufacturer’s instructions.
After two-dimensional gradient SDS-PAGE, the
gel was stained with EzStain Aqua (ATTO) for 3 h
and washed with distilled water. The selected spots
were identified by matrix-assisted laser desorption/
ionization time-of-flight mass spectrometry (MALDITOF-MS) analysis. We consigned MALDI-TOF-MS
analysis to Genomine, Inc (Kyungbuk, Korea).

Real-time reverse transcription-PCR

Total RNA was isolated from Hep3B cells using
ISOGEN Ⅱ (Nippon Gene, Tokyo, Japan), and cDNA
was synthesized using random primers and reverse
transcriptase. Real-time reverse transcription-PCR
was performed using a Smart Cycler Ⅱ System
[18]
(Takara, Shiga, Japan), as previously described .
The primers used were as follows: hnRNPM, 5′-GAG
GCC ATG CTC CTG GG-3′ and 5′-TTT AGC ATC TTC
CAT GTG AAA TCG-3′; and β-actin, 5′-TCC ACC TCC
AGC AGA TGT GG-3′ and 5′-GCA TTT GCG GTG GAC
GAT-3′.

Western blot analysis

Cell lysates were separated by electrophoresis and
then electro-transferred onto polyvinylidene difluoride
(PVDF) membranes (Millipore Corporation, Billerica,
MA, United States). Membranes were blocked for
60 min by using the PVDF blocking reagent for Can
Get Signal (Toyobo, Osaka, Japan). After washing
with PBS containing 0.05% Tween 20 (PBS-T), the
membranes were incubated with rabbit anti-GlycerAGEs antibody, mouse anti-heterogeneous nuclear
ribonucleoprotein M (hnRNPM) antibody (Millipore),
mouse anti-β-actin antibody (Santa Cruz Biotech
nology, Dallas, TX, United States), or rabbit antiGAPDH antibody (GeneTex, Irvine, CA, United
States) in Can Get Signal Solution 1 (Toyobo) for
1 h. Subsequently, the membranes were washed
three times with PBS-T and incubated with antirabbit IgG antibody (GeneTex) or anti-mouse IgG
antibody (Dako of Agilent Technologies, Santa Clara,
CA, United States) in Can Get Signal Solution 2
(Toyobo) for 1 h. After five additional washes with
PBS-T, immunoreactive proteins were detected using
ECL Prime Western Blotting Detection Reagents and
Amersham hyperfilm ECL (GE Healthcare Ltd., Little
Chalfont, Buckinghamshire, United Kingdom).

Neutralization of rabbit anti-Glycer-AGEs antibody

All experiments were performed in duplicate and
repeated at least two or three times. Each expe
riment yielded essentially identical results. Data are
expressed as the mean ± SD. The significance of
differences between group means was determined
using a t-test. P < 0.05 was defined as significant.

RESULTS
Exposure to high fructose concentrations enhanced the
formation of intracellular Glycer-AGEs in Hep3B cells

We examined whether intracellular Glycer-AGEs were
formed by exposure to high fructose concentrations.
In a Western blot analysis using the anti-Glycer-AGEs
antibody after two-dimensional gel electrophoresis,
various spots were detected in the control and
fructose samples (Figure 1A and B). Western blot
analysis using neutralized anti-Glycer-AGEs antibody
was used to clarify the nonspecific spots, which
showed no difference in their expression levels or
expression pattern between the two samples (Figure

[17]

Glycer-AGEs were prepared as described previously
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Figure 1 Western blot analysis of intracellular glyceraldehyde-derived advanced glycation end-products. Cells were incubated with or without 2 mmol/L
fructose for 5 d. Cell lysates (100 µg of protein/gel) were separated on two-dimensional gradient sodium dodecyl sulfate-polyacrylamide electrophoresis and probed
with Anti-glyceraldehyde-derived advanced glycation end-products (Glycer-AGEs) antibody (A, B), or anti-Glycer-AGEs antibody neutralized by an excess of GlycerAGEs-bovine serum albumin (C, D); A,C: control samples; B,D: Fructose samples. The arrow shows spots where a difference was seen.

1C and D). In the sample that was exposed to high
fructose concentrations, the Glycer-AGE spots were
observed to have isoelectric points in the range of
8.0-9.0 and molecular weights in the range of 60-80
kDa (Figure 1B arrow).

modification of hnRNPM, but it did not increase the
protein or mRNA levels of hnRNPM (Figure 4).
Next, we examined the effects of the modification
of hnRNPM by glyceraldehyde, which is a precursor
of Glycer-AGEs. After 5 d in culture, the cells were
incubated with or without 4 mmol/L glyceraldehyde
for 6 h. Western blot analysis using anti-Glycer-AGEs
antibody after two-dimensional gel electrophoresis
showed that the various spots of the glyceraldehyde
sample were detected more strongly than the control
sample (Figure 5A and B). The spot of hnRNPM
was also included (Figure 5B arrow). Furthermore,
Western blot analysis using anti-hnRNPM antibody
showed the bands that shifted to the top, whereas
the hnRNPM protein of 68 kDa was decreased by the
addition of glyceraldehyde. On the other hand, such
a change was not seen in β-actin or GAPDH (Figure 5C).

Identification of the proteins modified by glyceraldehyde
upon exposure to high fructose concentrations

After two-dimensional gel electrophoresis, for the
sample exposed to high concentrations of fructose,
the gel was stained with Coomassie blue (Figure
2). The gel spots that matched those detected with
anti-Glycer-AGEs antibody were identified by mass
spectrometry analysis. We identified four spots of
Glycer-AGEs (Figure 2 circle), and interestingly, all
four proteins were hnRNPM (Table 1). The spots
detected with anti-Glycer-AGEs antibody were in
accordance with the spots detected with anti-hnRNPM
antibody (Figure 3).

DISCUSSION

hnRNPM is the target protein of glycation

Glycer-AGEs cause various intracellular and ex
tracellular adverse effects. Extracellular GlycerAGEs interact with receptors for AGEs and increase
oxidative stress by the production of reactive oxygen
[19]
species in the cell . On the other hand, intrace

We examined the effects of exposure to high fructose
concentrations on the modification of hnRNPM
by glyceraldehyde. Fructose exposure induced a
concentration-dependent increase in glyceraldehyde
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Figure 2 Coomassie blue staining of the two-dimensional gradient gel. A: High fructose exposure samples were separated on two-dimensional gradient sodium
dodecyl sulfate-polyacrylamide electrophoresis and then stained with EzStain Aqua; B: Higher magnification of the square region of the left panel. The number and the
position of the four selected spots are indicated by circles.

A

B

160

160

110

110

80

80

60

60

50

50

40

40

30
kDa

30
Glycer-AGEs

kDa

hnRNPM

Figure 3 Detection of glyceraldehyde modification of heterogeneous nuclear ribonucleoprotein M by high fructose exposure. A: Samples exposed to high
fructose concentrations were separated on two-dimensional gradient sodium dodecyl sulfate-polyacrylamide electrophoresis and probed with anti-glyceraldehydederived advanced glycation end-products (Glycer-AGEs) antibody. The arrow shows spots where a difference was seen; B: They were reprobed with heterogeneous
nuclear ribonucleoprotein M (hnRNPM) antibody.

Table 1 Identification of intracellular glyceraldehyde-derived advanced glycation end-products formed by high fructose exposure
Spot No.
1
2
3
4

Protein name

Score

Mass values matched

Coverage

Heterogeneous nuclear ribonucleoprotein M
Heterogeneous nuclear ribonucleoprotein M
Heterogeneous nuclear ribonucleoprotein M
Heterogeneous nuclear ribonucleoprotein M

90
99
84
76

13
18
16
14

20%
27%
28%
22%

Calculated isoelectric point Nominal mass (kDa)
8.8
8.8
8.8
8.8

78
78
78
78

Selected spots were identified by matrix-assisted laser desorption/ionization time-of-flight mass spectrometry analysis. The number and the position of the
four selected spots refer to the numbered spots in Figure 2B.

llular Glycer-AGEs cause a functional change in the
[11,12]
protein itself
. We previously observed that gly
ceraldehyde, which is a precursor of Glycer-AGEs,
increases the intracellular Glycer-AGEs in Hep3B
cells. Among the intracellular Glycer-AGEs that were
formed, heat shock cognate 70 was identified as a
glyceraldehyde-modified protein, and the modification
[18]
by glyceraldehyde reduced the activity of the protein .
In the liver, glyceraldehyde is believed to be
produced by two pathways: the glycolytic pathway and

WJG|www.wjgnet.com

the fructose metabolic pathway. Fructose metabolism
involves fructokinase and is especially important in
the liver after food intake. Fructose is phosphorylated
to fructose-1-phosphate (F-1-P) by a specific kinase,
and the liver aldolase B can cleave F-1-P to produce
[20]
dihydroxyacetone phosphate and glyceraldehyde .
Therefore, the liver more readily accumulates
glyceraldehyde than other organs. In this study, we
have described the formation of intracellular GlycerAGEs induced by high fructose exposure in Hep3B
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Figure 4 Effects of glyceraldehyde modification of heterogeneous nuclear ribonucleoprotein M by high fructose exposure. Cells were incubated with 0.5-10.0
mmol/L fructose for 5 d. A: Cell lysates were separated on two-dimensional gradient sodium dodecyl sulfate-polyacrylamide electrophoresis (SDS-PAGE) and the
glyceraldehyde modification of heterogeneous nuclear ribonucleoprotein M (hnRNPM) was determined by probing with anti-Glycer-AGEs antibody. The arrow shows
spots identified with hnRNPM; B: Cell lysates were separated by SDS-PAGE and probed with anti-hnRNPM antibody. Equal protein loading was determined using
anti-β-actin antibody; C: The levels of mRNA expression were analyzed by real-time RT-PCR, and the result was normalized to β-actin. Data are shown as mean ±
SD (n = 6); aP < 0.05 vs control. Left panel: With 2 mmol/L fructose, right panel: With 10 mmol/L fructose.

cells.
Whether the in vitro addition of fructose to he
patocytes is physiologically relevant is an important
[21]
issue for further research. Le et al
demonstrated
that the baseline fructose level in the human peri
pheral vein was about 5 µmol/L, and after ingestion
of 24 oz of HFCS-sweetened beverages, this level
increased to 0.3 mmol/L. Fructose absorbed in the
small intestine is carried to the portal vein. There
fore, it is expected that the portal vein has higher
fructose levels than the peripheral vein. Further
[22]
more, Sugimoto et al
demonstrated that the peak
concentration of portal fructose was approximately
ten times that of peripheral fructose after sucrose
ingestion in rats. This is consistent with our findings,

WJG|www.wjgnet.com

which show that Glycer-AGEs were detected even
when the concentration of fructose was less than 3
mmol/L.
Heterogeneous nuclear ribonucleoproteins, which
directly bind to nascent RNA polymerase Ⅱ tran
scripts, play an important role in processing hetero
geneous nuclear RNAs to form mature mRNAs and in
regulating gene expression. It is known that hnRNPM
appears as a cluster of four proteins, M1-4, of 64-68
[23]
kDa in two-dimensional gel electrophoresis . We
showed that a Glycer-AGE, which we identified to be
hnRNPM, is a modified protein that was detected in
cells exposed to high fructose concentrations, and
this exposure induced a concentration-dependent
increase in Glycer-AGEs (glyceraldehyde-modified
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Figure 5 Effects of glyceraldehyde modification of heterogeneous nuclear ribonucleoprotein M. Hep3B cells were incubated for 5 d and incubated with or
without 4 mmol/L glyceraldehyde for 6 h. Cell lysates were separated on two-dimensional gradient sodium dodecyl sulfate-polyacrylamide electrophoresis (SDSPAGE) (A, B); or SDS-PAGE and probed with anti-Glycer-AGEs antibody (C). A: Control sample; B: Glyceraldehyde sample. The arrow shows spot identified with
heterogeneous nuclear ribonucleoprotein M (hnRNPM).

hnRNPM). It is known that the ketones or aldehydes
of sugars can modify the side chains of lysine and
[24,25]
[26]
arginine residues in proteins
; Cotham et al
demonstrated that dicarbonyl compounds react
primarily with arginine residues. Lysine and arginine,
amino acids that have a basic side chain, are im
[27-31]
portant in RNA-protein interactions
. In particular,
the function of hnRNPM may be to influence lysine
sumoylation and arginine methylation, which are
[32,33]
post-translational modifications
. Furthermore,
hnRNPM possesses an unusual hexapeptide-repeat
region rich in methionine and arginine residues (MR
[23]
repeat motif) , and this motif may participate in
the formation of Glycer-AGEs. In experiments where
glyceraldehyde is externally added, the bands that
shifted to the top appeared, while the level of 68-kDa
hnRNPM protein was decreased. It is well known
that the glycation of proteins forms intermolecular
[34-36]
crosslinking
. Therefore, it is thought that this
phenomenon of crosslinking characterizes glycation.
However, no crosslinking was observed in β-actin or
GAPDH. This suggests that the hnRNPM protein was
more easily glycated than the other proteins.
Finally, in order to understand hnRNPM function,
we used RIP-Chip analysis in Hep3B cells to identify

WJG|www.wjgnet.com

the genes that are controlled by hnRNPM. The results
showed that apolipoprotein E (APOE) and fibrinogenlike 1 (FGL1) were included in the top 50 such genes
(Table 2). It is known that APOE is a ligand for lowdensity lipoprotein receptors and participates in the
[37]
transport of cholesterol and other lipids . It was
reported that the APOE polymorphism is significantly
[38]
associated with NASH . Furthermore, APOE-defi
cient, APOE*3-Leiden (variant form of APOE), and
APOE2 knock-in (APOE2ki) mice are widely used as
[39-43]
models of liver steatosis
. These mice were main
tained on a high-fat diet to allow the development of
[40-43]
NASH
. It is also known that FGL1 expression is
induced after liver injury; FGL1 stimulates hepatocyte
[44-46]
proliferation and protects hepatocytes from injury
.
In conclusion, among the intracellular GlycerAGEs that were formed, hnRNPM was identified as
a glyceraldehyde-modified protein, and it was more
easily glycated than the other proteins. Therefore,
we believe that the gene responsible for NAFLD
and NASH is among those whose expression is re
gulated by hnRNPM. These results suggest that
intracellular Glycer-AGEs may play a critical role in
the pathogenesis of NAFLD and NASH and may serve
as potential targets for therapeutic intervention. A
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Table 2 Top 50 RNA targets of heterogeneous nuclear ribonucleoprotein M in Hep3B cells
Rank
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

Gene title

Gene symbol

Apolipoprotein E
Albumin
RNA, 28S ribosomal 1
PQ loop repeat containing 2
Zinc finger protein 865
Unknown
lincRNA
CD63 molecule
Eukaryotic translation elongation factor 1 alpha 1
G protein-coupled receptor 155
Family with sequence similarity 74, member A4
LOC284600
LOC100506453
ATP synthase, H+ transporting, mitochondrial Fo complex, subunit G
Unknown
Proteasome (prosome, macropain) 26S subunit, non-ATPase, 2
Ribosomal protein L23
Proteasome (prosome, macropain) subunit, beta type, 1
Arsenic (+3 oxidation state) methyltransferase
Heat shock 60 kDa protein 1 (chaperonin)
H2A histone family, member V
lincRNA
Fucosyltransferase 6 (alpha (1,3) fucosyltransferase)
Cytochrome P450, family 2, subfamily W, polypeptide 1
Unknown
Microtubule-associated protein 4
lincRNA
X-ray repair complementing defective repair in Chinese hamster cells 6
Solute carrier family 16, member 12 (monocarboxylic acid transporter 12)
Actin, beta
Unknown
Mitochondrial carrier 1
Stromal cell-derived factor 2-like 1
Chromosome 19 open reading frame 10
Kinesin family member 1C
Fibrinogen-like 1
RAN, member RAS oncogene family
Unknown
Homer homolog 3 (Drosophila)
HscB iron-sulfur cluster co-chaperone homolog (E. coli)
Canopy 2 homolog (zebrafish)
Thymidine phosphorylase
F11 receptor
Mastermind-like 1 (Drosophila)
Electron-transfer-flavoprotein, beta polypeptide
Heterogeneous nuclear ribonucleoprotein A1
Alpha-1-microglobulin/bikunin precursor
Calreticulin
Solute carrier family 25 (mitochondrial carrier; phosphate carrier), member 3
Alpha-2-HS-glycoprotein

APOE
ALB
RN28S1
PQLC2
ZNF865
A_33_P3396434
XLOC_l2_004940
CD63
EEF1A1
GPR155
FAM74A4
ENST00000448179
ENST00000381105
ATP5L
A_33_P3370515
PSMD2
RPL23
PSMB1
AS3MT
HSPD1
H2AFV
XLOC_l2_015885
FUT6
CYP2W1
A_33_P3275826
MAP4
XLOC_l2_002910
XRCC6
SLC16A12
ACTB
A_33_P3315763
MTCH1
SDF2L1
C19orf10
KIF1C
FGL1
RAN
ENST00000400768
HOMER3
HSCB
CNPY2
TYMP
F11R
MAML1
ETFB
HNRNPA1
AMBP
CALR
SLC25A3
AHSG

RNA-hnRNPM complexes were co-immunoprecipitated with anti-heterogeneous nuclear ribonucleoprotein M antibody bound to protein G-magnetic
beads, and RNAs were isolated and identified by microarray analysis.

reaction that occurs between the ketones or aldehydes of sugars and the
amino groups of proteins. AGEs are associated with aging and diabetes-related
pathologic complications. The immunohistochemical analysis of Glycer-AGEs
shows an intense staining in the livers of patients with NASH. However, the
effects of fructose on the formation of intracellular Glycer-AGEs remain poorly
understood.

further analysis of the target genes of hnRNPM will be
necessary in the future.
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Excessive intake of fructose contributes to the development of nonalcoholic
fatty liver disease and to the progression of the disease to nonalcoholic
steatohepatitis (NASH). Fructose is metabolized to glyceraldehyde, which
is a precursor of glyceraldehyde-derived (Glycer)-advanced glycation endproducts (AGEs). AGEs are formed by the Maillard reaction, a nonenzymatic
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Evidence suggests that among the various AGEs, Glycer-AGEs are associated
with diabetes-related pathologic complications, NASH, and cancer. The
extracellular Glycer-AGEs-receptor for AGE signaling pathway is well
understood, and it has been previously shown that AGE modifications adversely
alter protein functions. In this study, the authors examined the formation of
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intracellular Glycer-AGEs in the presence of high concentrations of fructose.

Innovations and breakthroughs

This study reported the formation of intracellular Glycer-AGEs and identified
the glyceraldehyde-modified proteins by exposing the cells to high fructose
concentrations.
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Applications

The experimental data can be used in further studies for therapeutic
intervention using these Glycer-AGEs as potential targets.
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The study by Takino and coworkers focuses on the molecular mechanism
with which excessive intake of fructose contributes to the development of an
emerging and worrisome pathology such as nonalcoholic fatty liver disease and
its inflammatory progression, NASH.
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Occult infection related hepatitis B surface antigen variants
showing lowered secretion capacity
Hong Kim, Seoung-Ae Lee, You-Sub Won, HyunJoo Lee, Bum-Joon Kim
METHODS: A total of 10 types of hepatitis B surface
antigen (HBsAg) variants from a Korean occult cohort
were used. After a complete HBV genome plasmid
mutated such that it does not express HBsAg and
plasmid encoding, each HBsAg variant was transiently
co-transfected into HuH-7 cells. The secretion capacity
and intracellular expression of the HBV virions and
HBsAgs in their respective variants were analyzed using
real-time quantitative polymerase chain reaction assays
and commercial HBsAg enzyme-linked immunosorbent
assays, respectively.
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RESULTS: All variants exhibited lower levels of HBsAg
secretion into the medium compared with the wild type.
In particular, in eight of the ten variants, very low levels
of HBsAg secretion that were similar to the negative
control were detected. In contrast, most variants (9/10)
exhibited normal virion secretion capacities comparable
with, or even higher than, the wild type. This provided
new insight into the intrinsic nature of occult HBV
infection, which leads to HBsAg sero-negativeness but
has horizontal infectivity. Furthermore, most variants
generated higher reactive oxidative species production
than the wild type. This finding provides potential
links between occult HBV infection and liver disease
progression.
CONCLUSION: The presently obtained data indicate
that deficiency in the secretion capacity of HBsAg variants
may have a pivotal function in the occult infections of
HBV genotype C.
Key words: Occult infection; Hepatitis B virus; Hepatitis B
surface antigen; Variants; Genotype C; Reactive oxidative
species
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Abstract

Core tip: The presently obtained data indicate that defi
ciency in the secretion capacity of hepatitis B surface

AIM: To elucidate the molecular mechanisms underlying
hepatitis B virus (HBV) occult infection of genotype C.
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antigen (HBsAg), but not virion, may have a pivotal
function in occult infections of hepatitis B virus (HBV)
genotype C, at least in occult infections in South Korea.
This provided new insight into the intrinsic nature of HBV
occult infections, which lead to HBsAg sero-negativeness
but horizontal infectivity. In addition, reactive oxidative
species production via possible induction of endoplasmic
reticulum stress in hepatocytes provide a probable
explanation for the links between occult infection and liver
disease progression.

HBsAg region, particularly in the “a” determinant, is
regarded as a significant mechanism in relation to
occult HBV infection. Structural alterations in HBsAg
induced through mutations in or even outside the
“a” determinant led to reduced affinity against the
[26]
antibody in HBV diagnostic assays . Furthermore,
HBsAg mutations are known to contribute to HBV
[27]
occult infections via reduction of virion secretion .
Because HBsAg variants are a serious health concern
not only because they are not detectable by some
commercial HBsAg assays, but also because they can
infect vaccinated individuals, the emergence of HBsAg
variants with novel mutations must be monitored
among populations within HBV endemic areas, such
as South Korea.
Recently, we reported various types of novel
HBsAg variants of genotype C2 from South Korean
[14]
occult subjects . The present study elucidates the
mechanisms related to the occult infection of ten
types of genotype C2 HBsAg variants that were dis
covered in our previous study, primarily focusing on
the extracellular secretion capacity of HBV virion and
HBsAg.
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INTRODUCTION
Hepatitis B virus (HBV) infection is a global health
problem, and more than 350 million people are chronic
[1]
carriers of the virus . The infection is associated with a
large spectrum of clinical manifestations ranging from
acute or fulminant hepatitis to various forms of chronic
infection, including asymptomatic carriers, chronic
hepatitis, cirrhosis, and hepatocellular carcinoma
[2,3]
(HCC) . South Korea is recognized as an endemic
[4]
area of HBV infection . Furthermore, extraordinary
prevalence of genotype C2 has been reported in this
[5]
area ; this genotype is known to be more virulent
[6]
and more prone to mutation than genotype B , and
it might contribute to the distribution of characteristic
HBV mutation patterns related to the progression of
[7-16]
liver diseases
.
Occult HBV infection is defined as the infection
state negative for hepatitis B surface antigen (HBsAg)
serology, but it has shown viral genome persistence in
[17-19]
infected individuals
. In general, HBV infection is
diagnosed when the circulating HBsAg is serologically
detected. However, recent progress in molecularbased technology, such as polymerase chain reaction
(PCR)-based methods, has enabled HBV infection
to be proven from HBsAg negative individuals with
or without circulating antibodies to HBsAg and/or
[20-22]
hepatitis B core antigen
. A large body of evidence
has demonstrated that HBV occult infection is highly
prevalent, particularly in HBV endemic areas, and
it has distinct clinical entities. In particular, it is
significantly related to severe forms of liver disease,
[23,24]
such as cirrhosis and HCC
. Furthermore, in
hepatitis C virus (HCV) infected patients, liver disease
[25-27]
could worsen HCV infection
.
Recently, there has been significant progress in
obtaining an understanding of the molecular me
chanisms that underlie occult HBV infection, together
with increased clinical concerns throughout the
[26]
world . Among earlier findings, mutation in the

WJG|www.wjgnet.com

MATERIALS AND METHODS
HBV DNA extraction and PCR amplification

For purification of the HBV DNA from serum, a QI
Aamp DNA Blood Mini Kit (QIAGEN, Hilden, Germany)
was used according to the manufacturer’s instructions.
Briefly, a 200 μL aliquot of obtained serum was
incubated with QIAGEN protease and buffer AL at 65 ℃
for 10 min. The lysate was applied to a QIAamp spin
column, spun, and washed three times with buffer
AW, and finally eluted with 50 μL of BQW. In order
to investigate the mutation patterns of the occult
HBV infection, we conducted a nested PCR targeting
the small surface open reading frame in Korean
HBsAg-negative subjects. The first round of PCR
was performed using the sense primer PreS2-Del-F2
(positions 2814-2832, 5′ - GGG TCA CCA TAT TCT
TGG G - 3′) and the antisense primer HB2R (positions
970-989, 5′ - CAT ACT TTC CAA TCA ATA GG - 3′),
which target a large surface region, while the second
round of amplification was performed using the sense
primer Cystein-S-F1 (positions 155-179, 5′ - ATG GAG
AGC ACA ACA TCA GGA TTC C - 3′) and the antisense
primer Cystein-S-R1 (positions 811-835, 5′ - TCA AAT
GTA TAC CCA AAG ACA AAA G - 3′). The PCR was
initiated using the hot-start technique in a 50 μL PCR
mixture containing 2.5 mmol/L MgCl2, 400 mmol/L
dNTP, and 2.5 U of LA Taq polymerase (Takara Bio Inc.,
Shiga, Japan). The reaction mixture was subjected to
30 cycles of amplification (60 s at 95 ℃, 45 s at 52 ℃,
and 90 s at 72 ℃) followed by a 5 min extension at
72 ℃. A 96-well thermocycler (Model 9600, PerkinElmer Cetus, Norwalk, United States) was also
used. The obtained PCR products were analyzed via
electrophoresis on 1% agarose gels, stained with
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ethidium bromide, and visualized on a ultraviolet transilluminator.

subsequent experiments.

Construction of HBV full genomic DNA with deleted
HBsAg via site-directed mutagenesis

Cloning and sequencing analysis of small surface ORFs

In order to analyze the mutation patterns of the small
surface regions of 41 occult subjects, the 681-bp of the
PCR products was cloned using a TOPO TA cloning kit
(Invitrogen, Carlsbad, United States). The sequencing
was performed using an Applied Biosystems model
377 DNA automatic sequencer (Perkin-Elmer Applied
Biosystems, Warrington, United Kingdom). The mu
tations were classified through comparisons with seven
reference strains obtained from GenBank [accession
numbers (Genotypes) M57663 (A), AB100695
(B), AB074755 (C1), AY641558 (C2), X02496 (D),
AB106564 (E), and X75663 (F)]. The nucleotides were
aligned and their similarities were calculated using the
multiple-alignment algorithm in Megalign (DNASTAR,
Windows Version 3.12e).

In order to verify the effects of the mutations re
lated to the occult infections in HBV full genomic
constructs, we created HBV full genome constructs
that do not express HBsAg through site-directed
mutagenesis of start codon of HBsAg (ATG to ATC).
For this purpose, we used a plasmid and pHY92
vector containing a copy of the 1.1x-unit length
HBV genome under the control of a CMV promoter
(genotype A, serotype adw, HBV strain identical to
GenBank AF305422), which was provided by Yang
[28]
et al . For each reaction, 5 ng of plasmid was
incubated with 125 ng of mutagenic primer [the
sense primer MUTA-Small-SF (position 134-175, 5′ ACT GGG GAC CCT GCA CCG AAC ATC GAG AGC ACA
ACA TCA GGA - 3′) and the anti-sense primer MUTASmall-SR (same position, 5′ - TCC TGA TGT TGT GCT
CTC GAT GTT CGG TGC AGG GTC CCC AGT - 3′)],
2.5 mmol/L of dNTP, and 2.5 U of Pyrococcus furiosus
DNA polymerase (Takara Bio Inc., Shiga, Japan) with
a final volume of 50 μL containing 10 mmol/L KCl, 6
mmol/L (NH4)2SO4, 20 mmol/L Tris-HCl, 2 mmol/L
MgCl2, 1% Triton X-100, and 10 μg/mL bovine serum
albumin. A cycling reaction was performed in a PCR
machine (BIO-RAD, CA, United States). The reaction
was initiated via heating for 5 min at 94 ℃. The
reaction conditions for the denaturation, annealing,
and elongation were 45 s at 94 ℃, 45 s at 52 ℃, and
10 min at 72 ℃, respectively, for a total of 15 cycles.
The mixture was then subjected to digestion using
10 U of DpnI restriction enzyme for 20 min at 37 ℃
and transformation into TOP10 (Invitrogen, Carlsbad,
United States). Each bacterial colony was confirmed
via DNA sequencing.

Cloning of HBV small surface for expression

The small surface regions of ten subjects with novel
mutation patterns related to the occult infection
including the wild type (Nor) and pIRES2-EGFP only
(mock) were cloned for the expression of HBsAg in
the HuH-7 cell line. The TOPO TA cloned small surface
region was re-cloned into the pIRES2-EGFP expression
vector (Clontech, Mountain View, United States)
including the cytomegalovirus (CMV) promoter as per
the manufacturer’s recommendation.

Cell culture and transient co-transfection

Human hepatoma cells (HuH-7) were cultured in
Dulbecco’s modified Eagle’s medium (HyClone,
Thermo Scientific, United States) containing 10%
fetal bovine serum (GibcoBRL, Grand Island, United
States) and 100 μg/mL of penicillin-streptomycin
(GibcoBRL, Grand Island, United States). The cells
were seeded on cell culture dishes (Falcon, San Jose,
United States) and sub-cultured using a trypsin-EDTA
(GibcoBRL, Grand Island, United States) treatment.
All cells were maintained at 37 ℃ in a humidified 5%
CO2 atmosphere. In order to detect the HBsAg, viral
DNA, and ROS level in the transient co-transfected
HuH-7 using the novel mutants in this study, the
5
cells (2 × 10 ) were seeded in 6-well plates. After
incubation for 24 h, the cells were transiently cotransfected with pHY92-1.1x-HBV-deleted small
surface plasmids (pHY92-delS) and pIRES2-EGFPHBV small surface plasmids presenting occult HBV
variants using Lipofectamine 2000 (Invitrogen,
Carlsbad, United States) and incubated at 37 ℃ with
5% CO2 for 48 h. After 48 h, the cell supernatant
was collected and the pellets were washed with
phosphate buffered saline (PBS) (GibcoBRL, Grand
Island, United States). The washed pellets were lysed
using mild Reporter Lysis Buffer (RLB) (Promega, WI,
United States); these pellets were then used in the
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HBsAg ELISA

In order to compare the secretion capacity between
the occult infection-related HBsAg variants, an ELISA
was conducted for HBsAg, according to the given ex
periment method, using a commercial Bioelisa HBsAg
color ELISA Kit (BIOKIT, Barcelona, Spain), MONOLISA
HBs Ag ULTRA (BIO-RAD, CA, United States), and an
ETI-MAK-4 HBsAg Enzyme Immunoassay Kit (DiaSorin,
Saluggia, Italy) from the supernatant and lysed pellet.
Furthermore, for normalization of the HBsAg ELISA
in the cloned pIRES2-EGFP of the target HBsAg, we
also measured the β-galactosidase expression level
of the respective pIRES2-EGFP plasmid using a β-ga
lactosidase enzyme assay system kit (Promega, WI,
United States). β-galactosidase is a commonly used
reporter molecule. The β-galactosidase enzyme assay
system with RLB is a convenient method for assaying
β-galactosidase activity in lysates prepared from cells
transfected with β-galactosidase reporter vectors,
such as the pSV-β-galactosidase control vector. For
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normalization of pHY92-based full genomic constructs
without the EGFP gene, the pSV-β-gal vector
containing β-galactosidase was co-transfected; the
β-galactosidase activities were analyzed according to
the manufacturer’s recommendation.

after the transfection, the cells were treated with
DHR123 at a final concentration of 10 μmol/L for
30 min and lysed with a ROS lysis buffer (5 mmol/L
KH2PO4, 0.1 mmol/L EDTA, 0.1% Triton-X-100). Then,
100 μL of the cell lysate was transferred to Nunc
immuno-microwell 96-well polystyrene plates (Nunclon,
Carlsbad, United States) and analyzed using TECAN
Infinite m200 pro (TECAN, Seestrasse, Switzerland) at
an excitation of 500 nm and emission of 536 nm.

HBV viral DNA purification and Q-PCR analyses

The HBV DNA replication from the full genome HBV
construct with pIRES2-EGFP clones was evaluated
via quantitative real-time PCR targeting the secreted
HBV viral DNA in the supernatant or intracellular viral
DNA in a pellet of the cell culture. PCR amplification
was performed with a set of real-time PCR primers
targeting the small S gene designed to amplify a 101
base pair product and primer sequences as follows:
the sense primer Real-SF (position 218-240, 5′ TTG ACA AGA ATC CTC ACA ATA CC - 3′) and the
antisense primer Real-SR (position 309-328, 5′ GGA GGT TGG GGA CTG CGA AT - 3′). The culture
medium was centrifuged in order to remove the
cellular debris. Afterwards, the supernatant underwent
ultracentrifugation at 20000 rpm in a SW28 rotor
(Beckman Coulter, United States) for 2 h at 4 ℃.
The collected pellet was re-suspended using PBS.
The cell pellet was harvested using a trypsin-EDTA
treatment and rinsed twice with PBS. The viral DNA
was extracted using a Viral Gene-Spin DNA extraction
Kit (iNtRON, Daejeon, South Korea) according to the
manufacturer’s instructions from the rinsed cell pellet
and the collected viral particle of the supernatant.
The quantitative PCR assay was conducted using
commercial iQ SYBR Green supermix (Bio-Rad, CA,
United States) and primers specific to the S gene. The
HBV DNA levels were analyzed with an Exicycler™ 96
Real Time Quantitative Thermal Block system (Bioneer,
Daejeon, South Korea). Each PCR was conducted in
duplicate in a 25 μL volume using the iQ SYBR Green
supermix for 5 min at 95 ℃ for the initial denaturing,
followed by 40 cycles of 95 ℃ for 15 s and 56 ℃ for 15 s.
Detection of the fluorescence was set at the last step
of each cycle. In order to determine the specificity of
the amplification, a melting curve analysis was applied
to all final PCR products after the cycling protocol.
The results are representative of three independent
experiments.

Ethics statement

This retrospective study was reviewed and approved
by the Institutional Review Board of Seoul National
University Hospital (IRB Grant No. C-0803-013-237),
and the patients’ medical records were anonymized
and de-identified prior to the analyses.

Statistical analysis

Statistical analyses were conducted using GraphPad
Prism v5.01 (GraphPad software, SD, United States)
and figures were generated using the same program.
Tables were prepared using Excel 2010 (Microsoft,
United States). For continuous variables, a one-way
ANOVA was used when the data exhibited a normal
distribution. The results are expressed as a com
parative ratio, the mean ± SD, or as medians (range).
A P value of < 0.05 (two-tailed) was considered to be
statistically significant.

RESULTS
Mutation patterns of 10 HBsAg variants from Korean
occult subjects

Previously, from 41 of 624 occult subjects (6.6%),
we obtained the PCR amplicons using a nested PCR
[14]
strategy targeting the large surface proteins (LHBs) .
Finally, we selected ten unique types of HBsAg variant
of genotype C via sequence analysis of amplified
LHBs, which have not been reported in other studies,
and these were used to elucidate the occult HBV
infection mechanism. The respective variants were
denoted by abbreviations derived from the distinct
mutations in this study. The mutation patterns of
the ten HBsAg variants and patient information were
determined through comparisons with the amino
acids of a reference strain from genotypes A to F in
the same region. Briefly, in five (KD, LL, 172R, 182L,
and STOP) of the ten HBsAg variants, the mutations
were only located outside the “a” determinant (aa
124 to 147). It is noteworthy that two variants (PAHS
th
and STOP) had a premature mutation of the 182
codon (sW182*), which has been reported to be
related to the clinical severity of genotype C infected
[12]
chronic patients . The PAHS and STOP variants had
a total of eight and two mutations including sW182*
in the HBsAg, respectively. In addition, 182L had a
th
substitution in the 182 codon (W→L), which has
only been reported to exist in occult cases in South

ROS measurement

Dihydrorhodamine123 (DHR123; Calbiochem, San
Diego, United States) is a cell-permeable fluorogenic
probe that is useful for detecting ROS such as peroxide
and peroxynitrite. It is not fluorescent until oxidized by
ROS to the highly fluorescent product Rhodamine123.
The formation of Rhodamine123 can be monitored
using a fluorescence spectroscopy with excitation and
emission wavelengths of 500 and 536 nm, respectively.
For the ROS level detection in the transient transfected
HuH-7 using the novel mutants from this study, the
5
cells (2 × 10 ) were seeded in 6-well plates. The day
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.

In order to address the issue of whether the occult HBV infection may be attributed to a reduced secretion capacity of the occult infection-related HBsAg variants, we
analyzed the HBsAg secretion capacity of ten different types of HBsAg variants using a commercial HBsAg ELISA kit in a transient co-transfection system with both the
pHY92-1.1x-full HBV genome construct (Genotype A, GeneBank No.AF305422), which is not capable of HBsAg expression via abrogation of the start codon (pHY92-delS),
and the pIRES2-EGFP-HBV small surface plasmid vector into the HuH-7 cell (Figure 1).
All ten HBsAg variants exhibited a significantly reduced secretion capacity of HBsAg into the media compared with the wild type. In particular, eight variants,
excluding the two variants TN and TALR, could not be secreted into the media, which is similar to the secretion level seen in the negative control (MOCK). This
indicates that the HBV occult infections from these subjects may result from the lack of HBsAg secretion capacity. The eight variants exhibiting an HBsAg secretion
capacity similar to the negative level were divided into two groups according to the detected intracellular HBsAg level. One group included two variants (ALK and KD)
that exhibited higher levels of intracellular HBsAg than the wild type, which indicated that their reduced HBsAg secretion might result from increased intracellular
accumulation of the HBsAg variants. The second group included six variants (CNR, LL, PAHS, 172R, 182L, and STOP) that exhibited very low levels of intracellular
HBsAg, similar to the negative control (MOCK), and this indicated that their reduced secretion level might result from a problem of HBsAg protein stability or changed
antigenicity through the mutations. Meanwhile, in order to investigate the effect of the occult-related variants on virion formation, we verified the amounts of viral DNAs
from the medium and cell lysates of co-transfected HuH-7 cells using a real-time quantitative-DNA PCR. The results revealed that the level of extracellular viral DNA
from nine occult-related variants (except “STOP”) was almost equal to (ALK, KD, 172R, and 182L) or higher (TN, TALR, CNR, LL, and PAHS) than that of the wild type.

Comparison of HBsAg and virion secretion capacity according to occult infection-related HBsAg variants

Korea, but not in chronic patients (Tables 1 and 2)

[14]

Black asterisk (★): Stop codon; Nor (WT): Normal (wild-type); TN: I126T, Q129N; TALR: A17T, T140A, F158L, Y206R; ALK: D33G, T47A, S61L, Q101K, N146D, I195M; KD: W36L, T47K, N52D; CNR: R73C, S117N, G130R; LL:
P111L F220L; PAHS: L32P, T47A, P66H, F85S, C107W, G145R, F170P; 172R: W172R; 182L: W182L; Stop: V177A, W182Stop.

17

Number

Table 1 Mutation patterns of ten variants from Korean occult subjects found in the hepatitis B surface antigen region
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Table 2 Clinical, genotype, hepatitis B virus bDNA, and serologic data of the ten subjects with hepatitis B surface antigen variants
used in the present study
Samples

Age

Sex

Genotype HBV bDNA (copies/mL)

HBsAg

1
2
3
4
5
6
7

60
53
60
54
44
41
42

F
M
F
M
M
F
M

C2
C2
C2
C2
C2
C2
C2

< 2000
< 2000
< 2000
< 2000
< 2000
< 2000
< 2000

Negative
Negative
Negative
Negative
Negative
Negative
Negative

8
9
10

73
30
3

M
M
F

C2
C2
C2

< 2000
< 2000
< 2000

Negative
Negative
Negative

Anti-HBs

Mutations

Abbreviation

Negative
I126T, Q129N
Negative
A17T, T140A, F158L, Y206R
Positive
D33G, T47A, S61L, Q101K, N146D, I195M
Negative
W36L, T47K, N52D
Positive
R73C, S117N, G130R
Negative
P111L, F220L
Negative L32P, T47A, P66H, F85S, C107W, G145R, F170P,
W182Stop
Negative
W172R
Positive
W182L
Negative
V177A, W182Stop

TN
TALR
ALK
KD
CNR
LL
PAHS
172R
182L
Stop

HBsAg: Hepatitis B surface antigen; Anti-HBs: Anti-hepatitis B surface; F: Female; M: Male; HBV: Hepatitis B virus.

Table 3 Classification of the ten novel mutants according to the secretion level of hepatitis B surface antigen and viral DNA
formation capacity
Grouping
Ⅰ
Ⅱ
Ⅲ

Ⅳ
Ⅴ

Mutants
TN
TALR
ALK
KD
CNR
LL
PAHS
172R
182L
Stop

sAg level

Viral DNA level

Extracellular

Intracellular

Extracellular

Intracellular

Positive
Positive
Negative
Negative
Negative
Weakly Positive
Negative
Negative
Negative
Negative

Positive
Positive
Highly positive
Highly positive
Weakly positive
Weakly positive
Negative
Weakly positive
Weakly positive
Negative

Higher than WT
Higher than WT
Similar to WT
Similar to WT
Higher than WT
Higher than WT
Higher than WT
Lower than WT
Lower than WT
Negative

Similar to WT
Similar to WT
Similar to WT
Similar to WT
Similar to WT
Higher than WT
Similar to WT
Lower than WT
Lower than WT
Negative

sAg: Surface antigen; WT: Wild type.

This indicates that most occult-related HBsAg variants
do not affect the HBV virion formation. The levels of
intracellular viral DNA of seven variants (TN, TALR,
ALK, KD, CCNR, LL, and PAHS) were equal to or higher
than that of the wild type. However, the remaining
three variants (172R, 182L, and STOP) exhibited very
low levels of intracellular and extracellular HBsAg, and
they also exhibited significantly lower intracellular viral
DNA levels than that of the wild type (Figure 2).
Collectively considering the effects of the occult
infection-related HBsAg variants on HBsAg and HBV
virion formation, the ten different types of HBV va
riants analyzed in this study were categorized into five
groups. Group Ⅰ included two variants (TN and TALR)
and they displayed intracellular and extracellular HBsAg
secretion and viral DNA levels similar to that of the wild
type. Group Ⅱ also included two variants (ALK and
KD) that exhibited very low levels of HBsAg secretion,
but a higher level of accumulated intracellular HBsAg
compared with the wild type. Group Ⅲ included three
variants (CNR, LL, and PAHS) that exhibited very
low levels of both secreted and intracellular HBsAg
secretion, but similar levels of viral DNA compared
with the wild type. Group Ⅳ included two variants
(172R and 182L) that exhibited very low levels of both
secreted and intracellular HBsAg secretion, and also
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lower levels of viral DNA compared with the wild type.
Group Ⅴ included only the STOP variant, and it cannot
produce HBsAg or virions in intracellular or secreted
forms (Table 3).

Comparison with ROS production between the ten
variants and the wild type

Alteration of the secretion capacity of the HBsAgs
and HBV virions could lead to ROS production via
[29,30]
the endoplasmic reticulum (ER) stress pathway
.
In order to address the issue of whether the ten
HBsAg variants used in this study could lead to ROS
production compared with the wild type, we compared
the ROS production of the 11 types of HBsAg (the ten
variants and the wild type) using a DHR123 system,
24 h after co-transfection of both plasmids of pHY92delS and pIRES2-EGFP-HBV small surface plasmid
presenting occult HBV variants, respectively. Although
generally all variants produced higher levels of ROS
compared with the wild type, the ROS production
differed substantially among the variants. While seven
variants (TN, TALR, ALK, KD, CCNR, LL, and PAHS)
belonging to Groups Ⅰ, Ⅱ, and Ⅲ produced relatively
high levels of ROS production, the remaining three
variants (172R, 182L, and STOP) belonging to Groups
Ⅳ and Ⅴ produced ROS levels similar to that of the
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Mock or S ORF including
Nor and 10 novel mutants

Amipicillin
resistance

HBV small S

F1 ori
CMV promoter

IRES

CMV promoter
pUC ori
pHY92-1.1x-HBV-small S
(-) 7086 bp (1 ug)

X

Polymerase
Small S (-)

Precore
and Core

pBR322 ori

pIRES2-EGFP-HBV-small
S 5995 bp (3 ug)

EGFP

F1ori

PreS1
S2

Neo/Kan R SV40 promoter

ATG to ATC

Co-transfection (ratio 1:3)

HuH-7 cell

Incubation for 2 d after transfection

HBsAg ELISA/β-galactosidase/Q-PCR/ROS effect Assay

Figure 1 Schematic experimental strategy used in this study. Briefly, one microgram of pHY92-1.1x-HBV-small S (-) having a full-genome of hepatitis B virus (HBV)
with a knock-out small surface open reading frame (ORF) was co-transfected with three micrograms of pIRES2-EGFP-HBV-small S expressing the sub-genome of
small surface region, which has ten variants including mock and wild-type into HuH-7 cell line transiently. After co-transfection, HuH-7 cells were incubated for 2 d.
Supernatant and lysed pellet were collected and used for various assays. The tests were performed in triplicate. HBsAg: Hepatitis B surface antigen; ELISA: Enzyme
linked immunosorbent assay; Q-PCR: Quantitative polymerase chain reaction; ROS: Reactive oxygen species; Neo/Kan R: Neomycin and Kanamycin resistance.

wild type. In particular, the ROS production of two
variants (KD and PAHS) was statistically significantly
higher than that of the wild type (Figure 3).

responsible (but if so, rarely) for the occult infection
in Korean subjects. Our previous report demonstrated
that, in South Korea, the HBsAg variants of genotype
C related to the occult infection harbored multiple
mutations within HBsAg, primarily located outside
[14]
the “a” determinant . In this study, we attempted
to uncover the molecular mechanism underlying the
occult infection of HBV endemic areas such as South
Korea using ten novel types of HBsAg variants from
Korean subjects.
The transient transfection study using a total of
ten novel HBsAg variants offers several noteworthy
findings. First, defects in the HBsAg secretions
may be a significant mechanism underlying occult
infections. Although all variants exhibited lower levels
of HBsAg secretion capacity, substantial differences
between types of HBsAg variants were found. The

DISCUSSION
To date, studies of occult infection related HBsAg
mutations have primarily focused on mutations in
the “a” determinant to produce the occult infection
or generation of vaccine escape variants through
reduction of the binding affinity between the HBsAg
[31-34]
and antibody to HBsAg
. Among these, the
th
mutation from glycine to arginine in the 145 codon
of HBsAg (i.e., G145R) has been most frequently en
[33,34]
countered
. However, this is not the case in South
Korea where the genotype C infection is prevalent. It
has been reported that the mutation of G145R is not
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40

30

Comparative ratio of sAg

Comparative ratio of sAg

80

b

b

20

10

60

b

40

20
a

a

0

0
Mock Nor TN TALR ALK

KD CNR

LL PAHS 172R 182L Stop

Mock Nor TN TALR ALK

10

KD CNR

LL PAHS 172R 182L Stop

40

Comparative deta Ct level

Comparative deta Ct level

b
8

6

4

2

30

20
b
10

b
b

0

0
Mock Nor

TN TALR ALK KD CNR

LL PAHS 172R 182L Stop

Mock Nor TN TALR ALK KD CNR LL PAHS 172R 182L Stop

Extracellular

Intracellular

Figure 2 Secretion capacity and viral DNA formation of occult hepatitis B surface antigen variants. Extracellular secreted hepatitis B surface antigen
(HBsAg) and intracellular expressed HBsAg from cell lysate were measured using a commercial HBsAg enzyme linked immunosorbent assay kit normalized via a
β-galactosidase assay. After purification of the viral DNA from the supernatant and cell lysate using a total viral DNA preparation kit, detection of the viral DNA from
both intracellular and extracellular was performed using real-time quantitative DNA-polymerase chain reaction assays. The hepatitis B virus DNA was normalized via a
a
b
β-galactosidase assay. The tests were performed in triplicate (mean ± SD). sAg: Surface antigen. P < 0.05, P < 0.01 vs wild type (Nor) group.

Fluorescence units (ROS level)

4000

The six variants of Groups Ⅲ, Ⅳ, and Ⅴ exhibited low
levels of HBsAg in both intracellular and secretory
forms. For this, mechanisms such as antigenicity
modification or protein stability defects could be
proposed. Considering most variants (four of the six)
did not have “a” determinant mutations, defects in
protein stability of the variants rather than antigenicity
modification is more probable. Furthermore, despite
the defects of the HBsAg secretion capacity, most
variants had potential for virion secretion comparable
with or even higher than that of the wild type. This
indicates higher normal infectivity, but was not
detectable using the commercial HBsAg ELISA Kit.
However, it could provide a probable explanation
regarding the relatively high levels of occult infection
[14]
prevalence in South Korea, as reported previously .
Second, our previous report demonstrated that,
including the W182L and sW182* mutations, the
nd
182 codon was the most frequently affected among
the mutations of HBsAg in the occult subjects (15/41
subjects). sW182* was also reported to be related
to liver disease progression in Korean chronic pa
[12]
tients . However, W182L was distinct in the occult
infection, because it was not found in chronic Korean
[14]
patients . Three types of variants with mutations

b

3000
a
2000

1000

0
Mock Nor TN TALR ALK KD CNR LL PAHS 172R 182L Stop

Figure 3 Effect of occult hepatitis B surface antigen variants on the
reactive oxygen species system. The reactive oxygen species level
according to the occult hepatitis B virus variants in transient transfected HuH-7
was measured using 20 μmol/L of DHR123 reagent, which can detect reactive
oxygen species (ROS) such as peroxide and peroxynitrite. The tests were
performed in triplicate (mean ± SD). aP < 0.05, bP < 0.01 vs wild type (Nor)
group.

two variants of Group Ⅱ (KD and ALK) exhibited
high levels of intracellular accumulation, but not
secretion, which could lead to ER accumulation of
the mutated HBsAg without protein degradation via
[29]
an impaired ER-associated degradation process .
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nd

in the 182 codon (PAHS and 182L of Group Ⅳ, and
STOP of Group Ⅴ) were included in this study. There
were substantial differences in the virion formation
between PAHS with eight mutations and STOP with
two mutations, although both had sW182*. In STOP,
HBsAg production and virion were not found, as
demonstrated in the previous report using the full
HBV pHY92 construct with sW182* generated using
[12]
site-directed mutagenesis , which indicates abortive
production of mutated HBsAg. However, PAHS
exhibited recovered HBV virion formation despite ha
ving sW182* even with a higher secretory virion level
than the wild type, which indicates a role of additional
mutations for virion formation. Despite the single
mutation, 182L also exhibited a secretion profile
similar to that of PAHS, with secretory HBV virion,
but without HBsAg secretion. Therefore, collectively,
nd
our data proved that the 182 codon has a pivotal
function in HBsAg secretion. Furthermore, our data
also provided a probable explanation regarding why
th
mutation in the 182 codon is so prevalent in the
occult subjects.
Third, considering previous reports that im
plicated reduced HBsAg in the induction of the ER
[29]
stress pathway , HBsAg secretion deficiency via
accumulation of occult-related HBsAg mutations may
also provide links between the occult infection and
progression of liver disease. In order to address this
issue, we compared the ROS production that was
expected to be induced by the ER stress pathway
between the ten HBsAg variants and the wild type.
Our data strongly supported the hypothesis that
occult-related HBsAg variants could induce ROS
induction in hepatocytes via the ER stress pathway,
which increases the potential of liver disease pro
gression; however, our data also demonstrated
disparities in potentials to elicit ROS production in the
hepatocytes among the HBV variants. This indicates
differences in the ER stress inducing potentials and
kinetics according to the mutation patterns of the
HBsAg variants. The exact role of the respective
mutation in inducing the ER stress-ROS axis remains
to be elucidated in a future study.
In conclusion, our data indicate that deficiency in
the secretion capacity of HBsAg, but not virion, that
is induced by HBsAg mutations (particularly outside
the “a” determinant) may have a pivotal function
in occult infections of HBV genotype C, at least in
occult infections in South Korea. Furthermore, it
also provided new insight into the intrinsic nature of
HBV occult infections, which leads to HBsAg seronegativeness but horizontal infectivity. In addition,
proving ROS production via possible induction of ER
stress by HBsAg variants in hepatocytes would provide
a probable explanation for the links between occult
infection and liver disease progression.
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COMMENTS
Background

A large body of evidence has demonstrated that occult hepatitis B virus (HBV)
infection is highly prevalent, particularly in HBV endemic areas. Recently,
various types of novel hepatitis B surface antigen (HBsAg) variants of genotype
C2 from Korean occult subjects have been introduced. This study elucidates
the mechanisms related to occult infection of genotype C2 HBsAg variants
introduced in a previous study, primarily focusing on the extracellular secretion
capacity of HBV virion and HBsAg.

Research frontiers

These data indicate that deficiency in the secretion capacity of HBsAg, but
not virion, that is induced by the HBsAg mutations (particularly outside the “a”
determinant) may have a pivotal function in occult infections of HBV genotype C,
at least in occult infections in South Korea.

Innovations and breakthroughs

Recent reports have highlighted the importance of “a” determinant mutations
such as G145R as a major mechanism underlying occult infection. However,
it is not the case in Korean occult subjects. This is the first study to report that
deficiency in the secretion capacity of HBsAg variants (particularly outside the “a”
determinant) may have a pivotal function in occult infections of HBV genotype C.
Furthermore, this study proved reactive oxygen species production via possible
induction of endoplasmic reticulum stress by HBsAg variants in hepatocytes,
providing a probable explanation for the links between occult infection and liver
disease progression.

Applications

The co-transient transfection system of both HBV full genomic DNA and occult
infection related HBsAg variants introduced in this study could be effectively
used for the development of a novel HBsAg detection method or for the
screening of new vaccine escape or occult infection related mutants.

Terminology

Occult HBV infection is defined as the infection state negative for HBsAg
serology, but it has shown viral genome persistence in infected individuals. In
general, HBV infection is diagnosed when the circulating HBsAg is serologically
detected. However, recent progress in molecular-based technology has enabled
HBV infection to be proven from HBsAg negative individuals with or without
circulating antibodies to HBsAg and/or hepatitis B core antigen.

Peer-review

The authors examined the underlying mechanism of HBV occult infection
focusing on ten HBsAg variants from Korean occult subjects, recently
introduced by the authors. It was revealed that all variants exhibited lower levels
of HBsAg secretion into the medium, but similar level of virions, compared with
the wild type. Furthermore, most variants generated higher reactive oxidative
species production than the wild type. The results are interesting and may
represent a molecular mechanism of HBV genotype C occult infection.
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ORIGINAL ARTICLE
Basic Study

Overexpression of B7-H3 augments anti-apoptosis of
colorectal cancer cells by Jak2-STAT3
Ting Zhang, Bo Jiang, Shi-Tao Zou, Fen Liu, Dong Hua
METHODS: SW620 cells that highly overexpressed
B7-H3 (SW620-B7-H3-EGFP) and HCT8 cells stably
transfected with B7-H3 shRNA (HCT8-shB7-H3)
were previously constructed in our laboratory. Cells
transfected with pIRES2-EGFP were used as negative
controls (SW620-NC and HCT8-NC). Real-time PCR and
western blotting analysis were used to detect the mRNA
and protein expressions of the apoptosis regulator
proteins Bcl-2, Bcl-xl and Bax. A cell proliferation
assay was used to evaluate the survival rate and drug
sensitivity of the cells. The effect of drug resistance
was detected by a cell cycle assay. Active caspase-3
western blotting was used to reflect the anti-apoptotic
ability of cells. Western blotting was also performed to
determine the expression of proteins associated with
the Jak2-STAT3 signaling pathway and the apoptosis
regulator proteins after the treatment with AG490, a
Jak2 specific inhibitor, in B7-H3 overexpressing cells.
The data were analyzed by GraphPad Prism 6 using a
non-paired t -test.
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RESULTS: Whether by overexpression in SW620
cells or downregulation in HCT8, B7-H3 significantly
affected the expression of anti- and pro-apoptotic
proteins, at both the transcriptional and translational
levels, compared with the negative control (P <
0.05). A cell proliferation assay revealed that B7-H3
overexpression increased the drug resistance of cells
and resulted in a higher survival rate (P < 0.05). In
addition, the results of cell cycle and active caspase-3
western blotting proved that B7-H3 overexpression
inhibited apoptosis in colorectal cancer cell lines (P <
0.05). B7-H3 overexpression improved Jak2 and STAT3
phosphorylation and, in turn, increased the expression
of the downstream anti-apoptotic proteins B-cell
CLL/lymphoma 2 (Bcl-2) and Bcl-xl, based on western
blotting (P < 0.05). After treating B7-H3 overexpressing
cells with the Jak2-specific inhibitor AG490, the
phosphorylation of Jak2 and STAT3, and the expression
of Bcl-2 and Bcl-xl, decreased accordingly (P < 0.05).

Abstract
AIM: To investigate the role of the overexpression of

B7-H3 in apoptosis in colorectal cancer cell lines and
the underlying molecular mechanisms.
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This finding suggested that the Jak2-STAT3 pathway is
involved in the mechanism mediating the anti-apoptotic
ability of B7-H3.

pressed in many types of solid tumors, such as pros[4]
[5]
[6]
tate cancer , pancreatic cancer , breast cancer ,
[7]
and gastric cancer . Previous studies demonstrated
a relationship between the expression of B7-H3 and
[5,8,9]
poor prognosis in cancer patients
. The expression
of B7-H3 is also closely related to colorectal cancer
[10]
(CRC) . Expression of B7-H3 not only has a nega[11]
tive relationship with prognosis in CRC
and the
[12]
number of T cells in the tumor microenvironment
[13]
but also is positively correlated with invasion
and
[14]
metastasis
in CRC.
The relationship between B7-H3 and the outcome
of CRC cannot simply be explained by the regulation
of B7-H3 in the immune system. The mechanism of
abnormal B7-H3 expression in CRC and its role in
the changes of tumor biological behavior need to be
determined. Apoptosis, the process of programmed
[15]
cell death, is an important field in tumor study .
However, few published papers have studied the relationship between B7-H3 and apoptosis, particularly in
CRC. Therefore, we focused on the function of B7-H3
in apoptosis in CRC cells to discover the signal transduction pathway involved.

CONCLUSION: The overexpression of B7-H3 induces
resistance to apoptosis in colorectal cancer cell lines
by upregulating the Jak2-STAT3 signaling pathway,
potentially providing new approaches to the treatment
of colorectal cancer.
Key words: B7-H3; Overexpression; Colorectal cancer;
B-cell CLL/lymphoma 2; Apoptosis; Signaling pathway;
Jak2-STAT3
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The expression of B7-H3 has been positively
correlated with poor prognosis in colorectal cancer.
Previous studies revealed the relationship between
B7-H3 and tumor invasion and metastasis. In the
present study, the role of B7-H3 in apoptosis in colo
rectal cancer was investigated. Our results showed
that overexpression of B7-H3 induced resistance to
apoptosis in colorectal cancer cell lines by upregulating
the Jak2-STAT3 signaling pathway. These results
provide a new vision for designing therapeutics
targeting B7-H3 and its associated signaling pathways
in the treatment of colorectal cancer.

MATERIALS AND METHODS
Antibodies and reagents

Zhang T, Jiang B, Zou ST, Liu F, Hua D. Overexpression of
B7-H3 augments anti-apoptosis of colorectal cancer cells by
Jak2-STAT3. World J Gastroenterol 2015; 21(6): 1804-1813
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i6/1804.htm DOI: http://dx.doi.org/10.3748/wjg.v21.i6.1804

INTRODUCTION
B7-H3, first identified in 2001, is a member of the
human B7 family of proteins, sharing 20%-27% amino
acid identity with other B7 family members. As an
important co-stimulatory molecule, B7-H3 promotes
the proliferation of T cells and induces interferon
(IFN)-γ production in the presence of T cell receptor
[1]
signaling . However, B7-H3 also acts as a T cell coinhibitor. Most of the published data support the notion that B7-H3 inhibits T cell activation. Both mouse
and human B7-H3 inhibit CD4 T cell activation and
the production of effector cytokines such as IFN-γ and
[2]
interleukin (IL)-4 . However, the function of B7-H3
in natural immunity and cancer immunity remains
unclear.
The expression of B7-H3 in human tumor cells
is positively correlated with the degree of disease
malignancy, and B7-H3 participates in the process
[3]
of tumor cell immune escape . B7-H3 is highly ex-
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Tyr1007/1008

Anti-human B7-H3, Bcl-2, Bcl-xl, Jak2, pJak2
,
Tyr705
STAT3, pSTAT3
, and active caspase-3 antibodies
were purchased from Abcam (Cambridge, MA, United
States). An antibody against Bcl-2-associated X protein (Bax) was purchased from Santa Cruz Biotechnology, Inc. (Dallas, TX, United States). The horseradish peroxidase conjugated secondary anti-mouse
and anti-rabbit antibodies and the GAPDH antibody
were from Beyotime (Nantong, China). Tryphostins
AG490 was from Sigma-Aldrich (St. Louis, MO, United
States). The Cell Counting Kit-8 (CCK-8) was purchased from Dojindo Laboratory (Kumamoto, Japan).

Cells and cell culture

Two human CRC cell lines, SW620 and HCT8, exhibited different expression levels of B7-H3. We constructed SW620 cells that expressed high level of
B7-H3 (SW620-B7-H3-EGFP), and HCT8 cells stably
transfected with B7-H3 shRNA (HCT8-shB7-H3). Cells
transfected with pIRES2-EGFP were used as negative
controls (SW620-NC and HCT8-NC). All cells were
cultured in Dulbecco’s high glucose modified eagles
medium (DMEM) (HyClone GE Healthcare Life Sciences, South Logan, UT, United States) supplemented
with 10% fetal bovine serum at 37 ℃ in a humidified
atmosphere with 5% CO2. AG490, a Jak2 protein
tyrosine kinase inhibitor, was dissolved in DMSO at
a final concentration of 100 μmol/L. Clinical chemotherapeutics Oxaliplatin (L-OHP) and 5-fluorouracil
(5-Fu) were used to detect the anti-apoptotic ability
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of cancer cells.

gradient. After 48 h, cell proliferation was quantified
by a CCK-8 assay to calculate the inhibition rate. The
assays were repeated at least three times.

RNA isolation, purification and first strand cDNA
synthesis

Cell cycle and apoptosis assays

6

Total RNA was isolated from 1.5 × 10 cells using
TRIzol, following the manufacturer’s instructions and
quantified by a NanoDrop 2000 (Thermo Scientific,
Waltham, MA, United States). Total RNA was treated
with RNase-free DNase to remove residual genomic
DNA. The first strand cDNA was synthesized from 1
μg RNA using an oligo-dT primer and AMV reverse
transcriptase.

To analyze the effect of drugs on the different phases
of the cell cycle, cells were incubated with different
drug concentrations for 48 h. Cells harvested from
each sample were then fixed with cold 70% ethanol
at 4 ℃ overnight. The cells then were incubated with
RNase A at 37 ℃ for 30 min and stained for 30 min
in propidium iodide staining solution in the dark. Cell
cycle analyses were performed with a FACScantoII
flow cytometer and ModFit LT software (Verity Software House, ME, United States). For apoptosis analyses, we referred to the data of the sub-G1 peak.

Relative real-time polymerase chain reaction

The expression levels of B7-H3, Bcl-2, Bcl-xl and Bax
were analyzed relative to the level of the β-actin gene
transcript using a Prism 7300 real-time polymerase
chain reaction (PCR) instrument (Applied Biosystems
Inc., Foster City, CA, United States). First-strand cDNA
was amplified in a 20 μL PCR reaction mixture: 10 μL
2 × SYBR green PCR master mix, 0.4 μL 50 × ROX,
0.4 μL of each specific primer sets, and ddH2O added
to 20 μL. The sequences of primers were as follows:
β-actin 5’- AGCGAGCATCCCCCAAAGTT-3’ (sense), 5’GGGCACGAAGGCTCATCATT-3’ (antisense); B7-H3
5'-AGCACTGTGGTTCTGCCTCACA-3' (sense), 5'-CACCAGCTGTTTGGTATCTGTCAG-3' (antisense); Bcl-2
5’-CTGCACCTGACGCCCTTCACC-3’ (sense), 5’-CACATGACCCCACCGAACTCAAAGA-3’ (antisense); Bclxl 5’-GATCCCCATGGCAGCAGTAAAGCAAG-3’ (sense),
5’-CCCCATCCCGGAAGAGTTCATTCACT-3’ (antisense);
Bax 5’-TCAACTGGGGCCGGGTTGTC-3’ (sense),
5’-CCTGGTCTTGGATCCAGCC-3’ (antisense). The PCR
cycling consisted of 40 cycles of amplification of the
cDNA with annealing at 60 ℃.

Statistical analyses

Differences in mean values between groups were analyzed by a non-paired t-test. At least three independent experiments were performed for all the studies.
Differences were considered to be statistically significant when P values were < 0.05. All of the data were
analyzed using GraphPad Prism 6 (GraphPad Software
Inc., La Jolla, CA, United States).

RESULTS
Overexpression of B7-H3 inhibited apoptosis

To investigate the relationship between B7-H3 and
apoptosis in CRC cell lines, we performed western blotting with cell extracts from SW620-NC,
SW620-B7-H3-EGFP, HCT8-NC and HCT8-shB7-H3 to
demonstrate the expression of the apoptosis regulator
proteins of the Bcl-2 family, including the anti-apoptotic proteins Bcl-2 and Bcl-xl and the pro-apoptotic
protein Bax (Figure 1). Both B7-H3 overexpression in
SW620 cells and downregulation in HCT8 cells affected the expression of anti- and pro-apoptotic proteins,
at both the transcriptional and translational levels.
In SW620-B7-H3-EGFP, the anti-apoptotic proteins
Bcl-2 and Bcl-xl showed increased expression compared with SW620-NC (P < 0.05), while expression of
the pro-apoptotic protein Bax decreased (P < 0.05).
We observed a similar phenomenon in HCT8 cells
(P < 0.05). The expressions of B7-H3 and the antiapoptotic proteins were positively correlated in CRC
cell lines. This suggested that the overexpression of
B7-H3 might increase the resistance to apoptosis in
tumor cells.

Western blotting

Western blotting was performed on whole-cell ex6
tracts prepared by lysing 1 × 10 cells in RIPA lysis
buffer containing phosphatase inhibitor, protease
inhibitor and 100 mmol/L PMSF (KeyGEN BioTECH,
China) for 20 min on ice. The proteins were separated by 10% SDS-PAGE, except for active caspase-3
(15%), and then transferred onto a PVDF membrane
(Merck Millipore, Germany). The membranes were
blocked with 5% nonfat dry milk for 1 h at room
temperature, and then incubated with the indicated
antibodies at a concentration of 1:1000, except for
Bax (1:100), at 4 ℃ overnight, followed by incubation
with secondary antibody for 1 h at room temperature.
The immunoreactive bands were visualized using
Beyo ECL Plus (Beyotime, China).

Cell proliferation assay

3

Overexpression of B7-H3 increased cell survival

To investigate whether B7-H3 altered the survival of
CRC cells after chemotherapeutic treatment, we used
a cell proliferation assay to detect the inhibition rate
of SW620-NC, SW620-B7-H3-EGFP, HCT8-NC and
HCT8-shB7-H3 treated with different concentrations
of L-OHP and 5-Fu for 48 h (Figure 2). After treat-

3

Cells were seeded in 96-well plates at 5 × 10 -8 × 10
cells/well and cultured overnight in DMEM. The next
day, the medium was replaced with DMEM containing the different drugs with a two-fold concentration
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Figure 1 Overexpression of B7-H3 inhibits apoptosis. A: Real-time PCR for RNA levels of B7-H3, Bcl-2, Bcl-xl and Bax relative to β-actin in stably transfected
SW620 cells, control cells (SW620-NC) and B7-H3 overexpressing cells (SW620-B7-H3-EGFP); B: Western blot analysis for B7-H3, Bcl-2, Bcl-xl, Bax and GAPDH
protein levels in whole-cell lysates from the SW620 cells; C: Comparison of relative protein levels between the SW620 cells from (B); D: Real-time PCR for RNA levels
of B7-H3, Bcl-2, Bcl-xl and Bax relative to β-actin in stably transfected HCT8 cell lines, the control cells (HCT8-NC) and the B7-H3 knockdown cells (HCT8-shB7-H3);
E: Western blot analysis for B7-H3, Bcl-2, Bcl-xl, Bax and GAPDH protein levels in whole-cell lysates from the HCT8 cells; F: Comparison of relative protein levels
between the HCT8 cells from (E). aP < 0.05, bP < 0.01 vs control. Bax: Bcl-2-associated X protein; Bcl-2: B-cell CLL/lymphoma 2; Bcl-xl: B-cell lymphoma-extra large;
NC: Negative control.
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Figure 2 Overexpression of B7-H3 increases cell survival. Stably transfected SW620 and HCT8 cell lines were incubated with 5-Fu or L-OHP for 48 h. A
CCK-8 assay was used to detect the inhibition rate of cells treated with different concentration of different drugs. A: The control cells (SW620-NC) and the B7-H3
overexpressing cells (SW620-B7-H3-EGFP) were incubated with 5-Fu; B: The control cells (HCT8-NC) and the B7-H3 knockdown cells (HCT8-shB7-H3) were
incubated with 5-Fu; C: SW620-NC and SW620-B7-H3-EGFP were incubated with L-OHP; D: HCT8-NC and HCT8-shB7-H3 were incubated with L-OHP. aP < 0.05 vs
control. 5-Fu: 5-Fluorouracil; L-OHP: Oxaliplatin; NC: Negative control.

ment with L-OHP or 5-Fu at any concentration, the
inhibition rate of SW620-B7-H3-EGFP was less than
that of SW620-NC (P < 0.05). The HCT8 cells showed
similar results (P < 0.05). Therefore, we hypothesized
that overexpression of B7-H3 increased the cells’ resistance to drugs, resulting in a higher survival rate in
the cells that overexpressed B7-H3.

pairwise (Figure 3C). Similarly, the expression of active caspase-3 in B7-H3 overexpressing cells was less
than that seen in cells with downregulated B7-H3. We
concluded that overexpression of B7-H3 could inhibit
apoptosis in CRC cell lines.

Overexpression of B7-H3 suppressed the apoptotic
ability of CRC cells by weakening their sensitivity to
drugs

We observed chemoresistance accompanied by
decreased apoptosis in 5-Fu or L-OHP treated B7-H3
overexpressing cells; therefore, we investigated
which signaling pathway was involved in the apoptotic
response. The Jak2-STAT3 pathway was reported
to regulate anti-apoptotic molecules downstream
[16]
of B7-H3 in breast cancer cells . As can be seen
in Figure 1A, the overexpression of B7-H3 indeed
upregulated the expression of anti-apoptotic pro
teins. We therefore asked whether the Jak2-STAT3
pathway played the same role in CRC cells. We
treated SW620-B7-H3-EGFP cells with the Jak2specific inhibitor AG490 for 24 h at final concentration
of 1 μmol/L. We performed western blotting with
whole-cell lysates from SW620 cells to detect the
expression of Jak2, STAT3 and their phosphorylated
forms. To investigate the involvement of the Jak2-

Overexpression of B7-H3 enhanced the anti-apoptotic
effect in CRC cells via activation of Jak2-STAT3 pathway

We described the increased anti-apoptotic effect in
the B7-H3 overexpressing cells above. To investigate
the exact response to apoptosis resulting from chemotherapeutic treatment, we treated SW620-NC,
SW620-B7-H3-EGFP, HCT8-NC and HCT8-shB7-H3
cells with a high concentration (50 μg/mL) of 5-Fu or
L-OHP for 48 h. A cell cycle assay was used to detect
the rate of apoptosis in each cell line, according to
the sub-G1 peak (Figure 3A and B). We found that
SW620-B7-H3-EGFP had stronger resistance to 5-Fu
or L-OHP and less apoptosis compared with SW620NC (P < 0.05). Similar results were found in the
HCT8 cells (P < 0.01). We used western blotting to
detect active caspase-3 and compare apoptosis rates
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Figure 3 Overexpression of B7-H3 suppresses apoptosis in colorectal cancer cells by weakening the sensitivity to drugs. Stably transfected SW620 and
HCT8 cell lines were incubated with a high concentration of 5-Fu or L-OHP (50 μg/mL) for 48 h. A: The ratio of apoptosis was detected by cell cycle assay according
to sub-G1 peak; B: Statistical results were used to analyze the rate of apoptosis from (A); C: Western blot analysis for active Caspase-3 and GAPDH protein levels in
whole-cell lysates from stably transfected SW620 and HCT8 cell lines. aP < 0.05, bP < 0.01 vs control. 5-Fu: 5-Fluorouracil; L-OHP: Oxaliplatin.

STAT3 pathway in the anti-apoptotic effect of B7-H3,
we also assayed the expression of downstream
apoptotic regulator proteins by western blotting
(Figure 4). We observed that the phosphorylation
levels of Jak2 and STAT3 increased following B7-H3
overexpression (P < 0.05). After AG490 treatment,
the phosphorylation level of STAT3 was almost
abolished because of the inhibition of Jak2 tyrosine
phosphorylation (P < 0.05). This result indicated
that the effect of B7-H3 on STAT3 occurred through
Jak2. The expression of the anti-apoptotic proteins
Bcl-2 and Bcl-xl decreased with reduced expression of
phosphorylation level of Jak2 and STAT3 (P < 0.05),
and the expression of the pro-apoptotic protein Bax
increased correspondingly (P < 0.05). In summary,
these results suggested that B7-H3 overexpression
increased Jak2 phosphorylation, leading to higher
STAT3 phosphorylation, which, in turn, led to the
increased expression of the anti-apoptotic proteins
Bcl-2 and Bcl-xl. Thus, we confirmed that the Jak2STAT3 signaling pathway played an important role in
regulating the anti-apoptotic ability of B7-H3.

regulated the expression of Bcl-2, Bcl-xl and Bax via
the Jak2-STAT3 signaling pathway to affect the antiapoptotic ability of cancer cells.
First, we examined the B7-H3 expression level in
CRC cell lines. B7-H3 was expressed at different levels
in all cell lines. SW620 had lower B7-H3 expression,
while HCT8 had higher expression. SW620 was the
refore chosen to generate a B7-H3 upregulated
stably transfected derivative cell line, and HCT8 was
chosen to construct a B7-H3 downregulated stably
transfected derivative cell line. Four stably transfected
CRC cell lines were generated: the B7-H3 overe
xpressing cell line SW620-B7-H3-EGFP, the B7-H3
knockdown cell line HCT8-shB7-H3, and the control
cell lines SW620-NC and HCT8-NC.
The apoptosis regulator Bcl-2 is a member of a
family of evolutionarily related proteins. These proteins can be either pro-apoptotic (including Bax,
Bad, Bak and Bok) or anti-apoptotic (including Bcl-2
proper, Bcl-xl, and Bcl-w). Bcl-2 is one of the most
[17,18]
important oncogenes in apoptosis research
. In
our study, overexpression of B7-H3 caused the CRC
cells to be more resistant to apoptosis because of the
upregulation of Bcl-2 and Bcl-xl and the downregulation of Bax, thus reducing the sensitivity of cells to
chemotherapeutics. In contrast, knockdown of B7-H3
increased drug-induced apoptosis. This is consistent
with Zhao’s investigation, in which silencing of B7-H3
increased the sensitivity of the human pancreatic carcinoma cell line Patu8988 to gemcitabine as a result
[19]
of enhanced drug-induced apoptosis . This sug-

DISCUSSION
In this study, the role of B7-H3 in apoptosis in
colorectal cancer cell lines was investigated. Overexpression of B7-H3 increased the anti-apoptotic ability
and resistance to chemotherapeutics, whereas knockdown of B7-H3 led to increased sensitivity to drug-induced apoptosis. Furthermore, we proved that B7-H3
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Negative control; STAT3: Signal transducer and activator of transcription 3.

gested that overexpression of B7-H3 in CRC patients
made them inappropriate candidates for treatment
with chemotherapeutics. This may also explain why
the expression of B7-H3 is associated with poor prog[11]
nosis in CRC . It may be important to downregulate
the expression of B7-H3 in patients for them to benefit from drug-induced apoptosis.
STAT3 is a transcription factor that mediates the
expression of a variety of genes in response to cell
[20,21]
stimuli
, and thus plays a key role in many cellular
[22]
[23]
processes, such as cell growth and apoptosis . It is
activated through phosphorylation by the non-receptor
tyrosine kinase Jak2, and high activity has been shown
to predict resistance to chemotherapeutics resulting
[24]
from the upregulation of anti-apoptotic proteins .
Jak2-STAT3 signaling, while regulating many aspects
of cancer development and progression, promotes
[25]
invasion and metastasis . Interestingly, we found that
upregulation of B7-H3 activated the phosphorylation
of both Jak2 and STAT3, which led to the increased
expression of Bcl-2 and Bcl-xl. This may explain why
B7-H3 overexpressing cells were more resistant to
drug-induced apoptosis. In a previous study, Liu et
[16]
al reported a similar finding in breast cancer. In that
study, they only generated a B7-H3 knockdown model,
and lacked a functional recruitment experiment. Our
results confirmed the relationship between B7-H3 and
the Jak2-STAT3 signal transduction pathway by both

WJG|www.wjgnet.com

B7-H3 downregulation and overexpression models.
Furthermore, the blockage of Jak2 phosphorylation
by its specific inhibitor AG490 resulted in a reduction
in STAT3 phosphorylation and expression of antiapoptotic proteins in B7-H3 overexpressing cells.
AG490, a specific Jak2 inhibitor, could block B7-H3
regulation of apoptosis related proteins, providing
more insight into Jak2-STAT3 signal transduction and
B7-H3.
A great deal of evidence exists that reinforces the
[26-28]
link between inflammation and colorectal cancer
.
The molecular pathobiology of CRC implicates proinflammatory conditions in promoting the progression
[29]
of tumor malignancy, invasion and metastasis .
Patients with inflammatory bowel disease are at higher
[30]
risk of CRC . Furthermore, the Jak2-STAT3 signaling
[31,32]
pathway mediates the progression of inflammation
.
Activators of the Jak2-STAT3 signaling pathway are
[33]
important factors released during inflammation . In
particular, anti-inflammatory cytokines such as IL-10
[34]
activate STAT3 phosphorylation via Jak2 . Oxidative
stress and cytokines such as IL-6 also activate STAT3
[35]
by a Jak2-dependent mechanism . The primary
consequence of the activation of this pathway is to
promote inflammation-associated gene expression;
however, pathway activation also regulates survival[36]
associated gene expression . The role of B7-H3
overexpression in tumor cells in activating the Jak2-
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STAT3 signaling pathway augmented the activation of
inflammation by Jak2-STAT3. This partially explained
the reports of the negative relationship between B7-H3
and prognosis of CRC.
In summary, our study investigated the impact of
the overexpression of B7-H3 in resistance to apoptosis
mediated by the Jak2-STAT3 signaling pathway. We
focused on the non-immunological function of B7-H3 in
CRC. These results suggest that new CRC treatments
could target B7-H3 overexpression or associated
signaling pathways in tumors as a novel approach to
weaken drug resistance.
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Background

Expression of B7-H3 has been positively correlated with poor prognosis in
colorectal cancer (CRC). Previous studies have revealed the relationship
between B7-H3 and tumor invasion and metastasis. However, the function of
B7-H3 in apoptosis and the molecular mechanism involved in remains obscure.
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Research frontiers

This study was performed to explore the role of B7-H3 in apoptosis in CRC cell
lines through cellular and molecular biological methods. CRC cell lines that
either up- or downregulated B7-H3 expression were constructed to detect the
related indicators of apoptosis, such as the expression of apoptosis regulator
proteins, the cell cycle and the expression of active Caspase-3 with drug
treatment. Furthermore, the molecular mechanism of B7-H3 in regulating
apoptosis was also discussed in detail.
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Innovations and breakthroughs
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This study showed that overexpression of B7-H3 induces resistance to
apoptosis in issue 7 cell lines by upregulating the Jak2-STAT3 signaling
pathway.

Applications

These results provide a new paradigm for designing treatment strategies
targeting B7-H3 and signaling pathways in CRC treatment.

15

This study provides novel and interesting insights into the function of B7-H3 on
tumor cells in addition to its co-inhibitory role in T cell activation.
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AIM: To investigate the mechanisms by which Cskbinding protein (CBP) inhibits tumor progression in
esophageal carcinoma.
METHODS: A CBP overexpressing esophageal car
cinoma cell line (TE-1) was established. The growth,
invasion, and migration of CBP-TE-1 cells, as well as the
expression of Src were then determined and compared
with those in normal TE-1 cells.
RESULTS: The expression of Src was decreased by
the overexpression of CBP in TE-1 cells. The growth,
invasion, and migration of TE-1 cells were decreased by
the overexpression of CBP.
CONCLUSION: This study indicates that CBP may
decrease the metastasis of esophageal carcinoma by
inhibiting the activation of Src. CBP may be a potential
tumor suppressor and targeting the CBP gene may be
an alternative strategy for the development of therapies
for esophageal carcinoma.
Key words: Csk-binding protein; Esophageal carcinoma;
Cell growth; Invasion; Migration
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Csk-binding protein (CBP) is a ubiquitously
expressed transmembrane protein and functions as
a suppressor of Src-mediated tumor progression by
promoting the inactivation of Src. Here, we established
a CBP overexpressing esophageal carcinoma cell line
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(TE-1) and found that the overexpression of CBP
significantly decreased the proliferation, invasion, and
migration of TE-1 cells, accompanied by decreased
activation of Src. These results indicate that CBP may
decrease the metastasis of esophageal carcinoma by
inhibiting the activation of Src. Targeting the CBP gene
may be an alternative strategy for the development of
therapies for esophageal carcinoma.

of Sciences, Shanghai, China. Cells were cultured
in RPM1640 medium supplemented with 10% fetal
bovine serum.

Lentiviral vector constructs and preparation

A lentiviral-delivered CBP vector was constructed and
prepared by Shanghai qcbio Science & Technologies
Co., Ltd. (Shanghai, China), as described by Lois
[10]
et al . Briefly, primers were designed according
to the CBP sequence (Genbank Accession Number
NC_000008.10). The primer sequences were: CBP-F,
5’-GGAATTCCCTGCCATGGGGCCCGCG-3’; CBP-R,
5’-GGAATTCGAGCCTGGT AATATCTCTGCCT-3’. The
target gene was obtained by polymerase chain re
action and was inserted into the pUC57 vector. Sub
sequently, both pLenO-DCE and pUC57-CBP were
digested by EcoRI and NotI. After ligation, the pLenODCE-CBP vector was constructed. After sequencing,
the pLenO-DCE-CBP vector was transfected into
293T cells and the lentiviral-delivered CBP vector was
prepared.

Zhou D, Dong P, Li YM, Guo FC, Zhang AP, Song RZ, Zhang
YM, Li ZY, Yuan D, Yang C. Overexpression of Csk-binding
protein decreases growth, invasion, and migration of esopha
geal carcinoma cells by controlling Src activation. World J
Gastroenterol 2015; 21(6): 1814-1820 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i6/1814.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i6.1814

INTRODUCTION
Csk-binding protein (CBP), a ubiquitously expressed
transmembrane protein, functions as a suppressor
of Src-mediated tumor progression by promoting
[1,2]
the inactivation of Src . CBP is widely reported to
act as a scaffold in the Csk-mediated negative regu
[3,4]
lation of Src family kinases (SFKs)
. First, CBP
is phosphorylated by SFKs, then it associates with
C-terminal Src kinase (Csk) through a specific site
(Tyr-317 in humans) and brings it into proximity with
membrane-associated SFKs. After that, Csk phospho
rylates the C-terminal negative regulatory tyrosine
[1]
residue of SFKs, which suppresses their activation .
SFKs are membrane-associated non-receptor protein
tyrosine kinases that play pivotal roles in regulating
various cellular processes including proliferation, diffe
[5]
rentiation, adhesion, migration, and survival . Thus,
CBP plays the opposite role in various Csk-mediated
cellular processes and might be a significant target for
Csk-mediated tumors.
Recent studies have shown that CBP is expressed
[6-8]
at low levels in various human cancer cells , sug
gesting that CBP may be an important suppressor in
the progression of various human cancers. We have
previously reported that the expression of CBP is
[9]
markedly down-regulated in esophageal carcinoma ;
however, the mechanisms by which the down-regu
lation of CBP affects the progression of esophageal
carcinoma remain unknown. Therefore, we established
an esophageal carcinoma cell line stably overexpressing
CBP (TE-1). We found that overexpression of CBP de
creased the growth, invasion, and migration of esopha
geal carcinoma cells.

Cell transfection

6

Briefly, 1 × 10 TE-1 cells were seeded in each well
of a 6-well plate in 500 μL of complete medium
at 37 ℃ in a 5% CO2 incubator for 24 h, and then
transduced by lentiviral vectors at a multiplicity of
[11]
infection of 10:1 . Transduction was carried out in
the presence of polybrene (8 μg/mL). After washing
three times with PBS, 1 mL of RPMI1640 was added
in each well. Cells were seeded at 37 ℃ in a 5% CO2
incubator for 48 h. Fluorescence microscopy was
used to observe the transduction. G418 (400 μg/
mL) was used for screening. Transduced cells were
passaged and seeded for further experiments. Also,
the pLenO-DCE-(-) vector was transduced into TE-1
cell as a blank transfection control.

MTT assay

Transwell invasion assay

Invasion chambers coated with Matrigel were pur
chased from BD Biosciences. Assays were conducted
[13]
as described by Seton-Rogers et al . Briefly, cells (1
5
× 10 ) were added to the top chambers (in 300 μL of
RPMI1640) of 24-well Transwell plates (BD Biosciences;
8 μm pore size). After 24 h, the top (non-migrated)
cells were removed, and the bottom (migrated) cells
were fixed with 70% methanol and stained with trypan

MATERIALS AND METHODS
Cell culture

The human esophageal carcinoma cell line TE-1 was
provided by the Cell Bank of the Chinese Academy

WJG|www.wjgnet.com

3

Cells (5 × 10 ) were seeded in a 96-well plate (BD
Biosciences, United States) and harvested for the
MTT assay at different time points from days 1-6. Cell
samples were incubated with 20 μL of MTT (5 mg/mL;
Sigma, United States) for 6 h. Following the removal
of the MTT solution, formazan crystals were dissolved
in 150 μL of dimethyl sulfoxide (DMSO, Sigma, United
States). The absorption of the solution was measured
[12]
at 570 nm .
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Figure 1 Overexpression of Csk-binding protein decreases the expression of Src in TE-1 cells. Western blot analysis of the expression of Csk-binding protein
(CBP) and Src in TE-1 cells before and after transduction with CBP lentiviral vectors. GAPDH was used as a protein loading control. The expression of CBP was
much higher in transduced TE-1 cells than in normal TE-1 and TE-1/pLenO-DCE cells (P < 0.05), and expression of Src was much lower in transduced TE-1 cells than
in normal TE-1 and TE-1/pLenO-DCE cells (P < 0.05). 1 = normal TE-1 cells; 2 = TE-1 cells after transfection with pLenO-DCE-(-); 3 = TE-1 cells after overexpression
CBP.

Tris-HCl, 150 mmol/L NaCl, 1% NP-40, 0.1% SDS,
0.5% sodium deoxycholate, 2 mmol/L sodium
fluoride, 2 mmol/L Na3VO42, 1 mmol/L EDTA, and 1
mmol/L EGTA). Total protein extracts were analyzed
[15]
by Western blot, as described previously . Proteins
(20 µg) were separated by SDS-PAGE (Invitrogen)
and transferred to PVDF membranes. The membranes
were blotted for 1 h with 5% milk. Membranes were
incubated with a primary antibody (1:500 dilution)
against CBP or Src (Santa Cruz Biotechnology, Inc.,
United States) at 4 ℃ overnight. After incubation
with a horseradish peroxidase-conjugated secondary
antibody (1:1000 dilution) for 3 h at 37 ℃, signals
were detected by ECL chemiluminescence for 5 min.
The films were analyzed by densitometry with image
software.
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1.6
1.4
1.2
1.0
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0.6

TE-1

0.4

TE-1/pLen0-DCE-(-)

0.2

TE-1/CBP

0.0
0h
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Figure 2 Cell growth of TE-1, TE-1/pLenO-DCE-(-) and TE-1/Csk-binding
protein cells. The growth of TE-1/CBP cells was slower than that of TE-1 and
TE-1/pLenO-DCE-(-) cells (P < 0.05).

Statistics analysis

blue to visualize nuclei. The number of migrating cells
in five fields was counted at 100× magnification, and
the mean for each chamber was determined with
ImageJ (version 1.38, National Institutes of Health).
Experiments were repeated a minimum of three times.

Data are expressed as mean ± SE and were stati
stically evaluated by one-way ANOVA followed by a
Newman-Keuls test. P < 0.05 was considered stati
stically significant.

Scratch assay

RESULTS

Scratch assay was used for the detection of cell mig
[14]
ration as described by Gough et al . Briefly, cells (1
6
× 10 ) were seeded in a 6-well plate (BD Biosciences,
United States) until cells reached 100% conﬂuence. A
p200 pipette tip was then used to create a scratch of
the cell monolayer. After washing the plate once with
PBS and replacing with the new medium, the cells
were incubated at 37 ℃ in a 5% CO2 incubator. After
24 h, the number of cells that had migrated into the
scratch was calculated at 100× magnification.

CBP overexpression decreases the expression of Src in
TE-1 esophageal carcinoma cells

To check the overexpression of CBP in our stably trans
fected cells and to determine if overexpression of CBP
leads to decreased expression of Src, we assessed
the expression of Src in our TE-1 esophageal car
cinoma cells that had been transduced with lentiviral
constructs to overexpress CBP. As illustrated in Figure
1, our stably transduced cells overexpressed CBP, and
CBP overexpression significantly decreased the protein
levels of Src (P < 0.05) (Figure 1), supporting the
previous finding that CBP down-regulates the activity

Western blot analysis

Cells were lysed on ice in RIPA buffer (50 mmol/L
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Figure 3 Invasion of TE-1, TE-1/pLenO-DCE-(-) and TE-1/Csk-binding protein cells. Trypan blue staining showed that TE-1, TE-1/pLenO-DCE-(-) and TE-1/CBP
cells passed through the Matrigel (200×). aP < 0.05 vs TE-1/CBP cells, no significant difference compared with TE-1/pLenO-DCE-(-) cells.
[1,2]

of Src

.

DISCUSSION
CBP is weakly expressed in many types of human
[7]
cancers, including non-small cell lung cancer , eso
[9]
phageal cancer , and head and neck squamous cell
[16]
cancer , suggesting that CBP may play an important
suppressive role in the progression, development, and
invasion of cancers. Recently, we reported that the
expression of CBP is down-regulated in esophageal
[9]
carcinoma , but the functions of CBP in esophageal
carcinoma remain undetermined. To investigate the
role of CBP in esophageal carcinoma, we examined
the alteration of cell growth, invasion and migration
of esophageal carcinoma cells after overexpressing
CBP.
We up-regulated the expression of CBP by tran
sfection of TE-1 esophageal carcinoma cells with
CBP constructs. Our data demonstrate that CBP
overexpression resulted in a decrease in the growth,
invasion, and migration of TE-1 cells. These findings
indicate that CBP plays an important role in the sup
pression of tumor progression. Since tumor progres
sion inhibition is a prerequisite for efficient tumor
[17,18]
therapy
, CBP might be a promising target for
tumor therapy. Our data also indicate that controlling
the activation of the Src pathway may be one of the
underlying mechanisms by which CBP up-regulates

Overexpression of CBP inhibits the growth of TE-1
esophageal carcinoma cells

We assessed the cell growth of TE-1, pLenO-DCE-(-)
vector transfected TE-1 (TE-1/pLenO-DCE) and CBP
overexpressing TE-1 (TE-1/CBP) cells. As illustrated
in Figure 2, compared with TE-1 and TE-1/pLenODCE cells, the cell growth of TE-1/CBP cells de
creased significantly (P < 0.05) (Figure 2).

Overexpression of CBP decreases the invasion of TE-1
esophageal carcinoma cells

As illustrated in Figure 3, Transwell analysis showed
that the numbers of TE-1 cells (62.2 ± 3.6) and
TE-1/pLenO-DCE cells (65.4 ± 4.8) passing through
the Matrigel were markedly higher than that of TE-1/
CBP cells (27.6 ± 2.2) (P < 0.05) (Figure 3).

Overexpression of CBP decreases the migration of TE-1
esophageal carcinoma cells

As illustrated in Figure 4, scratch analysis showed
that the distance of TE-1 cells (116.2 ± 6.4 μm) and
TE-1/pLenO-DCE cells (122.4 ± 8.8 μm) migrating
into the scratch was markedly greater than that of
TE-1/CBP cells (66.6 ± 6.2 μm) (P < 0.05) (Figure 3).
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Figure 4 Migration of TE-1, TE-1/pLenO-DCE-(-) and TE-1/ Csk-binding protein cells. The scratch assay showed that TE-1, TE-1/pLenO-DCE-(-) and TE-1/CBP
cells moved into the scratch (200×). The distance of cell migration was assessed. aP < 0.05 vs TE-1/CBP cells, no significant difference compared with TE-1/pLenODCE-(-) cells.

the growth, invasion and migration of esophageal
carcinoma cells.
Src signaling, a prominent cancer cell growth-pro
[19,20]
moting and invasion-promoting pathway
, can be

WJG|www.wjgnet.com

activated by receptor tyrosine kinases and integrins to
promote the growth, migration, and invasion of tumor
cells. Although many studies have demonstrated
the role of CBP in promoting the inactivation of Src

1818

February 14, 2015|Volume 21|Issue 6|

Zhou D et al . CBP overexpression decreases EC cell growth, invasion, and migration
[1,2]

signaling , we sought to investigate whether the
up-regulation of CBP is able to decrease the growth,
invasion, and migration of esophageal carcinoma cells
through the inactivation of Src signaling. We found
that CBP overexpression decreased the activity of
Src in TE-1 esophageal carcinoma cells, and reduced
esophageal carcinoma cell growth, invasion, and mig
ration. Thus, we propose that CBP up-regulation de
creases esophageal carcinoma progression, at least
partially, through the inactivation of Src signaling.
Further studies are needed to determine the molecular
mechanism(s) by which CBP regulates Src signaling.
In summary, we demonstrated that CBP inhibits
the growth, invasion, and migration of esophageal car
cinoma cells by inactivating Src signaling, suggesting
that CBP plays an important role in the inhibition of
tumor progression and development of esophageal
carcinoma. CBP as an effective target aiming to modu
late Src signaling may be a reasonable approach to
treating esophageal carcinoma.

3

4

5
6

7

8
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METHODS: This retrospective, case-controlled study
compared 295 patients with acute appendicitis (Group Ⅰ),
100 patients with other intra-abdominal infections (Group
Ⅱ), and 100 healthy individuals (Group Ⅲ) between
January 2012 and January 2013. The age, gender, and
white blood cell count, neutrophil percentage, mean
platelet volume, and platelet distribution width values
from blood samples were compared among the groups.
Statistical analyses were performed using SPSS for
Windows 21.0 software. In addition, the sensitivity,
specificity, positive and negative predictive values and
likelihood ratios, and diagnostic accuracy were calculated.

Abstract

Key words: Appendicitis; Diagnosis; Platelet function
test; Platelet distribution width

RESULTS: The mean ages of patients were 29.9 ± 12.0
years for Group Ⅰ, 31.5 ± 14.0 years for Group Ⅱ, and
30.4 ± 13.0 years for Group Ⅲ. Demographic features
such as age and gender were not significantly different
among the groups. White blood cell count, neutrophil
percentage and platelet distribution width were signi
ficantly higher in Group Ⅰ compared to groups Ⅱ and Ⅲ
(P < 0.05). Diagnostically, the sensitivity, specificity and
diagnostic accuracy were 73.1%, 94.0%, and 78% for
white blood cell count, 70.0%, 96.0%, and 76.0% for
neutrophil percentage, 29.5%, 49.0%, and 34.0% for
mean platelet volume, and 97.1%, 93.0%, and 96.0%
for platelet distribution width, respectively. The highest
diagnostic accuracy detected was for platelet distribution
width between Group Ⅰ and Group Ⅲ (P < 0.01).
CONCLUSION: Platelet distribution width analysis can
be used for diagnosis of acute appendicitis without
requiring additional tests, thus reducing the cost and
loss of time.

AIM: To investigate the diagnostic accuracy of the
mean platelet volume and platelet distribution width in
acute appendicitis.
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disorders, sepsis-like conditions, myeloproliferative
diseases, massive hemorrhage, leukemia, vasculitis
[11,12]
. Platelet distri
and post-splenectomy conditions
bution width is an indicator of variation in platelet size,
which can be a sign of active platelet release. Studies
have demonstrated that in addition to MPV, PDW is
also altered compared to healthy subjects in several
[13,14]
conditions
.
There are very few studies investigating the diag
nostic accuracy of platelet function parameters in cases
of AA. We present the first case-controlled study investi
gating the diagnostic significance of platelet parameters,
including MPV and PDW, in AA.

Core tip: The diagnosis of acute appendicitis can be
difficult and confusing. A rapid and accurate diagnosis is
important because of potential complications, therefore,
new biomarkers for diagnosis are needed. This study
investigated the diagnostic accuracy of indicators of
platelet activation, namely mean platelet volume and
platelet distribution width, in acute appendicitis patients.
Results shows that platelet distribution width analysis
can be used for diagnosis of acute appendicitis without
requiring additional tests. Therefore, it reduces the cost
and loss of time.
Dinc B, Oskay A, Dinc SE, Bas B, Tekin S. New parameter
in diagnosis of acute appendicitis: Platelet distribution width.
World J Gastroenterol 2015; 21(6): 1821-1826 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v21/i6/1821.htm
DOI: http://dx.doi.org/10.3748/wjg.v21.i6.1821

MATERIALS AND METHODS
Participants

The records of 295 adult patients, aged between 16 and
94 years, who underwent appendectomy (GroupⅠ),
100 patients with other intra-abdominal infections
(Group Ⅱ), and 100 healthy individuals (Group Ⅲ) were
retrospectively investigated between January 2012
and January 2013. The groups were compared by age,
gender and routine tests of complete blood count.
Group Ⅰ was comprised of patients diagnosed with AA
based on the analysis of at least two samples perfor
med by the pathologist.
Patients were excluded from the study for: < 15
years of age, having acute or chronic infectious disease,
comorbid conditions (cardiac, respiratory, renal, endo
crinal, and vascular disease, cancer, etc.), hematologic
disease and blood transfusion within the last year for
any reason, using ongoing medication (analgesics, oral
contraceptives, antimetabolites, etc.), having a histopa
thologically normal appendix following appendectomy.
There were two control groups. The first of these,
Group Ⅱ did not have AA but they had intra-abdo
minal infections that depended on causes such as
acute cholecystitis, pelvic inflammatory disease, and
mesenteric lymphadenitis. Group Ⅲ was comprised
of healthy individuals, including people who came for
health control and they did not have acute or chronic
disease. The control groups were selected from among
people of similar age and gender to AA patients. There
was no history of drug use or blood transfusion in any
of the patients.

INTRODUCTION
Acute appendicitis (AA) is among the most common
[1,2]
urgent abdominal surgical conditions worldwide .
The people in Western society have an approximately
[3]
8% possibility of having AA during their lifetime .
Whereas the diagnosis of AA is usually established
clinically, the symptoms and findings may not always
typical, in which case the establishment of diagnosis
[4,5]
becomes difficult . Rapid and accurate diagnosis is
important because extension of the period between
the initiation of the symptoms and start of the sur
gical procedure increases the risk for appendiceal
perforation, thereby potentially resulting in sepsis and
[6]
even death . In addition, the ratio of patients under
going appendectomy with a normal histopathologic
investigation result (negative appendectomy) ranges
between 5% and 42%. The morbidity of these patients
who are operated on despite the absence of AA is
[7,8]
thus increased . The rate of clinical diagnosis of AA
[1]
is approximately 85% . Although current advanced
imaging methods such as ultrasonography, computed
tomography and magnetic resonance imaging are
promising, they are not adequate. Therefore, novel me
thods that differentiate AA from nonspecific abdominal
pain and reduce the rate of negative appendectomy
are needed. Such methods should be inexpensive and
convenient, with results obtained in a short time.
Recent studies have investigated the diagnostic
[9,10]
accuracy of inflammatory markers
. Mean platelet
volume (MPV) and platelet distribution width (PDW)
are presented in the complete blood cell count, which
is routinely used in emergency departments. They are
the indicators of platelet activation. The size of the
platelet is correlated with the activity and the function
of the platelet; larger platelets are more active than
small ones. Thus, MPV may be used as a biomarker in
myocardial infarction, diabetes mellitus, inflammatory

WJG|www.wjgnet.com

Test methods

All blood samples were obtained from the venous sys
tem and stored in tubes containing EDTA and assayed
automatically using internationally certified devices.
9
9
The reference values were 4.5 × 10 /μL-10.8 × 10 /
μL for white blood cell count (WBC), 40%-70% for
neutrophils, 7.2-11.0 fL for MPV and 10%-18% for
PDW. All results were approved by an independent
biochemistry expert who was blind to the patients’
histories. Extreme results were repeated again. The
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Table 1 Comparison of the laboratory values between the groups

White blood cell count, × 109/μL
Neutrophil, %
Mean platelet volume, fL
Platelet distribution width, %

P values

Group Ⅰ

Group Ⅱ

Group Ⅲ

(n = 295)

(n = 100)

(n = 100)

Ⅰvs Ⅱ

Ⅰvs Ⅲ

Ⅱ vs Ⅲ

Overall

12.9 (3.1-25.7)
73.9 (18.0-93.0)
8.5 (6.1-14.2)
49.0 (10.6-86.5)

11.5 (5.2-20.0)
67.9 (45.0-87.9)
8.9 (6.0-13.0)
40.8 (12.8-87.9)

7.5 (3.5-13.6)
57.6 (21.0-76.0)
8.9 (6.9-14.5)
18.4 (10.3-62.5)

0.032
0.031
NS
< 0.001

< 0.001
< 0.001
0.001
< 0.001

< 0.001
< 0.001
NS
< 0.001

< 0.001
< 0.001
0.003
< 0.001

Variable

Data are presented as mean (range). NS: Not significant.

Table 2 Diagnostic comparison of blood parameters
Parameter

Cutoff

White blood cell count
Neutrophil
Mean platelet volume
Platelet distribution width

10.6 × 109/μL
69.85%
8.98 fL
32.15%

AUC

Sensitivity

Specificity

PPV

NPV

(95%CI)

(%)

(%)

(%)

(%)

0.87 (0.84-0.91)
0.87 (0.84-0.91)
0.62 (0.55-0.68)
0.95 (0.92-0.98)

73.1
70.0
29.5
97.1

94
96
49
93

97.1
97.9
61.1
97.4

56.0
54.2
20.1
92.1

PLR

NLR

DA
(%)

12.1
23.0
0.5
13.8

0.3
0.3
4.5
0.0

78
76
34
96

AUC: Area under the receiver operating characteristic curve; DA: Diagnostic accuracy; NLR: Negative likelihood ratio; NPV: Negative predictive value;
PLR: Positive likelihood ratio; PPV: Positive predictive value.

results of blood samples were approved in < 10 min.

Statistical analyses were performed using SPSS for
Windows 21.0 software (IBM Corp., Armonk, NY, United
States). The demographic and clinical properties of
patients are expressed using mean ± SD, median
(range), and percentage values. Parametric parameters
were investigated with a Student’s t-test and one-way
analysis of variance, and non-parametric parameters
2
were investigated using the Mann-Whitney U, χ and
Kruskal-Wallis tests. The association between the nu
meric data was compared using a correlation analysis.
The parameters in the AA and control groups were de
scribed using a receiver operating characteristic (ROC)
curve analysis. In addition, the sensitivity, specificity,
positive and negative predictive values and likelihood
ratios, and diagnostic accuracy were calculated by the
area under the ROC curve. Results were evaluated
within the 95%CI, and a P < 0.05 was considered as
statistically significant.

there were statistical differences between Group Ⅰ and
the two control groups (Ps < 0.05). MPV was lower
in Group Ⅰ, whereas PDW, WBC (Figures 1 and 2)
and neutrophil percentage were higher compared to
the control groups.
The diagnostic comparisons of the blood value
evaluations are given in Table 2. PDW was the most
important diagnostic parameter, followed by WBC,
neutrophil percentage and MPV. PDW showed high
positive and low negative likelihood ratios. As a result,
the diagnostic accuracy for PDW is higher than WBC
and neutrophil percentage. In contrast, MPV has
the lowest diagnostic accuracy, with a significant
difference between Group Ⅰ and Group Ⅲ. The ROC
curves for these parameters are shown in Figure 3.
The high positive accuracy of PDW can also be seen
here. As the MPV accuracy shows a reduction in
Group Ⅰ, it is located on the negative side of the refe
rence line as a weak positive. The ROC curve analysis
is presented for MPV without correction; smaller test
results used in SPSS indicate a more positive test.

RESULTS

DISCUSSION

The mean ages of patients were 29.9 ± 12.0 (range:
16-94 years), 31.5 ± 14.0 (range: 16-85 years) and
30.4 ± 13.0 years (range: 16-70 years) in GroupⅠ,
Group Ⅱ and Group Ⅲ, respectively. GroupⅠwas com
prised of 60.7% (179/295) men and 39.3% (116/295)
women; Group Ⅱ was comprised of 50.0% (50/100)
men and 50.0% (50/100) women; and Group Ⅲ was
comprised of 60.0% (60/100) men and 40.0% (40/100)
women. There were no demographic differences among
the groups.
The comparisons of the laboratory values among
the groups are given in Table 1. For all parameters,

AA is the most common cause of “acute abdomen” in
all age groups. Although the classical symptomatology
and the examination findings of AA are well known, the
diagnosis remains quite difficult to make among the
[15]
causes of abdominal pain . It is important to make a
rapid and accurate diagnosis before the complications
[1]
develop . As AA is an inflammatory process, many
authors consider using biomarkers for diagnosis. Among
these, WBC is the one most commonly used. Many
studies support that WBC is the first indicator to be
[16]
elevated in appendix inflammation . Among patients
with AA, the sensitivity and specificity of WBC is

Statistical analysis
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Figure 1 Blood cell counts. A: White blood cell count; B: Neutrophil percentage count variation.
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Figure 2 Platelet analyses. A: Mean platelet volume; B: Platelet distribution width variation.

78% diagnostic accuracy enhances the significance of
WBC diagnostically.
There are several studies investigating the diagnostic
[17]
accuracy of neutrophils in AA. Al-Gaithy
reported
a sensitivity and a specificity of 70.9% and 65.5%,
respectively, for neutrophil detection in patients under
going surgery for suspected appendicitis that were
classified according to pathology as AA or normal. In a
[9]
case-controlled study by Bilici et al in children, the
sensitivity was 77% and the specificity was 91%. In
the current study, we found a sensitivity of 70% and
a specificity of 96%, which is similar to the literature.
The differences in ratios were potentially attributed to
the variability of the individuals (adult, child, etc.) and
the type of the designed study.
Platelet activation is related to pathophysiology of
disorders with a tendency for inflammation and thro
mbosis. MPV, a marker of platelet activation, is being
investigated for its correlation with both inflammation
and thrombosis. High MPV values are associated with
cardio- and cerebrovascular disorders, and low-grade
inflammatory conditions prone to arterial and venous
thrombosis. Low MPV values may occur in high-grade
inflammatory diseases, such as active rheumatoid

Source of the curve
PDW
WBC
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MPV
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1.0

Sensitivity

0.8
0.6
0.4
0.2
0.0
0.0

0.2

0.4
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1-specificity

Figure 3 receiver operating characteristic curves. MPV: Mean platelet
volume; PDW: Platelet distribution width count; WBC: White blood cell count.
[15]

60%-87% and 53%-100%, respectively , with cut9
[9]
off values of 11 × 10 /L in the study by Bilic et al ,
3
3
[6]
and 10.4 × 10 /mm in the study by Narci et al ,
which are consistent with our findings. In addition, the
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arthritis or attacks of familial Mediterranean fever.
These results are from anti-inflammatory treatment.
As a result, a decrease in MPV occurs in acute cases,
[18]
whereas an increase occurs with chronic events .
The proinflammatory activities of platelets are main
tained by bioactive molecules stored within their
[19,20]
alpha and dense granules
. After activation, these
molecules are rapidly secreted. However, the exact
organelle activity that controls the thrombocyte volu
[19]
me has not yet been clearly identified . Danese et
[20]
al
speculated that the reduced MPV could be due
to the consumption or sequestration of the large acti
vated platelets in the intestinal vasculature.
In the current trial, we detected a lower MPV in
patients with AA. The cause of this remains unclear. A
small number of studies failed to clearly demonstrate
the correlation between MPV and AA. In the studies
[21]
[9]
by Albayrak et al , Bilici et al and Aydogan et
[11]
al , MPV was significantly lower in the AA group,
and with a sensitivity and specificity of 73%-84%
[15]
and 54%-84%, respectively. Uyanik et al
failed
to detect a correlation between AA and MPV in their
study in children. However, we detected a statistical
difference between the groups, and MPV was lower
in the infected group. While the pathophysiology of
this decrease is not known, it may be similar to the
[20]
mechanism suggested by Danese et al . The values
of sensitivity and specificity of MPV in our study,
25.9% and 49.0%, respectively, are low compared
to the literature. This result may stem from the emer
gency surgery after the clinical history and physical
examination.
Both MPV and PDW are markers of platelet immaturity,
and an increase in both as compared to controls
suggests that young platelets are entering peripheral
circulation. PDW is a function of standard deviation of
log volume and is also known as the volume change
coefficient. PDW is an index of thrombocyte volume
heterogeneity, similar to erythrocyte distribution. The
heterogeneity of thrombocyte volume occurs due to
heterogenic demarcation of megakaryocytes rather
[11]
than the aging of circulating thrombocytes .
There are a small number of studies that evaluate
[22]
PDW. In a trial by Liang et al investigating vascular
dementia and Alzheimer’s disease, PDW was significantly
lower in the patient group compared to the control
[23]
group. In contrast, Mete Ural et al
detected high
PDW values in patients with recurrent miscarriages.
[24]
Cetin et al
reported a higher PDW value in patients
with acute ST-segment elevation myocardial infarction
compared to those with stable coronary artery disease.
[25]
Yang et al
detected higher PDW values in patients
with severe preeclampsia relative to those with mild
preeclampsia. In the literature, there exists only one
study that investigates the correlation between PDW
[11]
and AA. In a 202-case study by Aydogan et al ,
patients were divided into groups as perforated and
non-perforated. In this study with no control group,
PDW values were significantly higher in the perforated
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group. In conclusion, PDW was considered as a marker
that could be used in early detection of the perforation
risk in AA. In the current study, we detected high PDW
values in patients with AA, for which the sensitivity,
specificity and diagnostic accuracy suggest that it could
help in early diagnosis of AA.
This is the first study in the literature to present
the correlation between AA and PDW as a casecontrolled clinical trial. Detection of higher PDW values
in the AA group relative to the control groups, and the
high values of sensitivity, specificity, and diagnostic
accuracy detected for AA are promising for future
studies in diagnosis and early prediction of potential
complications. This may provide an opportunity for
making a diagnosis of AA without requiring additional
analysis, increased cost, or loss of time, and is practically
applicable in the emergency department. Nevertheless,
diagnosis of AA should always be combined with
clinical, laboratory and radiologic evaluations. PDW
could be an important laboratory evaluation, but should
always be associated with additional signs (right lower
quadrant tenderness, elevated temperature, rebound
tenderness), symptoms (migration of pain, vomiting)
and other laboratory tests (leukocytosis, C-reactive
protein). Additional multi-center, prospective studies are
needed involving a larger sample size to confirm the
results of this study.
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The diagnosis of acute appendicitis (AA) can be difficult and confusing. While
the diagnosis of AA is usually established clinically, the symptoms and findings
may not always be typical. Rapid and accurate diagnosis is important because
of potential complications. Novel methods that differentiate AA from non-specific
abdominal pain and reduce the rate of negative appendectomy are needed.
Such methods should be inexpensive and convenient, with results obtained in
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accuracy of inflammatory markers.
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Mean platelet volume (MPV) and platelet distribution width (PDW) are pre
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departments. They are the indicators of platelet activation.
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Abstract
AIM: To investigate the efficacy of the digitally rein
forced hematoxylin-eosin polarization (DRHEP) tech
nique for detection of amyloidosis in rectal biopsies.
METHODS: One hundred hematoxylin-eosin (HE)
stained rectal biopsies with Congo-red (CR)-positive
amyloid depositions and 50 control cases with CRnegative amyloid-mimicking areas were scanned blinded
to the CR results for amyloid depositions under both
bright and polarized light, and digitally photographed
using the DRHEP technique, to accentuate the faint
birefringence observed in HE slides under polarization.
The results of DRHEP and HE evaluation were stati
stically correlated with CR polarization results with
respect to presence and localization of amyloid deposits
as well as amyloid types.
RESULTS: Amyloid deposits showed yellowish-green
birefringence by DRHEP, which allowed identification of
amyloidosis in 41 HE-unsuspected cases (P = 0.016),
31 of which only had vascular deposits. True positivity
was higher, and false negativity and positivity were
lower by DRHEP, compared to evaluation by HE (69%,
31%, and 0.8% vs 33%, 67%, and 33%, respectively;
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P < 0.0001). The sensitivity, specificity, accuracy, and

[1]

diagnosis since it was first described by Kyle in
1927.
However, despite the higher sensitivity and spe
cificity of CR staining, false negative results can be
seen due to the amount of the amyloid present in
the tissue, age of amyloid deposits, thickness of the
sections, fixation of the tissues, and even the staining
[2]
technique itself . Various methods have been inve
stigated to increase the sensitivity of CR staining
and more accurately diagnose early deposits, such
[3]
as combining CR with immunohistochemistry or
[4]
CR fluorescence . These methods are technically
challenging and are not used widely for routine diag
nostic purposes.
Digitally reinforced HE polarization (DRHEP) is a
recently introduced technique, which was proposed
as an adjunct to the diagnosis of amyloidosis in HE[5]
stained sections in renal biopsies . The technique is
a combination of routine light microscopy and digital
photography, and was inspired by the observation
of amyloid fibrils showing a weak birefringence by
[6]
polarization microscopy even in HE-stained slides .
This faint polarization effect is, however, more
pronounced and readily identifiable in digitally captured
images of the area. Therefore, utilization of digital
enhancement may allow detection of birefringence that
is not recognizable through the microscope objective.
Although this technique is currently being used in
kidney biopsies, its utility in other specimens is not
well characterized. Therefore, we investigated DRHEP
in rectal biopsies, as the rectum is not only one of
the most frequently biopsied sites for diagnosis of
amyloidosis, but also is a target organ, as the ga
strointestinal (GI) tract is one of the most commonly
[7]
affected organ systems in systemic amyloidosis .

positive and negative predictive values for DRHEP were
69%, 98%, 78.6%, 98.5%, and 61.25%, respectively.
Reasons for DRHEP false negativity were presence of
extensive background birefringence in 12 cases, ab
sence of CR birefringent vessel in 3 cases, and missing
of the tiny deposits in 9 cases, which could be im
proved by experience, especially in the latter case. No
correlation was found between age, gender, sites of
deposits, or amyloid types.
CONCLUSION: The DRHEP technique improves diagno
stic accuracy when used as an adjunct or a prior step
to CR staining, especially for cases with limited tissues
for further analysis.
Key words: Amyloidosis; Congo red; Hematoxylin-eosin;
Microscopy; Polarization; Rectum
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Amyloid fibrils show a faint birefringence with
polarization microscopy even when they are stained
with hematoxylin-eosin (HE), and this effect can be rein
forced when digital images are captured. We researched
the efficacy of this technique in rectal biopsies and
observed that it allowed identification of unsuspected
cases with HE. True positivity was higher, and false
negativity and positivity were lower compared to evalu
ation by HE. Therefore it can be used as an adjunct or
a prior step to Congo-red staining, especially for cases
with limited tissues for further analysis as it is a fast and
safe method.
Doganavsargil B, Buberal GE, Toz H, Sarsik B, Pehlivanoglu
B, Sezak M, Sen S. Digitally reinforced hematoxylin-eosin
polarization technique in diagnosis of rectal amyloidosis. World
J Gastroenterol 2015; 21(6): 1827-1837 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i6/1827.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i6.1827

MATERIALS AND METHODS
Data collection, preparation of study set, and
histochemical staining

A retrospective data search was conducted in the
Pathology database between 2000 and 2010 using
the words “rectum” and “amyloid”. All cases with a
clinical or histologic suspicion of amyloidosis and a
Congo red stain were collected. Clinical data, including
patient age and amyloid subtype, were collected from
patient records within the Nephrology Department.
As reliable subtyping could not be done in all
cases due to either inadequacy of tissue or technical
reasons, amyloid subtypes were classified into three
main groups as amyloid A (AA), amyloid light-chain
(AL), or undetermined for statistical analyses.
The study set was arranged by one of the re
searchers who blinded other researchers to the
case identities and CR results. The study group was
composed of 100 rectal biopsies with CR-positive am
yloid deposits, and the control group consistent of 50
CR-negative cases bearing amorphous eosinophilic

INTRODUCTION
Amyloidosis is a heterogeneous group of disorders
characterized by excessive deposition of misfolded
amyloid fibrils in tissues and organs. The diagnostic
work-up of amyloidosis requires a multidisciplinary
approach and a careful clinical evaluation; however
definitive diagnosis still relies on microscopic exa
mination of the tissues. Amyloid fibrils are seen as
amorphous, eosinophilic deposits on routine hema
toxylin-eosin (HE)-stained preparations, but sole HE
staining is insufficient for diagnosis, as these can
easily be confused with hyaline changes or sclerosis.
Congo red (CR) stain and apple-green birefringence
of CR-stained deposits under polarized light has long
been considered as the gold standard for definitive
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amyloid-mimicking areas.
Four-micron thickness sections were obtained
from paraffin-embedded tissue blocks. HE staining
was carried following standard protocols. CR staining
was performed using a modified stringent, alkaline,
[4]
alcoholic Putchtler’s method .

nonparametric tests (χ ). The sensitivity, specificity,
accuracy, and positive and negative predictive values
for HE and DRHEP were additionally calculated.

Preparation of digital images

The CR-positive study group was composed of samples
from 40 women and 60 men with a mean age of
53.28 ± 14.9 years (range: 16-83 years). The mean
age of the control group was 51.16 ± 15.8 years
(range: 14-78 years). Patient age was not significantly
different between study and control groups (P = 0.146).
The three most common underlying etiologies were
ankylosing spondylitis, familial Mediterranean fever,
and rheumatoid arthritis. The subtype of amyloidosis
was AA in 54 cases and AL in 9 cases. Clinical details
and amyloid types of the cases are given in Table 1.

2

RESULTS
Clinicopathologic features

All HE stained sections were evaluated at low
power (4×) and areas representative/suspicious for
amyloid deposition were identified and photographed
under both 10× and 20× magnifications. The same
microscopic fields were then consecutively photo
graphed on a dark background during polarization.
CR-stained sections of the biopsies were also similarly
photographed both under visible bright light and
under polarization. Care was taken to capture the
same or similar area that was photographed in HE
images.
Digital photography was conducted according
to the details of the technique described in the
related reference using an Olympus BX51 polarizing
microscope (Olympus Corp., Tokyo, Japan) equipped
[5]
with a DP21, SAL camera . In total, each case had
four images: HE, DRHEP, CR, and CR with polarization
(CRP).

Results of HE and DRHEP evaluation

In 74.7% of the cases, the investigators agreed
upon the amyloidosis status. Amyloidosis could
readily be identified both in HE and DRHEP images
of 28 CR-positive cases (28%) (Figure 1). Amyloid
fibrils appeared as fluffy or condensed pink deposits
on HE sections (Figure 1A) and showed yellowishgreen birefringence on DRHEP images (Figure 1B).
They stained salmon-pink/red by CR (Figure 1C) and
showed apple-green birefringence by CRP (Figure
1D). However, DRHEP alone allowed identification
of an additional 41 cases, which were not suspected
by brightfield HE examination (P = 0.016), as even
smaller deposits were easily identified by DRHEP
because of their striking luminescence, which was
comparable to CRP (Figure 2). The observed refraction
pattern was specific to amyloidosis. Even though
some of the foreign bodies also showed a variety
of polarization patterns, they lacked the yellowishgreen tint of the polarization observed in amyloiddeposited areas (Figure 2). Likewise, collagen bundles
also showed a distinct white to silver polarization by
DRHEP.

Evaluation of HE and DRHEP images

Both HE and DRHEP images were evaluated blind to
clinical data and CR staining of the biopsies, which
was regarded as the gold standard. The evaluation
was done independently by two researchers. In cases
of disagreement, a third opinion was obtained and
a consensus diagnosis was reached with two-thirds
majority.
First, plain HE and DRHEP images were conse
cutively evaluated for the presence of suspicious
amyloid depositions. The deposits showing green
or yellowish-green birefringence were regarded as
[5]
positive . However, extensive yellowish-green biref
ringence was regarded as nonspecific refraction.
Later, CR-stained images, which were photographed
under both bright visible light and polarized light,
were evaluated in a similar fashion, with investigators
blinded to results of HE and DRHEP evaluations. The
site of amyloid deposits, such as vascular (vessel
walls), interstitial (lamina propria) or muscular (mu
scularis mucosae), were also recorded. Last, the
results between DRHEP and CR staining were com
pared and discrepant cases were re-evaluated.

Sensitivity and specificity of DRHEP evaluation:
The results of the HE and DRHEP image evaluation in
study and control groups, as well as the sensitivity,
specificity, accuracy, and positive and negative
predictive values are given in Table 2.
There were only five cases that were suspected
as positive by HE evaluation but were negative by
DRHEP technique (Figure 3). However, the overall
ratio of false-negative cases was lower by DRHEP
evaluation compared to HE image evaluation alone (31
cases vs 67 cases, p < 0.001).
In addition, the ratio of false-positive cases by
DRHEP was also significantly lower, as there was only
one (0.8%) false-positive case among the DRHEPpositive group (p < 0.001) in contrast to 34 false-

Statistical analysis

The frequency analyses and statistical evaluation were
performed using SPSS 17.0 (SPSS Inc., Chicago, IL,
United States). The agreement between researchers
was analyzed by κ analysis. The results of HE,
DRHEP, and CR evaluation and their relationships
with clinicopathologic features were compared by
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Table 1 Distribution of amyloid types and clinical histories detected with digitally reinforced hematoxylin-eosin polarization and
hematoxylin-eosin images among study group cases
Cases identified (n )

Clinical history
AA-type amyloidosis
Ankylosing spondylitis
Familial mediterranean fever
Rheumatoid arthritis
Inflammatory bowel disease
Behcet’s disease
Tuberculosis
Chronic obstructive lung disease
Still syndrome
Reiter syndrome
Psoriasis
TRAPS
Chronic infection
Total
AL-type amyloidosis
Multiple myeloma
Plasma cell dyscrasia
Total
Amyloidosis-type undetermined
Hereditary amyloidosis1
Chronic renal failure
Plasma cell dyscrasia
Malignancy
Unknown causes
Total
Overall total

Total

By DRHEP

By DRHEP only

By both DRHEP and HE

By HE

By HE only

By neither technique

13
13
10
6
3
2
2
1
1
1
1
1
54

8
8
5
5
0
2
2
1
1
0
1
1
34

6
3
4
3
0
2
1
1
1
0
1
1
23

2
5
1
2
0
0
1
0
0
0
0
0
11

5
5
2
2
0
0
1
0
0
0
0
0
15

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

3
5
4
1
3
0
0
0
0
1
0
0
17

8
1
9

7
1
8

7
0
7

0
1
1

0
1
1

0
0
0

1
0
1

10
5
1
4
17
37
100

7
3
1
4
12
27
69

3
1
0
2
5
11
41

5
2
1
2
6
16
28

4
2
1
2
8
17
33

1
0
0
0
1
2
5

2
2
0
0
4
8
26

1

Transthyretin-related amyloidosis mutation was detected in one case. TRAPS: Tumor necrosis factor receptor-associated periodic syndrome; HE:
Hematoxylin-eosin; DRHEP: Digitally reinforced hematoxylin-eosin polarization.

A

B

C

D

Figure 1 Easily identified amyloid deposits in a submucosal vessel wall (arrows). A: Brightfield view of hematoxylin-eosin (HE) staining (amyloid is stained
pinkish-red); B: Digitally reinforced polarization view of the same HE-stained section. Note the yellowish green tint of birefringence; C: Brightfield view of Congo-red
staining (deposits exhibit a salmon-pink appearance); D: Polarization view of the same Congo-red-stained section. Note the apple green tint of polarization is more
pronounced than in the digitally reinforced HE polarization image (arrow); 10× magnification.
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A

B

C

D

Figure 2 Tiny amyloid deposits in vessel walls, which are not striking at first sight (long arrows). A: Brightfield view of hematoxylin-eosin (HE) staining; B:
Digitally reinforced polarization view of the same HE-stained section. Note the striking yellowish green tint of birefringence of amyloid in small vessel walls (long
arrows) and variant colored nonspecific refraction of a foreign body (short arrow); C: Brightfield view of Congo-red staining (note the salmon pink color); D: Polarization
view of the same Congo-red-stained section with apple green birefringence of deposits (arrows); 20× magnification.

Effect of amyloid type and site of deposition:
The sites of the amyloid depositions observed by
DRHEP and the effect of the DRHEP technique in
identification are summarized in Table 3. It was easier
to identify or suspect mixed vascular, interstitial, and
muscular deposits than only vascular ones both with
HE and DRHEP. Although no statistically significant
correlation was found between the underlying
etiologies or amyloid subtypes, DRHEP identified
more cases regardless of site of distribution (Table 3).
Identification by DRHEP was not affected by the
type of amyloid deposition (Table 1). However, it is
noteworthy that some of the cases, such as myeloma
and tuberculosis, were only evaluated as positive
by DRHEP while they were not suspected by HE
examination.
Although no significant correlation was found
between age, gender, the sites of amyloid deposition,
and amyloid type, the ratio of false positivity was
higher in patients in the fifth decade (n = 15 cases; P
= 0.049) if evaluated by HE alone in contrast to only
one age-matched false-positive case (0.8%) in the
DRHEP group.

Table 2 Comparison of hematoxylin-eosin and digitally rein
forced hematoxylin-eosin polarization evaluated by Congored stain n (%)
Variable
Congo red positive (n = 100)
True positive
False negative
Congo red negative (n = 50)
True negative
False positive
Sensitivity
Specificity
Accuracy
Positive predictive value
Negative predictive value

DRHEP

HE

69 (69)
31 (31)

33 (33)
67 (67)

49 (98)
1 (4)
69%
98%
78.6%
98.5
61.3

16 (20)
34 (80)
34%
32%
33.3%
50.0
19.5

HE: Hematoxylin-eosin; DRHEP: Digitally reinforced hematoxylin-eosin
polarization.

positive cases by HE evaluation only. Whether this
false-positive case had an undetermined birefringent
foreign body or a small amyloid deposition, which
could be lost on consecutive sections, remains
unclear. Overall the sensitivity, specificity, accuracy,
and positive and negative predictive values for
DRHEP technique were calculated as 69%, 98%,
78.6%, 98.5% and 61.25% while they were 34%,
32%, 33.3%, 50%, and 19.5% for HE evaluation
respectively (Table 2).
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Comparative evaluation of false-negative DRHEP cases
with CRP

Thirty-one false-negative cases by DRHEP were reevaluated in comparison with the CRP images. Nine
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A

B

*

*

*

*

*

C

D

*

*

*

Figure 3 Amyloid suspicious deposits in muscularis mucosa and submucosa (stars). A: Brightfield view of hematoxylin-eosin (HE) staining; B: Digitally
reinforced polarization view of the same HE-stained section. Note the nonspecific refractions throughout the tissue and the aberrant artificial refraction of a foreign
body on the slide just below the (stars) in A and B. No convincing birefringence for amyloidosis is observed in the suspected area (stars) by HE; C: Brightfield view of
Congo-red staining with salmon pink deposits (stars); D: Polarization view of the same Congo-red-stained section with apple green birefringence of deposits (stars);
10× magnification.

Table 3 Distribution of hematoxylin-eosin and digitally reinforced hematoxylin-eosin polarization evaluation results for identifying
the site of deposits confirmed by Congo-red polarization, n
Site of deposition

Vascular deposits only
Mixed deposits
Vascular, muscular
Vascular, muscular,
interstitial
Vascular, interstitial
Total number of cases

Confirmed
by CRP

Identified by DRHEP
Total P value

Identified by HE

HE-/
P value
HE+/ P value
DRHEP+
DRHEP+

Total

P value

HE+/ P value
DRHEP-

HE-/
DRHEP-

P value

74
26
13
7

48
21
9
6

0.24
0.24
0.24
0.24

31
10
5
2

0.982
0.982
0.982
0.982

17
11
4
4

0.147
0.147
0.147
0.147

21
12
5
4

0.381
0.381
0.381
0.381

4
1
1
0

0.823
0.823
0.823
0.823

22
4
3
1

0.407
0.407
0.407
0.407

6
100

6
69

0.24
-

3
41

0.982
-

3
28

0.147
-

3
33

0.381
-

0
5

0.823
-

0
26

0.407
-

HE: Hematoxylin-eosin; DRHEP: Digitally reinforced hematoxylin-eosin polarization; CRP: Congo-red polarization.

(29%) cases showed positive birefringent deposits
that were more easily identified on CRP images. In
some of those cases, background refraction obscured
the tiny deposits (Figure 4).
Apart from the nine missed cases, the most
common cause of false negativity was the presence
of extensive yellowish-green birefringence (38.7%),
which was interpreted as nonspecific refraction. Loss
of the CR positive birefringent vessel (foci) (9.7%) on
the DRHEP image was the other common cause for
false negativity.
Similarly, the positive foci on DRHEP images were
more prominent in comparison to the two false-
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negative cases by CR staining. Table 4 summarizes
the causes for the discrepancy and their relationship
with amyloid subtypes and clinical etiologies.
In five of the false-negative cases, the deposits
were inexplicably non-birefringent in DRHEP images,
though they were all positive by CR (Figure 3).

DISCUSSION
Amyloidosis is still an etiopathogenetically mysterious
disease, since its first description by Nicolaus
[1]
Fontanus in 1639 . To date, 30 different human
fibril proteins have been identified in localized or
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A

B

C

D

Figure 4 False negative case with extensive refraction and tiny deposits in digitally reinforced polarization view. A: No arresting positivity was observed
in initial evaluation. Note the black-appearing area in the center of the circle [hematoxylin-eosin (HE), under polarization, 10×]; B: High-power digitally reinforced
polarization view of the area in circle in panel A. The yellowish green birefringence in a small vessel (arrow) is distinguished after careful examination in comparison
with the Congo-red image (HE, under polarization, 40×); C: Congo-red stain positivity in the same vessel (arrow) (bright field, 40×); D: Apple green birefringence of
Congo-red polarization of the same vessel (arrow) (under polarization, 40×).

Table 4 Distribution of causes of false negativity by digitally reinforced hematoxylin-eosin polarization and clinical histories
Cause of false negativity

Total number of cases, n (%)

Clinical history

n

Amyloid type

12 (38.7)

Ankylosing spondylitis
Familial Mediterranean fever
Rheumatoid arthritis
Behcet’s disease
Psoriasis
Multiple myeloma
Chronic renal failure
Hereditary
Unknown causes
Ankylosing spondylitis
Familial Mediterranean fever
Rheumatoid arthritis
Inflammatory bowel disease
Behcet’s disease
Hereditary
Unknown causes
Familial Mediterranean fever
Behcet’s disease
Ankylosing spondylitis
Familial Mediterranean fever
Rheumatoid arthritis
Familial Mediterranean fever
Rheumatoid arthritis
Chronic renal failure
Unknown causes
Hereditary

2
1
1
1
1
1
1
1
3
2
1
2
1
1
1
1
1
1
1
1
1
1
1
1
1
1
31

AA
AA
AA
AA
AA
AL
Undetermined
Undetermined
Undetermined
AA
AA
AA
AA
AA
Undetermined
Undetermined
AA
AA
AA
AA
AA
AA
AA
Undetermined
Undetermined
ATTR

Extensive refraction

Tiny deposit ("Missed cases")

9 (29.0)

Absence of the positive vessel

3 (9.7)

Perivascular illuminance

2 (6.5)

Reason unidentified
(Real negative? cases)

5 (16.1)

Total number of cases

31 (100.0)

AA: Amyloid A; AL: Amyloid light-chain; ATTR: Transthyretin-related amyloidosis
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[8]

[14]

systemic forms of the disease . Although amyloid
fibril formation results from protein misfolding due to
several factors such as mutations or proteolysis, it is
not clear how these different proteins, with different
amino acid sequences, three-dimensional structures,
and biologic functions, convert to a fibrillary form,
which has a considerably uniform morphology.
Even though any protein deposits that stain with
CR and exhibit green birefringence by polarization
[9]
microscopy are considered as amyloid , we do not
know how these different proteins with different
physical orientations show similar birefringence
under polarized light. Regardless of the mechanisms
of this polarization, our results show that amyloid
[6]
fibrils have a polarization property and retain this
polarization effect even after staining with HE, and
can be detected easily if certain conditions are met.
Within the scope of this study, this polarization effect
was enhanced via a digital camera attached to the
polarization microscope, which was set up according
[5]
to the method described in the original literature .
[5]
Using the method of Sen et al , amyloid fibrils
show a constant yellowish-green tint under pola
rization on HE-stained sections, and can be detected
in rectal biopsies. Although the color was different
than observed in polarization of CR-stained sections,
it was easily identifiable in most of the cases. The
physical basis of the constant yellowish-green color
observed during HE polarization and the effect of
digital enhancement on this polarization is beyond the
scope of this article given the polarization mechanisms
observed in CR-stained sections are not fully un
[10]
[11]
covered yet . Of note, Howie et al
pointed to
different colors diverging than the classically defined
apple-green tint appearing during CR polarization.
Therefore, the color we observed may vary in diffe
rent camera settings. The physical basis of colors
seen DRHEP requires further studies dedicated to this
issue. Regardless of the mechanisms, this polarization
enabled visualization of even the very tiny deposits
and facilitated identification of amyloidosis with 69%
sensitivity. The specificity of the technique was as
high as 98%, and the observed yellowish-green color
with polarization was almost unique to amyloidosis,
which was comparable to CRP, as false positivity was
not observed apart from one case with a tiny vascular
and suspicious birefringence.
We must highlight that the aim of the study is
neither asserting DRHEP as a substitute for CR nor
for recommending rectal biopsies for scanning of
amyloidosis in rectal biopsies. CR has long been
regarded as the gold standard for diagnosis of
amyloidosis with higher sensitivity and specificity
ratios, and abdominal fat-pad aspiration biopsies have
been favored for scanning of amyloidosis since the
[12,13]
1970s as a safe, simple, and fast method
. How
ever, rectal biopsies are also still in use for diagnostic
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purposes in our routine practice . Rectal biopsies
are challenging because of the more collagenous
and muscular tissue structure compared to kidney
and subcutaneous fat tissue samples. The reported
sensitivity of rectal biopsies in detection of amyloidosis
varies within the literature ranging from 69% to 97%,
[15]
and is largely affected by tissue sampling .
Identification of amyloidosis in rectum can also be
valuable for prediction of renal involvement, as almost
ninety percent of GI amyloidosis also have renal
[7,16]
amyloid deposits
. Thus, GI biopsies can also be
[17]
used with comparable convenience and sensitivity ,
and efforts to increase the diagnostic sensitivity of
rectal biopsies is important. In this regard, DRHEP
is valuable for distinguishing tiny amyloid deposits
from sclerosis, hyalinization, or other red-pink colored
structures, as they do not show the yellowish-green
polarization observed in amyloidosis. Significant false
positivity by HE evaluation in older patients (i.e.,
after the fifth decade) in our study group was mean
ingful in this respect, as it likely reflects hypertensive
vascular changes that might have a similar morpho
logic appearance with amyloidosis and cause dia
gnostic difficulties. The higher specificity of DRHEP
(96%) is therefore valuable.
The accurate diagnosis of amyloidosis in rectal
biopsies is not only important for scanning purposes
in clinically suspected cases, but also crucial in
distinguishing it from its histologic mimics observed
[18]
in the GI tract, such as collagenous colitis , ischemic
[19]
bowel disease , and elastosis or elastofibromatous
[20]
changes , which may cause important diagnostic
challenges in inadequate biopsies. Moreover, many of
the pathologies seen in the GI tract increase the risk of
[21,22]
amyloidosis, such as inflammatory bowel disease
,
[23]
intestinal Behcet’s , or chronic infections as tu
[24]
berculosis . Therefore a concurrent case of amy
loidosis can easily be overlooked, especially in clinically
unsuspected cases. However, all these diagnostic
and differential diagnostic considerations indeed rely
on histologic suspicion of amyloidosis in HE-stained
sections, particularly when the case is not suspected
clinically. As we observed in our study design, blinded
review of the cases caused false negativity in 67% of
the cases by sole HE evaluation; the lower sensitivity
and specificity ratios might result in either missing the
case totally or application of excessive CR stains to all
suspected tissue blocks. In this respect, we propose
that DRHEP can be used as an adjunct to both HE and
CR to increase their efficacy in detecting amyloidosis.
It may be of help in selecting tissue blocks for further
analysis and reduce time and extra costs.
Once the polarization microscope and attached
digital camera are set up, this method is easy for
scanning virtually all suspected cases during routine
sign-out. In fact, in three of the study group cases,
clinically unsuspected amyloidosis was initially dia
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gnosed from rectal biopsies taken for other reasons,
and DRHEP helped to pick up the cases as an initial
step of evaluation. It was also valuable as an adjunct
to CR stain in three more cases where the amyloid
deposit was more extensive in HE-stained sections,
and where the amyloid-bearing vessel was located at
the edge of the biopsy and missed during serial cuts
for CR staining. Multiple serial sections are needed to
confirm the diagnosis by positivity in another vessel.
Thus, we may benefit from this technique in routine
practice, and with considerable safety, as the falsepositivity ratio is significantly lower, comparable to
CR staining. However, DRHEP should not be used
as a replacement for routine CR staining, as there
are still false-negative cases despite a significantly
lower false-negativity ratio than with HE alone. The
most common cause of false negativity was the
presence of an extensive yellowish-green background
birefringence (38.7%), which was suspicious for a
nonspecific refraction. Although different from the
silvery-white refraction of collagenous tissue, the
visual complexity carried the risk of hiding truepositive tiny deposits, as we experienced in two of the
cases. Loss of the CR-positive vessel in the HE section
and nonspecific perivascular illumination were the
other causes of false negativity. The importance of the
perivascular birefringence is not known yet; whether
it reflects a true deposit too tiny to be discriminated
by light microscopy could not be ruled out within the
scope of this study. However, this finding is worth
mentioning as some of the sections also showed a
sort of refraction in CRP images.
For the missed true-positive cases, we ac
knowledge that the recognition of the yellowishgreen coloring upon polarization may require some
experience and adjustment to the technique. After
identifying the positive areas on CR, it was easier to
comment on the observed refraction for discrepant
cases. This troubleshooting or improved evaluation
effect had a positive impact, particularly on the
identification of tiny deposits. Thus, we believe
that experience and increased practice may help to
overcome some of these discrepancies.
The greater number of etiologically unknown
cases, or cases in which the amyloid typing could not
be further evaluated (other than AA or AL), is the
major shortcoming of this study. Therefore further
research is needed to uncover the effect of underlying
etiology and amyloid types in relation to their
visualization by DRHEP technique.
Today, many laboratories have adequate equip
ment (polarization attachment, polarization filter, and
digital camera) for use with the DRHEP technique.
Once the camera is attached and digital photography
settings are made, it can be easily applied during
routine biopsy evaluation with convincing safety.
Laboratories can do their own optimizations. DRHEP
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may also be of help in reducing unnecessary CR
staining in different tissue blocks of an individual
case, which will save a considerable amount time,
resources, and even tissue, in daily routine practice.
It might even be valuable for the initial screening of
cases of clinically unsuspected amyloidosis as a prior
[10,15]
step or adjunct to CR evaluation
.
The utility of a grading system as previously
[25]
described in renal biopsies
and whether it can
be applied to rectal biopsies should also be further
evaluated. A standardized diagnostic approach and
reporting, including the histologic structure of the
[26]
deposits, should also be considered for all cases .
As mentioned above, the physical basis of this
[27]
polarization, the effect of the CR-staining technique ,
or usage of a digital camera deserves further investi
gation. Dedicated research is also needed to reveal
the relationship between the observed polarizations
and the protein infrastructure of the deposits. The
efficacy of the technique and its reproducibility in
other tissues should also be investigated.
The data presented here will hopefully increase
awareness about the DRHEP method and its efficacy
as an adjunct to diagnosis in colorectal biopsies. To
our knowledge, this is the first study dedicated to HE
polarization in colorectal tissues.

COMMENTS
COMMENTS
Background

Amyloidosis is a disparate set of disorders characterized by excessive
deposition of amyloid fibrils in tissues and organs, rather than a single diseaseentity with known causes and consequences. It may cause a wide range of
clinical symptoms related with the involved target-organ dysfunction. Amyloid
fibrils are composed of 30 different proteins, but have a considerably uniform
histologic morphology. The gold standard for diagnosis is demonstration of
amyloid fibril deposits in tissues, which appear as homogenous deposits that
stain salmon pink with Congo red, and exhibit an apple-green birefringence
when scanned with a polarization microscope. However, tissue diagnosis may
be troublesome, especially in small biopsies when there is a paucity of amyloid
deposits or when the tissue is too small for further staining.

Research frontiers

In a previous study on renal amyloidosis, amyloid fibrils were shown to have
a polarization property when scanned with a polarized microscope, even
when they were stained with a standard hematoxylin-eosin stain that is used
in conventional microscopic examination of tissues. However, this effect is
more readily identifiable in digitally captured images as an unrevealed effect of
the camera systems attached to the microscope. The utility of this technique,
known as digitally reinforced hematoxylin-eosin polarization (DRHEP), has not
been researched in other tissues. This is the first study to evaluate DRHEP for
detecting amyloidosis in rectal biopsies.

Innovations and breakthroughs

The rectum is not only one of the most frequently biopsied sites for diagnosis
of amyloidosis, but also is a target organ, as the gastrointestinal tract is one of
the most commonly affected organ systems in systemic amyloidosis. Moreover,
amyloidosis may complicate many primary pathologies of the gastrointestinal
tract or can mimic them, requiring additional workups for either diagnosis
of amyloidosis or for ruling it out. However, the rectal biopsies are often too
small for further analysis. The results of the present study show that the
striking yellowish-green birefringence of amyloid fibrils with DRHEP enables
identification of even very tiny deposits, and that the true-positivity ratio of
DRHEP is higher, while the false-negativity ratio is lower, than examination
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by hematoxylin-eosin without applying polarization. The extremely low false
positivity is comparable to Congo-red staining results, rendering DRHEP a
sensitive and specific method for diagnosis of amyloidosis, improving diagnostic
accuracy. It can be used as an adjunct or a prior step to Congo-red staining,
especially for cases with limited tissues for further analysis.

11

Applications

Today, many laboratories have adequate equipment (polarization attachment,
polarization filter, and digital camera) for use with the DRHEP technique. Thus,
it is a relatively easy method to scan virtually all suspected cases during routine
sign-out.

12

Hematoxylin-eosin is the conventional stain used in pathology to evaluate
tissues. Amyloid fibrils are seen as pinkish-red deposits under brightfield
microscopy that cannot be differentiated from fibrosis, muscle tissue, or
hyalinosis, with its sole appearance by this stain. Congo red, which is an aniline
dye also used in the textile industry, is used for demonstrating amyloidosis in
tissues. Congo-red staining is regarded as the gold standard for diagnosis of
amyloidosis, and amyloid fibrils appear salmon pink with this stain. Polarized
light microscopy is used to reveal polarized (light waves vibrating in only one
plane) properties of tissues. Amyloid fibers show apple-green birefringence
under polarized light. DRHEP is a novel technique to detect polarization of
amyloid fibers under a polarization microscope without staining with Congored dye. The polarization effect of amyloid fibrils that are too faint to be seen
with standard hematoxylin-eosin stain is more readily identifiable when digital
images are captured, and amyloid fibers show yellowish-green birefringence in
these images.

13

This manuscript is an interesting paper on a niche topic and is well documented.

17
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ORIGINAL ARTICLE
Retrospective Cohort Study

Fibroblast growth factor receptor 4 protein expression and
clinicopathological features in gastric cancer
Hao Chen, Dan-Ping Shen, Zi-Zhen Zhang, Jia-Hua Liu, Yan-Ying Shen, Xing-Zhi Ni
who underwent curative surgical procedures were enrolled in this study. The protein expression of FGFR4 in
formalin-fixed, paraffin-embedded (FFPE) GC tissues
was determined by immunohistochemical (IHC) analysis. Patient clinicopathological data and survival infor2
mation were also collected and χ statistical analysis
was performed to analyze FGFR4 protein expression in
the subgroups with differing clinicopathological characteristics including; gender, age, tumor location, differentiation, tumor-node-metastasis stage, macroscopic
type, depth of invasion, lymph node metastases, distant metastasis, neural invasion and vascular invasion.
Furthermore, some common molecular markers of GC
in our cancer center, including p53, p27, topoisomerase
Ⅱα (Topo Ⅱα) were also determined by IHC and their
association with FGFR4 protein expression evaluated.
The probability of survival for different subgroups with
different clinicopathological characteristics was calculated using the Kaplan-Meier method and survival curves
plotted using the log rank test.
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RESULTS: Seventy seven cases (44%) were found to
have high expression of FGFR4 protein. Significantly
different FGFR4 expression was observed between
gastric cancers with differing expression of Topo Ⅱα
2
(log rank χ = 9.4760, P = 0.0236). No significant differences were observed between subgroups defined
by any of the other clinicopathological characteristics.
The median survival time of the FGFR4 high expression
(77 cases) and low expression groups (98 cases) was
27 mo and 39 mo, respectively. The five-year survival
rates and median survival times of gastric cancers with
high FGFR4 expression were worse than those with
low expression (30.8% vs 39.2%, 27 mo vs 39 mo),
respectively, however, no significant difference was
2
observed in survival time (log rank χ = 1.0477, P =
0.3060). Survival analysis revealed that high expression of FGFR4 was a predictor of poor outcome in GC
patients if the tumor was small (less than or equal to 3
2
cm in size) (log rank χ = 5.5033, P = 0.0190), well dif-

Abstract
AIM: To investigate fibroblast growth factor receptor
4 (FGFR4) protein expression in Chinese patients with
resectable gastric cancer (GC) and the association with
clinicopathological characteristics and survival.
METHODS: One hundred and seventy-five GC patients
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2

ferentiated (log rank χ = 7.9757, P = 0.0047), and of
2
T1 or T2 stage invasion depth (log rank χ = 4.8827, P
= 0.0271).

[7]

CONCLUSION: Our results suggest that high tumor
expression of FGFR4 protein is not an independent risk
factor for GC cancer initiation, but is a useful prognostic
marker for GC patients when the tumor is relatively small,
well differentiated, or in the early stages of invasion.
Key words: Gastric cancer; Fibroblast growth factor receptor 4; Protein expression; Clinicopathological characteristics;
Prognosis
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This study investigated the possible contributions
of fibroblast growth factor receptor 4 (FGFR4) protein
expression as a risk factor for gastric cancer (GC), and
the associations between protein expression and clinicopathological parameters. The results suggested that
FGFR4 protein expression may correlate with the expression of Topo Ⅱα. Furthermore, we demonstrated
that FGFR4 protein expression is not a risk factor for
GC initiation, but may be a useful prognostic marker for
GC patients with tumors which are relatively small, well
differentiated, or in the early stages of invasion.

[9]

MATERIALS AND METHODS
Patients

A retrospective cohort study was conducted and
included 175 GC patients who underwent curative
surgery at Ren Ji Hospital, School of Medicine, Shanghai Jiao Tong University, from August 2006 to March
2009. We reviewed the medical charts and pathological records for clinicopathological parameters such
as age, gender, histological subtype and pathological
stage. Formalin-fixed, paraffin-embedded samples of
tumors were evaluated for FGFR4 protein using immunohistochemical (IHC) analysis. None of the patients
had undergone preoperative chemotherapy, radiation
or targeted therapy. The study included 50 women
and 125 men aged 28 to 85 years. The median age
was 62 years. The tumor sample characteristics of
all 175 cases are shown in Table 1. Of all the tumors
examined, 32 (18.28%) were located in the cardiac
region, 71 (40.58%) in the body, and 72 (41.14%) in
the pylorus. 76 (43.43%) cases were poorly differentiated (grades Ⅰ and Ⅱ), and 99 (56.57%) cases were
well differentiated (grades Ⅲ and Ⅳ). tumor-nodemetastasis (TNM) classification revealed that 37 cases
were stage Ⅰ (21.14%), 45 were stage Ⅱ (25.71%),
69 were stage Ⅲ (39.43%) and 24 were stage Ⅳ
(13.71%). Clinical stage was determined according
to the Union for International Cancer Control TNM
staging system, and tumor grade was based on the
World Health Organization classification. Postoperative
follow-up ended in March, 2014.

Chen H, Shen DP, Zhang ZZ, Liu JH, Shen YY, Ni XZ.
fibroblast growth factor receptor 4 protein expression and
clinicopathological features in gastric cancer. World J Gastro
enterol 2015; 21(6): 1838-1844 Available from: URL: http://
www.wjgnet.com/1007-9327/full/v21/i6/1838.htm DOI: http://
dx.doi.org/10.3748/wjg.v21.i6.1838

INTRODUCTION
The overall survival of patients with gastric cancer (GC)
continues to improve due to the introduction of multidisciplinary treatment approaches and the identification
of novel targeted agents; however, GC remains the
fourth most commonly diagnosed cancer and the
second leading cause of cancer-related deaths world[1,2]
wide . It remains of great clinical importance to
identify new biomarkers for early diagnosis, targeted
treatment and prognostic evaluation in gastric cancer.
The human fibroblast growth factor receptor (FGFR)
4 protein belongs to the FGFR family of receptor tyrosine kinases, which are involved in the regulation
of diverse cellular processes including cell growth,
[3]
differentiation, survival, and migration . Targeting of
such receptors with novel drugs is a proven therapeutic strategy, as exemplified by the clinical success of
trastuzumab in treating patients with HER2 amplified
[4]
breast cancer . The upregulation of FGFR4 protein
[5]
[6]
expression occurs in prostate , breast , pancre-

WJG|www.wjgnet.com

[8]

atic , renal and ovarian cancers , and has been
associated with resistance to chemotherapy in breast
[10]
cancer . A growing body of research indicates that
inhibition of the FGF pathway may present an effective therapeutic option for cancer. Moreover, activation
of the FGFR pathway may, in some cases, provide a
mechanism of resistance against current targeted and
[11]
antiangiogenic drugs .
A recent report showed that high expression of
FGFR4 protein accelerated the progression of advanced GC and might be associated with poor disease
[12]
prognosis in GC patients . To our knowledge, this
is the only report on the association between FGFR4
protein expression and GC progression in Chinese
patients, and therefore requires further confirmation.
Importantly, to date no studies have been conducted
on the correlation between FGFR4 protein expression
and the risk of GC. In this study, we investigated the
expression of FGFR4 protein in the context of clini
copathological features and patient prognosis, using
an expanded population of 175 Chinese patients with
resectable GC.

Immunohistochemical staining

Tissue sections of paraffin-embedded formalin-fixed
tissue blocks were deparaffinized with xylene for 5
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A

Table 1 Correlation of fibroblast growth factor receptor 4
expression with clinicopathological characteristics n (%)
Clinicopathological
characteristics
Gender
Male
Female
Age (yr)
< 60
≥ 60
Tumor size
≤ 3 cm
> 3 cm
Tumor location
U
M
L
Tumor
differentiation
Poor
Well
Macroscopic type
EGC
Ⅰ
Ⅱ
Ⅲ
Ⅳ

n

FGFR4
positive

FGFR4
negative

175

77 (44.00)

98 (56.00)

125
50

56 (44.8)
21 (42.00)

69 (55.20)
29 (58.00)

72
103

32 (44.44)
45 (43.69)

40 (55.56)
58 (56.31)

60
115

31 (51.67)
46 (40.00)

29 (48.33)
69 (60.00)

32
71
72

17 (53.13)
29 (40.85)
31 (43.06)

Ⅱ
Ⅲ
Ⅳ

76
99

29 (38.16)
48 (48.48)

47 (61.84)
51 (51.52)

21
9
5
127
13

8 (38.10)
3 (33.33)
3 (60.00)
62 (48.82)
1 (7.69)

13 (61.90)
6 (66.67)
2 (40.00)
65 (51.18)
12 (92.31)

37
45
69
24

15 (40.54)
21 (46.67)
30 (43.48)
11 (45.83)

22 (59.46)
24 (53.33)
39 (56.52)
13 (54.17)

21
29
64
61

8 (38.10)
14 (48.28)
30 (46.88)
25 (40.98)

13 (61.90)
15 (51.72)
34 (53.13)
36 (59.02)

55
32
24
64

27 (49.09)
11 (34.38)
11 (45.83)
28 (43.75)

28 (50.91)
21 (65.63)
13 (54.17)
36 (56.25)

151
24

66 (43.71)
11 (45.83)

85 (56.29)
13 (54.17)

25
150

9 (36.00)
68 (45.33)

16 (64.00)
82 (54.67)

35
140

13 (37.14)
64 (45.71)

22 (62.86)
76 (54.29)

72
43
20
40

37 (51.39)
16 (37.21)
7 (35.00)
17 (42.50)

35 (48.61)
27 (62.79)
13 (65.00)
23 (57.50)

87
72
12
4

37 (42.53)
34 (47.22)
4 (33.33)
2 (50.00)

50 (57.47)
38 (52.78)
8 (66.67)
2 (50.00)

83
66
25
3

29 (34.94)
31 (46.97)
14 (60.87)
3 (100)

54 (65.06)
35 (53.03)
9 (39.13)
0 (0)

T
1
2
3
4
N
0
1
2
3
M
0
1
Neural invasion
Yes
No
Vascular invasion
Yes
No
P53
0
1
2
3
P27
0
1
2
3
Topo Ⅱα
0
1
2
3

P value

0.1140

0.8663

0.9211

1.0000

0.1400

0.1518

1.3942

0.4980

0.2191

0.1129

9.3842

0.0522

0.3499

0.9504

0.9523

0.8128

1.8160

0.6115

0.0379

1.0000

0.7576

0.5146

0.4473

0.2356

3.0941

0.3773

0.9924

0.8031

9.4760

0.0236

B

15 (46.88)
42 (59.15)
41 (56.94)

TNM stages
Ⅰ

χ2

Figure 1 Immunohistochemical analysis of fibroblast growth factor
receptor 4 protein expression (× 200). A: High expression; B: Low
expression.

min, followed by two washes with 100% ethanol for
10 min each. The slides were then incubated in 95%
ethanol for 10 min and washed twice in dH2O for 5
min. Antigen retrieval was performed by placing the
slides in 10 mmol/L citrate buffer (pH 6.0) and microwave treatment for 15 min. Tissue sections were
cooled to room temperature (RT), and washed with
phosphate-buffered saline (PBS) and distilled water.
IHC was carried out on 4-μm sections using specific
antibodies against FGFR4 (sc-124, Santa Cruz), p53
(sc-126, Santa Cruz), p27 (sc-393380, Santa Cruz),
and Topo Ⅱα (sc-65743, Santa Cruz). IHC samples
were examined by two pathologists who were experienced in gastrointestinal cancers and unaware of the
clinical information. Immunostains were standardized
using appropriate positive and negative controls for
each antibody.
The FGFR4 was evaluated according to both the
signal intensity and the percentage of stained cells.
The signal intensity was scored as negative (0), weak
(1), moderate (2) or strong (3). When the percentage
of FGFR4 immune-positive tumor cells was considered, a score of 1 was given when < 10% of cells
were positive; 2 when 10%-50% of cells were positive and 3 when > 50% of cells were positive. Both
scores were multiplied and the resulting score was used
to categorize FGFR4 expression as low expression (< 3)
or high expression (> 3).
The expression of p53, p27 and Topo Ⅱα were

FGFR4: fibroblast growth factor receptor 4; TNM: tumor-node-metastasis.
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Survival distribution function

A

Statistical analysis

1.0

2

Pearson χ statistical analysis was performed to assess FGFR4 protein expression in the subgroups
with differing clinicopathological characteristics. The
probability of survival for different subgroups was
calculated using the Kaplan-Meier method and the
survival curves were plotted using the log rank test.
All statistics were performed using 2-sided analysis,
with a significance level of P < 0.05, using the “SPSS
19.0” statistical software package.

0.8
0.6
FGFR4 expression
High
Low
High-censored
Low-censored

0.4
0.2
0.0
0

Survival distribution function

B

30
t /mo

40

50

RESULTS

60

FGFR 4 protein expression

According to the criteria described previously, among
175 cases, 77 (44%) had high FGFR4 protein expre
ssion (Figure 1A) and 98 (56%) had low expression
(Figure 1B).

0.8

Correlation of FGFR4 protein expression with
clinicopathological characteristics

0.6
0.4

A significant correlation was observed between FGFR4
protein expression and Topo Ⅱα expression in gastric
2
cancers (log rank χ = 9.4760, P = 0.0236). No relationships were observed between FGFR4 expression
and gender, age, tumor size, tumor location, tumor
differentiation, macroscopic type, p53 status, p27
status or TNM GC classification (P > 0.05; Table 1).
Furthermore, within the subgroups, no relationships
were observed between FGFR4 protein expression
and depth of invasion, lymph node metastasis, distant metastasis, neural invasion or vascular invasion
(Table 1).

FGFR4 expression
High
Low
High-censored
Low-censored

0.2

0

Survival distribution function

20

1.0

0.0

C

10

10

20

30

t /mo

40

50

60

1.0
0.8
0.6

Survival analysis

0.4

The five-year survival rate for patients with tumors
showing low expression of FGFR4 was 39.2%, and
the median survival time was 39 mo. The five-year
survival rate for patients with tumors showing high
FGFR4 expression was 30.8%, and median survival
time was 27 mo. However, analysis of the entire
patient cohort using Kaplan-Meier survival analysis
showed no difference in survival between patients
with high and low FGFR4 expressing tumors (log rank
χ 2 = 1.0477, P = 0.3060). When the patient population was stratified by clinicopathological parameters,
such as age at diagnosis, gender, tumor size, differentiation, pathological stage, neural or vascular invasion, we found that the expression of FGFR4 protein
was associated with a shorter survival time in GC
patients if the tumor was small (less than or equal to
2
3 cm in size) (log rank χ = 5.5033, P = 0.0190, Fig2
ure 2A), well differentiated (log rank χ = 7.9757, P
= 0.0047, Figure 2B), or of T1 or T2 stage (log rank
χ 2= 4.8827, P = 0.0271, Figure 2C). No survival dif-

FGFR4 expression
High
Low
High-censored
Low-censored

0.2
0.0
0

10

20

30

t /mo

40

50

60

Figure 2 Significant difference was found between patients with high and
low fibroblast growth factor receptor 4 protein expression after stratified
Kaplan-Meier survival analysis. A: Patients with tumor size ≤ 3 cm; B:
Patients with well-differentiated gastric cancer; C: Patients with gastric cancer
classified as stage T1 or T2.

assessed by determining the number of positively
stained nuclei, with less than 10% of stained cells
indicating a negative result. A score of 1 was given
when 10%-30% of the cells stained positively. Scores
of 2 or 3 were given when 30%-50% or > 50% of
the cells stained positively, respectively.
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various malignancies and has been shown to play
[14]
an important biological role. Roidl et al
in 2009
demonstrated that FGFR4 expression is up-regulated
in response to doxorubicin treatment in apoptosis[15]
resistant cancer cell clones. Turkington et al
in
2014 demonstrated that FGFR4 has an important role
in resistance to oxaliplatin and 5-FU treatment in a
range of colorectal cancer cell line models, whilst Zaid
[9]
et al in 2013 demonstrated that gene silencing of
FGFR4 and inhibition of ligand-receptor binding both
significantly decreased ovarian tumor growth both in
vitro and in vivo. Recently, a study using a combination of the FGFR4 inhibitor, PD173074, and 5-fluorouracil showed an anti-proliferative and pro-apoptotic
[16]
effect in GC cells in vitro . Targeting gastric cancers
with high levels of FGFR4 protein expression may
represent a new therapeutic modality.
In our 175 patient cohort, no relationships were
observed between FGFR4 protein expression and age,
gender, tumor location, tumor differentiation, macroscopic type, TNM classification or other clinicopathological characteristics (P > 0.05). This is in keeping
with similar data from several published studies on
[17]
GC, hepatocellular carcinoma
and other tumor
types. Results from earlier studies also showed that
FGFR4 expression correlated significantly with the
expression of human epidermal receptor 2 (HER-2),
[13]
p21, and proliferating cell nuclear antigen (PCNA) .
In our study, we found that FGFR4 expression correlated positively with Topo Ⅱα expression, but not
with p53 or p27.
Topo Ⅱα is a nuclear enzyme which modulates the
topology of chromosomal DNA by causing transient
double-stranded DNA breaks. This enzyme plays a
[18]
key role in a number of DNA-related processes , is
essential for cell growth and is typically expressed at
[19]
high levels in rapidly growing cancer cells . Notably,
the fact that specific enzymatic inhibition of Topo Ⅱ
α results in significant antitumor activity confirms
that Topo Ⅱα is an important target for anticancer
[20]
agents . Furthermore, reports have also shown
that Topo Ⅱα is involved in multiple mechanisms
of drug resistance in primary gastric cardiac adeno
[21]
carcinoma . Hence, we suggest that the correlation of high FGFR4 and Topo Ⅱα protein expression
may, in part, explain the relatively poor prognosis for
GC patients. Clearly, the underlying molecular me
chanisms involved are complex and require further
investigation.
In our study, the median survival time and 5-year
survival rate for patients with high FGFR4 protein
expression were both worse than those with low
expression. However, no statistically significant diffe
2
rences were observed (log rank χ = 1.0477, P =
0.3060). These findings agree with the analysis of
[12]
94 GC patients performed by Ye et al
in 2012. We
postulate that the up-regulation of FGFR4 may con[13]
tribute to an antiapoptotic effect in GC cells , with

Table 2 Relationship between different clinicopathological
characteristics and prognosis
Clinicopathological
characteristics

FGFR4 positive

FGFR4 negative

χ2

P

value

5-yr
Median
5-yr
Median
survival survival survival survival
time (mo) rate time (mo) rate
Gender
Male
Female
Age (yr)
< 60
≥ 60
Tumor size
≤ 3 cm
> 3 cm
Tumor location
U
M
L
Tumor
differentiation
Poor
Well
TNM stages
Ⅰ+Ⅱ
Ⅲ+Ⅳ
T
T1 + T2
T3 + T4
N
N0
N1 + N2 + N3
M
0
1
Neural Ⅰ invasion
Yes
No
Vascular
Ⅰ invasion
Yes
No

27
43

27.4
42.2

47
46

36.7
44.8

1.1198 0.2900
0.0000 0.9967

31
44

23.9
36.1

35
52

30.0
46.0

0.4080 0.5230
0.6206 0.4308

42
22

40.4
24.8

60
24

69.0
26.2

5.5033 0.0190
0.0746 0.7848

18
43
35

31.1
31.5
29.1

38
46
52

31.4
38.1
42.5

0.7164 0.3973
0.0225 0.8807
1.1274 0.2883

17
31

23.4
47.0

35
56

20.1
62.1

2.2622 0.1326
7.9757 0.0047

56
15

57.7
3.5

60
19

69.6
10.6

1.3128 0.2519
0.5328 0.4654

54
22

55.8
19.4

60
18

82.1
21.3

4.8827 0.0271
0.0479 0.8268

58
18

67.4
10.1

60
25

75.0
24.3

0.4856 0.4859
2.5385 0.1111

43
9

35.3
0.0

52
12

45.4
0.0

1.2078 0.2718
0.4042 0.5249

19
36

38.9
30.2

56
49

18.8
43.3

2.1949 0.1385
3.1118 0.0777

21
42

13.8
34.0

22
54

14.3
46.2

0.0507 0.8219
1.7283 0.1886

FGFR4: fibroblast growth factor receptor 4; TNM: tumor-node-metastasis.

ferences were observed in any of the other subgroups
(Table 2).

DISCUSSION
In this single-center study, we investigated the FGFR4
protein expression status of 175 resectable GC specimens using IHC analysis. Herein, we focused on the
role of FGFR4 as a prognostic marker for predicting
cancer behavior and clinical outcome in GC patients
undergoing curative surgery. To our knowledge, this
is the largest study conducted to date.
Our data showed that 44% of cases (77) exhi
bited high FGFR4 protein expression, a result which
is in keeping with a similarly high expression rate of
around 38%, documented in a previous study which
also reported that GC tissues have higher FGFR4
[13]
protein expression than normal tissues . Over
expression of FGFR4 protein has been described in
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[22]

similar data reported in hepatocellular carcinoma
[23]
and colorectal cancer .
Notably, we observed significant statistical di
fferences in FGFR protein expression following strati
fication of tumors by size, differentiation, and invasion depth (P < 0.05). The high expression of FGFR4
appears to play an important role in the prognosis of
GC with fewer other risk factors including small tumor
size, degree of differentiation and early stage invasive
depth. Our results demonstrate that FGFR4 protein
expression is a prognostic factor in relatively small
(less than 3 cm), well-differentiated (grades Ⅰ and Ⅱ)
and early stage invasive (stages Ⅰ and Ⅱ) GC tumors.
The role of FGFR4 as a cancer prognostic fac[24]
tor, however, still remains controversial. Li et al
in
2014 investigated 316 colorectal cancer cases and
concluded that FGFR4 positivity was significantly correlated with shorter disease-free survival (DFS) and
[25]
overall survival (OS). A further study by Brito et al
in 2012 demonstrated that FGFR4 protein overexpression and gene amplification were predictors of
poor outcome in adult patients with adrenocortical
[26]
tumors. In contrast, Dutra et al
in 2012 showed
that low FGFR4 protein expression was related to
lymph node positivity and premature relapse of disease, as well as disease-related death after analyzing 75 patients with squamous cell carcinoma of the
mouth and oropharynx. Similar disagreement also
[12]
occurs in GC. Ye et al
in 2012 analyzed 94 GC
cases and subgroup analysis illustrated that in GC
patients with Ⅲ/Ⅳ stage, the prognosis of patients
with high expression of FGFR4 was much poorer. This
is in contrast to the data presented here. We suggest
that the smaller sample size in the study by Ye et
[12]
al
may explain these conflicting results. Our study
included a higher proportion of patients with large
tumors and late-stage disease compared to the study
[12]
by Ye et al . A further possible explanation for this
may be underestimation of the biomarker heterogeneity of GC. Clearly, further research with larger
sample sizes is required to explain the full impact of
FGFR4 on the development and prognosis of GC.
In conclusion, to date, this is the largest study
focusing on the expression of FGFR4 protein in GC.
Notably, our data show that high FGFR4 protein expression is related to the expression of Topo Ⅱα and
poor overall survival in patients harboring relatively
small (≤ 3 cm), well-differentiated tumors with early
stage invasive depth. Overall, this study suggests that
FGFR4 may represent an attractive therapeutic target
in a subgroup of gastric cancers.

The authors investigated FGFR4 protein expression in Chinese patients with
resectable GC and the association with clinicopathological characteristics and
survival.

Innovations and breakthroughs

To date, this is the largest study focusing on the expression of FGFR4 protein in
GC.

Applications

FGFR4 may be an effective therapeutic biomarker for GC. More studies should
be performed to investigate the role of FGFR4 in GC.

Peer-review

This is an interesting article focusing on FGFR4 protein expression GC. They
concluded that the FGFR4 high expression is not an independent risk factor
for GC cancer initiation but that it is a useful prognostic marker for GC patients
when the tumor is relatively small, well differentiated or in early depth invasion.
More studies on the role of FGFR4 in GC should be performed.
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Abstract
AIM: To investigate the clinicopathologic features of
patients with extra-gastrointestinal stromal tumors
(EGISTs) in South Korea.
METHODS: A total of 51 patients with an EGIST were
identified. The clinicopathologic features, including
sex, age, location, tumor size, histology, mitotic rate,
immunohistochemical features, genetic status and
survival data, were analyzed.
RESULTS: The median age was 55 years (range: 29-80
years), and male:female ratio was 1:1.04. The most
common site was in the mesentery (n = 15) followed
by the retroperitoneum (n = 13) and omentum (n =
8). The median tumor size was 9.0 cm (range: 2.6-30.0
cm) and the median mitotic rate was 5.0/50HPF. (1/50
- 185/50). KIT was analyzed in 16, which revealed 10
cases with wild-type KIT and 6 cases with an exon 11
mutation. Among 51 patients, 31 patients had under
gone surgery, and 10 had unresectable disease and
had taken palliative imatinib, which resulted in 22.7 mo
of progression-free survival. Of the patients who had
undergone surgery, 18 did not take adjuvant imatinib,
and 8 of these were categorized as “high risk” according
to the risk criteria. However, the relapse-free survival
was not different (P = 0.157) between two groups.
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CONCLUSION: Because the biologic behaviors of GISTs
differ according to the location of the tumor, a more stra
tified strategy is required for managing EGISTs including
incorporation of molecular features.

has a better prognosis and a higher incidence of an
exon 11 mutation of KIT, which is a favorable predictive
marker for imatinib treatment, than that of a small
[13,14]
intestinal GIST
. Some GIST develops outside the
GIT, such as in the omentum, mesentery, and retro
peritoneum, and this type of tumor is called an extra[12,15]
gastrointestinal stromal tumor (EGIST)
. Although
the incidence of EGISTs is reported to be approximately
[16,17]
10% of all GIST cases
, the clinicopathologic para
meters and clinical implications of an EGIST have yet
to be defined because of the rarity of these tumors.
Moreover, the role of imatinib, the drug of choice for
this disease, is still unclear.
In the current study, we analyzed the clinicopathologic
features of patients with an EGIST from multiple insti
tutes in South Korea.

Key words: Gastrointestinal stromal tumor; Survival;
Imatinib; Risk factor; Prognostic factor
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: A gastrointestinal stromal tumor arising out
side the gastrointestinal tract is called an extra-gastro
intestinal stromal tumor (EGIST). In this study, we
analyzed 51 patients with an EGIST and found that,
patients with an EGIST have unique clinicopathologic
features and distinct disease courses. Therefore, the
risk stratification of this disease should be distinguished
from that of GISTs.

MATERIALS AND METHODS
Patients

Yi JH, Park BB, Kang JH, Hwang IG, Shin DB, Sym SJ, Ahn
HK, Lee SI, Lim DH, Park KW, Won YW, Lim SH, Park SH.
retrospective analysis of extra-gastrointestinal stromal tumors.
World J Gastroenterol 2015; 21(6): 1845-1850 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v21/i6/1845.htm
DOI: http://dx.doi.org/10.3748/wjg.v21.i6.1845

Patients who were diagnosed with an EGIST from 2004
to 2012 were included in the analysis. The inclusion
criteria were as follows; (1) a pathologically confirmed
diagnosis of a GIST; (2) tumors that arose outside
the GIT; and (3) a complete medical record, including
demographics, site of primary tumor and pathologic
reports. Patients with tumors that were attached to the
serosa of the GIT, as determined by either radiologic or
surgical field findings, were excluded.

INTRODUCTION

Clinicopathologic parameters

A gastrointestinal stromal tumor (GIST) is the most
common mesenchymal tumor of the gastrointestinal
tract (GIT) with approximately 10 new cases diag
[1-3]
nosed per 1 million each year . Surgery is the only
treatment leading to a potential cure, but more than
[4]
40% of cases recur and metastasize .
A GIST is thought to originate from the interstitial
cells of Cajal (ICC), the pacemaker of the peristaltic
[5]
movement of the GIT . More than 95% of GISTs
express the KIT protein, and recently DOG1 (disco
vered on GIST-1) has also been suggested as a useful
diagnostic marker. These two immunohistochemical
markers are considered to be the most specific and
[1,6,7]
sensitive markers for GIST
. As for the genetic
aberrations, approximately 80% of GISTs have a
KIT mutation, and 8% to 10% have mutations in
the gene encoding the platelet-derived growth factor
receptor alpha polypeptide (PDGFRa). The gain-offunction mutations of those genes are critical in the
[8]
carcinogenesis of GIST . Thus, inhibitors of KIT and
[9]
[10]
PDGFRα , such as imatinib , sunitinib
and rego
[11]
rafenib are reasonable options for treatment.
The most common primary site of a GIST is the
stomach (60% to 70%) followed by the ileum to
jejunum (25% to 30%), the colorectum (5% to 15%),
[12,13]
the duodenum (5%), and the esophagus (< 2%)
.
The prognosis and genetic features are distinguishable
according to the anatomical location; a gastric GIST

WJG|www.wjgnet.com

We retrospectively collected clinicopathologic parameters
from patients’ medical records, including age, sex,
primary tumor site, tumor size, histology, mitotic rate
(per 50 high-power fields, HPF, 400 × magnification
level), histologic grade, immunohistochemical findings
(KIT, CD34, DOG1), genetic analysis (KIT, PDGFRα ),
use of imatinib and the date of surgery, recurrence,
progression and death. Mutations analysis was done
in exons 9, 11, 13, and 17 of the KIT gene and those
of exons 12 and 18 of the PDGFRα gene. The analysis
of mutations via the polymerase chain reaction ampli
fication of genomic DNA for the KIT gene (exons 9, 11,
13 and 17) and the PDGFRα gene (exons 12 and 18)
[18,19]
was performed as previously described
.
Overall survival (OS) was measured from the date
of diagnosis of the GIST to the date of death or last
follow-up. Relapse-free survival (RFS) was measured
from the date of curative surgery to the date of re
currence or last follow-up. Progression-free survival
(PFS) was measured from the date of diagnosis of
a metastatic or unresectable GIST to the date of
progressive disease, death or last follow-up. All of the
survival parameters were calculated using the KaplanMeier method and were compared using a log-rank
test. P values > 0.05 were considered statistically
significant, and all the P-values corresponded to twosided significance tests.

1846

February 14, 2015|Volume 21|Issue 6|

Yi JH et al . Clinicopathologic features of Extra-GISTs
was performed in 16 cases with 10 (62.5%) cases of
wild-type and 6 (37.5%) cases of exon 11 mutation
identified. PDGFRα analysis was carried out in 6 cases
among cases with wild-type KIT, and 4 (66.7%) of
those examined had an exon 18 mutation. These are
summarized in Table 1.

Table 1 Baseline characteristics of the patients n (%)
Age, median (range)
Sex
Male
Female
Primary site
Mesentery
Retroperitoneum
Omentum
Vagina
Liver
Ovary
Pancreas
Perianal area
Chest wall
Pleura
Prostate
Tumor size, median (range)
Mitotic rate1, median (range)
Histologic morphology
Epithelioid
Spindle
Pleomorphic
KIT IHC
Positive
Negative
CD34 IHC (n = 31)
Positive
Negative
DOG1 IHC (n = 13)
Positive
Negative
KIT gene analysis (n = 16)
Exon 11 mutation
Wild-type
PDGFRα gene analysis (n = 6)
Exon 18 mutation
Wild type

51 (29-80)
25 (49.0)
26 (51.0)
15 (29.4)
13 (25.5)
8 (15.7)
3 (5.9)
3 (5.9)
2 (3.9)
2 (3.9)
2 (3.9)
1 (2.0)
1 (2.0)
1 (2.0)
9.0 cm (2.6-30.0)
5.0 (1-185)

Hospital courses and survival analysis

Among 51 patients, 10 patients did not receive any
type of treatment, and they were lost to follow up after
the initial diagnosis. Out of the 41 remaining patients,
31 patients underwent a curative resection, 13 of
whom received imatinib as an adjuvant treatment and
18 of whom did not receive adjuvant treatment. Ten of
the 41 were diagnosed with metastatic or unresectable
disease at the time of diagnosis and received imatinib
as palliative treatment.
Regarding the histologic features of the patients
who had undergone curative resection, the physicians
used somewhat different criteria for imatinib treatment
[20]
compared to the NIH criteria . The histologic features
for the 13 patients who were treated with adjuvant
imatinib were as follows: median tumor size was 11.0
cm (range: 3.0-25.0 cm); the median mitotic rate was
7.0 per 50 HPF (range: 2-185 per 50 HPF); and the
median RFS was 60.1 mo. The histologic features for
the 18 patients who did not receive adjuvant imatinib
after surgery were as follows; the median tumor size
was 6.5 cm (range: 2.6-18.0 cm); the median mitotic
rate was 3.0 per 50 HPF (range: 0-45 per 50 HPF);
and the median RFS could not be calculated because
of the small number of event (n = 2). When we
categorized these patients according to the NIH criteria
for risk of recurrence, 10 patients were categorized as
“low-intermediate risk”, whereas 8 patients fell into the
“high risk” group. However, there was no difference
in the RFS between two groups (p = 0.157). When
separating the two prognostic factors, a mitotic rate
higher than 5/50 HPF showed a trend to predict more
recurrence (p = 0.061), but this result did not reach
statistical significance, and a tumor size > 5.0 cm was
not associated with the risk of recurrence (p = 0.866).
Regarding the 10 patients who were treated with
imatinib as a palliative measure, the median tumor
size was 16.0 cm (range: 4.0-30.0 cm), the median
mitotic rate was 10.0 per 50 HPF (range: 3-60), and the
median PFS was 22.7 mo (95%CI: 7.9-37.5). Median
OS of these patients was 37.6 mo (95%CI: 0.3-94.5).
The hospital courses of the patients and their
clinicopathologic features are described in Figure 1.

15 (29.4)
27 (52.9)
9 (17.7)
47 (92.2)
4 (7.8)
25 (80.6)
6 (19.4)
13 (100.0)
0 (0.0)
6 (37.5)
10 (62.5)
4 (66.7)
2 (33.3)

1

Per 50 high power fields. IHC: Immunohistochemistry.

RESULTS
Patient characteristics

A total of 51 patients from 7 institutes were found
to be eligible for the analysis. The median age of
patients was 51 years (range: 29-80 years) and
male:female ratio was 1:1.04. The most common
primary site was in the mesentery (n = 15) followed
by the retroperitoneum (n = 13) and omentum (n =
8). Other primary sites were the vagina (n = 3), liver
(n = 3), ovary (n = 2), pancreas (n = 2), perianal
area (n = 2), chest wall (n = 1), pleura (n = 1) and
prostate (n = 1). The median size of the tumor was 9.0
cm (range 2.6-30.0 cm), and the median mitotic rate
per 50 HPF was 5.0 (range: 1-185). Regarding the
morphology, 15 (29.4%) were epithelioid, 27 (52.9%)
were spindle cell; and 9 (17.7%) were a pleomorphic
type. On immunohistochemical analysis, KIT was
positive in 47 (92.2%) cases; CD34 was positive in 25
cases (80.6%, 31 cases examined), and DOG1 was
positive in 13 cases (100.0%, 13 cases examined).
The 4 cases not expressing KIT were with KIT gene
analysis. Regarding the genetic status, KIT analysis

WJG|www.wjgnet.com

DISCUSSION
In the current study, we analyzed the clinicopathologic
features of 51 patients with EGISTs across 7 institutes.
The demographics such as age and the sex ratio were
similar to those in patients with stromal tumors that
had arisen inside the GIT. And with a GIST, the KIT-
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n = 51

n = 10

n = 31

: Follow-up loss

: Underwent surgery

n = 10

: Unresectable/metastatic
Tumor size : 16.0 cm (range: 4.0-30.0)
Mitotic rate : 10/50 HPF (range: 3-60)
PFS : 22.7 mo (95%CI: 7.9-37.5)
OS : 37.6 mo (95%CI: 0.3-94.5)

n = 13

: Adjuvant imatinib

n = 18

Tumor size : 11.0 cm (range: 3.0-25.0)
Mitotic rate : 7/50 HPF (range: 2-185)
RFS : 60.1 mo (95%CI: N/A)

: Observation
Tumor size : 6.5 cm (range: 2.6-18.0)
Mitotic rate : 3/50 HPF (range: 0-45)
RFS : N/A

Figure 1 Hospital courses and clinicopathologic features of the patients. The tumor size, mitotic rate and survival data are presented as median values. HPF:
High-power field; PFS: Progression free survival; OS: Overall survival; RFS: Relapse free survival; CI: Confidence interval; N/A: Not available.

that tumor size itself may not reflect the biology of
the EGIST. Because the tumor size has different clinical
[13]
implications to the anatomical sites , the prognostic
role of tumor size in EGISTs requires further analysis.
Approximately two-thirds of patients with a con
[3]
ventional GIST have a KIT mutation at exon 11 .
Regarding an EGIST, the incidence of this type of
mutation is reported to be approximately 40%-50%,
[16,23]
which is somewhat lower
. In the present study,
we found 6 cases with an exon 11 mutation out of
16 patients (37.5%). According to these results, it
appears that EGIST patients less frequently harbor
an exon 11 mutation. As this mutation is indicative of
a good response to imatinib, further analysis with a
greater number of cases is required.
Surgery has been the frontline treatment of an
[24-30]
EGIST
. After surgery, the administration of
imatinib usually follows according to the NIH criteria,
which are determined by the tumor size, mitotic rate
and anatomic location. In the current study, physicians
did not strictly apply these criteria. Although the
median tumor size (11.0 cm vs 6.5 cm) and the
median mitotic rate (7.0/50 vs 3.0/50) were higher
in patients who were administered imatinib (n = 13)
than those of the patients who were only observed
after surgery (n = 18), 8 out of 18 patients should
have nevertheless been treated with imatinib according
to the NIH criteria. However, as previously mentioned,
RFS was not different (p = 0.157).
Several hypotheses have been suggested for the
carcinogenesis of an EGIST. The tumor is identical to
a GIST regarding the histologic, immunohistochemical

positive rate was over 90% (47/51), and DOG1positive rate was 100% (13/13). With regard to the
genetic status, however, rate of KIT wild-type was
higher than expected (67.5%). Imatinib achieved
median PFS of 22.7 mo which is comparable to that
of advanced GIST patients who were treated with the
[21,22]
drug
.
Compared to a GIST, the prognosis of EGIST is
[15,17]
known to be less favorable
. This is assumed
because an EGIST harbors poor prognostic factors,
including high proliferative indices, a large tumor size,
lymph node involvement, and distant metastasis.
Because development outside GIT may result in a
delay of the presentation of clinical symptoms, a consi
derable portion of EGIST cases are diagnosed at a
late stage, which can make it difficult to manage the
case surgically and thereby results in worse clinical
outcomes. In contrast, there are several reports that
tumor size does not impact the prognosis of EGIST
[15]
patients. Reith et al
found that a tumor size larger
than 10.0 cm dose not influence the clinical outcomes
of 48 patients with EGIST. Furthermore, in Yamamo
to’s report, tumor size did not correlate with patient
[23]
survival . However, in these two studies, proliferation
indices, such as the mitotic rate, cellularity and Ki-67
expression, were shown to be prognostic factors for
survival.
In the current study, we observed similar results.
Although tumor size was not associated with survival,
the mitotic rate showed a tendency to be associated
with survival. Because a substantial portion of EGISTs
are diagnosed with a large tumor size, it is possible
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[12,15,23]

and genetic features
. Because the presence of
interstitial Cajal-like cells has been reported in many
organs outside the GIT, it is rational to suppose that
an EGIST originates from common precursor cells
that differentiate into the ICC-derived neoplasm
during their development outside of the GIT. Another
hypothesis is that this tumor might come from pluri
potential stem cells located outside the GIT. The
extramural extension of a stromal tumor within the
GIT is another hypothesis.
We reported an analysis of the clinicopathologic
features and hospital courses of 51 patients with an
EGIST. Considering the distinct features of EGISTs, a
more precise strategy is required for managing this
tumor.
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Abstract
AIM: To analyze tumor regression grade (TRG) for
prognosis of locally advanced rectal adenocarcinoma
(LARA) treated with preoperative radiotherapy.
METHODS: One hundred and ninety patients with
clinical stage Ⅱ/Ⅲ LARA were studied. All patients
underwent radical surgery (between 2004 and 2010)
after 30-Gy/10-fraction preoperative radiotherapy (preRT). All 190 patients received a short course of preRT and were reassessed for disease recurrence and
survival; the slides of surgical specimens were reviewed
and classified according to Mandard TRG. We compared
patients with good response (Mandard TRG1 or TRG2)
vs patients with bad/poor response (Mandard TRG3-5).
Outcomes evaluated were 5-year overall survival (OS),
5-year disease-free survival (DFS), and local, distant
2
and mixed recurrence. Fisher’s exact test or χ test, logrank test and proportional hazards regression analysis
were used to calculate the probability that Mandard
TRG was associated with patient outcomes.
RESULTS: One hundred and sixty-six of 190 patients
(87.4%) were identified as Mandard bad responders
(TRG3-5). High Mandard grade was correlated with
tumor height (41.7% < 6 cm vs 58.3% ≥ 6 cm, P =
0.050), ypT stage (75% ypT0-2 vs 25% ypT3-4, P =
0.000), and ypN stage (75% ypN0 vs 25% ypN1, P =
0.031). In univariate survival analysis, Mandard grade
bad responders had significantly worse OS and DFS
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than good responders (TRG1/2) (OS, 83.1% vs 96.4%,
P = 0.000; DFS, 72.3% vs 92.0%, P = 0.002). In

are more likely to perform extended operations to
[5]
minimize local recurrence . In China, a modified 30-Gy
protocol for pre-RT was recommended by the Chinese
Anti-Cancer Association in 2001 to minimize side
effects and to increase flexibility without compromising
[6]
[6]
therapeutic efficacy . Our previous study showed
that, compared with surgery alone, the modified 30-Gy
protocol was associated with significantly reduced
local recurrence and complication rates. Patients
had improved survival and downstaging, and clinical
outcome was equivalent to standard pre-RT regimens.
However, pre-RT (including the modified 30-Gy
[4]
protocol) does not achieve benefit in all patients . To
quantify the response to pre-RT, different systems can
be used that are particularly important in situations
where the pathological response is not complete. Most
of them have a 5-grade system, allowing the creation
[7,8]
of groups according to the response . In the present
study, we aimed to assess the prognostic value of
[9]
Mandard tumor regression grade (TRG) in patients
with locally advanced rectal adenocarcinoma (LARA)
treated with 30-Gy/10-fraction pre-RT.

multivariate survival analysis, Mandard bad responders
had significantly worse DFS than Mandard good
responders (DFS 3.8 years (95%CI: 1.2-12.2 years, P
= 0.026).
CONCLUSION: Mandard grade good responders had a
favorable prognosis. TRG may be a potential predictor
for DFS in LARA after pre-RT.

Key words: Tumor regression grade; Preoperative
radiotherapy; Rectal adenocarcinoma; Disease-free
survival
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We report that Mandard tumor regression
grade (TRG) predicted the outcome of locally advanced
rectal adenocarcinoma after preoperative radiotherapy.
We examined the correlation of TRG in the prognosis
of rectal adenocarcinoma. We found that high Mandard
grade was correlated with tumor height, ypT stage,
and ypN stage in Mandard poor responders. In univa
riate survival analysis, Mandard bad responders had
significantly worse overall survival and disease-free
survival (DFS) compared with Mandard good respon
ders. In multivariate survival analysis, Mandard bad
responders had significantly worse DFS than Mandard
good responders. Mandard good responders had a
favorable prognosis.

MATERIALS AND METHODS
Ethics

This study was carried out in accordance with the
Declaration of Helsinki (2000) of the World Medical
Association. This study was approved ethically by
Peking University Cancer Hospital Institutional Review
Board. All patients provided written informed consent.

Clinical data
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DOI: http://dx.doi.org/10.3748/wjg.v21.i6.1851

Data from 190 patients with resectable rectal ade
nocarcinoma treated in our hospital from June 2004
to August 2010 were collected. Eligible patients were
[10,11]
selected according to the following criteria
: (1)
resectable rectal cancer ≤ 10 cm from the anal verge;
(2) evaluated by endorectal ultrasound (ERUS) or
magnetic resonance imaging (MRI) before treatment;
(3) primary carcinoma of the rectum identified
histologically; (4) no clinical evidence of distant meta
stases; (5) having undergone transabdominal radical
resection based on the principle of TME; and (6)
having undergone R0 resection. Exclusion criteria were
as follows: (1) patients who underwent concurrent neo
adjuvant radiochemotherapy; (2) synchronous tumors
or history of other malignant tumors within 5 years;
(3) familial adenomatous polyposis and/or hereditary
non-polyposis colorectal carcinoma; and (4) patients
who died of complications or other non-cancer-related
reasons.

INTRODUCTION
[1]

Rectal cancer is a worldwide health concern . In
China, the incidence of rectal cancer is increasing
at a rate of 4.2% annually, and is the fifth leading
[2]
cause of cancer mortality . Surgery remains the
primary therapeutic tool for rectal cancer, and
locoregional recurrence has been reduced by total
mesorectal excision (TME) of cancers of the middle
[3]
and lower rectum . Preoperative radiotherapy (preRT), including short- or long-term courses, followed
by TME can induce tumor regression and facilitate
subsequent resection, resulting in improved local
[4]
control and survival .
Although short- and long-term pre-RT regimens
are considered standard for rectal cancer in western
countries, they are not widely recommended in Asian
countries such as Japan and China, where surgeons

WJG|www.wjgnet.com

Pretreatment evaluation, neoadjuvant therapy and
surgery

All included patients underwent ERUS or MRI to eva
luate tumor size, invasion depth and extent (T stage).
All patients were identified as having involvement of the
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first 2 years and then at 6-mo intervals for the next 3
years. Evaluations consisted of physical examination,
serum carcinoembryonic antigen, complete blood
count, and blood chemical analysis. Proctoscopy, abdo
minal ultrasonography, CT of the abdomen and pelvis,
and chest radiography were also routinely performed
every 6-12 mo. Endpoints of this study were 5-year
overall survival (OS) and 5-year disease-free survival
(DFS).

Table 1 Clinical parameters
n (%)

Variables
Sex
Male
Female
Age (yr)
< 65
≥ 65
Tumor height (cm)
<6
≥6
Pre-TNM
Ⅱ
Ⅲ
Pre-RT
Surgical procedure
LAR
APR
Other
Perioperative complications
Morbidity
Abdominal or pelvic abscess
Anastomosis leak
Reoperation

118 (62.1)
72 (37.9)
129 (67.9)
61 (32.1)
113 (59.5)
77 (40.5)

Statistical analysis

Statistical analyses were performed using SPSS version
16.0 software. The categorical variables were analyzed
2
with Pearson χ or Fisher’s exact test. Survival curves
were plotted using the Kaplan-Meier method, and
log-rank tests were performed to evaluate prognostic
differences between groups. The Cox proportional
hazards model was used for multivariate analysis. For
all analyses, two-sided tests of significance were used,
and P < 0.05 was considered significant.

30 (15.8)
160 (84.2)
190
127 (66.8)
58 (30.6)
5 (2.6)
43 (22.6)
8
11
11

RESULTS

TNM: Tumor node metastasis; Pre-RT: Preoperative radiotherapy.

Patient characteristics

We studied 190 patients (118 male, 62 female) with
mid-low rectal adenocarcinoma treated with pre-RT.
The median patient age was 58 years (range: 28-85
years). The median distance of the tumor from the
anal verge was 5 cm (range: 1-10 cm). One hundred
and twenty-nine patients had sphincter preservation,
while the other 58 received abdominoperineal re
section, and three underwent the Hartmann proce
dure. The morbidity of the series was 22.6% (Table 1).

pararectal lymph nodes and were diagnosed as clinical
stage Ⅱ/Ⅲ rectal cancer. Serum carcinoembryonic
antigen was measured, and abdominal computed
tomography (CT) and chest radiography were also
routinely performed before treatment. Pre-RT with
a total dose of 30 Gy/10 fractions was adopted, as
recommended by the Chinese Anti-Cancer Association,
[12-14]
based on high-level clinical evidence
. Surgical
resection was performed 2-4 wk after full-dose RT.

Response to pre-RT (30 Gy/10 fractions)

TRG grade

The distribution of the proportions of ypTNM stages
(Table 2) were as follows: complete response (no
microscopic residual tumor cell), 2.6% (n = 5);
Stage Ⅰ, 25.8% (n = 49); Stage Ⅱ, 27.4% (n = 52);
and Stage Ⅲ, 44.2% (n = 84). The median followup duration was 56 mo (range 3-125 mo), and the
follow-up rate was 100%. Response to neoadjuvant
therapy is outlined in Table 2. Classification of TRG
according to the Mandard system allowed us to define
[3]
two groups as previously described : TRG1/2 and
TRG3-5. We verified a good response to 30 Gy/10
fractions pre-RT in 24 patients (ypCR in 5%-12.6%)
and a bad response in 166 patients (87.4%). The two
groups of patients (good vs bad Mandard response)
were comparable with respect to age (P = 0.284),
sex (P = 0.379), clinical stage (P = 0.547), and
surgical procedures performed (P = 0.173), with the
exception of tumor height (P = 0.050), ypN-stage
(ypN0/ypN+) (P = 0.031), and ypT-stage (ypT0-2/
ypT3-4) (P < 0.001) (Table 3).

Standard pathological tumor staging of the resected
specimen was performed in accordance with the
guidelines of the American Joint Committee on Cancer.
Evidence of pathological complete response (ypCR)
was defined as absence of viable adenocarcinoma
in the surgical specimen or the presence of lakes
of mucus without tumor cells. The histology of all
surgical specimens was reviewed and confirmed inde
pendently and was classified based on the Mandard
[9]
TRG system . Grade 1: complete regression (fibrosis
without detectable tumor tissue); Grade 2: fibrosis
with scattered tumor cells; Grade 3: fibrosis and
tumor cells with preponderance of fibrosis; Grade 4:
fibrosis and tumor cells with preponderance of tumor
cells; and Grade 5: tumor tissue without changes of
regression.

Postoperative therapy, follow-up and endpoint

All patients in the pre-RT group were given adjuvant
chemotherapy for six to eight cycles, using the
standard regimens based on 5-fluorouracil or capeci
tabine, such as FOLFOX, CapeOX, or capecitabine
alone. Patients were followed at 3-mo intervals for the
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Disease recurrence

Seventeen patients (8.9%) had local recurrence, 66
(34.7%) had distant recurrence, and seven (3.7%)
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Table 2 Pathological parameters and clinical long-term
outcome n (%)

Table 4 Tumor regression grade and clinical long-term
outcome

Variables

Variables

Postoperative stage
0
Ⅰ
Ⅱ
Ⅲ
Mandard TRG
Good response (1 or 2)
Bad response (3-5)
Overall recurrence of disease
Local
Distant
Local and distant
5-yr OS
5-yr DFS

5-yr OS
Mandard good response (TRG1/2)
Mandard good response (TRG3-5)
ypCR (Mandard TRG1)
Mandard partial response (TRG2)
5-yr DFS
Mandard good response (TRG1/2)
Mandard good response (TRG3-5)
ypCR (Mandard TRG1)
Mandard partial response (TRG2)

5 (2.6)
49 (25.8)
52 (27.4)
84 (44.2)
24 (12.6)
166 (87.4)
17 (8.9)
66 (39.8)
7 (3.7)
65.3% ± 2.2%
61.4% ± 4.4%

92.0% ± 3.5%
72.3% ± 3.8%
100.00%2
86.68%2

0.0021
0.6911

0.0001
0.5021

TRG1 + 2

TRG3 + 4 + 5

P value

17 (70.8)
7 (29.2)

101 (60.8)
65 (39.2)

0.379
Fisher's Test

in those with a good response after the following
+
variables were entered: ypN stage (ypN0/ypN ), ypT
stage, and tumor height. There was no significant
survival difference in OS (6.5 years, 95%CI: 0.9-48.2
years, P = 0.066) between patients with bad and
good Mandard response when comparing patients
with complete (ypCR or Mandard TRG1) and partial
(Mandard TRG2) pathological response (OS, P =
0.691; DFS, P = 0.502) (Table 4).

15 (62.5)
9 (37.5)

114 (68.7)
52 (32.3)

0.284
Fisher's Test

DISCUSSION

10 (41.7)
14 (58.3)

104 (62.7)
62 (27.3)

χ 2 =3.847

5 (20.8)
19 (79.2)

25 (15.1)
141 (84.9)

0.547
Fisher's Test

20 (83.3)
4 (16.7)

107 (64.5)
59 (35.5)

0.173
Fisher's Test

18 (75.0)
6 (25.0)

85 (51.2)
81 (48.8)

0.0311
Fisher's Test

18 (75.0)
6 (25.0)

47 (28.3)
119 (71.7)

0.0001
Fisher's Test

Table 3 Comparison between tumor regression grades and
demographic and clinic variables n (%)

Sex
Male
Female
Age (yr)
< 65
≥ 65
Tumor height (cm)
<6
≥6
Clinical stage
Ⅱ
Ⅲ
Surgical procedure
LAR
APR + other
Pathological N-stage
ypN0
ypN1
Pathological T-stage
ypT0-2
ypT3-4

96.4% ± 2.0%
83.1% ± 4.2%
100.00%2
86.68%2

1
Log rank test; 2No statistics were computed because all cases were cen
sored. Univariate analysis follow-up: mean 56 mo (range: 3-125 mo). OS:
Overall survival; DFS: Disease-free survival; TRG: Tumor regression grades.

OS: Overall survival; DFS: Disease-free survival; TRG: Tumor regression
grades.

Parameter

P value

Neoadjuvant therapy, whether chemo-RT or RT alone,
shows a significant improvement in local control and
[11,14-16]
sphincter preservation
. Histological changes
after pre-RT for rectal carcinoma vary considerably,
with some entities showing complete absence of tumor
cells, whereas others exhibit a mass of tumor cells
[17,18]
with little or no regressive changes
. Compared
with tumor downstaging or volume shrinkage, TRG
can more accurately reflect tumor response at a
[8]
cellular level . Unlike the United States, in China,
modified pre-RT (30-Gy/10 fractions) is widely
[19]
adopted , thus our study addressed the clinical value
of TRG following this particular RT regimen.
Our data confirmed that histological regression is
closely coordinated with pathological T and N stage.
As stated above, a significant proportion of cases with
poor histological response contributed to the nodalpositive group, which indicated that TRG is an effective
supplement to the TNM classification. A majority of
studies support the view that patients with complete
or partial response to preoperative treatment had
[17,20,21]
better DFS than those with poor response
.
Our data further demonstrated this conclusion by
dividing TRG into poor response and TRG into good
response in the Mandard system. This could guide the
clinical decision making for postoperative adjuvant
chemotherapy. For example, among patients with
stage Ⅱ rectal cancer who had no response, intensive
chemotherapy might be considered in the adjuvant

0.0501

1

Fisher's exact test 2-sided. TRG: Tumor regression grades.

had mixed recurrence.

Survival analysis

In univariate analysis, the mean follow-up was 56
mo (range: 3-125 mo). The 5-year OS and DFS was
65.3% and 61.4%, respectively (Table 2). In the
different subsets, survival at 5 years was matched
(Table 4). The 5-year OS and DFS in the patients who
showed a bad and good response on Mandard TGR
were 96.4% vs 83.1% (P = 0.002) and 92.0% vs
72.3% (P < 0.000), respectively (Table 4 and Figure
1). In multivariate Cox regression, DFS (3.8 years,
95%CI: 1.2-12.2 years, P = 0.026) in patients with
bad Mandard response was significantly worse than
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A

which may have influenced the reliability of the
statistics.
In summary, our study demonstrates that TRG is
a significant prognostic system for tumor progression
and survival. It is a promising criterion for clinical
decision making in adjuvant therapy.

Survival functions
1.0

Cum overall survival

0.8
0.6
0.4

TRG

0.2

Good response
Bad response
Good response-censored
Bad response-censored

0.0
0.00

B

COMMENTS
COMMENTS
Background

This study showed that Mandard tumor regression grade (TRG) predicted the
outcome of locally advanced rectal adenocarcinoma (LARA) after 30-Gy/10fraction preoperative radiotherapy (pre-RT).

Research frontiers

20.00 40.00 60.00 80.00 100.00 120.00
t /mo

Neoadjuvant therapy, whether chemo-RT or RT alone, results in a significant
improvement in local control and sphincter preservation. Histological changes
after pre-RT for rectal carcinoma vary considerably, with some entities showing
complete absence of tumor cells, whereas others exhibit a mass of tumor
cells with little or no regressive changes. Compared with tumor downstaging
or volume shrinkage, TRG could more accurately reflect tumor response at a
cellular level.

Survival functions

Cum disease free survival

1.0
0.8

Innovations and breakthroughs

The authors examined the correlation of TRG in the prognosis of rectal
adenocarcinoma. They found that high Mandard grade was correlated with
tumor height, ypT stage, and ypN stage in Mandard poor responders. In
univariate survival analysis, Mandard bad responders had significantly worse
overall survival and disease-free survival (DFS) than Mandard good responders
(TRG1/2). In multivariate survival analysis, Mandard bad responders had
significantly worse DFS than Mandard good responders. Mandard good
responders had a favorable prognosis. Together, these studies suggest that
TRG may be used as a potential predictor for DFS in Stage Ⅱ/Ⅲ LARA after
short-course RT.

0.6
0.4

TRG Mandard

0.2

Good response
Bad response
Good response-censored
Bad response-censored

0.0
0.00

20.00 40.00 60.00 80.00 100.00 120.00
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Applications

Mandard good responders had a favorable prognosis. TRG may be used as a
potential predictor for DFS in Stage Ⅱ/Ⅲ LARA after 30-Gy/10-fraction pre-RT.

Figure 1 Kaplan-Meier survival curves were plotted to predict survival.
Five-year OS (A) and 5-year DFS (B) in the two Mandard groups. OS: Overall
survival; DFS: Disease-free survival; TRG: Tumor regression grades.

Terminology

The TRG was first introduced by Mandard et al following the management of
a patient with esophageal cancer. The TRG can categorize the cancer cell
ratio from tissue with fibrosis or inflammation in numerous stages throughout
chemoradiotherapy. TRG was quantitated in five grades: TRG 1 (complete
regression) showed absence of residual cancer and fibrosis extending through
the different layers of the esophageal wall; TRG 2 was characterized by the
presence of rare residual cancer cells scattered through the fibrosis; TRG 3
was characterized by an increase in the number of residual cancer cells, but
fibrosis still predominated; TRG 4 showed residual cancer outgrowing fibrosis;
and TRG 5 was characterized by the absence of regressive changes.

setting. In contrast, patients with a partial, but not
complete response might not need further adjuvant
chemotherapy and may benefit from fewer adverse
drug effects.
Although the prognostic value of TRG has been
well demonstrated, the clinical application of TRG
still faces many problems. First, there are several
TRG systems besides Mandard, and each has its
[22,23]
own characteristics and indications
; however,
which TRG system is more suitable for China is still
in question. Our study suggests that the Mandard
system is a potential candidate for tumor regression
evaluation. Second, some studies have reported that
the prognostic significance of TRG is not as crucial
[24]
as ypTNM stage . Thus, the association and role of
TRG and TNM classification in prognostic evaluation
needs to be addressed further.
Our study had some limitations. First, this study
was retrospective, thus it might have had selection
bias. Second, we did not compare the efficiency of the
Mandard and other TRG systems in predicting tumor
progression, thus, we could not conclude whether
other TRG systems were better than Mandard. Third,
the case number in some TRG subgroups was small,
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This is a very interesting study about Mandard TRG in patients with stage Ⅱ-Ⅲ
LARA. In this manuscript, the authors analyzed the prognostic value of Mandard
TRG in patients with stage Ⅱ-Ⅲ locally advanced rectal adenocarcinoma
treated with 30-Gy/10-fraction preoperative radiotherapy followed by radical
surgery.
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AIM: To assess the value of computed tomography (CT)
for diagnosis of synchronous colorectal cancers (SCRCs)
involving incomplete colonoscopy.
METHODS: A total of 2123 cases of colorectal cancer
(CRC) were reviewed and divided into two groups
according to whether a complete or incomplete colo
noscopy was performed. CT results and final histological
findings were compared to calculate the sensitivity and
specificity associated with CT for detection of SCRCs
following complete vs incomplete colonoscopy. Factors
affecting the CT detection were also analyzed.
RESULTS: Three hundred and seventy-four CRC
patients underwent incomplete colonoscopy and 1749
received complete colonoscopy. Fifty-six cases of
SCRCs were identified by CT, and 36 were missed. In
the incomplete colonoscopy group, the sensitivity and
specificity of CT were 44.8% and 93.6%, respectively.
The positive and negative predictive values were 23.6%
and 95.0%, respectively. In contrast, the sensitivity and
specificity of CT for the complete colonoscopy group
were 68.3% and 97.0%, while the positive and nega
tive predictive values were 22.2% and 98.7%, respec
tively. In both groups, the mean maximum dimension
of the concurrent cancers identified in the CT-negative
cases was shorter than in the CT-positive cases (incom
plete group: P = 0.02; complete group: P < 0.01) Topo
graphical proximity to synchronous cancers was iden
tified as a risk factor for missed diagnosis (P = 0.03).
CONCLUSION: CT has limited sensitivity in detecting
SCRCs in patients receiving incomplete colonoscopy.
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Patients with risk factors and negative CT results should
be closely examined and monitored.

tomography (CT) is typically used to examine the
remnant bowel not examined by colonoscopy because
CT colonography (CTC) is generally not available.
Therefore, the goal of this study was to evaluate the
diagnostic accuracy of CT in predicting cases of SCRCs,
especially in patients that have undergone incomplete
colonoscopy.

Key words: Synchronous colorectal cancer; Computed
tomography; Colonoscopy
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

MATERIALS AND METHODS

Core tip: This retrospective study aimed to evaluate the
diagnostic accuracy of computed tomography (CT) in
predicting synchronous colorectal cancers, especially
in patients with incomplete colonoscopy. The study
suggested that CT remains a feasible option when
complete colonoscopy cannot be performed. However,
the sensitivity of CT is limited due to several factors
such as small tumor size, lumen conditions, and tumor
location.

Subjects

Between January 2002 and August 2011, 2186 patients
with CRC were treated at the Shanghai Sixth People’s
Hospital. Sixty-three patients underwent colonoscopy
or CT alone, and these cases were excluded. Cases of
SCRCs were defined as patients with more than one
primary colorectal adenocarcinoma present at the time
of resection, or within 6 mo following resection. For
each patient, the most advanced carcinoma according
to T staging was identified as the index carcinoma,
while the remaining less-advanced cancers were
identified as concurrent carcinomas. If carcinomas with
the same T stage were present, the lesion with the
largest volume was identified as the index carcinoma.
The remaining 2123 patients were divided into two
groups according to those that underwent incomplete
vs complete colonoscopy (Figure 2). The main reasons
for incomplete colonoscopy included: colorectal ob
struction, elongation of the colon, inadequate bowel
preparation, intolerance to the procedure, and di
verticular disease.

Pang EJ, Liu WJ, Peng JY, Chen NW, Deng JH. Prediction of
synchronous colorectal cancers by computed tomography in
subjects receiving an incomplete colonoscopy: A single-center
study. World J Gastroenterol 2015; 21(6): 1857-1864 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v21/i6/1857.
htm DOI: http://dx.doi.org/10.3748/wjg.v21.i6.1857

INTRODUCTION
Cases of synchronous colorectal cancers (SCRCs)
involve the detection of two or more primary colo
rectal carcinomas in a single individual upon an initial
diagnosis of colorectal cancers (CRC). Currently, the
[1]
Warren and Gates criteria are used to diagnose
SCRCs clinically. These criteria include the following
key elements: (1) each tumor must be proved to
be malignant; (2) each tumor must be distinct; (3)
the probability of one tumor being a metastasis of
another must be excluded; and (4) the synchronous
lesions must be diagnosed simultaneously or within 6
[2]
mo of initial diagnosis . In cases of SCRCs, the most
advanced cancer (as determined by TNM staging) is
usually defined as the index cancer, while the lessadvanced tumors are considered concurrent lesions
to the index cancer (Figure 1).
SCRCs are of major clinical importance because
a missed diagnosis of concurrent lesions can lead to
remnant cancer. The prognosis of SCRCs is typically
[3,4]
identical to that of solitary cancer
as long as any
synchronous lesions present are correctly diagnosed
prior to surgery. Colonoscopy is ideal for detecting
synchronous lesions, except when bowel preparation
is inadequate. Moreover, the presence of a scirrhous
carcinoma may hinder the passage of an endoscope
[5]
through the lumen . As a result, incomplete colo
noscopy due to these or other factors can result in
failure to detect additional lesions. In developing
countries, such as China, conventional computed

WJG|www.wjgnet.com

Imaging techniques

All patients included underwent preoperative CT
using a Lightspeed VCT (GE Medical Systems, United
States). Patients were examined in the supine position
and received an intravenous injection of contrast
medium. Images were obtained using a conventional
method with 5-mm thick sections (120 KV, 350 mA). All
of the images were retrospectively and independently
reviewed by at least two radiologists with knowledge
of each patient’s history, clinical presentation, and
colonoscopy outcome. However, the radiologists were
blinded to any information regarding operative find
ings or final diagnosis. Final CT interpretations had
to be approved by both radiologists. If there were
significant discrepancies, the images in question would
be submitted to two additional senior radiologists for
evaluation in order to obtain a final conclusion.

Analysis and statistics

Detailed pathological characteristics of the concurrent
lesions for this cohort were collected by two surgeons
(RRS and QCZ), and these characteristics included:
maximum lesion dimension, gross appearance, dif
ferentiation, and location. The pathological results
were taken as the reference standard against which
the CT findings were compared. Furthermore, the
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Concurrent
cancer

colonoscopy was performed (Table 1). Regarding
the missed lesions for the two groups, the largest
diameters were 65 mm and 45 mm for the incomplete
and complete colonoscopy groups, respectively. Mo
reover, the smallest cancers visualized by CT for the
two groups had mean maximum dimensions of 25
mm and 20 mm, respectively, and in both groups they
presented as local thickening of the colon.

Index
cancer

Topographical relationship of the index and concurrent
cancers

Concurrent cancers were located in the same bowel
segment as the index cancers in 14 patients in the
incomplete group and 25 in the complete group.
Furthermore, > 60% of these concurrent cancers
were missed by CT (Figure 3), with 68.8% (11/16)
being in the incomplete colonoscopy group and 60.0%
(12/20) in the complete colonoscopy group (Table 1).
In contrast, 23.1% and 30.2% of cases, respectively,
involved the index and concurrent cancers in different
bowel segments (Table 1). Furthermore, the mean
distance from index cancer to concurrent cancers was
36.77 cm (CT positive) vs 19.88 cm (CT negative)
in the incomplete group and 36.65 cm (CT positive)
vs 24.00 cm (CT negative) in the complete group.
Therefore, topographical adjacency between index
and concurrent cancers is one of the risk factors
for missing diagnosis of SCRCs. The anatomical
distribution of the index and concurrent cancers
detected are listed in Table 2.

Figure 1 Illustrated model of synchronous colorectal cancers.

determination of positive or negative CT findings
depended on whether both the index cancer and the
concurrent cancers were simultaneously detected.
Overall sensitivity, specificity, positive predictive
value, and negative predictive value for CT were
calculated using cross-tabulation statistics. Fisher’
2
s exact test or χ test was applied to categorical
variables. Numerical data (mean maximum dimen
sion and average distance of concurrent lesion to
index tumor) are expressed as mean ± SD, and were
compared using Student’s t test. A P value < 0.05 was
considered statistically significant.

RESULTS

Sensitivity and specificity

A total of 374 CRC patients underwent incomplete
colonoscopy and four cases of SCRCs were missed
due to poor bowel preparation. A total of 1749
patients received complete endoscopy and no case of
SCRCs was missed. Cancer specimens were obtained
from all 2123 patients either by surgery (n = 1916) or
colonoscopy (n = 207). Using CT, 56 cases of SCRCs
were identified, and 36 cases were not. Regarding the
missed cases, 30 patients had SCRCs detected during
surgery, while the remaining six were identified
during postoperative colonoscopy that was performed
up to 6 mo after surgery. There were no patients
with local recurrence in the anastomosis. In addition,
all of the cases of SCRCs in this cohort only had one
concurrent lesion detected, and none of the patients
had three or more CRCs simultaneously identified.
There were no significant differences in patient sex,
age, gross tumor appearance, cancer differentiation,
location, or the presence of colonic obstruction for the
incomplete and complete colonoscopy groups (Table 1).

A histological examination revealed 92 cases of
SCRCs in this cohort, with 29 in the incomplete group
and 63 in the complete group. The corresponding
sensitivity and specificity of CT for the incomplete
group was 44.8% and 93.6%, respectively (Table 3),
while the positive and negative predictive values were
23.6% and 95.0%, respectively. In contrast, these
values for the complete colonoscopy group were
68.3%, 97.0%, 22.2% and 98.7%, respectively.

DISCUSSION
The prevalence of SCRCs has been reported to range
[3,6,7]
from 3% to 6%
. In the present study, the pre
valence was 4.3% for 92 cases of SCRCs recorded
within 10 years in a single-center database. Although
the prevalence of SCRCs is not high, missed diagnosis
can lead to errors in treatment and poor prognosis.
Currently, colonoscopy is regarded as the best method
for the direct detection of SCRCs. However, for cases
[8]
that involve elongation of the colon , poor bowel
[9]
preparation, diverticulitis, or bowel obstruction , colo
noscopy may not be able to visualize entire segments
of the colon. In a recent study, CTC was shown to
be a valuable technique for preoperative colonic vis
ualization of patients who had undergone incomplete

Size of the concurrent cancers

The mean maximum dimension of the concurrent
cancers identified in the CT-negative cases was shor
ter than that of the CT-positive cases, and this was
independent of whether a complete or incomplete
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Colorectal cancer
n = 2123

Incomplete colonoscopy
n = 374

Complete colonoscopy
n = 1749
CT
outcomes reviewed

Positive
n = 15

Negative
n = 359

Positive
n = 41

Pathological
examination

Negative

n = 1708

Pathological
examination

Sensitivity
Specificity

Figure 2 Flow diagram of the present study. “Positive” refers to synchronous colorectal cancers (SCRCs) detected by computed tomography (CT), while “negative”
refers to SCRCs not detected by CT.

Table 1 Clinical and pathological features of the concurrent carcinomas detected by computed tomography
Concurrent lesions
Sex (M/F)
Median age (yr)
Mean maximum dimension (mm)
Gross appearance
Protruding
Ulcerated
Sclerotic
Differentiation
Well
Moderate
Poor
Location
Ascending colon
Transverse colon
Descending colon
Sigmoid colon
Rectum
Colonic obstruction
Yes
No
Average distance to index tumor (cm)
Located in the same bowl segments with index tumor
Yes
No

Incomplete colonoscopy

Complete colonoscopy

CT- (n = 16)

CT+ (n = 43)

CT- (n = 20)

8/5
63
38 ± 11

11/5
69
24 ± 5

26/17
66
37 ± 13

16/4
63
25 ± 9

9
2
2

7
5
4

23
9
11

10
8
2

3
5
5

4
7
5

9
22
12

8
4
8

5
2
4
2
0

4
2
5
3
2

14
6
13
8
2

6
4
6
1
3

6
7
36.77 ± 6.86

10
6
19.88 ± 4.16

0
43
36.65 ± 3.55

0
20
24.00 ± 5.11

3
10

11
5

13
30

12
8

0.02
0.20

0.17

[10,11]

< 0.01
0.18

0.41

0.46

0.04
0.03

P value

0.06

0.71

colonoscopy
. Furthermore, positron emission
tomography (PET)/CT has also been recommended as
a supplementary technique to increase the accuracy
[12]
of CTC . However, the use of CTC is not widespread,
mainly due to the lack of accepted guidelines for

WJG|www.wjgnet.com

P value

CT+ (n = 13)

-

0.05
0.03

analysis of the results, and limited numbers of pro
[13]
fessionals with this experience . In addition, most
patients in developing countries cannot afford to
undergo PET. Therefore, CT is a more accessible
method, and the aim of the present study was to
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Table 2 Anatomical distribution of index and concurrent
cancers in this cohort

Table 3 Overall sensitivity and specificity in the two groups
CT findings

Index lesion

Concurrent lesions
Ascending Transverse Descending Sigmoid Rectum
colon
colon
colon
colon

Incomplete group
Ascending colon
Transverse colon
Descending colon
Sigmoid colon
Rectum
Total
Complete group
Ascending colon
Transverse colon
Descending colon
Sigmoid colon
Rectum
Total

6
0
2
1
0
9

1
2
1
0
0
4

3
1
4
1
0
9

1
0
1
2
1
5

1
0
0
1
0
2

10
3

1
3
2
2
2
10

4
2
7
1
5
19

3
0
1
4
1
9

1
1
2
0
1
5

0
2
20

Incomplete
group
Positive
Negative
Complete
group
Positive
Negative
Total

Sensitivity (%) Specificity (%)
44.8 (26.5, 64.3) 93.6 (90.5, 96.0)

13
16

22
323

35
339
68.3 (55.3, 79.4) 97.0 (96.0, 97.8)

43
20
92

51
1635
2031

94
1655
2123

Values in parentheses are 95%CI. CT: Computed tomography.

as a solitary cancer (Figure 3). For example, two
individual cancers in the same bowel segment could
be misinterpreted as an extension of a single cancer
by CT. Generally, the direction of CRC infiltration is
not along the long axis of the bowel, but rather is
circumferential. Therefore, when an abnormal length
of colon involvement by cancer presents on CT,
SCRCs should be considered. For these suspected
cases, careful palpation should be performed at the
beginning of an operation because the resection range
of bowel segments depends on the location of the
cancers. Furthermore, if the SCRCs can be detected
initially, then an extended bowel segment procedure
can be scheduled in advance. Alternatively, if the
concurrent cancer is detected only after the resection
of the index cancer, removal of an additional bowel
segment may be needed. Although supplementary
resection is not complex, it is inconsistent with the en
bloc principle of radical cancer resection.
There were some limitations associated with the
present study. First, this was a retrospective singlecenter study. Therefore, differences in experience and
professionalism among the radiologists of this center
may have influenced the detection accuracy of SCRCs
by CT. Second, the CT instrument used in this study
was older and may have had a lower detection rate
for SCRCs. Third, the operator-dependent changes
should be taken into consideration, which may also
have influenced the imaging results. Therefore, the
results of the present study need to be verified in
a multicenter prospective investigation with a large
number of cases that can be analyzed using up-todate CT instruments.
In conclusion, the present study provides evidence
regarding the capacity for CT to diagnose SCRCs,
especially in patients that have undergone incomplete
colonoscopy. The limited detection rate of CT that was
observed may have been due to several factors such
as small tumor size, lumen conditions, and tumor
location. However, CTC and PET/CT are not readily
available at all institutions, especially in developing
countries, therefore, CT remains a feasible option
when complete colonoscopy cannot be performed.

evaluate the predictive value of CT for cases of SCRCs,
especially when colonoscopy was incomplete.
The overall sensitivity of CT in the present study
was 44.8% for cases involving incomplete colonoscopy
and 68.8% for complete colonoscopy. Both of these
percentages are lower than those reported for solitary
[14,15]
cancers detected by CT (range: 72%-84%)
.
Moreover, the sensitivity of CT for colorectal
neoplasms depends on the condition of the lumen
and the size of the lesion. Correspondingly, sensitivity
of CT can reach as high as 95% when the lumen is
distended with air, yet can be as low as 68% when
[15]
the colon is collapsed . In the present series, >
50% of the incomplete colonoscopy cases were due
to poor bowel preparation as a result of obstruction.
In addition, concurrent lesions that were smaller in
size were more likely to be neglected by CT in both
the incomplete and complete colonoscopy groups. For
example, the average maximum dimension in the CTpositive group was about 38 mm, and it was about
25 mm in the negative group. In most cases, smaller
concurrent lesions also initially presented as local
thickening on CT, and in the incomplete group were
often obscured by remnant fecal material caused by
[16-18]
poor bowel preparation. However, recent studies
have demonstrated that 7%-11% of cases involving
colonic wall thickening detected by CT were predicted
to have an underlying carcinoma, and colonoscopy
was proposed. Taken together, these results indicate
that missed diagnosis occurs in a certain proportion of
SCRCs when complete colonoscopy is not additionally
performed.
Another important factor associated with falsenegative findings on CT in the present cohort was
proximity of index and concurrent cancers within
the same bowel segment. Previously, the right and
left colon have been reported to be frequent sites of
[4]
SCRCs . Moreover, the topographical proximity of
carcinomas on CT may lead to misdiagnosis of SCRCs

WJG|www.wjgnet.com
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Case 1

A

S

Ascending colon

Sigmoid colon

Case 2

Ascending
colon

Figure 3 More than 60% of these concurrent cancers were missed by computed tomography. Case 1: A 56-year-old woman with both index and concurrent
cancers located in different bowel segments that were detected by computed tomography (CT). Colonoscopy was hindered by the presence of sigmoid cancer. “A”
shows the ascending colon and “S” is the sigmoid colon. The green arrows indicate the concurrent cancer and the yellow arrows indicate the index cancer; Case
2: A 68-year-old man with an index and concurrent cancer both located in the ascending colon. This case was misdiagnosed by CT as a solitary cancer due to the
proximity of the two lesions. In addition, colonoscopy was hindered by the presence of a scirrhous carcinoma (index cancer indicated with yellow arrows). The green
arrows indicate the concurrent cancer.
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3

Accordingly, it is important to identify the factors
that can lead to false-negative results. Furthermore,
both careful exploration during intraoperative colo
[19,20]
noscopy
and close monitoring during the followup period are key to obtaining accurate diagnosis and
treatment of SCRCs.

4
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Background

Synchronous colorectal cancers (SCRCs) refer to two or more primary
colorectal cancers (CRCs) in a single individual with a prevalence ranging from
3% to 6%. SCRCs are clinically important because neglect of lesions leads
to remnant cancer. Colonoscopy is ideal for detecting synchronous lesions
but some factors may prevent the colonoscope from visualizing whole bowel
segments. Conventional computed tomography (CT) is usually applied in these
cases to examine the remnant bowel not accessible to colonoscopy.

8

9

Research frontiers

CT colonography (CTC) is also known as virtual colonoscopy. With ad
vancements made in scanning technology and three-dimensional (3D)
postprocessing modalities, this method has been used to detect colorectal
cancers, especially small tumors. CTC has been shown to be a valuable
technique for preoperative colonic visualization of patients who have undergone
incomplete colonoscopy. However, good bowel preparation is necessary for
accurate diagnosis.

10

Innovations and breakthroughs

11

Currently, colonoscopy is regarded as the best method for the direct detection
of SCRCs. However, for cases that involve elongation of the colon, poor bowel
preparation, diverticulitis, or bowel obstruction, colonoscopy may not be able to
visualize entire segments of the colon. CTC or positron emission tomography
(PET) was shown to be valuable for preoperative detection of lesions in
patients undergoing incomplete colonoscopy. PET and CTC in most patients in
developing countries are not widespread, mainly due to limited numbers of welltrained professionals, and high expense. Therefore, CT is a more accessible
method, and the present study was the first to evaluate the predictive value of
CT for cases of SCRCs, especially when colonoscopy was incomplete.

12

13

Applications

The study suggested that CT remains a feasible option when complete
colonoscopy cannot be performed. However, the sensitivity is limited when the
tumor is small or index cancer is adjacent to concurrent cancers.

14

SCRCs refer to two or more primary CRCs consistent with the following key
elements: (1) each tumor must be proved to be malignant; (2) each tumor
must be distinct; (3) the probability of one tumor being a metastasis of another
must be excluded; and (4) the synchronous lesions must be diagnosed
simultaneously or within 6 mo of initial diagnosis.

15

Terminology

16

Peer-review

Pang et al evaluated the diagnostic accuracy of CT in patients with SCRCs.
It was a well-designed study, and the paper is well written. It addresses an
interesting clinical area.
17
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AIM: To elucidate the clinicopathological characteristics
and prognostic factors of gastric stump cancer (GSC).
METHODS: The clinical data for 92 patients with GSC
were collected at Fudan University Shanghai Cancer
Center. The prognostic factors were analyzed with Cox
proportional hazard models.
RESULTS: GSC tended to occur within 25 years fol
lowing the primary surgery, when the initial disease is
benign, whereas it primarily occurred within the first
15 years post-operation for gastric cancer. Patients
with regular follow-up after primary surgery had a
better survival rate. The multivariate Cox regression
analysis revealed that Borrmann type Ⅰ/Ⅱ (HR = 3.165,
95%CI: 1.055-9.500, P = 0.040) and radical resection
(HR = 1.780, 95%CI: 1.061-2.987, P = 0.029) were
independent prognostic factors for GSC. The overall 1-,
3-, and 5-year survival rates of the 92 patients were
78.3%, 45.6% and 27.6%, respectively. The 1-, 3-,
and 5-year survival rates of those undergoing radical
resection were 79.3%, 52.2%, and 37.8%, respectively.
The 5-year survival rates for stages Ⅰ, Ⅱ, Ⅲ, and Ⅳ
were 85.7%, 47.4%, 16.0%, and 13.3%, respectively (P
= 0.005).
CONCLUSION: The appearance of GSC occurs sooner
in patients with primary malignant cancer than in pa
tients with a primary benign disease. Therefore, close
follow-up is necessary. The overall survival of patients
with GSC is poor, and curative resection can improve
their prognosis.
Key words: Gastric stump cancer; Clinicopathological
characteristics; Prognosis
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All patients were regularly contacted by telephone,
and all patients received a follow-up. The duration
of the follow-up period was defined as the interval
from treatment date to the date of death or the last
follow-up. The last follow-up occurred on March 31,
2014. Sixty-seven patients died at the last followup.

Core tip: We retrospectively analyzed 92 patients. This
study indicated that gastric stump cancer (GSC) has
unique clinicopathologic characteristics, early detection
of GSC is indeed possible, close follow-up is necessary
and the radical resection may significantly improve the
survival.

Evaluation

Tumor-node-metastasis (TNM) classification of gastric
carcinoma was based on the seventh edition of the
American Joint Committee on Cancer staging system.
The surgical and pathological findings were recorded
according to the Japanese Classification of Gastric
Carcinoma, and the histological types were classified
as differentiated or undifferentiated. The differentiated
type included papillary adenocarcinoma and well/mo
derately differentiated adenocarcinoma, while the un
differentiated type included poorly or undifferentiated
adenocarcinoma, signet ring cell carcinoma, and mu
cinous carcinoma. To calculate the survival curves, only
patients who underwent tumor resection were included
because these were the only patients with complete
histopathological data and staging data.

Huang H, Wang W, Chen Z, Jin JJ, Long ZW, Cai H, Liu
XW, Zhou Y, Wang YN. Prognostic factors and survival in
patients with gastric stump cancer. World J Gastroenterol
2015; 21(6): 1865-1871 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i6/1865.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i6.1865

INTRODUCTION
The concept of gastric stump cancer (GSC) was origi
[1]
nally described in the 1920s , and was defined as a
carcinoma occurring in the gastric remnant at least
5 years post-surgery for benign peptic ulcer disease.
Currently, the concept of GSC has been expanded to
[2,3]
include recurrence after gastric cancer resection .
Gastric stump as a precancerous condition remains
a substantial clinical concern. The incidence of GSC
accounts for 1%-7% of all gastric carcinomas follo
wing gastrectomy, and this frequency continues to
[3-5]
increase . Nevertheless, GSC is often described as a
tumor with poor prognosis, and poor curative resection
[6,7]
rates (38%-40%) . The 5-year survival rate is only
7%-20% because GSC has unique biological features
compared with conventional stomach cancer, and GSC
[4,8,9]
is commonly diagnosed at an advanced stage
.
The present study aimed to clarify the clinico
pathological characteristics and operative methods for
patients with GSC in order to improve their long-term
outcomes.

Statistical analysis

Statistical analyses were performed using the SPSS
version 19.0 statistical software package (SPSS IBM,
United States). All continuous variables are presented
as the median (range). The cumulative cause-specific
overall survival rates were calculated using the KaplanMeier method. The log-rank test was used to assess
differences between clinical factors. Cox proportional
hazard models were used to determine which clinico
pathological variables were predictive of GSC. P < 0.05
was regarded as significant.

RESULTS
The median age was 60.8 (range: 37-91) years, and
the male:female ratio was 4.4:1. The median interval
time from the initial operation to the development of
GSC was 16.5 years (range: 1-40 years). The latency
periods were different between benign disease and
gastric cancer. GSC tended to occur within 25 years
post-operation with a benign initial disease and within
the first 15 years post-operation for gastric cancer
(Table 1, Figure 1). Seventy-six (82.6%) patients had
clinical symptoms, including abdominal pain, emesis,
dysphagia, weight loss, anemia and weakness. Other
patients were diagnosed via routine endoscopy.
The detailed clinicopathological characteristics of
all the patients are listed in Table 1. Concerning the
initial gastric disease, 38 (41%) patients had benign
disease, and 54 (59%) patients had gastric cancer. In
total, 26 (28%) patients underwent Billroth-Ⅰ recon
struction, and 65 (71%) patients received Billroth-Ⅱ

MATERIALS AND METHODS
Patients

We retrospectively analyzed 92 patients who had
undergone stomach resection between January 2003
and December 2012 at the Gastric Surgery Depart
ment of Fudan University Shanghai Cancer Center,
China. All the patients were diagnosed through barium
meal, endoscopic, and pathological examinations.
Patient information was obtained from the medical
records of Fudan University Shanghai Cancer Cen
ter. The clinical symptoms included abdominal pain,
emesis, dysphagia, weight loss, anemia, and weak
ness. The clinical variables included age, gender, initial
gastric disease, interval from initial surgery, recon
struction type of the first operation, type of gastric
resection, tumor location, and tumor stage.
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Benign (n = 38)

Table 1 Clinicopathologic features of the 92 patients with
gastric stump cancer n (%)

Age (yr)1
Sex
Male
Female
Initial gastric disease
Benign
Malignant
Interval time from initial surgery (yr)1
Regular follow-up after primary surgery
Yes
No
Reconstruction of primary surgery
Billroth-Ⅰ
Billroth-Ⅱ
Roux-en-Y
Location
Anastomotic
Non-anastomotic
Tumor size (mm)1
Borrmann type

Value
60.8 ± 10.0

Number of cases

Characteristic

Malignancy (n = 54)
20

75 (81)
17 (19)
38 (41)
54 (59)
16.5 ± 13.0

II
Ⅲ
Ⅳ

Depth of invasion
T1
T2
T3
T4
Lymph node involvement
N0
≥ N1
Presence of distant metastasis
M0
≥ M1
Stage
Ⅱ
Ⅲ
Ⅳ

Histology
Differentiated
Undifferentiated
Type of treatment
Curative resection
Palliative resection
Chemotherapy/radiotherapy
No treatment

26 (28)
65 (71)
1 (1)

0-5

5-10 10-15 15-20 20-25 25-30 ≥ 30

Figure 1 Time trend of stump carcinoma every 5 years for the primary
gastric disease.

59 (64)
33 (36)
4.0 ± 2.0

resectability rate was 59.8%, and 12 patients under
went palliative resection. Twenty-two patients declined
surgery. Among them, 6 patients declined treatment,
and 16 patients chose to receive chemotherapy/radio
therapy.
All 92 patients provided complete follow-up data. At
the time of the last follow-up, 67 (72.8%) patients had
died, and 25 (27.2%) patients were alive. The median
survival duration was 29 mo, and the cumulative 1-,
3-, and 5-year overall survival rates were 78.3%,
45.6%, and 27.6%, respectively (Figure 2A). The sur
vival curves also suggested that patients with regular
follow-up after primary surgery had a better survival
rate (Figure 2B and C). Their 1-, 3-, and 5-year sur
vival rates were 93.8%, 75.0%, and 66.7%. However,
the 1-, 3-, and 5-year survival rates were 87.5%,
47.7%, and 25.6%, respectively, for patients without
regular follow-up after the primary surgery. Figure
2D demonstrates that patients with Borrmann type Ⅱ
cancer had the best survival rate (P = 0.0083). The
1-, 3-, and 5-year survival rates of the 58 patients
who underwent radical resection were 79.3%, 52.2%,
and 37.8%, respectively. Among them, 3 (3.3%) pa
tients died during the peri-operative period. The perioperative mortality was similar to that of patients
[10]
with conventional gastric cancer (2%-3%) . The 1-,
3-, and 5-year survival rates of the 12 patients who
received palliative resection were 66.7%, 25.0%, and
0%, respectively, and there were significant differences
between the three groups (P = 0.0007) (Figure 2E).
Table 2 shows the group characteristics according to the
tumor stage. The 5-year survival rates for stages Ⅰ, Ⅱ,
Ⅲ, and Ⅳ were 85.7%, 47.4%, 16.0%, and 13.3%,
respectively (P = 0.005).

0 (0)
6 (7)
5 (5)
81(88)
35 (38)
57 (62)
63 (68)
29 (32)

18 (20)
74 (80)
58 (63)
12 (13)
16 (17)
6 (7)

1

Age, tumor size and disease-free time are mean ± SD.

reconstruction. Most patients (59, 64%) had malignant
lesions at the anastomotic site, and the median tumor
size was 4.0 cm. Additionally, Borrmann Ⅲ (69, 75%)
was the most common type based on the gross appea
rance. Histology revealed that the most common type
of cancer was undifferentiated (80%). The TNM classi
fication was as follows: stage Ⅰ in 8 patients (9%),
stage Ⅱ in 25 (26%), stage Ⅲ in 30 (33%), and stage
Ⅳ in 29 (32%). The lymph node metastasis rate in
patients with GSC was 38% (35/92).
Seventy patients received surgical treatments,
and 58 patients were qualified for radical surgery. The
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5

Interval time (yr)

8 (9)
25 (26)
30 (33)
29 (32)

Ⅰ

10

0
76 (83)
16 (17)

3 (3)
13 (14)
69 (75)
7 (8)

Ⅰ

15

DISCUSSION
Despite a decline in the overall incidence of gastric
[11]
cancer , the incidence rate of GSC has increased
[3-5]
during recent decades . The incidence of GSC ac
[2]
counts for 1%-2% of all gastric cancers in Japan .
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Figure 2 Overall survival proportions. A: Overall survival proportions of 92 patients with gastric stump cancer; B: Overall survival proportions between patients
with and without regular follow-up after primary surgery are significantly different. The patients without regular follow-up after primary surgery had significantly poorer
overall survival; C: Overall survival proportions for patients with different stages; D: Overall survival proportions for patients with different Borrmann type; E: Overall
survival proportions in gastric stump cancer according to type of treatments.
[9]

This increase indicates that we will face increasing chal
lenges in the future.
To the best of our knowledge, the type of initial
gastric disease has significant impact on the latency
to GSC. The median interval for patients with benign
disease is 30 years, and that for patients with gastric
[12]
cancer is 12 years . The incidence of GSC after
[13]
gastric resection increases over time . In the present
study, the interval for benign disease was significantly
longer than that for gastric cancer. Additionally, we
observed different interval periods between benign
disease and gastric cancer (Figure 1). The median
interval time from initial operation to the development
of GSC was 16.5 years (range: 1-40 years), which
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is consistent with other studies . Figure 1 indicates
that GSC tends to occur within 25 years following the
initial benign disease, and during the 15 years postoperation for patients who have gastric cancer.
The clinical symptoms of GSC have no obvious spe
cificity, and GSC usually manifests as upper abdominal
pain, loss of appetite, swallowing difficulty, vomiting,
weight loss, and anemia. GSC is often diagnosed at an
advanced stage due to the lack of early symptoms. It
is easily misdiagnosed as an ulcer recurrence or ana
stomotic inflammation, which can lead to a delayed
diagnosis and the loss of the best treatment oppor
tunity. The remnant stomach is viewed as a precan
cerous lesion. The specific etiology of GSC is currently
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Table 2 Comparison of baseline characteristics according to tumor stage n (%)
Variable
Histology
Tumor Location
Initial gastric disease

Ⅰ (n = 8)

Ⅱ (n = 25)

Ⅲ (n = 30)

Ⅳ (n = 29)

4 (4.3)
4 (4.3)
4 (4.3)
4 (4.3)
4 (4.3)
9 (9.8)

6 (6.5)
19 (20.6)
17 (18.5)
8 (8.7)
8 (8.7)
17 (18.5)

6 (6.5)
24 (26.1)
21 (22.8)
9 (9.8)
13 (14.1)
17 (18.5)

2 (2.2)
27 (29.3)
17 (18.5)
12 (13.0)
13 (14.1)
16 (17.4)

Differentiated
Undifferentiated
Anastomotic
Non-anastomotic
Benign disease
Gastric cancer

Values in parentheses are percentages.

Table 3 Univariate and multivariate survival analyses in gastric stump cancer patients
Variable

Univariate

P value
Age (yr) (≥ 65 vs < 65)
Sex ratio (male vs female)
Initial gastric disease (benign vs cancer)
Interval time from initial surgery (yr) (≥ 15 vs < 15)
Reconstruction of first operation (B-Ⅰ vs B-Ⅱ)
Regular follow-up (yes vs no)
Tumor size (mm) (≥ 40 vs < 40)
Location (anastomotic vs non-anastomotic)
Histology(differentiated vs undifferentiated)
Borrmann type (Ⅰ-Ⅱ vs Ⅲ-Ⅳ)
Depth of invasion (T1-T2-T3 vs T4)
Lymph node involvement (NO vs ≥ N1)
Presence of distant metastasis (M0 vs M1)
Stage (Ⅰ-Ⅱ vs Ⅲ-Ⅳ)
Type of treatment (curative vs other treatments)

0.896
0.302
0.443
0.428
0.357
0.004
0.040
0.857
0.005
0.001
0.305
0.254
0.004
0.002
0.001

1

Multivariate

2

HR

95%CI

P value

1.332
0.707

0.539-3.287
0.415-1.206

0.535
0.203

0.470
3.165

0.212-1.038
1.055-9.500

0.062
0.040

0.603
1.780

0.323-1.124
1.061-2.987

0.111
0.029

1

The Kaplan-Meier method, and significance was determined by the log-rank test; 2Multivariate survival analysis was performed using Cox proportional
hazard models.

unclear. According to our data, 16 (17%) patients had
no clinical symptoms, and the malignant lesions of
the remnant stomach were identified through periodic
endoscopies. Most of these patients had early-stage
GSC, and their 5-year survival rate was 66.7%. The
5-year survival rate of patients who had clinical sym
ptoms was 19.0%. The survival curves also suggested
that patients who were followed had better survival
rates (Figure 2B). Regular follow-up can facilitate
early detection and early therapy, which improve the
survival rate.
Previous studies report the unique clinicopatho
[2,8,14]
logical characteristics for GSC
. Our analysis de
monstrated that the histological type was associated
with prognosis (Table 3). The prognosis of patients
with GSC was ultimately determined by the Borrmann
lesion type and radical resection. Tumor location was
also an important factor for predicting surgical out
[15-17]
comes
. The tumors commonly developed at the
site of the gastrojejunal anastomosis. Some scholars
thought that the type of reconstruction was associated
[18-20]
with GSC
. In our study the Billroth-Ⅱ reconstruc
tion and anastomotic groups were more likely to deve
lop GSC, although there was no significant difference
due to the small number of patients.
[21]
Some drugs have been used to treat GSC in Japan .
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However, in our study, surgery was still the most effec
tive treatment. Although there were no significant dif
ferences in the histopathologic categories and tumor
location of GSC compared with primary proximal gastric
[22-24]
cancer
, GSC is the most frequently occurring tu
mor after the initial surgery and occurs in the remnant
stomach due to an abnormal anatomy. Additionally,
because surgery for GSC is the second surgery, there is
an increased number of adhesions around the residual
stomach. Therefore, radical surgery is more difficult
than ordinary surgery. There were no severe compli
cations during and after our operations, therefore, radi
cal surgery is feasible. The survival rate in the radical
resection group was significantly higher than those in
the palliative resection group and the chemotherapy/
radiotherapy group. Our results demonstrated that
chemotherapy/radiotherapy has a good short-term
curative effect, but the long-term curative effect is still
poor. Previous studies have reported higher incidences
of postoperative complications in patients with GSC
[25]
than in patients with primary gastric cancer . Radical
resection is still the best treatment option and may
improve the survival outcomes of patients with GSC.
Admittedly, our study had a relatively small sample
and was based on a retrospective analysis. However,
even after acknowledging these limitations, we can
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6

draw some meaningful conclusions regarding GSC.
In conclusion, the findings in the present study led
us to draw the following conclusions. Borrmann type Ⅰ
/Ⅱ and radical resection are independent prognostic
factors for patients with GSC. Early detection of GSC is
possible. Regular endoscopies and gastric biopsies for
subtotal gastrectomy patients have significant impact
on postoperative survival. Therefore, it is necessary
and feasible to perform repeated endoscopic followups. If GSC is diagnosed, surgery should be performed.
Additionally, radical resection may significantly improve
the long-term survival of patients.

7

8

9

10
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Application of air insufflation to prevent clinical pancreatic
fistula after pancreaticoduodenectomy
Hui Yang, Xiao-Fei Lu, Yun-Fei Xu, Hong-Da Liu, Sen Guo, Yi Liu, Yu-Xin Chen
of 185 patients underwent pancreaticoduodenectomy
(PD) at our institution, and 74 patients were not
involved in this study for various reasons. The clinical
outcomes of 111 patients were retrospectively analyzed.
The air insufflation test was performed in 46 patients
to investigate the efficacy of the pancreaticojejunal
anastomosis during surgery, and 65 patients who did
not receive the air insufflation test served as controls.
Preoperative assessments and intraoperative outcomes
were compared between the 2 groups. Univariate and
multivariate analyses were performed to identify the
risk factors for PF.
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RESULTS: The two patient groups had similar baseline
demographics, preoperative assessments, operative
factors, pancreatic factors and pathological results.
The overall mortality, morbidity, and PF rates were
1.8%, 48.6%, and 26.1%, respectively. No significant
differences were observed in either morbidity or
mortality between the two groups. The rate of clinical
PF (grade B and grade C PF) was significantly lower in
the air insufflation test group, compared with the nonair insufflation test group (6.5% vs 23.1%, P = 0.02).
Univariate analysis identified the following parameters
as risk factors related to clinical PF: estimated blood
loss; pancreatic duct diameter ≤ 3 mm; invagination
anastomosis technique; and not undergoing air in
sufflation test. By further analyzing these variables
with multivariate logistic regression, estimated blood
loss, pancreatic duct diameter ≤ 3 mm and not un
dergoing air insufflation test were demonstrated to be
independent risk factors.
CONCLUSION: Performing an air insufflation test could
significantly reduce the occurrence of clinical PF after
PD. Not performing an air insufflation test was an
independent risk factor for clinical PF.

Abstract
AIM: To introduce an air insufflation procedure and
to investigate the effectiveness of air insufflation in
preventing pancreatic fistula (PF).

Key words: Pancreatic fistula; Pancreaticoduodenectomy;
Air insufflation test; Surgery; Morbidity

METHODS: From March 2010 to August 2013, a total
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MATERIALS AND METHODS

Core tip: The present study introduces the application
of the air insufflation test for the prevention of pan
creatic fistula (PF) and investigates its effectiveness.
This clinical study confirms that the air insufflation test
can significantly reduce the occurrence of clinical PF. In
addition, estimated blood loss, pancreatic duct diameter
≤ 3 mm and not performing an air insufflation test are
independent risk factors for clinical PF.

PD was performed in 185 consecutive patients between March 2010 and August 2013 at the Qilu Hospital of Shandong University in China. The exclusion
criteria applied to: patients undergoing emergency PD
for trauma; patients with ongoing acute pancreatitis
at the time of surgery; and operations performed by
surgeons without a professional title. A total of 111
patients were enrolled in this study, and these patients
were divided into 2 groups according to whether they
received the air insufflation test during surgery or
not. In total, 46 patients [the air insufflation test (AIT)
group] received the air insufflation test during surgery, and 65 patients (controls) did not receive the
air insufflation test during surgery.
Preoperative demographics and clinical information of the patients were retrospectively obtained
from the patients’ medical records (Table 1). Preoperative biliary drainage was the main preoperative invasive treatment. For patients with a total bilirubin level
greater than 170 μmol/L or with poor general health
conditions, preoperative biliary drainage was performed.

Protocol

Yang H, Lu XF, Xu YF, Liu HD, Guo S, Liu Y, Chen YX.
Application of air insufflation to prevent clinical pancreatic
fistula after pancreaticoduodenectomy. World J Gastroenterol
2015; 21(6): 1872-1879 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i6/1872.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i6.1872

INTRODUCTION
Pancreaticoduodenectomy (PD) is the standard operation for the resection of periampullary diseases. In
recent years, the mortality rate has decreased dramatically to less than 5% in high-volume centers due
to improved intraoperative management and better
postoperative care. Unfortunately, there has not been
a similar reduction in the pancreatic fistula (PF) rate,
[1-3]
which has remained at approximately 30% .
Pancreatic leakage has been the primary factor
[4]
linked with death in some case studies . Various risk
factors related to PF have been identified, such as a
[2,5-8]
main pancreatic duct diameter of 3 mm or less
,
[7,9-12]
soft pancreatic parenchyma
and intraoperative
[2,11-13]
blood loss
. Other risk factors, such as heart dis[9,14]
[6]
[11]
ease
, age , male sex , cirrhotic liver and body
[7]
mass index , have also been reported. In addition, to
prevent PF, numerous strategies have been applied
in previous literatures. Intraoperative techniques,
such as modified reconstruction with pancreaticogas[15]
[16]
trostomy , pancreatic duct ligation , the use of
[17,18]
omentum or the falciform ligament
and oblitera[19]
tion of the pancreatic duct with glue , have been
performed. Postoperative management, including the
use of somatostatin analogs, has also been reported.
However, none of these strategies has investigated
pancreatic leakage during surgery. Furthermore, most
[20-23]
of these strategies have been controversial
and
have not been routinely used in most hospital centers.
More effective and confirmative surgical techniques are
needed to prevent PF.
The present study introduced the air insufflation
test, a simple and effective technique, for the prevention of PF. The detailed process of performing an air
insufflation test during surgery and its efficacy in preventing PF are presented.

WJG|www.wjgnet.com

Surgical techniques and postoperative management

The operations were performed by surgeons with
professional titles specializing in hepatopancreatobiliary surgery. Conventional or pylorus-preserving
PD was performed according to the decision of the
individual surgeon. Segmental resection of the portal
vessels or superior mesenteric vessels was performed
if a pancreatic head mass was inseparable from the
vessels. To reestablish gastrointestinal continuity,
a two-layer end to side pancreatic duct to jejunal
mucosa anastomosis (duct to mucosa) or a two-layer
end to side invagination anastomosis was performed
(Figure 1). After pancreaticojejunal anastomosis, an
end to side hepaticojejunostomy and an antecolic
gastrojejunostomy or duodenojejunostomy were performed, using the same jejunal loop. Depending on
the diameter of the pancreatic duct, a Fr 4 to 10 polyvinyl catheter with multiple perforations was inserted
into the pancreatic duct.
To investigate the efficacy of the pancreaticoje
junal anastomosis, the air insufflation test (Figure
2) was performed in the AIT group. An intestinal
clamp was used to close the distal intestinal loop
approximately 6 cm from the pancreaticojejunal
anastomosis. Then, the anastomosis was submerged
in irrigation fluid, and air was injected gently with a 1
or 5 mL syringe through the pancreatic duct stent to
determine whether there were bubbles generated in
the irrigation fluid. It must be noted that air should
be gently injected into the jejunal stump to prevent
the pressure in the jejunal lumen from ascending
too rapidly. In addition, the pressure in the jejunal
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Table 1 Baseline demographics
AIT group
(n = 46)
Age (yr)
Gender
Male
Female
Main presenting symptom
Jaundice
Abdominal pain
Cholangitis
ASA
Ⅱ
Ⅲ

Preoperative ALT
Preoperative AST
Preoperative bilirubin (μmol/L)
Preoperative albumin (g/L)
Presence of comorbid illness
Mellitus diabetes
Chronic pulmonary disease
Artery hypertension
Coronaropathy
Preoperative biliary drainage
Yes
No
Smoking

Non-AIT group
P
(n = 65)
value

55.3 ± 11.5

58.1 ± 7.8

24
22

31
34

25
10
3

35
24
8

41
5
226.0 ± 204.2
150.2 ± 152.1
189.0 ± 171.9
66.2 ± 8.5
23
8
2
9
4

56
9
193.6 ± 205.0
138.3 ± 150.7
137.11 ± 131.8
65.8 ± 7.8
27
4
4
13
6

21
25
13

33
32
14

0.15
0.64
B
A
0.96
0.09
0.50
0.64

0.41
0.68
0.08
0.81
0.38
0.06
0.68
0.96
1.00
0.60

Figure 1 Pancreaticojejunal anastomosis. This picture shows a two-layer
end to side pancreatic duct to jejunal mucosa anastomosis. A: Jejunum; B:
Pancreas.

0.42

ASA: American Society of Anesthesiologists; ALT: Alanine amino
transferase; AST: Aspartate transaminase; AIT: Air insufflation test.

A
B

stump should be sufficiently moderate to generate
bubbles but not damage the anastomosis. In clinical
practice, we regarded the pressure as moderate
when the tension of the jejunal wall was the same as
that of normal liver tissue or the oral labia. If bubbles
were present during the test, the anastomosis where
the bubbles were generated was sutured. Then,
the anastomosis was tested again until no bubbles
were found. If the leakage could not be resolved, reanastomosis was performed. Prophylactic drains were
routinely placed posterior to the pancreaticojejunal
anastomosis and the hepaticojejunal anastomosis.
Fibrin glue was not used in any of the patients.
Prophylactic antibiotics and somatostatin or octreotide were administered to all of the patients for
72 h postoperatively and during the first postoperative week, respectively. The nasogastric tube was
removed when bowel sounds returned. An oral diet
was initiated 5 to 7 d after surgery, depending on the
patient’s condition. The volume and characteristics of
the drainage fluid were monitored every day. Amylase levels were measured on postoperative days 1,
3, 5, and 7 and when the characteristics of the drainage fluid changed, or abdominal symptoms occurred.
If there was no evidence of PF, the pancreatic duct
drainage catheter was locked 10 d after surgery and
removed 48 h later if no abnormalities occurred. If a
PF occurred, the catheter was placed in situ until the
leakage was resolved.
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C

Figure 2 Air insufflation test to investigate the pancreaticojejunal ana
stomosis. An intestinal clamp (A) was used to close the distal intestinal loop
approximately 6 cm from the pancreaticojejunal anastomosis (B). Then, the
anastomosis was submerged in irrigation fluid, and air was injected gently with
a 1 or 5 mL syringe (C) through the pancreatic duct stent to determine whether
there were bubbles generated.

Study end points

The primary end point was PF. The secondary end
points were mortality and morbidity, including delayed gastric emptying (DGE), intra-abdominal
hemorrhage, bile fistula, intra-abdominal infection,
intra-abdominal collection, and heart failure.
Mortality and morbidity were defined as death
or complications, respectively, occurring within 30
d of surgery. PF was defined as drainage of any
measurable volume of fluid on or after postoperative
day 3 with an amylase content greater than 3 times
the serum amylase activity. The three different
grades of PF (grades A-C) were defined according to
[24]
the clinical impact on the patient’s hospital course .
Grade B and grade C PF were regarded as clinical PF.
DGE represented the inability to return to a standard
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Table 2 Intraoperative data and pathological diagnoses
AIT group
(n = 46)
Operative factors
Combined vascular resection cases
1
Duration of operation (min)
372.9 ± 106.5
Estimated blood loss (mL)
347.3 ± 195.7
Blood transfusion cases
13
Pancreatic factors
Pancreatic duct diameter
≤ 3 mm
31
> 3 mm
15
Pancreatic texture
Soft
34
Hard
12
Pancreatic anastomosis technique
Duct to mucosa anastomosis
20
End to side invagination
26
anastomosis
Pathological diagnoses
Malignant disease
39
Pancreatic carcinoma
11
Ampullar carcinoma
10
Cholangiocarcinoma
8
Duodenal carcinoma
10
Benign diseases
7

Table 3 Postoperative outcomes

Non-AIT group P
(n = 65)
value
2
344.7 ± 86.4
289.7 ± 159.9
20

Hospital mortality
Morbidity
Pancreatic fistula
Grade A
Grade B
Grade C
Delayed gastric emptying
Hemorrhage
Bile fistula
Intraabdominal collection
Intraabdominal infection
Wound infection
Pneumonia
Urinary tract infection
Deep vein thrombosis
Heart failure
Myocardial infarction
Hospital stay

1.00
0.13
0.09
0.78
0.76

42
23
0.58
51
14
0.17
20
45
0.66
57
17
12
12
16
8

0.79
0.67
0.89
0.72

Non-AIT group
(n = 65)

P value

1
20
9
6
2
1
5
3
3
4
3
3
1
1
1
0
1
31.2 ± 11.3

1
34
20
5
8
7
7
8
8
10
12
8
3
1
0
2
0
36.0 ± 14.6

1.00
0.36
0.19
0.54
0.02
1.00
0.50
0.50
0.30
0.07
0.50
0.87
1.00
0.86
0.63
0.86
0.07

AIT: Air insufflation test.

Intraoperative outcomes

The intraoperative data and pathological diagnoses are
listed in Table 2. The two groups were similar in terms
of operative factors, pancreatic factors and pathological diagnoses. Most of the operations (96/111,
86.5%) were performed for malignant diseases.
The AIT was successfully performed in all 46 of
the patients in the AIT group. Pancreatic leakage was
found in 10 patients, and immediate repair or reanastomosis was performed.

Data are expressed as mean ± SD. AIT: Air insufflation test.

diet by the end of the first postoperative week and
included prolonged nasogastric intubation of the
[25]
patient . Postoperative hemorrhage was defined
in accordance with the International Study Group
of Pancreatic Surgery guidelines, based on the time
of onset (early or late hemorrhage), the location
(intraluminal or extraluminal), and the severity (mild
[26]
or severe) .

Postoperative outcomes

The overall mortality, morbidity, and PF rates of all of
the patients were 1.8%, 48.6%, and 26.1%, respectively. No significant differences were found in the
mortality rate (AIT group vs non-AIT group, 2.2% vs
1.5%, P = 1.00) or the overall complication rate (AIT
group vs non-AIT group, 43.5% vs 52.3%, P = 0.36)
between the two groups (Table 3).
PF was the most frequent complication after PD.
The PF rate (AIT group vs non-AIT group, 19.6%
vs 30.8%, P = 0.19) and the prevalence of grade A
PF (AIT group vs non-AIT group, 13.0% vs 7.7%, P
= 0.54) were comparable between the two groups.
However, the incidence of clinical PF was significantly
lower in the AIT group, compared with the non-AIT
group (AIT group vs non-AIT group, 6.5% vs 23.1%,
P = 0.02). In addition, 2 patients (of the 10 who experienced repair or re-anastomosis) suffered from
grade A PF. Moreover, the overall PF rate, grade A
PF rate and clinical PF rate of the remaining 36 patients in the AIT group who did not receive repair or
re-anastomosis were 19.4% (n = 7), 11.1% (n =
4) and 8.3% (n = 3), respectively. Interestingly, the
statistical analysis revealed that the overall PF rate,
grade A PF rate and clinical PF rate of the 36 patients

Statistical analysis

The statistical analyses were performed using SPSS
software, version 19.0 for Windows (SPSS Inc., Chicago, IL, United States). Continuous data are expressed
as mean ± SD. The comparison of continuous or categorical variables was performed with Student’s t-test
2
or the χ test (or Fisher’s exact test), respectively.
Significant variables from the univariate analysis were
subjected to multivariate stepwise logistic regression
analysis. A P value ≤ 0.05 was considered significant.

RESULTS
Clinical characteristics

The baseline demographics of the 111 patients included in the present study are shown in Table 1.
These results suggested that the two groups were
well matched for age, sex, main presenting symptom,
American Society of Anesthesiologists physical status
score, alanine aminotransferase, aspartate transaminase, preoperative bilirubin, preoperative albumin,
presence of comorbid illness, preoperative biliary
drainage and smoking status (Table 1).
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(n = 46)
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biotics. The length of hospital stay was 34.0 ± 14.5 d
for all of the patients, and the length of hospital stay
for the AIT group was shorter than for the non-AIT
group. However, this difference was only a statistical
trend (AIT group vs non-AIT group, 31.2 ± 11.3 d vs
36.0 ± 14.6 d, P = 0.07).
Two patients died during this clinical study (AIT
group vs non-AIT group, 1 vs 1, P = 1.00), and they
both died due to intra-abdominal infection and hemorrhage related to PF.

Table 4 Univariate analysis of risk factors for clinical
pancreatic fistula
Clinical PF
group
(n = 18)
Age (yr)
Gender
Male
Female
ASA
Ⅱ
Ⅲ

Non-clinical PF P
value
group
(n = 93)

56.6 ± 9.8

56.4 ± 10.3

10
8

45
48

17
1
263.8 ± 298.9
171.6 ± 232.3
185.8 ± 159.8
68.1 ± 6.8
5
0
1
1
3

80
13
191.8 ± 179.7
135.8 ± 130.2
151.2 ± 149.1
65.6 ± 8.2
38
11
5
16
6

0.96
0.58

0.55

ALT (U/L)
AST (U/L)
Preoperative bilirubin (μmol/L)
Preoperative albumin (g/L)
Presence of comorbid illness
Mellitus diabetes
Chronic pulmonary disease
Artery hypertension
Coronaropathy
Preoperative biliary drainage
Yes
11
No
7
Smoking
Yes
5
No
13
Operative factors
Combined vascular resection
1
Duration of operation (min)
392.8 ± 103.3
Estimated blood loss (mL)
428.9 ± 272.6
Blood transfusion cases
7
Pancreatic factors
Pancreatic duct diameter
≤ 3 mm
16
> 3 mm
2
Pancreatic texture
Soft
15
Hard
3
Pancreatic anastomosis
Duct to mucosa anastomosis
2
Invagination anastomosis
16
Air insufflation test
Yes
3
No
15
Pathological diagnoses
Malignant disease
15
Pancreatic carcinoma
4
Ampullar carcinoma
1
Cholangiocarcinoma
4
Duodenal carcinoma
6
Benign diseases
3

Risk factors of postoperative PF

0.17
0.36
0.38
0.23
0.30
0.27
1.00
0.37
0.33
0.25

Multiple variables related to clinical PF were statistically analyzed with univariate analysis (Table 4), and
four risk factors were identified: estimated blood
loss; pancreatic duct diameter ≤ 3 mm; invagination
anastomosis technique; and not undergoing the air
insufflation test.
These variables were further analyzed in multivariate analysis. The estimated blood loss, pancreatic duct
diameter ≤ 3 mm and not undergoing the air insufflation test were identified as independent risk factors (P
= 0.02, 0.00 and 0.00; OR = 1.00, 28.73 and 18.00;
and 95%CI: 1.00-1.01, 4.39-188.17 and 3.49-92.96,
respectively) for clinical PF.

43
50
0.84
22
71
2
349.2 ± 93.2
290.2 ± 144.0
26

0.42
0.08
0.05
0.35

DISCUSSION
Despite the evolution of surgical techniques, the PF
rate after PD has remained high. PF is one of the
most frequent lethal complications after PD. Palani
[27]
Velu et al
reported that serum amylase on the
night of surgery predicted clinically significant PF
[28]
[29]
after PD. Molinari et al
and Hashimoto et al
both
demonstrated that the amylase levels of PF patients
were significantly higher than those of non-PF patients
on the first postoperative day. These reports indicated
that some PFs might be caused by unsuccessful
anastomoses that went undiscovered during surgery,
leading to the elevation of amylase levels in the
drainage fluid on the first night and first postoperative
day. In the present study, we used the air insufflation
test to investigate the pancreatojejunal anastomosis
expecting to discover the leakage during operation
and repair it immediately. The air insufflation test
could detect an incomplete anastomosis and was
more sensitive than visual examination, with which
it was often difficult to find minor leakage because of
hemorrhage.
The air insufflation test did not prolong the operation time; rather, it improved the patient outcomes
significantly and was simple and effective. However,
there were some particularly important points to note
during the testing process. We suggest that the air
should be gently injected, and the pressure within the
jejunum stump should be monitored throughout the
entire process. Acute pancreatitis can be caused if too
much air is injected, or the air is injected too quickly.

0.02
57
36
0.66
70
23
0.02
38
55
0.02
43
50
0.96
81
20
17
15
17
12

1.00
0.32
0.78
0.26

ASA: American Society of Anesthesiologists; ALT: Alanine amino
transferase; AST: Aspartate transaminase; PF: Pancreatic fistula.

were similar to those of the 65 patients in the nonAIT group (P > 0.05), supporting the contribution of
the repair or re-anastomosis after the air insufflation
test to the significant reduction of clinical PF in the
AIT group. No special treatments were performed for
the patients with grade A PF. Radiologic or surgical
intervention for PF was required for 1 patient in the
AIT group and 8 patients in the non-AIT group. Other
patients were treated conservatively with enteral or
parenteral nutrition, a somatostatin analog and anti-
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When re-anastomosis is needed, a duct to mucosa
anastomosis should usually be changed to an invagination anastomosis if the leakage cannot be resolved
after twice re-anastomoses. In the present study,
anastomotic revision was conducted in 10 patients. Of
these patients, one patient experienced three times
pancreaticojejunal re-anastomoses, and PF was not
observed until the patient was discharged.
[24]
In accordance with the ISGPF definition , the PFs
in this study were classified as grade A, B or C, based
on the clinical impact on the patients’ in-hospital outcomes. Grade A is also called ‘‘transient fistula,’’ and it
[24]
has no clinical impact . Poor patient outcomes have
primarily been caused by grade B and grade C PFs.
[12]
Fuks et al
examined grade C PFs in a multiple center study. They reported a reoperation rate of 97%
and a mortality rate of 38.8% for grade C patients.
In this study, two patients died postoperatively, and
both deaths were caused by grade C PFs. The clinical PF rate (grade B and grade C) was significantly
reduced in the AIT group compared with the non-AIT
group (AIT group vs non-AIT group, 6.5% vs 23.1%,
P = 0.02), and the radiologic or surgical intervention
rate was also reduced. However, no significant difference was found (AIT group vs non-AIT group, 2.2%
vs 12.3%, P = 0.12).
The current study also identified pancreatic duct
diameter less than 3 mm and estimated blood loss
as independent risk factors for clinical PF, consistent
[5,6,8,30]
with previous studies
. Duct to mucosa anastomosis was identified as a risk factor for clinical PF in
univariate analysis. Different anastomosis techniques
have been reported in previous studies. Pancreatic
duct to jejunal mucosa anastomosis has been advo[31,32]
[33]
cated in many series
. Tsuji et al
reported on
300 patients who underwent PD, and the incidence of
fistula in the patients who received continuous suture
of the pancreatic duct to the jejunal mucosa (4.2%)
was significantly less than that of the patients who
received interrupted sutures (17.2%) (P < 0.01). Lee
[34]
et al
revealed that continuous sutures for the outer
layer of the pancreaticojejunostomy could significantly reduce the PF rate, compared with interrupted sutures. Interrupted suturing of the duct to the mucosa
and to the outer layer of the pancreaticojejunostomy
was performed in our study, and the clinical PF rate
was also statistically less than with the invagination
technique. The pancreatic texture has been reported
[2,8]
as a risk factor for PF in many studies . The incidence of soft remnant pancreas in the clinical PF
group was higher than in the non-clinical PF group
(83.3% vs 75.3%), but the difference was not statistically significant (P > 0.05).
In conclusion, the present study confirmed the efficacy of the air insufflation test in preventing clinical
PF. It was simple to conduct and could significantly
reduce the incidence of clinical PF. Estimated blood
loss, pancreatic duct diameter ≤ 3 mm and not un-
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dergoing the air insufflation test were identified as
independent risk factors for clinical PF in multivariate
analysis. This study was retrospective and carried
multiple biases. Due to the relatively small number
of patients included, additional research is needed to
confirm the efficacy of the air insufflation test.
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The air insufflation test could detect pancreatic leakage during PD. In the future,
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AIM: To determine the efficacy and safety of rapid
induction therapy with oral tacrolimus without a meal in
steroid-refractory ulcerative colitis (UC) patients.
METHODS: This was a prospective, multicenter, ob
servational study. Between May 2010 and August 2012,
49 steroid-refractory UC patients (55 flare-ups) were
consecutively enrolled. All patients were treated with
oral tacrolimus without a meal at an initial dose of 0.1
mg/kg per day. The dose was adjusted to maintain
trough whole-blood levels of 10-15 ng/mL for the
first 2 wk. Induction of remission at 2 and 4 wk after
tacrolimus treatment initiation was evaluated using
Lichtiger’s clinical activity index (CAI).
RESULTS: The mean CAI was 12.6 ± 3.6 at onset.
Within the first 7 d, 93.5% of patients maintained high
trough levels (10-15 ng/mL). The CAI significantly
decreased beginning 2 d after treatment initiation. At 2
wk, 73.1% of patients experienced clinical responses.
After tacrolimus initiation, 31.4% and 75.6% of patients
achieved clinical remission at 2 and 4 wk, respectively.
Treatment was well tolerated.
CONCLUSION: Rapid induction therapy with oral
tacrolimus shortened the time to achievement of appro
priate trough levels and demonstrated a high remission
rate 28 d after treatment initiation. Rapid induction
therapy with oral tacrolimus appears to be a useful
therapy for the treatment of refractory UC.
Key words: Ulcerative colitis; Tacrolimus; Rapid induction
therapy; Steroid-refractory ulcerative colitis; Inflammatory
bowel disease
© The Author(s) 2015. Published by Baishideng Publishing
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ment prior to achieving the appropriate trough level
with oral tacrolimus using standard dosing (initial dose
of 0.025 mg/kg twice daily). Even when the starting
dose of tacrolimus is set to 0.1 mg/kg per day, it still
takes more than 7 d to achieve the target tacrolimus
blood concentration, because food intake is known
to reduce serum levels of tacrolimus due to its low
[6,7]
absorption rate . Therefore, rapid induction therapy
with oral tacrolimus, starting at 0.1 mg/kg per day
without meals, should be recommended as a salvage
therapy for patients with steroid-dependent/resistant
UC. Meanwhile, higher tacrolimus starting doses have
been reported to be associated with nephrotoxicity
and to have no apparent therapeutic advantage over
lower doses, suggesting that lower doses should be
[8]
used to avoid adverse events . However, thus far, no
prospective studies designed to evaluate the efficacy
and safety of rapid induction therapy with oral tacro
limus have been conducted. Therefore, we have con
ducted such a prospective, multicenter study, and
report herein the efficacy and safety of rapid induction
therapy with oral tacrolimus in steroid-refractory UC
patients.

Core tip: A prospective, multicenter, observation study
was conducted to determine the efficacy and safety
of rapid induction therapy with oral tacrolimus without
meal in patients with steroid-refractory ulcerative colitis.
Rapid induction therapy could achieve the appropriate
trough level (10-15 ng/mL) within the first 7 d and
revealed a high remission rate 28 d after the initiation
of the treatment. Treatment was well tolerated. Rapid
induction therapy with oral tacrolimus appears to be a
useful therapy for the treatment of refractory ulcerative
colitis.
Kawakami K, Inoue T, Murano M, Narabayashi K, Nouda S,
Ishida K, Abe Y, Nogami K, Hida N, Yamagami H, Watanabe K,
Umegaki E, Nakamura S, Arakawa T, Higuchi K. Effects of oral
tacrolimus as a rapid induction therapy in ulcerative colitis. World
J Gastroenterol 2015; 21(6): 1880-1886 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i6/1880.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i6.1880

INTRODUCTION

MATERIALS AND METHODS

Ulcerative colitis (UC) is an idiopathic inflammatory
bowel disease (IBD) characterized by a chronic
relapsing/intermittent clinical course. Aminosalicylates
are typically used as first-line treatment for patients
with UC, while steroids are usually considered to be
second-line treatment and are used to induce remis
sion when remission cannot be achieved with amino
[1]
salicylates . Because steroids have a rapid onset
of action and are highly effective, they are reserved
for disease that fails to respond to primary therapy
in patients with severe UC. However, these agents
are associated with considerable systemic adverse
[2]
effects . Nevertheless, approximately 20% of patients
with UC have chronically active disease that requires
[3]
several courses of steroids . As a result, many
steroid-dependent/-resistant patients experience
severe complications of steroid treatment before stable
[3,4]
remission can be achieved .
Calcineurin inhibitors, such as cyclosporine A (CsA)
and tacrolimus, inhibit the production of interleukin-2
[5]
(IL-2) and activation of T lymphocytes . Since these
agents have a rapid onset of action and are highly
effective in patients with refractory UC, they are
approved as an alternative treatment option for refrac
tory UC under the national health insurance system in
[6]
Japan . Previous reports have demonstrated the dosedependent efficacy and safety of oral tacrolimus for
[7,8]
remission-induction therapy in refractory UC . With
respect to efficacy, the optimal target tacrolimus blood
[7,8]
concentration appears to be 10-15 ng/mL . However,
since oral tacrolimus has a slower onset of action com
[6]
pared to intravenous CsA , we have occasionally had
severe UC patients who did not demonstrate improve

WJG|www.wjgnet.com

Study design and patients

This was a prospective, multicenter, observational
study involving three Japanese academic centers:
Hyogo College of Medicine, Osaka City Graduate
School of Medicine, and Osaka Medical College. Pa
tients admitted to hospitals for the treatment of ste
roid-resistant or steroid-dependent moderate/severe
UC were eligible. The inclusion criteria were as follows:
(1) > 16 years of age at admission and capable of
providing written informed consent; (2) diagnosis
established according to standardized criteria with
prior clinical assessments, radiology, endoscopy,
[9]
and histology ; (3) steroid-resistant or steroiddependent UC; and (4) active colitis as assessed by
[10]
a Mayo score of 8-12 . The exclusion criteria were
as follows: (1) under 16 years of age or unable to give
informed consent; (2) prior abdominal surgery; (3)
pregnant, at risk of pregnancy, or breast feeding;
and (4) presence of active extra-intestinal infection,
liver or kidney failure, or suspicious for diabetes.
All patients were hospitalized and had left-sided UC
(except for ulcerative proctitis) or extensive UC. The
extent of colonic involvement was determined by total
colonoscopy.
Patients were classified as having steroid-re
sistant or steroid-dependent disease in accordance
with the definitions previously published by Ogata
[7]
et al Steroid resistance was defined as a lack of
response to oral or intravenous steroid therapy (daily
prednisolone dose > 30 mg) over at least 2 wk, and
steroid dependence was defined as recurrent flareup on steroid reduction or withdrawal, or chronic
active UC for > 6 mo or frequent recurrence (more
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Table 1 Dose adjustment of rapid induction of oral
tacrolimus
Trough concentration

< Day 4

> 40 ng/mL
25-40 ng/mL

0 mg/d
-33%

10-25 ng/mL
< 10 ng/mL

0%
33%

Table 2 Clinical details of patients
Patients, n
Attacks, n
Sex, M/F
Age (mean ± SD)
Extent of disease
(left sided UC/extensive UC), n
CAI (mean ± SD)
Steroid resistant/dependent, n

Trough concentration Days 4-14
> 40 ng/mL
30-40 ng/mL
20-30 ng/mL
10-20 ng/mL
< 10 ng/mL

0 mg/d
-50%
-25%
0%
25%

than once a year, or three times or more every two
[7,11]
years, regardless of intensive medical therapy)
.
Patients were permitted to continue taking drugs
containing 5-aminosalicylic acid during this study.
Patients who were already taking steroids and/or
immunosuppressant agents (azathioprine or 6-me
rcaptopurine) were also permitted to continue
receiving these medications. However, the dosages
of these agents were not allowed to be increased
once the patients entered into this study. In addition,
cytapheresis was prohibited during the study period.
This study was reviewed and approved by the ethi
cal committee of each academic center. All patients
were informed of the potential risks and benefits of
tacrolimus therapy and provided signed informed con
sent forms before undergoing any procedures.

12.6 ± 3.9
38 cases, 42 flare-ups
/13 cases, 13 flare-ups

UC: Ulcerative colitis; CAI: Clinical activity index.

was defined as a Lichtiger score decrease > 3), and
clinical remission was defined as a Lichtiger score
≤ 4[12,13]. Response rate and remission rate were
defined as the proportion (%) of patients achieving
[14]
response or remission, respectively . Trough wholeblood levels and biochemical values, including serum
creatinine and fasting blood glucose levels, were also
measured.

Statistical analysis

Continuous data ware statistically analyzed using
Student’s t-test. The Wilcoxon test was used to analyze
clinical scores (i.e., Lichtiger scores). Results are
expressed as the mean ± SD. P-values < 0.05 were
considered to be statistically significant. All calculations
were made using the Statview system (SAS Institute,
Cary, NC, United States).

Administration and dose adjustment

All patients were hospitalized at the time of initiation
of tacrolimus therapy and given oral tacrolimus
without a meal at an initial dose of 0.1 mg/kg per
day, given in twice-daily divided doses. Blood was
collected to determine the tacrolimus whole-blood
trough concentrations at 24 h and at 2, 3, 4, and
7 d and every 7 d thereafter after the initial dose.
The dose was adapted to maintain trough wholeblood levels of 10-15 ng/mL for the first 2 wk. The
doses were adjusted using the equations shown in
Table 1. After a high trough concentration (10-15 ng/
mL) was achieved, patients could resume receiving
meals. Beginning at 2 wk after the initiation of
tacrolimus therapy, tacrolimus whole-blood trough
concentrations were gradually maintained at a lower
level of 5-10 ng/mL.

RESULTS
Patient characteristics

This study was performed between May 2010 and
August 2012. A total of 49 patients (55 flare-ups) with
steroid-resistant or steroid-dependent UC in three
Japanese academic centers were enrolled. Baseline
patient characteristics are shown in Table 2. According
[15]
to the Montreal classification , 44 patients (89.8%)
were afflicted with extensive UC, and 5 patients
(10.2%) were afflicted with left-sided UC. The mean
clinical activity index (CAI) was 12.6 ± 3.6 at onset,
and all enrolled patients had a Lichtiger score ≥ 6. Of
49 patients, 4 patients were enrolled into this study
twice, and 1 patient was enrolled three times, due to
relapse. Two patients had steroid-resistant disease
at first admission and steroid-dependent disease at
second admission. Therefore, of the 49 patients, 38
patients (42 attacks) had steroid resistance and 13
patients (13 attacks) had steroid dependence; 2/49
patients were included in both groups because they
had two different types of flare-ups.

Symptom assessment and study endpoints

The primary endpoint of this study was the proportion
of patients with improvement, [defined as a clinical
response or clinical remission, based on Lichtiger’s
clinical activity index (Lichtiger score)]. The secondary
endpoint was safety. Patients were hospitalized
until their clinical conditions had stabilized and their
tacrolimus levels were within the therapeutic range.
Lichtiger scores were obtained at 1, 2, 3, 5, 7, 10,
14, 21, and 28 d after the initiation of tacrolimus
treatment. Response was defined as a Lichtiger score
< 10 and a decrease ≥ 3 (in the case of patients with
a Lichtiger score less than 10 on admission, response
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49
55
25/24
43.8 ± 16.0
5/44

Administration and dose adjustment

Daily oral tacrolimus dosing was started at 6.47
± 1.18 mg (0.12 ± 0.03 mg/kg) and significantly
increased 1 d after initiation of treatment. From day
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0.154-0.158 mg/kg per day (Day 2-7)

0.25

20

a

18

0.2

b

a

16
Lichtiger scores

mg/kg per day
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0.1

0.05
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Figure 1 Daily dosage of oral tacrolimus. aP < 0.05 vs day 0.
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Figure 3 Evolution of Lichtiger scores following treatment with oral
tacrolimus. aP < 0.05 vs day 0, bP < 0.01 vs day 0.
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30

100%
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Figure 2 Mean trough whole-blood levels.
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Figure 4 Clinical responses following treatment with oral tacrolimus.

2 to day 7, relatively stable tacrolimus doses were
required to maintain trough whole-blood levels of
10-15 ng/mL (8.09 ± 3.47 to 8.31 ± 2.64 mg/d
and 0.15 ± 0.04 to 0.16 ± 0.05 mg/kg per day)
(Figure 1). Mean trough whole-blood levels reached
a maximum on day 2 (12.89 ± 7.35 ng/mL) and
93.5% of patients were able to maintain high trough
levels (> 10 ng/mL) within the first 7 d of treatment
(Figure 2). Mean trough whole-blood levels gradually
decreased to 8.85 ± 3.27 ng/mL at day 28.

3 patients due to their disease becoming refractory
to tacrolimus. No significant differences in Lichtiger
score, trough levels, clinical response, or clinical
remission were observed between patients with
steroid-resistant and steroid-dependent UC.

Adverse effects

The mean serum creatinine level did not significan
tly change during tacrolimus treatment. Although
48.6% (18/37) of the patients had at least one
elevated glucose (> 120 mg/dL) measured while on
tacrolimus treatment, mean fasting blood glucose
level was significantly lower at day 21 compared
with that on day 0 (86.0 ± 21.4 mg/dL and 107.3
± 22.9 mg/dL, respectively; P = 0.012) (Figure 5).
Other documented clinical reactions and laboratory
abnormalities thought to be related to tacrolimus
included tremors (35.7%, 15/42), headache (9.5%,
4/42), nausea (7.1%, 3/42), and hypomagnesemia
(74.1%, 20/27, 1.56 ± 0.26 mg/dL) (Table 3).
Overall, treatment was well tolerated, with no patient
requiring treatment disruption or termination due to

Clinical response

The mean Lichtiger score at the time of treatment
initiation was 12.6 ± 3.6. The Lichtiger score decrea
sed significantly beginning 2 d after the initiation of
tacrolimus treatment (Figure 3). Two weeks after
initiation of therapy, rapid induction therapy with oral
tacrolimus resulted in a clinical response in 73.1%
of patients and a clinical remission in 31.4% of pa
tients. Four weeks after initiation of therapy, clinical
response and remission were observed in 89.6% and
75.6% of patients, respectively (Figure 4). Within 28
d of tacrolimus treatment, colectomy was required in
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160

Table 3 Adverse responses n (%)

140
Adverse responses

120

a

mg/dL

100
80
60

20 (74.1)
18 (48.6)
15 (35.7)
4 (9.5)
3 (7.1)
2 (5.4)

Day 0: 107.3 ± 22.9 mg/dL
Day 21: 86.0 ± 21.4 mg/dL

40

[13]

UC, Yamamoto et al
investigated the efficacy
of tacrolimus as maintenance therapy for patients
with refractory UC and reported that the cumulative
colectomy-free survival rate was 62% at 65 mo. The
colectomy-free survival rate was significantly higher
in patients who responded to tacrolimus within 30 d
than in those who did not. We previously examined
the short-term efficacy of tacrolimus in refractory
UC and found that the clinical response rate at 4 wk
after initiation of tacrolimus treatment correlated
with the mean trough level at 8-21 d after treatment
[22]
initiation . The primitive trough raised within 5 d
after administration is considered to be important for
obtaining the appropriate trough level at 8 d after
tacrolimus administration. Since oral tacrolimus has
a slower onset of action compared to intravenous
CsA, and food intake is known to reduce tacrolimus
serum trough levels due to its low absorption rate, oral
tacrolimus takes more than 7 d to reach high trough
levels. Therefore, we have occasionally had severe UC
patients who did not demonstrate improvement prior
to achieving the appropriate trough level with oral
tacrolimus using standard dosing. Indeed, Schmidt
[23]
et al
also evaluated the short-term efficacy of oral
tacrolimus in moderate to severe steroid-refractory
UC using a starting dose of 0.1 mg/kg per day, and
reported that clinical remission was achieved in 52.3%
of patients, and 14% of patients required colectomy.
In the present study, a high clinical response rate
was observed at 2 wk after initiation of treatment
(73.1%, 38/52) and a high clinical remission rate
was achieved at 4 wk (75.6%, 34/45). Although we
[23]
cannot directly compare the results of Schmidt et al
with those of the present study due to differences in
patient baseline characteristics, rapid induction therapy
with oral tacrolimus in the present study appears to
yield high remission rates in patients with steroidrefractory UC. Strict dose adjustment of tacrolimus
in the early treatment phase has been suggested
to provide excellent clinical outcomes and to avoid
the need for surgery for refractory UC, because
the efficacy of tacrolimus depends on trough blood
[24]
levels ; therefore, we suggest that whole-blood
tacrolimus levels should be measured in all patients,
and early dose increases should be made as part of
rapid induction therapy. In the present study, 0.15-0.16
mg/kg per day of oral tacrolimus was needed to
achieve appropriate trough levels; the mean trough
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Figure 5 Blood glucose level following treatment with oral tacrolimus. aP
< 0.05 vs day 0.

adverse effects.

DISCUSSION
To our knowledge, this is the first prospective mu
lticenter study that has evaluated the effect of rapid
induction therapy with oral tacrolimus in patients
with refractory UC. The present results have shown
that rapid induction therapy with oral tacrolimus was
well tolerated and yielded a high clinical response
rate within 2 wk and a high clinical remission rate
within 4 wk after initiation of treatment. These re
sults suggest that rapid induction therapy with oral
tacrolimus should be an option for patients with re
fractory UC.
Tacrolimus is a macrolide immunosuppressant
that is structurally similar to rapamycin and has been
found to have potent immunosuppressive properties
that are 10- to 100-fold more potent in inhibiting
[16-18]
lymphocyte activation than CsA
. Since less vari
ability in absorption and serum levels is observed
among patients treated with tacrolimus compared
to those who receive oral CsA, tacrolimus has been
suggested to be more easily and safely administered
to patients with refractory UC than CsA. Ogata et
[7]
al conducted the first randomized controlled trial
that demonstrated the efficacy of oral tacrolimus in
refractory UC patients. A total of 68.4% of patients
in the high trough concentration (10-15 ng/mL)
group improved within 2 wk after administration of
tacrolimus, whereas only 38.1% of patients in the
low trough concentration group experienced disease
[15-17,19-21]
improvement. Thus far, several uncontrolled
[7,8]
and two placebo-controlled studies
have demon
strated that tacrolimus can induce remission in both
adults and children, and these reports suggested that
tacrolimus had a trough concentration-dependent
effect, with the optimal target range appearing to be
10-15 ng/mL with a relatively short period of efficacy.
Regarding long-term efficacy in patients with refractory
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level reached high on day 2; and 93.5% of patients
could maintain high trough levels within the first 7
d of treatment. Thus far, no studies have evaluated
the efficacy of, or dose adjustment for rapid induction
therapy with high-dose oral tacrolimus without meals.
Similar to CsA, tacrolimus is known to be asso
ciated with many adverse effects, such as infections,
renal dysfunction, hypertension, and neurological
toxicity. However, these effects are generally mild and
reversible. In this study, mean serum creatinine was
not significantly elevated during 4 wk of treatment.
Interestingly, the mean fasting blood glucose level
was significantly lower 21 d after the initiation of
treatment as the CAI improved. With regard to other
adverse effects, many patients developed hypo
magnesemia (74.1%, 1.56 ± 0.26 mg/dL), at a fre
quency similar to that reported in previous studies
[7,16]
(33.3%-87.5%)
. Although 48.6% (18/37) of the
patients had at least one elevated glucose measured
during this study, the mean fasting blood glucose
level was significantly lower at day 21 compared with
that on day 0. Benson also reported that 62.5% of
patients had elevated glucose and most of them were
[16]
on corticosteroid therapy at that time . We therefore
consider that it was likely that the hyperglycemia
observed was not related to tacrolimus treatment.
Tremor appeared to be increased (35.7%) compared
[7,8,16,25]
with that reported previously (9.4%-19.0%)
.
However, no significant clinical symptoms were obser
ved during treatment, and no patient discontinued
oral tacrolimus therapy due to adverse effects. Thus,
we consider that rapid induction therapy with oral
tacrolimus will play a major role in safely inducing re
mission in patients with refractory UC.
Regarding starting dose of oral tacrolimus and
dose adjustment, 29.1%-36.4% of patients needed
to do dose adjustment from day 1 to day 4 (data
was not shown) and finally daily treatment of oral
tacrolimus at dose of 0.15-0.16 mg/kg was needed
to achieve appropriate trough levels. Therefore, we
consider that oral tacrolimus at an initial dose more
than 0.1 mg/kg per day may decrease the number
of times of dose adjustment and be more suitable for
the patients with refractory UC.
The uncontrolled study design was a limitation of
this study. To clarify the efficacy of rapid induction
therapy with oral tacrolimus, further study in which
patients are randomized to either rapid induction or
standard induction is necessary. Nonetheless, this is
the first study to confirm that rapid induction therapy
with oral tacrolimus is a safe and highly effective
treatment for patients with refractory UC. Although
any long-term effects of this treatment method remain
unclear, the rapid induction therapy administered in
this study may be useful for the treatment of patients
with refractory UC. Further studies are needed to
evaluate the long-term outcomes of rapid induction
therapy with oral tacrolimus in patients with UC.
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Abstract
AIM: To assess and teach cultural competency skills
at the fellowship training level through the use of
objective structured clinical examinations (OSCEs).
METHODS: We revised four scenarios to infuse a sp
ecific focus on cross-cultural care, and to render them
appropriate for gastroenterology fellows. Three are
discussed here: (1) Poor Health Literacy; (2) Disclosing/
Apologizing for a Complication to a Patient Who Mistrusts
the Healthcare System; and (3) Breaking Bad News to
a Fatalistic Patient. A fourth case emphasizing shared
decision-making will be described elsewhere. Four
stations were completed by fellows and observed live
by four faculty members, and the fellows’ performance
was assessed.
RESULTS: Eleven fellows from four programs par
ticipated in the four OSCE. In the “Poor Health Literacy”
case, 18% (2/11) of participants recognized that the
standardized patient (SP) had below-basic health
literacy. None successfully evaluated the SP’s reading
skills in a culturally-sensitive manner. In “Disclosing/
Apologizing for a Complication”, 4/11 (36%) personally
apologized for the complication. 1/11 recognized the
SP’s mistrust of the medical system. With “Breaking
Bad News”, 27% (3/11) explored the patient’s values to
identify her fatalistic beliefs.
CONCLUSION: OSCEs can be used to assess defici
encies in culturally-competent care at the fellowship
level. OSCEs also afford fellowships the opportunity to
inform future training curricula.
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Key words: Patient care; Physician-patient relations;
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ent care; Health literacy; Health care; Graduate; Objec
tive structured clinical examination; Trainees

three clinical cases that we have modified from cases
previously described that address specific facets of
cultural competency: Poor Health Literacy, Disclosing
and Apologizing for a Complication to a Patient Who
Mistrusts the Healthcare System, and Breaking Bad
News to a Religiously Fatalistic Patient.

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

MATERIALS AND METHODS

Core tip: Cultural competency is an integral skill set vital
to a fruitful physician-patient relationship. However,
we lack tools necessary to assess and teach such
skills, especially at the fellowship level. We designed
an objective structured clinical examination (OSCE) on
specific criteria essential to the delivery of culturallycompetent care. Our findings suggest that although
the participating trainees’ can adequately provide some
aspects of culturally-competent care, their ability to
wholly execute such care is subpar. The current fellow
ship program curricula may not adequately prepare its
trainees to successfully employ culturally-competent
care, and OSCEs provide a means to assess and teach
this complex skill set.

Participants

Using validated OSCE checklists, we revised the
clinical elements of 3 previously described cases
(Health literacy, Disclosing and apologizing for a com
plication, and Breaking bad news) to make them
more suitable for GI fellows, and to add a specific
focus on various aspects of cultural competency. Four
faculty members from two GI training programs in
New York City (NYU School of Medicine and Icahn
School of Medicine at Mount Sinai) observed the fourstation OSCE and 11 fellows (from the programs
listed above, as well as Lenox Hill Hospital and St.
Luke’s-Roosevelt Hospital Center) participated. The
standardized patients (SPs) were trained for 3 h with
scripts and role-playing to standardize their case
portrayals and fellow ratings.

Balzora S, Abiri B, Wang XJ, McKeever J, Poles M, Zabar S,
Gillespie C, Weinshel E. Assessing cultural competency skills
in gastroenterology fellowship training. World J Gastroenterol
2015; 21(6): 1887-1892 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i6/1887.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i6.1887

OSCE cases

Poor Health Literacy (Health Literacy Case): The
clinical scenario was of a 27 year-old new mother
of Chinese descent with below-basic health literacy
who was diagnosed with chronic hepatitis B virus
infection during her pregnancy. The goals of the GI
fellow were the following: identify the patient as
health-illiterate, and successfully convey health infor
mation to her about her disease.

INTRODUCTION
There is an increasing recognition of the need for
medical training programs to improve physician-patient
communication and to counter the ethnic and racial
disparities that exist in health care, which potentially
[1]
result in poorer patient satisfaction and outcomes .
In 2001, the Accreditation Council for Graduate Medi
cal Education (ACGME) identified interpersonal and
communication skills, and professionalism as two of
its six core competencies for residents and fellows.
Cultural competency is defined as the ability of health
care professionals to communicate with and effectively
provide high-quality care to patients from diverse
[2]
socio-cultural backgrounds . Objective structured
clinical examinations, or OSCEs, serve as a valid tool
to measure the performance of trainee physicians in
[3-5]
various aspects of patient care . This observation
has been extended to gastroenterology training with
[6-8]
great success . Still, to date, studies to assess the
competency level of gastroenterology (GI) fellows in
providing cross-cultural care have yet to be performed.
Therefore, the aim of this project was to use
OSCEs to formally assess the ability of gastroentero
logy fellows who train in an urban, socioeconomically
diverse population such as New York City, to im
plement cultural competency as a skill in a variety
of challenging clinical scenarios. Here, we present
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Disclosing and Apologizing for a Complication to
a Patient Who Mistrusts the Healthcare System
(Apologizing for a Complication Case): The clinical
scenario was of a 50-year-old African-American male
patient with a harbored mistrust of the healthcare
system who undergoes an average-risk screening
colonoscopy with polypectomy, subsequently compli
cated by a perforation. The goals of the GI fellow
were the following: recognize this patient’s mistrust
of the medical system and how it impacted his re
sponse to the complication, admit that a medical
error was made, and regain the patient’s trust, and
have him willingly agree to stay for follow-up care.
Breaking Bad News to a Religiously Fatalistic
Patient (Breaking Bad News Case): The clinical
scenario was of a 54 year-old African-American
female patient with a family history of a first-degree
relative with colon cancer who had just undergone
a screening colonoscopy during which a likely colon
cancer is found. When informed of this finding, she
believes that succumbing to colon cancer is God’s will
for her and she refuses to consider further work-up or
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Table 1 Health literacy n (%)
Competency areas and specific skills

Table 2 Apologizing for a complication n (%)

Not
done
Communication
Information gathering
Elicited responses using appropriate
questions
Clarified information by repeating
Allowed patient to talk without interrupting
Relationship development
Communicated concern, intention to help
Non-verbal behavior enriched
communication
Acknowledged emotions appropriately
Was accepting, non-judgmental
Used words patient understood, explained
jargon
Patient education
Educated patient on Hep B in a culturally
sensitive manner
Explained risks of transmission: unsafe
contact and safe contact
Discussed general health education
Assessment
Evaluated reading skills in a compassionate
and culturally sensitive manner
Evaluated patient's understanding of risks
of transmission prior to explaining unsafe
contact and safe contact
Treatment plan
Clearly discussed next step of follow up plan

Competency areas and specific skills

Distribution of responses,
n =11
Partly
done

5 (45)

6 (55)

4 (36)
0

5 (45)
0

2 (18)
11 (100)

0
0

4 (36)
1 (9)

7 (63)
10 (91)

5 (45)
0
2 (18)

2 (18)
6 (55)
3 (27)

4 (36)
5 (45)
6 (55)

0

6 (55)

5 (45)

0

4 (36)

7 (63)

2 (18)

9 (82)

0

11
(100)
5 (45)

0

0

6 (55)

0

1 (9)

9 (82)

Not Partly
done done

Well
done

0

Patient activation
Helped patient understand the cause of health
condition
Helped patient understand the different
available treatment options
Helped patient feel able to follow the
recommendations or take the next steps
Accountability
Disclosed complication directly
Fully explained the complication
Personally apologized for this complication
Took responsibility for situation and recovery
Delivering bad news
Gave opportunity for patient to respond
emotionally
Responded to patient's emotions.
Shared decision making
Explored patient's beliefs, values, and
preferences
Engaged patient in the decision making
process
Allowed for explicitly deferred decision
making
Assessment
Reassured patient that care is appropriately
supervised and executed, established trust
Elicited understanding that patient mistrusts
system, negotiated trust in future quality of
care

1 (9)

Well
done

0

3 (27)

8 (73)

0

3 (27)

8 (73)

0

4 (36)

7 (63)

0
0
7 (63)
7 (63)

0
0
0
0

11 (100)
11 (100)
4 (36)
4 (36)

0

0

11 (100)

0

0

11 (100)

0

5 (45)

6 (55)

0

1 (9)

10 (91)

0

4 (36)

7 (63)

8 (73)

a

3 (27)

10 (91)

a

1 (9)

a

Scored by faculty observer as performed or not performed.

therapy. The goals of the GI fellow were the following:
recognize the patient’s strong religious beliefs, nego
tiate her belief system into an agreeable clinical plan
of care, and ensure that the patient is amenable to
following through with the treatment plan.

Post-OSCE

After the case scenarios were completed, a debriefing
session involving each training program’s respective
fellows and the faculty observers was held in order
for the fellows to provide feedback about the OSCE
itself and its relevance as an education tool.

Evaluation

Each of the eleven GI fellows participated in all three
scenarios detailed above. All OSCE stations were
videotaped and observed live by faculty through the
use of video media in the NYU School of Medicine Si
mulation Center for the Health Sciences. The fellows
were allotted 15 min for each encounter with the stan
dardized patient. Immediately following each case,
feedback was provided to the fellow by the faculty
observer and the SP. Data, in the form of checklists
and questionnaires were collected from the fellow to
specifically address cultural competency as it pertained
to each of the given cases. Checklists were created
to provide SPs and faculty observers with specific
criteria to rate the fellows’ performance. The fellows
were rated with the use of a three-point scale for each
assessed task: (1) “not done” (the fellow did not per
form the task); (2) “partly done” (the fellow attempted
to perform the task, but was unsuccessful); and (3)
“well done” (the fellow addressed and performed the
task successfully).

WJG|www.wjgnet.com

Distribution of responses
n = 11

RESULTS
Four faculty members from two academic institutions
and eleven fellows from four GI training programs
participated. All participants were first-year GI fellows.
Four fellows from NYU School of Medicine partici
pated; three from the Icahn School of Medicine at
Mount Sinai’s training program, and two each from
St. Luke’s-Roosevelt Hospital Center and Lenox Hill
Hospital. Table 1 shows a detailed breakdown of the
performance of the fellows in each of the categories
assessed by the SP and the faculty observers in the
Health literacy Case, as well as the results of the postOSCE computer-based questionnaire completed by
the fellows. Tables 2 and 3 show the results from the
second and third cases, respectively.
In the Health Literacy Case, 18% of participants
(2/11 fellows) recognized that the patient had below-
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that the quality of care was appropriately supervised
and executed. Finally, only 1/11 (9%) participants
recognized that the SP harbored a mistrust of the
medical care system. Similar to the previous case,
nearly 73% (8/11) of fellows reported receiving
some type of training during their medical school or
post-graduate training in disclosing medical errors.
With the Breaking Bad News Case, 100% of the
fellows agreed that this was the most challenging
OSCE of the three scenarios. We found that 2/11 fel
lows (18%) engaged the SP in the decision-making
process. According to the SP’s rating, only 27% (3/11
fellows) explored the patient’s beliefs, values, and
preferences to recognize that she possessed strong reli
gious and fatalistic beliefs. However, faculty observers
reported that 63% of fellows effectively elicited under
standing that the SP had different beliefs and used this
understanding to negotiate a common goal. Only 18%
of participants (2/11 fellows) were able to gain the
patient’s trust and have her agree to pursue further
medical care.

Table 3 Breaking bad news n (%)
Competency areas and specific skills

Patient education
Gave results of colonoscopy effectively
Explained procedures already done during
colonoscopy
Explained next necessary steps, how results
fit into longer term plans
Checked patient's understanding of
treatment options
Delivering bad news
Physically set the tone for receiving bad
news
Assessed your readiness to receive news,
gave warning shot
Gave opportunity for patient to respond
emotionally
Responded to patient's emotions.
Accountability
Conveyed accountability, assured
appropriate treatment and follow up
Shared decision making
Explored patient's beliefs, values, and
preferences
Engaged patient in the decision making
process
Allowed for explicitly deferred decision
making
Assessment
Explained and apologized for complication
Engaged patient in a discussion about next
steps
Elicited understanding that patient has
different beliefs, negotiated common goals

Distribution of responses
n =11
Not
done

Partly
done

Well
done

3 (27)
0

7 (63)
8 (73)

1 (9)
3 (27)

0

7 (63)

4 (36)

4 (36)

7 (63)

0

3 (27)

8 (73)

0

4 (36)

7 (63)

0

1 (9)

7 (63)

3 (27)

1 (9)

7 (63)

3 (27)

1 (9)

5 (45)

5 (45)

1 (9)

7 (63)

3 (27)

DISCUSSION

3 (27)

6 (55)

2 (18)

1 (9)

6 (55)

4 (36)

3 (27)
0

8 (73)
7 (63)

0
4 (36)

4 (36)

a

7 (63)

Cultural competency is central to an effective physicianpatient relationship, but teaching its tenets has proven
[10]
to be a challenge . This skill set has historically been
taught implicitly, through observation of faculty and
mentors, and by means of self-reflection. Though this
hidden curriculum prepares trainees for some aspects
[11]
of culturally-competent care, it is not without flaws .
Current curricula are non-standardized, informal, and
sometimes unavailable, leading to a growing interest
in teaching cultural competency.
Substantial effort has been afforded to identify
and eliminate cultural barriers that impede effective
[12,13]
cross-cultural care
. It is understood that physi
cians cannot apply a “one-size-fits-all” approach to
patient care, especially as our patient population
grows increasingly diverse. There is a need for practi
cums that accurately grasp the educational defici
encies in cultural competency in medical education
training. The goal of this OSCE is to fill this void.
The OSCE is a validated tool for measuring per
formance in various aspects of patient care, particu
larly with the more difficult-to-measure core com
[14]
petencies . This project is the first of its kind to
formally assess and measure gastroenterology fellows’
ability to approach challenging clinical scenarios with
an attuned understanding and practice of cultural
competency in a standardized fashion.
It has long been cited that the lack of culturallyconscious medical care plays a pivotal role in health
and health care disparities, and that there is a need
to incorporate cultural awareness into the academic
[13]
setting . Previous, now abandoned, efforts in cultural
competency education employed a “categorical
approach”. The major pitfall of this approach is the
concern for stereotyping care for patients based on

a

Scored by faculty observer as performed or not performed.

basic health literacy. Below-basic health literacy is
defined as the ability to perform only simple and con
crete literacy activities (a commonly cited example:
the ability to read a set of short instructions, and
identify what is permissible to drink before a medical
[9]
test) . None (0/11) of the fellows evaluated the SP’s
reading skills. Though none of the fellows thoroughly
discussed the SP’s general health education and asses
sed her level of health literacy, nearly 82% (9/11)
partly performed the task, while the remaining 18%
did not perform this task at all. What was done partly
well by more than half of the participants (6/11) and
done well by 5/11 of the fellows was the education
of the SP on hepatitis B virus in a culturally sensitive
manner. Despite the fellows’ overall deficient perfor
mance on this OSCE station, nearly 73% (8/11) of fel
lows reported receiving some type of training during
their medical school or post-graduate training in pa
tient health literacy.
In the Apologizing for a Complication Case, 4/11
(36%) participants personally apologized for the
complication and took responsibility for the situation.
Seventy-three percent failed to reassure the patient
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socio-cultural backgrounds. The fear has been that
this type of educational method assumes cultural
“norms” and oversimplifications, thereby sacrificing
[2,10]
the physician-patient relationship
. An alternative
approach has since been embraced. By recognizing
culturally competency as a skill set, health care pro
viders can effectively deliver care to those of diverse
backgrounds in an individualized and more culturally[12]
aware manner . This project systematically assessed
and measured areas of strength and weakness in
competencies deemed necessary by the ACGME. Our
intent is to inform future training curricula for fellows,
so that they may provide meaningful cross-cultural
care after training.
The literature shows that despite the perceived
importance to teach and deliver cross-cultural care,
there is little clinical time allotted to honing this skill.
Moreover, a large majority of trainees felt unprepared
[15,16]
[17]
for such challenges
. In 2008, Lopez et al
conducted a survey of 2047 residents from seven
different specialties and 563 residency programs to
determine whether resident physicians’ socio-cultural
characteristics influence self-perceived prepared
ness and skill in delivering cross-cultural care. With
training received during medical school and/or re
sidency controlled for, the most important factor asso
ciated with improved perceived skill level in practices
believed to be of use in treating a culturally-diverse
patient population was cross-cultural skills training
during residency (OR: 1.71-4.22). Our project is
a novel and formal assessment of trainees’ crosscultural skills at the fellowship level. The three areas
of cultural competency that we chose to focus on
included health literacy, disclosing and apologizing
for a complication in a patient who harbors mistrust
in the health care system, and bearing unfavorable
medical information to a patient with a strong reli
gious belief system. The Health Literacy station
revealed that few fellows were able to identify the
[18]
patient as having below-basic health literacy , while
none of the eleven fellows explored her general health
knowledge in order to effectively gauge how best to
educate her about her new diagnosis of hepatitis B
virus. When the nuances of patient understanding
are left unrecognized or unacknowledged by the
physician, patient adherence becomes less likely. With
the Apologizing for a Complication Case, the majority
of the fellows failed to formally apologize or take
responsibility for the complication. Moreover, only
one fellow was successful in identifying the patient’s
mistrust in the health care system, which inherently
compromised the physician-patient relationship. In
recognizing and confronting the grounds for mistrust
in a non-threatening, honest manner, effective com
munication between clinician and patient is far more
likely. Finally, the Breaking Bad News station was
equally informative. The majority of fellows failed to
include the patient in the decision-making process
for the next step in management, and only two parti
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cipants elicited a trustful agreement with the SP.
Our performance-improvement program is not
without limitations. Though four different institutions
in New York City participated, the number of fellows in
this pilot program was small. A longitudinal assessment
of cultural competency as a skill set has not yet
been performed, and so the utility of assessment
with an OSCE remains to be studied. Finally, the
Breaking Bad News station illustrated that there is a
discrepancy between the standardized patient and
faculty observers’ perception of fellows’ abilities.
Therefore, there may be a role for cultural competency
training for faculty who are involved in teaching
fellows. Expanding the employment of the OSCE
into the GI fellowship curriculum for reinforcement
of such competencies is an eventual goal that has
already shown to be of benefit in this cross-institution
initiative, but should be explored further. Awareness
and formalized assessment of deficiencies in cultural
competency with OSCEs is an important step in
developing the appropriate skills for serving a diverse
patient population.
With the advent of the ACGME’s Next Accreditation
System (NAS), it is incumbent upon training programs
to evaluate the impact of their training methods on
educational outcomes. This is accomplished by as
sessing trainees based on a number of important
outcome-based milestones incorporated within the
six domains of physician competence. The scenarios
tested in the OSCE mostly directly reflect milestones
within the professionalism [Responds to each patient’
s unique characteristics and needs (PROF3)] and inter
personal communication [Communicates effectively
with patients and caregivers (ICS1)] competencies.
Implementation of these cultural competence OSCEs
into the GI fellowship program curriculum serves a
dual purpose. Not only do such OSCEs allow fellow
ship programs to assess GI fellows according to
these milestones during the educational event, but
they also permits us to examine the longitudinal
impact on the fellows’ practice, permitting further
assessment of a practice-based learning and improve
ment milestone [Learns and Improves via feedback
(PBLI1)]. Therefore, the next step will be to evaluate
the trainees’ performance in ongoing clinical care to
assess the impact of institution of the OSCE on their
continued use of cultural competence. In this way,
we can be assured that we are meeting our goals
of training professional fellows who excel at inter
personal communication in a culturally-competent
manner.
OSCEs serve as a validated tool to assess the
performance of training physicians’ ability to carry out
complex clinical skills. The ability to provide crosscultural care encompasses two of the six core com
petencies outlined by the ACGME, namely interpersonal
skills and communication, and professionalism. This
program is novel in its employment of the OSCE to
formally test and measure cultural competency as a
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vital skill set at the fellowship level. This educational
tool informs fellowship curricula, and can be exten
ded to academic faculty as well. More study is ne
cessary to assess why and to what degree such
deficiencies in cross-cultural care and educational
training exist, and if the implementation of the OSCE
as an educational tool improves culturally-competent
patient care in the long-term.
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Observational Study

Snapshot of an integrated psychosocial gastroenterology
service
Sarah W Kinsinger, Sarah Ballou, Laurie Keefer
15 mo period. Patients seen for an intake with a psy
chologist completed the Brief Symptom Inventory (BSI)
and a checklist of psychosocial concerns. A subset
of patients with functional bowel disorders also com
pleted a disease specific quality of life measure. Chart
review was conducted to obtain information on type
and frequency of sessions with the psychologist, the
number of outpatient gastroenterology visits, and
number of gastroenterology-related medical procedures
during the 6 mo following psychological intake.
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RESULTS: Of 259 patients referred for treatment,
118 (46%) completed an intake with a psychologist.
Diagnoses included: irritable bowel syndrome (42%),
functional dyspepsia (20%), inflammatory bowel
diseases (20%), esophageal symptoms (10%), and
“other” (8%). Demographic variables and disease
type did not differentiate between those who did and
did not schedule an intake. Mean t -scores for the BSI
global score index and the depression, anxiety, and
somatization subscales fell below the cutoff for clinical
significance (t = 63). Treatments were predominantly
gut-directed hypnosis (48%) and cognitive behavioral
therapy (44%). Average length of treatment was 4 ses
sions. Among functional gastrointestinal (GI) patients,
those patients who initiated treatment received sig
nificantly fewer GI-related medical procedures during
the 6 mo following the referral than patients who did
not schedule an intake [t (197) = 2.69, P < 0.01].

Abstract

CONCLUSION: Patients are receptive to psychological
interventions for GI conditions and there is preliminary
evidence that treatment can decrease health-care
utilization among patients with functional GI conditions.

AIM: To characterize the patients utilizing a gastro
enterology behavioral medicine service and examine the
effect of treatment on health care utilization.

Key words: Psychological treatment; Irritable bowel
syndrome; Functional gastrointestinal disorders; Hy
pnosis; Cognitive-behavioral therapy

METHODS: Patients were referred by their gastro
enterologists for psychological treatment during a
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known about the benefits of stress management and
behavioral interventions for IBD. However, emerging
evidence indicates that psychological interventions
are beneficial for improving mood, qol, and even
[16,17]
prolonging remission in IBD patients
.
Many of these positive outcomes can be attributed
to patients’ increased self-efficacy to manage and
cope with their digestive condition, thereby reducing
[18]
burden on medical providers . There is some
empirical evidence that psychological treatments
can decrease health care utilization. For example,
relaxation training contributed to less frequent
doctor visits among IBS patients and psychological
treatment was associated with reduced health care
[19,20]
costs in patients with IBS
.
Despite the documented benefits of psychological
interventions for GI conditions, these treatments have
not been well integrated into gastroenterology practices
and are not easily accessible to patients. Many barriers
have been suggested, including concerns about
reimbursement for behavioral services, referrals only
being made for patients with significant psychological
symptoms, and the misconception that patients
[11]
are not receptive to psychological interventions .
Palsson and Whitehead recently published a primer for
gastroenterologists, encouraging providers to consider
referring patients with functional GI conditions for
psychological treatment and recommendations on
[6]
making a successful referral . Their article is an
important step in explaining how these treatments
can become more integrated into the care of patients
with chronic GI conditions. The purpose of the current
study is to demonstrate how this integration can occur
in a clinical context. This is the first study that we are
aware of to evaluate the acceptability and feasibility of
offering behavioral treatment as part of routine clinical
practice within a gastroenterology clinic.
The goal of the current study was to characterize
an integrated psychological gastroenterology service
and examine impact of this service on health-care
utilization. Specific aims were to: (1) examine the
number of patients referred and proportion of patients
that engaged in psychological treatment for their GI
condition; (2) determine any demographic or disease
related variables that might influence the likelihood
of a patient pursuing treatment; (3) characterize
the psychosocial functioning of patients pursuing
behavioral treatment; and (4) among patients with
functional GI conditions, evaluate the impact of
receiving behavioral medicine services on health
care utilization (i.e., physician office visits, medical
procedures).

Core tip: Psychological interventions are effective treat
ment options for many chronic gastrointestinal condi
tions, particularly functional bowel disorders. However,
psychological care has not been well integrated into
standard clinical practice for gastrointestinal disorders.
The aim of the current study was to examine the fe
asibility and acceptability of offering psychological
services to patients in an outpatient gastroenterology
practice and the potential impact of treatment on health
care utilization.
Kinsinger SW, Ballou S, Keefer L. Snapshot of an integrated
psychosocial gastroenterology service. World J Gastroenterol
2015; 21(6): 1893-1899 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i6/1893.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i6.1893

INTRODUCTION
Chronic gastrointestinal (GI) problems account for
a significant proportion of physician workload in
outpatient gastroenterology practices. Inflammatory
bowel diseases (IBD) and functional bowel disorders
jointly account for more than half of the patients
[1]
seen by gastroenterologists . The cost of managing
these conditions is high. The estimated direct cost
of irritable bowel syndrome (IBS) alone is estimated
to be 1.3 billion in the United States and is similar
to other chronic medical conditions such as asthma,
[2,3]
hypertension, and congestive heart failure
. In
addition, the psychosocial impact of chronic digestive
symptoms is significant. Patients with both functional
(e.g., IBS) and organic GI conditions (e.g., IBD)
experience impaired quality of life (QOL) and increased
[4,5]
rates of psychological distress .
Traditional medical treatments are often inadequate
for managing functional gastrointestinal conditions,
particularly for patients with moderate to severe
[6]
symptoms . As a result these patients often pursue
alternative treatment options. In fact more than 50%
of patients with IBS and IBD turn to complementary
and alternative medicine treatments and nearly 1/3
of patients with IBD express interest in psychological
[7-9]
treatment .
Psychological interventions are now well-est
ablished, effective treatments that can complement
usual medical care for many chronic GI conditions.
Cognitive behavioral therapy and gut-directed hy
pnosis are empirically supported interventions for IBS
and the American Gastroenterological Association
recommends psychological treatments for moderate
[10-12]
to severe patients
. In addition to IBS, gutdirected hypnotherapy has been demonstrated as
an effective treatment for functional dyspepsia,
[13-15]
non-cardiac chest pain, and acid reflux
. Less is
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MATERIALS AND METHODS
Study patients

This is a retrospective cross-sectional study of
patients with chronic GI conditions referred to a GI
health psychology service during a 15-mo period from
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2010-2011 at our outpatient faculty practice group
at Feinberg School of Medicine, Northwestern Univer
sity. All referrals were made by gastroenterologists
within our outpatient practice. Referrals were not
accepted from outside providers. Patients had un
dergone a thorough GI work-up prior to being refe
rred for psychological services. Table 1 provides a
list of criteria that we recommend physicians in our
practice follow to guide them in referring appropriate
patients. Gastroenterologists referred patients by
explaining the rationale for psychological treatment
and providing patients with a brochure with further
details about the services. The gastroenterologist
also placed a formal referral through our electronic
medical record system that is routed to a patientliaison who then contacts the patient. This initial
phone call provides the patient with opportunity to
ask additional questions about behavioral medicine
services, schedule the initial appointment, and
review insurance coverage for the visit. Any patient
referred for management of a chronic gastrointestinal
condition during this 15-mo period is included in our
sample, including patients who did not respond to the
referral.

Table 1 Guidelines for appropriate referrals for health
psychology services
Appropriate referrals
Patients with moderate to severe functional symptoms who have not
responded to medical management (Palsson and Whitehead, 2013)
Stress or emotional factors are exacerbating gastrointestinal (GI)
symptoms
Any patient interested in non-pharmacological treatment of functional
GI symptoms
Patients newly diagnosed with chronic GI illness (e.g., crohn’s disease;
ulcerative colitis)
Any patient needing assistance coping with chronic, uncomfortable
GI symptoms
Inappropriate referrals
Patients with significant psychological symptoms that are
independent of the GI condition
Current severe psychiatric symptoms (suicidal ideation, psychotic
disorder, obsessive-compulsive disorder)
Active eating disorder
Low insight into the role of stress on his/her GI condition
Poor motivation to engage in psychological treatment

pact of bowel habits on overall functioning and qol
for people with IBS or related functional bowel dis
[22]
orders . Each item has a 5-point response scale (1
to 5). Item scores were reversed and then summed
to derive an overall QOL index and 8 subscales
(dysphoria, interference with activity, body image,
health worry, food avoidance, social reactions, sexual
activity, and relationships). Scores were transformed
to a 1 to 100 scale ranging from 0 (poor QOL) to 100
(maximum QOL).

Measures

The following psychosocial questionnaires were
completed by patients at their intake visit with the
psychologist as standard clinical practice. A subset
of the sample (i.e., patients with functional bowel
disorders; n = 43) also completed a qol measure.

Retrospective chart review

Demographics and psychosocial history: A
short demographic and psychosocial checklist was
completed by each patient, which includes basic
demographic data (e.g., age, gender, marital status,
education) as well as a checklist of current and past
psychosocial concerns (PSC). The checklist included
36 items of common psychological difficulties (e.g.,
depression, anxiety, difficulty managing stress, history
of abuse, anger). Patients checked “yes” if they had
ever experienced the difficulty. Patients also indicated
to what extent they believed that stress impacted the
course and treatment of their GI condition, a good
marker of psychological insight and appropriateness
for behavioral intervention.

Chart review was conducted on all patients referred
to our service irrespective of following through
with a behavioral medicine intake and included:
medical diagnosis, number of physician office visits
during the 6 mo following the behavioral medicine
referral (including emergency room visits or primary
care physician visits related to their condition) and
number of diagnostic procedures related to their
gastrointestinal condition in the 6 mo following the
referral. Diagnostic procedures included blood work,
stool studies, breath testing, imaging, and endoscopy
procedures. Additionally, the number and type of
treatment sessions with a psychologist was collected
for patients participating in BMed treatment.

Statistical analysis

Brief symptom inventory: BSI is an 18-item que
[21]
stionnaire used to assess psychological distress .
The BSI yields a total (general distress) T-score
and 3 subscale T-scores for depression, anxiety,
and somatization. Higher scores represent greater
distress. The cutoff for clinical significance for each
scale is t = 63. The BSI has good internal reliability
(0.71-0.85) and test-retest reliability (0.68-0.91).

Statistical analysis were completed using SPSS
18.0 for Windows (SPSS Inc., Chicago IL, United
States). Statistical significance was set at P < 0.05
for all analyses. Demographics and psychosocial
characteristics of the sample were completed com
puting frequencies, means, standard deviations,
and percentages where applicable. We used logistic
regression to examine demographic and disease
variables as predictors of whether or not patients
initiated treatment. Logistic regression was also used

IBS-QOL questionnaire: IBS-QOL questionnaire
is a 34-item measure designed to assess the im
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psychological treatment with a therapist. Treatments
were predominantly gut-directed hypnosis (48%)
and cognitive behavioral therapy (CBT, 44%). Mean
length of treatment was 4 sessions (SD = 4.32,
range: 1-21).

Table 2 Demographics based on response to referral

Demographics
Average age
Gender (% female)
Disease type
IBD
Functional bowel
Dyspepsia
Esophageal
Other

Patients seen for an
initial intake (n = 118)

Patients not seen for
an intake (n = 141)

40
71

38
79

22
49
23
15
9

29
59
30
11
12

qol

Disease-specific QOL was obtained from a subset of
patients who were diagnosed with a functional bowel
disorders using the IBS-QOL (n = 43). Mean IBSQOL was 58.94. Food avoidance (38.6) was the most
impaired subscale domain, followed by dysphoria
(52.2), interference with activity (56.8) and health
worry (58.8). These symptom reports are comparable
[22,23]
to scores reported in the IBS literature
.

Patients seen for an initial intake: includes all patients evaluated by a
psychologist, including both functional GI disorders as well as other
disease groups; Patients not seen for an intake: includes all patients that
were referred for psychological services by their gastroenterologist,
but did not meet with a psychologist; "Other" disease group: chronic
pancreatitis, celiac disease, non-cardiac chest pain, rumination syndrome,
functional vomiting, gastroparesis, eosinophilic disease, and aerophagia.
Diagnosis Type refers to the patients diagnosed with each disease type.
IBD: inflammatory bowel diseases; GI: gastrointestinal.

Psychosocial characteristics

Frequency of psychosocial concerns and mean BSI
scores were calculated on the entire sample of
patients that completed intake forms with the psy
chologist (n = 113). The most frequently reported
PSC included anxiety (75%), worry (63%), and
difficulty managing stress (61%). Mean t-scores
were calculated for the BSI total score and individual
subscales. T-scores for the total score (t= 51.12),
depression (t = 51.34), anxiety (t = 51.28), and
somatization (t = 50.04) scales all fell below the
cutoff for clinical significance (t = 63), indicating that
on average these patients did not report clinically
significant mood difficulties.
Logistic regression analyses were run on the
entire sample to determine whether demographic and
disease variables predicted whether or not patients
followed up on the referral for psychological services.
Results indicated that demographic variables (age,
gender) and disease type (IBS, functional dyspepsia,
IBD, esophageal symptoms, and “other”) did not
differentiate between those who did and did not
pursue treatment (all p > 0.13).

to examine differences in HCU among patients who did
and did not engage in BMed treatment.

RESULTS
Demographics

A total of 259 internal referrals for psychological
treatment were identified from February, 2010 through
May, 2011. Diagnoses included IBS (42%), functional
dyspepsia (20%), IBD (20%), esophageal symptoms
(10%), and “other” (8%; e.g., chronic pancreatitis,
non-cardiac chest pain, rumination syndrome, func
tional vomiting, gastroparesis, aerophagia). The
majority of referrals (76.8%; n = 199) were for
patients diagnosed with some type of functional GI
condition (e.g., IBS, functional abdominal pain, fun
ctional dyspepsia, functional vomiting, esophageal
hypersensitivity). Average age was 38 (range: 19-88)
and 76% were female. Table 2 provides a breakdown
of demographic data for all patients referred based on
whether or not the patient met with a psychologist for
an initial visit.
Nearly half of patients referred for treatment
scheduled an intake with a psychologist (n = 118)
and 113 of these patients completed intake forms.
The following demographics were obtained from the
intake forms of these 113 patients: marital status
was predominantly single, divorced, or widowed
(61%); patients were predominantly college educated
(73%); 95% indicated that stress has a moderate or
severe impact on the course or treatment of their GI
condition.

Health care utilization

Logistic regression was used to examine differences
in HCU among patients who did and did not engage
in psychological treatment. These analyses were
limited to those patients diagnosed with some type
of functional GI disorder (n = 199). Among functional
GI patients (n = 199), those patients who initiated
treatment received significantly fewer GI-related
medical procedures during the 6 mo following the
referral than patients who did not [t (197) = 2.69,
P < 0.01], with those in treatment receiving fewer
procedures (0.38 vs 0.79). There was no difference in
the number of physician office visits (0.43 vs 0.54).

Feasibility and acceptability

DISCUSSION

Of the 259 patients referred for treatment, 118 (46%)
met with a psychologist for an intake. Approximately
one-third (n = 87; 34%) engaged in ongoing
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Table 3 Myths and misconceptions of psychological treatments for gastrointestinal conditions
Myth

Fact

Only patients with significant psychological distress will benefit
from working with a health psychologist
Only patients with functional GI conditions are appropriate for
referral to psychologist
Psychological treatments are expensive
Psychological treatment requires significant time commitment

The majority of patients seen in our clinic do not suffer from a psychological
disorder and yet benefit significantly from treatment
Patients with a wide-range of GI conditions can benefit (crohn’s, ulcerative colitis,
chronic pancreatitis, GERD); 20% of patients in this study had IBD
Psychological treatments are often covered by insurance and are associated with
reduced long-term health-care costs.
Many patients can benefit in as few as 4 sessions

GI: Gastrointestinal; IBD: Inflammatory bowel diseases; GERD: gastroesophageal reflux disease.

[24]

portion of health care utilization . There is strong
empirical evidence that psychological treatments
for functional GI disorders are beneficial; however,
the implementation of these treatments in a clinical
setting has lagged behind. The results of the present
study indicate that it is feasible to implement these
treatments in an outpatient GI clinic and that many of
the barriers to treatment that have been suggested in
[11]
the past can be overcome . Table 3 provides a list of
common myths about psychological treatments for GI
patients and corresponding facts based on findings of
this study and our experience running an integrated
psychosocial GI service.
Our findings suggest that many patients are in
fact receptive to and interested in psychological treat
ment. Over 200 patients were referred for psycho
logical treatment within a 15-mo time span and
nearly half of these patients met with a psychologist.
Historically, referrals for psychological treatments
are only considered for patients who are significantly
distressed. Our experience has been that even pa
tients who are functioning quite well emotionally can
still benefit from these treatments. The majority of
the patients in the current study identified stress as
a contributing factor to their GI condition, but they
were not suffering from a psychological disorder.
These findings are contrary to the perception that
only highly anxious or depressed patients will benefit
or be interested in meeting with a psychologist.
It is notable that patients with a wide range of GI
conditions utilized behavioral treatments. Traditionally,
psychological referrals are only considered for
patients with functional conditions. However, 20% of
the referrals made in this study were for patients with
inflammatory bowel disease and patients with various
organic GI conditions are commonly seen by the
health psychologist in our clinic (e.g., celiac sprue,
pancreatitis, eosinophilic gastrointestinal diseases).
Our experience has been that IBD patients in particular
are eager to work with a GI health psychologist
[9]
and this is consistent with research findings .
Furthermore, patient demographics did not influence
whether or not patients pursued health psychology
services. This should encourage gastroenterologists
to consider referring a wide range of patients and
not assume that certain demographic groups (e.g.,
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elderly) would not be interested.
Our findings are consistent with past research
indicating that psychological interventions can reduce
[19]
healthcare burden. For example, Creed et al
found
that psychological intervention, but not antidepressant
medication, was associated with reduced health care
costs, largely due to fewer gastroenterology follow-up
visits. Similarly, our results indicate that functional GI
patients who participate in psychological treatment
are less likely to need further medical procedures for
their GI condition. Although psychological treatments
may require greater time investment from the patient
initially, there is less long-term medical follow-up
needed (outpatient visits, medical procedures, medi
cations); thereby reducing burden on patients and
providers. Given the effectiveness of psychological
treatments for GI conditions, it is not surprising that
patients engaged in these treatments were in less
need of medical attention.
Another significant finding from this study is the
short-term nature of treatment. The average length of
treatment in our study was 4 sessions. These findings
are consistent with past research indicating that a
significant proportion of IBS patients treated with CBT
respond to treatment within 4 wk (referred to as rapid
responders) and maintain symptom improvement for
[10]
at least 3 mo . These findings are contrary to the
misconception that psychological treatment requires
a long-term time commitment. CBT is designed to be
a short-term skills-based treatment that teaches the
patient to self-manage their condition. Patients will
be more likely to consider psychological treatment if
they understand that this is a short-term investment.
It is notable that the treating provider in this study
is a health psychologist with specific training and
experience in gastroenterology. Implementation of
psychological treatments for GI conditions requires
specialized knowledge and training and these same
results might not be achieved by a “general” psy
chotherapist. Unfortunately there are a limited num
ber of providers with this expertise, making it chal
lenging for physicians to find psychological providers
to refer to.
Our clinical experience has been that many of
the suggested barriers to offering psychological
treatments for gastrointestinal conditions can be
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Applications

addressed with appropriate integration of these
services. By having a provider on-site, offering be
havioral medicine services in conjunction with medical
treatment, and streamlining referrals, patients
are more receptive to health psychology services.
Furthermore, effective communication of the referral
[6]
by the gastroenterologist is important . Concerns
have also been raised about financial cost as a barrier
to psychological treatment. It is worth noting that
health psychologists have specialized billing codes
(i.e., health and behavior codes) that allow for
behavioral treatment to be billed under the patient’
s medical insurance. All patients seen for treatment
in this study received behavioral intervention through
their medical insurance. These billing codes not only
make treatments more accessible to patients, but
also de-stigmatize treatment by differentiating it from
mental health treatment.
Although this study contributes important findings,
its limitations should be noted. Our sample was drawn
from Northwestern’s outpatient gastroenterology
clinic, located in downtown Chicago. This patient
population is typically well-educated, affluent, and
has adequate resources to benefit from psychological
treatments. Additional barriers might be present
for patients from different geographical areas with
more diverse socioeconomic status. This study was
also limited by small sample size of various disease
groups. An important goal of future research will be
to obtain chart review data on a larger portion of
patients, collect additional measures of HCU (e.g.,
clinic phone calls, medication use), and examine
barriers to participating in psychological services.
Despite these limitations, this study provides insight
into the role that psychologists can play in improving
care and outcomes of patients with gastrointestinal
conditions.

This article provides a model for integrating psychological services into an
outpatient GI practice and documents the benefits for both patients and
providers of offering integrated psychological care.

Terminology

CBT refers to a type of psychotherapy that is short-term, collaborative, and
aimed at addressing symptoms by helping the patient change thinking,
behavior, and emotional responses. CBT has been found to be effective for
numerous mental and physical health disorders.

Peer-review

This is an interesting study of the feasibility and effect of psychological
interventions in the management of common GI disorders. The manuscript
is well written, the tables are well organized, and the results are outlined in a
very effective manner. This article will attract a significant number of readers,
especially among gastroenterologists with specific interest in functional GI
disorders.
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Measures of patient radiation exposure during endoscopic
retrograde cholangiography: beyond fluoroscopy time
Toufic Kachaamy, Edwyn Harrison, Rahul Pannala, William Pavlicek, Michael D Crowell, Douglas O Faigel
METHODS: this is a prospective observational study of
consecutive patients undergoing endoscopic retrograde
cholangiopancreatography in a tertiary care setting.
Data related to radiation exposure were collected. The
following measures were obtained: Fluoroscopy time
(FT), dose area product (DAP) and dose at reference
point (DOSERP). Coefficients of determination were
calculated to analyze the correlation between FT, DAP
and DOSRP. Agreement between FT and DAP/DOSRP
was assessed using Bland Altman plots.
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RESULTS: four hundred sixty-three data sets were
obtained. Fluoroscopy time average was 7.3 min. Fluo
roscopy related radiation accounted for 86% of the total
DAP while acquisition films related radiation accounted
for 14% of the DAP. For any given FT there are wide
ranges of DAP and DOSERP and the variability in both
increases as fluoroscopy time increases. The coefficient
2
of determination (R ) on the non transformed data for
DAP and DOSERP versus FT were respectively 0.416 and
0.554. While fluoroscopy use was the largest contributor
to patient radiation exposure during endoscopic retro
grade cholangiography (ERCP), there is a wide variability
in DAP and DOSERP that is not accounted for by FT.
DAP and DOSERP increase in variability as FT increases.
This translates into poor accuracy of FT in predicting
DAP and DOSERP at higher radiation doses.
CONCLUSION: DAP and DOSERP in addition to FT
should be adopted as new ERCP quality measures to
estimate patient radiation exposure.
Key words: Cholangiopancreatography; Endoscopic
retrograde; Fluoroscopy; Radiation; Endoscopy; Standards

Abstract

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

AIM: to determine whether fluoroscope time is a
good predictor of patient radiation exposure during
endoscopic retrograde cholangiopancreatography.

Core tip: endoscopic retrograde cholangiography (ERCP)
performance requires endoscopic skills and the use of
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fluoroscopy with inherent patient and staff radiation
exposure. Current ERCP quality measures do not in
clude any measures of radiation. There has been a
suggestion to include fluoroscopy time as a radiation
quality measure in ERCP. This article provides data on
the strength of correlation between fluoroscopy time
and more direct measures of radiation exposure such
as dose area product and dose at reference point. It
also provides a recommendation to include all three
measures as quality measures for ERCP. The article
presents important principles to achieve the as low as
reasonable achievable radiation doses during ERCP.

Table 1 Proposed quality Indicators for endoscopic retrograde
cholangiography
Quality indicator
1 Appropriate indication
2 Informed consent
3 Assessment of procedural difficulty
4 Prophylactic antibiotics
5 Cannulation rates
Desired duct
Use of precut
6 Extraction of common bile duct stones
7 Biliary stent placement
8 Complete documentation
9 Complication rates: pancreatitis, bleeding, perforation, and cholangitis

Kachaamy T, Harrison E, Pannala R, Pavlicek W, Crowell
MD, Faigel DO. Measures of patient radiation exposure during
endoscopic retrograde cholangiography: beyond fluoroscopy
time. World J Gastroenterol 2015; 21(6): 1900-1906 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v21/i6/1900.
htm DOI: http://dx.doi.org/10.3748/wjg.v21.i6.1900

can help endoscopists become more cognizant of their
radiation use and in time reduce patient and staff ra
diation exposure. The ideal measures would also be
comparable to measures in other radiologic procedures
as we envision a patient specific radiation exposure
measure and ways to minimize radiation exposure
as one of the future goals of the healthcare system.
Fluoroscopy time has been proposed to be used as a
quality measure for ERCP, however, fluoroscopy time
is but one of several factors that determine radiation
exposure, may not be the most accurate surrogate
marker and has its limitations. In fact guidelines for
patient radiation dose management from the society of
interventional radiology recommend that fluoroscopy
time be used with caution to monitor patient radiation
doses because of poor correlation with other dose
[7]
metrics) . This article attempts to define an evidence
based quality measure of patient radiation exposure
specific to ERCP.
When X-ray energy is absorbed by tissue an ele
ctrical charge is produced. In the international system
of units (SI) this is measured in Grays. 1 Gray =
1 J/kg. Because different tissues absorb radiation
differently the energy produced is tissue dependant.
The radiation dose absorbed in humans is measured
in tems (radiation equivalent in men) the unit of
[8]
which in the SI is Sieverts (Sv) . Ionization can
cause DNA damage. There are many different forms
of radiation related injuries including stochastic and
deterministic injuries. In stochastic the probability of
an event is related to the amount of exposure but the
severity is not; such is the case in cancer induction.
Deterministic injuries occur after a certain thre
shold is reached; an example would be skin related
[6]
burns . In stochastic injuries there is no amount of
radiation which does not lead to possible injury and
thus the concept of linear-no-threshold model of
radiation exposure. A consequence of this model is
the evolution of the concept of using radiation doses
as low as reasonably achievable to perform the task
or study (ALARA principle). A simplistic estimate of
radiation risk from epidemiologic studies suggest that
a lifetime exposure to 1 Sv increases the cancer risk
[9]
by 10% and cancer mortality by 5% . For reference

INTRODUCTION
Endoscopic retrograde cholangiography (ERCP) is
one the most resource intensive complex endoscopic
procedures routinely performed. It requires in ad
dition to endoscopic skills the ability to interpret
radiologic images in real time. It is also the one with
the highest risk. The American Society for Gastro
intestinal Endoscopy (ASGE) and the American
College of Gastroenterology (ACG) established a task
force in 2006 to create quality metrics for endoscopy
including ERCP. The quality measures proposed
for ERCP are listed in table 1 and are designed to
represent measurable endpoints indicative of high
[1]
quality care .
The use of fluoroscopy inherent to ERCP results in
patients and staff radiation exposure. Since publication
of the 2006 guidelines, fluoroscopy time has been
proposed as a potential quality metric to add to the
original quality measures which did not include a
[2]
measure of radiation exposure . Radiation exposure in
the United States and worldwide have been increasing
[3]
significantly . Radiation doses to patients and staff
during ERCP can be similar to other interventional
[4,5]
radiologic procedures . While the effects of radiation
from one ERCP are unlikely to have any negative
effects on patients’ health, the cumulative effects of
multiple radiologic procedures including ERCPs can be
detrimental. A recent study suggested that radiation
doses during ERCP may have declined in recent
years partly due to better equipment and partly due
[6]
to the experience gained in ERCP . We believe that
measures of radiation exposure during ERCP need
to be included as quality indicators. Good measures
should be accurate and easily measured. They should
be comparable across centers to compare performance
and be included in quality improvement projects. They
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Table 2 Radiation data mean and range

Mean
Minimum
Maximum

DAPt

DOSERPt

DAPf

0.0022529
0.0000013
0.004545

0.28213
0.00004
1.92667

0.1269457
0.0000013
0.0042557

DOSERPf
0.126946
0.00004
0.4832

DOSERPa
0.001784
0
0.0291

FLUORO_TIME
7.31
1.00
2141

- 125 kVp for fluoro and 120 kVp for spots (maxi
mum) and mA - 800 mA for fluoro (maximum). 0.1
mm Copper filtration was used in addition to the
standard filtration. Radiation meters permanently
installed on the fluoroscopy unit provided DAP and
DOSRP measurements. Scatter plots were generated.
Coefficients of variation were determined on both
the transformed and non transformed data. Bland
Altman plots were obtained. Statistical analysis was
performed using SPSS. The study was exempt from
review of the institutional because the data was
collected without patient identifiers.
All procedures were performed by three expe
rienced therapeutic endoscopists with the possible
th
involvement of a 4 year advanced endoscopy fellow.
Procedures were done in the prone position under
general anesthesia. Olympus endoscopic equipment
and Boston Scientific short wire rapid exchange ac
cessories were used.

a CT scan exposes the patient to around 10 mSv
and translates to an increase by one cancer in every
1000 CT scans. There are many measures of radiation
exposure that can be used. Dose Area Product (DAP)
is the product of the dose absorbed and the area
irradiated and is expressed in Gy square cm. It is an
estimation of the entire dose of radiation that the
patient receives and is thought to correlate the with
long term biologic risk from radiation or stochastic
injury. Dose at the reference point (DOSERP) is ano
ther measure used and is the dose of radiation deli
vered to a specific point in space which is, unless
otherwise specified, along the central ray 15 cm
from the isocenter toward the x-ray tube. DOSERP is
relevant to skin injury and deterministic injury. Both
can be easily measured by detectors installed on the
fluoroscopy unit and the results can be made to be
automatically included in reports and transmitted to
a database. Because of the ease of measurement,
fluoroscopy time has been used as a measure of
radiation exposure in ERCP. The assumptions are that
FT is a good indicator of radiation exposure and their
relationship is linear. However, FT is just one of several
factors that determine radiation exposure. These
factors include acquisition (spot) films, fluoroscopy
pulse rate, patient distance from the x-ray tube, use
of oblique imaging, magnification and patient body
mass index (BMI). In fact, multiple studies of nonGI interventional radiologic procedures have found FT
to be a poor predictor of patient radiation doses such
as interventional radiology societies caution against
relying exclusively on FT as a measure for patient
[5,7,10-12]
radiation exposure
.

RESULTS
Four hundred sixty-three data sets were obtained.
ERCPs were performed by three different attendings.
A fellow was involved in approximately 60% of the
procedures. The radiation data mean and ranges
are shown in table 2. Fluoroscopy time average was
7.3 min. Fluoroscopy related radiation accounted for
86% of the total DAP while acquisition films related
radiation accounted for 14% of the DAP. Every
acquisition film was equivalent to approximately 15
seconds of fluoroscopy time (data obtained from a
sample of the total data).
Scatter plots for DAP and DOSERP as a function
of FT are shown in Figure 1. The scatter plot show
that for any given FT there are wide ranges of DAP
and DOSERP and the variability in both increases as
fluoroscopy time increases. This is confirmed by the
Bland Altman plots where a significant proportional
bias was seen and increased as FT increased (Figure
2). The coefficient of variation (R) for DAP versus
fluoroscopy time was 0.645. The coefficient of
2
determination (R ) on the non transformed data for
DAP and DOSERP versus FT were respectively 0.416
and 0.554. A better linear relationship was found
using the log transformed data and the coefficient of
variation were 0.66 and 0.69. Data on magnification
were available on 183 patients. Changes in mag
nification accounted for only 6% of the variability in
DAP and DOSERP.

MATERIALS AND METHODS
A part of an ongoing quality initiative we prospectively
collected data from all ERCPs performed in our
tertiary care center from January 2012 until June
2013. The following information was obtained: Dose
area product (DAP) in milligray meter squared, ra
diation dose of the reference point in Gray (Gy)
DOSERP and fluoroscopy time (FT). DAP and DOSERP
data were divided into total, fluoroscopy related and
spot films acquisition related: DAPt, DAPf, DAPa,
DOSERPt, DOSERPf and DOSERPa respectively. The
fluoroscopy unit used was a Siemens unit with the
following model and settings: Model - Artis zee multipurpose stand, Software - VC14J, Detector - Flat
panel, Pulse per second - 3 PPS for Fluoroscopy, kVp
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A

B

0.03

2.0

1.5
0.02
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0.0
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Figure 1 scatter plot. A: dose area product and fluoroscopy time; B: dose at reference point and fluoroscopy time. DAP: Dose area product; DOSRP: Dose at
reference point.
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Figure 2 Bland Altman plott. A: dose area product and fluoroscopy time; B: dose at reference point and fluoroscopy time. DAP: Dose area product; DOSRP: Dose
at reference point.

experienced endoscopist used less fluoroscopy time.
These studies assumed that radiation exposure stron
[15]
gly correlated with FT . Prior studies which looked
at the relationship between DAP and FT had a small
[4,18,19]
number of patients 20, 73 and 54 patients
. A
recent study found no correlation between DAP and FT
[20]
or total number of films taken . A large study which
reported fluoroscopy time, DAP and DOSERP found a
[6]
strong but “not perfect” with an r = 0.728 . Our data
shows that fluoroscopy use is the largest contributor
to patient radiation exposure during ERCP. While there
is a good correlation between DAP, DOSERP and FT,
there is a wide variability in DAP and DOSERP that is
not accounted for by FT. DAP and DOSERP increase
in variability as FT increases, and this translates into
poor accuracy of FT in predicting DAP and DOSERP
where it matters most i.e. at higher radiation doses.
Thus, while there is a correlation between FT and
exposure, the correlation is not accurate resulting in
both under and overestimations of radiation dose if FT
were relied upon alone.

DISCUSSION
The use of fluoroscopy is inherent to ERCP. Since
the quality measures proposed by the joint ASGE/
ACG task force there has been proposal to include
fluoroscopy time as a additional quality indicator to
monitor and improve on patient radiation exposure
[2]
during ERCP . In addition, most studies which looked
at patient radiation exposure during ERCP in the past
relied on FT. For example a study which looked at
factors associated with increased patient exposure
[13]
used FT as a measure of radiation exposure .
Another study which found that radiation exposure
during ERCP was lower when providers with more
experience performed the procedure used FT as the
[14]
outcome measured . Other studies looked at the
critical determinant of fluoroscopy duration, the effect
of training on fluoroscopy duration and the effect of
[15-17]
time limited fluoroscopy
. One very large study
which looked at the experience of the endoscopist
and “radiation exposure” in ERCP found that more
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Table 3 ALARA principles
ALARA principles
Keep the patient away
Use fluorosave instead of acquisition
from the radiation source
images
Keep the detector close to
Keep angulation to a minimum
the patient
Lower the exposure rate
Add 0.1 mm Cu filtration for all protocols
(PPS)
Use lowest needed
Step back during acquisition
magnification
Use collimation
Use personal protective equipment
Limit fluoroscopy on-time Use lead shielding on the fluoroscopy unit

Figure 3 Good patient positioning: Patient is close to the detector and far
from the x-ray tube.

especially if multiple magnification factors are used
as the image can become more blurred at higher
magnification. This can happen because magnification
can alter the focus of the radiation beam on the
detector. Suggestions to help the endoscopist follow
the ALARA principles are listed in table 3.
There are additional benefits for using more di
rect measures of radiation exposure such as DAP and
DOSERP over FT. They are comparable among centers
and can be used to establish useful benchmarks for
quality improvement. They are also comparable to
measures obtained during other imaging procedures
and interventional radiologic procedure making a
patient centered cumulative radiation measure pos
sible. They will also help the endoscopist collaborate
with the radiology department to identify ways to
decrease patient and staff radiation exposure beyond
just looking at FT. DAP and DOSERP have their limi
tations. For example they both ignore the radiation
delivered to the patient as a result of backscatter. While
DOSERP is a good estimate of the skin dose delivered
to the patient, the best estimate of skin injury would
be the peak skin dose (PSD). PSD represents the
highest level of radiation that any part of the skin
receives. PSD however is very difficult to measure or
determine. Both DAP and DOSERP are easily measured
and the values collected can be automated making
quality improvement projects easier to implement.
In addition current FDA guidelines require any new
fluoroscopic unit installed in the United States to have
the capability of measuring radiation exposure making
this type of quality measure eventually possible for
all endoscopists using fluoroscopy. The uncertainties
in these measures are currently estimated to be
+ or -50% for DOSERP and +130% to -70% for
FT. DAP uncertainty in measurement is in between
these values. While none of these measures are
highly accurate in determining the exact amount of
[20]
radiation exposure, FT is the least accurate . For the
above reasons, we believe it is time for endoscopists
performing ERCP on regular basis to join other fluo
roscopy based disciplines in monitoring their patient
radiation exposure by incorporating DAP and DOSERP
measurements in addition to FT as part of their quality
measures.

DAP and DOSERP reflect multiple other factors not
reflected by FT including the patient size and position,
the geometry and setting of the fluoroscopy equip
ment, collimation, angulation, magnification, total
number of acquisition films obtained, and radiation
filtration. While some factors such as patient size
are not controllable by the endoscopist many are
modifiable. Some factors can be modified a priori
and for all procedures like the equipment settings
including pulse per second and filtration. For example
changing the pulse rate on the machine from 15 to
3 can decrease patient radiation doses fivefold. This
will not be reflected in FT. Copper filtration will filter
radiation to the patient which does not contribute to
the quality of images and thus decreasing patient
radiation exposure without significantly affecting
[21]
the quality of the image . Some ways to decrease
radiation exposure require meticulous attention at
the beginning of the procedure like the patient and
detector position (figure 3).
Others ways to decrease radiation doses need
behavior modification during the procedure: for in
stance using last image save instead of acquisition
films and using magnification only when it helps signi
ficantly in the task being performed and reverting
back to the lowest needed magnification once the
higher resolution is no longer needed. That being
said, in our study magnification had a small effect on
total exposure and we believe that the magnification
relationship to total radiation exposure is more com
plex than the obvious. While there is no doubt that
magnification increases the amount of radiation per
unit time delivered to a point in space, it may involve
a smaller radiation field and thus the effect on DAP is
complex. In addition, if magnification allows the faster
performance of the needed task it might decrease
fluoroscopy time with the end result being less ra
diation than what would be expected purely from
magnification. This might explain why magnification
was only responsible for 6% of the variation in our
data. We would like to emphasize however that magni
fication does not always lead to better visualization
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Patient radiation exposure is increasing in the
United States and worldwide. Patient radiation ex
posure during ERCP can be similar to other inter
ventional radiologic procedures. Quality measures
reflecting patient radiation exposure during ERCP are
needed. Based on the above data, we recommend
adopting DAP and DOSERP in addition to FT as new
ERCP quality measures to estimate patient radiation
exposure.

2

3

COMMENTS
COMMENTS
Background

4

endoscopic retrograde cholangiography (ERCP) is one of the most complicated
gastrointestinal procedures routinely performed. It requires in addition to
endoscopic skills the use of fluoroscopy with inherent patient and staff
radiation exposure. Quality measures were proposed in 2006 by a joint the
American Society of Gastrointestinal endoscopy and the American College
of Gastroenterology task force but did not include any measures of radiation.
Since the publication of these quality measures fluoroscopy time has been
proposed to be added as a measure reflecting patient radiation exposure.

5
6

Research frontiers

Studies of fluoroscopy time correlation with patient radiation exposure during
ERCP are small. Interventional radiology and cardiology literature suggest that
fluoroscopy time is an inaccurate measure of radiation exposure. Well designed
large studies looking at ERCP radiation quality measures are lacking.

7

Innovation and breakthroughs

This is the largest study on radiation measures in ERCP. The findings are
contrary to prior small studies which showed that fluoroscopy time is an
excellent measure of patient radiation exposure. The findings are consistent
with other fluoroscopy based disciplines and recommendation of interventional
radiology societies.

8

Applications

9

The authors recommend using Dose Area Product and Dose at Reference Point
in addition to Fluroroscopy time as measures of patient radiation exposure.
These measures will allow creation of ERCP specific radiation benchmarks
which can be comparable among centers. They will also allow the possibility
of tracking total radiation dose for a given patient across disciplines including
diagnostic imaging.

10

Terminology

Dose area product (DAP): is a surrogate marker of the radiation risk to the
tissue irradiated. It is the product of the radiation dose absorbed and the area
irradiated expressed in gray cm square. It does not account for the radiation
dose cause by scatter. It is easily measured by placing a dosimeter beyond
the collimator in a way to intercept the radiation beam. DAP correlates with
the risk of stochastic effects such as cancer induction. Dose at reference point
(DOSRP): is the dose of radiation delivered to a specific point in space which
is, unless otherwise specified, along the central ray 15 cm from the isocenter
toward the x-ray tube. It does not include radiation related to backscatter.
DOSRP correlates with the risk of deterministic effects such as skin injury. Peak
Skin dose: is the highest radiation dose received by any part of the patient
skin. This includes radiation from the primary X-ray bean and backscatter. It is
difficult to measure but is the best estimate of deterministic effects. Stochastic
effects: a radiation effect whose probability of occurrence is related to the
amount of exposure but the severity is not; such is the case in cancer induction.
Deterministic effects: a radiation effect whose probability occurs after a certain
threshold is reached; an example would be skin related burns.

11
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Peer-review

This is a very interesting prospective and descriptive study. The authors
have been able to show that fluoroscopy time is not an accurate indirect
measurement of the radiation exposure during the ERCP procedure to the
patient and medical staff.
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Abstract
AIM: To evaluate the prevalence of double negative
(DN) sera and the mechanisms responsible for DN
status.
METHODS: Sera of inflammatory bowel disease
patients treated with infliximab (IFX) were tested for
drug/antibodies to infliximab (ATI) trough levels and
the proportion of DN results was compared between
a commercially available double antigen ELISA (with
labeled IFX as the detection antibody) and an antilambda ELISA (with anti-human lambda chain detection
antibody). Repeat testing with lower than customary
serum dilution (1:10) was performed. Patients with
DN status were matched with IFX+/ATI- controls and
were followed-up for subsequent development of nontransient ATI to investigate if DN status precedes ATI.
RESULTS: Of 67 sera obtained at time of loss of
response, only 6/67 (9%) were DN by anti-lambda
ELISA compared to 27/67 (40%) with double antigen
ELISA (p < 0.001, Fisher’s Exact test). Of the latter
27 sera, 22% were also DN by anti-lambda ELISA,
whereas 44% were actually IFX positive (IFX+ATI-),
30% were ATI positive (IFX-ATI+) and 4% were double
positive (IFX+ATI+). Re-testing using a 1:10 dilution
converted most DN results into IFX+ and /or ATI+
status. Patients with DN status had shorter survival
free of non-transient ATI compared with matched
controls (log rank test, p < 0.001). In 9/30 (30%) of
these patients, non transient ATI occurred before and
after the event at which the DN serum was obtained,
supporting the view that a DN result may represent a
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[7,10]

particular time-point along the two curves of ATI titer
rise and infliximab drug level decline.

the expected IFX-/ATI+ status
.
There is a lack of data regarding the mechanisms
responsible for the DN status and its consequence.
DN status has been attributed to both immune and
non-immune clearance of anti-TNF, as well as to te
chnical limitations, such as non-uniform timing of
measurement (trough levels are more sensitive than
[5,11]
in-between infusions)
. The uncertainty about the
causes and implications of an IFX-/ATI- status makes
it hard to establish optimal strategies to prevent
and/or manage LOR events in the presence of such a
pharmacokinetic situation.
The aims of the present study were to evaluate the
frequency and clinical significance of DN status among
IFX-treated IBD patients (both in general and at time
of LOR) and to investigate the impact of the diagnostic
technique on the incidence of this phenomenon.

CONCLUSION: DN status may result from false nega
tive detection of IFX or ATI by double antigen ELISA,
suggesting a transitional state of low-level immuno
genicity, rather than non-immunological clearance.
Key words: Inflammatory bowel disease; Biological
therapy; Infliximab; Immunology; Drug response
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Among patients who lose response to infli
ximab (IFX) 10%-60% have low IFX levels in the
absence of antibodies to infliximab (ATI) - double
negative (DN) status. We explored the prevalence and
the mechanisms responsible for DN status. The preva
lence of DN sera varied with the assay and dilution
used. Patients with DN status had shorter survival free
of ATI compared with matched controls (p < 0.001).
We believe that DN status may result from false
negative detection of IFX or ATI by a conventional
ELISA assay, suggesting a transitional state of low-level
immunogenicity, rather than non-immunological drug
clearance.

MATERIALS AND METHODS
Study design and patient population

The study population included IBD patients treated
with IFX at the gastroenterology departments of
Sheba medical center and the Tel-Aviv Sourasky
Medical Center between February 2009 and October
2013, who had available sera stored. All participants
provided written informed consent and the ethics
committees of the two medical centers approved the
study. Pre-infusion sera were obtained and analyzed
for trough IFX and ATI levels. Sera of patients whose
infusions were delayed for over 2 wk from the
scheduled date were excluded.
The study consisted of two separate parts: (1) an
analytical part, which targeted differences between
assays and technical limitations; and (2) a clinical
part, aiming to study the natural history of the DN
phenomenon (Figure 1). In the analytical part of
the study, IFX and ATI trough levels of patients ex
periencing LOR were evaluated using two different
ELISA assays: double antigen and anti-lambda ELISA.
Subsequently, the fraction of IgG4 ATI was measured
and compared in a sample of patients with discrepant
results between the two ELISA assays to investigate
if the conflicting results stemmed from a predominant
monovalent IgG4 ATI response. Finally, to investigate
the analytical accuracy of the anti-lambda ELISA,
this assay was repeated in 45 randomly selected DN
sera using a serum dilution of 1:10 (rather than the
conventional 1:100 dilution). Patients’ sera in this
analysis were tested regardless of response status,
and sera of healthy volunteers unexposed to IFX
served as controls.
The clinical part was a case-control study; cases
were patients with IBD who had at least one DN
(IFX-ATI-) measurement during routine followup (not necessarily at a point of LOR) and controls
were IBD patients with positive drug levels without
ATI (IFX+ATI-). The starting point of the analysis
was defined as the month of the DN event in the
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INTRODUCTION
Infliximab (IFX) is a chimeric mouse - human mono
clonal immunoglobulin G1 (IgG1) antibody against
tumor necrosis factor α (TNFα). It is effective in inducing
and maintaining remission in crohn's disease (CD) and
[1-3]
ulcerative colitis (UC)
. Between 30%-70% of
patients who initially respond to IFX subsequently
lose their response and experience exacerbation
of symptoms, necessitating either dose escalation,
switch to another anti-TNF agent, concomitant immu
[4-6]
nomodulator therapy or surgical intervention
.
Antibodies to infliximab (ATI) develop in appro
ximately 40% of IFX treated patients and correlate
with lower IFX trough levels and clinical loss of
[7,8]
response (LOR) . In 10%-60% of LOR patients,
pharmacokinetic tests reveal low IFX trough levels
and absence of detectable ATI, designated double
[5,9]
negative (DN) status (IFX-/ATI-) . Furthermore,
several studies, including the SONIC trial, demon
strated that among patients with LOR, the DN status
was in fact the more common scenario rather than
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1495 sera, 155 patients

188 LOR sera

92 DN sera, regardless
of response

67 sera randomly
selected

45 sera randomly
selected

Comparative analysis:
AL vs DA

Analysis with 1:10
dilution AL

44 patients with ≥ 1
DN sera

14 DN patients
excluded

30 DN patients

Matched with 30
control patients

Followed for ATI
formation and LOR

Figure 1 Flow chart of the patients included in the two parts of this study. The analytical part (dashed lines) comprised a comparison of two different assays
and of two different serum dilutions; the clinical part (solid lines) followed up, in a case-control study, double negative patients versus patients with adequate infliximab
levels for subsequent antibodies to infliximab formation and clinical outcome. DN: Double negative; LOR: Loss of response; AL: Anti-lambda; DA: Double-antigen; IFX:
Infliximab; ATI: Antibodies to infliximab.

cases and the matching month in the controls. The
pharmacokinetics at the end of follow-up were corre
lated to clinical outcome. Cases and controls were
matched according to the duration of IFX therapy.
Patients with unavailable subsequent measurements
were excluded. Antibody formation was defined as
positive when a patient tested positive for ATI during
follow-up on more than two consecutive time points.
Transient antibodies were defined as measurable
ATI on up to two consecutive infusions, which dis
appeared on subsequent infusions without any alt
[8,12,13]
eration of therapy
. Permanent, non-transient,
ATI comprised the primary end point, while transient
ATI were disregarded. Clinical response was defined
by an improvement in disease activity indexes, the
Harvey-Bradshaw index (HBI) and the simple clinical
colitis activity index (SCCAI) for CD and UC patients,
respectively, coupled with a treating physician’s
decision to continue IFX therapy without alteration.
Clinical response was evaluated on the day of IFX
infusion. Secondary LOR was defined as increased
disease activity (a rise of > 3 points in HBI score or
of > 2 points in SCCAI for CD and UC, respectively)
[14-16]
after achieving an appropriate induction response
.
When unavailable, clinical response was determined by
the documented physician’s global assessment.

threshold was IFX > 1 µg/ml.

Measurement of ATI by TNF-α -blocker-ADA double
antigen ELISA

ATI levels were measured by a commercially available
qualitative TNF-α-blocker-ADA (antibodies against
infliximab, Immundiagnostik, Bensheim, Germany),
following the manufacturer’s instructions. The assay’s
detection threshold was ATI > 10 AU/mL, which was
standardized in our laboratories to 1 AU/ml.

In house determination of IFX levels

A volume of 100 µl of 1:100 diluted serum was
added to pre-plated 750 ng/mL TNFα (Peprotech,
Rocky Hill, NJ, United States) and incubated for 90
min. Following washing, horseradish peroxidase
(HRP) labeled goat anti-human Fc fragment antibody
(MP Biomedicals, Solon, OH, United States) at a
concentration of 0.62 µg/ml was added for 60 min
and reacted with the tetramethylbenzidine (TMB)
substrate. The results were then read on an ELISA
reader. Quantification of the measured IFX concen
tration was done by calibration to a standard curve
in which exogenous IFX (Schering Plough, NJ, United
States) was added at concentrations between 3 and
200 ng/ml. The assay’s detection threshold was IFX
> 0.6 µg/ml.

Measurement of IFX by TNF-α -blocker-monitoring
infliximab drug level ELISA

Measurement of ATI by anti-human lambda chain
detection antibody ELISA

IFX levels were measured by a commercially available
quantitative ELISA, TNF-α-blocker-monitoring
(Immundiagnostik, Bensheim, Germany), following
the manufacturer’s instructions. The assay's detection
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ATI were determined as previously described
.
Briefly, IFX (0.1 mg/ml) was added to pre-plated
TNFα (500 ng/ml) in 100 µL wells of ELISA plates
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Double antigen
ELISA

was considered statistically significant.

Anti-lambda
ELISA

RESULTS

DN
6
27 (40%)
DN

60%

Prevalence of the DN status using two ELISA assays

Out of 188 sera obtained from patients with LOR
during regular IFX therapy, 67 were randomly se
lected for comparative analysis using the two tech
niques (anti-lambda and double antigen ELISA,
Figure 1). In this analysis, 27/67 sera (40%) tested
IFX-/ATI- with double antigen-ELISA compared to
6/67 (9%) with anti-lambda-ELISA (p < 0.001,
Fisher’s exact test). The calculated number needed to
test (NNT) for a false-negative DN result by doubleantigen ELISA was 3.2. As depicted in Figure 2,
when applying anti-lambda-ELISA to the 27 sera that
were IFX-/ATI- with the double antigen assay, only 6
(22%) remained DN, while 12 (44%) were actually
IFX positive (IFX+ATI-), 8 (30%) were ATI positive
(IFX-ATI+) and one serum (4%) was double positive
(IFX+ATI+).

IFX+
12

IFX+
ATI+

ATI+
8
1

Figure 2 ELISA tests of patients with loss of response. Out of 67 patients
with loss of response, 27 (40%) were double negative with double antigen
ELISA. Of those, only 6 (9%) were DN using anti-lambda ELISA. LOR: Loss of
response; DN: Double negative; IFX: Infliximab; ATI: Antibodies to infliximab.

(Nunc, Roskilde, Denmark). After drying, 100 µl of
serum (1:100 dilution) was added and incubated
for 90 min at room temperature. Plates were then
washed and goat anti-human λ chain HRP-labeled
antibody (Sertec, Oxford, United Kingdom) was added
4
at a dilution of 2.5 × 10 for 60 min and reacted with
the TMB substrate. The results were read by an ELISA
reader EL-800 (Biotek Instruments, Winooski, VT,
United States) and expressed as mcg/ml-equivalent
(mcg/ml-e) after normalization vs results obtained
using additions of graded concentrations between
9 and 600 ng/ml of HRP labeled goat anti-human
F(ab’)2 fragment antibody (MP Biomedicals). The
assay’s detection threshold was ATI > 2.5 µg/ml-eq.

Double negativity on 1:10 dilution anti-lambda ELISA

When investigating the occurrence of double negativity
regardless of patients’ response status, we found
that only 92 of the 1495 sera (6%) analyzed at our
center between 2009-2013 were DN by anti-lambda
ELISA (Figure 1). To examine whether some of these
DN sera represented low-titer ATI or low level IFX,
we randomly selected 45 DN sera and re-tested them
at a 1:10 dilution to increase analytical sensitivity
(compared with standard anti-lambda testing using
1:100 serum dilution). Upon this 1:10 dilution test,
24 (53%) DN sera became IFX positive (IFX+ATI-),
15 (33%) were double positive (IFX+ATI+) and 5
(11%) were ATI positive (IFX-ATI+). Only one serum
(2%) retained its double negativity on 1:10 dilution
(Figure 3). This transformation into detectable levels
on 1:10 dilution was primarily caused by the fact
that all 30 sera of healthy controls unexposed to IFX
remained DN when tested by 1:10 dilution, but with
lower detection cut-off levels.

Measurement of IgG4 fraction of ATI

IFX (0.1 mg/ml) was added to pre-plated TNFα
(500 ng/ml) in 100 µl wells of ELISA plates (Nunc).
After drying, 100 µl of diluted serum (1:100) was
added and incubated at room temperature. Plates
were then washed and an HRP-labeled monoclonal
antibody to human IgG4 (fc-specific, Acris antibodies
CN AM20252HR-N) was added and reacted with the
TMB substrate. The results were read by an ELISA
reader EL-800 (Biotek Instruments) and expressed
as mcg/ml. Normalization was obtained using graded
concentrations of Human IgG4 Kappa (Millipore CN
AG508).

Determination of IgG4 vs IgG1 ATI

IgG4 are monovalent antibodies (as opposed to the
bivalent IgG1), and are thereby detectable by the
anti-lambda ELISA, rather than by the double antigen
[18]
assay . Therefore, we assumed that a DN status
on double antigen ELISA might be a result of nondetection of IgG4 ATI. To test this, we analyzed five
sera that were DN by the double antigen ELISA and
ATI positive by the anti-lambda ELISA (IFX-ATI-), as
well as five sera that were ATI positive on both assays
(IFX-ATI+). Contrary to our assumption, IgG4 levels
were higher among the double antigen ELISA ATI+
positive sera (Median 6.6, IQR 0.9-7.4 vs median 0.5,
IQR 0.07-0.97, p = 0.047, respectively).

Statistical analysis

Categorical variables were analyzed by Fisher’s exact
test. Kaplan-Meier survival curves were plotted to
assess the temporal rate of events and the log rank
test was computed for the comparison between
survival free durations. Odds ratio and 95%CI were
computed for all compared variables. The analysis
was performed using MedCalc software (version
12.2.1.0, Mariakerke, Belgium). A two-tailed P < 0.05
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A

B

1:100
2.5

Control
DN 1:100

Control
DN 1:100

1.6

2.0

1.4
ATI (µg/mL-eq)

ATI (µg/mL-eq)

1:10
1.8

1.5
1.0

1.2
1.0
0.8
0.6
0.4

0.5

0.2
0.0

0

0.2

0.4

0.6
IFX (µg/mL)

0.8

1.0

0.0

1.2

0

0.1

0.2

0.3
0.4
0.5
IFX (µg/mL)

0.6

0.7

0.8

Figure 3 Re-testing of double negative sera to increase analytical sensitivity. To examine whether some of the double negative sera represented low-titer
antibodies to infliximab or low-level infliximab, we randomly selected 45 double negative sera and re-tested them at a 1:10 dilution to increase analytical sensitivity
(compared with standard anti-lambda testing using 1:100 serum dilution). A: IFX and ATI values of double negative vs healthy controls’ sera, analyzed at 1:100 dilution
anti-lambda ELISA. Cut off values for double negativity: IFX < 1 µg/mL, ATI < 2.1 µg/mL-eq. DN sera - black squares, healthy controls - circles; B: IFX and ATI values
of sera DN on 1:100 dilution vs healthy controls analyzed at 1:10 dilution anti-lambda ELISA. Cut off values for double negativity: IFX < 0.04 µg/mL, ATI < 0.6 µg/mLeq. Previously DN sera (on 1:100 dilution) - black squares, healthy controls - circles. DN: Double negative; IFX: Infliximab; ATI: Antibodies to infliximab.

Subsequent ATI formation and clinical response rate in
DN patients

was also more frequent among DN cases (OR = 4.66
95%CI: 1.57-13.86, p = 0.006) and survival free of
secondary LOR was significantly shorter than among
controls (p = 0.02, log rank test, Figure 5B).

To investigate whether DN status is a harbinger of
pending immunogenicity, we sought to determine
whether patients with DN sera were predisposed to
develop ATI compared with patients with measurable
IFX (IFX+ATI-). During the study period, 44 out of
155 patients on standard IFX regiment had at least
one DN serum sample determined by anti-lambda
ELISA (Figure 1). Fourteen of them were excluded
from analysis because of missing data (10 were
inconsistently followed, two were lost to follow up
after the DN event and two received infusions outside
our center). Thus, 30 patients (25 CD, 5 UC) were
included and matched with 30 controls (27 CD, 3 UC).
Median follow up time was 21 ± 25.1 mo vs 20.75
± 25.5 mo, respectively, p = 0.97. The patients’
demographic and clinical characteristics are presented
in Table 1.
ATI formation was significantly more frequent
among the DN group compared with controls (OR =
11, 95%CI: 3.3-36.8, p ≤ 0.001). In 9/30 (30%)
DN patients who developed non-transient ATI, ATI
formation occurred both before and after the event
at which the DN serum was obtained (Figure 4),
supporting the fact that a DN result may represent a
particular time-point along the two curves of ATI titer
rise and IFX drug level decline.
To investigate the temporal evolution of immu
nogenicity in DN patients, Kaplan-Meier analysis was
performed. ATI free survival was significantly longer
among controls (log rank test, p < 0.001, Figure 5A)
than among DN cases. Of note, ATI appearance prior
to the DN status was disregarded in this analysis.
Nevertheless, when considering ATI existence before
the starting point as positive, similar results were
obtained (log rank test, p < 0.001). Secondary LOR
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DISCUSSION
A substantial portion of IFX treated patients develop
low trough levels of IFX in the absence of measurable
ATI (IFX-ATI-), i.e., a DN status. Several studies
have demonstrated that among patients with LOR,
a DN result is more prevalent than antibody positive
[10,19]
sera
. The actual mechanism of LOR remains
unclear in most such cases, and the role - if any of immunogenicity in instigating this phenomenon
remains to be determined. In addition to assay li
mitations and irregular sampling time-points, DN
status has been attributed to non-immune clearance
of anti-TNF, high tissue inflammatory burden “ab
sorbing” anti-TNF drug and temporal “window phe
nomenon”, which refers to sampling when all drug-ATI
[5,11,20]
complexes have been cleared
.
Studies that employed double antigen ELISA assay
reported 20%-40% of the patients as DN, regardless
[7,9,21,22]
[12]
of response status
. Vande Casteele et al
recently demonstrated a prevalence of only 11%
using the homogeneous mobility shift assay (HMSA).
Little data exists comparing different methods for
[23]
IFX and ATI level measurement. Steenholdt et al
recently demonstrated a lower detection rate of ATI
using double-antigen ELISA than by other essays. In
the current study, double negativity was significantly
more prevalent when using the double antigen ELISA
compared with the anti-lambda ELISA (40% vs
9%, p < 0.001). Furthermore, when applying antilambda ELISA to the sera that were IFX-/ATI- by the
double antigen assay, only six (22%) remained DN.
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Table 1 Background disposition and clinical characteristics n (%)
Parameter

Cases

Gender
Male
Female
Type of IBD
CD
UC
Duration of IFX therapy1 (mo)
Concomitant therapy
Episodic therapy
Median age (yr)
Median disease duration (yr)
Median age at diagnosis (yr)
CD - disease location
Ileal
Ileo-colonic
Colonic
CD - upper GI involvement
CD - anal/perianal involvement
CD - disease behavior
Non stricturing non penetrating
Stricturing
Penetrating
UC - disease location
Proctitis
Left-sided colitis
Extensive colitis
Extra-intestinal manifestations
Smoking
Immunomodulator therapy prior to infliximab therapy
Adalimumab therapy prior to infliximab therapy
Surgery prior to infliximab therapy

Controls

P value

OR (95%CI)

0.19

2.0 (0.70-5.70)

0.45

0.56 (0.12-2.57)

15 (50)
15 (50)

10 (33.3)
20 (66.6)

25 (83.3)
5 (16.7)
21 ± 25.1
11 (36.7)
6 (20)
33 ± 15.2
10.5 ± 9
22 ± 12.4

27 (90.0)
3 (10.0)
20.75 ± 25.5
11 (36.7)
6 (20.0)
28.5 ± 10.7
9 ± 7.7
20 ± 9.7

0.97
1.00
1.00
0.24
0.65
0.19

9 (36)
8 (32)
8 (32)
2 (8)
13 (52)

8 (29.7)
11 (40.7)
8 (29.6)
2 (7.4)
14 (51.8)

0.62
0.51
0.85
0.93
0.99

1.30 (0.41-4.30)
0.68 (0.22-2.10)
1.10 (0.34-3.63)
1.08 (0.14-8.40)
1.00 (0.34-3.00)

12 (48)
8 (32)
5 (20)

12 (44.5)
10 (37.0)
5 (18.5)

0.79
0.70
0.89

1.15 (0.38-3.43)
0.80 (0.25-2.50)
1.10 (0.28-4.40)

0
2 (40)
3 (60)
15 (50)
2 (6.7)
26 (86.7)
4 (13.3)
8 (26.7)

0
1 (33.3)
2 (66.7)
15 (50.0)
5 (16.7)
23 (76.7)
0
7 (23.3)

1.00
0.24
0.32
0.12
0.76

1.00 (0.36-2.75)
0.30 (0.06-2.00)
1.97 (0.51-7.63)
10.30 (0.53-201.00)
1.19 (0.37-3.85)

1.00 (0.35-2.86)
1.00 (0.28-3.54)

1

All patients received infliximab infusions at a standard protocol of 5 mg/kg at 0, 2, 6 and every 8 wk. IBD: Inflammatory bowel disease; CD: Crohn's
disease; UC: Ulcerative colitis; GI: Gastro-intestinal.

40

32

DN
event

9

-8

-8

16
6
-8

2
-8

-4

30
20
10
0

-8

Week since DN event

25
12

with 1:100 dilution anti-lambda ELISA retained its
double negativity at 1:10 dilution anti-lambda. The
other sera became mostly IFX+ATI- or IFX-ATI+. The
fact that almost all sera “lost” their DN status at 1:10
dilution implied that at least part of this phenomenon
probably arises from low drug and ATI levels close
to the detection threshold of the more sensitive antilambda assay. These sera may reflect a transitional
state of immunological equilibrium between antibodymediated IFX clearance and endogenous ATI pro
duction, rather than genuine non-immunological drug
clearance. Notably, in clinical practice, physicians
should be aware that some patients may present
with DN status at trough merely because of arriving
late for a delayed infusion. Such cases were excluded
from the present work.
Few studies have addressed the question of
subsequent ATI development in patients with DN
[7]
sera. Hanauer et al demonstrated that only 2.5%
of DN patients turned ATI+ at week 76, although
IFX infusions were halted at week 46. By contrast,
[9]
Seow et al showed that 77% of DN UC patients
later developed ATI, regardless of response status.
In our study, double negativity was also predictive of
future non-transient ATI formation. This re-enforced
our conclusion that DN status is an immunologically

50

45

42

-8 -10
-20

-22
-32

-30
-40

Figure 4 Temporal formation of antibodies to infliximab in nine patients
in whom antibodies to infliximab positive sera preceded double negative
sera. ATI formation before DN event (triangles), ATI formation after DN event
(circles). ATI: Antibodies to infliximab; DN: Double negative.

We assumed that the higher frequency of double
negativity using double antigen ELISA stems at least
partly from false negative detection of IFX or ATI. As
IgG4-ATI levels were not higher among the double
antigen ELISA DN sera, double negativity cannot be
attributed to the technical inability of double antigen
ELISA to detect ATI in patients with a predominance
of IgG4-ATI.
Interestingly, only one serum out of 45 examined
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A 100
90
Survival without ATI (%)

the sensitive anti-lambda assay, and in many cases it
probably results from low-level immunogenicity rather
than elusive non-immunogenic mechanisms. Further
studies are required to better assess the immu
nological processes leading to the absence of both
drug and ATI, to investigate possible drug clearance
pathways and to define appropriate interventions in
these patients.

Controls
Double negatives

80
70
60
50
40
30

P < 0.001 (Log rank test)

20
10

COMMENTS
COMMENTS

0
0

10
20
30
Months since double-negativity detected

40

Background

Antibodies to infliximab (ATI) correlate with lower infliximab (IFX) trough levels
and loss of response (LOR). However, 10%-60% of LOR patients have low IFX
levels in the absence of ATI, which are designated double negative (DN) status.

Number at risk
Cases

30

16

6

3

1

Controls 30

10

3

2

1

Survival without any LOR (%)

B 100

Research frontiers

The clinical and immunological significance of the DN status is currently
unknown.

Controls
Double negatives

Innovations and breakthroughs

80

Only 9% of sera obtained at time of LOR were DN by anti-lambda ELISA
compared with 40% with double antigen ELISA (p < 0.001, Fisher’s Exact test).
Re-testing with 1:10 dilution converted most of the DN results into IFX+ and /or
ATI+ status. Patients with DN status had shorter survival free of non-transient
ATI compared with matched controls (log rank test, p < 0.001).

60

P = 0.02 (Log rank test)
40

Applications

20

The type of assay employed influences the occurrence of DN status. It is rarely
observed when LOR patients’ sera are analyzed by the sensitive anti-lambda
assay, and in many cases it probably results from low-level immunogenicity
rather than non-immunogenic mechanisms. Further studies are required to
better assess the immunological processes leading to the absence of both
drug and ATI, to investigate possible drug clearance pathways and to define
appropriate interventions in these patients.

0
0

10
20
30
Months since double-negativity detected

40

Number at risk
Cases

30*

Controls 25

15

4

1

0

10

5

2

0

Terminology

DN status: a serum sample that is negative for both infliximab and ATI (IFX-ATI-).
Double antigen ELISA: a commercially available ELISA assay for the detection
of ATI, which incorporates infliximab as the detection antibody. Anti-lambda
ELISA assay: an in-house developed ELISA assay for the detection of ATI,
which incorporates an anti-human λ chain antibody as the detection antibody.
LOR: loss of clinical response to infliximab therapy.

Figure 5 Survival free of antibodies to infliximab and loss of response. A:
ATI development in cases vs controls; B: Secondary LOR in cases vs controls.
The asterisk shows that five of the controls experienced secondary LOR
at a time-point comparable to the double negative event. ATI: Antibodies to
infliximab; LOR: Loss of response.

Peer-review

This manuscript evaluates the prevalence and clinical significance of dn status
among infliximab-treated inflammatory bowel disease patients. the article is
well written and is suitable to be published.

mediated phenomenon, albeit with low titer an
tibodies close or below the detection level of the
assay when employed by certain specifications. As
previously demonstrated, transient ATI had little
[8,12,13]
clinical and immunological significance
.
There are several limitations to our study. Pri
marily, the results were obtained with the double
antigen ELISA and the anti-lambda ELISA; however,
corroborating studies using other assays, such as
HMSA, are pertinent. Secondly, because treating
physicians were not blinded to the results, one cannot
exclude that the DN status of the sera analyzed may
have influenced clinical management. However, LOR
was defined per clinical indexes and constituted only
the secondary outcome. Finally, previous events of
positive ATI might influence future ATI formation. To
neutralize such past effects, we performed an analysis
incorporating former ATI events as if they occurred at
time zero, which yielded similar results.
In conclusion, the type of assay employed
influences the occurrence of DN status. DN is rarely
observed when LOR patients’ sera are analyzed by
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Abstract
AIM: To evaluate the best diagnostic technique and
risk factors of the human Cytomegalovirus (HCMV)
and Epstein-Barr virus (EBV) infection in inflammatory
bowel disease (IBD).
METHODS: A cohort of 40 IBD patients (17 refractory)
and 40 controls underwent peripheral blood and endo
scopic colonic mucosal sample harvest. Viral infection
was assessed by quantitative real-time polymerase chain
reaction and immunohistochemistry, and correlations with
clinical and endoscopic indexes of activity, and risk factors
were investigated.
RESULTS: All refractory patients carried detectable
levels of HCMV and/or EBV mucosal load as compared
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to 13/23 (56.5%) non-refractory and 13/40 (32.5%)
controls. The median DNA value was significantly higher
5
in refractory (HCMV 286 and EBV 5.440 copies/10
cells) than in non-refractory (HCMV 0 and EBV 6
5
copies/10 cells; P < 0.05 and < 0.001) IBD patients
5
and controls (HCMV and EBV 0 copies/10 cells; P <
0.001 for both). Refractory patients showed DNA peak
3
5
values ≥ 10 copies/10 cells in diseased mucosa in
comparison to non-diseased mucosa (P < 0.0121 for
HCMV and < 0.0004 for EBV), while non-refractory
patients and controls invariably displayed levels below
this threshold, thus allowing us to differentiate viral
colitis from mucosal infection. Moreover, the mucosal
load positively correlated with the values found in
the peripheral blood, whilst no correlation with the
number of positive cells at immunohistochemistry was
found. Steroid use was identified as a significant risk
factor for both HCMV (P = 0.018) and EBV (P = 0.002)
colitis. Finally, a course of specific antiviral therapy with
ganciclovir was successful in all refractory patients with
HCMV colitis, whilst refractory patients with EBV colitis
did not show any improvement despite steroid tapering
and discontinuation of the other medications.

INTRODUCTION
Growing evidence highlights the role of early treat
ment of inflammatory bowel disease (IBD) by means
of a more aggressive therapy, in order to achieve
[1]
mucosal healing and prevent disease progression .
As a consequence, a sizeable number of patients are
on immunosuppressive and/or biological drugs which,
in turn, lead to an increased risk of opportunistic
[2,3]
infections . Among these, the widespread human
cytomegalovirus (HCMV) and Epstein-Barr virus
(EBV) are capable of establishing latency in target
cells and reactivating in cases of reduced host im
[4]
munity , giving rise to both systemic and endorgan disease, which can also be localized localized
[5,6]
to the gastrointestinal tract . In addition, an in
creased risk of lymphoma has been recently found
in IBD patients under immunosuppressive and/or
immunomodulator therapies, especially among young
males under thiopurines, where a role for primary
[7]
EBV infection has been proposed , as in the case
[8]
of the post-transplant lymphoproliferative disease .
A further condition now possibly associated with
both HCMV and EBV infections is hemophagocytic
[9]
lymphohistiocytosis .
To date, the information available on the fre
quency, role and risk factors of HCMV and EBV in IBD
exacerbation and their diagnostic and therapeutic
[10,11]
approaches is conflicting
. The causes for this
discrepancy lie in the differences amongst the patients
enrolled, the diagnostic methods applied, and the
retrospective design of the majority of studies.
Herein, we prospectively evaluated the presence
of HCMV and EBV infections in a cohort of IBD pa
tients in comparison to control subjects, through
both immunohistochemistry and quantitative realtime polymerase chain reaction (PCR), in order to
investigate the contribution of these opportunistic viral
infections to disease activity and the risk factors for
their reactivation.

CONCLUSION: Viral colitis appeared to contribute to mu
cosal lesions in refractory IBD, and its correct diagnosis
and management require quantitative real-time poly
merase chain reaction assay of mucosal specimens.
Key words: Inflammatory bowel disease; quantitative
real-time polymerase chain reaction; steroid therapy;
refractory; viral infection
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This study investigated the presence of
human Cytomegalovirus and Epstein-Barr virus (EBV)
infection in patients with refractory and non-refractory
inflammatory bowel disease (IBD). We identified qu
antitative real-time polymerase chain reaction assay of
mucosal specimens as the best diagnostic technique.
This allowed us to distinguish between viral colitis and
infection through the identification of a cutoff value. All
refractory IBD patients carried the highest mucosal viral
loads, which correlated with the severity of mucosal
damage and endoscopic activity. EBV infection was the
most prevalent. Finally, steroid therapy was identified as
a significant risk factor for viral colitis.

MATERIALS AND METHODS
Study population

From September 2011 to February 2013, patients
suffering from Crohn’s disease (CD) and ulcerative
colitis (UC), both responders and non-responders to
conventional therapies, and diagnosed on the basis
[12,13]
of widely accepted criteria
, were prospectively
enrolled. For the non-responder group, steroidrefractoriness was defined as the persistence of
active disease despite prednisolone, or equivalent,
of up to 0.75 mg/kg per day over a period of four
[12,13]
weeks
; primary and secondary non-response to
anti-tumor necrosis factor-α agents, i.e., infliximab
and adalimumab, was considered as the lack of
clinical improvement with induction therapy or re

Ciccocioppo R, Racca F, Paolucci S, Campanini G, Pozzi L,
Betti E, Riboni R, Vanoli A, Baldanti F, Corazza GR. human
cytomegalovirus and epstein-barr virus infection in inflam
matory bowel disease: need for mucosal viral load measure
ment. World J Gastroenterol 2015; 21(6): 1915-1926 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v21/i6/1915.
htm DOI: http://dx.doi.org/10.3748/wjg.v21.i6.1915
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currence of disease activity during maintenance
therapy despite an appropriate interval adjustment
and dose escalation with exclusion of concomitant
[14]
conditions, respectively ; and resistance to im
munosuppressive therapy, i.e., Azathioprine, after
the dosage adjustment was carried out on the basis
of the erythrocyte levels of the active metabolite,
[15]
6-thioguanine nucleotide . Finally, for those patients
under combination therapies, refractoriness was
defined as the persistence of active disease despite
a treatment duration of at least four weeks. All
patients underwent lower endoscopy as part of their
diagnostic workup for disease relapse or follow-up.
Patient assessment was performed according to the
[16]
Montreal classification , and also included: clinical
examination, body mass index calculation, evaluation
of smoking habits, routine laboratory tests, and
[17]
assessment of both clinical (CD activity index: CDAI
[18]
and colitis activity index: CAI ) and endoscopic (SES[19]
[20]
CD
and Baron ) indexes of activity. As a control
group, sex- and age-matched subjects undergoing
lower endoscopy for irritable bowel syndrome or
screening for polyps, who were not taking any drugs,
were recruited. The presence of concomitant auto
immune diseases, primary immunodeficiencies, cancer
or organ failure was considered exclusion criteria.

and incubated for two hours with the following mouse
monoclonal antibodies: anti-HCMV (clones CCH2
and DDG9 that recognize HCMV immediate-early
and early antigens, respectively, at 1:300 dilution;
DAKO), and anti-LMP1 (clone CS1-4 reactive to EBV
latent membrane protein-1, at 1:100 dilution; DAKO).
Finally, a universal biotinylated secondary antibody
(DAKO) was applied, followed by the usual reactions
to allow color development (liquid DAB + Substrate
Chromogen System; DAKO) and counterstaining with
Harris’ hematoxylin. Appropriate positive controls and
non-immune protein-negative controls were used,
and positive cells were evaluated by a pathologist
blinded to patient diagnosis and clinical disease status.

Statistical analysis

Baseline demographic and disease features are
presented by using descriptive statistics. As such,
continuous variables were described as median,
while categorical variables were expressed as counts
and percentages, all with range. The univariate
analysis was carried out to compare data between
groups by applying the following tests: Fisher’s exact
test or Wilcoxon matched pairs signed-ranks, and
Mann-Whitney or Kruskal-Wallis, for categorical and
continuous variables, respectively, as appropriate.
The multiple regression analysis was performed to
assess the association between possible risk factors
and the occurrence of viral infections. The individual
demographic and clinical variables (including gender,
age, body mass index, smoking habits, duration
of both therapies and disease, concomitant immu
nosuppressive therapy, clinical and endoscopic in
dexes of activity) were considered as risk factors.
The Spearman rank correlation test was applied to
measure the association between continuous variables,
and the calculation of the OR at 95%CI was assessed.
GraphPad InStat 3.0 was used for computation. A
2-sided P-value ≤ 0.05 was considered statistically
significant.

Quantitation of HCMV and EBV DNA

For each patient and control, the HCMV and EBV load
was assessed in terms of DNA copies on both freshly
collected peripheral blood samples and endoscopic
specimens harvested from all colonic segments (ri
ght, transverse, descending, and sigma-rectum), by
quantitative real-time PCR technique as previously
[21]
reported . Specifically, in the IBD group, biopsies
were taken from both inflamed and healthy mucosa
as assessed during the endoscopic examination,
that is from the edge of the ulcers and the nearby
damaged zones for the former and at least 20 cm
away from the affected areas for the latter. Viral DNA
®
extraction was performed by using the NucliSENS
®
easyMAG kit (BioMérieux; Lyon, France). Results
were expressed as viral DNA copies/ml blood and
5
copies/10 cells. Normalization of HCMV and EBV DNA
load in tissue samples was obtained by quantitative
[22]
determination of β2-microglobulin gene . The lower
[21,22]
detection limit was 10 DNA input target DNA copies
.

Ethical considerations

All samples were collected for diagnostic purposes
and only residual aliquots of both peripheral blood and
mucosal specimens from control subjects were used,
after the subjects had signed the informed consent,
and in accordance with the recommendations of the
local Bio-Ethics Committee.

Immunohistochemistry

Mucosal specimens harvested in parallel from the
same areas as those for the PCR assay, were fixed
in 10% neutral buffered formalin and paraffineembedded. Sections (5 μm) were transferred to pretreated glass slides (DAKO, Denmark) and stored
at 37 ℃ overnight. The hematoxylin-eosin staining
was performed following standard protocol, while
the specific immunostaining for HCMV and EBV
was carried out on seriate sections after microwave
demasking treatment. The slides were then washed

WJG|www.wjgnet.com

RESULTS
Study population

A total of 17 refractory and 23 non-refractory IBD
patients, and 40 control subjects whose clinical fea
tures are presented in Table 1 were consecutively
recruited at the Department of Internal Medicine,
IRCCS Policlinico San Matteo Foundation (Pavia, Italy).
Specifically, all refractory patients were admitted to
the hospital for severe active disease, while in the
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Table 1 Demographic and clinical features of inflammatory bowel disease patients

Number of patients
Male/female
Body mass index1
Age (yr)1
CDAI score1
Number of patients
Location

CAI score1
Number of patients
Location

Endoscopic activity indexes
SES-CD
Baron
Illness duration (yr)1
Systemic steroids
Topical steroids
Biological agents
Azathioprine
Biological + steroid
Biological + azathioprine
Azathioprine + steroid

Responders

Refractory

Controls

P value

23
14/9
22.8 (19.9-26.4)
45 (16-68)
145 (124-205)
12
L1 = 2
L2 = 3
L3 = 7
L4 = 0
6 (3.5-9.5)
11
E1 = 2
E2 = 3
E3 = 6

17
9/8
20.3 (16.4-22.5)
50 (16-61)
383 (265-595)
4
L1 = 0
L2 = 0
L3 = 4
L4 = 0
10 (8.25-11)
13
E1 = 0
E2 = 5
E3 = 8

40
24/16
23.4 (18.9-27.3)
46 (17-68)
NA

NS
0.002

6.2
1.4
6.5 (1.75-11)
4
5
5
7
0
1
1

10.6
2.6
5 (1-7)
14
8
8
5
6
4
0

NS

NA

0.040
NS

NA

NA
NA
NA
NA
NA
NA
NA
NA

0.010
0.050
NS
0.001
NS
NS
NS
0.0032
NS
NS

1

The values are given as median (range). L1: Terminal ileum; L2: Colon; L3: Ileo-colon; L4: Upper gastrointestinal location; E1: Ulcerative proctitis; E2: Left
sided UC; E3: Extensive UC; NA: Not-applicable; NS: Not significant; CDAI: Crohn’s disease activity index. Systemic steroids included: Metilprednisolone
and prednisone; topical steroids included: Budesonide and beclometasone dipropionate; biological agents included: Infliximab and adalimumab.

patients, and 11 controls, and double positivity found
only in four refractory patients. The median values
with ranges of DNA copies of both viruses, as obtained
by pooling together the data from all colonic segments
of each patient and then, in the IBD groups, from both
inflamed and non-inflamed mucosa, are shown in Table
2. It is worth of noting that the median values for both
HCMV (Figure 1, panel A) and EBV (Figure 1, panel B)
were significantly higher in refractory IBD compared
to non-refractory IBD patients and controls, while
non-refractory IBD patients did not show significantly
different values compared to controls (Figure 1, panels
A and B). Moreover, refractory IBD patients invariably
3
5
showed DNA peak values ≥ 10 copies/10 cells in at
least one colonic segment, while patients with nonrefractory IBD and controls displayed viral DNA peak
3
2
5
levels below 10 and 10 copies/10 cells, respectively
(Figure 1, panels A and B). Finally, upon analyzing the
viral DNA loads within the refractory IBD group, the
median values were found to be significantly higher
in diseased vs non-diseased mucosa (Figure 1, panels
C and D), whilst no difference was found when the
median viral DNA levels of non-diseased mucosa were
compared with those found in both non-refractory IBD
patients and controls. It is worth noting that there was
a positive correlation (r = 0.71 and 0.79 for HCMV
and EBV, respectively) between the mucosal viral load
in the refractory IBD and the degree of endoscopic
activity (Table 1). In this regard, a narrow overlap
between the extension and severity of mucosal le

Table 2 Mucosal viral loads

Number of patients
Refractory
Diseased mucosa

Non-diseased mucosa
Responders
Diseased mucosa
Non-diseased mucosa
Controls

HCMV

EBV

15/80
286
(0-221.697)
30.763
(11.911-221.697)
0
(0-3)
0
(0-273)
0
(0-273)
0
(0-2)
0
(0-41)

32/80
5.440
(0-966.333)
8.294
(1.020-966.333)
281
(12-400)
6
(0-973)
9
(0-973)
4
(0-63)
0
(0-34)

The values are given as copies of DNA/105 cells and showed as median
(range). HCMV: Human Cytomegalovirus; EBV: Epstein-Barr virus.

non-refractory group, the hospitalization rate was
39%.

Mucosal viral load

Detectable copies of viral DNA were found in all (17/17,
100%) refractory, 13 out of 23 (56.5%) non-refractory
IBD patients, and 13 out of 40 (32.5%) controls, with
HCMV DNA evident in four refractory and five nonrefractory IBD patients, and two controls, EBV DNA
found in nine refractory and eight non-refractory IBD

WJG|www.wjgnet.com
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Figure 1 Refractory inflammatory bowel disease patients (full circles) showed statistically significant higher values in comparison with non-refractory
patients (empty circles) and controls (empty rhombuses; panels A and B). A peculiar distribution is observed with non-refractory patients displaying values
always below 103 and controls below 102 copies/105 cells (red dotted lines). Within the refractory group, the macroscopically diseased areas (full triangles) carried
DNA viral loads invariably over 103 copies/105 cells compared to non-diseased mucosa (empty triangles; panels C and D). The black bars indicate the median values.
NS: Not significant; HCMV: Human Cytomegalovirus; EBV: Epstein-Barr virus.

Histological and endoscopic features

sions with the viral load distribution was invariably
found (representative cases are shown in Figure 2).
By contrast, no correlation between viral load and
clinical indexes of disease activity and no preferential
association between HCMV or EBV with UC or CD were
observed.

As far as immunohistochemistry is concerned (re
presentative cases shown in Figure 3), although the
specimens were harvested from the same mucosal
areas as those taken for the PCR assay, HCMV positive
cells were found in only 11 cases (five had a DNA load
3
5
> 10 copies/10 cells, and six were negative), while
EBV positive cells were detected in 17 cases (five had
3
3
5
a viral DNA load > 10 copies, eight < 10 copies/10
cells, and four negative), thus showing a sensitivity of
33% for both viruses, a specificity of 90% for HCMV
and 0% for EBV, with positive predictive values of
66% and 80%, and negative predictive values of
71% and 0% for HCMV and EBV, respectively. No
correlations between the mean number of positive
cells and the level of mucosal viral load for either virus
or the degree of endoscopic activity were found.
As regards the endoscopic features of refractory
IBD patients, the mucosal lesions appeared indis
tinguishable from those of the underlying disease,
despite the invariable presence of the superimposed
viral end-organ disease, as evident in Figures 4, 5, and
6 showing representative cases. It is worth noting that
mucosal healing was observed in all cases with isolated
HCMV colitis (Figure 4, panel C and F) following
specific antiviral therapy (see below). Conversely, no
amelioration was evident in any of the cases carrying

Blood viral load

Viral DNA was detected in 11/17 patients with re
fractory IBD (median values for HCMV and EBV:
0 copies/ml, range: 300-26.000, and 100-7.900,
respectively), 1/23 of non-refractory IBD (450
copies/ml), and none of the controls. Specifically, two
refractory patients showed HCMV DNA, five refractory
patients and one non-refractory patient had EBV
DNA, and four refractory patients carried both DNAs.
All these patients carried the same virus(es) at
mucosal level, and a significant positive correlation
between the values in the two compartments (r =
0.67 for HCMV and 0.61 for EBV) was observed. The
sensitivity of the PCR assay performed on peripheral
blood samples as compared to that on tissue sa
mples, therefore, was 23% for HCMV and 45% for
EBV, with a specificity of 100% for both, while the
positive predictive value was 76.4% and 17.6%, and
the negative predictive value was 65.0% and 80.9%
for HCMV and EBV, respectively.
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Figure 2 Six representative refractory patients with Human Cytomegalovirus - upper panels - and Epstein-Barr virus - lower panels - superimposed colitis.
The distribution of the DNA viral loads (given as number of copies/105 cells) along the colon perfectly matches the distribution and severity of mucosal lesions as
shown by the arbitrary red scale. HCMV: Human Cytomegalovirus; EBV: Epstein-Barr virus.

A

B

Figure 3 Pathognomonic “cytomegalic” cell (i.e., enlarged cell surrounded by a light-coloured halo, red arrow) with a brown reactive nuclear inclusion
(thin black arrows) and a few scattered positive cells for the human Cytomegalovirus are shown (panel A, immunoperoxidase-hematoxylin, original
magnification × 250). Some positive cells with brown nuclei (thin black arrows) are evident following the specific staining for the Epstein-Barr virus nuclear antigen-1
(panel B, immunoperoxidase-hematoxylin, original magnification × 400).

colitis (P = 0.021 and 0.008, OR = 7.8 and 10.2,
95%CI: 1.32-46.64 and 1.73-60.92, respectively). No
significant correlation was found between an increased
risk of development of viral end-organ disease and
the use of immunosuppressants, the duration of both
therapies and underlying disease, age, gender, smo
king habits, or body mass index.

both viruses (Figure 6, panels C and F), nor in most of
those with EBV (Figure 5, panels E and F), except the
patient (Figure 5, panel D) who underwent a course of
treatment with rituximab (see below).

Impact of current therapies

Systemic steroid use was identified as a significant risk
factor for both HCMV and EBV colitis (P = 0.018 and
0.0020, OR = 11.4 and 12, 95%CI: 1.23-106.11 and
2.37-60.67, respectively), while the use of biologic
agents and topical steroids was closely related to EBV

WJG|www.wjgnet.com

Patients’ outcome

All refractory patients with HCMV colitis underwent
a course of specific antiviral therapy with ganciclovir
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Endoscopic features of HCMV colitis

A

B

C

D

E

F

At onset

After 4 wk

After 12 wk

Figure 4 Presence of profound, round and longitudinal ulcers covered by a fibrino-purulent exudate (black arrows) and embedded in edematous and
erythematous mucosa are clearly evident (panels A and D). The healing process, usually observed after three months from the end of specific antiviral therapy,
may result in both white scars (red arrows, panel C) or restitution ad integrum (panel F), passing through a phase of slight improvement (panels B and E).
Endoscopic features of EBV colitis

B

C

D

E

F

After 12 wk

At onset

A

Figure 5 Presence of holes in the mucosa with exposure of the underlying muscular layer (black arrows), surrounded by granular and spontaneously
bleeding zones, is clearly evident (panels A to C). After a three-month washout period from any therapy for the primary disease, the healing process with white
scars (red arrow) was observed in the only patient who underwent a cycle with rituximab (panel D), whilst a slight or no improvement was observed in the other two
representative cases.
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Endoscopic features of EBV plus HCMV colitis

A

B

C

D

E

F

At onset

After 4 wk

After 12 wk

Figure 6 Severe lesions characterized by a pronounced, nodular-cobblestone appearance, punctuated by multiple, deep ulcerations (panels A, B, D, E),
which did not heal (panels C, F), were found in those refractory patients with high DNA loads of both viruses.
[11]

(5 mg/kg bid iv) for three weeks , with monitoring
of mucosal and blood viral load at the end of the
rapy and, following discharge, after four and 12
wk, as arbitrarily scheduled. All patients reached a
satisfactory general condition with a sharp decrease
in both clinical and endoscopic indexes of activity
[median values: 249 (range: 166-302) and 10.37
(8.7-12.2) after four weeks, and 173 (132-209)
and 7.2 (5.9-9.3) after 12 wk for CD patients, and
7 (range: 4-9) and 1 (2-1) after four weeks, and 5
(4-7) and 1 (1-2) after 12 wk for UC patients]. The
viral mucosal DNA levels also decreased significantly
(P = 0.031) by the end of therapy (Figure 7A), and
remained stable afterwards (data not shown), with
patients experiencing a good quality of life during
a median follow-up period of 11 mo (range: 6-22).
In contrast, refractory patients with EBV colitis
did not show any improvement in either clinical or
endoscopic activity indexes [median values: 396
(range: 281-595) and 11.49 (range: 8.9-12.4) after
four weeks, and 295 (range: 351-244), and 10.44
(range: 9.0-11.7) after 12 wk for CD patients, and 11
(range: 8-13) and 2 (range: 2-3) after four weeks,
and 11 (range: 8-12) and 2 (range: 2-3) after 12 wk
for UC patients]. Likewise, no significant decrease of
mucosal (or blood when positive) EBV DNA levels was
observed, despite steroid tapering and discontinuation
of the other medications in 9/15 patients (Figure
7B). Remarkably, in the only case where the patient
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underwent treatment with the anti-CD20 monoclonal
2
antibody rituximab (375 mg/m body surface iv
[8]
weekly for 4 wk ), EBV DNA was cleared from
both blood and colonic mucosa. However, after six
months, a worsening of the patient’s clinical condition
characterized by fever and intestinal bleeding was
3
5
observed, with mucosal EBV load > 10 copies/10
cells, resulting in a colectomy. In this regard, 7/9
refractory patients with EBV colitis underwent cole
ctomy within a median period of 5 mo (range: 2-9),
as well as 3/4 patients carrying both virus DNAs
within a median period of 8 mo (range: 5-14), despite
the fact that HCMV had been cleared by antiviral
therapy. The remaining patients developed chronically
active colitis, thus adversely affecting their quality of
life. During the same follow-up period, only two nonrefractory CD patients underwent intestinal resection
due to strictures.

DISCUSSION
Despite a growing interest in opportunistic viral
infections in IBD, several crucial points still remain
unsolved, such as their prevalence and role in tissue
damage during exacerbation, the best diagnostic
and therapeutic approaches, as well as the risk
[2,3,10,11]
factors
. The reported frequency of HCMV infe
[23,24]
[25,26]
ction, for instance, ranged from 10%
to 36%
,
[27]
whilst that of EBV was higher, ranging from 41%
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Figure 7 Median values of human Cytomegalovirus (panel A) and Epstein Barr virus (panel B) DNA levels of each refractory patient at onset and at the
end of antiviral therapy in human Cytomegalovirus cases, and at four weeks after washout or reduction of current treatment in patients with Epstein-Barr
virus infection. A dramatic decrease of mucosal viral loads was observed in all patients with HCMV colitis, except one who continued steroid therapy while taking
ganciclovir. By contrast, no modification of mucosal viral load values was observed in any patient with EBV colitis, except the one who underwent a cycle of therapy
with rituximab. HCMV: human Cytomegalovirus; EBV: Epstein Barr virus.
[28]

3

carried mucosal viral loads invariably greater than 10
5
copies/10 cells in at least in one colonic segment, it
is conceivable that this indicates a symptomatic viralrelated colitis that is superimposed on the underlying
primary illness. Interestingly, our systematic sampling
of all colonic segments made it possible to build
up a map of the mucosal viral loads that perfectly
overlaps with the severity of macroscopic lesions and
correlates with the endoscopic indexes of activity. On
the other hand, the presence of a number of DNA
3
5
copies lower than 10 /10 cells only in patients with
quiescent disease might be related to the periodic
viral reactivation that usually occurs even in healthy
[4]
people without this triggers of symptoms . However,
on comparing the values found in non-refractory IBD
patients with those found in control patients, a median
mucosal peak value of 1 logarithm unit higher was
observed in IBD patients. This finding could prove to
be of some clinical use as a warning for closer followup and caution in prescribing those therapies that
favor the disruption of the delicate balance between
the host immune response and viral activity, which
leads to precipitation or exacerbation of mucosal
injury. A similar distinction between viral colitis and
infection could not be achieved by previous studies
even when applying PCR-based techniques, since the
differences in expressing the results (as copies by
[24,34]
microgram of total DNA extracted
or milligram
[33]
of tissue ), the sensitivity of the test, and the lack
of control population made it impossible to draw
definite conclusions. In this regard, the possibility
of measuring the DNA viral load in stool samples,
thus avoiding an invasive endoscopic exam, has
[37]
already been explored . However, the lack of control
populations, the limited number of cases enrolled and,

to 64% . In addition, most of the studies were
retrospective, included surgery specimens, applied
different techniques, and therefore, the results are
not comparable. As far as the detection method is
concerned, immunohistochemistry was the most widely
[23,28-30]
used method
, and it is given as the screening
test in the decisional algorithm for the management
[31]
of HCMV infection in IBD . However, quantitative
real-time PCR assay carried out on nucleic acids
extracted from formalin-fixed paraffin-embedded
intestinal specimens has recently proved to increase
[32]
the sensitivity of immunohistochemistry . Moreover,
the application of this technique on fresh biological
[24,33-35]
samples has emerged as the best technique
as it has the advantage of being highly sensitive,
rapid, and reproducible. Our results fit in with this
evidence, since when comparing the two techniques,
immunohistochemistry showed low predictable
values, both positive and negative, possibly due
to the suboptimal specificity and sensitivity of the
primary antibodies used and the lack of correlation
with the lytic phase of the viruses. Similar results
were obtained in congenital HCMV infection when
[36]
the same primary antibodies were used , which
hamper its usefulness in the management of IBD
patients. By contrast, quantitative real-time PCR on
freshly collected mucosal biopsies displayed not only a
better performance, but also allowed us to distinguish
between viral infection and colitis, since a positive
result did not necessarily imply that the patient was
suffering from an active HCMV or EBV end-organ
disease. Accordingly, two main groups of mucosal
viral load may be identified: that with peak values
3
5
greater than 10 copies/10 cells, and that with values
below this threshold. Since all refractory patients

WJG|www.wjgnet.com

1923

February 14, 2015|Volume 21|Issue 6|

Ciccocioppo R et al . HCMV and EBV infection in IBD
in most of all, the absence of an exact correspondence
between the levels found in the mucosa and stool
samples, did not allow the authors in question to
differentiate between viral end-organ disease and
reactivation/infection. Moreover, the presence of some
technical limitations such as the need for a fresh, liquid
stool sample made this diagnostic test unsuitable for
the management of IBD patients. Finally, the search
for circulating class M specific anti-virus antibodies is
rather ineffective in detecting an active disease, since
elevated levels can persist for up to two years after
infection, and immunocompromised patients may not
[38]
mount an IgM response .
We believe, therefore, that the previous definitions
of HCMV or EBV infection and colitis, often used
interchangeably, and simply referring to the evidence
of viral positivity in colonic tissue of symptomatic
[11,38]
patients by means of any technique
, are confusing
and should be assessed by applying the quantitative
real-time PCR method on freshly harvested mucosal
biopsies. However, further studies are warranted in
order to optimize the mucosal sampling and assess the
risk stratification in order to achieve early recognition
and appropriate management of these conditions.
[39,40]
It is worth noting that we confirmed
EBV as the
most prevalent infection, since half (49%) of the IBD
patients and almost all of the refractory patients (88%)
showed EBV positivity alone or in combination with
HCMV. This observation is of great clinical relevance if
we consider that, so far, the majority of papers have
instead focused on HCMV infection. Furthermore, the
exact correspondence between the macroscopically
damaged areas and those carrying the highest viral
loads strengthens the hypothesis that both viruses play
a role in contributing to mucosal lesions. In this regard,
[41]
a suggested viral tropism to sites of inflammation ,
and their ability to affect cytokine production may
account for how they escape host immune surveillance
[42]
directly at mucosal level . Moreover, the possible
presence of malnourishment and the increasing and
[38]
early use of aggressive therapies whose main target
are T-cells, which play a crucial role in controlling
[43]
HCMV and EBV latency and reactivation , represent
potential co-factors in triggering viral colitis. The use
of steroids, azathioprine or 6-mercaptopurine, and
infliximab, indeed, has been found to produce similar
effects in significantly increasing the OR for HCMV
infection (3.4, 3.1, and 4.4, respectively), with the
combined use of two or three of these drugs yielding
[2,44]
an OR of 14.5
. However, infliximab did not appear
to affect the incidence of latent virus reactivation in the
[45]
[3]
short-term , but mostly in long-term treatment .
Our results only partially confirmed these data, since
immunosuppressants did not increase the risk of
developing a superimposed viral colitis, while the use
of biologic agents and topical steroids was closely
related to EBV colitis. Moreover, although anti-tumor
necrosis factor-α agents have been shown to cause
[46]
widespread HCMV infection , we did not substantiate
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this result. Most importantly, as in transplant pa
[47]
tients , systemic steroid use was identified as a
significant risk factor for both HCMV and EBV colitis,
probably due to their ability to increase viral protein
[48]
production, as shown in vitro . No additional factors,
including duration of therapy or disease, age and
degree of malnourishment were found to be related to
the risk of developing viral colitis. Interestingly, only
those patients with mucosal viral loads approaching
5
5
10 copies/10 cells showed detectable viral DNA even
in peripheral blood, as already found in recipients
of solid organ transplants where a HCMV end-organ
disease may exist independently from systemic
[49]
involvement .
Finally, if our evidence is confirmed by larger
studies, the rate of “true” refractoriness to standard
therapies may shrink considerably, since a sizeable
number of patients would instead be diagnosed as
suffering from viral colitis. Remarkably, mucosal
healing, mirrored by a sharp decrease in the viral
load, was invariably observed in HCMV colitis following
[11]
specific antiviral therapy
together with a quick
tapering and then discontinuation of steroids, whilst
the immunosuppressive and biological agents may
be continued by virtue of their long-lasting effect,
which blocks any attempt to recover immunological
competence in the short term. By contrast, both the
mucosal viral load and indexes of activity remained
largely unmodified in those patients with EBV colitis,
despite the washout or tapering of the current
therapies, and the vast majority of them underwent
colectomy. The only patient who showed a substantial,
although transient, drop in the mucosal viral load was
the one treated with rituximab in an attempt to rapidly
[41]
deplete the B lymphocytes which host the virus ,
[4]
since no efficacious therapy is available to date .
In conclusion, the use of quantitative real-time PCR
assay on freshly harvested mucosal specimens proved
to be more effective than immunohistochemistry in the
diagnosis of opportunistic viral infection and allowed us
to identify a threshold value that distinguishes infection
from end-organ disease, whose clinical management is
largely different.
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Background

Inflammatory bowel disease (IBD), including Crohn’s disease and ulcerative
colitis, are disabling, lifelong, pathological conditions affecting the gastro
intestinal tract, mainly the colon, triggered and sustained by a dysregulated im
mune response towards antigens of the gut microbiota. A better understanding
of the fine mechanisms responsible for tissue injury has led to the use of more
aggressive therapies even in the early phase of the disease aimed at achieving
mucosal healing and preventing disease progression. However, the increasing
use of immune-suppressant and immune-modulant molecules carries the risk of
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opportunistic infections, including those due to human Cytomegalovirus (HCMV)
and Epstein Barr virus (EBV).

7

To date, the information available on the frequency, role and risk factors
of HCMV and EBV infections in IBD exacerbation and their diagnostic and
therapeutic approaches is conflicting. The causes for this discrepancy lie in the
differences amongst the patients enrolled, the diagnostic methods applied, and
the retrospective design of the majority of studies.

8

This study prospectively investigated the presence of HCMV and EBV infection
in IBD patients and control subjects by applying immunohistochemistry and
quantitative real-time polymerase chain reaction (PCR) assay, carried out on
both peripheral blood and fresh mucosal samples. The latter proved to be
the best diagnostic technique, since it allowed us to distinguish between viral
colitis and infection by identifying a cutoff value. Interestingly, all refractory
IBD patients carried the highest mucosal viral loads, which correlated with the
severity of mucosal damage and endoscopic activity. EBV infection was found
to be the most prevalent, and steroid therapy was identified as a significant
risk factor. Finally, with a view to treatment, a course of antiviral therapy was of
benefit in determining both the disappearance of viral DNA and mucosal healing
in HCMV-related colitis, whilst the vast majority of patients with EBV colitis
underwent colectomy.

10

Research frontiers

9

Innovations and breakthroughs

11
12

Applications

13

This study contributes to our understanding of the frequency and role of
opportunistic viral infection in refractory IBD patients and provides the basis for
the use of real time quantitative PCR as the gold standard diagnostic technique
in differentiating viral end-organ disease from infection. This technique also
allows the patients to be monitored.

Terminology

14

Inflammatory bowel diseases are chronic enteropathies triggered and sustained
by an abnormal immune response to usually-tolerated antigens, which develops
in genetically susceptible individuals. Refractoriness is defined as the lack of
response to current therapies. Opportunistic viral infections, including HCMV
and EBV, are those caused by organisms capable of establishing latency in
target cells and reactivating in cases of reduced host defence, such as during
immunosuppressive or immunomodulant therapy, giving rise to both systemic
and end-organ disease, which can also be localized to the gastrointestinal tract.
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Peer-review

The authors investigated CMV and EBV in tissue specimens of refractory
and non-refractory mixed IBD patients by quantitative real-time PCR and
immunohistochemistry. Additionally, the whole colon was mapped in oder to
correlated viral loads to endoscopic lesions. this is a very good paper.
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RESULTS: A total of 42 patients were diagnosed with
AFLP during the study period, and 25 were followed.
The mean follow-up duration was 54.5 mo (range:
6.5-181 mo). All patients were in good physical con
dition, but one patient had gestational diabetes. The
renal and liver functions normalized in all patients after
recovery, including in those with pre-existing liver or
kidney failure. The ultrasound findings were normal in
12 patients, an increasingly coarsened echo-pattern
and increased echogenicity of the liver in 10 patients,
and mild to moderate fatty liver infiltration in 3 patients.
Cirrhosis or liver nodules were not observed in any
patient.
CONCLUSION: Acute liver failure and acute renal
failure in AFLP patients is reversible. Patients do not
require any specific long-term follow-up after recovery
from AFLP if their liver function tests have normalized
and they remain well.
Key words: Acute fatty liver of pregnancy; Acute liver
failure; Acute renal failure; Follow-up study
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Acute fatty liver of pregnancy (AFLP) is a rare
but life-threatening complication of pregnancy. Acute
liver failure (ALF) and acute renal failure are the most
important and threatening complication of AFLP. ALF
due to viral hepatitis is known to potentially cause
severe liver fibrosis and cirrhosis, but it is unknown
whether the same outcome is possible for AFLP
patients. The potential for continued progression or
chronic sequelae is also unknown. Hence, the aim of
this study was to evaluate the prognosis of patients
with AFLP 6 mo or longer after discharge.

Abstract
AIM: To evaluate the prognosis of patients with acute
fatty liver of pregnancy (AFLP) 6 mo or longer after
discharge.
METHODS: The records of pregnant patients diagnosed
with AFLP at Beijing Ditan Hospital over a 16-year
period were reviewed in November 2012. Patients were
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were identified at Beijing Ditan Hospital, Capital
Medical University in Beijing, China. There were
three maternal deaths (7.14%). In the 39 surviving
patients, 25 patients consented to follow-up study.
Records were reviewed in the 25 enrolled patients for
presenting symptoms, laboratory findings, maternal
complications, and neonatal outcomes. Demographic
data included maternal age, gestational age, and
comorbidities. Laboratory evaluation included mea
surement of liver function, complete blood cell count,
coagulation profile, and renal function tests. Patients
were monitored using abdominal ultrasound, liver and
kidney function tests, and routine blood examination.

Xiong HF, Liu JY, Guo LM, Li XW. Acute fatty liver of preg
nancy: Over six months follow-up study of twenty-five patients.
World J Gastroenterol 2015; 21(6): 1927-1931 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v21/i6/1927.htm
DOI: http://dx.doi.org/10.3748/wjg.v21.i6.1927

INTRODUCTION
Acute fatty liver of pregnancy (AFLP) is a rare but
life-threatening complication of pregnancy. This
condition is defined as microvesicular fatty infiltra
tion of hepatocytes during the second half of preg
nancy (usually the third trimester), and it remains
a common cause of liver failure during pregnancy.
[1]
Since it was first described by Stander and Cadden
[2]
in 1934 and Sheehan in 1940, numerous cases
have been reported. The mortality of AFLP used to
[3]
be very high, up to 85% , but with early recognition
and prompt termination of pregnancy, the prognosis
has improved, and the mortality is now estimated to
[4-9]
be between 0% and 12.5% . However, AFLP still
causes severe maternal morbidity and in some cases
[10]
mortality, especially in certain critical patients .
Acute liver failure (ALF) and acute renal failure
(ARF) are the most important and life-threatening
[11,12]
complications of AFLP
. ALF due to viral hepatitis
is known to potentially cause severe liver fibrosis
and cirrhosis, but it is unknown whether the same
outcome is possible for AFLP patients. The potential
for continued progression or chronic sequelae is
also unknown. The aim of the present study was
to evaluate the prognosis of patients with AFLP 6
months or longer after recovery. Notably, this study
is the largest single-center, hospital-based follow-up
investigation series worldwide.

Ethics statement

This study was part of the research work “Correlation
of mitochondrial trifunctional protein (MTP) α subunit
G1528C mutation and AFLP onset” which had been
undertaken in May 2011. In accordance with the
requirements of the Ethics Committee, we obtained
written informed consent from the patients or the
authorized clients of the patients (because some
patients were in a critical state and were unable to
sign the consent themselves). The authorized clients
were the husband of the patients; according to Chinese
law, they were the next of kin of the patients. We had
informed our IRB that we obtained written informed
consent from the next of kin of these participants.
The Ethics Committee of Beijing Ditan Hospital,
Capital Medical University approved the entire study
design, methods and consent procedure used in this
study. The approval number is QN 2011-06. All the
data were collected anonymously.

Definitions

ALF was diagnosed based on clinical and laboratory
criteria as follows: evidence of coagulopathy, usually
an international normalized ratio ≥ 1.5 or a proth
rombin activity ≤ 40%; serum total bilirubin ≥ 171
μmol/L or a daily rise ≥ 17.1 μmol/L; and any degree
of mental alteration (encephalopathy) in a patient
without preexisting liver disease and illness < 2 wk
[13-15]
duration
.
ARF was defined as the deterioration of renal
function over days to weeks and a serum creatinine
(Cr) ≥ 265.2 μmol/L; acute renal impairment was
defined as a deterioration in renal function and a Cr >
150 μmol/L. Hypoglycemia was defined as symptoms
of hypoglycemia occurring simultaneously with a
blood glucose < 50 mg/dl (2.8 mmol/L).

MATERIALS AND METHODS
Patient selection criteria and exclusion criteria

AFLP was diagnosed based on clinical and laboratory
criteria as follows: (1) patients with symptoms of
anorexia, fatigue, nausea, vomiting, jaundice, and
abnormal liver function during the third trimester of
pregnancy; (2) characteristic laboratory findings;
(3) ultrasound images showing a fatty liver; (4)
exclusion of other causes of liver dysfunction, such
as viral hepatitis, biliary tract disease, and chole
stasis of pregnancy; and (5) liver biopsy sample
with characteristic pathologic changes. All cases
conformed to the diagnostic criteria mentioned above,
except liver biopsy. Because of their severe condition,
prolonged prothrombin times, reduced platelet
counts, and/or the patients’ refusal, only four patients
underwent liver biopsy.

Statistical analysis

Data were analyzed using statistical software
(SPSS, Chicago, IL, United States), and P < 0.05
was considered statistically significant. Normally
distributed data were expressed as the mean and
standard deviation, and were analyzed using the t-test.
Measured data were plotted on a receiver operating

Study design

From January 1996 to May 2012, 42 cases of AFLP
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Table 1 Laboratory findings in patients with acute fatty liver of pregnancy during hospitalization and at follow-up
Laboratory test
ALT (U/L)
AST (U/L)
TBIL (μmol/L)
Albumin (g/L)
BUN (mmol/L)
Cr (μmol/L)
UA (μmol/L)
Glucose (mmol/L)
WBC (× 109/L)
HGB (g/L)
PLT (× 109/L)

Peak/nadir average during hospital Peak/nadir range during hospital
376.4
385.4
258.8
26.0
9.52
207.3
331.1
3.5
22.1
82.0
81.6

34.0-1457.0
10.0-2144.0
16.0-225.0
15.0-37.3
2.0-33.4
66.0-522.0
168-542.0
1.2-6.3
4.3-56.3
37.0-140.8
16.0-242.0

characteristic curve and referenced by sensitivity
and specificity. Counted data were expressed as the
2
frequency and rate, and χ or Fisher’s exact tests were
used for analysis. Logistic regression was used to
analyze relative factors. Data not normally distributed
were expressed as the median and quartile, and
analyzed using the rank sum test.

Range at follow-up

17.8
18.4
12.8
47.2
5.2
55.7
262.5
5.8
5.5
128.6
226.5

8.2-52.0
10.1-42.1
4.7-23.6
43.9-54.2
2.9-9.0
45.0-67.7
176.0-390.8
4.5-16.0
3.5-5.5
102.0-146.0
135.0-375.0

tum hemorrhage > 500 ml (10 cases). The mean
volume of blood loss was 1940 ± 1098 ml (range:
500-4000 ml). Other complications were as
follows: hypoglycemia (eight cases), disseminated
intravascular coagulopathy (five cases), pneumonia
[four cases, all developed acute respiratory distress
syndrome (ARDS) requiring mechanical ventilation],
mental disturbances such as visual hallucinations,
auditory hallucinations, and delusion of persecution
(five cases), upper gastrointestinal hemorrhage
(two cases), and acute pancreatitis (two cases).
There were five cases of diabetes insipidus; all of the
patients experienced acute renal injury, but only two
patients experienced acute renal failure.
The mean follow-up time duration was 54.5 mo
(range: 6.5-181 mo). The laboratory findings are
summarized in Table 1. All patients were in good
physical condition, but one patient had gestational
diabetes. The renal and liver function returned to
normal in all patients, including those with preexisting liver or kidney failure. The ultrasound findings
were completely normal in 12 patients; an increased
coarse echo-pattern and increased echogenicity of
the liver was observed in 10 patients and a mild to
moderate fatty liver in 3 patients. Cirrhosis or liver
nodules were not observed in any patient.

RESULTS
In the 25 enrolled patients, three patients were
positive for hepatitis B, which was considered in the
differential diagnosis but later excluded. All patients
underwent an abdominal ultrasound examination, but
a hyperechoic liver was only observed in 15 patients.
The diagnosis was confirmed by liver biopsy in only
one patient.
During hospitalization, the mean maternal age
was 27.2 years (range: 21-34 years), and the mean
gestational age at delivery was 35.3 wk (range:
26-42 wk). Delivery occurred by cesarean section
in 19 patients and vaginally in six patients. The
mean total duration of hospitalization was 25.5 d
(range: 6-77 d). The prodromal phase lasted a mean
9 d before admission (range: 0.5-25 d). Reported
symptoms included jaundice or dark urine (n = 18),
nausea and vomiting (n = 16), malaise (n = 15), and
abdominal pain (n = 7). Three patients did not report
prodrome and had no complaints related to AFLP at
the time of admission.
Laboratory results during hospitalization for the
25 patients are summarized in Table 1. All but one
patient had elevated liver enzyme activities; in this
particular patient, other criteria for the disease were
fulfilled, and the diagnosis was confirmed by liver
biopsy at the time of cesarean delivery. The total
bilirubin concentration was elevated in 24 cases.
3
Leukocytosis (leukocyte count > 11 000 cells/mm )
was noted in 23 of 25 patients.
None of the patients underwent liver transplan
tation. Maternal morbidity was attributed to acute
renal injury (18 cases), acute renal failure (8 cases
with a urine output < 400 ml/d requiring CRRT),
hepatic encephalopathy (10 cases), and postpar
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Average at follow-up

DISCUSSION
[1]

First described in 1934 by Stander and Cadden as
“acute yellow atrophy of the liver,” AFLP is a medical
and obstetric emergency and remains a common
[16]
cause of liver failure during pregnancy . Recent
data indicate a decrease in maternal and neonatal
mortalities associated with AFLP owing to increased
awareness and earlier recognition of the disease
based on its clinical and laboratory findings and si
gnificant changes in the facilities over the 16-year
[6,7,17]
recruitment period
.
The symptoms presently observed were similar
[4-9]
to those found previously . Typically, AFLP initially
presents with non-specific symptoms such as acute
abdominal pain, nausea, vomiting, and malaise,
usually occurring during the third trimester of preg
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nancy or during the immediate puerperium. The
initial symptoms of AFLP are atypical and could be
overlooked, and this disease progresses rapidly and
causes multiorgan dysfunction in a very short time;
therefore, it is important to be especially vigilant for
AFLP development.
After developing the described symptoms, com
plications typical of AFLP begin to appear, including
renal insufficiency, encephalopathy, coma, coa
gulopathy, infections, ARDS, and acute pancreatitis.
ALF is a common complication of AFLP and one
of the most common causes of liver failure during
pregnancy. AFLP can sometimes be confused with
fulminate liver failure caused by viral hepatitis. In this
series, 13 of 25 patients (52%) developed ALF, and
nine patients became comatose, which are findings
[9,18-20]
similar to those in other studies
. ALF due to
viral hepatitis may result in severe liver fibrosis and
cirrhosis, but this does not occur in AFLP patients;
we did not observe liver cirrhosis or chronic hepatitis
in any of the patients during follow-up, and all have
[21]
recovered well. Ober and Lecompte
reported that
the pathologic changes in the liver are “of a reversible
kind;” the clinical course and histopathologic findings
clearly point to a functional failure-not a destructive
[22]
form of hepatic insufficiency. Rolfes and Ishak
also observed that the lipid infiltration completely
disappeared in as little as 5 wk of convalescence and
did not progress to hepatic scarring and other chronic
sequelae. We suspect that AFLP is usually self-limiting
and is a reversible form of acute hepatic failure that
does not generally require transplantation. Patients do
not require specific long-term follow-up after recovery
from AFLP if their liver function tests have normalized
and they remain well.
The overall morbidity of renal impairment (Cr
> 150 μmol/L) was 72.0%, and incidence of ARF
requiring renal replacement treatment was 32.0%.
[9]
Castro et al reported that all AFLP patients had
some degree of renal insufficiency on admission. The
finding of renal insufficiency early during the course
of disease suggests that the renal complications are
not the result of hepatic dysfunction. In a study of
[22]
autopsied patients, Rolfes et al
demonstrated the
presence of sparse microvesicular fat in the kidneys
of half the cases in frozen sections stained with
oil red-O. The cause of ARF may be related to the
[23]
inhibition of fat β-oxidation early on ; the hepatorenal syndrome probably contributes to the renal
dysfunction as well, especially late in the course
of disease. Renal function completely recovered at
discharge and follow-up, suggesting that the renal
damage in AFLP patients is reversible.
In conclusion, acute liver failure and acute renal
failure in AFLP patients is reversible. Patients do
not require any specific long-term follow-up after
recovery from AFLP if their liver function tests have
normalized and they remain well.
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acute fatty liver of pregnancy (AFLP) is a rare but life-threatening complication
of pregnancy. Acute liver failure (ALF) and acute renal failure are the most
important and threatening complications of AFLP. ALF due to viral hepatitis is
known to potentially cause severe liver fibrosis and cirrhosis, but it is unknown
whether the same outcome is possible for AFLP patients. The potential for
continued progression or chronic sequelae is also unknown.

Research frontiers

In recent years, research has focused on the pathogenesis of AFLP. It is
thought to be caused by a disordered metabolism of fatty acids by mitochondria
in the mother, caused by deficiency in the long-chain 3-hydroxyacyl-coenzyme A
dehydrogenase (LCHAD) enzyme. The gene responsible for LCHAD has been
isolated, and the most common mutation found in AFLP is the E474Q missense
mutation. In another study, the authors also tested for E474Q mutation in these
patients and in healthy controls; relevant data have not been published.

Innovations and breakthroughs

This study is the largest single-center, hospital-based, follow-up investigation
series worldwide. The study showed that ALF and acute renal failure in AFLP
patients is reversible. Patients do not require any specific long-term follow-up
after recovery from AFLP if their liver function tests have normalized and they
remain well.

Applications

AFLP is a rare but life-threatening complication of pregnancy. This follow-up
study can provide a good reference for better understanding of the disease for
both patients and doctors.

Peer-review

This is a clearly written manuscript - a small and simple study, materials and
methods appear good. The article evaluated the prognosis in patients with
acute fatty liver of pregnancy discharged over six months and concluded that
acute liver failure and acute renal failure in AFLP patient is reversible; mothers
do not need specific long-term follow-up after recovery from AFLP providing
their liver function tests have normalized and they remain well.
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AIM: To explore the incidence and psychological and
behavioral characteristics of refractory functional dyspe
psia (RFD) in China.
METHODS: The subjects of this study were 1341 new
outpatients with functional dyspepsia (FD) who were
diagnosed according to the Rome Ⅲ criteria at four
hospitals in Guangdong Province between June and
September 2012, and 100 healthy volunteers. All subjects
completed questionnaires and scales administered.
RESULTS: Three-hundred and twenty-seven of the 1341
patients with FD had RFD (24.4%). Patients with RFD
had a longer disease duration and a more severe form of
the disease than patients with non-refractory FD (NRFD).
The prevalence of depression and anxiety symptoms was
higher in patients with RFD than in patients with NRFD.
The prevalence of unhealthy eating behaviors, lack of
physical activity, and sleeping disorders was higher in
patients with RFD than in patients with NRFD. Patients
with RFD sought medical advice on more occasions and
spent more money on treatment than patients with
NRFD. Finally, patients with RFD had poorer quality of life
than patients with NRFD.
CONCLUSION: RFD is not rare in clinical practice and
should get attention by patients and doctors because
of its long duration, severe symptoms, and associations
with abnormal psychology and poor quality of life.
Key words: Refractory functional dyspepsia; Psychologicalbehavioral characteristics; Depression; Anxiety; Behavior;
Quality of life
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.
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study was approved by the ethics committees of Gu
angzhou Nansha Central Hospital, Guangzhou First
People’s Hospital, Guangdong Province Second People’s
Hospital, and Meizhou Municipal People’s Hospital.

Core tip: Functional dyspepsia is the most common
functional gastrointestinal disease. Refractory functional
dyspepsia (RFD) even makes patients see a doctor
repeatedly and aggravates their medical expenses. However,
there is rare research concerning the psychologicalbehavioral characteristics of RFD patients until now. Thus
we performed a large, multicenter investigation of RFD
in China, and the findings may illustrate the importance
of recognition and diagnosis of RFD, and provide a basis
for clinical treatment and the relapse prevention of this
condition.

Study subjects

The study involved 9802 patients who visited the di
gestive department outpatient service of Guangzhou
Nansha Central Hospital, Guangzhou First People’s
Hospital, Guangdong Province Second People’s Ho
spital, or Meizhou Municipal People’s Hospital from
June to September 2012. FD and the subtype of
FD [epigastric pain syndrome (EPS) or postprandial
distress syndrome (PDS)] were diagnosed according to
[4]
the Rome Ⅲ criteria . Patient exclusion criteria were:
(1) an endoscopic examination revealed an ulcer,
erosion, tumor, another organic disease, or evidence
of esophagitis; (2) a history of ulcers, erosion, tumors,
other organic diseases, or esophagitis; (3) a laboratory
examination, ultrasound, or X-ray revealed an organic
disease associated with the liver, gallbladder, pancreas,
or intestine; (4) diabetes, connective tissue disease,
mental disease, or other systemic diseases; (5) a
history of abdominal operations; (6) pregnancy or
lactation; and (7) other functional gastrointestinal
disorders such as irritable bowel syndrome and gastro
esophageal reflux disease. In addition, the FD patients
who had to report continuous symptoms for at least
6 mo but failed to respond to at least two medical
treatments (such as acid suppressors, proton pump
inhibitors, prokinetics, or H. pylori eradication) were
[3]
defined with RFD . All FD patients who did not meet
these criteria were classed as non-refractory FD (NRFD)
patients.
One hundred healthy volunteers were included as
control subjects. Healthy volunteers did not exhibit
the following symptoms for 3 mo prior to the study:
postprandial fullness, early satiety, epigastric pain,
burning epigastric pain, abdominal pain, diarrhea,
constipation, and other gastrointestinal symptoms.
Healthy volunteers had normal function of the heart,
liver, and kidneys, no recent history of drug use, no
history of mental disease and no history of surgery.

Jiang SM, Jia L, Lei XG, Xu M, Wang SB, Liu J, Song M, Li
WD. Incidence and psychological-behavioral characteristics
of refractory functional dyspepsia: A large, multi-center,
prospective investigation from China. World J Gastroenterol
2015; 21(6): 1932-1937 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i6/1932.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i6.1932

INTRODUCTION
Functional dyspepsia (FD) is one of the most common
[1]
functional gastrointestinal diseases . Because of
differences between Asian and Western countries
in diet, lifestyle, environment, and genetic factors,
functional gastrointestinal diseases in Asian countries
are different from those in Western countries with
regard to symptoms, epidemiology, etiology, and
[1,2]
pathogenesis . Refractory FD (RFD) refers to FD
that has continuous symptoms for at least 6 mo
that has been unresponsive to at least two medical
treatments, such as acid suppressors, proton pump
inhibitors, prokinetics, or Helicobacter pylori (H.
[3]
pylori) eradication . The failure to respond to treat
ments is the main reason that RFD patients make
repeated visits to a doctor and escalate their medical
expenses. However, the pathogenesis of RFD and the
reasons this disease fails to respond to treatment
are not fully understood. Moreover, there is little
research concerning the psychological and behavioral
characteristics of patients with RFD.
In this study, we present data from a large, mu
lticenter investigation of RFD in China that were
collected as a part of a registered study (ChiCTR-TRC12001968). The focus of the present study was to
quantify the incidence of RFD and to identify the psy
chological and behavioral characteristics of patients
with RFD to illustrate the importance of recognizing
and diagnosing RFD, and to provide a basis for clinical
treatment and relapse prevention.

Data collection

Two unified training doctors obtained data from pa
tients and healthy volunteers in all hospitals. Data
collection took place via face-to-face interviews in a
quiet environment. Consultation time was 20-30 min
per subject.
The 25-item Nepean Dyspepsia Index was utilized
to evaluate the severity of patients’ symptoms. The
symptom checklist included frequency, severity and
bothersomeness of 15 upper gastrointestinal symp
toms, and a higher total score indicates a more se
[5]
vere digestive symptom .
The 17-item Hamilton Depression Rating Scale
(HAMD) and the 14-item Hamilton Anxiety Rating

MATERIALS AND METHODS
Ethics statement

All participants gave written informed consent. The
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Table 1 General characteristics of the study subjects n (%)
Feature
Gender
Male
Female
Age group
≤ 20 yr
21-30 yr
31-40 yr
41-50 yr
51-60 yr
> 60 yr
Age, yr
Subtype
EPS
PDS
EPS + PDS
Duration of disease, (yr)
Severity of disease
Mild
Moderate
Severe

P value1

P value2

0.300

0.470

0.110

0.110

0.001

0.780

-

0.010
0.690
0.010
0.002

-

-

0.001
0.100
0.003

-

RFD (n = 327)

NRFD (n = 1014)

Healthy volunteers (n = 100)

127 (38.8)
200 (61.2)

427 (42.1)
587 (57.9)

45 (45.0)
55 (55.0)

8 (2.4)
54 (16.5)
84 (25.7)
113 (34.6)
52 (15.9)
16 (4.9)
41.91 ± 11.30

39 (3.8)
215 (21.2)
289 (28.5)
294 (29.0)
130 (12.8)
47 (4.6)
39.60 ± 11.81

2 (2.0)
24 (24.0)
28 (28.0)
27 (27.0)
17 (17.0)
2 (2.0)
39.83 ± 12.42

120 (36.7)
94 (28.7)
113 (34.6)
6.01 ± 2.87

457 (45.1)
280 (27.6)
277 (27.3)
3.76 ± 1.83

101 (30.9)
148 (45.3)
78 (23.9)

459 (45.3)
407 (40.1)
148 (14.6)

1

Comparison between RFD and NRFD patients; 2Comparison between all functional dyspepsia patients (RFD and NRFD combined) and healthy volunteers.
Continuous data were compared across groups using one-way ANOVA and Student-Newman-Keuls test for multiple comparisons. Count data were
compared across groups using a χ 2 test. RFD: Refractory functional dyspepsia; NRFD: Non-refractory functional dyspepsia; EPS: Epigastric pain syndrome;
PDS: Postprandial distress syndrome.

Statistical analysis

Scale (HAMA) were used to evaluate the degrees of
depression and anxiety symptoms. Higher scores
indicate more severe depressive or anxious condi
tions. Depression symptoms were classified as severe
(HAMD score ≥ 25), moderate (HAMD score 18-24),
[6,7]
mild (HAMD score 7-17) or none (HAMD score ≤ 6) .
Anxiety symptoms were also classified as severe
(HAMA score ≥ 24), moderate (HAMA score 15-23),
[8,9]
mild (HAMA score 8-14) or none (HAMA score ≤ 7) .
The unhealthy eating behaviors were investigated
including the aspects of skip meals (less than three
meals a day), eating late (1 h later than the normal
meal time) and eating extra meal (more than three
meals a day). The working behaviors included the
aspects of working in the day (the time period from
6 am to 6 pm), working at night (the time period
from 6 pm to 6 am) and no work, and study was also
considered a work. Physical activity was evaluated
using the International Physical Questionnaire (IPAQ),
and low/moderate/high levels of physical activity were
defined according to the guideline for data analysis
[10]
of IPAQ . Sleeping was also assessed using the
Pittsburgh Sleep Quality Index (PSQI). A high PSQI
score indicates poor sleep, and patients with a PSQI
[11]
score > 5 were considered to have a sleep disorder .
Quality of life was evaluated using the Short Form
36 Health Survey Questionnaire (SF-36). High SF-36
[12]
scores indicate better quality of life . Patients were
investigated about the amount of money spent on
former treatments (drugs, examination, fee, traffic,
etc.) when they were diagnosed with FD or RFD. The
money was quantified by Chinese Yuan (CNY).

WJG|www.wjgnet.com

Statistical analyses were performed with SPSS 13.0
for Windows. Continuous data are expressed as mean
± SD, and were compared across groups (RFD, NRFD,
healthy volunteers) using one-way ANOVA and Stu
dent-Newman-Keuls test for multiple comparisons.
Count data were compared across groups using a
χ 2 test. All tests were two-tailed and P < 0.05 was
2
considered statistically significant. Especially, a χ test
for independence was used to determine whether
severity of disease, depression and anxiety symptoms
2
was related to RFD, and χ > 6.635 was considered
statistically significant.

RESULTS
Study sample

Of 1600 patients diagnosed with FD, 390 fulfilled
the criteria for RFD. A total of 1341 patients (n =
327 for RFD and n = 1014 for NRFD) completed the
questionnaire battery. These patients comprised 554
males and 787 females and were between 18 and
76 years old (mean age = 40.17 ± 11.72 years).
The 100 healthy volunteers comprised 45 males and
55 females and were between 18 and 78 years old
(mean age = 39.83 ± 12.42 years). Characteristics
of healthy volunteers were similar to those of the
patients (Table 1).

Incidence and disease characteristics

Of 9802 outpatients, 1600 (16.3%) were diagnosed
with FD and 390 (4.0%) were diagnosed with RFD.
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Table 2 Psychological and behavioral characteristics and quality of life of the study subjects n (%)
Characteristic
Depression symptoms
Mild
Moderate
Severe
HAMD score
Anxiety symptoms
Mild
Moderate
Severe
HAMA score
Both depression and anxiety symptoms
Eating behavior
Skip meals
Eating late
Eating extra meal
Physical activity level
High
Moderate
Low
Working time
Working in the day
Working at night
No work
Sleeping disorder
PSQI score
SF-36 score
Number of times seeking medical advice
Cost of treatments

RFD

NRFD

(n = 327)

(n = 1014)

207 (63.3)a, c
112 (34.3)a, c
61 (18.7)a, c
34 (10.4)a, c
11.65 ± 6.51a, c
201 (61.5)a, c
97 (29.7)a, c
74 (22.6)a, c
30 (9.2)a, c
10.84 ± 5.82)a, c
186 (56.9)a, c

212 (20.9)c
170 (16.8)
34 (3.4)
8 (0.8)
7.15 ± 3.34c
236 (23.3)c
162 (16)
60 (5.9)c
14 (1.4)
6.83 ± 3.53)c
171 (16.9)c

Healthy volunteers (n = 100)

P value

10 (10.0)
10 (10.0)
0 (0)
0 (0)
1.66 ± 2.50
10 (10.0)
10 (10.0)
0 (0)
0 (0)
2.26 ± 2.68
6 (6.0)

0.002
0.001
0.001
0.004
0.003
0.002
0.001
0.003
0.001
0.001
0.001

68 (20.8)a, c
92 (28.1)a, c
30 (9.2)a, c

131 (12.9)c
222 (21.9)c
55 (5.4)c

4 (4.0)
6 (6.0)
3 (3.0)

0.010
0.001
0.010

98 (30.0)c
156 (47.7)
73 (22.3)a, c

332 (32.7)c
536 (52.9)
146 (14.4)c

44 (44.0)
54 (54.0)
2 (2.0)

0.030
0.240
0.001

160 (48.9)
22 (6.7)
126 (38.5)b
204 (62.4)a, c
8.87 ± 5.00a, c
61.17 ± 16.77a, c
13.41 ± 7.66
3797.28 ± 1406.41

529 (52.2)
101 (10.0)c
333 (32.8)
334 (32.9)c
5.70 ± 4.12c
74.96 ± 13.51c
4.09 ± 2.20
1523.07 ± 665.35

56 (56.0)
2 (2.0)
25 (25.0)
13 (13.0)
2.95 ± 2.78
88.18 ± 7.30
-

0.400
0.010
0.030
0.001
0.001
0.001
0.002
0.001

Continuous data are expressed as mean ± SD, and were compared across groups using one-way ANOVA and Student-Newman-Keuls test for multiple
comparisons. Count data were compared across groups using a χ 2 test. aP < 0.05 vs NRFD patients; cP < 0.05 vs healthy volunteers. RFD: Refractory
functional dyspepsia; NRFD: Non-refractory functional dyspepsia; HAMA: Hamilton Anxiety Scale; HAMD: Hamilton Depression Scale; PSQI: Pittsburgh
Sleep Quality Index; SF-36: MOS 36-item Short Form Health Survey.

RFD accounted for 24.4% (390/1600) of all FD
diagnoses. Among the 1341 patients who completed
the questionnaire, the incidence of RFD was highest
in patients that were 41-50 years old. Females were
more than males in patients with RFD (61.2% vs
38.8%, P < 0.05). Incidence of the EPS subtype was
lower in patients with RFD than in patients with NRFD
(36.7% vs 45.1%, P < 0.05), whereas incidence of
the EPS + PDS subtype was higher in patients with
RFD than in patients with NRFD (34.6% vs 27.3%,
P < 0.05; Table 1). Disease duration was longer for
patients with RFD than for patients with NRFD (6.01
± 2.87 years vs 3.76 ± 1.83 years, P < 0.05; Table 1).
2
RFD was related to severity of disease (χ > 6.635),
most patients with RFD or NRFD had moderate symp
toms, but the proportion of patients with severe symp
toms was higher in RFD than in NRFD (23.9% vs
14.6%, P < 0.05; Table 1).

depression and anxiety symptoms in the RFD group
than those in the NRFD group or healthy volunteers
group (P < 0.05 for all; Table 2). This trend was
apparent for all degrees of severity. The prevalence of
mild, moderate, and severe depression and anxiety
symptoms was higher in patients with RFD than
in patients with NRFD (P < 0.05 for all; Table 2).
Moreover, RFD was measured related to severity of de
2
pression and anxiety symptoms (χ > 6.635 for both).
The total HAMA and HAMD scores, which represent
the severity of depression and anxiety symptoms,
respectively, were also higher in patients with RFD
than in patients with NRFD and healthy volunteers (P
< 0.05 for all; Table 2).

Behavioral characteristics

The prevalence of unhealthy eating behaviors, such as
skipping meals, eating late, and eating extra meals,
was higher in patients with RFD than in patients with
NRFD or healthy volunteers (P < 0.05 for all; Table
2). Most patients and healthy volunteers reported a
moderate level of physical activity, but the proportion
of subjects that reported a low level of exercise was
higher among patients with RFD than patients with
NRFD or healthy volunteers (P < 0.05; Table 2).
The proportion of subjects without work was higher

Psychological characteristics

The prevalence of depression and anxiety symptoms
was higher in patients with RFD (63.3%, 207/327
and 61.5%, 201/327, respectively) than in patients
with NRFD (20.9% and 23.3%, respectively) or
healthy volunteers (10.0% and 10.0%, respectively;
Table 2). Similarly, more patients presented both
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[17-19]

among patients with RFD than patients with NRFD or
healthy volunteers, but a significant difference only
existed between RFD patients and healthy volunteers
(Table 2). The proportion of subjects who worked
during the day was similar among the three groups.
The proportion of subjects who worked at night was
higher in patients with NRFD than in patients with
RFD or healthy volunteers, but a significant difference
only existed between NRFD patients and healthy
volunteers (Table 2). The prevalence of sleeping
disorders was higher in patients with RFD (62.4%,
204/327) than in patients with NRFD (32.9%,
334/1014, P < 0.05) or healthy volunteers (13.0%,
13/100, P < 0.05), and PSQI scores, which represent
quality of sleep, were higher in patients with RFD
than in patients with NRFD or healthy volunteers (P <
0.05 for both; Table 2).

motility dysfunction, visceral hypersensitivity
, the
change between brain-gut axis and gastrointestinal
[20-24]
[25]
hormones, eating behaviors
, or psychology .
[26]
Doi et al
reported that the prevalence of psycho
logical disorders was significantly higher in patients
with FD than in the general population. Similarly, the
psychological outcomes of our study indicated that
the prevalence of depression and anxiety symptoms
was higher in patients with RFD than in patients
with NRFD or healthy volunteers, and the severity of
symptoms associated with depression and anxiety
was higher in patients with RFD than in patients with
NRFD or healthy individuals.
Some behavioral characteristics were also revealed
in this investigation. The prevalence of unhealthy
eating behaviors (such as meal skipping, eating late,
and eating an extra meal), low levels of physical
activity, no work, and sleeping disorders was higher
for patients with RFD than for patients with NRFD or
healthy volunteers. Sleeping disorders are common
for patients with FD, both in China and around the
[23]
world. Miwa reported that the proportion of subjects
who thought they slept enough was significantly lower
among patients with FD-irritable bowel syndrome
overlap than among control subjects. We believe that
sleep disorders in RFD may be the result of other
underlying problems, such as depression, anxiety, or
other psychological conditions.
Because of the characteristics described above,
RFD patients sought medical advice more often and
spent more money on treatment than patients with
NRFD or healthy volunteers. All of these negative
factors combine to reduce quality of life, which was
reflected in our SF-36 results.
In summary, the medical community should pay
more attention to RFD diagnosis and to the importance
of an unhealthy lifestyle, abnormal psychological
characteristics, and sleeping disorders in RFD.

Quality of life

The SF-36 score, which indicates quality of life, was
lower in patients with RFD than in patients with NRFD
or healthy volunteers (P < 0.05 for both; Table 2).
Furthermore, the numbers of times that subjects had
sought medical advice and the amount of money
spent on treatment were higher in patients with RFD
than in patients with NRFD (P < 0.05 for both; Table 2).

DISCUSSION
Estimates of the worldwide prevalence of dyspepsia in
[13]
the general population range from 7%-40% . With
a decline in the incidence of peptic ulcer disease and
gastric cancer, the incidence of FD is set to increase.
[3,14,15]
RFD has a poor curative effect
, thus it should be
taken seriously by the medical community. In 2000,
[3]
Hamilton et al defined chronic FD as FD that had
been present for at least half a year and persisted
after at least two conventional drug treatments. At
present, there is no unified and precise definition
of RFD. In this study, RFD was defined according to
both the Rome Ⅲ criteria and the criteria of Hamilton
[3]
et al , and accounted for 4.0% of all digestive
department outpatients and 24.4% of FD cases, indi
cating that RFD is not rare in clinical practice. RFD
was characterized by a long course and high disease
severity.
EPS is the main subtype of FD in Western coun
[16]
tries, but PDS is the predominant subtype in Japan .
Differences in the prevalence of FD subtypes may
be uniquely related to differences in dietary habits,
customs, the social and cultural environment, and
genetic factors. In this study, we found that the
prevalence of the EPS + PDS subtype was signi
ficantly higher among patients with RFD than among
patients with NRFD. This may provide a clue as to the
obstinacy of RFD.
The pathogenesis of functional gastrointestinal
disorders is complex, and is related to gastrointestinal
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METHODS: In a randomized controlled trial setting,
ambulatory patients scheduled for elective colonoscopy
were prospectively enrolled. Patients were randomized
to receive either PEG + M or AscPEG, both splitdosed with minimal dietary restriction. Palatability was
assessed on a linear scale of 1 to 5 (1 = disgusting;
5 = tasty). Quality of preparation was scored by
assignment-blinded endoscopists using the modified
Aronchick and Ottawa scales. The main outcomes
were the palatability and efficacy of the preparation.
Secondary outcomes included patient willingness to
retake the same preparation again in the future and
completion of the prescribed preparation.
RESULTS: Overall, 200 patients were enrolled (100
patients per arm). PEG + M was more palatable than
AscPEG (76% vs 62%, P = 0.03). Completing the
preparation was not different between study groups
(91% PEG + M vs 86% AscPEG, P = 0.38) but more
patients were willing to retake PEG + M (54% vs 40%
respectively, P = 0.047). There was no significant
difference between PEG + M vs AscPEG in adequate
cleansing on both the modified Aronchick (82% vs
77%, P = 0.31) and the Ottawa scale (85% vs 74%,
P = 0.054). However, PEG + M was superior in the
left colon on the Ottawa subsegmental score (score
0-2: 94% for PEG + M vs 81% for AscPEG, P = 0.005)
and received significantly more excellent ratings than
AscPEG on the modified Aronchick scale (61% vs 43%,
P = 0.009). Both preparations performed less well in
afternoon vs morning examinations (inadequate: 29%
vs 15.2%, P = 0.02).

Abstract

CONCLUSION: 4 L PEG plus menthol has better
palatability and acceptability than 2 L ascorbic acidPEG and is associated with a higher rate of excellent

AIM: To compare the efficacy and palatability of 4
L polyethylene glycol electrolyte (PEG) plus sugar-
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[12]

preparations; Clinicaltrial.gov identifier: NCT01788709.

colonoscopy . The preparation is poorly tolerated
by patients resulting in incomplete adherence and
[16]
consequently low-quality preparations . An important
development was the concept of dose splitting, where
as much as half of the preparation is consumed on
the day of the examination, leading to improved
[17]
[18]
[19-21]
efficacy and tolerability . Further refinements
,
[18,22]
[23-25]
adjuvants
, and modifications
of PEG solutions
followed. The addition of high-dose ascorbic acid to
PEG (AscPEG) improved taste and helped reduce
the volume of the preparation to 2 L, making it one
of the most commonly prescribed purgatives in the
United States. Another simple refinement involves the
addition of menthol candy to 4 L split PEG resulting
in significant benefit in terms of patient tolerability,
acceptability and compliance, and leading to a higher
[26]
rate of excellent preparations . In this study, we
aim to directly compare two tested modifications of
the split-dose PEG preparation, namely 4 L PEG with
menthol candy (PEG + M) vs 2 L AscPEG.

Key words: Colonoscopy; Bowel preparation; Efficacy;
Tolerability; Menthol
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Colon preparations are generally poorly tolerated.
As a result, suboptimal bowel preparation can occur in as
many as 25%-40% of cases. Volume and palatability of
the purgative are important determinants of tolerability
and adherence and, consequently of efficacy. In this
randomized controlled trial, we investigate the efficacy
and palatability of two colonic preparations (4 L PEG +
menthol candy vs 2 L ascorbic acid supplemented -PEG)
given as split-dose and with minimal dietary restrictions.
Both preparations were similarly effective at achieving
adequate colon preparation but 4 L PEG + M had
superior palatability and tolerability and was associated
with more excellent ratings.

MATERIALS AND METHODS

Sharara AI, Harb AH, Sarkis FS, Chalhoub JM, Badreddine R,
Mourad FH, Othman M, Masri O. Split-dose menthol-enhanced
PEG vs PEG-ascorbic acid for colonoscopy preparation. World
J Gastroenterol 2015; 21(6): 1938-1944 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i6/1938.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i6.1938

Patients

The study was conducted at the American University
of Beirut Medical Center between February and
December 2013. Patients seen in the outpatient clinics
requiring elective colonoscopies were approached
about the study by their respective endoscopist.
Exclusion criteria included age less than 18, pregnant
or lactating women, prior intestinal resection or
bariatric surgery, chronic renal disease (creatinine
clearance < 60 mL/min), severe congestive heart
failure (New York Heart Association class Ⅲ or Ⅳ),
dehydration, history of severe constipation (< 1 bowel
movement every 3 d), chronic laxative abuse, and
history of inflammatory bowel disease. Patients with
phenylketonuria, known significant gastroparesis,
known or suspected bowel obstruction were also
excluded. Due to potential for priming by a previous
colonoscopy experience in the past 5 years that
might alter anticipation and response, patients who
had a colonoscopy within the last 5 years were also
excluded.
After informed consent was obtained, patients
were referred to the study coordinator where they
received one of the two regimens based on a pre
viously computer-generated 1:1 randomization list.
Detailed written instructions and verbal explanations
were provided to all patients. On the day of the colo
noscopy, patients were interviewed by an independent
investigator prior to the procedure. Colonoscopies
were performed by one of five endoscopists blinded
to the preparation. All exams were performed under
conscious sedation in the endoscopy unit between 9:00
am and 4:00 pm. The study protocol was approved
by the Institutional Review Board of the American
University of Beirut on December 2012, and the

INTRODUCTION
Colorectal cancer continues to be one of the leading
[1]
causes of death worldwide . A combination of early
detection and removal of precursor lesions has
proven beneficial in decreasing its incidence and
[2,3]
mortality
. However and despite the advent of
[4-7]
several screening modalities , optical colonoscopy
remains the preferred procedure due to its superior
[8]
diagnostic sensitivity , unique capability that allows
[9]
sampling and removal of luminal pathology , and
[10]
cost-effectiveness . These performance chara
cteristics are, however, highly dependent on the
[11,12]
quality of colon preparation
. Suboptimal prepa
rations are associated with a higher adenoma miss
rate, prolonged procedure time, incomplete exa
[11]
minations , and increased cost due to need for an
[13]
earlier repeat examination .
Polyethylene glycol electrolyte (PEG) solution is
the most commonly used purgative for colon clean
[14]
sing due to its superior safety profile
and high
[15]
efficacy . In a recent meta-analysis, 4 L splitdose PEG was found to be superior to other bowel
preparation comparators suggesting it should be
the standard against which new bowel preparations
[15]
should be compared . However, the unpalatable
taste and large volume required for proper cleansing
are the most commonly reported reasons to avoid
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study was registered with Clinicaltrial.gov identifier:
NCT01788709.

willingness to retake the same preparation again in
the future, and completion of the preparation. The
solutions were considered palatable if they received
4 or 5 on the 5-point palatability scale (acceptable or
tasty) and unpalatable for a score of 1-3 (disgusting,
moderately poor taste, or slightly poor taste).
Patients with an Aronchick score of excellent or good
were considered to have an adequate preparation,
whereas those with poor, inadequate, and fair were
considered to have an inadequate preparation. On the
Ottawa scale, segmental scores were collected and an
overall score was calculated. A total score of > 8 was
considered to indicate an inadequate preparation and
a score of ≤ 7 was deemed adequate. Preparations
with a total score of ≤ 4 were considered excellent,
provided that no individual colonic segment received
a score higher than 1. Patients were considered to
have completed the preparation if they consumed ≥
90% of the preparation volume.
Sample size calculation was based on publish
ed data showing 90% adequate preparation with
[26]
menthol-enhanced PEG (PEG + M)
and 65%-85%
[24,27,28]
(average: 75%) for reduced volume AscPEG
.
Using α of 0.05 and a power of 0.80, the sample size
required to show significance was calculated to be
97 patients per arm. Hence, it was decided to recruit
100 patients per arm taking into account possible
withdrawals. SPSS version 20.0 (SPSS Inc., Chicago,
Illinois, United States) was used for data entry and
analysis. The proportions in 2 × 2 contingency ta
2
bles were compared by the χ test. A p value of less
than 0.05 was considered significant. The prima
ry investigator and co-authors had access to the
study data and had reviewed and approved the final
manuscript.

Preparation instructions

Detailed written instructions and verbal explanations
were provided to all patients at the time of colo
noscopy scheduling, emphasizing the importance
of complete intake of the solution to ensure a more
effective procedure. On the day preceding the colo
noscopy, patients were allowed to consume an un
restricted breakfast and lunch till 3 pm, followed by a
full-fluid dinner (e.g., milk, water, soda, clear broth,
tea, or yoghurt) until 7 pm. Only clear fluids were
allowed after 7 pm (e.g., water, clear soda, tea).
®
Patients in the first arm received 4 L PEG (Fortrans ,
Ibsen, Paris, France) divided into 2 L consumed from
7-9 pm on the day preceding the colonoscopy, and 2
L on the day of the colonoscopy, taken no earlier than
4 h before the scheduled appointment, and completed
a minimum of 90 min before the procedure. Patients
in this arm were provided with sugar-free, colorless,
®
menthol candy (Halls , Cadbury Adams, NJ, United
States) and instructed to suck on a candy while
drinking the PEG solution (PEG + M). Patients in the
second arm received 2 L reduced-volume ascorbic
acid-supplemented PEG-electrolyte solution (AscPEG)
®
(MoviPrep , Norgine, Harefield, United Kingdom)
mixed according the manufacturer’s instructions plus
1L of clear fluids of the patient’s choice and dose-split
over 2 d. The first liter of AscPEG was consumed at
7 pm the day before colonoscopy with a minimum of
500 mL of clear fluids, and another 1 L of AscPEG plus
a minimum of 500 mL of clear fluids on the day of the
colonoscopy, to be completed no more than 4 h before
the procedure and at least 90 min before the procedure.

Data collection

RESULTS

Immediately before colonoscopy, patients were in
terviewed by an independent investigator. Patients
were asked to report their perception of the solution’s
palatability by checking a linear scale on a boxed
diagram from 1 to 5 (disgusting, moderately poor
taste, slightly poor taste, acceptable, and tasty)
and express the degree of willingness to take the
preparation again in the future. An assessment of
compliance and adherence was also performed with
the volume remaining of the solution recorded. The
quality of bowel cleansing was graded immediately
following colonoscopy by the performing endosco
pist who was blinded to the preparation assigned.
Endoscopists were asked to provide a score for each
patient using the modified Aronchick scale and Otta
wa scale.

Two hundred patients successfully completed the
study with 100 patients enrolled in each arm.
Nine patients cancelled appointments for reasons
unrelated to the quality or taste of the preparation
and were replaced by a similar number of patients.
Additionally, 4 patients took a different preparation
or unauthorized adjuvants, 3 patients were found to
have IBD at the time of colonoscopy, 1 patient forgot
to use the menthol candy, 1 patient was found to
have a history of laxative abuse, and 1 patient could
not be scoped beyond the left colon. All of these
cases were excluded. Two patients both belonging
to the AscPEG arm had cancelled procedure due to
bad preparation quality. These patients were included
in the study and received the worst scoring on both
scales. The mean age of enrolled patients was 54.5 ±
13.7 years (range: 21-85) with 52% males. Patients’
characteristics and indications for colonoscopy were
not different between the two groups (Table 1).
There was no difference between the two pre

Study design and endpoints

The primary end points of the study were the qua
lity of the preparation and the palatability of the
administered solution. Secondary endpoints included
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Table 1 Patient characteristics
AscPEG

P value

55 ± 13.8
54%
27 ± 4.7

54 ± 13.7
50%
27 ± 4.9

0.88
0.74
0.54

46%
13%
14%
10%
7%
4%
2%
2%
0%
2%

43%
13%
12%
6%
9%
5%
1%
5%
2%
4%

0.70
0.95
0.75
0.41
0.53
0.74
0.27
0.31
0.20
0.28

50%

Right
Mid
Left
Overall

P value

84%
95%
94%
85%

79%
89%
81%
74%

0.340
0.110
0.0051
0.054

34%

30%

10%
0%

P = 0.009
15%
5%

2%

Poor

12%

3% 3%
Inadequate Fair-adequate Good

Excellent

Quality of preparation

Figure 1 Quality of bowel preparation on the modified Aronchick scale.
P-value for the difference between AscPEG and PEG + M Aronchick scores is
0.31; P-value for the difference between excellent results with PEG + M and
AscPEG is 0.009. PEG + M: PEG electrolyte solution + menthol; AscPEG:
ascorbic acid PEG electrolyte solution.
70%

AscPEG
59%

60%

1

Significant P-value. PEG + M: PEG electrolyte solution + menthol;
AscPEG: Ascorbic acid PEG electrolyte solution.

PEG + M

62%

P = 0.054

50%
Percentage

parations in the rate of adequate preparations on
the Aronchick scale (82% for PEG + M vs 77% for
AscPEG, P = 0.31) (Figure 1). On the same scale, a
significantly higher number of patients receiving PEG
+ M were found to have an excellent preparation
(61% vs 43% AscPEG, P = 0.009). The mean score
on the Ottawa scale was better for PEG + M vs
AscPEG (5.1 ± 2.4 vs 5.8 ± 3.0, P = 0.09) as was
the rate of adequate preparations (overall score ≤
7: 85% vs 74%, P = 0.054) but these were not
statistically significant (Figure 2). Table 2 shows the
Ottawa scores according to colonic segment. Using a
segmental score of 0-2 as indication of an adequate
[29]
cleansing
there was no significant difference be
tween preparations in the right and mid-colon. How
ever, PEG + M was superior in the left colon (94% for
PEG + M vs 81% for AscPEG, P = 0.005).
PEG + M was significantly more palatable than
AscPEG (76% vs 62%, P = 0.03) (Figure 3). Similarly,
a significantly higher number of patients were willing
to retake PEG + M again in the future compared to
AscPEG (54% vs 40%, P = 0.047). Patients in the
PEG + M arm had a lower rate of non-compliance
with the prescribed volume compared to AscPEG, but
this difference was not significant (9% vs 14%, P =
0.38).
There was no difference in the number of patients
undergoing colonoscopy in the afternoon between
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40%

20%

Table 2 Percentage adequate preparation by colonic segment
using the Ottawa scale
AscPEG

43%

21%

PEG + M: PEG electrolyte solution + menthol; AscPEG: Ascorbic acid PEG
electrolyte solution.

PEG + M

61%

P = 0.31

60%

Percentage

PEG + M
Age (mean ± SD, yr)
Male subjects
BMI (mean ± SD, kg/m2)
Indication
Screening
Hematochezia
Abdominal pain
Change in bowel habits
Surveillance
Positive FOBT
Weight loss
Anemia
Diverticular disease
Others

PEG + M

70%

40%
30%
23%
20%

15%

13%

13%
8%

10%
0%

0-3

4-7

8-9

7%

10-14

Ottawa score

Figure 2 Overall preparation score according to the Ottawa score (a lower
score indicates a better preparation). P-value for the difference between
AscPEG and PEG + M Ottawa scores is 0.054. PEG + M: PEG electrolyte
solution + menthol; AscPEG: ascorbic acid PEG electrolyte solution.

study groups (40% PEG + M vs 35% AscPEG, P =
NS). However, PM colonoscopies had a higher rate
of inadequate preparation compared to AM colo
noscopies (29% vs 15.2%, P = 0.02) with no signi
ficant difference between study groups. On univariate
analysis, BMI, age, and gender were not associated
with inadequate preparations.

DISCUSSION
The ideal bowel preparation should be simple to
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100%

80%

Percentage

Unpalatable

P = 0.03

90%

70%

rate of adequate preparations, but also in improved
palatability and acceptability (including willingness to
retake in the future) over AscPEG so far considered a
more patient-friendly preparation in terms of volume
and taste.
The importance of this study is in showing that
split-dose PEG + M is arguably the new and improved
gold standard for combining efficacy (providing more
excellent preparations), palatability, tolerability, and
acceptability. Our study did not show a significant
difference between the two preparations on the
Ottawa scale perhaps due a type Ⅱ error and/or
to inherent limitations of the Ottawa scale. Current
bowel preparation scales have significant limitations
in distinguishing effective preparations and, with the
exception of the relatively simple yet highly subjective
modified Aronchick scale, in providing a validated
and clinically relevant separation between distinct
stages of the full spectrum of bowel cleanliness. For
example, the Ottawa scale is overly sensitive to the
presence of residual liquid in the colon (even when
that liquid is clear) leading to a final score that may
[31]
not necessarily reflect visualization of the mucosa
and which is not readily convertible into the relevant
subjective ratings generally used by endoscopists.
In our study this limitation of the Ottawa scale was
evident when we tried defining broad categories
(adequate vs inadequate or excellent vs less than
excellent) based on numerical clustering. In practice,
clinicians are not interested in such complex scoring
systems and prefer to rely instead on a simple
subjective dichotomous scoring system: adequate
vs inadequate. The limitations of the various bowel
preparations scales and the non-inferiority design
of most studies of bowel preparation are equally
important considerations as small, yet important
differences, may go unnoticed in clinical trials.
A recent editorial by Rex ushered in an era of
increased expectations for the efficacy of bowel
preparations noting that “efficacy and tolerability are
related, and together constitute the main ingredients
[30]
of effectiveness” . The performance characteristics
of colonoscopy are highly dependent on the quality
of the preparation. A recent study showed that a
fair bowel preparation is associated with 18-fold
increase in the odds of receiving a post-colonoscopy
surveillance recommendation that is inconsistent with
[32]
current guidelines . Narrowing the gap by shifting
to safe, palatable, tolerable, and highly effective
preparations is therefore a necessity that appears
increasingly achievable.
Our study has few limitations. The study was
conducted at a single center limiting the genera
lizability of the results and the sample size may have
underestimated some true differences between the
two interventions. Patients receiving PEG + M were
provided with free packets of sugar-free menthol
candy and it is unclear if, outside of clinical trials,
patients will realize the value of this simple addition,

Palatable

76%
62%

60%
50%
40%

38%

30%

24%

20%
10%
0%

AscPEG

PEG + M
Regimen

Figure 3 Palatability of the colon preparation (score ≤ 3: Unpalatable;
4 or 5: palatable). P-value for the difference in palatability between AscPEG
and PEG + M is 0.03. PEG + M: PEG electrolyte solution + menthol; AscPEG:
ascorbic acid PEG electrolyte solution.

administer, palatable, well tolerated, safe and effec
tive. Despite the unquestionable need for adequate
colon cleansing, suboptimal bowel preparation
occurs with surprising frequency in as many as 25%
[12]
to 40% of cases . Inadequate bowel preparation
is associated with canceled procedures, prolonged
procedure time, incomplete examination, increased
cost, and missed pathology. Split-dose 4 L PEG is
superior to other comparator preparations and is
considered the gold standard against which other
[15,30]
regimens should be compared
. Although highly
effective even with minimal dietary restriction, splitdose 4 L PEG is limited by the high volume and
unpleasant taste leading to poor acceptability by
patients. To circumvent the volume and taste issue,
a new formulation of PEG including ascorbic acid
was developed (AscPEG). The added megadose of
ascorbic acid is not completely absorbed, exerting
an osmotic effect in the colon thereby reducing the
necessary effective volume of cleansing solution
to 2 L. When compared to split-dose 4 L PEG in a
“quasi-randomized” study, AscPEG was similar in
[28]
achieving adequate bowel preparation . However,
more excellent preparations were reported in the 4
L PEG arm (79% vs 52% for AscPEG, p < 0.001).
No significant difference was found between the
two preparations in terms of taste, tolerability or
acceptability.
Another successful way to circumvent the afo
rementioned limitation of the split-dose 4 L PEG
standard was the simple use of menthol candy (PEG
+ M) as an adjunct resulting in enhanced palatability,
acceptability as well as a higher number of excellent
[26]
preparations . The results of this study confirm
that this simple addition not only results in a high
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purchase the menthol candy (retail price of about
$2 for a packet of 25 candies), and follow the simple
instructions for use. An accurate estimate of patient
compliance to dietary changes was not recorded but
is likely a minimal factor given the largely unrestricted
diet. Lastly, we did not examine intra or interobserver
variability, however, a scoring bias is unlikely given
the random study design and the blinding of the
endoscopists.
In summary, this study confirms that both splitdose preparations are effective at achieving adequate
colon cleansing with minimal dietary restrictions.
Menthol-enhanced split-dose 4 L PEG (PEG + M)
was superior to split-dose 2 L AscPEG in terms of
palatability, acceptability, and excellence in quality.
The simple addition of menthol candy is an easy and
safe strategy and leads to improved effectiveness
of split-dose 4L PEG and to a favorable quality
improvement that should further enhance the power
of colonoscopy.
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AIM: To review literature on efficacy and safety of
octreotide-long-acting repeatable (LAR) used at doses
higher than the Food and Drug Administration (FDA)approved 30 mg/mo for treatment of neuroendocrine
tumors (NETs).
METHODS: We searched PubMed and Cochrane Library
from 1998-2012, 5 conferences (American Society
of Clinical Oncology, Endocrine Society, European
Neuroendocrine Tumor Society, European Society for
Medical Oncology, North American Neuroendocrine
Tumor Society) from 2000-2013 using MeSH and key
terms including neuroendocrine tumors, carcinoid tumor,
carcinoma, neuroendocrine, and octreotide. Bibliogra
phies of accepted articles were also searched. Two re
viewers reviewed titles, abstracts, and full-length articles.
Studies that reported data on efficacy and safety of ≥
30 mg/mo octreotide-LAR for NETs in human subjects,
published in any language were included in the review.
RESULTS: The search identified 1086 publications, of
which 238 underwent full-text review (20 were translated
into English); 17 were included in the review. Studies
varied in designs, subjects, octreotide-LAR regimens,
and definition of outcomes. Eleven studies reported
use of higher doses to control symptoms and tumor
progression, although symptom severity and formal
quality-of-life analysis were not quantitatively measured.
Ten studies reported efficacy, describing 260 subjects
with doses ranging from 40 mg/mo or 30 mg/3 wk up
to 120 mg/mo. Eight studies reported expert clinical
opinion that supported dose escalation of octreotide-LAR
up to 60 mg/mo for symptom control and suggested
increased doses may be effective at preventing tumor
progression. Eight studies reported safety; there was no
evidence of increased toxicity associated with doses of
octreotide-LAR > 30 mg/mo.
CONCLUSION: As reported in this review, octreotide-
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LAR at doses > 30 mg/mo is being prescribed for
symptom and tumor control in NET patients. Further
more, expert clinical opinion provided support for esca
lation of somatostatin analogs for refractory hormonal
symptoms.

of octreotide long-acting repeatable (LAR), indicated
for severe diarrhea/flushing episodes associated with
metastatic carcinoid tumors and VIPomas, is 30 mg
[4]
every 4 wk .
A recent physician expert consensus panel high
lighted the appropriateness of using standard dose
SSAs for control of hormonal symptoms and tumor
growth in patients with advanced carcinoid tumors, as
well as increasing dose/frequency of SSAs in treatment
[2]
of refractory carcinoid syndrome . The panel also
recommended that increase in the dose/frequency
of SSAs be considered for patients with radiographic
progression, particularly in cases where disease was
previously stabilized at a lower dose. Additionally,
in clinical practice, octreotide-LAR is sometimes pre
scribed at above-label doses but evidence for this
practice has not been systematically assessed. Moti
vated by the recent expert panel consensus and anec
dotal evidence from clinical practices, our aim was
to systematically review the published literature on
efficacy and safety of octreotide-LAR used at doses
higher than the Food and Drug Administration (FDA)approved 30 mg and/or administered at a frequency
greater than every 4 wk for management of NETs.

Key words: Carcinoma; Neuroendocrine; Carcinoid synd
rome; Carcinoid tumor; Gastrointestinal neoplasms; Neu
roendocrine tumor; Antineoplastic agents; Hormonal;
Dose-Response relationship; Drug; Octreotide; Literature
review; Efficacy; Effectiveness; Symptom control; Tumor
progression control; Diarrhea; Abdominal pain; Flushing
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Although octreotide-long-acting repeatable
(LAR) is Food and Drug Administration approved for
alleviating severe diarrhea/flushing associated with
metastatic carcinoid tumors at doses ≤ 30 mg every
4 wk, our review found that several studies within
the published literature described the use of abovelabel doses of octreotide-LAR for symptom and tumor
control of neuroendocrine tumors. Expert clinical
opinion, as reported in this review, supports escalation
of somatostatin analogs for patients with refractory
hormonal symptoms.

MATERIALS AND METHODS
Data sources and search strategy

Broder MS, Beenhouwer D, Strosberg JR, Neary MP, Cherepa
nov D. Gastrointestinal neuroendocrine tumors treated with
high dose octreotide-LAR: A systematic literature review. World
J Gastroenterol 2015; 21(6): 1945-1955 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i6/1945.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i6.1945

We searched PubMed and the Cochrane Library
databases and five conferences: American Society of
Clinical Oncology (ASCO) annual meeting and ASCO
Gastrointestinal Cancers Symposium, Endocrine Society
(ENDO), European Neuroendocrine Tumor Society
(ENETS), European Society for Medical Oncology
(ESMO), and North American Neuroendocrine Tumor
Society (NANETS). In supplementing our search, we
also reviewed reference lists of records included for
data abstraction and asked for article nominations from
physician experts that were part of a NET treatment
[2]
consensus panel .
We searched PubMed using the keywords and
Medical Subject Headings terms: “neuroendocrine
tumors”, “carcinoid tumor”, and “carcinoma, neuroen
docrine”, and “octreotide”. Our search was limited to
human subjects and studies published from 1998 to
present. The search year limit of “1998” was imposed
based on octreotide acetate LAR (Sandostatin LAR)
original approval date (www.accessdata.fda.gov/).
In addition to the terms used in the PubMed search,
the Cochrane Library was also searched using word
combinations of “octreotide” and limited to Cochrane
Reviews and Protocols. Conference abstracts were
searched using an expanded version of search terms
listed above: neuroendocrine tumor, neuroendocrine
tumour(s), neuroendocrine carcinoma(s), carcinoid
tumor(s), carcinoid tumour(s), carcinoid syndrome,
octreotide, and sandostatin. The conference search
was limited to studies in human subjects and pub
lished in 2000 or later.

INTRODUCTION
Gastrointestinal neuroendocrine tumors (NETs) are rare
and generally slow-growing neoplasms that secrete
various peptides and neuroamines, some of which
[1]
cause clinical symptoms . The annual incidence of
NETs is approximately 40-50 cases per million, which
is about 1%-2% of all gastrointestinal malignancies.
These tumors may be classified in multiple ways but
are often divided into carcinoid tumors and pancreatic
neuroendocrine tumors (pNET). Symptoms are often
nonspeciﬁc, leading in many cases to delayed diagnosis.
First-line systemic therapy for NETs often consists
of somatostatin analogs (SSAs) such as octreotide
®
acetate (Sandostatin ; Novartis Pharmaceutical Com
pany, East Hanover, NJ, United States) or lanreotide
®
(Somatuline ; Ipsen Pharmaceuticals, Paris, France).
These drugs, initially developed to palliate the sy
mptoms of carcinoid syndrome, have an inhibitory
effect on secretion of gastrointestinal hormones (e.g.,
serotonin). Accumulating data indicate that SSAs are
[2,3]
also capable of inhibiting NET growth . Currently, the
maximum FDA-approved dosage and administration
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Screening and selection criteria

sensus. The Oxford’s Centre for Evidence-based
Medicine Levels of Evidence (OCEBM) was used to
assign a quality of evidence grade of 1 to 5 to each
included study, with 1 indicated a study with the
strongest scientific basis for support of conclusions
[7]
and 5 the weakest (e.g., expert opinion) .

Identified articles were screened in three phases,
article title and abstract review, first full article
review, and second full article review, and conference
abstracts in one phase. Articles were advanced to
the next phase of screening only if they met the
screening criteria or if it was unclear if they met the
screening criteria in the prior screening phase. The
first and second screening phases were done by a
single reviewer and the third by two reviewers. In the
first phase, titles and abstracts of identified studies
were screened for data in human subjects on the
drug (octreotide-LAR) and condition (neuroendocrine
tumors) of interest. If an article that passed this
screening phase was not in English, it was translated
and moved to phase two (first full article review).
In phase two, studies were screened for use of
octreotide acetate LAR at doses > 30 mg/4 wk. In
phase three, an article was excluded if an outcome
of interest (efficacy, safety, and/or expert clinical
opinion) was not reported or if the article was a
case report, since case reports present data on too
few patients to be able to draw any generalizable
conclusions. Conference abstracts were screened by
a single reviewer in one phase. Studies that passed
the screening were abstracted. All screening and
abstraction of the identified studies was done using
[5]
specialized software .

RESULTS
Search and screening

The PubMed and the Cochrane Library databases
searches, conducted on 12/9/12, yielded 705 articles:
692 were identified in PubMed, 13 in the Cochrane
Library database, and 3 more provided by experts
(Figure 1). A search of conferences resulted in 116
abstracts identified from the ASCO meetings (87 from
2000-2012 annual meetings; 29 from 2004-2013 Gas
trointestinal Cancers Symposiums), 83 from 20002012 ENDO meetings, 92 from 2004, 2006, 20092012 ENETS meetings, 29 from 2000 and 2002-2012
ESMO meetings, and 54 from 2008-2012 NANETS
meetings. An update to the search was conducted
in June 2013 to identify articles in the ASCO 2013
meeting, which resulted in 4 more abstracts. A total
of 708 articles and 378 conference abstracts were
screened.
In the first phase of screening, 848 of 1086 re
cords were excluded from further screening (Figure
1). Twenty articles were translated before phase two
(2 from Spanish, 6 from Italian, 4 from Japanese, 1
from French, 6 from Hungarian, and 1 from Danish).
In phase two, 205 of 230 full-length articles were
excluded due to lack of data on the use of octreotide
acetate LAR at doses > 30 mg/mo. In the final pha
se, 15 of 33 additional articles (10 did not discuss
outcomes of interest and 5 were case reports) were
excluded. Bibliographies of the 10 accepted fulllength articles were screened for additional studies
of interest but no additional studies were identified.
Eight of the 378 identified abstracts passed the
screening and were abstracted. The weighted kappa
[6]
for the two reviewers was 0.94 . During abstraction,
it was determined that 2 of the 10 included articles
reported data on the same patients, hence only the
most relevant and recent of the two studies (Woltering
2006), which reported data on outcomes of interest,
was retained in this review.

Outcome measures

The outcomes of interest included reports of effi
cacy/effectiveness and safety surrounding the use
of octreotide-LAR at doses higher than 30 mg or
administered at a frequency greater than 4 wk. We
also reviewed expert clinical opinion statements
surrounding the use of above-label use of octreotideLAR. Measures of efficacy included symptom burden,
disease markers, tumor response, time to progression
of disease, requirements for additional intervention,
and survival. Measures of safety included frequency of
various adverse effects.

Quality assurance

The weighted Kappa inter-rater reliability was cal
culated between the two reviewers at the screening
phase using an independently-screened sample of
articles, considering that a Kappa value ranging from
0.81 to 0.99 is interpreted to indicate “almost perfect
[6]
agreement” . After determining that the inter-rater
[6]
reliability was high (i.e., > 0.81) , the remaining
articles were divided between the two reviewers.
Data were also first independently extracted from
a sample of accepted articles by the two reviewers,
and any resultant inconsistencies were discussed.
The remaining articles were then split up between
the two reviewers to finalize data extraction. Further
accuracy of data abstraction was assured by ongoing
consultation between the reviewers and the research
team, such that ambiguities were resolved via con
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Description of included studies

The review consisted of 17 studies, including 8 con
ference abstracts and 9 articles (Table 1). Four were
clinical studies, one was a report of a modified Delphi
[2]
[21]
process , one was a systematic review , two were
[8,9]
non-systematic reviews
and one was a letter to
[10]
the editor . Seven conference abstracts reported on
clinical studies and one a randomized phase Ⅲ trial.
Eight studies were performed in the United States,
two in Italy, one in both the United States and Europe,
and the location for the remaining 6 was not reported.
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705 records identified through
database search (PubMed:
692; Cochrane Library: 13)

378 records identified through
conference search
(ASCO: 120; ENDO: 83; ENETS: 92;
ESMO: 29; NANETS: 54)

3 records
provided by
experts

1

Screening

1086 records screened at phase Ⅰ
(title/abstract screening):
708 articles and 378 abstracts
205 full length articles excluded at
phase Ⅱ:
95 - not drug of interest
(octreotide acetate);
110 - dose not greater than >
30 mg/month;

238 records screened at phase
3
Ⅱ (full-text screening: octreotide
LAR doses > 30 mg/month):
230 articles and 8 abstracts

4

33 records screened at phase Ⅲ
(full-text screening: outcomes):
25 articles and 8 abstracts

848 records excluded at phase Ⅰ
478 full length articles excluded:
461 - not drug of interest (octreotide LAR);
5 - not condition of interest;
(neuroendocrine tumors);
12 - included non-human subjects .
370 conference abstracts excluded:
360 - not drug of interest, no condition of
interest, or no outcomes of interest;
2
10 - duplicates.
15 full length articles excluded at phase Ⅲ:
10 - no outcomes of efficacy, safety and expert
opinion associated with octreotide LAR use >
30 mg/mo;
5 - case report study

Included

17 records included in the
literature review:
5
9 articles and 8 abstracts

Figure 1 Record search and screening flow chart. 1Phase Ⅰ: Title and abstract screen of all identified records through database search; screens for records that
contain: octreotide LAR, neuroendocrine tumors, and human subjects. 2Duplicates include duplicate abstracts presented at different conferences and data reported in
full-length articles included in this review. 3Phase Ⅱ: Full-text screen of those records that passed phase Ⅰ; screens for records containing use of octreotide LAR of
doses greater than 30 mg/4 wk. 4Phase Ⅲ: Full-text screen of those records that passed phase Ⅱ; screen for records containing safety and effectiveness outcomes,
and exclude records that are case reports. 5Two of the 10 included articles reported data on the same patients, hence only the most recent study (Woltering 2006)
was retained in this review. American Society of Clinical Oncology (ASCO), Endocrine Society (ENDO), European Neuroendocrine Tumor Society (ENETS), European
Society for Medical Oncology (ESMO), and North American Neuroendocrine Tumor Society (NANETS).

examining the effect of 30 mg every 3 wk on tumor
progression, serum markers and symptoms. The
comparator group was historical and consisted of the
same subjects receiving octreotide-LAR 30 mg/mo.
Control of symptoms was seen with increased dose of
octreotide-LAR, with 40% noting normalization and
60% noting control of symptoms (flushing, diarrhea,
and bronchospasm). The time to tumor progression
and the time to biochemical progression (increase in
serum CGA, serum gastrin and/or urinary 5-HIAA)
were both significantly delayed (P < 0.01). The study
reported that “weakness and well-being improved in
all patients” but a specific tool for measuring quality
[11]
of life was not described. One of the larger studies
reported physician practice patterns in medical
management of 392 patients with NETs. Data were
reported by doses delivered rather than by patients
treated, so it was not possible to compare this study
to the other studies of efficacy that used more
standard methodology. Tumor responses to doses of
octreotide-LAR 20 and 30 mg were similar to those
[20]
at doses of 40 and 60 mg. Woltering
examined
whether CgA levels correlated with octreotide-LAR
dose and symptoms in 40 patients with carcinoid

Ten studies considered efficacy, 8 addressed safety,
and eight provided expert clinical opinion. OCEBM
grades ranged from 2b to 5, with 9 studies out of 17
scoring 4 or 5.

Efficacy

The efficacy of high dose octreotide-LAR was reported
[11-20]
in 10 studies, of which 4 were full-length articles
(Table 2). Doses studied ranged from a minimum of
either 40 mg per month or 30 mg per 3 wk up to a
maximum of 120 mg per month. The studies describe
over 260 subjects who received increased doses of
octreotide-LAR (the exact number cannot be stated
with certainty, as some studies did not report the
number of patients treated with above-label doses
and grouped them with other patients).
[12]
Chadha et al
retrospectively studied high dose
octreotide-LAR used to treat 30 patients with GEPNETs. Compared to 24 subjects receiving conventional
dose octreotide-LAR therapy, there was a trend
(P = 0.12) toward increased time before further
treatment intervention was required in this group but
[14]
no effect on survival (P = 0.48). Ferolla
was the
only prospective trial of high dose octreotide-LAR,

WJG|www.wjgnet.com

1948

February 14, 2015|Volume 21|Issue 6|

Broder MS et al . High dose octreotide-LAR in NETs
Table 1 Description of included studies
Ref. (OCEBM)

Country,
timeframe

Study design

Strosberg et al[2]
2013 (5)

United States

Modified delphi
process

Colao et al[8] 2010
Italy
(5)
Oberg et al[9] 2004
Europe,
(5)
United States
Yao et al[10] 2008 (5) United States

Literature review

Anthony et al[11]
2011 (3b)

United States,
2000-2006

Chadha et al[12] 2009 United States,
(2b)
2002-2007

Literature review
Letter to editor
Retrospective
multicenter medical
chart review
Retrospective singlecenter medical chart
review

Costa et al[13] 20061
(4)

2005

Retrospective case
series

Ferolla et al[14] 2012
(2b)

Italy

Multicenter openlabel non-randomized
prospective clinical
trial
Retrospective case
series

Koumarianou et
al[15] 20101(4)

2008-2009

Markovich et al[16]
20121 (4)

Retrospective clinical
trial

Valle et al[17] 20011
(4)

Retrospective singlecenter case series

Weber et al[18] 20121 United States,
(4)
2000-2010

Retrospective singlecenter medical chart
review

Wolin et al[19] 20131
(2b)

Multicenter
randomized phase Ⅲ
clinical trial
Non-randomized
prospective clinical
trial
Systematic
literature review
Retrospective
multicenter medical
chart review

Woltering et al[20]
2006 (3)

United States

Ludlam et al[21] 2011 1965-2010
(3a)
Strosberg et al[22]
United States,
20131 (2b)
2004-2010
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Study subjects

Reasons for
Doses of SLAR administered
(number of patients or number high dose
2
SLAR
of doses)

404 patient scenarios of
Subset of patient scenarios
patients with unresectable treated with SLAR (frequency:
metastatic well-differentiated every 2 wk, 3 wk, 4 wk; dosing
carcinoid tumors
30 mg, 40 mg, 60 mg, 90 mg,
120 mg)
Pituitary tumors and NETs
NA/NR
Relating to pts. with
GEPNETs
Relating to pts. with NETs
392 pts. with functioning
NETs (with or without CS),
treated with SLAR ≥ 4 mo
54 pts. with GEPNETs treated
with SLAR 20-30 mg

Relevant
outcomes
reported

NA/NR

Expert clinical
opinion

NA/NR

Expert clinical
opinion
Expert clinical
opinion
Expert clinical
opinion
Efficacy,
safety

NA/NR

NA/NR

NA/NR

NA/NR

10 mg (22 doses), 20 mg (224),
Lack of
30 mg (316), 40 mg (78), 50 mg
efficacy
(16), 60 mg (42)
Median high dose of SLAR 40 Control of
Efficacy,
mg, ranging 40-90 mg/mo (30 symptoms, safety, Expert
pts.)
treatment of
clinical
tumor
opinion
9 pts. with progressive
20 mg/mo (9 pts.); 30 mg/mo, Treatment of
Efficacy,
metastatic NETs treated with
40 mg/mo (3 pts.)
tumor
Expert clinical
SLAR 20 mg/mo
opinion
28 pts. with well30 mg/28 d initially for 6-32
Control of
Efficacy,
differentiated NETs,
mo (28 pts.); 30 mg/21 d (28
symptoms,
safety
progressing at standard dose
pts.) for 4-48 mo
treatment of
SLAR ≥ 6 mo
tumor, other
13 pts. with pretreated
30 mg/3 wk (12 pts.)
Treatment of
Efficacy,
progressive metastatic
tumor
safety
GEPNETs
31 pts. with pretreated
20 mg/mo initially (29 pts.); 30 Control of
Efficacy,
progressing disseminated
mg/mo (18); 40 mg/mo (13)
symptoms,
safety
NETs
long acting octreotide
treatment of
tumor, other
8 pts. with metastatic
Initially 20 mg/mo (5 pts), 15
Control of
Efficacy,
carcinoid syndrome
mg/mo, 60/mo, 20/2 wk (all
symptoms
safety
1); escalated to 20 mg/3 wk,
30 mg/3 wk, 50 mg/4 wk, 120
mg/4 wk (4 pts.)
337 pts. with metastatic small- 27% (99 pts.) with increased
Control of
Efficacy
bowel carcinoid tumors,
high dose; common max doses symptoms,
treated with SLAR
were 40 mg/4 wk (37 pts.), 60
tumor
mg/mo (34), 30 mg/3 wk (17) progression,
other
110 pts. with unresponsive
40 mg/28 d (57 pts.)
Control of
Efficacy,
NET symptoms to standard
symptoms
safety
dose SLAR
40 pts. with carcinoid
20 mg (8 pts.), 30 mg (19), 60
Control of
Efficacy
syndrome on stable doses of
mg (13) SLAR/mo
symptoms
SLAR for ≥ 3 mo
Relating to pts. with NETs
NA/NR
Control of
Safety
symptoms
271 pts. with carcinoid and
40% (n = 82) of carcinoid pts
Control of Expert clinical
pancreatic NETs, treated with had high dose: common max
symptoms,
opinion
octreotide-LAR
doses of 40 mg/mo (39%), 40 treatment of
mg/3 wk (18%), 30 mg/2 wk tumor, other
(17%); and 23% (15) of pNET
pts: 40 mg/mo (33%), 30 mg/2
wk (27%), 60 mg/mo (27%)
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Xu et al[23] 20121 (3b) United States, Retrospective analysis
1999-2007
of SEER-Medicare
claims

355 pts. with NETs

26 pts. (7.3%) with ≤ 10
mg initially, of which 3.9%
increased to > 40 mg; 91 (25.6%)
with 11-20 mg initially, 5.5%
increased to 31-40 mg and
4.4% to > 40 mg; 147 (41.4%)
with 21-30 mg initially, 11.6%
increased to 31-40 mg and
10.9% to > 40 mg; 65 (18.3%)
with 31-40 mg initially, 86.2%
increased to 31-40 mg and
13.9% to > 40 mg; 26 (7.3%)
with > 40 mg initially, 100%
increased to > 40 mg; 134 pts.
(37.7%) escalated to > 30 mg/
mo during 1st year of therapy

NA/NR

Expert clinical
opinion

1

Conference abstract; 2Control of symptoms (flushing, diarrhea, and etc.); treatment of tumor (tumor progression); other (biochemical markers). NA/NR:
Not applicable/not reported; OCEBM: Oxford’s Centre for Evidence-Based Medicine Levels Of Evidence; CS: Carcinoid syndrome; NETs: Neuroendocrine
tumors; GEPNETs: Gastroenteropancreatic neuroendocrine tumors; SLAR: Octreotide long-acting repeatable; pts.: Patients.

syndrome, and determined that CgA levels were
similar for those receiving octreotide-LAR 20 mg, 30
mg or 60 mg/mo.
Six conference abstracts reported efficacy of
[13,15-19]
[13]
high dose octreotide-LAR
. Costa
analyzed
characteristics and clinical outcomes in patients with
progressive metastatic NETs treated with octreotideLAR. The authors noted that “after evidence of objective
progressive disease in liver, a second response with
disease stabilization was achieved with octreotide
dosage increase from 30 mg to 40 mg every 4 wk”
in two subjects that received high dose octreotide[15]
LAR. Koumarianou
studied efficacy of octreotideLAR (30 mg/3 wk) combination therapy in 13
subjects with NETs. There was no comparator group.
Disease remained stable in 25% (3/12) and 75%
showed over > 50% reduction in tumor size. The
median progression free survival in evaluable patients
[16]
was 24.6 wk. Markovich
studied the efficacy of
long acting octreotide (including octreotide-LAR,
Octreotide-Depot and Octreotide-LONG) 30-40 mg/
mo in heavily pretreated patients with disseminated
NETs. Subjects (n = 29) initially received long-acting
octreotide 20 mg/mo and the dose was escalated
to 30 mg/mo (n = 18) or 40 mg/mo (n = 13). The
reason for dose escalation was disease progression
in 19 and lack of symptom control in 12. Those
receiving long-acting octreotide alone (n = 14) did
not have a response. However, tumor growth was
controlled in 25 subjects (80.7%). Median time
to progression in the total group was 18 mo. The
report did not indicate what percentage of subjects
specifically received octreotide-LAR vs other forms
[17]
of long acting octreotide. Valle et al
determined
patient acceptability and control of carcinoid-related
symptoms in 8 patients receiving octreotide-LAR,
two of which started on high dose. Three subjects
required dose escalation to high dose octreotide[17]
LAR to control symptoms. Valle et al
reported
“patients who required continued dose-escalation
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of Sandostatin LAR showed evidence of increased
urinary 5-HIAA suggesting increased disease activity.”
[18]
Weber et al
determined the frequency of “abovelabel” octreotide-LAR dosing and outcomes. Of 337
subjects treated with octreotide-LAR for metastatic
NETs at a single tertiary care institution, 99 (27%)
received high dose. The indications for dose increase
were worsening carcinoid syndrome (60 patients),
radiographic progression (33 patients), and rising
urine 5-HIAA (6 patients). Among patients whose
doses were increased for refractory carcinoid syn
drome, flushing improved in 56% and diarrhea im
proved in 62%. Finally, a randomized phase Ⅲ clinical
[19]
trial by Wolin et al
showed that treatment with
octreotide-LAR to 40 mg/4 wk led to better control of
diarrhea and flushing at 6 mo after starting treatment.
Progression free survival was 6.8 mo. The comparator
arm in this trial was a novel long-acting somatostatin
analog (pasireotide-LAR 60 mg/4 wk), which showed
a longer progression free survival (11.8 mo).
Considering these studies together, there is a trend
supporting the use of octreotide-LAR at above-label
doses to control symptoms and tumor progression.

Safety

The safety of high dose octreotide-LAR was reported in
[11,12,14-17,19,21]
8 studies
(Table 3). There was no increased
toxicity compared to conventional dose therapy
[12,17,21]
reported in 3 of the studies that examined safety
.
[19]
Wolin et al
compared octreotide-LAR treatment arm
to patients using pasireotide-LAR, and showed the
two arms have a similar safety profile (diarrhea: 7%
vs 9%; abdominal pain: 9% vs 2%) except for the
higher frequency of hyperglycemia (0% vs 11%)
in the pasireotide group, and 4 (7%) and 7 (13%)
patients that discontinued due to adverse events.
Overall, our review shows that adverse events were
not well described. This may be because octreotideLAR has a favorable safety profile and that modest
increases in the dose may not lead to significant
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Table 2 Efficacy of octreotide long-acting repeatable > 30 mg/mo
Ref.
[11]

Anthony et al

2011

Disease markers

NA/NR

NA/NR

Chadha et al[12] 2009

NA/NR

Costa et al[13] 20061

NA/NR

Ferolla et al[14] 2012

Complete normalization: 40%; partial
symptom control: 60%; flushing (normalized
in 71.4%, improved in 28.6%), diarrhea (70%,
30%); pain (disappeared in 33%; improved
in 67%); bronchospasm improved in 100%;
hypoglycemia improved in 100%; weakness/
well-being improved in all pts

Koumarianou et al[15]
20101

NA/NR

Markovich et al[16]
20121

NA/NR

Valle et al[17] 20011

Improvement in flushing, diarrhea, and
bronchospasm (results not broken down by
dose)
In pts., with increased doses of SLAR for
refractory CS, 62% had improvement in
diarrhea and 56% had improvement in
flushing
At month 6, symptom response was 21%
(9/43) in pasireotide-LAR vs 27% (12/45)
in ocrteotide-LAR arms (OR = 0.73; 95%CI:
0.27-1.97; P = 0.53); 36.5% ± 29.1% had a
reduction in diarrhea/d and a 49.4% ± 36.7%
in flushing/2 wk
Flushing not controlled in 0% (20 mg), 11.1%
(30 mg), vs 7.1% (60 mg) SLAR groups (P =
1.0); diarrhea not controlled in 0% of pts. (20
mg), 27.8% (30 mg), vs 30.8% (60 mg) groups
(P = 0.3182)

Weber et al[18] 20121

Wolin et al[19] 20131

Woltering et al[20] 2006

2

Symptoms

Tumor response/Disease progression

Complete response rates: 2% (20 mg),
1% (30 mg), 0% (40 mg), 2% (60 mg);
partial response: 6% (20mg), 8% (30
mg), 4% (40 mg), 10% (60 mg); stable
disease: 57% (20 mg), 57% (30 mg),
55% (40 mg), 50% (60 mg); progression:
21% (20 mg), 25% (30 mg), 18% (40
mg), 29% (60 mg)
NA/NR
Median time to intervention was 2.9
mo (conventional dose group) vs 17.7
mo (high-dose) (P = 0.12)
NA/NR
After evidence of progressive disease
in liver, disease stabilization was
achieved with increase to 30 mg and to
40 mg/mo
30% of pts. with elevated markers
Partial response in 7.2%, stable disease
responded to higher dose; significant
in 92.8%; median time to progression
response to high dose SLAR was in 30%
was 30 mo. (SLAR 30 mg/21 d) vs 9
of pts. with high CgA, 57.1% of pts. with
mo. (standard dose) (P < 0.0001);
high 5-HIAA, and 100% of pts. with high
gastrin; median time-to-biochemical
progression was 30 mo (SLAR 30 mg/21 d)
vs 14 mo (standard dose) (P < 0.01)
NA/NR
75% (9/12) with > 50% tumor size
reduction, and 25% had stable disease;
median PFS was 24.6 wk
NA/NR
Partial response in 3.2%, stable disease
in 80.7%, progressed in 16.1%; tumor
growth control in 83.9%, pts. had
biochemical response and symptom
relief (results not broken down by
dose)
pts. with dose-escalation of SLAR had
increased 5-HIAA, suggesting increased
disease activity
NA/NR
NA/NR

NA/NR

Median PFS was 6.8 mo in octreotideLAR vs 11.8 mo pasireotide-LAR arms
(HR = 0.46; P = 0.045)

Mean absolute serum CgA: 53.1 (20 mg
SLAR), 65.8 (30 mg), 70.7 (60 mg) (P =
0.9847); mean absolute plasma CgA: 56.6
(20 mg), 66.2 (30 mg), 65.2 (60 mg) (P =
0.9092)

NA/NR

1

Conference abstract; 2Disease makers: 5-hydroxyindoleacetic acid (5-HIAA), chromogranin A (CgA), gastrin, and insulin. NA/NR: Not applicable/not
reported; CS: Carcinoid syndrome; SLAR: Octreotide long-acting repeatable; PFS: Progression free survival.

[13]

et al
further suggested that increased doses of
octreotide-LAR may be effective for tumor progression.
[22]
Strosberg et al
reported above-label dosing of
octreotide-LAR is common in NCCN institutions, and
the primary indication is refractory carcinoid syn
[10]
drome. Yao et al
cautioned that until there are
appropriate studies (i.e., randomized controlled trials)
completed, escalating doses of octreotide-LAR should
[23]
be done only for control of symptoms. Xu et al

increases in toxicity, or because the studies were too
small to identify rare events.

Expert clinical opinion

Expert clinical opinions were reported in 8 artic
[2,8-10,12,13,22,23]
[9]
les
(Table 4). Both Oberg et al and
[2]
Strosberg et al supported the idea of increasing
octreotide-LAR dose up to 60 mg/mo for control of
[12]
[8]
symptoms. Chadha et al , Colao et al , and Costa
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Table 3 Safety of octreotide long-acting repeatable > 30 mg/mo
Ref.

Safety

Anthony et al[11] 2011
Chadha et al[12] 2009
Ferolla et al[14] 2012

Koumarianou et al[15] 20101

Ludlam et al[21] 2011

Markovich et al[16] 20121
Valle et al[17] 20011

Wolin et al[19] 20131

NA/NR (adverse events not broken down by SLAR dose); of 392 pts., 8.7% had hyperglycemia, 6.4% had cholelithiasis, 2.8%
had cholecystitis, 2.3% had steatorrhea, and 1.5% had hypoglycemia, and 22% had ≥ 1 adverse event during SLAR use
p 4129: “No treatment related toxicities were reported.”
p 329: “No additional toxicity was recorded for the schedule treatment with LAR 30 mg every 21 d when compared with
standard LAR dose and no treatment discontinuation or dose modification was required. Adverse events observed in
patients in treatment with LAR 30 mg every 21 d were diarrhea in 1, abdominal pain in 1, cholelithiasis in 2, pyrexia in 1
patient. No constipation, dizziness, arterial hypertension or any other adverse event was observed.”
“Patients reported no significant symptoms related to treatment adverse events. Two patients experienced a
grade Ⅰ neutropenia and one patient a grade Ⅱ thrombocytopenia. One patient did not receive treatment due to persistent
nausea and vomiting resistant to metoclopramide.”
p 838: “A trial designed to compare two dose levels of octreotide LAR (30 and 40 mg/mo) highlighted the ability of
octreotide LAR to control diarrhea in patients with active or prior chemotherapy-induced diarrhea. Fewer patients in the 40
mg/mo group compared with those in the 30 mg/mo group experienced severe diarrhea (62% vs 48%; P = 0.14), required
intravenous fluid (32% vs 19%; P = 0.10), or had diarrhea-related unscheduled healthcare visits (42% vs 28%; P = 0.11). Most
importantly, adverse events were balanced between the two groups.”
"Tolerability of long-acting octreotide in a dose of 30-40 mg was satisfactory for all pts.”
"All patients found the long-acting analogue acceptable and none requested a change back to conventional daily octreotide.
Sandostatin LAR is an alternative somatostatin analogue that is highly acceptable to patients; doses may be safely escalated
if required.”
“Hyperglycemia (11% vs 0%), diarrhea (9% vs 7%), and abdominal pain (2% vs 9%) were the most common grade 3/4 AEs in
the pasireotide-LAR (P) vs octreotide-LAR (O) arms in the core phase, and 7 (13%) and 4 (7%) patients discontinued due to
AE. P and O showed a similar safety profile except for the higher frequency of hyperglycemia in P.”

1

Conference abstract. NA/NR: Not applicable/not reported.

Table 4 Expert clinical opinion statements on use of octreotide long-acting repeatable > 30 mg/mo
Ref.

Quoted expert clinical opinion

Chadha et al[12] 2009

Colao et al[8] 2010
Costa et al[13] 20061
Oberg et al[9] 2004

Strosberg et al[2] 2013

Strosberg et al[22] 20131
Xu et al[23] 20121
Yao et al[10] 2008

p 4130: "Our experience and those of others have shown that S-LAR can provide disease control to prolong time needed for liverdirected therapies and systemic therapies. Dose escalation provides an opportunity to spare patients from morbidities associated
with these procedures and systemic therapy."
p 290: “The dosages of SSAs currently used are probably insufficient to determine control of hormone secretion and tumor
growth both in acromegaly and NETs.”
"Dose increase with octreotide LAR should be offered to those patients who progress after achieving a first objective response
with SS analogues."
p 970: "As a general rule, if the total IR dose is 200-600 μg/d, LAR 20 mg should be tried, and if total IR dose is 750-1500 μg/d,
LAR 30 mg should be tried. The LAR doses range from 20 to 60 mg/28 d. Supplementary administration with the IR form of
octreotide in patients escaping anti-secretory response is often required during long-term treatment with LAR. If it is necessary
to give the patient rescue doses of IR octreotide three or four times per week, increase the LAR dose to 30 mg/4 wk, or reduce
the interval between administrations of the depot formulation (e.g., 20 mg/3 wk). Furthermore, the temporal occurrence of
hypersecretion during the 4-week dosing interval should be considered. For example, if the rescue s.c. therapy is required during
the week before the next injection of LAR, then a reduction of the dosing interval by 1 wk is advisable. On the other hand, if the
need for rescue medication occurs sporadically throughout the month then increasing the dose stepwise by 10 mg/mo up to 60
mg/mo should be tried. Doses of LAR > 60 mg/mo are rarely of added value."
p 5: "In patients with uncontrolled secretory symptoms, increasing the dose/frequency of SSAs is appropriate (median rating, 8),
particularly among patients who had previously responded to a lower dose. The panel considered dose escalations of octreotide
LAR up to 60 mg/4 wk (median rating, 7) or up to 40 mg/3 wk (median rating, 7) to be reasonable adjustments for refractory
carcinoid syndrome. Increasing the dose/frequency of SSAs may be considered in patients with radiographic progression,
particularly those whose disease was previously stabilized at a lower dose. The panel considered an increase in dose/frequency
up to 40 mg/3 or 4 wk to be reasonable (median rating: 4-5.5). There is a lack of evidence that increasing the dose/frequency of
SSAs slows radiographic progression."
“Above label dosing of octreotide LAR is common in NCCN institutions. The primary indication is refractory carcinoid
syndrome.”
"Our analyses showed that patients frequently required the escalation of octreotide LAR dose during their course of illness. A
substantial number of patients required doses greater than the FDA approved dose of 30 mg/mo."
p 338: "Although octreotide has proven to be a safe and efficacious drug for carcinoid syndrome, it nonetheless can cause adverse
events including steatorrhea, cholelithiasis, and hyperglycemia. Until conclusive data from randomized studies are available
to show that octreotide has a disease-stabilizing effect and at what does this effect occurs in humans, we advocate titrating the
octreotide LAR dose according to symptoms rather than to an arbitrary blood level."

1

Conference abstract. NCCN: National Comprehensive Cancer Network; NETs: Neuroendocrine tumors; S-LAR: Octreotide long-acting repeatable; FDA:
Food and Drug Administration; SSAs: Somatostatin analogues.
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Strengths and limitations

reported that a substantial number of patients in this
study required doses greater than the FDA approved
dose of 30 mg/mo. Overall, our review indicated that
clinical experts support dose escalation of octreotideLAR.

The strength of this review lies in its comprehensive
search, review, and synthesis of global literature on
above the FDA-approved label dosage and frequency
of administration of octreotide-LAR in patients with
NETs. This study also has limitations. The data on
symptom improvement are limited by lack of quan
titative measurements of symptom severity and
absence of formal quality of life analysis. Nine of
the 17 included studies were retrospective, and
retrospective studies may be subject to recall and
reporting biases. The only prospective trial reporting
[14]
used historical
efficacy data in a full-length article
controls, which may limit estimation of effects. Wolin
[19]
et al
reported on a randomized clinical trial of
pasireotide-LAR (comparator arm) vs octreotideLAR 40 mg/28 d. However, this trial did not assess
other doses of octreotide-LAR. The studies included
in this review varied in design, patient population,
octreotide-LAR regimens, and definitions of outcomes,
and the data were reported in several ways across the
reviewed studies. Thus, the heterogeneity of these
data made it difficult to compare directly between
studies and prevented us from conducting a metaanalysis. OCEBM grades ranged from 2b to 5, with 9
studies out of 17 scoring 4 or 5, indicating a relatively
[7]
low quality of evidence (grade C) . Of the 10 studies
that reported data on efficacy and of the 8 that
reported data on safety, 5 and 4 were small (< 100
patients) retrospective studies, respectively. Finally,
in this study, we were unable to assess separately the
effects of octreotide-LAR co-therapy vs monotherapy
on safety and efficacy outcomes given the limited data
for co-therapy in this review.
Future research efforts should focus on esta
blishing efficacy and safety of prescribing octreotideLAR at doses higher than the FDA-approved 30
mg/mo for management of neuroendocrine tumors
using generalizable randomized controlled trial study
designs. Studies comparing the safety of octreotideLAR in patients treated with doses < 30 mg/mo
vs those treated with above-label regimens of oc
treotide-LAR are also warranted.
In conclusion, this systematic literature review
suggests that above-label doses of octreotide-LAR are
being used frequently for the management of NETs
in clinical practice and excess toxicity has not been
observed in the reviewed studies. In most articles
reviewed, above-label octreotide-LAR appears to
be prescribed in patients with disease progression
or uncontrolled symptoms while on standard dose
therapy. Expert clinical opinion, as reported in this
review, supports escalation of SSAs for patients with
refractory hormonal symptoms. However, given
limited published information on this topic, the safety
and efficacy of above-label doses and/or frequency of
octreotide-LAR in treatment of NETs warrants further
evaluation.

DISCUSSION
There is a general trend supporting the use of high
dose octreotide-LAR for control of symptoms and
limited data supporting the use of high-dose octreo
tide for control of tumor progression in patients
with NETs. There were no published data identified
suggesting increased toxicity of octreotide-LAR
at above FDA-approved dosage and frequency of
administration. The lack of data may imply that there
is no significant toxicity, which is consistent with
reports of higher doses used in acromegaly without
[21]
significant toxicity , or that the studies were too
small to identify uncommon adverse events. Several
studies provided expert clinical opinion statements,
mostly endorsing use of above-label doses of
octreotide-LAR for patients with symptom or tumor
progression.
There were 4 articles and 6 abstracts that repor
ted on the efficacy of octreotide-LAR > 30 mg/mo
[11-20]
[14]
in over 260 patients
. Ferolla et al
showed
efficacy of octreotide-LAR > 30 mg/mo, indicating
that biochemical and tumor progression were more
rapid with lower dose using historical controls. The
[18]
key results reported by Weber et al , demonstrating
that octreotide-LAR is commonly prescribed in doses
or schedules above the label-recommended dose
and frequency for refractory carcinoid syndrome, are
now available in greater detail in a full-length article
[24]
by Strosberg et al . No studies showed a negative
effect on efficacy of high dose octreotide-LAR. In
most studies, higher octreotide-LAR doses were used
as rescue or salvage therapy, and it may be that
response rates would be higher in treatment-naïve
patients.
Our review of 4 articles and 4 abstracts, evaluating
[11,12,14-17,19,21]
over 220 patients
, found no evidence of
increased toxicity associated with doses of octreotideLAR > 30 mg/mo. None of the studies included in this
review reported significant toxicity, although these
studies did not report power analyses or a priori
calculations of sample size.
Expert clinical opinion expressed in 6 of 8 artic
[2,8,9,12,13,22]
les
supported the use of higher doses of
octreotide-LAR when lower doses are inadequate
to control disease. One study reported that abovelabel octreotide-LAR is commonly prescribed in NCCN
[22]
institutions . Most experts suggested that higher
doses should be used in cases where there is tumor
progression or lack of symptom control on lower
[10]
doses. Yao et al questioned the use of higher doses
due to lack of high-level evidence supporting this
practice.

WJG|www.wjgnet.com

1953

February 14, 2015|Volume 21|Issue 6|

Broder MS et al . High dose octreotide-LAR in NETs

COMMENTS
COMMENTS
8

Background

Gastrointestinal neuroendocrine tumors (NETs) are rare and generally slowgrowing neoplasms that secrete various peptides and neuroamines, some of
which cause clinical symptoms. These tumors may be classified in multiple
ways but are often divided into carcinoid tumors and pancreatic neuroendocrine
tumors. First-line systemic therapy for NETs often consists of somatostatin
analogs (SSAs) such as octreotide acetate or lanreotide.

9

Research frontiers

The maximum Food And Drug Administration-approved dosage and admini
stration of octreotide long-acting repeatable (LAR), indicated for severe
diarrhea/flushing episodes associated with metastatic carcinoid tumors and
VIPomas, is 30 mg every 4 wk. However, in clinical practice, octreotide-LAR is
sometimes prescribed at above-label doses but evidence for this practice has
not been systematically assessed.

10

This systematic literature review suggests that above-label doses of octreotideLAR are being used frequently for the management of NETs in clinical practice
and excess toxicity was not observed in the reviewed studies. In most articles
reviewed, above-label octreotide-LAR appears to be prescribed in patients
with disease progression or uncontrolled symptoms while on standard dose
therapy. Expert clinical opinion, as reported in this review, supports escalation
of SSAs for patients with refractory hormonal symptoms. However, given limited
published information on this topic, the safety and efficacy of above-label doses
and/or frequency of octreotide-LAR in treatment of NETs warrants further
evaluation.

12

11

Innovations and breakthroughs

13

Applications

14

The strength of this study lies in its comprehensive search, review, and
synthesis of global literature on above the FDA-approved label dosage and
frequency of administration of octreotide-LAR in patients with NETs. Thus, the
findings summarized in this review may inform clinicians who manage patients
with NETs and motivate future research in this field.

Peer-review

15

This is an informative, well conducted and documented review about a focused
topic on the use of above-label doses of octreotide-LAR in patients with NETs.
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SYSTEMATIC REVIEWS
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METHODS: A systematical review for clinical chara
cteristics of IBD in PSC was performed by conducting
a broad search for “primary sclerosing cholangitis”
in Pubmed. “Clinical characteristics” were specified
into five predefined subthemes: epidemiology of
IBD in PSC, characteristics of IBD in PSC (i.e. ,
location, disease behavior), risk of colorectal cancer
development, IBD recurrence and de novo disease
after liver transplantation for PSC, and safety and
complications after proctocolectomy with ileal pouchanal anastomosis. Papers were selected for inclusion
based on their relevance to the subthemes, and were
reviewed by two independent reviewers. Only full
papers relevant to PSC-IBD were included. Additionally
the references of recent reviews for PSC (< 5 years
old) were scrutinized for relevant articles.
RESULTS: Initial literature search for PSC yielded 4704
results. After careful review 65 papers, comprising a
total of 11406 PSC-IBD patients, were selected and
divided according to subtheme. Four manuscripts
overlapped and were included in two subthemes.
Prevalence of IBD in PSC shows a large variance,
ranging from 46.5% to 98.7% with ulcerative colitis (UC)
being the most common type (> 75%). The highest
IBD rates in PSC are found in papers reviewing both
endoscopic and histological data for IBD diagnosis.
Although IBD in PSC is found to be a quiescent disease,
pancolitis occurs often, with rates varying from 35%
to 95%. Both backwash ileitis and rectal sparing are
observed infrequently. The development of dysplasia
or colorectal carcinoma is increased in PSC-IBD; the
cumulative 10 years risk varying between 0% and
11%. Exacerbation of IBD is common after liver tran
splantation for PSC and de novo disease is seen in
1.3% to 31.3% of PSC-IBD patients. The risk for
development of pouchitis in PSC-IBD is found to be
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AIM: To review the current literature for the specific
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[1,8]

significant, affecting 13.8% to 90% of the patients after
proctocolectomy with ileo anal-pouch anastomosis.

IBD
, several studies aimed to characterize the
clinical course and features of concomitant IBD and its
[9-12]
differences from conventional UC and CD
. These
studies showed increasing evidence that PSC-IBD may
represent a distinctive phenotype in addition to the
[11]
established and defined phenotypes UC and CD .
The IBD in PSC is frequently reported as a pancolitis,
relatively often with rectal sparing. Although colitis
in PSC tends to follow a quiescent course, patients
with PSC-IBD are found to have a relatively high risk
of developing colorectal carcinoma compared to IBD
[13]
patients without PSC . However, while evidence for
distinct PSC-IBD phenotype is increasing, its reported
characteristics vary. In this systematic review of the
literature we therefore aimed to describe the specific
characteristics of the PSC-IBD phenotype based on
the most recent literature. We reviewed prevalence of
IBD in PSC, its phenotypic characteristics and the risk
of development of colorectal malignancy. In addition
we looked at IBD associated with PSC in relation to its
clinical course or de novo presentation after orthotopic
liver transplantation (OLT) and we reviewed the
safety of proctocolectomy and incidence of pouchitis
reported for PSC-IDB. Finally, we discussed the shared
and non-shared genetic factors to further highlight
the distinct nature of this phenotype. Insight into how
PSC-IBD differs from general ibd, will help clinicians
in the field of IBD in their approach for this specific
group of patients.

CONCLUSION: IBD in primary sclerosing cholangitis
represents a distinct phenotype that differs from UC
and Crohn’s disease and therefore requires specialized
management.
Key words: Primary sclerosing cholangitis; Inflammatory
bowel disease; Incidence; Clinical characteristics; Risk
of colorectal carcinoma; Liver transplantation; Pouchitis
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Inflammatory bowel disease (IBD) in primary
sclerosing cholangitis (PSC) is observed to have dif
ferent characteristics in comparison with conventional
IBD without PSC. Based on these differences a distinct
phenotype of IBD is suspected. Existing literature
was reviewed for clinical characteristics of IBD in
PSC yielding 65 studies consisting of 11406 PSC-IBD
patients. A large variation for reported characteristics
was found, which seem to be related to case ascer
tainment. This emphasizes the importance of full
colonoscopy and biopsies to accurately diagnose
IBD in PSC. Overall however, IBD in PSC shows large
differences in comparison with conventional IBD,
therefore representing a distinct phenotype.
de Vries AB, Janse M, Blokzijl H, Weersma RK. Distinctive
inflammatory bowel disease phenotype in primary sclerosing
cholangitis. World J Gastroenterol 2015; 21(6): 1956-1971
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i6/1956.htm DOI: http://dx.doi.org/10.3748/wjg.v21.i6.1956

MATERIALS AND METHODS
We first defined relevant subthemes related to the
subject of IBD in PSC based on clinical observations
and recent literature.

Themes of interest

Epidemiology of IBD in PSC: reported incidence,
methods of case ascertainment and geographical
variation.

INTRODUCTION
Primary sclerosing cholangitis (PSC) is a chronic
cholestatic liver disease characterized by inflammation
and fibrosis of both the intrahepatic and extrahepatic
[1]
bile ducts . There is no curative therapy available and
in most cases, PSC leads to liver cirrhosis and liver
[2,3]
failure ultimately requiring liver transplantation . In
the United States and Western Europe, the reported
incidence of PSC is 0.9 and 1.3 per 100.000/year, and
[4,5]
the prevalence is 8.5 and 13.6 per 100000 . There is
a strong relationship between PSC and inflammatory
bowel disease (IBD). Approximately 50% to 80%
of the patients with PSC are also diagnosed with
IBD, finding ulcerative colitis (UC) in approximately
80% of these cases and Crohn’s disease (CD) or
[6]
unclassified IBD (IBD-U) in the remaining 20% . In
patients with IBD, PSC is found much less common.
Approximately 2.4% to 7.5% of UC patients and
[7]
3.4% of CD patients are diagnosed with PSC .
With the established relationship between PSC and
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Phenotypic features of IBD in PSC: disease locali
zation, activity, and its association with backwash
ileitis and rectal sparing.
Colorectal cancer risk in PSC-IBD: the incidence
and risk in comparison with conventional IBD.
PSC-IBD in relation to liver transplantation: Disease
behavior after OLT and the occurrence of de novo
IBD.
Ileal pouch anal anastomosis in PSC-IBD: safety
of the procedure and pouch complications.
A broad literature search using the keyword
“primary sclerosing cholangitis” was performed in
Pubmed (http://www.ncbi.nlm.nih.gov/pubmed),
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PubMed search
“Primary sclerosing cholangitis”
n = 4704
Excluded on title and
manuscript type
n = 3923
Potentially interesting
based on title
n = 781
Excluded on abstract
n = 566
Papers selected based on
title and abstract
n = 215
Additional papers
from review references
n = 16
Selected for
PSC-IBD subthemes
n = 231
Excluded n = 166
Lack of data/non specific (n = 162)
Not accessible online (n = 4)

Epidemiology
n = 18

Phenotype
n = 12
(1 overlapping)

CRC risk
n = 22
(2 overlapping)

OLT
n =8

Colectomy
n =9
(1 overlapping)

Figure 1 Flow chart paper inclusion: An overview of study selection for papers included in the present review. PSC: Primary sclerosing cholangitis; IBD:
Inflammatory bowel disease; CRC: Colorectal cancer; OLT: Orthotopic liver transplantation.

subtheme. The scrutinizing of references from re
views and PSC-IBD manuscripts yielded another
16 papers. After reading the full text, 65 papers,
comprising a total of 11406 patients with PSC-IBD,
were selected for the review (Figure 1). Criteria for
study selection were study size, relevance to the
subthemes, and specification of data (i.e., number
of patients with backwash ileitis, localization of IBD).
[11,14-16]
Four papers
overlapped, and were included in
two subthemes.

an online database comprising more than 23 million
citations for biomedical literature from MEDLINE, life
sciences journals, and online books. Relevant papers
addressing the defined subthemes were selected
based on title and abstract. Papers not found relevant
by both reviewers (BdV and MJ) were excluded.
When in disagreement, papers were discussed and
included or excluded based on mutual agreement.
We only included full papers relevant to PSC-IBD.
Additionally the references of recent review papers
(< 5 years) concerning PSC-IBD were scrutinized for
relevant articles. Full papers of the selected abstracts
were reviewed by BdV. References in manuscripts
specifically assessing the IBD phenotype in PSC were
hand-searched to identify other relevant papers.

Epidemiology: reported incidence and prevalence of
IBD in PSC

Literature search and evaluation of reviews yielded
18 papers with a total of 6589 included PSC-IBD
patients. Data concerning epidemiology of PSC and
associated IBD are summarized in Table 1.
PSC is a rare disease with a reported incidence
[4,17]
between 0.07 and 1.31 per 100000
. The pre
[17]
valence of associated IBD ranged from 46.5%
to
[18]
98.7% , with UC being the most common type
(> 75%) in PSC-IBD (Table 1). CD in PSC-IBD is
found in approximately 16% of PSC patients (range:

RESULTS
The literature search on “PSC” yielded 4704 results.
After reviewing titles and manuscript type (excluding
reviews), a total of 781 papers were selected for
assessment of their abstracts. After careful review,
215 papers were selected and divided into a specific
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Table 1 Epidemiology primary sclerosing cholangitis - inflammatory bowel disease n (%)
Ref.
Rabinovitz et al[100], 1990
Farrant et al[19], 1991
Schrumpf et al[18], 1994
Escorsell et al[17], 1994
Broomé et al[2], 1996
Boberg et al[4], 1998
Ponsioen et al[20], 2002
Bambha et al[5], 2003
Kingham et al[101], 2004
Bergquist et al[102], 2005
Tischendorf et al[103], 2007
Bergquist et al[104], 2007
Kaplan et al[14], 2007
Card et al[3], 2008
Lindkvist et al[105], 2010
Bowlus et al[106], 2010
Toy et al[107], 2011
Boonstra et al[22], 2013

Country

Period

Incidence

United States
United Kingdom
Norway
Spain
Sweden
Norway
The Netherlands
United States
United Kingdom
Sweden
Germany
Sweden
Canada
United Kingdom
Sweden
United States
United States
The Netherlands

NA
1972-1989
1975-1989
1984-1988
? - 1992
1986-1995
1979-1999
1976-2000
1984-2003
1984-1999
1978-2004
1984-2004
2000-2005
1987-2002
1992-2005
1995-2009
2000-2006
2000-2007

NA
NA
NA
0.07
NA
1.31
NA
0.90
0.91
NA
NA
NA
0.92
0.41
1.22
NA
0.41
0.50

1

PSC

Male Gender

66
126
77
43
305
17
174
22
53
145
273
246
49
223
199
6767
169
590

NA
78 (61.9)
51 (66.2)
26 (60.5)
195 (63.9)
12 (70.6)
105 (60.3)
15 (68.3)
33 (62.3)
100 (69.0)
195 (71.4)
165 (67.1)
27 (55.1)
141 (63.2)
142 (71.4)
4475 (66.1)
101 (59.8)
375 (63.6)

PSC-IBD

PSC-UC

PSC-CD

47 (71.2)
39 (83.0)
8 (17.0)
85 (67.5)
83 (97.6)
2 (2.4)
76 (98.7)
58 (76.3)
11 (14.5)
20 (46.5)
19 (95.0)
1 (5.0)
249 (81.6) 220 (88.4)
20 (8.0)
12 (70.6)
9 (75.0)
2 (16.7)
114 (65.5)
83 (72.8)
28 (24.6)
16 (72.7)
12 (75.0)
3 (18.8)
33 (62.3)
30 (90.9)
3 (19.1)
126 (86.9) 107 (84.9)
19 (15.1)
172 (63.0) 141 (82.0)
29 (16.9)
195 (79.3) 166 (85.1)
21 (10.8)
36 (73.5)
17 (47.2)
19 (52.8)
108 (48.4)
67 (62.0)
13 (12.0)
152 (76.4) 129 (84.9)
17 (11.2)
4637 (68.5) 3067 (66.1) 1090 (23.5)
109 (64.5)
95 (87.2)
13 (11.9)
402 (68.1) 308 (76.6)
78 (19.4)

PSC-IBD-U Diagnosis
IBD
0
NA
7 (9.2)
NA
9 (3.6)
1 (8.3)
3 (2.6)
1 (5.0)
0
0
2 (1.2)
8 (4.1)
0
28 (25.9)
5 (3.3)
480 (10.4)
1 (0.9)
16 (4.0)

IBD2,3
IBD2
IBD2,3
IBD4
IBD2
IBD4
IBD4
IBD2
IBD4
IBD2,3
IBD2,3
IBD2,3
IBD2,3
IBD4
IBD4
IBD4
IBD4
IBD2,3

1

Incidence for PSC per 100000 people; 2IBD Endoscopic findings; 3IBD Histological findings (biopsies); 4IBD diagnosis not specified/medical records only.
PSC: Primary sclerosing cholangitis; UC: Ulcerative colitis; CD: Crohns disease; IBD-U: Inflammatory bowel disease unclassified; NA: Not available.

case ascertainment in studying rare diseases. In this
review, all but two of the selected studies concerning
epidemiology reviewed cholangiography or MRCP
imaging to confirm the PSC diagnosis. Endoscopic
imaging was reviewed in ten (55.5%) studies,
of which seven also reviewed histological data to
ascertain the method of IBD diagnosis in the included
patients (Table 1). In the remaining eight studies, the
presence of IBD in PSC was established or excluded
based on registry data, physician surveys, or notes
in medical file without reviewing original endoscopy
or histology. Combined study population of these
groups consisted of 1446 (endoscopy and histology),
453 (endoscopy only) and 7645 (no review of original
endoscopy or histology) PSC patients respectively.
The studies that used both endoscopic and histological
confirmation for IBD diagnosis seem to show a higher
median percentage of IBD in PSC when compared
with studies that only used endoscopy or did not
review diagnostic workup for IBD (Figure 2).

100
90
IBD in PSC (%)

80
70
60
50
40
30
20
10
0
IBD diagnosis
based on registry
data or survey
n =8

Reviewed
endoscopy
data only
n =3

Reviewed both
endoscopy and
histological data
n =7

Study case ascertainment

Figure 2 Case ascertainment: A comparison of included primary
sclerosing cholangitis - inflammatory bowel disease epidemiology studies
based on case ascertainment. PSC: Primary sclerosing cholangitis; IBD:
Inflammatory bowel disease.

2.4% -24.8% ). IBD-U is the least common IBDtype in PSC, seldom representing more than 5%. The
actual percentages are expected to be even lower,
as studies on IBD-U with and without associated PSC
show that part of the initial IBD-U diagnosis is later
[15,21]
re-classified as either UC or CD
.

Geographic variation IBD - PSC: Geographic va
riation in the incidence of PSC and associated IBD has
been reported, with highest rates found in Western
Europe and North America (Table 1) and lower rates
[23-25]
in Asia
. Several studies from Asia reported an
incidence of IBD in PSC ranging between 20% and
[24,26-28]
34%
.

Varying IBD rates found in PSC: A recent large
Dutch population-based study showed lower incidence
rates for both PSC and PSC-IBD when compared
[22]
with most other studies . This emphasizes the
importance of large multi-center studies with proper

Key points: Approximately 70% of patients with PSC
have associated IBD, predominantly UC. The highest
rates of IBD in PSC were observed in papers using
strict case ascertainment criteria. Large geographic
differences in the incidence of PSC and associated

[19]

[20]
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Table 2 Phenotypic features primary sclerosing cholangitis - inflammatory bowel disease n (%)
Ref.

IBD PSC-IBD
(n )
(n )

Olsson et al[9], 1991
1445
Loftus et al[11], 2005
142
Kaplan et al[14], 2007
0
Sokol et al[15], 2008
150
Joo et al[31], 2009
40
Sano et al[32], 2010
60
Ye et al[25], 2011
63
Jørgensen et al[33], 2012
0
O'toole et al[35], 2012
2649
Boonstra et al[12], 2012
0
Boonstra et al[12], 20123
80
Schaeffer et al[34], 2013
0
Sinakos et al[30], 2013
0
Mean

55
71
36
75
40
20
21
110
103
380
80
97
129

Proctitis
IBD

PSC-IBD

552 (38.2) 3 (5.5)
NA
NA
NA
NA
138 (92.0) 68 (90.7)
0
0
18 (30.0) 1 (5.0)
NA
NA
NA
NA
209 (7.9) 1 (1.0)
NA
9 (2.4)
4 (5.0)
2 (2.5)
NA
0
NA
NA
28.8%
13.4%

Leftsided

Pancolitis

Backwash

IBD

PSC-IBD

IBD

PSC-IBD

IBD

NA
NA
NA
130 (86.7)
14 (35.0)
19 (31.7)
NA
NA
649 (24.5)
NA
16 (20.0)
NA
NA
39.6%

NA
NA
NA
68 (90.7)
3 (7.5)
1 (5.0)
NA
3 (2.7)
23 (22.3)
34 (8.9)
2 (2.5)
17 (17.5)
16 (12.4)
18.8%

893 (61.8)
76 (53.5)
NA
91 (60.7)
18 (45.0)
21 (35.0)
35 (55.6)
NA
663 (25.0)
NA
35 (43.8)
NA
NA
47.5%

52 (94.5)
60 (84.5)
17 (47.2)
49 (65.3)
34 (85.0)
7 (35.0)
20 (95.2)
60 (54.5)
56 (54.4)
219 (57.6)
52 (65.0)
42 (43.3)
76 (58.9)
64.7%

NA
10 (7.0)
NA
36 (24.0)
3 (7.5)
NA
2 (3.2)
NA
NA
NA
2 (2.5)
NA
NA
12.3%

PSC-IBD

Rectal Sparing
IBD

PSC-IBD

NA
NA
NA
20 (28.2) 8 (5.6) 34 (47.9)
4 (11.1)
NA
2 (5.6)
14 (18.7) 20 (13.3) 15 (20.0)
4 (10.0) 10 (25.0) 11 (27.5)
NA
NA
NA
9 (42.9)
1 (1.6)
8 (38.1)
17 (15.5)
NA
73 (66.4)
NA
NA
NA
NA
NA
NA
4 (5.0)
1 (1.3)
8 (10.0)
NA
NA
NA
15 (11.6)
NA
31 (24.0)
16.7%
9.9%
30.9%

Diagnosis
IBD
IBD1,2
IBD1,2
IBD1,2
IBD1,2
IBD1,2
IBD1,2
IBD1,2
IBD1,2
IBD1,2
IBD1,2
IBD1,2
IBD1,2
IBD1,2

1

IBD Endoscopic findings; 2IBD Histological findings (biopsies); 3Subgroup analysis. PSC: Primary sclerosing cholangitis; IBD: Inflammatory bowel disease;
NA: Not available.
[32]

IBD between east and west are reported.

Distinctive features of IBD in PSC

Frequently documented characteristics of IBD in
PSC include a mild or quiescent disease course and
[9,29,30]
a high rate of pancolitis
. The association with
backwash ileitis and rectal sparing in PSC-IBD is also
suggested, but less consistently. The present review
included twelve studies (1217 patients with PSCIBD) describing features of IBD in PSC, which are
summarized in Table 2. In seven (58.3%) studies a
comparison with conventional IBD was made.

Backwash ileitis: Backwash ileitis (BWI) is an
inflammation of the ileum due to diminished ileocecal
valve function in severe UC, allowing for retrograde
flow of colonic content and inflammation of the
[36]
ileum . The reported rates of BWI found for PSC-UC
range between 5.0%-42.9% (mean 16.7%). In UC
without PSC involvement of the ileum is infrequent,
[12]
[15]
with reported rates ranging from 2.5%
to 24%
(mean 12.3%, Table 2).

Disease activity: Out of the twelve included studies,
eight (66.6%) characterized the clinical course of
IBD in PSC. All eight studies classified the IBD’s
[9,11,15,30-34]
overall activity as mild
. Every included study
reviewed endoscopic and histological data to confirm
IBD diagnosis (Table 2). In addition, four studies
also assessed histological severity of inflammation in
different segments of the colon, none finding severe
[31-34]
inflammation in PSC-IBD
. The majority of these
studies found that prevalence for inflammation was
highest in the right-sided colon and lowest toward
[31]
[32]
the distal colon. Both Joo et al
and Sano et al
reported this was significantly different (0.019 and
0.034 respectively) in matched IBD-controls, with
histologically graded inflammation being highest
in the proximal colon and lowest in the rectum for
PSC-IBD. In accordance with these results, two
[12,33]
studies
reported a significant predominance of
right-sided inflammation in PSC-IBD observed during
endoscopy.

Rectal sparing: Rectal sparing (RS) is described
as rectal mucosa in UC or CD which is completely or
partially spared from active or chronic inflammation
[37]
in comparison to the more proximal colon . The
frequency of RS in PSC-IBD is specified in eight
studies (Table 2). The reported incidence shows a
[14]
[33]
large variation ranging from 5.6%
and 66.4%
[25]
(mean 30.9%) in PSC-IBD, compared with 1.6%
[31]
and 25% (mean 9.9%) in IBD without PSC.
PSC-CD: The localization of PSC-CD is specified in
[11,12,14]
five studies
, two of which focused on the PSC[38,39]
CD phenotype
. Colonic involvement in PSC[14]
[38]
CD is reported most often (36.8% -82.1%
followed by involvement of both ileum and colon
[12]
[14]
(21.8% -57.9% ). Isolated ileal involvement is

Disease localization in PSC-IBD: Localization
and extent of IBD were determined by endoscopy
in the majority of studies (Table 2). Involvement
of the whole colon is more common in PSC-IBD
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[25]

(35% -95% , mean 64.7%) than in IBD controls
[35]
[9]
(25% -62% , mean 47.5%). Several authors have
[11,12,25]
found these differences to be significant
. The
reported rates of left sided colitis in PSC-IBD varies
[12]
[15]
between studies (2.5% -90.7% , mean 18.8%),
but are lower than in IBD without concomitant
[12]
[15]
PSC (20% -86.7% , mean 39.6%). The overall
reported occurrence of proctitis-only is low for
[35]
[9]
PSC-IBD in most studies (1% -5.5% , Table 2)
and less common in comparison with IBD controls
[12]
[9]
(5% -38% ).
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[39]

[12]

[15]

rare in PSC-CD (2% -5% ). The rate of ileitis
is similar or lower in PSC-CD compared with CD
[12,38,39]
controls
. Rectal sparing is not significantly
[12,38]
increased in PSC-CD
and isolated upper gastro
[15,39]
intestinal CD is reported in only two patients
. The
disease activity in PSC-CD is characterized as similar
or less active then in CD controls, with lower rates
of stricturing and penetrating disease seen during
[12,38,39]
endoscopy
.

and dysplasia is found less common (0%
Table 3).

,

CRC in PSC-CD and PSC without IBD: Limited
data is available on the risk of CRC development in
PSC-CD patients as it is less prevalent, and often
only represents a few cases within PSC-IBD cohorts.
Furthermore, disease characteristics of IBD in PSC
can make it difficult to distinguish between UC and
CD, resulting in a change of diagnosis during follow[38]
up. A study by Lindström et al , which compared
28 PSC-CD patients with 46 CD controls found an
increased risk of CRC development in PSC-CD that
was comparable to the risk in PSC-UC. In contrast,
[58]
a study by Braden et al
found a lower risk in
PSC-CD compared with PSC-UC by looking at CRC
development in 166 PSC-IBD (35 PSC-CD) and 216
IBD controls (102 CD). Risk of CRC development in
[22,29,48,52]
PSC patients without IBD was found to be low
.

Key points: IBD associated with PSC is characterized
by a quiescent course with a predominance for mild
right-sided inflammation and a proximal- or pan
colitis. Although less common than pancolitis, both
backwash ileitis and rectal sparing are more often
found in PSC-UC compared with UC. In addition,
strictures and penetrating disease were found to be
less common in PSC-CD than in CD without PSC.

Colorectal cancer risk in PSC-IBD

Key points: The development of dysplasia and CRC
in PSC-IBD is increased and has predominance for
right-sided localization in comparison to conventional
IBD. Based on limited results, presentation of
dysplasia or CRC in PSC-IBD at a younger age is
suggested. It remains unclear whether the interval
between IBD diagnosis and dysplasia or CRC deve
lopment was shorter.

The increased risk of development of colorectal cancer
(CRC) in IBD has been widely recognized for several
[40-44]
decades
. Both disease extent and duration of
IBD have been identified as factors associated with
[41,43,44]
this increased cancer risk
. An additional risk for
development of dysplasia and CRC in PSC-IBD was
[45-48]
observed by several authors
. A total of twentytwo studies assessing CRC risk in PSC-IBD were
reviewed, comprising a total of 2936 patients with
PSC-IBD (Table 3).

PSC-IBD in relation to liver transplantation

In PSC patients after orthotopic liver transplantation
(OLT), IBD exacerbations and even development of de
novo IBD have been reported by a number of studies,
despite continuous use of immunosuppressive me
[59-62]
dication
. To review IBD disease activity and de
novo presentation in PSC-IBD after OLT, eight studies
comprising 519 patients with PSC-IBD were included.
Papers concerning both autoimmune hepatitis and
PSC were scrutinized for PSC-IBD data only. An
overview of the selected papers is presented in Table
4.

CRC incidence and location in PSC-IBD: The
10-year cumulative risk for the development of
colonic dysplasia and CRC in PSC-IBD is reported
[45,49-52]
[49]
in five studies
and varies between 0%
and
[50]
11% . In these studies the data on dysplasia or
CRC development for IBD without PSC is limited,
showing a 10 year cumulative risk of approximately
[45,50,51]
2%
. The observed percentage of included PSCIBD patients developing dysplasia and CRC shows
[53]
[54]
large differences, ranging from 1.3%
to 66.7% .
For the IBD controls, these percentages vary from
[55]
[46]
0.7% to 30.1% . The mean time interval between
diagnosis of IBD and development of CRC in PSC[49]
[56]
IBD ranges between 12.2
and 20
years (Table
3). In comparison, in IBD without PSC the mean
[50]
[15]
interval varies between 17.5
and 44.4
years.
The median age at which dysplasia or CRC presented
itself was specified in three studies on PSC-IBD and in
one study on IBD, being lower in the former (Table 3).
For IBD the development of CRC in the recto-sigmoid
has been described more common in UC whereas CD
shows a more equal distribution between right sided
[57]
and left sided colonic malignancy . Dysplasia or CRC
in PSC-IBD frequently develops in the proximal colon
[11]
with reported rates varying between 28.6%
and
[55]
100% . For IBD a proximal development of CRC
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[11]

-50%

IBD Exacerbations and de novo disease after
OLT for PSC: Exacerbation of IBD after OLT is
[63]
[62]
estimated to occur in 8.6%
to 51.5%
of the
patients, whereas de novo IBD is seen less frequently,
[64]
[61]
varying from 1.3%
to 31.3%
in patients tran
splanted for PSC. Long term outcome for IBD in PSC
is reported in seven studies, with colectomy rates
[59]
[65]
after OLT varying from 4.3%
to 19.5%
(Table
4). Treatment-refractory IBD as an indication for
[59]
[60]
colectomy ranged from 0% to 85.7% .
Key points: Approximately 32.6% of patients with
PSC-IBD experience an exacerbation of IBD after
their liver transplantation. In addition, approximately
18.3% of patients develop de novo IBD after liver
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1962

80
0
25
0
0
45
1185
196
103
0
142
0
389
150
64
0
46
216
0
47374
0
722

IBD (n )

40
35
20
143
58
45
27
132
19
477
71
45
52
75
39
126
28
166
784
NA
152
402

PSC-IBD (n )

Sweden
United States
United States
United States
Sweden
Finland
United States
United States
Sweden
Sweden
United States
Canada
Finland
France
Argentina
The Netherlands
Sweden
United Kingdom
United States
Denmark
Sweden
The Netherlands

Country
7 (8.8)
NA
4 (16)
NA
NA
4 (8.9)
145 (12.2)
11 (5.6)
31 (30.1)
NA
15 (10.6)
NA
63 (16.2)
2 (1.3)
2 (3.1)
NA
3 (6.5)
14 (6.5)
NA
329 (0.7)
NA
7 (1)

IBD
11 (27.5)
13 (37.1)
9 (45)
27 (18.9)
5 (8.6)
13 (28.9)
18 (66.7)
33 (25)
12 (63.2)
35 (7.3)
18 (25.4)
5 (11.1)
17 (32.7)
10 (13.3)
7 (17.9)
35 (27.8)
9 (32.1)
14 (8.4)
10 (1.3)
9 (?)9
3 (2.0)
19 (4.7)

PSC-IBD

Dysplasia
CR = 10 yr: 2%
NA
NA
NA
NA
CR = 10 yr: 3%
NA
RR = 1
CR = 20 yr: 16%
NA
CP = 10 yr: 20%
NA
CR = 20 yr: 0.39
CR = 25 yr: 1.5%
CR = 10 yr: 2.0%
NA
NA
CIR = 2.9%
NA
RR = 1.07 (UC)
NA
SIR = 1.2

IBD
CR = 10 yr: 9%
CR = 10 yr: 0%
OR = 4.9
CR = 20 yr: 17%
NA
CR = 10 yr: 11%
RR = 10.4
RR = 3.15
CR = 20 yr: 32%
SIR = 10.3
CP = 10 yr: 53%
IR = 3.1
CR = 20 yr: 0.43
CR = 25 yr: 25.6%
CR = 10 yr: 11%
CR = 10 yr: 9%
OR = 6.78
CIR = 7.5%
I = 0.4/yr
RR = 9.13
SIR = 4.31
SIR = 8.6

PSC-IBD

Risk/incidence
NA
NA
NA
NA
NA
NA
40.8%5
20.0%5
32.3%
NA
50%5
NA
NA
0.0%5
NA
NA
0.0%
30.0%
NA
38.0%
NA
NA

IBD
NA
NA
NA
42.9%5
NA
NA
100.0%5
76.5%5
69.2%
NA
28.6%5
NA
NA
100.0%5
NA
63.0%5
66.0%
35.7%
60.0%
100.0%
NA
NA

PSC-IBD

1

Proximal colon
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
71.66
NA
596

IBD
NA
51.42
NA
41.06
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
37.42
64.06
NA
39.06

PSC-IBD

Age dysplasia diagnosis (yr)
26.02
NA
NA
NA
NA
17.52
NA
NA
NA
NA
12.16
NA
NA
44.42
NA
NA
10.06
NA
NA
NA
NA
4.06

IBD
18.02
12.22
20.02
NA
NA
11.06
NA
NA
NA
NA
12.76
NA
NA
17.42
NA
12.66
12.06
NA
NA
13.76
NA
15.06

PSC-IBD

IBD duration (yr)
IBD3,4
IBD3,4
IBD3,4
IBD3,4
IBD7
IBD3,4
IBD4
IBD3,4
IBD3,4
IBD3,4
IBD3,4
IBD3,4
IBD4
IBD3,4
IBD3,4
IBD3,4
IBD3,4
IBD3,4
IBD3,4
IBD7
IBD3,4
IBD3,4

Diagnosis IBD

Pouchitis incidence: The reported overall incidence of pouchitis (ranging from an isolated episode to chronic pouchitis) for PSC-UC ranges from 13.8%
to
[68]
[71]
[72]
[71]
90%
compared with 11.9%
to 52.8%
in UC without PSC. In addition, the number of patients with chronic pouchitis in PSC-IBD varies from 13.8%
to
[68]
[72]
[69]
70% . Chronic pouchitis is found in 9.6%
to 15%
of the IBD patients after proctocolectomy and IPAA. Apart from the incidence of pouchitis, pouch failure

[71]

Restorative proctocolectomy with ileal pouch anal anastomosis (IPAA) is performed for colonic dysplasia or treatment-refractory disease in UC with and without
[66]
PSC. A long term complication after IPAA is the development of an acute or chronic inflammation of the ileal pouch . Several reports have associated PSC-UC
[67-70]
with a more frequent development of pouchitis in comparison with UC without liver involvement
. We reviewed nine studies that researched pouchitis in PSCIBD after proctocolectomy, comprising a total of 379 PSC-IBD patients with IPAA (Table 5).

PSC-IBD in relation to proctocolectomy

transplantation for PSC.

From cecum to splenic flexura; 2Mean; 3Endoscopic findings; 4Histological findings (biopsies); 5For CRC only; 6Median; 7Unknown or not reviewed; 8Abstract; 9Population based study, amount of PSC-IBD patients not specified.
RR: Relative risk; CR: Cumulative risk; CP: Cumulative probability; CIR: Cumulative incidence rate; SIR: Standard incidence ratio; OR: Odds ratio; IR: Incidence rate; I: Incidence; NA: Not available; PSC: Primary sclerosing
cholangitis; IBD: Inflammatory bowel disease.

1

Broomé et al[45], 1995
Gurbuz et al[49], 1995
Brentnall et al[56], 1996
Loftus et al[29], 1996
Kornfeld et al[48], 1997
Leidenius et al[50], 1997
Marchesa et al[54], 19978
Shetty et al[84], 1999
Lindberg et al[46], 2001
Bergquist et al[108], 2002
Loftus et al[11], 2005
Kaplan et al[109], 2007
Lepistö et al[16], 2008
Sokol et al[15], 2008
Terg et al[51], 2008
Claessen et al[52], 2009
Lindström et al[38], 2011
Braden et al[58], 2012
Imam et al[53], 2012
Jess et al[55], 2012
de Valle et al[79], 2012
Boonstra et al[22], 2013

Ref.

Table 3 Dysplasia or colorectal cancer in primary sclerosing cholangitis - inflammatory bowel disease n (%)
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Table 4 Primary sclerosing cholangitis - inflammatory bowel disease and liver transplantation n (%)
n

Ref.

Pre-OLT

Post-OLT
1

PSC only PSC-IBD Intact colon De novo IBD Exacerbation
Dvorchik et al[65], 2002
Haagsma et al[59], 2003
Verdonk et al[88], 2006
Cholongitas et al[62], 20072
Moncrief et al[61], 2010
Joshi et al[60], 2011
Navaneethan et al[63], 2012
Mosli et al[64], 2013

192
48
60
56
59
110
77
105

0
25 (52.1)
15 (25.0)
18 (32.1)
16 (27.1)
36 (32.7)
0
77 (73.3)

192
23 (47.9)
45 (75.0)
38 (67.9)
42 (71.2)
74 (67.3)
77
28 (26.7)

169 (88.0)
23 (100.0)
45 (100.0)
33 (68.8)
32 (76.2)
65 (87.8)
58 (75.3)
24 (85.7)

NA
6 (24.0)
3 (20.0)
3 (16.6)
5 (31.3)
6 (16.7)
NA
1 (1.3)

22 (13.0)
9 (39.1)
NA
17 (51.5)
13 (40.6)
33 (50.8)
5 (8.6)
6 (25.0)

Colectomy Refractory IBD Median follow-up (yr)
33 (19.5)
1 (4.3)
NA
7 (16.7)
6 (18.8)
7 (10.8)
9 (15.5)
2 (8.3)

22 (66.7)
0
NA
3 (42.9)
4 (66.7)
6 (85.7)
3 (33.3)
0

5.93
7.2
6.1
2.8
5.6
6.53
5.0
7.33

1

Patients with PSC-IBD and without proctocolectomy prior to OLT; 2Study population corrected for survival > 1 year after OLT (n = 56, 18 PSC only,
33 PSC-IBD, 5 PSC-IBD with pre-OLT colectomy, extracted from paper); 3Mean instead of median. OLT: Orthotopic liver transplantation; PSC: Primary
sclerosing cholangitis; IBD: Inflammatory bowel disease; NA: Not available.

during follow up was assessed in five studies, which
all showed similar results (Table 5). Pouch failure was
[71]
[70]
seen in 1.5%
to 16.1%
of the PSC-IBD patients
[16]
[72]
and in 3.3%
to 11.2%
of the IBD patients after
IPAA. Safety of proctocolectomy with IPAA in PSCIBD was discussed in three studies, with the majority
[73,74]
describing it as a safe procedure
.

not specified for the IBD diagnosis, making case
ascertainment unreliable. A more recent Japanese
[32]
study
establishing IBD diagnosis in PSC based
on both endoscopic and histological data, showed
an IBD incidence of 68%, similar to the percentage
found in studies from Europe and North America.
Although these results were based on a small study
population and need to be validated by future large
multicenter studies, they do suggest that case
ascertainment affects the prevalence of IBD found in
PSC. To explore whether reported rates of IBD in PSC
are influenced by method of case ascertainment, a
comparison between included epidemiological studies
was made. Strikingly, the highest rates of IBD in
PSC were found in studies using the most stringent
criteria, reviewing both endoscopic and histology
data, to exclude or establish the presence of IBD
in PSC. In addition, the lowest prevalence of IBD
in PSC was reported in studies using registry data,
physician surveys or notes in the medical file without
reviewing original endoscopy or histology. These
results are in accordance with the observation that
IBD in PSC can be present without clinical signs and
[33,75]
with normal endoscopic appearance
, resulting
[45]
in underdiagnosis . This observation stresses the
importance of histological diagnosis in PSC-IBD. In
contrast, one of the largest PSC population-based
studies to date, shows a relatively low rate of IBD in
PSC patients (68.1%), while reviewing both histology
[22]
and endoscopy . Our findings can therefore
not fully explain the large variation found in IBD
prevalence in PSC, but they do stress the importance
of full endoscopy combined with random biopsies to
determine the presence of IBD in PSC patients.
The present review found that IBD in PSC patients
is characterized by a mild disease activity, seldom
showing severe inflammation. The prevalence of
colonic inflammation follows a proximal to distal
distribution, with most activity found in the cecum
and ascending colon. A pancolitis is seen in > 60%
of IBD associated with PSC. Isolated distal colon
involvement in PSC-IBD is seen in < 20%, with

Key points: Pouchitis after IPAA is more frequently
found in PSC-IBD patients compared with IBD
patients. Rate of pouch failure seems similar for IBD
patients with and without PSC. Although data are
limited, proctocolectomy with IPAA is deemed safe in
PSC-IBD patients by the majority of studies.

DISCUSSION
In this review we have characterized the clinical fea
tures of IBD associated with PSC. In addition, we
aimed to provide data to assist clinicians in the IBD
field, to aid management for this specific group. PSCIBD can be said to represent a distinct phenotype
that differs from both UC and CD.
The prevalence for IBD found in PSC is high, being
present in approximately 70% of the cases, with
a large variation found between studies. The most
common type is UC which represents > 75% of IBD
found in PSC, followed by the less common CD and
infrequently seen IBD-U. In contrast, a relative high
prevalence of CD was found in a study by Kaplan
[14]
et al
reporting 38.8% CD in the total of included
patients with PSC. As possible explanations the
authors suggested an increasing trend of awareness
of PSC in IBD other than UC and the high prevalence
of CD found (1.5 times that of UC) in the province of
Alberta, Canada. Geographic differences could explain
the large variation found in IBD prevalence in PSC.
We found a high prevalence of IBD in PSC patients
(> 60%) in Europe and North America, compared
with lower rates of approximately 30% IBD in PSC
patients in Asia. In most studies from Asia on PSCIBD however, endoscopic and histological data were
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United States
United States
Finland
United States
United Kingdom
Finland
Norway
United States
Norway

Country

NA
1043
63
260
182
389
178
NA
113

IBD (n )
40
54
10
65
16
52
11
100
48

PSC-IBD (n )
NA
1043
63
260
182
389
178
NA
62

IBD
40
54
10
65
16
52
11
100
31

PSC-IBD

IPAA
19 (47.5)
34 (63.0)
9 (90.0)
9 (13.8)
11 (68.8)
25 (48.1)
8 (72.0)
64 (64.0)
27 (87.1)

PSC-IBD

Pouchitis
NA
336 (32.2)
19 (30.2)
31 (11.9)
53 (29.1)
101 (26.0)
94 (52.8)
NA
20 (32.3)

IBD
NA
? (15.0)2
7 (11.1)
31 (11.9)
18 (9.9)
NA
17 (9.6)
NA
8 (12.9)

NA
? (60.0)2
7 (70.0)
9 (13.8)
9 (56.3)
NA
4 (36.4)
16 (16.0)
20 (64.5)

PSC-IBD

Chronic pouchitis
IBD
NA
NA
NA
1 (1.5)
NA
2 (3.8)
1 (9.1)
3 (3.0)
5 (16.1)

PSC-IBD

Pouch failure
NA
NA
NA
19 (7.3)
NA
13 (3.3)
20 (11.2)
NA
4 (6.5)

IBD
D1
D3
D3
D3,4,5
D3,4,5
D1
D3,4
D3,4,5
D3,4,5

Diagnosis

isolated proctitis being uncommon. IBD in PSC can therefore be characterized by pancolitis and or right-sided colon involvement. While the exact mechanism
[34]
of this distribution is unknown, a possible contributing factor was proposed by Schaeffer et al , who found differences in localization based on initial disease
presentation in PSC-IBD. PSC diagnosis followed by IBD development was more often associated with right sided colonic inflammation, while pancolitis was found
more frequent in IBD developing before PSC diagnosis.
[11,25]
Although a relation between backwash ileitis (BWI) and PSC-UC has been documented, it is not undisputed. Some studies for example, reported high rates
,
[12,31]
which in turn could not be confirmed by other studies
. While more frequently found in PSC-UC compared with IBD without PSC, BWI seems to be an uncommon
feature of PSC-UC as it is only found in approximately 16% of the patients. Comparison between rates observed in PSC-UC is complicated by a large variation
found between studies, which can be explained by differences in BWI diagnosis based on definition. Some studies, for example, noted all histological changes of
[11,25]
[31]
the ileum as BWI
, while others specified between active inflammation and chronic inflammation and only used the former for the observed BWI rates . Apart
[36]
from differences in definition, the localization and degree of colonic inflammation have also been associated with prevalence of BWI. Haskell et al , reporting a
17% prevalence of BWI in UC (n = 200), noted the importance of correlating the presence of histological cecal colonic inflammation with ileitis findings in UC to
distinguish these from ileal involvement in CD. In addition, several studies reported on the relation between the degree of inflammatory activity of the whole colon
[31,36,76]
[12,31,33]
or cecum and the incidence of BWI
. In three (37.5%) of these studies
, cecal inflammation was correlated with findings of BWI in the ileum. Jørgensen
[33]
et al
found a significantly (P = 0.017) higher degree of cecal inflammation in patients with BWI. Interestingly, these three studies all reported BWI rates < 12%
for UC in PSC, representing the lower limits of total rates found. While the high rates of right-sided and complete colonic involvement make an association between
PSC-UC and BWI seem plausible, the overall percentage was found to be low. Available data on BWI are conflicting and studies differ in histological and diagnostic
criteria. Our results emphasize the need to correlate histological findings in the ileum with cecal findings in order to accurately asses the presence of BWI in PSC-UC.
Nonetheless, based on recent literature, BWI is more frequently observed PSC-UC compared with UC without PSC.
[11,30]
Similar to BWI, rectal sparing (RS) was reported as a common feature of IBD in PSC
, together with extensive colitis and a predominance for right-sided
[33]
inflammation . Based on the reviewed papers, RS seems to be present in approximately one third of the patients with PSC-IBD, but large inconsistencies
between studies are found. In most studies, the presence of RS was based on either endoscopic or histological data, but this approach has several limitations.
Endoscopic imaging in quiescent disease, for example, could give the impression of macroscopic rectal sparing but does not exclude microscopic inflammation.
[11,12]
Furthermore, a history of recent local steroid therapy can influence the endoscopic appearance of rectal mucosa, but only two studies
took this into account.

Not specified; 2Not otherwise specified in paper; 3Clinical diagnosis pouchitis; 4Endoscopic diagnosis pouchitis; 5Histological diagnosis pouchitis. IPAA: Ileal pouch anal anastomosis; PSC: Primary sclerosing cholangitis; IBD:
Inflammatory bowel disease; NA: Not available; D: Diagnosis.

1

Kartheuser et al[74], 1993
Penna et al[69], 1996
Aitola et al[68], 1998
Gorgun et al[71], 2005
Abdelrazeq et al[67], 2007
Lepistö et al[16], 2008
Wasmuth et al[72], 2010
Mathis et al[73], 2011
Block et al[70], 2013

Ref.

Table 5 Pouchitis in primary sclerosing cholangitis - inflammatory bowel disease n (%)
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Finally, discrepancies in diagnosis of RS have been
reported, showing rectal involvement in resected
specimens despite frequently found rectal sparing
[37]
in biopsies . A comparison between rates of RS in
PSC-IBD patients and rates found in IBD controls
also yielded conflicting results. While all studies
comparing RS incidence between PSC-IBD and IBD
controls found higher rates in the former group,
[11,25]
differences were significant in only two studies
.
[31]
In contrast, Joo et al
found almost equal rates of
RS in both UC and UC with associated PSC in their
review of histological specimens. Both these results
and the previously stated limitations regarding the
diagnosis of RS, make it difficult to see RS as a
distinct feature of the PSC-IBD phenotype. Diagnosis
of true RS requires both endoscopic and histological
absence of inflammation with the exclusion of recent
(< 6 mo) local steroid therapy.
Based on limited results from small subgroup
populations, we found that the characteristics of CD
in PSC are similar to those found in UC associated
with PSC. Disease activity is mild with an observed
lower frequency of stricturing and penetrating disease
compared with conventional CD. An isolated colitis is
most common, being present in 55% of the patients
with PSC-CD. Notably, the severity of PSC-CD may
also be less, compared with PSC associated with UC.
[39,39,77]
This was suggested by two studies
that found
higher rates of small duct PSC in CD compared with
PSC-UC, with one also finding a non-significant (P =
[39]
0.06) trend for increased survival .
PSC as a third and separate risk factor for CRC
in concomitant IBD was first proposed by Broomé
[78]
et al
in 1992 and was subsequently confirmed
[22,38,46]
by several authors
. Other studies, however,
have questioned this finding. They found that PSC
[11,29,79]
did not constitute an additional risk of CRC
and proposed that PSC-IBD characteristics, i.e.,
pancolitis and mild sub-clinical disease, facilitate
the two previously mentioned risk factors for CRC
development in IBD and explain the higher rates of
[11]
CRC in PSC-IBD .
A comparison between the estimated risk of
dysplasia and CRC development in PSC-IBD poses a
challenge, as the use of statistical analyses and output
parameters greatly varies between studies (Table
3). The most common reported format for colonic
dysplasia and CRC development is the cumulative
10 year risk, which ranges from 0% to 11% for
PSC-IBD. In all studies combined, development of
dysplasia or CRC is observed in approximately 24%
of patients with PSC and associated IBD. In contrast,
in IBD controls the development of dysplasia or CRC
is observed in 9% of the patients, with a reported
estimated cumulative 10 years risk of 2%. In
addition, a recent large French prospective study on
neoplasia in IBD found an even lower rate of patients
developing colonic neoplasia. In this study 0.3% of
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19486 patients developed high grade dysplasia or
[80]
CRC .
The included studies on both IBD and PSC-IBD
differed greatly with respect to reported rates of
dysplasia and CRC development. These differences are
likely caused by the retrospective nature of the studies
and by differences between centers regarding referral
bias. Furthermore, discrepancies in the definition of
dysplasia were found. Some studies reported all types
of dysplasia, including low grade dysplasia, whereas
other studies only registered colorectal cancer. While
the progression of low grade dysplasia to advanced
[81,82]
neoplasia in IBD has been shown to be low
, it is
worth noting that an increased risk of progression in
[83]
PSC-IBD has been observed
making its inclusion
justifiable. Based on these results and by taking
study limitations into account, an increased risk of
development of dysplasia and CRC in PSC-IBD can
be confirmed. Future studies would benefit from a
standard statistical output parameter to determine the
risk of development of CRC in PSC-IBD.
Apart from an increased risk of CRC, a shorter
interval between diagnosis of IBD and development
[47]
of CRC in PSC-IBD was also reported . The
combined mean interval between development of
IBD and colonic dysplasia or CRC found in patients
with PSC-IBD is 19 years compared with 26 years
for IBD patients without PSC. The observed median
interval however, shows the opposite, with equal or
even lower median intervals in IBD compared with
PSC-IBD (Table 3). Although data on the age of both
PSC-IBD patients and IBD patients without PSC at
diagnosis of CRC were scarce, a lower median age
at diagnosis of CRC was suggested for the former
group. Based on these results, it is unclear whether
the age of presentation and the interval between IBD
diagnosis and development of large bowel neoplasia
are lower in PSC-IBD compared with IBD. As both
a younger age at CRC diagnosis and the efficacy of
early surveillance in PSC-IBD have been confirmed
[22,53]
and disputed
, further studies are warranted.
As noted earlier, in PSC-IBD, a predisposition for
development of right-sided colonic dysplasia and
[46,54,55,84]
. While the reported
CRC has been observed
percentages vary, a high predominance (> 60%) for
dysplasia and CRC development in the proximal colon
is confirmed by the majority of studies. The exact
cause of increased dysplasia and CRC development
in PSC-IBD however, remains unknown. A proposed
mechanism is a cytotoxic and carcinogenic effect of
secondary bile acids accumulating in the proximal
colon due to defective small intestine reabsorption
[85]
in cholestatic liver disease . This assumption is
strengthened by the association found between high
concentrations of bile acids and the development of
[86]
colon carcinoma in colitis .
The clinical course of IBD in PSC after liver tran
[87]
splantation was both observed to stabilize
or
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[88]

to worsen . In all studies combined, we found
that approximately 32% of patients with PSCIBD experience an exacerbation after OLT. For the
development of de novo IBD after receiving a liver
transplantation for PSC this was approximately 18%.
These results are slightly lower than those presented
[89]
in a recent review by Singh et al , who found IBD
to worsen in a third of PSC-IBD patients after OLT.
The different rates found for exacerbation and de
novo presentation of IBD after liver transplantation
for PSC have been contributed to the type of immuno
suppressive medication, with lower rates reported
for cyclosporin A and azathioprine compared with
[59,88,90]
tacrolimus
. A proposed mechanism is the stron
ger suppression of interleukin-2 production by T-cells
in tacrolimus compared to cyclosporin A, resulting
[59]
in an inability to activate a regulatory response .
A subsequent study by the same group was not
able to find a drug specific effect for tacrolimus on
regulatory T cells in noninflamed colon mucosa of
[91]
OLT patients . Although further (pathophysiological)
studies are required, the use of cyclosporin and
azathioprine over tacrolimus seems to have a more
favorable outcome on IBD after OLT for PSC, and
should therefore be considered.
[92]
An early study by Cangemi et al
showed no
beneficial effect of proctocolectomy on the progression
or development of complications in PSC patients. In
addition, careful consideration was urged in choosing
proctocolectomy with ileostomy as the treatment of
choice for colonic disease in PSC-UC, as it resulted
in frequent development of parastomal varices. The
safety and complications of proctocolectomy with
ileal pouch-anal anastomosis (IPAA) in PSC-IBD were
infrequently reported. While two out of three studies
described proctocolectomy to be safe in PSC-IBD
finding no increased mortality, a significant number
of patients experienced postoperative morbidity (29%
[73,74]
and 39% respectively
). Reported complications
ranged from urinary tract and wound infections to
bacterial cholangitis or hepatic decompensation.
While peristomal varices are a common problem
[93]
in ileostomy after proctocolectomy , none of the
included studies demonstrated development of peria
nastomotic varices in IPAA. A less favorable outcome
in PSC-IBD after colectomy was suggested, however,
by a more recent study in which one-third of the
patients progressed to OLT or death within an mean
[94]
of 2.6 years . In addition, this study stressed the
importance of pre-operative assessment of liver
function, finding a low preoperative platelet count and
a low albumin level to be related to worse outcomes.
A frequently reported long term complication of
IPAA in both IBD and PSC-IBD is pouchitis. Symptoms
of pouchitis reported in the included studies are
(bloody) diarrhea, abdominal cramping, urgency,
[95,96]
malaise, and fever
. The definitions and diagnostic
criteria for pouchitis however differed substantially
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between studies, making comparisons difficult. For
instance, most authors found increased overall rates
[71]
of pouchitis in PSC-UC, while Gorgun et al , who only
looked at chronic pouchitis, found lower rates (13.8%)
that were comparable to UC controls. Based on the
included studies, we found that approximately 60%
of PSC-UC patients experienced at least one episode
of pouchitis after proctocolectomy with IPAA. This
is more frequent when compared with conventional
IBD after IPAA where pouchitis is observed in
approximately one-third of the patients. Chronic
pouchitis after IPAA is observed less frequently, but it
still occurred more often in PSC-IBD when compared
to IBD without PSC. Although pouchitis was found
more common in PSC-IBD after IPAA, the rate of
pouch failure does not seem to be increased and is
comparable to IBD without PSC.
From a molecular perspective there is also in
creasing evidence that PSC-IBD is distinct from
UC and CD. Large scale genetic studies performed
within the International IBD Genetics Consortium
have identified 163 independent genetic loci to be
associated with IBD. The majority of these loci are
[97]
shared between both UC and CD . Similar studies
have been performed within the International PSC
study group, and they identified 16 independent loci
[98]
outside the HLA region . Mathematical modeling of
these genetic variants showed that PSC is genetically
more similar to UC than to CD which is comparable
to the clinical observation. A striking finding of these
studies is that only 50% of the PSC risk loci are
shared with IBD. Based on power calculations and
the fact that more than 70 % of the PSC patients had
concomitant IBD one would have expected that many
more of the 163 IBD loci would be associated with
[98,99]
PSC than is currently observed
. These intriguing
findings suggest that from a genetic perspective IBDPSC is different from both CD and UC.
Based on our findings, several recommendations
can be made concerning futures studies and the
management of IBD associated with PSC.
Large differences between IBD rates in PSC were
found. Therefore, to accurately assess or exclude
the presence of IBD in PSC, a full colonoscopy with
multiple biopsies from every segment and terminal
ileum is required. Furthermore, the additional
diagnostic criteria and a uniform definition are needed
to assess the actual presence of backwash ileitis and
rectal sparing in PSC-IBD patients.
Studies on the risk of the development of colonic
neoplasia in PSC-IBD would benefit from a standard
statistical outcome allowing comparison. The increase
in the development of large bowel neoplasia in PSCIBD patients observed in these studies requires
frequent surveillance colonoscopy. The optimal timing
of the start of surveillance warrants further study as
recent data were found to be contradictory.
The use of cyclosporin A and azathioprine in
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stead of tacrolimus should be considered after liver
transplantation for PSC, as the former were associated
with a lower rate of IBD exacerbation and the deve
lopment of de novo disease.
The safety and outcome of proctocolectomy in
PSC-IBD depend upon the severity of liver disease,
something which should always be assessed pre
operatively. Ileal pouch-anal anastomosis recon
struction after colectomy in PSC-IBD was associated
with a frequent development of pouchitis, and
patients should be informed about this risk. Choosing
for IPAA instead of ileostomy in PSC-IBD, however,
seems favorable as the risk of development of local
perianastomotic varices is low.
In conclusion, although IBD in PSC is common,
there is a large variance in observed rates, which
seems to be related to case ascertainment and,
possibly, geographical variance. Based on the described
clinical characteristics, the higher risk of development
of colonic neoplasia, and the increasing molecular
evidence, PSC-IBD should be regarded as a distinct
phenotype of IBD, which differs from UC and CD and
which therefore requires specialized management.
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Background

Inflammatory bowel disease (IBD) in Primary sclerosing cholangitis (PSC) often
presents as quiescent disease affecting the whole colon. It is reported to be
associated with backwash ileitis and rectal sparing. In addition an increased
risk for the development of colorectal carcinoma has been described in several
studies.
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Research frontiers

Based on differences in disease characteristics it has been suggested that IBD
in PSC represents a distinct phenotype in addition to ulcerative colitis (UC)
and Crohn’s disease. Studies looking at the characteristics for this phenotype
however are limited.
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While previous studies have summarized different aspects of IBD in PSC,
studies providing a description of the PSC-IBD phenotype are limited. By
reviewing existing literature on five relevant subthemes, an overview of the
characteristics of the PSC-IBD phenotype is provided.
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The results of this study suggest that IBD in PSC is different from conventional
IBD and therefore represents a distinct phenotype which requires specialized
management.
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Innovations and breakthroughs

Applications

Terminology

PSC is a chronic cholestatic liver disease characterized by inflammation and
fibrosis of both the intrahepatic and extrahepatic bile ducts. There is no curative
therapy available and in most cases, PSC leads to liver cirrhosis and liver
failure ultimately requiring liver transplantation. In the majority of cases PSC is
accompanied by IBD most often UC.
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Peer-review

The authors provided a systemic review on PSC-IBD characteristics compare
to UC and IBD. The review is interesting and well done.
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Chronic hepatitis C genotype 1 treatment roadmap for
resource constrained settings
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12(TW12) based on HCVRNA(+) or HCVRNA(-). Studies
presented at major conferences were also used. Where
necessary, a post-hoc analysis was performed. A
response-guided management roadmap was created
based on sustained virological response (SVR).
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RESULTS: Starting with PR, those with HCVRNA(-) at
TW4 have > 86% SVR, while those are HCVRNA(+)
have 34%-41.7% SVR. HCVRNA(-) TW4 patients
can have 24 wk PR if HCVRNA < 400000 IU/mL.
Alternatively, 28 wk BPR has similar SVR. If HCVRNA(+)
at TW4, 72 wk PR leads to 53% SVR, hence BPR is a
better option, and if HCVRNA(-) by TW8, 28 wk therapy
is sufficient. If HCVRNA(+) at TW8, then HCVRNA
should be checked at TW10 and TW12. By TW12,
HCVRNA ≥ 100 IU/mL activates the stopping rule. This
roadmap is applicable for treatment-naïve, treatment
failures and cirrhotic patients. Validation from an Asia
Pacific early access boceprevir program confirmed the
findings that HCVRNA(-) at TW4, or TW8 conferred >
80% SVR, leading to the “80-80” rule.
CONCLUSION: Using a roadmap based on HCVRNA(-)
at TW4 or TW8 (the “80-80” rule), high SVR can be
achieved, and guide the best choices for treatment,
and also reduces drug exposure in poor responders.
Key words: Chronic hepatitis C; hepatitis C virus RNA;
Sustained virological response; Cirrhosis; Boceprevir;
Telaprevir; Response-guided therapy; Peginterferon;
Partial responder; Ribavirin

Abstract
AIM: To use existing hepatitis C virus (HCV) antiviral
therapies as access to new treatments is limited.

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

METHODS: A PubMed search for randomised control
trials or meta-analysis related to response-guided
therapy of HCV genotype 1 patients was undertaken
using pegylated interferon and ribavirin (PR), boceprevir
(B) and telaprevir (T) and lead-in where responseguided therapy at TW4(TW4), 8(TW8), 10(TW10), or
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Core tip: Lex management of hepatitis C virus (HCV)
genotype 1 using a simplified road map and "80-80"
rule can help physicians manage their patients better.
This roadmap distills the essential findings from using
pegylated interferon and ribavirin as well as boceprevir
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using treatment week 4 and 8 virological responses
based on whether HCVRNA is detectable or not.

(weeks 4, 8, 10 and 12) during HCV treatment.
Undetectable or detectable HCVRNA was used as a
decision tool as this only relied on the test result at
that timepoint, in contrast to previous decision tools
such as reduction of HCVRNA from baseline of or by
stratifying the reduction in HCVRNA which requires at
least two results.

Lim SG. Chronic hepatitis C genotype 1 treatment roadmap
for resource constrained settings. World J Gastroenterol 2015;
21(6): 1972-1981 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i6/1972.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i6.1972

MATERIALS AND METHODS
A PubMed search for meta-analyses or randomised
control trials of hepatitis C genotype 1 treatment
with PR for 24, 48 and 72 wk, where treatment week
4 (TW4) HCVRNA results and SVR were reported.
Where no published articles were available, studies
published in abstract format from key international
liver meetings were utilised.
For boceprevir treatment, randomised control trials
of phase 2 and 3 studies were used. In studies where
the information on detectable or undetectable HCVRNA
at TW4, 8, 10 or 12 were not presented, a post-hoc
analysis was performed and data was extracted from
the following studies: the phase 2 study (SPRINT-1)
and the phase 3 (SPRINT-2 and RESPOND-2)
[8-10]
[11]
boceprevir clinical trials
, and PROVIDE studies .
Data was also included from analyses from a meta[12]
analysis of cirrhotic patients
derived from five
phase 3 boceprevir trials (SPRINT-2, RESPOND-2,
peg2a, PROVIDE and anemia management study).
The detailed methodology and primary outcomes from
these studies have been are available in clinical trials.
gov: NCT00423670, NCT00708500; NCT00705432,
and NCT00910624. For telaprevir therapy, there is little
information on lead-in and response-guided therapy.

INTRODUCTION
Chronic Hepatitis C is the one of most common cau
ses of chronic viral liver disease worldwide afflicting
[1]
130-170 million persons , leading to significant
morbidity and mortality due to liver disease and
hepatocellular carcinoma of infected persons. The
standard of care for hepatitis C therapy has long been
pegylated interferon and ribavirin for 48 wk until
2011, but this therapy has been suboptimal in efficacy,
[2]
safety and tolerance . In 2011, the first generation
[3]
protease inhibitors, boceprevir and telaprevir were
[4]
[5]
approved, then in 2013, simeprevir and sofosbuvir
were approved by the United States Food and Drug
Adminstration and then by the European Medicines
Agency. They represent a substantial advance in
efficacy with better tolerability, but come at a high
cost. While resource rich countries can afford to use
these treatments as first line therapy, access to such
expensive, may be limited in resource constrained
countries. Resource constrained countries are de
fined as those countries where the latest therapies
sofosbuvir and simeprevir and not currently available
nor likely in the near future, and where pegylated
interferon and ribavirin (PR) ± boceprevir, are are still
the standard of care. The roles of these new agents,
in the context of PR with or without boceprevir and
telaprevir is unclear in treatment naïve patients and
in treatment failures, particularly where there is little
experience on its use in resource constrained countries.
The first generation protease inhibitors may still have
a role in current management of chronic hepatitis C
genotype 1 patients, although telaprevir is less widely
available, and does not use a lead-in strategy. Hence,
it is a somewhat less optimal therapeutic choice in
a resource constrained setting. Alternatively, the
complex treatment strategy for boceprevir based on
presence of cirrhosis and previous treatment failure is
compounded by the differences between the United
[6]
[7]
States and the European label with regards to the
duration of therapy. Different algorithms have been
proposed for different types of hepatitis C virus (HCV)
patients: treatment naïve, treatment experienced
and for cirrhotics. Consequently, there is an important
unmet need to simplify treatment strategy using
a roadmap based management that can provide a
practical guide for decision making at fixed timepoints

WJG|www.wjgnet.com

End points and statistics

The primary end point in all studies was SVR, defined
as undetectable HCVRNA 24 wk after completing
treatment. Plasma HCVRNA levels were measured
using COBAS TaqMan or COBAS TaqMan 2.0 (Roche
Diagnostics) with respective lower limits of detection
of 15 IU/mL and 9.3 IU/mL. Virologic response rates
were assessed at various time points during therapy,
at TW4, TW8, TW10 and TW12 after starting PR, and
during boceprevir or telaprevir therapy.

RESULTS
Importance of TW4 HCVRNA as a predictor of SVR

TW4 has been validated as the most important
[13]
predictor of SVR . With regards to predictors of
[14]
SVR . multivariate analysis showed that the strongest
predictor of SVR in Caucasians and Black patients
given boceprevir triple therapy was ≥ 1 log reduction
in HCVRNA, even stronger that the IL28B cc genotype.
In the largest Asian study of peginterferon and
[15]
ribavirin , multivariate analysis again showed that
week 4 undetectable HCVRNA was a stronger predictor
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A

B

TW 4

TW 4: HCVRNA negative

HCV genotype 1:
Treatment naïve
Treatment failures
Cirrhosis

HCVRNA (-)

Viral load < 400000 IU/mL

PR Lead-in
4 wk

IL28B CC genotype

TW 4

HCVRNA (-)

HCVRNA (+)

C

Yes

12 wk TPR
87% SVR

> 86% SVR

No

34%-41.7% SVR

24 wk PR
24 wk BPR

48 wk PR

89% SVR

> 86% SVR

95% SVR

TW 4: HCVRNA positive
HCVRNA (+)

48 wk PR

72 wk PR

BPR

34%-41.7% SVR

53% SVR

61%-66% SVR

Figure 1 Treatment week 4 (A), hepatitis C virus RNA negative (B) and hepatitis C virus RNA positive (C). A: All patients eligible for PR therapy regardless
of whether they are treatment naïve, previous treatment failures or cirrhotics. Patients who achieve RVR after 4 wk lead-in either have detectable or undetectable
HCVRNA. Those with undetectable HCVRNA have SVR > 86% while those with detectable HCVRNA have SVR 34%-41.7%; B: These patients have a high possibility
of SVR so PR therapy can be shortened to 24 wk if they have baseline viral load < 400000 IU/mL). If they do not have good baseline predictors, therapy can also be
shortened by addition of boceprevir (4 wk lead-in, 24 wk boceprevir + PR). If they also have IL28B CC genotype, telaprevir and PR can be used for 12 wk as well.
Alternatively, they can continue on to 48 wk PR; C: These patients have a low possibility of SVR (41.7%) hence the alternative is to extend PR to 72 wk (53% SVR) or
to add boceprevir (61%-66% SVR). TW: Treatment week; HCV: Hepatitis C virus; PR: Pegylated interferon and ribavirin; SVR: Sustained virological response.

of SVR than IL28B cc genotype. Consequently while
IL28B genotype is still an important predictor, it may
not be crucial in the decision to start therapy since
week 4 HCVRNA is the stronger predictor.

(RR = 1.05; 95%CI: 0.99-1.11; P = not significant).
Consequently, only those low baseline viral load can
have 24 wk PR.
Can BPR for 24 wk be an alternative? In the
[9]
SPRINT-2 study , those who achieved undetectable
HCVRNA at TW4 and TW8 had 24 wk BPR had 88%
SVR, compared to 97% SVR of 97% in those who had
48 wk BPR (P = NS), making this an alternative to 48
wk PR (Figure 1B).
An alternative to boceprevir is telaprevir. In the
[18]
CONCISE study , treatment naïve or relapser patients
with the IL28B CC genotype who had undetectable
HCVRNA at TW4 who were randomised to 12 wk of
telaprevir and PR (TPR) achieved 87% SVR compared
to 97% in the 12 wk TPR+12 wk PR group (P = NS).
This is the only study telaprevir was used with lead-in
based on undetectable HCVRNA at TW4.

SVR and TW4 response

The largest randomized control trial (RCT) of 48
[13]
wk PR
had few Asians, but the SVR rate in those
with undetectable HCVRNA at TW4 was 86% while
those with detectable HCVRNA had SVR of 33.9%.
[15]
In the largest Asian RCT of 48 wk PR , those with
undetectable HCVRNA at TW4 had 98% SVR, but if
HCVRNA was detectable, SVR was 34.5%, remarkably
similar to non-Asians. Consequently the first decision
point of the roadmap is TW4 (Figure 1A). The
difference in the two studies was that undetectable
HCVRNA at TW4 was achieved in only 8.9% of
patients in the IDEAL study, but 54.8% in the Asian
study due to the high prevalence of the IL28B good
[16]
response genotype .

Those who have detectable HCVRNA at TW4
[19]

A Cochrane systematic review
addressed whether
72 wk PR was superior to 48 wk PR in these patients.
The meta-analysis showed 41.7% SVR for 48 wk
PR, with a risk ratio of 1.27 (95%CI: 1.07-1.50),
or 53% (95%CI: 44.6%-62.6%) SVR for 72 wk PR
(Figure 1C). Importantly, this meta-analysis included
both Caucasian and Asian studies with no significant
difference between them in tests of heterogeneity.
The SVR rate of patients who have detectable
[9]
HCVRNA at TW4 in the SPRINT-2 study , was 65%

TW4 Response: Those who have undetectable HCVRNA

With a high SVR of 86%-98% with 48 wk PR, can
[17]
therapy be shortened? A meta-analysis
showed
that SVR was significantly higher with 48 wk PR,
94.1% vs 79.7% for 24 wk PR (RR = 1.15; 95%CI:
1.07-1.24; P < 0.0001). But those with low baseline
viral load (< 40000 IU/mL), had no difference in
SVR, 95.5% for 48 wk PR vs 90.6% in the 24 wk PR
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A

different levels of interferon responsiveness at TW4 for
RESPOND-2. SVR in those with detectable HCVRNA
at TW4 was calculated to be 61% (95/156) (range:
31%-90%) in the RGT group, and 66% (103/156)
(range: 13%-100%) for the 48 wk fixed duration
group. Consequently, the SVR rate in those who have
detectable HCVRNA at TW4 is remarkably similar,
61%-66% regardless whether patients are treatment
naïve or failures, and regardless of RGT or 48 wk fixed
duration therapy (Figure 1C). However, SVR could be
as low as 33% if the patient was a “null responder” or
[21]
as high as 80% in “partial responders” at TW4 .

Treatment week 8
BPR treatment week 8

HCVRNA (-)

HCVRNA (+)

24 wk BPR

35%-41.7% SVR

> 87% SVR

B

Treatment Week 8 to 24
BPR treatment week 8

TW8 response
HCVRNA (-)

35%-41.7% SVR

24 wk BPR
> 87% SVR

BPR treatment week 10

HCVRNA (-)

HCVRNA (+)

BPR treatment
week 12

BPR treatment
week 12

≥ 100 IU/mL

HCVRNA (-)

HCVRNA (+)

STOP

BPR treatment
week 24

BPR treatment
week 24

HCVRNA (-)

HCVRNA (-)

HCVRNA (+)

1

[9]

HCVRNA detectable with BPR: In the SPRINT-2 ,
treatment naïve late responders (HCVRNA detectable
at TW8 but undetectable at treatment week 24)
achieved 73.1% SVR with RGT compared to 75%
SVR with 48 wk fixed duration therapy. However,
when all patients with detectable HCVRNA at TW8
are examined in Th SPRINT-2 study, the SVR rate
is only 36% for RGT and 40% for 48 wk fixed
dose therapy, as these include patients who have
detectable HCVRNA at TW24 (which invoke the
futility rule for stopping therapy). However, we do not
need to wait to TW24, as by TW12 the futility rule
can also be applied to patients with HCVRNA ≥ 100
[23]
[10]
IU/mL
(Figure 2B). In the RESPOND-2 study ,
SVR data on those with detectable HCVRNA at TW8
were not presented but can be extracted as a posthoc analysis. Since the total SVR rates were known
for group 2 (95/162, 58.6%) and group 3 (107/161,
66.4%) and the rates for patients with undetectable
HCVRNA at TW8 are known, for group 2 (74/161,
46%), and group 3 (84/161, 52%), as well as SVR
rates are known for group 2 (64/74, 86%), and
group 3 (74/84, 88%), we can calculate SVR rates
in those with detectable HCVRNA at TW8 in group 2
(31/88, 35%), and group 3 (33/80, 41.2%). Group
2 patients were in the RGT arm, and group 3 were in
the fixed duration 48 wk therapy arm. Pooling group
2 and 3 together we can calculate that 168/323
(52%) of prior treatment failure patients had

1

79% SVR

59% SVR
1

Continue BPR

Figure 2 Treatment week 8 (A) and treatment week 8 to week 24 (B). A:
These patients regardless of the treatment week 4 responses have a high
possibility of SVR if they are HCVRNA negative (SVR > 87%) and are eligible
for shortened therapy but if they are HCVRNA positive, then SVR rates are low,
35%-41.7%; B: After addition of boceprevir, with undetectable HCVRNA, these
patients are eligible for shortened therapy (4 wk lead-in, 24 wk boceprevir +PR).
However if they are HCVRNA positive then HCVRNA at weeks 10 and 12 are
useful to guide therapy. Those who are HCVRNA ≥ 100 IU/mL at week 12 or
have detectable HCVRNA at week 24 fulfill the stopping rules. 1Not eligible for
shortened therapy - should complete 32 wk BPR ± 12 wk PR or complete 44
wk BPR. HCV: Hepatitis C virus; PR: Pegylated interferon and ribavirin; SVR:
Sustained virological response.

in the RGT group and 66% in 48 wk fixed duration
therapy group, while in RESPOND-2, no analysis
was performed of SVR rates in those with detectable
HCVRNA at TW4, as the analysis was based on
interferon responsiveness, defined as HCVRNA decline
[11]
at TW4 by < 1log10 ≥. The PROVIDE study
was
analysed in a similar manner. Fortunately, a post
hoc analysis can be performed using the abstract
[20]
presented by Vierling et al
which showed the
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[9]

HCVRNA undetectable with BPR: In SPRINT-2 ,
treatment naïve patients with undetectable HCVRNA
at TW8, had 88% SVR with RGT compared to 90%
[10]
SVR with BPR 48 wk. In the RESPOND-2 study ,
prior treatment failure patients with undetectable
HCVRNA at TW8, had 86% SVR with RGT compared
to 88% SVR with 48 wk BPR. These findings confirm
that those with undetectable HCVRNA will benefit from
24 wk BPR (Figure 2A). Even treatment naïve poor
interferon responders at TW4, or “null responders”
(< 1log HCVRNA reduction at TW4), in a post-hoc
analysis of the SPRINT-2 and RESPOND-2 studies,
who have undetectable HCVRNA at TW8, achieve 83%
[22]
SVR .

HCVRNA (+)

1975

February 14, 2015|Volume 21|Issue 6|

Lim SG. HCV treatment roadmap
detectable HCVRNA at TW8.
Consequently, both SPRINT-2 and RESPOND-2
studies demonstrate remarkably similar results for
those with detectable HCVRNA at TW8, with SVR
rates of 35%-36% for RCT and 40%-41.2% for fixed
duration 48 wk therapy, regardless of their prior
response to therapy.

similar in cirrhotics (Figure 2A).

Duration of boceprevir triple therapy

Based on the response-guided management proposed
for boceprevir (Figures 2B and 3), patients who
have undetectable HCVRNA at TW8 can shorten
therapy to 24 wk of BPR (after lead-in). This is true
even for patients with cirrhosis and even for those
who had previous PR treatment failure. However,
[23]
it is important to note that the boceprevir label
advises duration of boceprevir triple therapy based
on whether the patient is treatment naïve, is an early
or late responder, has prior treatment failure or has
cirrhosis. Only in treatment naïve early responders
is it recommended to for 24 wk BPR. In cirrhosis
and previous null responders, it is recommended
to have 44 wk of BPR (after 4 wk lead-in). For the
remainder, late responders, prior treatment failures
the recommendation is for 32 wk of BPR (after 4
wk lead-in) with or without an extra 12 wk PR tail.
We should be mindful that the 32 wk BPR proposal
is not supported by evidence, only by modeling.
This confusing recommendation leaves much to be
desired since it does not simplify management, and
that the prior documentation of null response can be
rather poor, not to mention that diagnosis of cirrhosis
with non-invasive markers is not always optimal,
making it difficult at times to select the correct
duration of therapy. Although our proposed roadmap
simplifies therapy considerably in those who are good
responders regardless of prior treatment failure or
presence of cirrhosis, when in doubt, the package
[23]
insert should be followed .
How long should those with detectable HCVRNA
at TW8 be treated with BPR? Based on the package
insert, at least 32 wk of BPR ± 12 wk of PR tail. Given
these patients are the most likely to fail therapy, they
should be given the maximum benefit with 44 wk
BPR, as supported by the SPRINT-2 and RESPOND-2
studies.

TW10 and 12 response

For patients who have detectable HCVRNA at TW8,
rather than wait for TW12, undetectable HCVRNA
at TW10 can also be used to determine if SVR is
likely (Figure 2B). In an post-hoc analysis combining
[24]
SPRINT-2 and RESPOND-2 studies , those with
detectable HCVRNA at TW8 were evaluated at TW10
and undetectable HCVRNA at TW10 and at TW12
conferred SVR of 79% while a detectable HCVRNA
at TW10 followed by undetectable HCVRNA at TW12
conferred a SVR of 59% (Figure 2B), provided
they maintained undetectable HCVRNA through to
treatment week 24.

Treatment naïve vs treatment failure patients

Based on the data above, it would seem that respon
se-guided management using undetectable HCVRNA
successively at TW4, 8, 10 and 12 predict a high
chance of SVR regardless of whether a patient is treat
ment naïve or a prior treatment failure, but does this
apply to cirrhotics?

Cirrhosis

It is well known that SVR is impacted by the presence
of progressive fibrosis and cirrhosis. Subanalyses
from randomised control trials show that RVR is lower
[25,26]
in cirrhotic patients compared to non-cirrhotics
.
[25]
In the CHARIOT study , RVR in F0-2 patients was
24% compared to 18% in those with F3-4. Overall
SVR was much lower in those with cirrhosis (10%)
compared to those without fibrosis, F0 (70%). Those
with RVR and F0-2 achieved 80% SVR but those with
[26]
F3-4 had only 63% SVR. Bruno et al , collated three
RCTs showing that RVR in those without advanced
fibrosis was 23.6% compared to 11% with advanced
fibrosis. SVR was lower in those with cirrhosis (33%)
compared to those without bridging fibrosis (60%).
Notably, those who achieved RVR without advanced
fibrosis had SVR of 95% compared to 89% in those
with advanced fibrosis.
Consequently, responses to boceprevir in cirrhotics
needs evaluation. A meta-analysis of all boceprevir
[12]
treated patients with cirrhosis
found that all those
with undetectable HCVRNA at TW8 has similar
SVR, 86% for F0-2, 85% for F3 and 89% for F4.
Undetectable HCVRNA at TW8 was the strongest
predictor of SVR by multivariate analysis with OR =
10.57 (95%CI: 5.23-21.36). Consequently, we can
be confident that the findings from non-cirrhotics are
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Consolidated roadmap based management

In Figure 3A, a consolidated management approach
to HCV genotype 1 is proposed regardless of the
baseline characteristics of treatment naïve, treatment
failure or cirrhosis.

80-80 Rule

Using the roadmap based management, we can
invoke an “80-80” rule, that is, if undetectable
HCVRNA is achieved at TW4, > 80% SVR will be
obtained, or using boceprevir, undetectable HCVRNA
is achieved at TW8, > 80% SVR will also be obtained
(Figure 3C). The possibility of failure if HCVRNA is
detectable at TW8 is higher. In a post-hoc analysis
from SPRINT-2, there were 64% (83/129) failures in
the RGT arm, and 60% (79/131) in the fixed duration
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A

Roadmap for GT1 HCV
HCV treat with PR
Lead-in
4 wk

TW 4

HCVRNA (-)

Add B to PR 28 wk

HCVRNA (+)

Continue 48 wk PR

Continue 48 wk

Extend to 72 wk

Add B to PR

98% SVR

42% SVR

53% SVR

61%-66% SVR

89% SVR

Consider 24 wk PR if
low baseline viral load

TW 8
Pos- 60%
treatment failure

Neg-83% SVR
96% SVR

TW 10
neg
TW 12

TW 12

neg

TW 12

neg

TW 24

> 100 IU/mL

neg

TW 24

neg

B

pos

STOP

TW 24

neg

pos

neg

End of 28w
BPR

Continue BPR

Continue BPR

83% SVR

80% SVR

59% SVR

1

1

Roadmap for GT1 HCV and new DAAs
HCV treat with PR
Lead-in
4 wk

TW 4

HCVRNA (-)

Add B to PR 28 wk
89% SVR

HCVRNA (+)

Continue 48 wk PR

Continue 48 wk

Extend to 72 wk

Add B to PR

98% SVR

42% SVR

53% SVR

61%-66% SVR

Consider 24 wk PR if
low baseline viral load

New DAAs

TW 8

Neg-83% SVR

96% SVR

Pos- 60% treatment
failure
New DAAs

TW 12
neg
TW 24
neg
End of 28 wk
BPR
83% SVR
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C

The 80 - 80 Rule
HCV genotype 1:
Treatment naïve
Treatment failures
Cirrhosis

HCVRNA (-)

TW 4

> 86% SVR

HCVRNA (+)
34%-41.7% SVR

OR

HCVRNA (-)

TW 8 BPR

> 87% SVR

HCVRNA (+)
35%-41.2% SVR

Figure 3 Roadmap for GT1 hepatitis C virus (A), Roadmap for GT1 hepatitis C virus and new direct acting antivirals (B) and the “80-80” Rule (C). A: Full
roadmap showing timepoints, predicted SVR based on undetectable HCVRNA at timepoints, and alternative choices at each timepoint. 1Not eligible for shortened
therapy - should complete 32 wk BPR ± 12 wk PR or complete 44 wk BPR; B: Modification of the roadmap showing that new DAAs can be considered at Treatment
week (TW)4 or TW8 if HCVRNA is positive; C: Main points of the roadmap showing that if HCVRNA is negative at TW4 (on PR) or 8 (on BPR) then there is > 80%
SVR. If HCVRNA is positive at week 4, then there is 41.7% SVR if 48 wk PR is continued, but at week 8, if HCVRNA is positive while on BPR then the possibility of
SVR is 35%-41.2%. HCV: Hepatitis C virus; PR: Pegylated interferon and ribavirin; SVR: Sustained virological response.

arm, while in RESPOND-2, failures in the RGT arm
were 64.7% (57/88), and the fixed duration arm was
58.8% (47/80). Overall, with detectable HCVRNA at
TW8, the chance of failure is approximately 60%.

becomes more likely. This rule can be met as early as
TW4, when an alternative is to introduce new DAAs
(Figure 3B) such as sofosbuvir and PR, however, there
is no data on the SVR rates in treatment-experienced
patients. An alternative is simeprevir and PR, but
[27]
in null responders, SVR was 58.8% . As patients
who are HCVRNA positive at TW4 are enriched for
null responders, simeprevir and PR would not be
an optimal alternative. At TW8, detectable HCVRNA
also increases the likelihood of treatment failure to
60% making alternative new DAAs an option (Figure
3B). Again such patients would be enriched for null
responders hence simeprevir and PR is a suboptimal,
nor is there data on such patients treated with
sofosbuvir and PR. However, such patients can be
rescued in the near future with the new generation of
interferon-free oral treatments, and null responders
[28]
achieve > 90% SVR with the Abbvie quad regimen ,
[29]
the sofosbuvir-ledispavir ± ribavirin combination ,
[30]
and the sofosbuvir-simeprevir combination . Sofo
sbuvir and ledispavir ± ribavirin was also effective in
patients with baseline protease inhibitor resistance
[31]
associated variants .

Validation of roadmap

The proposed roadmap was derived from randomised
control trials but how would it perform in real life? In
an early access program for boceprevir, the Boceprevir
Named Patient Program (BNPP), investigators from
Singapore, Thailand, Malaysia and Australia decided
to pool their patients into a study, Boceprevir EarlyAccess For Advanced Fibrosis/Cirrhosis To Evaluate
Outcomes In Asia-Pacific HCV Genotype 1 NonResponders And Relapser Patients (BEACON study).
A total of 150 patients (Asians = 86, Caucasians =
63) were enrolled and these patients had to have
previous treatment failure with PR, and had to have
advanced fibrosis or cirrhosis, but no decompensated
liver disease. The final data analysis is currently being
prepared for publication (manuscript in press, World
J Gastroenterology). Applying the roadmap strategy
to the BEACON study, those who have undetectable
HCVRNA at TW4, have 100% SVR (14/14), while
those who have undetectable HCVRNA at TW8 have
87% SVR (74/85). Those who have detectable
HCVRNA at TW4 have 58% SVR (72/124) and those
who have detectable HCVRNA at TW8 have 22%
SVR. These patients represent the most difficult to
treat subtypes, as they have had previous treatment
failure, and also have advanced fibrosis or cirrhosis.
The findings of BEACON confirm that in real-life
settings, the roadmap strategy is indeed valid.

DISCUSSION
These are rather exciting times for patients who
[5]
suffer from chronic hepatitis C. Sofosbuvir and
[4]
simeprevir have both been very recently been
approved for treatment of chronic hepatitis C which
appear to be a substantial improvement over the
current DAAs, telaprevir and boceprevir. However,
access to the newly approved DAAs will be gradual as
approval in different countries and regions are likely
to take years. In the interim, hepatitis C treatment in
each country or region needs to adapt to the evolving

When to introduce second generation DAAs

When the “80-80” rule is not met, treatment failure
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situation and to determine the best strategy for SVR,
bearing in mind cost of therapy is a critical factor
in resource constrained settings. In the immediate
and near term, PR is still likely to be the mainstay
of therapy in resource constrained settings since
not only is it the only available therapy, but even
boceprevir and telaprevir constitute a considerable
cost, not taking into consideration adverse events,
tolerability and toxicity.
The current analysis is a distillation of existing
literature showing that by using TW4 and TW8
HCVRNA, dichotomised to detectable or undetectable,
provides a high level of predictability for SVR,
simpliflying the complexity and confusion of using
log reduction in HCVRNA, and stratifying by type of
prior treatment failure or presence of absence of cirr
hosis. This response-guided approach is particularly
appealing in countries where IL28B CC genotype
is prevalent, since a greater proportion of patients
have undetectable HCVRNA at TW4. In countries
where the IL28B T genotype is more prevalent,
the TW4 response is likely to be poor, and more
reliance will be placed on the TW8 response. At TW4
or TW8, if HCVRNA is undetectable, SVR > 80%,
leading to the “80-80” rule, making this reassuring
for both physicians and patients that SVR is likely,
encouraging compliance, and making tolerability
of adverse events more bearable. Moreover, the
roadmap allows patients to terminate treatment as
early as TW12 if HCVRNA ≥ 100 IU/mL, if response
to therapy is unfavorable, based on the stopping rule.
Consequently the roadmap also can provide at each
timepoint the likelihood of treatment failure and such
patients can have the option of stopping therapy and
consider the new generation of DAAs, where data is
available.
There are some caveats to the roadmap strategy
since it provides likelihood of SVR in those who are
able to tolerate therapy. A significant proportion of
patients have adverse events to pegylated interferon,
ribavirin and boceprevir or the combination, and
discontinuation of therapy occurs in a substantial
proportion of patients due to adverse events. In
[32]
the CUPIC study
patients who were at risk of
developing severe complications including sepsis and
death, had a low serum albumin < 35 g/dL and a low
platelet count < 100000/L. Consequently boceprevir
or telaprevir therapy is not recommended in such
patients due to the high risk of these complications.
In such patients, they should look to interferon-free
therapy and the new generation of DAAs.
With the new generation of DAAs around the
corner, the era of interferon-free regimens is around
the corner. Moreover, approval of the new DAAs may
take as long as 3-4 years in some Asian countries.
Consequently the new DAAs, which currently come
with a high cost of therapy, having cheaper but almost
as effective alternatives a choice to be considered.
Consequently, PR is still likely to be a first line therapy
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for cost reasons, both in countries with and without reimbursement. One can speculate that the current first
generation DAAs could be used as second-line therapy
when RVR fails, and the new DAAs could become a
third line therapy when both first and second line are
ineffective. Clearly this can change if cost structures
alter. In the ideal world, interferon based regimes are
inconvenient and carry adverse events which makes
tolerance and compliance an important issue. While
the future points to an interferon-free HCV treatment,
we should discount the utility of interferon based regi
mens as an interim measure for patient management.
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A 72-year-old woman with a sigmoid colon cancer and
a synchronous colorectal liver metastasis (CRLM), which
involved the right hepatic vein (RHV) and the inferior
vena cava (IVC), was referred to our hospital. The
metastatic lesion was diagnosed as initially unresectable
because of its invasion into the confluence of the
RHV and IVC. After she had undergone laparoscopic
sigmoidectomy for the original tumor, she consequently
had 3 courses of modified 5-fluorouracil, leucovorin,
and oxaliplatin (mFOLFOX6) plus cetuximab. Computed
tomography revealed a partial response, and the
confluence of the RHV and IVC got free from cancer
invasion. After 3 additional courses of mFOLFOX6 plus
cetuximab, preoperative percutaneous transhepatic
portal vein embolization (PTPE) was performed to
secure the future remnant liver volume. Finally, a right
hemihepatectomy was performed. The postoperative
course was uneventful. The patient was discharged
from the hospital on postoperative day 13. She had
neither local recurrence nor distant metastasis 18 mo
after the last surgical intervention. This multidisciplinary
strategy, consisting of conversion chemotherapy using
FOLFOX plus cetuximab and PTPE, could contribute
in facilitating curative hepatic resection for initially
unresectable CRLM.
Key words: Initially unresectable; Colorectal liver metasta
sis; Conversion chemotherapy; Cetuximab; Percutaneous
transhepatic portal vein embolization
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.
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cancer and a synchronous colorectal liver metastasis
(CRLM) was referred to our hospital. The metastatic
lesion was diagnosed to be initially unresectable. After
she had undergone laparoscopic sigmoidectomy for
the original tumor, she consequently had 6 courses
of modified 5-fluorouracil, leucovorin, and oxaliplatin
plus cetuximab, resulting in conversion chemotherapy.
Preoperative percutaneous transhepatic portal vein
embolization was performed to secure the future
remnant liver volume. Finally, a right hemihepatectomy
was successfully performed. The postoperative course
was uneventful. She had no recurrence for 18 mo. This
multidisciplinary strategy could contribute in facilitating
curative hepatic resection for initially unresectable
CRLM.

colonoscopy revealed a tumor at the sigmoid colon.
Computed tomography (CT) revealed a synchronous
CRLM. It was diagnosed as unresectable due to its
invasion of the right hepatic vein (RHV) and the
inferior vena cava (IVC) (Figure 1A and B). Thus,
she underwent just a sigmoidectomy with lymph
node dissection. Histopathological analysis resulted in
the diagnosis of a well-to-moderately differentiated
adenocarcinoma. Since the cancer cells were found
to have wild-type KRAS, a combination therapy of
mFOLFOX6 with cetuximab [Day 1: 5-fluorouracil
2
(5-FU) 400 mg/m bolus injection; leucovorin (LV) 200
2
2
mg/(m .2 h) with oxaliplatin (L-OHP) 85 mg/(m .2 h);
2
2
cetuximab 250 mg/(m .2 h); 5-FU 2400 mg/(m .46
h) continuous infusion; Day 8: cetuximab 250 mg/
2
(m .1 h), every 2 wk] was chosen as the first-line
chemotherapy, considering the possibility of conversion
chemotherapy. Follow-up CT revealed that the CRLM
had a partial response, and that the confluence of
the RHV and IVC was free from cancer invasion after
3 courses of systemic chemotherapy (Figure 1C and
D). In addition, the serum level of CEA decreased
significantly (Figure 2). The residual liver volume was
regarded as insufficient for right hemihepatectomy.
Thus, percutaneous transhepatic portal embolization
(PTPE) was carried out after an additional 3 courses of
chemotherapy. Three weeks after PTPE, CT revealed
an increase of the estimated future remnant liver ratio
from 36.2% to 46.9%, with no detectable presence
of any other metastatic lesion. This CRLM was fi
nally regarded as resectable with a normal hepatic
functional reserve (Table 1). Six weeks after the last
course of chemotherapy, a right hemihepatectomy
and cholecystectomy were performed because of the
invasion to the right branch of the portal vein. After
the mobilization of the right lobe and the completion
of hepatic transection, the RHV and a part of the IVC
was side-clamped with a Satinsky clamp and divided.
The surgical margins, observed with a frozen section,
had no malignancy. The side-clamped IVC was simply
closed with a continuous suture without severe ste
nosis. The postoperative course was uneventful.
The patient was discharged on postoperative day
13. The histopathological analysis revealed a welldifferentiated adenocarcinoma, consistent with CRLM.
The tumor was comprised of approximately 50%
viable cancer cells, and the remainder was necrotic
(Figure 3). The patient had an additional 6 courses of
mFOLFOX6 after hepatectomy. She had neither local
recurrence nor distant metastasis 18 mo after the last
surgical intervention.

Baba K, Oshita A, Kohyama M, Inoue S, Kuroo Y, Yamaguchi
T, Nakamura H, Sugiyama Y, Tazaki T, Sasaki M, Imamura Y,
Daimaru Y, Ohdan H, Nakamitsu A. successful treatment of
conversion chemotherapy for initially unresectable synchronous
colorectal liver metastasis. World J Gastroenterol 2015;
21(6): 1982-1988 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i6/1982.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i6.1982

INTRODUCTION
The incidence of colorectal cancer is increasing, and
it is now the fourth leading cause of cancer deaths
[1]
worldwide . According to GLOBOCAN 2008 estimates,
about 12.7 million cancer cases and 7.6 million
cancer deaths were estimated to have occurred in
[2]
2008 . Over half of patients with colorectal cancer
will develop metastatic disease, with a quarter having
distant metastatic lesions at diagnosis, often in
[3]
the liver . Although hepatic resection remains the
only potentially curative treatment in patients with
[4-7]
colorectal liver metastasis (CRLM) , only 15% to
20% of patients with CRLM are suitable for surgical
[8,9]
resection . Here, we report a case of conversion
chemotherapy using 5-fluorouracil, leucovorin, and
oxaliplatin (FOLFOX) plus cetuximab, combined with
portal vein embolization, which led to a successfully
curative liver resection in a patient with initially
unresectable synchronous CRLM.

CASE REPORT
A 72-year-old woman with a high level of carci
noembryonic antigen (CEA) was referred to our
hospital for the further diagnosis from a previous
physician. She had no previous history of serious
diseases, operations, or hospitalizations. She had
a family history of gastric cancer on her mother’s
side. Laboratory workup showed that CEA level
had increased to 27.0 ng/mL, and serum levels
of transaminases were slightly elevated. Total
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DISCUSSION
Liver resection is the only potentially curative treat
ment with an expectation of long-term survival in
[4-7]
patients with CRLM . However, approximately 80%
of patients with CRLM have unresectable disease,
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A

B

C

D

Figure 1 Enhanced computed tomography. A, B: Before chemotherapy. A huge synchronous colorectal liver metastasis was involving the right hepatic vein
(RHV; arrow) and the inferior vena cava (IVC; arrowhead); C, D: After chemotherapy. The tumor was dramatically reduced, and the IVC was isolated from the tumor
(arrowhead).

patients for resection.
Currently, L-OHP and irinotecan have been widely
used for patients with CRLM. The resection rate is
significantly higher in patients receiving FOLFOX
(5-FU + LV + L-OHP) than in those receiving FOLFIRI
(5-FU + LV + irinotecan), according to a randomized
[21]
GERCOR study . To make matters worse, pre
operative treatment with irinotecan has been re
ported to be associated with an increased risk of
steatohepatitis. Steatohepatitis is associated with an
[22]
increase in 90-day mortality after hepatic surgery .
While, L-OHP-based chemotherapy is associated
with a significantly higher incidence of sinusoidal
[23,24]
obstruction syndrome (SOS)
. SOS resulted in
a poorer hepatic functional reserve and in a higher
[24]
complication rate after major hepatectomy , but
[22]
with no increase in mortality . Therefore, we se
lected mFOLFOX6 as first-line chemotherapy, con
sidering the future possibility of liver surgery.
The development of efficient molecular-targeted
drugs, such as cetuximab or bevacizumab, have
opened new perspectives in the treatment of re
sectable and unresectable liver metastases. In
patients with KRAS wild-type tumors, chemotherapy
with cetuximab yields high response rates compared
with historical controls, and leads to significantly
[25-29]
increased resectability
. The phase Ⅲ NORDIC7
and COIN trials reported that first-line L-OHP-based
chemotherapy plus cetuximab has no confirmed

50
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Figure 2 Serum levels of carcinoembryonic antigen. FOLFOX: 5-fluorouracil,
leucovorin, and oxaliplatin; Cet: Cetuximab; PTPE: Percutaneous transhepatic
portal vein embolization.
[10]

and long-term survival is poor in this setting . In
selected patients with unresectable metastases, CRLM
may be down-staged by systemic chemotherapy with
or without molecular targeted therapy, so that liver
[11-15]
resection may be completed
. Once a complete
curative resection is achieved, long-term survival would
be expected, even in patients with initially unresectable
[10,16-19]
CRLM
. Moreover, there is a positive correlation
between the response rate to chemotherapy and
[20]
the resection rate of liver metastases . Therefore,
response rates are very important when selecting
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A

Table 1 Laboratory data
WBC
RBC
Hb
Hct
Plt
PT
HPT
AT3
CEA
CA19-9
ICG-R15
CRP
T-Bil
AST
ALT
LDH
γ-GTP
ALP
CHE
T-cho
TP
Alb
BUN
Cre
Na
K
Cl
Ca

6000/L
343 × 104/L
10.7 g/dL
34.6%
24.8 × 104/L
100.1%
75.7%
107%
2.9 ng/mL
14.1 U/mL
6.7%
0.077 mg/dL
0.5 mg/dL
29 IU/L
24 IU/L
220 IU/L
72 IU/L
385 IU/L
112 IU/L
164 mg/dL
6.1 g/dL
3.4 g/dL
15 mg/dL
0.62 mg/dL
141 mEq/L
4.2 mEq/L
108 mEq/L
8.6 mEq/L

B

C

Hb: Hemoglobin; Hct: Hematocrit; Plt: Platelet; PT: Prothrombin time;
HPT: Hepaplastin test; AT3: Antithrombin III; CEA: Carcinoembryonic
antigen; CA19-9: Carbohydrate antigen 19-9; ICG-R15: Indocyanine green
retention rate at 15 min; CRP: C-reactive protein; T-Bil: Total bilirubin;
AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; LDH:
Lactate dehydrogenase; γ-GTP: Gamma-glutamyl transpeptidase; ALP:
Alanine phosphatase; CHE: Cholinesterase; T-cho: Total cholesterol; TP:
Total protein; Alb: Albumin; BUN: Blood urea nitrogen; Cre: Creatinine.

[30,31]

benefit
. However, in the NORDIC7 trial, patients
received FLOX plus cetuximab, and in the COIN trial,
patients received FOLFOX or XELOX (capecitabine
+ L-OHP) plus cetuximab. On the other hand, in the
[32]
CELIM study , the response rates were significantly
higher in patients whose tumors were wild type for
KRAS (46 of 67 patients, 70%) than in those with
KRAS mutations (11 of 27 patients, 41%). The R0
resection rates were 38% vs 30% (25 of 52 vs 18 of
44 patients) for FOLFOX plus cetuximab vs FOLFIRI
plus cetuximab, respectively. Therefore, we selected
FOLFOX plus cetuximab as the chemotherapy
regimen.
It is quite difficult to predict the response to the
[33]
tumor with chemotherapy. Negri et al and Catalano
[34]
et al
reported that mucinous histology predicts for
poor response rate and overall survival in patients
with colorectal cancer with fluorouracil-based or
oxaliplatin-based chemotherapy. In our case, the
histology of the original site was well-to-moderately
differentiated adenocarcinoma. It might lead a good
response with mFOLFOX6 plus cetuximab.
To secure the future remnant liver volume, PTPE
[35-37]
may be considered as an option in selected patients
.
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Figure 3 Resected specimen. A: Cut surface. The tumor was 70 mm × 40
mm in size. The tumor was grayish-white and stony hard; B, C: Hematoxylin
and eosin (HE) staining of the resected specimen; B: HE staining, × 400.
Adenocarcinoma; C: HE, × 100. Approximately 50% of the adenocarcinoma
was necrotic.

The purpose of preoperative PTPE is to initiate
compensatory hypertrophy in the future remnant
liver in an attempt to counteract liver failure after
[38-40]
[41]
major hepatectomy
. Nagino et al
underlined
that indocyanine green clearance of the future liver
remnant after PTPE should be more than 0.05 for
major hepatectomy in patients with biliary cancers.
However, liver function of our case was damaged
due to 6 courses of FOLFOX. As an indication of
PTPE for the patient with chemotherapy associated
steatohepatitis remains controversial, it is to be
elucidated.
There is no evidence on how many courses are
the most effective for facilitating surgical resection
in patients responsive to chemotherapy. It has been
reported that the median duration of response to
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[21,42]

4

FOLFOX ranges from 4 to 6 courses
. Use of more
than 6 courses of L-OHP-based chemotherapy is
[24]
significantly associated with SOS . Among patients
undergoing a major hepatectomy, SOS was associated
with significantly higher morbidity and longer hospital
[24]
stays . Therefore, preoperative chemotherapy was
performed for total of 6 courses.
In conclusion, we herein report a case successfully
treated with a multidisciplinary strategy, consisting
of conversion chemotherapy using FOLFOX plus
cetuximab and PTPE. This strategy may contribute to
improve resectability for initially unresectable CRLM,
thus leading to prolonged survival.

5

6

7
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Case characteristics

A 72-year-old female with a high level of carcinoembryonic antigen (CEA) was
referred to our hospital.

Clinical diagnosis

9

Differential diagnosis

10

The patient had no clinical symptoms.
A high level of CEA are associated with adenocarcinoma; colon cancer,
stomach cancer, lung cancer, pancreatic cancer, and so on.

Laboratory diagnosis

Laboratory workup showed that CEA level increased to 27.0 ng/mL.

Imaging diagnosis

11

Computed tomography revealed a synchronous colorectal liver metastasis,
which involved the right hepatic vein and the inferior vena cava.

Pathological diagnosis

Histopathological analysis resulted in the diagnosis of a well-to-moderately
differentiated adenocarcinoma, and the cancer cells were found to have wildtype KRAS.

12

Treatment

The patient underwent laparoscopic sigmoidectomy, followed by 5-fluorouracil,
leucovorin, and oxaliplatin plus cetuximab, portal vein embolization for future
remnant liver volume, and a right hemihepatectomy.

13

Term explanation

Conversion chemotherapy is a method that liver resection becomes possible
by intensive chemotherapy, in patients with initially unresectable colorectal liver
metastases (CRLM).

14

In selected patients with unresectable metastases, CRLM may be down-staged
by systemic chemotherapy with or without molecular targeted therapy, so that
liver resection may be completed.

15

Experiences and lessons

Peer-review

Conversion chemotherapy might lead to a successfully curative liver resection
in a patient with initially unresectable synchronous CRLM. However, it depends
on patients if systemic chemotherapy is effective.
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CASE REPORT

Rapidly aggravated skeletal muscle metastases from an
intrahepatic cholangiocarcinoma
Jiyoung Lee, Sung Wook Lee, Sang Young Han, Yang Hyun Baek, Su Young Kim, Hyo In Rhyou
radiotherapy and chemotherapy, magnetic resonance
imaging of the thoracolumbar spine detected right
psoas muscle and paraspinous muscle metastases. We
performed an ultrasound-guided percutaneous fineneedle biopsy that confirmed a similar pattern of poorly
differentiated adenocarcinoma. The patient treated with
palliative chemotherapy and achieved 10 mo of survival.
Here we report the first case quickly spread to multiple
sites of muscle even though the three-month treatment,
compare to the other cases reported muscle metastases
at diagnosis.
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Core tip: The case presented with multiple skeletal
muscle metastases from an intrahepatic cholangio
carcinoma which only 5 cases have been reported so
far.
Lee J, Lee SW, Han SY, Baek YH, Kim SY, Rhyou HI. Rapidly
aggravated skeletal muscle metastases from an intrahepatic cholangiocarcinoma. World J Gastroenterol 2015; 21(6): 1989-1993
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i6/1989.htm DOI: http://dx.doi.org/10.3748/wjg.v21.i6.1989

Abstract

INTRODUCTION

We present a rare case of intrahepatic cholangiocar
cinoma (ICC) with multiple skeletal muscle metastases.
The patient was a 55-year-old Asian woman presenting
with abdominal pain; abdominal and pelvic computed
tomography and magnetic resonance cholangiopan
creatography revealed an unresectable ICC with hepatic
metastasis and metastastatic lymphadenopathy in the
porto-caval area. After 3 mo of treatment with palliative
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An intrahepatic cholangiocarcinoma (ICC) is a mali
gnant tumor that originates in the small bile ducts.
The risk factors for cholangiocarcinoma are primary
sclerosing cholangitis, biliary-duct cysts, hepato
lithiasis, liver fluke infections, and conditions such as
hepatitis B infection, hepatitis C infection, obesity, and
[1]
cirrhosis . Surgical resection is the only treatment
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Figure 1 Computed tomography, magnetic resonance cholangiopancreatography, and positron-emission tomography-computed tomography showing
an intrahepatic cholangiocalcinoma in the liver at first diagnosis. A: Computed tomography axial scan shows an ill-defined, low-attenuation mass in segments
S1 and S5 of the liver; B: Contrast-enhanced, T1-weighted, axial image shows the 6-cm, peripherally enhanced mass in segments S1, S5, and S8; C and D: In the
positron-emission tomography-computed tomography images, an area of strong hypermetabolism is noted (arrows), corresponding to the 6-cm soft tissue mass in the
liver (maximum standardized uptake value, 10.4).

modality providing a chance for cure; the reported
median survival, after surgical resection, ranges
from 16 to 46 mo, with a 5-year survival rate of
[2]
21%-25% . If the tumor is unresectable, the median
survival is less than 1 year. In this setting, patients
may need palliative therapies such as surgical or
endoscopic biliary drainage, chemotherapy, radiation
therapy, radiofrequency ablation, hepatic intraarterial
[3]
chemotherapy, photodynamic therapy or stenting .
Common metastatic sites for ICC are the regional
lymph nodes (hilar, peripancreatic, and periaortic
lymph nodes) and adjacent organs. Hematogenous
ICC metastases commonly occur to distant organs,
such as the lungs, bones, and adrenal glands,
but skeletal muscle metastasis is unusual for any
malignancy. Here, we describe an unusual case of
distant skeletal muscle metastasis from an ICC.

hepaticojejunostomy because of an intrahepatic duct
stone, and common hepatic duct stones in 1995. In
2009, she had undergone coil-embolization for an
unruptured aneurysm(12 mm × 9 mm × 10 mm)
of her left internal carotid artery communicating
segment. She denied tobacco or alcohol use, and her
family medical history was unremarkable.
Upon admission, a physical examination determined
her blood pressure (100/60 mmHg), pulse (70/min),
respiration rate (20/min), and temperature (36.6 ℃).
Upon examination, the patient was not icteric but
had right upper quadrant abdominal tenderness.
Laboratory tests revealed her white blood cell 6330/ml
(3000-9300/ml), platelet 214000/ml (140000-360000/
ml), hemoglobin 11.9 g/dL (11-15 g/dL), blood urea
nitrogen 24 mg/dL (8-26 mg/dL), creatinine 0.8
mg/dL (0.7-1.0 mg/dL), aspartate aminotransferase
32 IU/L (0-35 IU/L), alanine aminotransferase 29
IU/L (10-35 IU/L), alkaline phosphatase 589 IU/L
(104-338 IU/L), total bilirubin 0.6 mg/dL (0.2-1.2
mg/dL), alpha-fetoprotein 4.54 ng/mL (0-15 ng/ml),
carcinoembryonic antigen 9.45 ng/mL (0-8 ng/ml),
and carbohydrate antigen 19-9 3.01 U/mL(0-37
U/mL). All hepatic viral markers were negative,
as was her chest radiograph. Magnetic resonance
cholangiopancreatography (MRCP) showed a 5.7 cm,
heterogeneous hepatic mass in S1, S5, and S8, and
multiple hepatic metastases in the right lobe (Figure

CASE REPORT
A 55-year-old Asian woman presented to our ga
stroenterology department with abdominal pain.
Ultrasound and contrast-enhanced computed to
mography (CT) examinations of her abdomen and
pelvis, reported by the referring hospital, showed an
ill defined, low-density lesion in segments S1, S5,
and S8 of liver (Figure 1A). The patient’s past medical
history included cholecystectomy with Roux-en-Y
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Figure 2 Histopatholgic findings. A and C: Liver shows a poorly differentiated cholangiocarcinoma. (hematoxylin and eosin, x 40, x 400); B: Skeletal muscle
tissue shows metastasis of a poorly differentiated cholangiocarcinoma (hematoxylin and eosin, x 40); D and E: Neoplastic glands were positive in cytokeratin 7 and
cytokeratin 19 staining (immunostain, x 400).

proximal thigh muscles (Figure 3C-F). The patient
was then subjected to chemotherapy with once every
2
3 wk gemcitabine (1000 mg/m per day) and cisplatin
2
(100 mg/m per day) but died 10 mo after diagnosis
of this progressive disease.

1B). An ultrasound-guided percutaneous needle
biopsy of the low-echoic liver mass was performed;
histopathology confirmed a poorly differentiated
adenocarcinoma (Figure 2A and C), which was positive
for cytokeratins 7 and 19 (Figure 2D and E). Positronemission tomography-computed tomography (PETCT) detected a 6 cm, hypermetabolic, intrahepatic
malignancy involving S1, adjacent to the right lobe
of the liver (maximum standardized uptake value,
10.41), multiple hepatic metastases in the right lobe,
and metastatic lymphadenopathy in the porto-caval,
common hepatic, and left para-aortic areas (Figure 1C
and D).
The patient received palliative three-dimensional
conformal radiotherapy, with a total dose of 4750 cGy
in 19, 250 cGy fractions and concurrent chemotherapy
with monthly intra-arterial floxuridine (0.3 mg/kg
per day, days 1-14). After 3 mo of treatment, she
complained of low back pain; magnetic resonance
imaging (MRI) of her thoracolumbar spine revealed
metastatic masses in both the paraspinous and right
psoas muscles (Figure 3A and B). An ultrasoundguided percutaneous needle biopsy of the low-echoic,
paraspinous muscle confirmed a metastatic poorly
differentiated adenocarcinoma (Figure 2B). PET-CT
showed multiple, distant, metastatic hypermetabolic
masses in her paravertebral area, left upper arm,
bilateral periscapular area, anterior and posterior
chest walls, bilateral psoas muscles, lower anterior
abdominal wall, bilateral gluteal muscles, and bilateral
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DISCUSSION
Distant metastases to skeletal muscle are rare,
despite the skeletal muscle accounting for appro
ximately 50% of the total body mass and its abundant
[4]
vascularization . The reason for this low metastatic
rate is not well understood. The effects of lactic acid on
[5]
tumor cell production , and the influence of variable
and turbulent blood flow, β-adrenergic stimulation,
tissue oxygen levels, and host immune responses may
[6]
provide protection to the skeletal muscle . Moreover,
protease inhibitors in the extracellular matrix of the
[7]
muscle may also help prevent cancer cell invasion .
However, recent improvements in radiological
procedures may facilitate a more frequent diagnosis
of skeletal muscle metastasis. CT, MRI, ultrasound,
67 Ga scintigraphy, and PET-CT are useful for est
ablishing a diagnosis of intramuscular metastasis.
CT provides an accurate means of evaluating and
defining the extent of skeletal muscle tumors and
their relationship to adjacent bones, fascial planes,
vessels, and fat. MRI is the gold standard for imaging
of skeletal muscle disease and is a valuable modality
[8]
in the detection of skeletal muscle metastasis . T1-
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Figure 3 Thoracolumbar spine magnetic resonance imaging and positron-emission tomography-computed tomography images show multiple skeletal
metastases in a whole body scan after 3 mo of palliative radiochemotherapy from first diagnosis. A and B: T2-weighted, axial images show ill-defined, high
signal intensity masses in the psoas and paraspinal muscles; C and D: Positron-emission tomography-computed tomography (PET-CT) images show multiple masses
with hypermetabolism in the paravertebral area, left upper arm, bilateral periscapular area, anterior and posterior chest walls, bilateral psoas muscles, lower anterior
abdominal wall, bilateral gluteal muscles, and both proximal thigh muscles; E and F: Follow-up PET-CT images show aggravated multiple muscle metastasis after 3
and 7 mo of gemcitabine-cisplatin combination chemotherapy.

Table 1 Clinical features of patients with skeletal muscle metastasis
Patient No. (Ref.)

Age (yr)/sex

Ethnicities Primary origin CC

1[14]
2[15]

48/F
45/M

NA
Asian

ExtrahepaticIntrahepatic

3[4]

44/M

Asian

Intrahepatic-

4[16]
5[17]

69/W
72/M

NA
NA

ExtrahepaticNA

Metastatic sites

Treatment

Follow-up (mo)

Outcome

Rectus femoris
Paraspinal muscle in thorax,
buttock
Bilateral psoas and spinal erector
muscles
Psoas and iliacus muscles
Calf muscle

Resection
Chemotherapy,
Radiation
NA

8
4

Dead
Dead

NA

NA

Radiation
Resection

2
NA

Dead
NA

CC: Cholangiocarcinoma; NA: Not applicable.

potential improvement of patient symptoms, without
any significant prolongation of survival. Hence, the
prognosis for carcinoma patients with distant meta
stases to the skeletal muscle is poor, with a median
[11-13]
survival of less than 12 mo
.
To our knowledge, only 5 other cases of meta
stases to skeletal muscle from cholangiocarcinoma
have been reported in the world literature (Table 1).
In conclusion, we describe the first patient rapidly
metastasized multiple sites of muscle from ICC even
though the three-month palliative radiochemotherapy,
compare to the other cases reported muscle meta
stases at diagnosis.

weighted images of skeletal muscle metastasis have
a low- to iso-intense signal, and there is high signal
[9,10]
intensity in T2-weighted images
. Since these
findings are not specific for soft tissue metastasis
of carcinomas, pathological examinations of biopsy
specimens provide the most useful findings for
differentiating soft tissue metastasis of a carcinoma
from soft tissue sarcomas and abscesses.
Treatment guidelines have not been established
for patients with carcinomas and distant skeletal
muscle metastases. External beam radiation, chemo
therapy, surgical resection of localized disease, and
combination therapies have been considered for their
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COMMENTS
COMMENTS
Case characteristics

3

A 55-year-old Asian woman with a history of cholecystectomy with roux-en-Y
hepaticojejunostomy because of IHD stones presented with abdominal pain.

Clinical diagnosis

4

On physical examination, the patient had tenderness over right upper quadrant
of abdomen.

Differential diagnosis

Hepatocellularcarcinoma, cholangiocarcinoma, metastatic carcinoma

Laboratory diagnosis

5

WBC 6330/ul, AFP 4.54 ng/mL, CEA 9.45 ng/mL, and CA 19-9 3.01 U/mL; liver
function test were within normal limits.

6

Imaging diagnosis

7

computed tomography (CT)/positron-emission tomography (PET) scan showed
5.7 cm, heterogeneous hepatic mass in S1, S5, and S8 with SUV of 10.4, and
follow-up PET-CT showed multiple, distant, metastatic hypermetabolic masses
in her paravertebral area, left upper arm, bilateral periscapular area, anterior
and posterior chest walls, bilateral psoas muscles, lower anterior abdominal
wall, bilateral gluteal muscles, and bilateral proximal thigh muscles.

8
9

Pathological diagnosis

Ultrasound guided liver biopsy and muscle biopsy revealed a poorly differe
ntiated adenocarcinoma of cytokeratins 7 and 19 positive.

10

Treatment

The patient was treated with concurrent chemotherapy(intra-arterial floxuridine)
and radiation therapy (4750 cGy in 19, 250 cGy fractions) and then palliative
Gemcitabine-cisplatin after progression.

11

Related reports

12

Term explanation

13

Experiences and lessons

14

Only 5 other cases of metastatic carcinoma to muscle have been reported and
the pathogenesis and treatment has not been established.
An intrahepatic cholangiocarcinoma (ICC) is a malignant tumor that originates
in the small bile ducts and rarely metastasized to skeletal muscle.
This case report represents rapidly progressed to multiple muscle metastasis
from ICC, compare to the other cases reported muscle metastases at diagnosis.
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The case report of a “rapidly aggravated skeletal muscle metastases from an
intrahepatic cholangiocarcinoma” is very exciting data to the reader and may
provide the novel important information of this cancer. However, the manuscript
writing didn’t focus and summarize the results to support the conclusion.
Moreover, many points should be concerned before consideration to publish.
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hepatitis C
Yong Min Jo, Sung Wook Lee, Sang Young Han, Yang Hyun Baek, Soo Young Kim, Woo Jae Kim, Ji Hye Ahn,
Ji Young Lee
drugs, such as new and more frequent adverse events,
new drug interactions, and excessively high treatment
costs. An additional concern is viral resistance. These
considerations highlight the fact that direct-acting
antiviral agents are not a panacea and may not be the
best option for all patients who are in need of therapy.
This retrospective study revealed that the sustained
virologic response was not significantly reduced
following peginterferon and ribavirin retreatment com
pared with the new therapy. We suggest that patients
who experience relapse shortly after completing
treatment with peginterferon and ribavirin have a
reasonable chance of achieving a sustained virologic
response when retreated with these drugs alone.
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Core tip: Chronic hepatitis C-infected patients who
experience relapse shortly after completing treatment
with peginterferon and ribavirin have a reasonable
chance of achieving a sustained virologic response
when retreated with these drugs alone. Thus, it would
be very reasonable to proceed with peginterferon and
ribavirin retreatment alone, particularly in patients with
factors associated with high rates of sustained virologic
response, such as a low viral load at relapse (< 400000
IU/mL) and an early virologic response at week 12 of
retreatment.

Abstract
The development of boceprevir and telaprevir was a
major step forward in the treatment of chronic hepatitis
C. In addition, the treatment of these infections
has been recently revolutionized by the approval of
sofosbuvir and simeprevir. However, there are several
challenges associated with the application of novel
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a history of intravenous drug abuse. HCV infection
was diagnosed in September 2008 on the basis
of amplification of HCV RNA genotype 1b. Serum
HCV RNA level was 585026 IU/mL at baseline. It
was suggested that his HCV infection was caused
by intravenous drug abuse. Physical examination
was unremarkable. The serum aspartate amino
transferase (AST) level was 56 IU/L. Serum alanine
aminotransferase (ALT), gamma-glutamyl transpepti
dase (GGT), and alkaline phosphatase (ALP)
were normal. The bilirubin, serum creatinine, and
prothrombin time (PT) were normal. Liver function
was reported as Child-Turcotte-Pugh (CTP) class A.
Liver ultrasonography indicated chronic liver disease
with mild splenomegaly.
In January 2009, combination therapy with pegin
terferon alpha-2a and ribavirin was initiated with the
informed consent of the patient. Peginterferon alpha2a was administered subcutaneously at a weekly
dose of 180 μg together with 1200 mg/d ribavirin
for 48 wk. Serum HCV RNA levels were determined
at baseline and at week 12 by quantitative PCR.
The patient accomplished complete early virologic
response (EVR). Additionally, he accomplished an
end-of-treatment response (ETR) at week 48.
However, in March 2010, at 15 wk after the com
pletion of treatment, the reappearance of serum
HCV RNA was documented. The serum HCV RNA
level was 13367 IU/mL. Immediately after virologic
relapse was documented, combination therapy with
peginterferon alpha-2b and ribavirin was initiated as
retreatment. A weekly dose of 120 μg peginterferon
alpha-2b was administered subcutaneously together
with 1200 mg/d ribavirin for 12 wk. The patient did
not achieve a rapid virologic response (RVR) at week
4 of retreatment, but he did achieve complete EVR
at week 12. Additionally, undetectable serum HCV
RNA was determined at week 24 by qualitative PCR.
The patient attained SVR at 24 wk following the
discontinuation of retreatment.

INTRODUCTION
Hepatitis C is an infection caused by a viral attack on
the liver, and leads to inflammation and chronic liver
disease. The long-term consequences of hepatitis C
virus (HCV) infection are minimal changes, chronic
[1-3]
hepatitis, cirrhosis, and hepatocellular carcinoma .
From 1995-2000, the overall prevalence of HCV in
fection among Koreans over 40 years of age was
[4]
estimated to be 1.29% . Approximately 25% of
chronically infected patients ultimately progress to
[5-8]
cirrhosis and other complications .
The aim of HCV treatment is to achieve sustain
ed eradication of the virus and prevent progression
[9]
to cirrhosis and related complications . Sustained
virologic response (SVR) is the term used for suc
cessful treatment of HCV, and refers to the viremia 24
[10,11]
wk after completion of antiviral therapy
.
Initial treatment for chronic hepatitis C is carried
out using a combination of conventional interferonalpha and ribavirin over a period of 24-48 wk ac
cording to the patient’s genotype. Interferon-alpha
has progressively been replaced by peginterferon,
[12]
which has emerged as the most effective regimen .
The recommended treatment for chronic hepatitis
C infection consisted of combination therapy with
peginterferon and ribavirin until May 2011, when
the US Food and Drug Administration (FDA) licensed
the first direct-acting antiviral agents that directly
impeded viral replication. In clinical trials of chronic
hepatitis C patients receiving peginterferon and
ribavirin combined with boceprevir or telaprevir, SVR
has been accomplished in 63%-75% of treatmentnaïve patients, in 69%-88% of peginterferon and
ribavirin relapsers, and in up to 33% of peginterferon
[13-16]
and ribavirin non-responders
. Recently, the
FDA has approved sofosbuvir and simeprevir for the
treatment of chronic hepatitis C as components of a
combination treatment regimen.
Triple therapy is connected with increased adverse
events, and thus requires closer patient observation
compared with the previous treatment. Additionally,
boceprevir and telaprevir may induce HCV-resistant
mutations, and it is likely that cross-resistance to
direct-acting antiviral agents will emerge in some pa
[17,18]
tients who are without SVR
. The clinical impacts
of resistance to sofosbuvir and simeprevir have not
been well-established.
The aim of this retrospective study was to assess
the efficacy of peginterferon and ribavirin therapy
in patients with chronic hepatitis who have relapsed
following an initial course of peginterferon-based
therapy to facilitate the development of a novel
treatment for HCV infection.

Case 2

The patient in this case was a 58-year-old male with
a chronic hepatitis C-infected spouse. HCV infection
was diagnosed in February 2007 on the basis of
amplification of HCV RNA genotype 1b. The serum
HCV RNA level was 3420000 IU/mL at baseline, as
determined by quantitative PCR. It was suggested
that his HCV infection had been transmitted by sexual
intercourse. Physical examination was unremarkable.
The serum ALT level was 54 IU/L and the serum AST
level was normal. The GGT level was 103 IU/L. The
ALP level was normal. The serum creatinine and total
bilirubin were normal. Liver function was reported as
CTP class A. Liver ultrasonography indicated chronic
liver disease with mild splenomegaly.
In February 2007, combination therapy with pe
ginterferon alpha-2b and ribavirin was initiated with
the informed consent of the patient. A weekly dose
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of 100 μg of peginterferon alpha-2b was admini
stered subcutaneously together with 1200 mg/d of
ribavirin for 29 wk. This patient tolerated the ribavirin
well. Because of leukopenia, peginterferon alpha-2b
was administered at a weekly dose of 80 μg for the
remaining treatment period. Serum HCV RNA levels
were determined at baseline and at weeks 4 and
12 by quantitative PCR. Because of his partial EVR,
undetectable serum HCV RNA was confirmed at week
24. The patient achieved ETR at week 48 of therapy.
However, in May 2008, at 11 wk after the end of
antiviral therapy, the reappearance of serum HCV
RNA was documented. The serum HCV RNA level
was 536 IU/mL, as determined by quantitative PCR
assay. Immediate virologic relapse was documented,
and combination therapy with peginterferon alpha2b and ribavirin was initiated as retreatment. Pegin
terferon alpha-2b was administered at a weekly dose
of 80 μg together with a 1200 mg/d ribavirin for 12
wk. The patient did not accomplish RVR at week 4 of
retreatment, but did achieve complete EVR at week
12. Additionally, undetectable serum HCV RNA was
determined at week 24. The patient achieved SVR at
24 wk following the discontinuation of retreatment.

administered subcutaneously at a weekly dose of 80
μg together with 1000 mg/d ribavirin for 12 wk. The
serum ALT levels were 16, 23, and 20 IU/L at weeks 4,
12, and 24 of retreatment, respectively. This patient
did not accomplish RVR at week 4 of retreatment, but
did accomplish complete EVR at week 12. Additionally,
undetectable serum HCV RNA was determined at
week 24 by qualitative PCR. This patient attained SVR
at 24 wk following the discontinuation of retreatment.

Case 4

The fourth patient was a 40-year-old male with a
chronic hepatitis C-infected spouse. HCV infection was
diagnosed in July 2006 on the basis of amplification
of HCV genotype 2a/2c. The serum HCV RNA level
was 113000 IU/mL at baseline. It was suggested
that his HCV infection was transmitted by sexual
intercourse. Physical examination was unremarkable.
The serum AST was 56 IU/L. The ALT, GGT, and ALP
were normal. The PT, bilirubin, and serum creatinine
were normal. Liver function was reported as CTP
class A. Liver ultrasonography indicated chronic liver
disease with mild splenomegaly.
In October 2006, combination therapy with pe
ginterferon alpha-2b and ribavirin was initiated with
the informed consent of the patient. Peginterferon
alpha-2b was administered at a weekly dose of 120
μg together with 800 mg/d of ribavirin for 24 wk.
Serum HCV RNA levels were determined at baseline
and at weeks 4 and 12 by quantitative PCR. This
patient did not achieve RVR, but did achieve complete
EVR. However, he lacked an ETR at week 24 of
therapy. The serum HCV RNA level was 155 IU/mL,
as determined by quantitative PCR.
Combination therapy with peginterferon alpha2a and ribavirin was immediately initiated as retreat
ment. Peginterferon alpha-2a was subcutaneously
administered at a weekly dose of 180 μg together
with 800 mg/d of ribavirin for 12 wk. The patient did
not accomplish RVR at week 4 of retreatment, but did
accomplish complete EVR at week 12. Additionally,
undetectable serum HCV RNA was determined at
week 24 by qualitative PCR. He accomplished SVR at
24 wk following interruption of retreatment.
The baseline characteristics and antiviral therapy
regimens of these patients are presented in Table 1.

Case 3

The third patient was a 60-year-old male with a
chronic hepatitis C-infected spouse. HCV infection was
diagnosed in April 2007 on the basis of amplification
of HCV RNA genotype 1b. The serum HCV RNA level
was 7710000 IU/mL at baseline, as determined by
quantitative PCR. It was suggested that his HCV
infection was transmitted by sexual intercourse.
Physical examination was unremarkable. The serum
AST level was 78 IU/L. The ALT, GGT, and ALP were
normal. The PT, bilirubin, and serum creatinine were
normal. Liver function was reported as CTP class A.
Liver ultrasonography indicated chronic liver disease
with mild splenomegaly.
In April 2007, combination therapy with pegin
terferon alpha-2b and ribavirin was initiated with
the informed consent of the patient. Peginterferon
alpha-2b was administered at a weekly dose of 80 μg
together with a daily dose of 1000 mg of ribavirin for
48 wk. Serum HCV RNA levels were determined at
baseline and at weeks 4 and 12 by quantitative PCR.
The patient did not achieve RVR, but did achieve a
partial EVR. Because he did not attain complete EVR,
undetectable serum HCV RNA was determined at
week 24 by qualitative PCR. The patient attained an
ETR at week 48 of therapy.
However, in May 2008, at 12 wk after the com
pletion of antiviral therapy, the reappearance of HCV
RNA in his serum was determined by qualitative PCR
and a serum ALT level of 45 IU/L. Virologic relapse
was immediately documented and peginterferon
alpha-2b and ribavirin combination therapy was
initiated as retreatment. Peginterferon alpha-2b was
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DISCUSSION
The first-line treatment for chronic hepatitis C was
peginterferon-ribavirin treatment until May 2011,
when the first direct-acting antiviral agents were
licensed by the FDA for use with peginterferon and
ribavirin in treatment-naïve and treatment-expe
rienced HCV-infected patients with compensated liver
cirrhosis. HCV-infected patients following the addition
of the first direct-acting antiviral agents to combined
peginterferon and ribavirin treatment accomplished

1996

February 14, 2015|Volume 21|Issue 6|

Jo YM et al . Retreatment with peginterferon and ribavirin
Table 1 Baseline characteristics of patients
Characteristics
Gender
Age (yr)
Body weight (kg)
Height (m)
Body mass index (kg/m2)
HCV genotype
HCV infection route
Serum HCV RNA level at
baseline (IU/mL)
Antiviral therapy regimen

Case 1

Case 2

Case 3

Case 4

Male
37
80
1.75
26.1
1b
Intravenous drug abuse
585026

Male
58
69
1.69
24.2
1b
Sexual intercourse
3420000

Male
60
63
1.65
23.1
1b
Sexual intercourse
7710000

Male
40
84
1.84
24.8
2a/2c
Sexual intercourse
113000

Peginterferon α-2a and
ribavirin for 48 wk
↓
Peginterferon α-2b and
ribavirin for 12 wk

Peginterferon α-2b and
ribavirin for 48 wk
↓
Peginterferon α-2b and
ribavirin for 12 wk

Peginterferon α-2b and ribavirin
for 48 wk
↓
Peginterferon α-2b and ribavirin
for 12 wk

Peginterferon α-2b and
ribavirin for 48 wk
↓
Peginterferon α-2a and
ribavirin for 12 wk

HCV: Hepatitis C virus.

higher SVR rates compared with peginterferonribavirin treatment. Recently, the FDA approved
sofosbuvir and simeprevir for the treatment of chronic
hepatitis C. The addition of direct-acting antiviral
agents to combined peginterferon and ribavirin
treatment represents a significant advancement in
[13-16]
HCV treatment
.
Non-responders to peginterferon-based therapy
or those who relapse following this therapy are
increasing in number, with such individuals displaying
decompensated liver cirrhosis. Before the availability
of direct-acting antiviral agents, limited retreatment
options were available for these patients. Recently,
retreatment with peginterferon and ribavirin plus a
direct-acting antiviral agent has been shown to lead
to a higher SVR rate compared with peginterferon[15-18]
ribavirin treatment
.
The development of direct-acting antiviral agents
marks a major step towards the eventual aim of
more potent and shorter courses of treatment, and
other compounds are also being developed with
different viral targets. This is a rapidly-changing era in
HCV treatment, with such major developments being
achieved as new compounds that can cooperate with
clinicians to manage this hard-to-cure virus.
A new era of treatment for HCV is dawning with
the development of direct-acting antiviral agents,
but these new agents are not a magic bullet. Unfor
tunately, clinical trials have recognized that the use
of these new agents in isolation leads to the prompt
[19,20]
emergence of viral resistance and mutations
.
The onset of the acquired immune deficiency syn
drome pandemic led to antiviral drugs with diverse
mechanisms being developed. However, human
immunodeficiency virus (HIV) remains unconquered
due to its viral resistance. Many properties of HCV
are similar to that of HIV. Thus, resistance can be the
primary scourge of anti-HCV treatment.
Almost all patients will experience treatment
related adverse events that lead to poor tolerability,
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which can in turn result in early treatment inter
ruption. The addition of direct-acting antiviral agents
to peginterferon-based treatment is connected by
adverse events, and thus requires the interruption
of direct-acting antiviral agents in 10%-12% of
[21]
patients . Adverse events that occur with increased
frequency in subjects receiving direct-acting antiviral
agents include anemia, leukopenia, taste disorder,
gastrointestinal discomfort, fatigue, skin eruption,
[13-16]
and perianal discomfort
.
These considerations highlight the fact that directacting antiviral agents are not a cure-all and may
not be the best choice for all patients who need
treatment.
This retrospective study revealed that retreatment
with peginterferon-ribavirin treatment may be of
value in some patients in whom previous peginter
feron and ribavirin combination therapy has failed.
After the completion of initial antiviral treatment,
patients are monitored to assess their treatment
response and the occurrence of adverse events.
Laboratory monitoring includes measurements of
white blood cell count, aminotransferase, serum crea
tinine, and HCV RNA at 4, 8, 12, and 24 wk after
end of treatment. Patients with virologic relapse
are immediately retreated with peginterferon and
ribavirin. This retrospective study indicated that
the SVR was not significantly decreased in patients
retreated with peginterferon and ribavirin compared
with the new therapy.
Pre-retreatment predictors of response may
be helpful for informing patients of their probability
of SVR. SVR rates were higher in treatment-naïve
[11]
patients with a viral load of less than 400000 IU/mL .
Likewise, the results of this study clearly demon
strate that viral load at relapse is very important in
predicting the outcome of retreatment. The changes
in the HCV RNA levels in these patients are presented
in Table 2.
The absence of EVR is the most powerful means
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Table 2 Changes in hepatitis C virus RNA level (IU/mL)
Weeks of treatment
Case 1
Case 2
Case 3
Case 4

Previous treatment

Retreatment

0

12

24

48

0

12

36

585026
3420000
7710000
113000

< 50
63
226
< 50

Negative
Negative
Negative
Positive

Negative
Negative
Negative
N/A

13367
536
Positive1
155

< 50 (complete EVR)
< 50 (complete EVR)
< 50 (complete EVR)
< 50 (complete EVR)

Negative (SVR)
Negative (SVR)
Negative (SVR)
Negative (SVR)

1

Positive of hepatitis C virus RNA was determined by qualitative PCR. EVR: Early virologic response; SVR: Sustained virologic response.

this retreatment, particularly in those patients pos
sessing factors connected by high rates of SVR, such
as a low viral load at relapse (< 400000 IU/mL) and
complete EVR at week 12 of retreatment
New direct-acting antiviral agents cannot be
the best retreatment option for motivated patients
who have previously relapsed. When making the
decision to treat using a new therapy, the clinician
must consider the benefits of the simpler, lesstoxic regimen connected by lower SVR rate with the
new therapy and its associated higher toxicity, com
plexity, increased risk of resistance development, and
potentially higher SVR rate.
A limitation of our study is that there were insuf
ficient numbers of patients to strongly substantiate
our findings. Secondly, information regarding liver
histology and interleukin 28B gene polymorphism was
not reported.

of identifying non-responders in treatment-naïve
[22,23]
patients
. All patients achieving complete EVR
also achieved SVR in this study. The outcomes of this
study clearly show that complete EVR is very important
in predicting the outcome of retreatment (Table 2).
There is no common consent regarding the re
treatment period for chronic hepatitis C-infected
patients who have previously relapsed. Almost all
patients treated with peginterferon-ribavirin treat
ment have experienced adverse events. Adverse
events represent a major cause for patients giving up
on the treatment. Therefore, the optimal duration of
retreatment should be based on virologic clearance
to promote the adherence of patients to the regimen.
In this study, after peginterferon plus ribavirin was
administered for 12 wk, patients achieved complete
EVR at week 12 of retreatment and SVR at 24 wk
following discontinuation of retreatment.
The evolution of compounds that inhibit virus
replication by inhibiting either HCV protease or
polymerase will refine the treatment of hepatitis C.
Many such drugs are currently under development.
New drugs promise to increase the SVR rates for
chronic hepatitis C-infected patients and possibly
shorten treatment duration. However, this enhanced
response comes with an increased incidence of ad
verse events and a higher cost. An additional con
cern with regard to newer therapies is that of viral
resistance. The emergence of resistant variants has
not been observed with the current peginterferon and
ribavirin therapy. In addition, adherence to the new
therapeutic regimens cannot be omnipotent.
Retreatment with peginterferon and ribavirin plus
a direct-acting antiviral agent in chronic hepatitis
C-infected patients has led to higher SVR rates com
pared with those achieved with previous treatment
in clinical trials. SVR was achieved in 69%-88% of
[13-16]
relapsers and in 29%-33% of null responders
.
This retrospective study determined that SVR was
not significantly reduced by the peginterferon and ri
bavirin combination therapy compared with the new
therapy.
Collectively, we suggest that patients who relapse
shortly after completing treatment with peginterferon
plus ribavirin have a reasonable chance of achieving
SVR when retreated with peginterferon and ribavirin
alone. It would be very reasonable to proceed with
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COMMENTS
COMMENTS
Case characteristics

Case 1: A 37-year-old male with a history of chronic hepatitis C virus (HCV)
infection caused by intravenous drug abuse. Case 2: A 58-year-old male with
a chronic hepatitis C-infected spouse; it was suggested that his HCV infection
had been transmitted by sexual intercourse.

Clinical diagnosis

HCV was diagnosed on the basis of amplification of HCV RNA.

Differential diagnosis

Viral hepatitis, drug-induced hepatitis, autoimmune hepatitis, and steato
hepatitis.

Laboratory diagnosis

Case 1: HCV RNA level of 585026 IU/mL. Case 2: HCV RNA level of 3420000
IU/mL.

Imaging diagnosis

Case 1: Liver ultrasonography showed early liver cirrhosis with splenomegaly.
Case 2: Liver ultrasonography showed chronic liver disease with mild
splenomegaly.

Treatment

The two patients were treated with peginterferon and ribavirin.

Related reports

There is no consensus on a retreatment method for patients with HCV who
have previously relapsed.

Term explanation

Sustained virologic response is the absence of HCV RNA in the blood at 24 wk
after treatment completion.

Experiences and lessons

These findings suggest that patients who relapse shortly after completing
treatment with peginterferon plus ribavirin have a reasonable chance of SVR
when retreated with the previous treatment.
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Peer-review

This article discusses chronic hepatitis C retreatment methods in patients who
have previously relapsed.
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CASE REPORT

Successful treatment of complex cholangiolithiasis
following orthotopic liver transplantation with
interventional radiology
Chuan-Guo Zhou, Bao-Jie Wei, Kun Gao, Ding-Ke Dai, Ren-You Zhai
a case of a 40-year-old man with rare, complex bile
duct stones that were successfully eliminated with
percutaneous interventional techniques. The complex
bile duct stones were defined as a large number of bile
stones filling the intra- and extrahepatic bile tracts,
resulting in a cast formation within the biliary tree.
Common complications such as hemobilia and acute
pancreatitis were not present during the perioperative
period. The follow-up period was 20 mo long. During
the postoperative period, the patient maintained
normal temperature, and normal total bilirubin and
direct bilirubin levels. The patient is now living a high
quality life. This case report highlights the safety and
efficacy of the percutaneous interventional approach in
the removal of complex bile duct stones following liver
transplantation.
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Core tip: Bile duct stones are a rare, but serious com
plication that can occur following liver transplantation
and can be very difficult to treat with endoscopic
techniques. A case is presented involving a 40-year-old
man who developed complex bile duct stones following
liver transplantation, with a large number of stones
filling the intra- and extrahepatic bile tracts and forming
a cast in the biliary tree. The patient’s stones were
successfully removed using percutaneous interventional
techniques, highlighting the safety and efficacy of this
approach in the removal of complex bile duct stones
following liver transplantation.

Abstract
Bile duct stones are a serious and the third most
common complication of the biliary system that can
occur following liver transplantation. The incidence
rate of bile duct stones after liver transplantation is
1.8%-18%. The management of biliary stones is usually
performed with endoscopic techniques; however, the
technique may prove to be challenging in the treatment
of the intrahepatic bile duct stones. We herein report
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INTRODUCTION
Liver transplantation is the only effective method
for the treatment of terminal-stage chronic liver
diseases. However, there is a high incidence of biliary
complications following liver transplantation and longterm, repeated therapies, as the biliary epithelium
appears to be more susceptible to ischemia than
[1,2]
the liver parenchyma
. Biliary stones, though
uncommon, are a serious complication of orthotopic
liver transplantation, which, if not properly treated,
may result in severe infection of the biliary tract,
liver failure, and even graft loss. The incidence of
biliary stones in liver transplant patients varies widely
[3-5]
from 1.8%-18%
. Biliary stones are sometimes
managed with interventional radiology, surgery or
retransplantation, but most commonly treated with
[6-9]
endoscopy . The disadvantage of endoscopy is a
potential for the development of serious complications
such as hemobilia and acute pancreatitis. Furthermore,
endoscopy is technically more challenging in the
treatment of intrahepatic bile stones. Following stone
extraction there is a recurrence rate of 17% within a
[10,11]
median of six months
.
Percutaneous interventional techniques represent
an alternative approach for the treatment of bile duct
stones. These techniques provide a safe and effective
approach for the treatment of not only extrahepatic,
but also intrahepatic, bile stones. Here, we present
a case of rare, complex bile duct stones following
orthotopic liver transplantation. The bile duct stones
were considered complex, as a large number were
found within the intra- and extrahepatic bile tracts,
forming a cast in the biliary tree. The removal of
bile duct stones was performed successfully using
percutaneous interventional techniques. This case
report provides an alternative option for managing
difficult and serious complications following liver
transplantation.

B

Figure 1 Imaging of the intra- and extrahepatic bile ducts. A: Magnetic
resonance cholangiopancreatography showing a large number of bile duct
stones within the intra- and extrahepatic bile ducts (arrows) with a mild dilation
of the intrahepatic bile duct; B: Percutaneous transhepatic cholangiography
showing the bile duct cast, which is a result of molding of the bile ducts by the
stones (arrows).

transhepatic biliary drainage. In August 2011, due
to persistent aggravated jaundice, the patient was
referred to our section for further treatment.
The patient’s medical history showed presence
of both hepatitis B and liver cirrhosis. The laboratory
examination revealed: total bilirubin, 140 μmol/L
(normal, 3.4-20.5 μmol/L); direct bilirubin, 125
μmol/L (normal, 0-6.8 μmol/L); alkaline phosphatase,
152 U/L (normal, 50-136 U/L); gamma-glutamyl
transpeptidase, 77 U/L (normal, 5-85 U/L); hepatitis
B surface antigen, negative; alpha-fetoprotein, 2.5
ng/mL (normal, 0-13.6 ng/L); and normal total
cholesterol and triglyceride levels. The MRCP showed
presence of a large number of bile duct stones in
the intra- and extrahepatic bile ducts with a mild
dilation of the intrahepatic bile duct. Percutaneous
transhepatic cholangiography (PTC) showed molding
of the intra- and extrahepatic bile ducts into a duct
cast by the stones (Figure 1).

CASE REPORT
In May 2009, a 40-year-old man underwent classic
orthotopic liver transplantation for the treatment of
end-stage liver disease secondary to hepatocellular
carcinoma from liver cirrhosis. The patient’s posttransplantation recovery was uneventful; however,
three months after the surgery his skin and sclera
gradually became yellow. The primary diagnosis
was obstructive jaundice, which was confirmed by
magnetic resonance cholangiopancreatography (MRCP)
and cholangiography, and treated with percutaneous
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Interventional procedures

Informed consent was obtained from the patient prior
to the interventional procedures. The first procedure
was carried out on September 20, 2011. First, a
hydrophilic, coated guidewire was used to traverse
the stenosis section of the biliary anastomotic
stricture entering into the jejunum. Second, an 8 mm
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Figure 2 Crushing of the extrahepatic bile duct stones. Percutaneous
transhepatic cholangiography showing that bile duct stones were crushed from
the A: Proximal; B: Distal duct with the inflated balloon catheter.

Figure 3 Percutaneous interventional techniques used on the intrahepatic
bile stones. A: The intrahepatic bile stones were crushed with the double
balloon catheter technique; B: The large residual stones were cut with the
basket extractor (arrow).

× 40 mm balloon catheter (ATB5-35-40-8-4.0; COOK
Inc., Bloomington, IN, United States) was placed
over the guidewire at the extrahepatic bile duct.
Consequently, the extrahepatic bile duct stones were
crushed from the proximal to distal bile duct using the
inflated balloon catheter (Figure 2). Finally, a biliary
tunnel was formed in the biliary cast, and the stone
fragments were flushed with a 12 F biliary drainage
tube. The procedure was carried out two more times
afterwards. The inflated balloon catheter was used to
push some of the bigger fragments to the duodenum
via balloon sphincteroplasty. On December 5, 2011,
a double balloon catheter technique was used for
efficient elimination of the intrahepatic bile stones and
left side percutaneous transhepatic biliary drainage
was performed. Balloon catheters [8 mm × 40 mm
and 10 mm × 40 mm (ATB5-35-40-10-4.0; COOK
Inc.)] were placed in the left- and right-side bile
ducts and simultaneously inflated in order to crush
the intrahepatic bile stones. On December 28, 2011,
a basket extractor (Nitinol Tipless Stone Extractor,
NTSE-030115-UDH-MB; COOK Inc.) was used to cut
some of the large residual stones (Figure 3).
Four months after the percutaneous transhepatic
biliary drainage, PTC showed no presence of bile
duct stones in either the intra- or extrahepatic or bile
ducts. The intrahepatic bile duct was not dilated while
the extrahepatic bile duct was mildly dilated (Figure
4). Hence, the left-side drainage tube was removed
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on April 16, 2012 while the right-side drainage tube
was removed on May 23, 2012. All of the procedures
were free from complications. The follow-up period
was 20 mo (until February 2014). During the post
operative period, the patient maintained normal
body temperature, as well as normal levels of total
and direct bilirubin. The patient is now able to live a
normal life.

DISCUSSION
Orthotopic liver transplantation is currently the
standard therapy for end-stage liver diseases.
Despite great improvements in organ preservation,
immunosuppression, and surgical techniques, biliary
complications (BCs), including non-anastomotic and
anastomotic strictures, stone formation, and bile
leaks, remain a common source of morbidity. Con
sequently, patients may undergo long-term and re
peated therapies including percutaneous, endoscopic,
and surgical procedures. BCs may also increase
liver retransplantation rates and influence graft and
patient survival rates. The overall incidence of BCs
after orthotopic liver transplantation is between 5%
[6]
and 25% . Although the underlying reasons for the
bile stone formation are unknown, some research
indicates that anastomotic strictures, bacterial in
fections, ischemia, elevated total cholesterol, and
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Clinical diagnosis

A large number of bile duct stones filled both the intra- and extrahepatic bile
ducts with mild dilation of the intrahepatic bile duct.

Differential diagnosis

Anastomotic stenosis, common bile duct stone, and malignant obstructive
jaundice.

Laboratory diagnosis

Total bilirubin, 140 μmol/L; direct bilirubin, 125 μmol/L; alpha-fetoprotein, 2.5
ng/mL.

Imaging diagnosis

Magnetic resonance cholangiopancreatography showed a large number of bile
duct stones in the intra- and extrahepatic bile ducts with an associated mild
dilation of the intrahepatic bile duct.

Treatment

The patient was treated with a series of percutaneous interventional
procedures.

Figure 4 Elimination of bile duct stones. Percutaneous transhepatic
cholangiography showed no presence of the bile stones and a normal biliary
tree four months after the percutaneous interventional procedures.

Related reports

An endoscopy is commonly used in the management of biliary stones; however,
endoscopy may be technically challenging in the treatment of the intrahepatic
bile stones.

triglyceride levels could predispose a patient to the
[5,6,12]
formation of biliary stones or sludge
.
This case report presents a rare occurrence of
complex bile stones following orthotopic liver tran
splantation and their successful elimination using
the percutaneous interventional technique. The case
presented a serious situation in which both the intraand extrahepatic bile ducts were filled with a large
number of stones, making their removal by endoscopy
difficult. Hence, a series of percutaneous interventional
techniques were used in the treatment of the patient.
The extrahepatic bile duct stones were crushed with
the inflated balloon catheter, and the stone fragments
were flushed by a drainage tube. Some of the large
stone fragments were pushed into the duodenum via
balloon sphincteroplasty. The intrahepatic bile stones
were eliminated with the double-balloon catheter
technique and a basket extractor was used to cut the
large residual stones. The biliary drainage tube was
reserved, and ursodeoxycholic acid was administrated
to promote biliary excretion and avoid biliary tract
infection. Four months later, the bile stones were
completely eliminated, and normal liver function was
recovered with no perioperative complications. The
patient had no clinical symptoms, and the laboratory
examinations were normal at the last check-up. The
patient is now living a high quality of life.
In conclusion, the percutaneous interventional
technique provides a safe and effective treatment of
bile stones following orthotopic liver transplantation
without commonly associated complications, such
as hemobilia or acute pancreatitis. The case pre
sented here demonstrates that the percutaneous
interventional technique is especially suitable for the
removal of complex bile stones, which are otherwise
difficult to treat endoscopically.

Term explanation

Complex bile duct stones are defined as a large number of bile stones within
the intra- and extrahepatic bile tracts forming a cast in the biliary tree.

Experiences and lessons

This case report emphasizes the safety and efficacy of the percutaneous
interventional approach in the removal of complex bile duct stones following
liver transplantation.

Peer-review

This article applies a percutaneous interventional technique in the elimination of
complex bile duct stones following orthotopic liver transplantation.
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Ming Yan, Jinan
Xin-Min Yan, Kunming
Yi-Qun Yan, Shanghai
Feng Yang, Shanghai
Yong-Ping Yang, Beijing
He-Rui Yao, Guangzhou
Thomas Yau, Hong Kong
Winnie Yeo, Hong Kong
Jing You, Kunming
Jian-Qing Yu, Wuhan
Ying-Yan Yu, Shanghai
Wei-Zheng Zeng, Chengdu
Zong-Ming Zhang, Beijing
Dian-Liang Zhang, Qingdao
Ya-Ping Zhang, Shijiazhuang
You-Cheng Zhang, Lanzhou
Jian-Zhong Zhang, Beijing
Ji-Yuan Zhang, Beijing
Hai-Tao Zhao, Beijing
Jian Zhao, Shanghai
Jian-Hong Zhong, Nanning
Ying-Qiang Zhong, Guangzhou
Ping-Hong Zhou, Shanghai
Yan-Ming Zhou, Xiamen
Tong Zhou, Nanchong
Li-Ming Zhou, Chengdu
Guo-Xiong Zhou, Nantong
Feng-Shang Zhu, Shanghai
Jiang-Fan Zhu, Shanghai
Zhao-Hui Zhu, Beijing

Croatia
Tajana Filipec Kanizaj, Zagreb
Mario Tadic, Zagreb

Cuba
Damian Casadesus, Havana

Czech
Jan Bures, Hradec Kralove
Marcela Kopacova, Hradec Kralove
Otto Kucera, Hradec Kralove
Marek Minarik, Prague
Pavel Soucek, Prague
Miroslav Zavoral, Prague

Denmark
Vibeke Andersen, Odense
E Michael Danielsen, Copenhagen

Egypt
Mohamed MM Abdel-Latif, Assiut
Hussein Atta, Cairo
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Ashraf Elbahrawy, Cairo
Mortada Hassan El-Shabrawi, Cairo
Mona El Said El-Raziky, Cairo
Elrashdy M Redwan, New Borg Alrab
Zeinab Nabil Ahmed Said, Cairo
Ragaa HM Salama, Assiut
Maha Maher Shehata, Mansoura

Estonia
Margus Lember, Tartu
Tamara Vorobjova, Tartu

Finland
Marko Kalliomäki, Turku
Thomas Kietzmann, Oulu
Kaija-Leena Kolho, Helsinki
Eija Korkeila, Turku
Heikki Makisalo, Helsinki
Tanja Pessi, Tampere

France
Armando Abergel Clermont, Ferrand
Elie K Chouillard, Polssy
Pierre Cordelier, Toulouse
Pascal P Crenn, Garches
Catherine Daniel, Lille
Fanny Daniel, Paris
Cedric Dray, Toulouse
Benoit Foligne, Lille
Jean-Noel Freund, Strasbourg
Hervé Guillou, Toulouse
Nathalie Janel, Paris
Majid Khatib, Bordeaux
Jacques Marescaux, Strasbourg
Jean-Claude Marie, Paris
Driffa Moussata, Pierre Benite
Hang Nguyen, Clermont-Ferrand
Hugo Perazzo, Paris
Alain L Servin, Chatenay-Malabry
Chang Xian Zhang, Lyon

Germany
Stavros A Antoniou, Monchengladbach
Erwin Biecker, Siegburg
Hubert E Blum, Freiburg
Thomas Bock, Berlin
Katja Breitkopf-Heinlein, Mannheim
Elke Cario, Essen
Güralp Onur Ceyhan, Munich
Angel Cid-Arregui, Heidelberg
Michael Clemens Roggendorf, München
Christoph F Dietrich, Bad Mergentheim
Valentin Fuhrmann, Hamburg
Nikolaus Gassler, Aachen
Andreas Geier, Wuerzburg
Markus Gerhard, Munich
Anton Gillessen, Muenster
Thorsten Oliver Goetze, Offenbach
Daniel Nils Gotthardt, Heidelberg
Robert Grützmann, Dresden
Thilo Hackert, Heidelberg
Joerg Haier, Muenster
Claus Hellerbrand, Regensburg
Harald Peter Hoensch, Darmstadt

III

Jens Hoeppner, Freiburg
Richard Hummel, Muenster
Jakob Robert Izbicki, Hamburg
Gernot Maximilian Kaiser, Essen
Matthias Kapischke, Hamburg
Michael Keese, Frankfurt
Andrej Khandoga, Munich
Jorg Kleeff, Munich
Alfred Koenigsrainer, Tuebingen
Peter Christopher Konturek, Saalfeld
Michael Linnebacher, Rostock
Stefan Maier, Kaufbeuren
Oliver Mann, Hamburg
Marc E Martignoni, Munic
Thomas Minor, Bonn
Oliver Moeschler, Osnabrueck
Jonas Mudter, Eutin
Sebastian Mueller, Heidelberg
Matthias Ocker, Berlin
Andreas Ommer, Essen
Albrecht Piiper, Frankfurt
Esther Raskopf, Bonn
Christoph Reichel, Bad Brückenau
Elke Roeb, Giessen
Udo Rolle, Frankfurt
Karl-Herbert Schafer, Zweibrücken
Peter Schemmer, Heidelberg
Andreas G Schreyer, Regensburg
Manuel A Silva, Penzberg
Georgios C Sotiropoulos, Essen
Ulrike S Stein, Berlin
Dirk Uhlmann, Leipzig
Michael Weiss, Halle
Hong-Lei Weng, Mannheim
Karsten Wursthorn, Hamburg

Greece
Alexandra Alexopoulou, Athens
Nikolaos Antonakopoulos, Athens
Stelios F Assimakopoulos, Patras
Grigoris Chatzimavroudis, Thessaloniki
Evangelos Cholongitas, Thessaloniki
Gregory Christodoulidis, Larisa
George N Dalekos, Larissa
Maria Gazouli, Athens
Urania Georgopoulou, Athens
Eleni Gigi, Thessaloniki
Stavros Gourgiotis, Athens
Leontios J Hadjileontiadis, Thessaloniki
Thomas Hyphantis, Ioannina
Ioannis Kanellos, Thessaloniki
Stylianos Karatapanis, Rhodes
Michael Koutsilieris, Athens
Spiros D Ladas, Athens
Theodoros K Liakakos, Athens
Emanuel K Manesis, Athens
Spilios Manolakopoulos, Athens
Gerassimos John Mantzaris, Athens
Athanasios D Marinis, Piraeus
Nikolaos Ioannis Nikiteas, Athens
Konstantinos X Papamichael, Athens
George Sgourakis, Athens
Konstantinos C Thomopoulos, Patras
Konstantinos Triantafyllou, Athens
Christos Triantos, Patras
Georgios Zacharakis, Athens
Petros Zezos, Alexandroupolis
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Guatemala
Carlos Maria Parellada, Guatemala

Hungary
Mihaly Boros, Szeged
Tamás Decsi, Pécs
Gyula Farkas, Szeged
Andrea Furka, Debrecen
Y vette Mandi, Szeged
Peter L Lakatos, Budapest
Pal Miheller, Budapest
Tamás Molnar, Szeged
Attila Olah, Gyor
Maria Papp, Debrecen
Zoltan Rakonczay, Szeged
Ferenc Sipos, Budapest
Miklós Tanyi, Debrecen
Tibor Wittmann, Szeged

Iceland
Tryggvi Bjorn Stefánsson, Reykjavík

India
Brij B Agarwal, New Delhi
Deepak N Amarapurkar, Mumbai
Shams ul Bari, Srinagar
Sriparna Basu, Varanasi
Runu Chakravarty, Kolkata
Devendra C Desai, Mumbai
Nutan D Desai, Mumbai
Suneela Sunil Dhaneshwar, Pune
Radha K Dhiman, Chandigarh
Pankaj Garg, Mohali
Uday C Ghoshal, Lucknow
Kalpesh Jani, Vadodara
Premashis Kar, New Delhi
Jyotdeep Kaur, Chandigarh
Rakesh Kochhar, Chandigarh
Pradyumna K Mishra, Mumbai
Asish K Mukhopadhyay, Kolkata
Imtiyaz Murtaza, Srinagar
P Nagarajan, New Delhi
Samiran Nundy, Delhi
Gopal Pande, Hyderabad
Benjamin Perakath, Vellore
Arun Prasad, New Delhi
D Nageshwar Reddy, Hyderabad
Lekha Saha, Chandigarh
Sundeep Singh Saluja, New Delhi
Mahesh Prakash Sharma, New Delhi
Sadiq Saleem Sikora, Bangalore
Sarman Singh, New Delhi
Rajeev Sinha, Jhansi
Rupjyoti Talukdar, Hyderabad
Rakesh Kumar Tandon, New Delhi
Narayanan Thirumoorthy, Coimbatore

Indonesia
David Handojo Muljono, Jakarta
Andi Utama, Jakarta
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Iran
Arezoo Aghakhani, Tehran
Seyed Mohsen Dehghani, Shiraz
Ahad Eshraghian, Shiraz
Hossein Khedmat, Tehran
Sadegh Massarrat, Tehran
Marjan Mohammadi, Tehran
Roja Rahimi, Tehran
Farzaneh Sabahi, Tehran
Majid Sadeghizadeh, Tehran
Farideh Siavoshi, Tehran

Ireland
Gary Alan Bass, Dublin
David J Brayden, Dublin
Ronan A Cahill, Dublin
Glen A Doherty, Dublin
Liam J Fanning, Cork
Barry Philip McMahon, Dublin
RossMcManus, Dublin
Dervla O’Malley, Cork
Sinead M Smith, Dublin

Israel
Dan Carter, Ramat Gan
Jorge-Shmuel Delgado, Metar
Eli Magen, Ashdod
Nitsan Maharshak, Tel Aviv
Shaul Mordechai, Beer Sheva
Menachem Moshkowitz, Tel Aviv
William Bahij Nseir, Nazareth
Shimon Reif, Jerusalem
Ram Reifen, Rehovot
Ariella Bar-Gil Shitrit, Jerusalem
Noam Shussman, Jerusalem
Igor Sukhotnik, Haifa
Nir Wasserberg, Petach Tiqwa
Jacob Yahav, Rehovot
Doron Levi Zamir, Gedera
Shira Zelber-Sagi, Haifa
Romy Zemel, Petach-Tikva

Italy
Ludovico Abenavoli, Catanzaro
Luigi Elio Adinolfi, Naples
Carlo Virginio Agostoni, Milan
Anna Alisi, Rome
Piero Luigi Almasio, Palermo
Donato Francesco Altomare, Bari
Amedeo Amedei, Florence
Pietro Andreone, Bologna
Imerio Angriman, Padova
Vito Annese, Florence
Paolo Aurello, Rome
Salavtore Auricchio, Naples
Gian Luca Baiocchi, Brescia
Gianpaolo Balzano, Milan
Antonio Basoli, Rome
Gabrio Bassotti, San Sisto
Mauro Bernardi, Bologna
Alberto Biondi, Rome
Ennio Biscaldi, Genova

IV

Massimo Bolognesi, Padua
Luigi Bonavina, Milano
Aldo Bove, Chieti
Raffaele Bruno, Pavia
Luigi Brusciano, Napoli
Giuseppe Cabibbo, Palermo
Carlo Calabrese, Bologna
Daniele Calistri, Meldola
Vincenza Calvaruso, Palermo
Lorenzo Camellini, Reggio Emilia
Marco Candela, Bologna
Raffaele Capasso, Naples
Lucia Carulli, Modena
Renato David Caviglia, Rome
Luigina Cellini, Chieti
Giuseppe Chiarioni, Verona
Claudio Chiesa, Rome
Michele Cicala, Roma
Rachele Ciccocioppo, Pavia
Sandro Contini, Parma
Gaetano Corso, Foggia
Renato Costi, Parma
Alessandro Cucchetti, Bologna
Rosario Cuomo, Napoli
Giuseppe Currò, Messina
Paola De Nardi, Milano
Giovanni D De Palma, Naples
Raffaele De Palma, Napoli
Giuseppina De Petro, Brescia
Valli De Re, Aviano
Paolo De Simone, Pisa
Giuliana Decorti, Trieste
Emanuele Miraglia del Giudice, Napoli
Isidoro Di Carlo, Catania
Matteo Nicola Dario Di Minno, Naples
Massimo Donadelli, Verona
Mirko D’Onofrio, Verona
Maria Pina Dore, Sassari
Luca Elli, Milano
Massimiliano Fabozzi, Aosta
Massimo Falconi, Ancona
Ezio Falletto, Turin
Silvia Fargion, Milan
Matteo Fassan, Verona
Gianfranco Delle Fave, Roma
Alessandro Federico, Naples
Francesco Feo, Sassari
Davide Festi, Bologna
Natale Figura, Siena
Vincenzo Formica, Rome
Mirella Fraquelli, Milan
Marzio Frazzoni, Modena
Walter Fries, Messina
Gennaro Galizia, Naples
Andrea Galli, Florence
Matteo Garcovich, Rome
Eugenio Gaudio, Rome
Paola Ghiorzo, Genoa
Edoardo G Giannini, Genova
Luca Gianotti, Monza
Maria Cecilia Giron, Padova
Alberto Grassi, Rimini
Gabriele Grassi, Trieste
Francesco Greco, Bergamo
Luigi Greco, Naples
Antonio Grieco, Rome
Fabio Grizzi, Rozzano
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Laurino Grossi, Pescara
Simone Guglielmetti, Milan
Tiberiu Hershcovici, Jerusalem
Calogero Iacono, Verona
Enzo Ierardi, Bari
Amedeo Indriolo, Bergamo
Raffaele Iorio, Naples
Paola Iovino, Salerno
Angelo A Izzo, Naples
Loreta Kondili, Rome
Filippo La Torre, Rome
Giuseppe La Torre, Rome
Giovanni Latella, L’Aquila
Salvatore Leonardi, Catania
Massimo Libra, Catania
Anna Licata, Palermo
C armela Loguercio, Naples
Amedeo Lonardo, Modena
Carmelo Luigiano, Catania
Francesco Luzza, Catanzaro
Giovanni Maconi, Milano
Antonio Macrì, Messina
Mariano Malaguarnera, Catania
Francesco Manguso, Napoli
Tommaso Maria Manzia, Rome
Daniele Marrelli, Siena
Gabriele Masselli, Rome
Sara Massironi, Milan
Giuseppe Mazzarella, Avellino
Michele Milella, Rome
Giovanni Milito, Rome
Antonella d’Arminio Monforte, Milan
Fabrizio Montecucco, Genoa
Giovanni Monteleone, Rome
Mario Morino, Torino
Vincenzo La Mura, Milan
Gerardo Nardone, Naples
Riccardo Nascimbeni, Brescia
Gabriella Nesi, Florence
Giuseppe Nigri, Rome
Erica Novo, Turin
Veronica Ojetti, Rome
Michele Orditura, Naples
Fabio Pace, Seriate
Lucia Pacifico, Rome
Omero Alessandro Paoluzi, Rome
Valerio Pazienza, San Giovanni Rotondo
Rinaldo Pellicano, Turin
Adriano M Pellicelli, Rome
Nadia Peparini, Ciampino
Mario Pescatori, Rome
Antonio Picardi, Rome
Alberto Pilotto, Padova
Alberto Piperno, Monza
Anna Chiara Piscaglia, Rome
Maurizio Pompili, Rome
Francesca Romana Ponziani, Rome
Cosimo Prantera, Rome
Girolamo Ranieri, Bari
Carlo Ratto, Tome
Barbara Renga, Perugia
Alessandro Repici, Rozzano
Maria Elena Riccioni, Rome
Lucia Ricci-Vitiani, Rome
Luciana Rigoli, Messina
Mario Rizzetto, Torino
Ballarin Roberto, Modena
Roberto G Romanelli, Florence
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Claudio Romano, Messina
Luca Roncucci, Modena
Cesare Ruffolo, Treviso
L ucia Sacchetti, Napoli
Rodolfo Sacco, Pisa
Lapo Sali, Florence
Romina Salpini, Rome
Giulio Aniello, Santoro Treviso
Armando Santoro, Rozzano
Edoardo Savarino, Padua
Marco Senzolo, Padua
Annalucia Serafino, Rome
Giuseppe S Sica, Rome
Pierpaolo Sileri, Rome
Cosimo Sperti, Padua
Vincenzo Stanghellini, Bologna
Cristina Stasi, Florence
Gabriele Stocco, Trieste
Roberto Tarquini, Florence
Mario Testini, Bari
Guido Torzilli, Milan
Guido Alberto Massimo, Tiberio Brescia
Giuseppe Toffoli, Aviano
Alberto Tommasini, Trieste
Francesco Tonelli, Florence
Cesare Tosetti Porretta, Terme
Lucio Trevisani, Cona
Guglielmo M Trovato, Catania
Mariapia Vairetti, Pavia
Luca Vittorio Valenti, Milano
Mariateresa T Ventura, Bari
Giuseppe Verlato, Verona
Alessandro Vitale, Padova
Marco Vivarelli, Ancona
Giovanni Li Volti, Catania
Giuseppe Zanotti, Padua
Vincenzo Zara, Lecce
Gianguglielmo Zehender, Milan
Anna Linda Zignego, Florence
Rocco Antonio Zoccali, Messina
Angelo Zullo, Rome

Japan
Yasushi Adachi, Sapporo
Takafumi Ando, Nagoya
Masahiro Arai, Tokyo
Makoto Arai, Chiba
Takaaki Arigami, Kagoshima
Itaru Endo,Yokohama
Munechika Enjoji, Fukuoka
Shunji Fujimori, Tokyo
Yasuhiro Fujino, Akashi
Toshiyoshi Fujiwara, Okayama
Yosuke Fukunaga, Tokyo
Toshio Fukusato, Tokyo
Takahisa Furuta, Hamamatsu
Osamu Handa, Kyoto
Naoki Hashimoto, Osaka
Yoichi Hiasa, Toon
Masatsugu Hiraki, Saga
Satoshi Hirano, Sapporo
Keiji Hirata, Fukuoka
Toru Hiyama, Higashihiroshima
Akira Hokama, Nishihara
Shu Hoteya, Tokyo
Masao Ichinose, Wakayama
Tatsuya Ide, Kurume



Masahiro Iizuka, Akita
Toshiro Iizuka, Tokyo
Kenichi Ikejima, Tokyo
Tetsuya Ikemoto, Tokushima
Hiroyuki Imaeda, Saitama
Atsushi Imagawa, Kan-onji
Hiroo Imazu, Tokyo
Shuji Isaji, Tsu
Toru Ishikawa, Niigata
Toshiyuki Ishiwata, Tokyo
Soichi Itaba, Kitakyushu
Yoshiaki Iwasaki, Okayama
Tatehiro Kagawa, Isehara
Satoru Kakizaki, Maebashi
Naomi Kakushima, Shizuoka
Terumi Kamisawa, Tokyo
Akihide Kamiya, Isehara
Osamu Kanauchi, Tokyo
Tatsuo Kanda, Chiba
Shin Kariya, Okayama
Shigeyuki Kawa, Matsumoto
Takumi Kawaguchi, Kurume
Takashi Kawai, Tokyo
Soo Ryang Kim, Kobe
Shinsuke Kiriyama, Gunma
Tsuneo Kitamura, Urayasu
Masayuki Kitano, Osakasayama
Hirotoshi Kobayashi, Tokyo
Hironori Koga, Kurume
Takashi Kojima, Sapporo
Satoshi Kokura, Kyoto
Shuhei Komatsu, Kyoto
Tadashi Kondo, Tokyo
Yasuteru Kondo, Sendai
Yasuhiro Kuramitsu, Yamaguchi
Yukinori Kurokawa, Osaka
Shin Maeda, Yokohama
Koutarou Maeda, Toyoake
Hitoshi Maruyama, Chiba
Atsushi Masamune, Sendai
Hiroyuki Matsubayashi, Suntogun
Akihisa Matsuda, Inzai
Hirofumi Matsui, Tsukuba
Akira Matsumori, Kyoto
Yoichi Matsuo, Nagoya
Y Matsuzaki, Ami
Toshihiro Mitaka, Sapporo
Kouichi Miura, Akita
Shinichi Miyagawa, Matumoto
Eiji Miyoshi, Suita
Toru Mizuguchi, Sapporo
Nobumasa Mizuno, Nagoya
Zenichi Morise, Nagoya
Tomohiko Moriyama, Fukuoka
Kunihiko Murase, Tusima
Michihiro Mutoh, Tsukiji
Akihito Nagahara, Tokyo
Hikaru Nagahara, Tokyo
Hidenari Nagai, Tokyo
Koichi Nagata, Shimotsuke-shi
Masaki Nagaya, Kawasaki
Hisato Nakajima, Nishi-Shinbashi
Toshifusa Nakajima, Tokyo
Hiroshi Nakano, Kawasaki
Hiroshi Nakase, Kyoto
Toshiyuki Nakayama, Nagasaki
Takahiro Nakazawa, Nagoya
Shoji Natsugoe, Kagoshima City
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Tsutomu Nishida, Suita
Shuji Nomoto, Naogya
Sachiyo Nomura, Tokyo
Takeshi Ogura, Takatsukishi
Nobuhiro Ohkohchi, Tsukuba
Toshifumi Ohkusa, Kashiwa
Hirohide Ohnishi, Akita
Teruo Okano, Tokyo
Satoshi Osawa, Hamamatsu
Motoyuki Otsuka, Tokyo
Michitaka Ozaki, Sapporo
Satoru Saito, Yokohama
Chouhei Sakakura, Kyoto
Naoaki Sakata, Sendai
Ken Sato, Maebashi
Toshiro Sato, Tokyo
Tomoyuki Shibata, Toyoake
H Shimada, Tokyo
Tomohiko Shimatani, Kure
Yukihiro Shimizu, Nanto
Tadashi Shimoyama, Hirosaki
Masayuki Sho, Nara
Ikuo Shoji, Kobe
Atsushi Sofuni, Tokyo
Takeshi Suda, Niigata
M Sugimoto, Hamamatsu
Ken Sugimoto, Hamamatsu
Haruhiko Sugimura, Hamamatsu
Shoichiro Sumi, Kyoto
Hidekazu Suzuki, Tokyo
Masahiro Tajika, Nagoya
Hitoshi Takagi, Takasaki
Toru Takahashi, Niigata
Yoshihisa Takahashi, Tokyo
Shinsuke Takeno, Fukuoka
Akihiro Tamori, Osaka
Kyosuke Tanaka, Tsu
Shinji Tanaka, Hiroshima
Atsushi Tanaka, Tokyo
Yasuhito Tanaka, Nagoya
Shinji Tanaka, Tokyo
Minoru Tomizawa, Yotsukaido City
Kyoko Tsukiyama-Kohara, Kagoshima
Takuya Watanabe, Niigata
Kazuhiro Watanabe, Sendai
Satoshi Yamagiwa, Niigata
Takayuki Yamamoto, Yokkaichi
Hiroshi Yamamoto, Otsu
Kosho Yamanouchi, Nagasaki
Ichiro Yasuda, Gifu
Yutaka Yata, Maebashi-city
Shin-ichi Yokota, Sapporo
Norimasa Yoshida, Kyoto
Hiroshi Yoshida, Tama-City
Hitoshi Yoshiji, Kashihara
Kazuhiko Yoshimatsu, Tokyo
Kentaro Yoshioka, Toyoake
Nobuhiro Zaima, Nara

Jordan
Khaled Ali Jadallah, Irbid

Kuwait
Islam Khan, Kuwait
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Lebanon
Bassam N Abboud, Beirut
Kassem A Barada, Beirut
Marwan Ghosn, Beirut
Iyad A Issa, Beirut
Fadi H Mourad, Beirut
AIa Sharara, Beirut
Rita Slim, Beirut

Lithuania
Antanas Mickevicius, Kaunas

Malaysia
Huck Joo Tan, Petaling Jaya

Mexico
Richard A Awad, Mexico City
Carlos R Camara-Lemarroy, Monterrey
Norberto C Chavez-Tapia, Mexico City
Wolfgang Gaertner, Mexico City
Diego Garcia-Compean, Monterrey
Arturo Panduro, Guadalajara
OT Teramoto-Matsubara, Mexico City
Felix Tellez-Avila, Mexico City
Omar Vergara-Fernandez, Mexico City
Saúl Villa-Trevino, Cuidad de México

Morocco
Samir Ahboucha, Khouribga

Netherlands
Robert J de Knegt, Rotterdam
Tom Johannes Gerardus Gevers, Nijmegen
Menno Hoekstra, Leiden
BW Marcel Spanier, Arnhem
Karel van Erpecum, Utrecht

New Zealand
Leo K Cheng, Auckland
Andrew Stewart Day, Christchurch
Jonathan Barnes Koea, Auckland
Max Petrov, Auckland

Nigeria
Olufunmilayo Adenike Lesi, Lagos
Jesse Abiodun Otegbayo, Ibadan
Stella Ifeanyi Smith, Lagos

Norway
Trond Berg, Oslo
Trond Arnulf Buanes, Krokkleiva
Thomas de Lange, Rud
Magdy El-Salhy, Stord
Rasmus Goll, Tromso
Dag Arne Lihaug Hoff, Aalesund

VI

Pakistan
Zaigham Abbas, Karachi
Usman A Ashfaq, Faisalabad
Muhammad Adnan Bawany, Hyderabad
Muhammad Idrees, Lahore
Saeed Sadiq Hamid, Karachi
Yasir Waheed, Islamabad

Poland
Thomas Brzozowski, Cracow
Magdalena Chmiela, Lodz
Krzysztof Jonderko, Sosnowiec
Anna Kasicka-Jonderko, Sosnowiec
Michal Kukla, Katowice
Tomasz Hubert Mach, Krakow
Agata Mulak, Wroclaw
Danuta Owczarek, Kraków
Piotr Socha, Warsaw
Piotr Stalke, Gdansk
Julian Teodor Swierczynski, Gdansk
Anna M Zawilak-Pawlik, Wroclaw

Portugal
Marie Isabelle Cremers, Setubal
Ceu Figueiredo, Porto
Ana Isabel Lopes, LIsbon
M Paula Macedo, Lisboa
Ricardo Marcos, Porto
Rui T Marinho, Lisboa
Guida Portela-Gomes, Estoril
Filipa F Vale, Lisbon

Puerto Rico
Caroline B Appleyard, Ponce

Qatar
Abdulbari Bener, Doha

Romania
Mihai Ciocirlan, Bucharest
Dan LucianDumitrascu, Cluj-Napoca
Carmen Fierbinteanu-Braticevici, Bucharest
Romeo G Mihaila, Sibiu
Lucian Negreanu, Bucharest
Adrian Saftoiu, Craiova
Andrada Seicean, Cluj-Napoca
Ioan Sporea, Timisoara
Letiţia Adela Maria Streba, Craiova
Anca Trifan, Iasi

Russia
Victor Pasechnikov, Stavropol
Vasiliy Ivanovich Reshetnyak, Moscow
Vitaly Skoropad, Obninsk

Saudi Arabia
Abdul-Wahed N Meshikhes, Dammam
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Singapore
Brian KP Goh, Singapore
Richie Soong, Singapore
Ker-Kan Tan, Singapore
Kok-Yang Tan, Singapore
Yee-Joo Tan, Singapore
Mark Wong, Singapore
Hong Ping Xia, Singapore

Slovenia
Matjaz Homan, Ljubljana
Martina Perse, Ljubljana

South Korea
Sang Hoon Ahn, Seoul
Seung Hyuk Baik, Seoul
Soon Koo Baik, Wonju
Soo-Cheon Chae, Iksan
Byung-Ho Choe, Daegu
Suck Chei Choi, Iksan
Hoon Jai Chun, Seoul
Yeun-Jun Chung, Seoul
Young-Hwa Chung, Seoul
Ki-Baik Hahm, Seongnam
Sang Young Han, Busan
Seok Joo Han, Seoul
Seung-Heon Hong, Iksan
Jin-Hyeok Hwang, Seoungnam
Jeong Won Jang, Seoul
Jin-Young Jang, Seoul
Dae-Won Jun, Seoul
Young Do Jung, Kwangju
Gyeong Hoon Kang, Seoul
Sung-Bum Kang, Seoul
Koo Jeong Kang, Daegu
Ki Mun Kang, Jinju
Chang Moo Kang, Seodaemun-gu
Gwang Ha Kim, Busan
Sang Soo Kim, Goyang-si
Jin Cheon Kim, Seoul
Tae Il Kim, Seoul
Jin Hong Kim, Suwon
Kyung Mo Kim, Seoul
Kyongmin Kim, Suwon
Hyung-Ho Kim, Seongnam
Seoung Hoon Kim, Goyang
Sang Il Kim, Seoul
Hyun-Soo Kim, Wonju
Jung Mogg Kim, Seoul
Dong Yi Kim, Gwangju
Kyun-Hwan Kim, Seoul
Jong-Han Kim, Ansan
Sang Wun Kim, Seoul
Ja-Lok Ku, Seoul
Kyu Taek Lee, Seoul
Hae-Wan Lee, Chuncheon
Inchul Lee, Seoul
Jung Eun Lee, Seoul
Sang Chul Lee, Daejeon
Song Woo Lee, Ansan-si
Hyuk-Joon Lee, Seoul
Seong-Wook Lee, Yongin
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Kil Yeon Lee, Seoul
Jong-Inn Lee, Seoul
Kyung A Lee, Seoul
Jong-Baeck Lim, Seoul
Eun-Yi Moon, Seoul
SH Noh, Seoul
Seung Woon Paik, Seoul
Won Sang Park, Seoul
Sung-Joo Park, Iksan
Kyung Sik Park, Daegu
Se Hoon Park, Seoul
Yoonkyung Park, Gwangju
Seung-Wan Ryu, Daegu
Dong Wan Seo, Seoul
Il Han Song, Cheonan
Myeong Jun Song, Daejeon
Yun Kyoung Yim, Daejeon
Dae-Yeul Yu Daejeon

Spain
Mariam Aguas, Valencia
Raul J Andrade, Málaga
Antonio Arroyo, Elche
Josep M Bordas, Barcelona
Lisardo Boscá, Madrid
Ricardo Robles Campos, Murcia
Jordi Camps, Reus
Carlos Cervera Barcelona
Alfonso Clemente, Granada
Pilar Codoner-Franch, Valencia
Fernando J Corrales, Pamplona
Fermin Sánchez de Medina, Granada
Alberto Herreros de Tejada,
Majadahonda
Enrique de-Madaria, Alicante
JE Dominguez-Munoz, Santiago de Compostela
Vicente Felipo, Valencia
CM Fernandez-Rodriguez, Madrid
Carmen Frontela-Saseta, Murcia
Julio Galvez, Granada
Maria Teresa García, Vigo
MI Garcia-Fernandez, Málaga
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thened the argument for functional plasticity. Using a
lineage tracing strategy label-retaining cells (LRCs) of
the intestinal epithelium were marked, then followed by a
pulse-chase analysis it was found that during homeostasis,
LRCs were Lgr5-positive and were destined to become
Paneth and neuroendocrine cells. Nevertheless, it was
demonstrated that LRCs are capable of clonogenic growth
by recall to the self-renewing pool of stem cells in case
of epithelial injury. These new findings highlight on the
hierarchical and spatial organization of intestinal epithelial
homeostasis and the important plasticity of progenitors
during tissue regeneration, moreover, provide a motivation
for studying their role in disorders like colorectal cancer.
Key words: Epithelium; Injury; Label-retaining cells;
Stem cell; Lgr5; Intestine
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The cellular plasticity and lineage reversibility of
the epithelial layer may represent adaptive mechanisms
for the self-preservation of the epithelial layer after
injuries. Recent results revealed that a portion of Lgr5expressing intestinal cells cycles less frequently, and
upon physiological circumstances does not contribute to
intestinal homeostasis, however, they reacquire stem cell
function and can be recruited to serve as a functional
clonogenic stem population after injury.

Abstract
Epithelial layer of the intestine relies upon stem cells
for maintaining homeostasis and regeneration. Two
types of stem cells are currently defined in intestinal
crypts: the cycling crypt base columnar cells and quiescent
cells. Though several candidate markers and regulators
of rapidly cycling and quiescent stem cells have been
identified so far, the exact nature of quiescent cells is
still questionable since investigations mainly focused
on candidate markers rather than the label-retaining
population itself. Recent results, however, have streng
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The epithelial monolayer on the luminal border of the
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Sipos F et al . Reversing fates of LRCs
intestinal wall has certain physiological functions, such
as diffusion and absorption of small molecules, or acts
as a physical, chemical and immunological barrier
defence against luminal microbiota. Due to the high
cellular turnover (2-3 d) the continuous replacement of
shedding epithelial cells is required from a local stem
cell pool even in the healthy intestine. Stem cells are
located at the crypt base, and their progenies migrate
towards the luminal surface where they undergo
[1-3]
terminal differentiation .
During the years, different methods have been
developed to study the destiny, renewal, and differentiation
potential of epithelial stem cells. The first functional
demonstration of stemness in case of epithelial cells
was performed using methods established originally for
culturing epidermal keratinocytes under conditions where
they were able to maintain and propagate for hundreds
[4,5]
of colonies without losing stemness . Proliferative
capacity assays and ultrastructural analyses of the
intestinal crypt led to opening the hypothesis that crypt
[6]
base columnar cells refer to intestinal stem cells .
Consequentially, assignment of stemness favored cells
at the +4 position, given their mode of chromosome
segregation and higher resistance to cell death induced
[7,8]
by deoxyribonucleotide-acid (DNA) damage . Lineage
ER
tracings of 0→+4 crypt basal cells with Lgr5-Cre
(leucine-rich repeat-containing G-protein coupled receptor
5), Bmi1 (B cell-specific Moloney murine leukemia virus
integration site 1), mTERT (mouse telomerase reverse
ER
transcriptase), and Hopx-Cre (homeodomain-only
protein homeobox) indicated that all crypt columnar
basal cells display interconvertible multipotent intestinal
[9-13]
stem cell characteristics
. This fact is further illustrated
by diphteria toxin-targeted ablation of Lgr5+ cells, which
[14]
does not influence intestinal homeostasis . Based on
these results, the intestine is characterized by spatially
separated interconvertible stem cells existing in quiescent
and/or activated states.
Initially, it has been proposed that all Lgr5+ intestinal
[9]
stem cells are cycling rapidly . Recent data of Buczacki et
[15]
al revealed that in case of physiological circumstances
approx. 20% of Lgr5+ intestinal cells not only cycle less
frequently, but differentiate into Paneth and neuroendocrine
cells, as well do not contribute to intestinal homeostasis.
However, this population of cells retain the ability to
reacquire stem cell function, and also can be recruited to
serve as a functional clonogenic stem population under
conditions of regeneration.

stem cells by non-random DNA division could transmit
mutations arising from DNA replication errors onto
terminally differentiating daughter cells, thus they may
reduce the rate of accumulated mutations frequently
leading to genetic disorders, like cancer. Further analysis
of this hypothesis may yield insights into areas, such as
tissue regeneration, cancer development or the process
of aging.
One of the used methods to detect immortal DNA
[17,18]
strand segregation is the label-retention assay
. In
this approach, symmetrically cycling cells are labeled by
a repeated or continuous supply of tritiated thymidine
or bromodeoxyuridine (BrdU) for one generation time,
producing cells with hemi-labeled DNA. Further, asy
mmetric cell kinetics is induced, and simultaneously
the tritiated thymidine or BrdU is removed. Then the
cells continue cycling for a long chase period (usually of
five generation time) during which the label is lost from
all the cycling, transit amplifying cells, therefore only
quiescent or slowly cycling cells (i.e., stem cells) remain
to be labeled. These cells are termed label-retaining
cells (LRCs).
The other technique, the label-release assay, does
not require the manipulation of cell division kinetics. In
this technique non-immortal DNA strands are labeled
and observed, and the captured event is the release of
the labeled non-immortal DNA strands from the stem
[19]
cell turning into the next cell cycle .

Epithelial stem cell markers and
regulators
Stem cells exhibit both the self renewal and the
ability to give rise of differentiated progenies. Stem
cells can be classified as pluripotent embryonic or as
multi(uni)potent adult stem cells. In tissues with high
cell turnover rates, such as the intestine adult stem
[20]
cells are cycling asymmetrically . Currently two
types of stem cells are defined in intestinal crypts, the
cycling crypt base columnar cells and the quiescent
[21]
(+4) cells . So far, several candidate markers and/or
regulators of rapidly cycling and quiescent epithelial
stem cells have already been identified.

CDX2

caudal related homeobox protein 2 (CDX2) is a nuclear
transcription factor with an important function in
early differentiation and maintenance of the intestinal
[22]
epithelial phenotype , and controlling the expression
of a number of downstream genes, some of which
[23]
contribute to inflammation . Further, CDX2 was shown
to inhibit in vitro cell growth and migration as well as
[24]
dissemination of colon tumor cells in vivo . CDX2
could also be useful for detection of crypt epithelial stem
[22]
cells . The induction of CDX2 in intestinal epithelium
can lead to expression of Math1 (a basic helix-loop-helix
transcription factor), which plays an important role in
[25]
differentiation of stem cells into goblet cells .

Detection of immortal DNA
strand segregation
The Cairn’s theory (i.e., the immortal DNA strand
hypothesis) describes a mechanism for adult stem
[16]
cells to minimize genomic mutations . According
to this hypothesis, in adult stem cells DNA division is
asymmetric, and stem cells retain a distinct template
set of DNA strands over successive generations. Adult
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Musashi-1

[11]

cells

Musashi-1, an RNA (ribonucleic acid)-binding protein,
possesses a regulatory function of the asymmetric cell
[26]
division in ectodermal precursor cells , and exhibits
importance in regulating the maintenance and differen
[27,28]
tiation of stem cells even in the intestine
. On the
other hand, Musashi-1+ cells might represent circulating
[29]
smooth muscle cell precursors, as well .

.

bone morphogenetic protein type Ⅰ receptor alpha

bone morphogenetic protein type Ⅰ receptor alpha
(BMPR1α), a receptor of BMP-signaling pathway has
been shown to be a negative regulator of intestinal
[42]
stem cell proliferation . BMPR1α is highly expressed
on LRCs, and the intestine-specific knockout of BMPR1α
resulted in polyposis, probably due to an increase in
[43]
intestinal stem cell self-renewal .

Lgr5

Lgr5, an orphan receptor, has been identified as a
[9]
downstream target of the Wnt-pathway . In situ hybridi
zation and lineage marking using an inducible Lgr5-Cre
knockin and Rosa26-lacZ reporter demonstrated that
Lgr5 is a marker for small and large bowel epithelial
[9,30]
stem cells or long-lived multipotent progenitor cells
.
[31]
Lgr5 might also be involved in cancer stemness .
Interestingly, knockout of the Lgr5 gene has no detectable
effect on intestinal development, however, there
are closely related receptors which may replace its
[32]
function .

Phosphatase and tensin homolog

phosphatase and tensin homolog (PTEN), a known
tumor suppressor has been found to limit the number of
[43]
intestinal stem cells . Its inactive form is co-localized
[44]
with BrdU+ LRCs . It has been proposed that BMPsignaling leads to the increase of PTEN activity, which
as a negative regulator of phosphoinositol-3-kinase/Akt
suppresses Wnt signaling, and thus controls stem cell
[43]
proliferation .

ephrin ligands

Bmi1

The interplay of ephrin receptors and ephrin ligands
(Eph) regulates cell migration and boundary formation
[45]
during development and tumorigenesis . EphB2
and B3 were shown to be strongly expressed at the
bottom of the crypts, even at cell positions 4-6, i.e.,
[46]
the putative intestinal stem cell location . Moreover,
gene expression analysis of laser microdissected crypt
epithelial cells identified EphA6 as a potential stem cell
[47]
marker .

Bmi1, originally described as a member of a nuclear
[33,34]
protein complex in sarcoma and leukemic cells
, has
been found to be expressed in distinct cells located near
the bottom of crypts in the small intestine, predominantly
[10]
in the +4 position . It has been recently reported that
Bmi1+ cells found in the proximal small intestine can be
clonally expanded, and repopulate Lgr5+ stem cells after
[10,14]
conditional Lgr5 cell deletion
.

Wip1

HOPX

Wip1 (wildtype p53-induced phosphatase; PPM1D)
was originally described as a human phosphatase that
is induced in response to ionizing radiation in a p53[35]
dependent manner in Burkitt lymphoma cells . Wip1,
as a negative regulator of the nuclear factor (NF)-κB
p65 subunit regulates the homeostasis of intestinal
stem cells, and co-localizes with LRCs in a supra-Paneth
[36,37]
cell position
. The loss of Wip1 gene can lower the
threshold of p53-dependent apoptosis, so it prevents
the conversion of adult stem cells into tumor-initiating
[36]
ones .

HOPX, an unusual homeodomain protein, was originally
[48]
described as a key regulator of cardiac development .
In the intestine, LRCs in the +4 position can be marked
[12]
by HOPX . HOPX-expressing cells give rise to columnar
base cells and all mature intestinal epithelial lineages.
These cells can convert to Lgr5+ population maintaining
[12]
clonogenic growth . These findings support the pre
sence of a bidirectional lineage relationship between
active and quiescent stem cells in their niches.

Leucine-rich repeats and immunoglobulin-like domains
protein 1

TERT

Leucine-rich repeats and immunoglobulin-like domains
protein 1 (Lrig1), a negative-feedback regulator of the
epidermal growth factor receptor family, was proposed to
maintain epidermal stem cells in a quiescent, nondividing
[49]
stage . In situ hybridisation has revealed that Lrig1
is highly expressed in the stem cell niche of the small
intestine and colon, and it regulates proliferation within
[50]
the niche by inhibiting EGFR-signaling .
Interestingly, a recent report has demonstrated
that several quiescent stem cell markers (i.e., Bmi1,
TERT, Hopx or Lrig1) are highly expressed by the Lgr5
[21]
population . The previously listed putative biomarkers

TERT is a ribonucleoprotein complex that maintains the
telomeric ends of chromosomes, which could help to
prevent cellular senescence being relevant for the self[38]
renewal of adult stem cells . TERT is implicated in the
direct regulation of epidermal stem cell proliferation
[39,40]
and mobilization
. The epithelial expression of TERT
together with other growth factor receptors has been
found to be increased in the crypt-base affected by
chronic inflammation, which may lead to the pathologic
survival and proliferation of epithelial cells carrying
[41]
genetic defects . In mice, TERT expression has been
found to be present in slowly cycling intestinal stem
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βNF + dimerizing agent
0-2 d
Clone formation

βNF + dimerizing agent
3-13 d

LRC

No clone formation

βNF + dimerizing agent
6-13 d

CreB
Injury

CreA
Functional Cre and
reporter gene

Clone formation

Figure 1 Schematic illustration of conditions for clone formation in the commented study. Dimerizing agent is competent for clone formation from 0 to 2 d postβNF-induction (top line) but not between 3 and 13 d (middle line). Between 6-13 d both dimerizing agent and injury (hydroxyurea) are required for clone formation
(bottom line). LRC: Label-retaining cell; βNF: β-naphthoflavone; Cre: Recombinase.

expressing cells. Next, it has been demonstrated
that YFP-LRCs appear to exist mainly as a Paneth cell
precursor population, however, they are also capable
of enteroendocrine differentiation. During the most
fascinating and unique step of the study only LRCs
in the intestinal epithelium were marked by a smart
lineage tracing strategy. They fused a fragment of Cre
recombinase (CreA) to H2B under the control of a
β-naphthoflavone (βNF)-inducible promoter expressed
by intestinal epithelial cells. After a βNF pulse-chase
analysis only LRCs retained H2B-CreA. Administration
of an intravenous dimerization agent reunited the
H2B-CreA fragment with its ubiquitously expressed
counterpart CreB triggering lineage tracing in LRCs
via recombination. By varying the interval between
βNF induction and Cre dimerization further combined
with intestinal injury the authors found that during
homeostasis, LRCs were Lgr5+ and destined to become
Paneth and neuroendocrine cells. After epithelial injury,
however, they demonstrated that LRCs are capable of
clonogenic growth by recall to the self-renewing pool of
stem cells (Figure 1). In a mammalian system this is
the first model of in vivo lineage tracing based on label
retention.
[15]
The results of Buczacki et al
seem to resolve
the supposed paradox that quiescence markers are
expressed within a population of Lgr5+ cells thought
[21]
to be rapidly cycling ones . According to their results
approx. 20% of Lgr5+ cells are largely quiescent and

may provide useful cell surface/cytoplasmic/nuclear
markers to study the intestinal stem cells, but remain
to be carefully examined and functionally validated. On
the whole, the exact nature of quiescent stem cells is
still questionable and needs to be clarified, since so far
candidate markers rather than the LRCs themselves
have been investigated.

Injury-associated reacquiring of
stemness
It is widely accepted that adult intestinal stem cells
are able to acquire different progeny fates. However,
several recent studies have demonstrated that com
mitted epithelial cells could have the capacity to reverse
[15,51]
their destinies
. Furthermore, the continuous debate
regarding lineage and hierarchy in the intestinal epithe
lium is still existing. The possibility to reacquire stem
cell function and the argument for functional plasticity
have been strengthened by the recent results of Buczacki
[15]
et al .
Instead of focusing on different putative stem cell
[15]
markers, for directly studying quiescence the authors
identified cells retaining nuclear-localized fluorescent
histone 2B-yellow fluorescent protein (H2B-YFP) fusion
protein during a chase period following a pulse of
induced expression. After the successful identification
of YFP-LRCs, their transcriptional profiling proved
that most of them belong to a subpopulation of Lgr5-
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continue to express Lgr5 before maturation to Paneth
cell.
On the other hand, it has been recently shown that
suppression of apoptosis (even caused by chemotherapeutic
agents) may decrease the number of lineage tracing
clones from Lgr5+ cells, whereas lineage tracing
from other cells with stem characteristics (e.g., Bmi1[52]
expression) may be increased . Based on these findings
one can speculate that in a stem cell population apoptosis
favors the proliferation of another stem cell population.
Furthermore, environmental or genetic factors possibly
can differentially influence progeny production by a given
stem cell pool.
The debate about the origin, identity, and location
of crypt epithelial stem cells is still continued by
[15]
this new study of Buczacki et al . Their findings
highlight the hierarchical and spatial organization of
intestinal epithelial homeostasis and the important
plasticity of progenitors during tissue regeneration.
The cellular plasticity and lineage reversibility may
represent an adaptive mechanism after injuries, like
intestinal inflammation for the self-preservation of
the epithelial layer. Furthermore, in colorectal cancer
determination the extent of quiescent cells retaining a
maintained clonogenic potential may provide further
insight into the etiology of tumorous colonic disorders
and develop the basis of novel, efficient anti-cancer
therapies.
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Abstract
AIM: To identify the genes induced and regulated by
the MYC protein in generating tumors from liver stem
cells.
METHODS: In this study, we have used an immortal
porcine liver stem cell line, PICM-19, to study the role
of c-MYC in hepatocarcinogenesis. PICM-19 cells were
converted into cancer cells (PICM-19-CSCs) by overexpressing human MYC. To identify MYC-driven differential gene expression, transcriptome sequencing was
carried out by RNA sequencing, and genes identified
by this method were validated using real-time PCR. In
vivo tumorigenicity studies were then conducted by
injecting PICM-19-CSCs into the flanks of immunodeficient mice.
RESULTS: Our results showed that MYC-overexpressing PICM-19 stem cells formed tumors in immunodeficient mice demonstrating that a single oncogene was
sufficient to convert them into cancer cells (PICM-19CSCs). By using comparative bioinformatics analyses,
we have determined that > 1000 genes were differentially expressed between PICM-19 and PICM-19-CSCs.
Gene ontology analysis further showed that the MYCinduced, altered gene expression was primarily associated with various cellular processes, such as metabolism, cell adhesion, growth and proliferation, cell cycle,
inflammation and tumorigenesis. Interestingly, six
genes expressed by PICM-19 cells (CDO1 , C22orf39 ,
DKK2 , ENPEP , GPX6 , SRPX2 ) were completely silenced
after MYC-induction in PICM-19-CSCs, suggesting that
the absence of these genes may be critical for inducing
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tumorigenesis.

of migration, invasion and proliferation of human
[6]
liver cancer cells . Therefore, the study of MYCexpressing liver stem cells could be highly relevant to
our understanding of the pathogenesis in human HCC.
Due to the involvement of the MYC oncoprotein in
angiogenesis and various cellular processes such as cell
cycle regulation, differentiation, growth, metabolism,
adhesion and motility, MYC, and its downstream target
genes have become attractive therapeutic aims of
[7]
cancer research .
It is now apparent that the capacity to sustain
tumor growth resides in a small population of stem
cells [termed “cancer stem cells” (CSCs)] present
[8-10]
in most cancers, including HCC
. CSCs possess
greater colony-forming efficiency, higher proliferation
potential, and the necessary phenotype of “stemness”
[5]
to form tumors in animals . To support this, CD133expressing progenitor cells were shown to drive the
recurrence of liver cancer following chemotherapy,
[11]
suggesting that CSCs are resistant to treatment .
A possible mechanism for the enhanced survival
of CSCs in tumors is the activation of the Akt (also
known as protein kinase B) and B-cell lymphoma 2
[11]
(Bcl-2) signaling pathways . Therefore, a critical
step towards developing effective cancer treatments
is to understand cellular, molecular and biochemical
differences between normal stem cells and CSCs.
To decipher the role of MYC and MYC-targeted
genes in HCC, we have developed a liver cell model
of MYC oncogene transformation based on the
overexpression of MYC in a porcine liver stem cell line,
[12]
PICM-19 . The PICM-19 cell line originated from the
spontaneous differentiation of cultured pig epiblast
tissue and was, therefore, derived from pig embryonic
[13]
stem cells . The cell line is unique in its ability to
differentiate into either of the two cell types that
comprise the parenchyma of the developing liver,
i.e., fetal hepatocytes or bile duct epithelium, and
grows indefinitely without change in stem cell
character. In this study, we have MYC-transformed
the PICM-19 cell line into CSCs, and studied their
transcriptome profiles by RNA sequencing (RNA-seq).
We determined that MYC induced the expression
of a large number of genes with diverse cellular
processes in PICM-19 cells, most of which were not
previously implicated in HCC. Our data identified
novel therapeutic targets while underscoring the
importance of MYC in tumor generation in primary
liver stem cells.

CONCLUSION: MYC-driven genes may serve as promising candidates for the development of hepatocellular
carcinoma therapeutics that would not have deleterious effects on other cell types in the liver.
Key words: Hepatocellular carcinoma; MYC; Stem cells;
Gene expression; RNA sequencing
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: It is well-established that cancer stem cells
not only drive tumor growth in the liver, in general, but
also that the proto-oncogene c-MYC plays a critical role
in that process. However, little is known about genes
induced and regulated by MYC to generate tumors,
and, in particular, those involved in liver stem cells.
In this study, we examined the role of MYC protein in
hepatocarcinogenesis using an immortal porcine liver
stem cell line, PICM-19. Interestingly, MYC-overexpression silenced the expression of six genes in PICM-19
cells (CDO1 , C22orf39 , DKK2 , ENPEP , GPX6 , SRPX2 ),
suggesting that they may be critical in inducing tumorigenesis.
Aravalli RN, Talbot NC, Steer CJ. Gene expression profiling
of MYC-driven tumor signatures in porcine liver stem cells
by transcriptome sequencing. World J Gastroenterol 2015;
21(7): 2011-2029 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i7/2011.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i7.2011

INTRODUCTION
Hepatocellular carcinoma (HCC) is the most common
form of liver cancer, and is the third leading cause
[1]
of cancer-related deaths worldwide . It occurs as a
consequence of exposure to a variety of risk factors,
and appears primarily in liver disease patients with
[2]
underlying cirrhosis . While surgical resection and
whole liver transplantation are the most effective
treatment options currently available for the treatment
of HCC, recurrence is quite common in patients who
have had a resection, and the 5-year survival rate
[3]
post-surgery is < 50% .
Hepatocarcinogenesis is a multistep process invol
ving a number of cellular and molecular factors.
Among these, the proto-oncogene c-MYC (herein,
referred to as MYC) has been shown to be a critical
regulator of malignant transformation during the
[4]
early stages of liver cancer . Dysregulation of MYC
expression correlates with poor prognosis in human
[5]
cancers, including HCC . Its overexpression, and
subsequent induction of its target genes, causes the
[4]
malignant conversion of preneoplastic liver lesions .
Conversely, silencing of MYC results in the inhibition
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MATERIALS AND METHODS
Cell culture

The PICM-19 porcine liver stem cell line was established
from a pig embryo’s inner cell mass, i.e., embryonic
[12,13]
stem cells, and was cultured as described previously
.
Briefly, cells were grown in 10% DMEM/199 medium
and plated as feeder-free cultures using Matrigel (BD
Biosciences, San Jose, CA). This growth medium is a
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50:50 mixture of DMEM low glucose (Invitrogen, Carlsbad,
CA) and Medium 199 (Invitrogen) supplemented with
10% fetal bovine serum, 2-mercaptoethanol and nucleo
sides. In subsequent steps, cells were fed daily with
conditioned medium obtained from γ-irradiated STO
feeder cells, a mouse embryonic fibroblast cell line
(Cat. #CRL-1503, ATCC, Rockville, MD). PICM-19CSCs, generated by transfecting the PICM-19 cell line
(see below), were also maintained under these growth
conditions. All cells were maintained at 37 ℃ in a 5% CO2
humidified incubator.

Alameda, CA).

Western blotting

Western blot analysis of cellular proteins extracted
from PICM-19 and PICM-19-CSCs was performed
using mouse anti-human c-MYC antibody (Cat. #sc-40,
Santa Cruz Biotechnology, Inc., Santa Cruz, CA). Ten
μg of total protein from these cells was loaded onto a
10% denaturing SDS-PAGE gel. Following separation,
proteins were transferred to a nitrocellulose filter and
treated with blocking solution containing 5% milk
powder. Primary antibody at a concentration of 1:500
was then added to the filter and incubated for 2 h in
a rotating chamber at 4 ℃. After several washes in
buffer, the secondary anti-mouse IgG antibody (Santa
Cruz Biotechnology) was added at a concentration of
1:1000 and the filter incubated for 2 h at RT. The blot
was washed and probed with ECL solution to visualize
protein bands (Thermo Fischer Scientific, Rockford,
IL).

Plasmids

The expression vector pUNO1-hMYC was generated by
cloning the human c-MYC open reading frame (ORF)
into the multiple cloning site of the plasmid pUNO1mcs (InvivoGen, San Diego, CA) downstream of a
strong elongation factor (EF)-1α/human T-lymphotropic
virus (HTLV) hybrid promoter active in most cell types.
pUNO1-mcs contains the blasticidin resistance gene
driven by a CMV promoter and enhancer in tandem
with the bacterial EM7 promoter. This allows the
amplification of the plasmid, and, after transfection
into mammalian cells, the blasticidin selection of
stable transfectants. Another plasmid, pUNO1-MYCIRES-Luc was also constructed by cloning the firefly
luciferase ORF downstream of MYC ORF separated by
an internal ribosome entry site (IRES) sequence to
maintain expression of both MYC and luciferase (luc)
genes under the control of the hybrid promoter in this
plasmid. Large scale preparations of both vectors were
prepared by transforming them into competent cells of
Escherichia coli strain DH5α, and by extracting them
using the Qiagen Plasmid Maxi kit (Qiagen, Valencia,
CA).

Tumorigenicity assay

Five-week old NOD/SCID mice were purchased from
Charles River Breeding Laboratories (Wilmington,
MA). Freshly cultured PICM-19 and PICM-19-CSCs
were treated with trypsin to detach and harvest them
6
in PBS. After washing twice in PBS, 1 × 10 cells were
resuspended in 100 μl PBS, and were injected into
the flanks of the immunodeficient mice (n = 3). This
study was approved by the University of Minnesota
Institutional Animal Care and Use Committee. Animals
were observed on a daily basis for signs of declining
health and lethargy. Tumor formation was monitored
twice weekly by measuring the width and length of
tumors. Animals with tumors that grew to a diameter
of 1.5 cm, as measured by calipers, were sacrificed. To
alleviate pain and stress in animals, carbon dioxide was
administered in the fume hood prior to euthanasia.
Tumors were then harvested and immediately fixed in
10% formalin for 24 h. These tissue samples were cut
in 5 μm-thick sections on a microtome. Sections were
deparaffinized with xylene, rehydrated in three fiveminute steps with 100% ethanol, 90% ethanol, and
70% ethanol, and stained with hematoxylin and eosin
(HE) for 1 h. Slides were rinsed with RNase-free water
and mounted under glass coverslips with Clarion
mounting medium (Santa Cruz Biotechnology). They
were observed using a Nikon DXM1200C microscope.

Luciferase assay

PICM-19 cells were successfully transfected with
the pUNO1-MYC-IRES-Luc plasmid using the mouse
macrophage nucleofection kit (Amaxa Biosystems,
Gaithersburg, MD) and the program A-13 on the
nucleofector Ⅰ device (Amaxa). Following nucleofection,
cells were plated in 12-well plates and incubated
overnight at 37 ℃. Growth medium was then replaced
with the fresh medium containing 5 μg/ml blasticidin
(InvivoGen) to select for positive transfectants.
Individual colonies that formed were further grown,
and assessed for MYC expression using reverse
transcription polymerase chain reaction (RT-PCR)
(data not shown). The clone that showed the highest
MYC expression was then used in further experiments
mentioned below. Next, cells of this clone were plated
in 6-well plates, and 24 h post-plating they were
resuspended in fresh medium and were treated with
the Bright-Glo luciferase assay substrate (Promega,
Madison, WI) to measure luciferase activity using
®
the IVIS Imaging System (Xenogen Corporation,
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RNA isolation and library preparation

Total cellular RNAs were isolated from PICM-19 and PICM19-CSCs using the RNeasy Mini kit (Qiagen). They were
quantified using a fluorimetric RiboGreen assay. Total
RNA integrity was assessed by capillary electrophoresis
using BioAnalyzer 2100 (Agilent Technologies, Santa
Clara, CA, United States). For samples to pass the initial
quality control (QC) step, it was necessary to quantify
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> 1 μg and to have a RNA Integrity Number of ≥ 8.
They were then converted to Illumina sequencing
libraries using the Truseq RNA Sample Preparation Kit
(Cat. # RS-122-2001, Illumina, San Diego, CA). For
amplification and library preparation, 1 μg of total RNA
was purified using oligo-dT coated magnetic beads,
fragmented and reverse transcribed into cDNA. The
cDNA was fragmented, blunt-ended, and ligated to
indexed (barcoded) adaptors and amplified using
15 cycles of PCR. Final library size distribution was
validated using capillary electrophoresis and quantified
using fluorimetry (PicoGreen) and by Q-PCR. Indexed
libraries were normalized, pooled and size selected to
320bp +/- 5% using Caliper’s XT instrument.

per million mapped reads), and tested for differential
expression. A matrix of FPKM transcript abundance
levels for each gene was extracted and downloaded
[17]
into CummeRbund to assess sample clustering using
Multi-Dimensional Scaling and Principle Component
Analysis, which revealed sample outliers. Differential
gene sets were filtered to remove those with fold
changes < 1.5 (up- or downregulated) and with a BH
FDR-corrected p-value > 0.05.

Real time PCR

The cDNA from PICM-19 and PICM-19-CSCs was
synthesized with 1 μg of total RNA using SuperScript
II reverse transcriptase (Invitrogen Life Technologies,
Carlsbad, CA) and oligo dT6-12 primers (SigmaGenosys, The Woodlands, TX). Quantitative realtime PCR was performed using the FullVelocity SYBR
Green QPCR master mix (Stratagene, La Jolla, CA)
following the manufacturer’s specifications. The
25 μl final reaction volume consisted of pre-made
reaction mix (SYBR Green Ⅰ dye, reaction buffer,
Taq DNA polymerase, and dNTPs), 0.3 mmol/L of
each primer, and 0.5 ng cDNA in water. Reaction
conditions for PCR for the Mx3000P QPCR System
(Stratagene) were as follows: polymerase activation
at 95 ℃ for 5 min, 40 denaturation cycles of 95 ℃
for 10 s, annealing at 60 ℃ for 10 s and elongation
at 72 ℃ for 10 s. A melting curve was performed to
assess primer specificity and product quality using
the same conditions. The relative product levels were
[18]
quantified using the 2(-∆∆CT) method . Data are
presented as relative induction of each porcine gene,
normalized to β-actin, and are representative of three
independent experiments.

Cluster generation and sequencing

Truseq libraries were hybridized to a paired-end flow
cell and individual fragments were clonally amplified
by bridge amplification on the Illumina cBot. Once
clustering was complete, the flow cell was loaded onto
the Illumina HiSeq 2000 sequencer and sequenced
using Illumina’s SBS chemistry. Upon completion
of read 1, a 7 base pair index read was performed.
Finally, the library fragments were resynthesized
in the reverse direction and sequenced from the
opposite end of the read 1 fragment thus producing
the template for paired end read 2.

Primary analysis and de-multiplexing

Base call (.bcl) files for each cycle of sequencing were
generated by Illumina Real Time Analysis software.
The base call files and run folders were then
exported to servers maintained at the Minnesota
Supercomputing Institute, where primary analysis
and de-multiplexing were performed using Illumina’s
CASAVA software 1.8.2. De-multiplexed FASTQ files
generated by the CASAVA workflow were analyzed
by the mapping and aligning software as described
below.

RESULTS
Expression of MYC protein in PICM-19 stem cells

We initially determined that PICM-19 cells can be
transfected with an expression vector driven by the
EF-1α/HTLV hybrid promoter. pUNO1-MYC-IRES-Luc
was constructed by cloning the open reading frame
(ORF) of firefly luciferase (luc) gene downstream of
the MYC ORF separated by an IRES sequence. This
vector also contains the blasticidin resistance gene
as a selectable marker. The function of the genetic
construct was tested by assaying the expression
of luciferase in transfected cells. After transfection,
feeder-independent PICM-19 cells were cultured
(Figure 1A) and transfectants were selected using
blasticidin. Individual clones were then screened for
MYC expression, and the clone that had the highest
MYC expression as detected by RT-PCR (data not
shown) was assayed for luciferase activity in 24-well
plates using D-luciferin as the substrate. Transfected
PICM-19 cells expressed luciferase demonstrating
that they took up and incorporated the plasmid
DNA (Figure 1B). This finding also indicated that the

Read mapping and RNA sequencing analysis

Raw paired-end RNA-seq reads in FASTQ format were
assessed for base call quality, cycle uniformity and
contamination using FastQC (http://www.bioinformatics.
bbsrc.ac.uk/projects/fastqc/). The QC-filtered pairedend reads were mapped to pig genome (UCSC susScr3
[14]
assembly) via Tophat 2
using the UCSC pig anno
tation in GTF format. Resulting Binary Alignment and
Mapping (BAM) files were then visualized using the
[15]
Integrative Genomics Viewer (IGV)
to ensure rea
sonable behavior of expected control invariant genes
[e.g., glyceraldehyde 3-phosphate dehydrogenase
(GAPDH)], and to confirm expected behavior of positive
control genes (e.g., MYC). BAM files were subsequently
analyzed via Cuffdiff (default parameters using the
[16]
iGenomes GTF file as shown previously ) to quantify
the expression level(s) of each known gene in units
of FPKM (Fragment mapped per kilobase of genes
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Figure 1 Generation of PICM-19-CSCs. A: Feeder-independent PICM-19 cells were grown in 10% DMEM/Medium 199 on Matrigel in 24-well plates (see Materials
and Methods). They were transfected with pUNO1-MYC-IRES-Luc plasmid and tested for luciferase expression using luciferin as substrate; B: Untransfected
PICM-19 cells did not show bioluminescence (left panel), whereas transfected cells expressed luciferase (right panel); C: Detection of MYC protein in PICM-19-CSCs
by Western blotting using the anti-human mouse c-MYC monoclonal antibody. As expected, PICM-19-CSCs, but not the untransfected PICM-19 stem cells (control)
expressed MYC.

A

B

C

Tumor

Figure 2 PICM-19-CSCs generate tumors after implantation in mice. A: PICM-19 cells were transfected with 3 μg of pUNO1-hMYC by nucleofection. 1 x 106
PICM-19 cells expressing MYC were implanted into the back flanks of NOD-SCID mice (n = 3) by subcutaneous injections. Tumors that grew to 1.5 cm in diameter
were harvested; B and C: Tumors were sectioned and HE staining was performed, and cells were visualized by confocal microscopy (B: × 40; C: × 400). These
images show that the PICM-19-CSCs induced tumors were uniform, and the cells were actively dividing in the PICM-19-CSC tumors, as seen by mitotic cell division
[indicated by arrows in (C)].

generate tumors in mice. PICM-19-CSCs, but not
the control PICM-19 stem cells, generated tumors
in vivo (Figure 2). When the tumors reached 1.5 cm
in diameter, animals were sacrificed and the tumors
were sectioned to be analyzed by HE staining. The
tumors were composed of a uniform mass of cells
that were actively undergoing cell division. This
experiment demonstrated the proof-of-principle that
PICM-19-CSCs are capable of producing tumors in
vivo.

stem cells were expressing the MYC ORF located
upstream of luc ORF in the expression vector. This
was confirmed by Western blotting assay using antihuman MYC antibody (Figure 1C).

Conversion of PICM-19 liver stem cells into cancer cells
by MYC overexpression
6

We subcutaneously injected 1 × 10 cells into the
back flanks of NOD-SCID mice to establish that MYCoverexpressing PICM-19 cells (PICM-19-CSCs) can
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regulating the progression of several cancers including
HCC; and miR-421, which was highly upregulated in
PICM-19-CSCs, suppresses the expression of FXR to
[21]
induce tumorigenesis and migration in HCC cells .
MiR-421 also regulates deleted in pancreatic cancer
4 (DPC4; also known as Smad4), a critical tumor
suppressor shown to be involved in the progression of
[22]
pancreatic cancer .
In addition to these regulatory RNAs, protoca
dherin-7, tissue inhibitor of metalloproteinase 3 and
vascular endothelial growth factor (VEGF) were highly
expressed in PICM-19-CSCs compared to PICM-19
parental stem cells. The ratio between the matrix
metalloproteinsases (MMPs) and their inhibitors
(TIMPs) is an important factor in balancing tissue ho
meostasis. Recent studies have shown that the TIMP
family of proteins not only inhibits several disintegrinmetalloproteinases (ADAMs and ADAMTSs) but also
has contrasting functions including anti- and pro[23]
apoptotic . The sequestration of TIMP-3 by binding to
the extracellular matrix (ECM) or through endocytosis
may help to protect cells from apoptosis while still
allowing it to control pericellular proteolysis via its
[23]
potent inhibition of MMPs, ADAMs and ADAMTSs .
In PICM-19-CSCs, only TIMP-3 was upregulated (Table
2), and ADAM23 and ADAMTS2 were suppressed
(Table 4).
It has been well established that VEGF is highly
produced in HCC, and the inhibition of VEGF results
[24]
in the suppression of angiogenesis . Moreover, miR26a targets VEGF and hepatocyte growth factor (HGF)
[24]
to cause this effect via the HGF-cMet pathway
as
well as the phosphatidylinositol 3-kinase (PIK3C2α)/
Akt/hypoxia-inducible factor (HIF)-1α pathway in
[25]
HCC cells . In our study, downregulation of miR26a and upregulation of HIF-1α in PICM-19-CSCs
demonstrates that MYC is also a player in this tumorinducing molecular mechanism of HCC.

Table 1 Genes expressed by PICM-19 liver stem cells
Gene ID
C22ORF39
CDO1
DKK2
ENPEP
GPX6
SRPX2

1

Gene abbreviation

Function

Fold Δ

Human chromosome 22 orf39
homolog
Cysteine dioxygenase type 1

Unknown

11.33

Tumor
suppressor
Cell signaling

6.28
12.20

Proteolysis
Detoxification
Angiogenesis

4.82
2.18
17.22

Dickkopf Wnt signaling pathway
inhibitor 2
Glutamyl aminopeptidase
Glutathione peroxidase 6
Sushi-repeat containing protein,
X-linked 2

1

Normalized to GAPDH expression.

Molecular characterization of PICM-19 and PICM-19CSCs

To understand the differences between PICM-19 and
PICM-19-CSCs at the molecular level, we examined
the RNA-seq profiles of both these cell types, and
found sets of genes that were expressed in each cell
line (Tables 1 and 2). These genes were normalized
to the expression of housekeeping gene GAPDH, and
were analyzed. Only a two-fold change or greater was
considered significant. In this process, we identified a
set of six genes that were expressed only in PICM-19
stem cells (Table 1). The expression of these six
genes (CDO1, C22orf39, DKK2, ENPEP, GPX6 and
SRPX2) was undetectable in PICM-19-CSCs, as a
result of MYC protein overexpression. Their absence
in PICM-19-CSCs suggested their potential use as
therapeutic targets for liver cancers associated with
MYC overexpression. Among these, CDO1 is a tumor
[19]
suppressor , while Dickkopf-related protein 2 (DKK2)
[20]
is an inhibitor of the Wnt signaling pathway . Both
these genes are epigenetically silenced in human
cancers. While the overexpression of DKK2 led to an
inhibition in renal cancer progression through apoptotic
[20]
and cell cycle pathways , forced expression of
cysteine dioxygenase type 1 (CDO1) decreased tumor
[19]
cell growth of different tumor cell lines and in mice .
Lack of DDK2 expression in PICM-19-CSCs suggested
that a putative epigenetic control mechanism to silence
DKK2 also exists in MYC-induced liver cancer.
In contrast, ectopic expression of MYC protein up
regulated the expression of 237 genes in PICM-19CSCs not found in the PICM-19 stem cell profile (Table
3). New genes upregulated by MYC included those
involved in cell growth and proliferation, adhesion,
migration, protein transport, cell cycle, metabolism,
inflammation, and tumorigenesis underscoring the
broad reach of MYC protein in regulating diverse cellular
processes. However, genes coding RNAs involved in
transcriptional and post-transcriptional regulatory
mechanisms dominated the top 25 MYC-upregulated
genes (Table 2), consistent with the active cell growth
and proliferative nature of PICM-19-CSCs.
The farnesoid X receptor (FXR), a member of the
nuclear receptor superfamily, plays an important role in
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Genes not regulated by the MYC protein in PICM-19CSCs

Next, we studied the profiles of PICM-19 and PICM19-CSCs to identify the genes whose expression was
not altered in stem cells due to MYC overexpression.
For this, we selected genes that showed more than a
two-fold increase when normalized with the GAPDH.
We found that the expression of 28 genes was not
affected by the MYC protein (Table 5). These genes
included a number of microRNAs (miRNAs) and
small nucleolar RNAs (SnoRNAs) that regulate posttranscriptional gene expression, and are expressed
at very high levels. As MYC has no influence on their
expression, it appears that the genes of this 28-gene
set may be primarily involved in maintaining the
cellular integrity and stemness.

Differential expression of MYC-regulated genes in PICM19-CSCs

In order to identify genes that are involved in MYC-
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F2
COX17
MGMT

Table 2 Genes expressed in PICM-19-CSCs but not in
PICM-19 cells
Gene ID

Gene abbreviation

VEGF
snoZ40
ssc-mir-195a-1
ssc-mir-125b-1
ssc-mir-423
SNORD53
ssc-mir-421
ssc-mir-133a-2
ssc-mir-365-1
SNORD16
ssc-mir-31
SERP2

Vascular endothelial growth factor
Small nucleolar RNA Z40
MicroRNA mir-195a-1
MicroRNA mir-125b-1
MicroRNA mir-423
Small nucleolar RNA, C/D box53
MicroRNA mir-421
MicroRNA mir-133a-2
MicroRNA mir-365-1
Small nucleolar RNA, C/D box 16
MicroRNA mir-31
Stress-associated ER protein family member 2
SNORD94
Small nucleolar RNA, C/D box 94
SNORD67
Small nucleolar RNA, C/D box 67
Y_RNA
Non-coding RNA
GRIA
FAD-dependent oxygenase
CH242-74M17.6
GAS locus protein, porcine-specific
CH242-74M17.6
GNAS complex locus, porcine-specific
SNORA36
Small nucleolar RNA, C/D box 36
RBP1
Retinol-binding protein 1
TIMP-3
TIMP metallopeptidase inhibitor 3
RNF130
Ring finger protein 130
MT-ND6
Mitochondrial NADH dehydrogenase 6
PCDH7
Protocadherin 7
ND4L
NADH dehydrogenase subunit 4L
U12
Non-coding RNA
MT1A
Metallothionein 1A
ZFX
Zinc finger protein X-linked
CH242-17J7.1
GNAS complex locus, porcine-specific
RNPC1
RNA binding motif protein 38
GEM1
Gremlin 1
CADM4
Cell adhesion molecule 4
CYP1A1
Cytochrome P450, family 1, subfamily A1
TFAP2A
Transcription factor AP-2 alpha
AFP
Alpha-fetoprotein
CFD
Complement factor D
GNG
Two-component system response regulator
GnG/NtrC
RNF128
Ring finger protein 128
MIF
Macrophage migration inhibitory factor
IFI27l2
Interferon, alpha-inducible protein 27-like
2
PDE6H
Phosphodiesterase 6H, cGMP-specific
KLF5
Krüppel-like factor 5
PRKD1
Protein kinase D1
SPINT2
Serpin peptidase inhibitor, Kunitz type, 2
MYC
Myelocytomatosis oncogene
CD44
Cell surface glycoprotein 44
GPC3
Glypican 3
ECHS1
Enoyl-coA hydratase, short-chain, 1
S100A14
S100 calcium binding protein A14
LONRF3
LON peptidase N-terminal domain and
ring finger 3
CU463271.1
Protein encoded by CU463271.1 locus
MMP16
Matrix metalloproteinase 16
S100A16
S100 calcium binding protein A16
SLC22A17
Solute carrier family 22 member A17
ID1
Inhibitor of DNA binding 1
ATP5E
ATP synthase H+ transporting epsilon
ISG12(a)
ISG12 protein-like
UQCRH
Uniquinol-cytochrome c reductase hinge
protein
DKK2
Dickkopf homolog 2
IL17RA
Interleukin 17 receptor A
STXBP6
Syntaxin binding protein 6

WJG|www.wjgnet.com

Fold Δ

1

SDF4
PDPN
DLK2
WNT1

41718.7
16658.2
6514.83
3627.42
3627.42
2811.10
2811.10
2558.12
2558.12
1497.27
1144.09
1137.16

CISD1
MYD88
SDC4
EPCAM
RPS29
P14ARF
ELAVL2

1126.85
816.01
727.41
370.13
322.43
322.43
199.10
182.72
173.55
147.15
141.82
90.60
89.11
85.94
84.09
79.94
65.88
65.10
54.41
39.92
39.89
39.27
33.23
26.62
24.20

FZD3
XBP1
TRIAP1
ATP5O
VKORC1

23.79
23.69
22.72

CDO1
DYNLT1
HSBP1
CCK
ANXA1
FCGRT

FAM84B
ECI2
ARHGDIB
C20ORF27
RAB6B
DDT
AGMAT
CHCHD2
EPHA7
OSR2
CFI
NDUFB11
SLC35F1
NUDT14
SH3GL3
NDUFA12

22.54
22.53
21.27
18.54
17.64
17.14
16.54
15.42
15.41
15.25

AK5
RDH11
RPS18
TGOLN2
RNF150
HIFX
CFH
NPC2
DCTPP1
CLVS1
HSF4
SERINC2
MSMB
CHID1
LYSMD2

14.86
14.28
14.14
14.07
13.34
13.14
13.03
12.44

SH3BGRL2
12.20
12.13
11.63

POU3F1
TCN2

2017

Coagulation factor Ⅱ
Cytochrome c oxidase copper chaperone
O-6-methylguanine-DNA methyltransferase
Stromal cell derived factor 4
Podoplanin
Delta-like 2 homolog
Wingless-related MMTV integration site
family member 1
CDGSH iron sulfur domain 1
Myeloid differentiation primary response
88
Syndecan 4
Epithelial cell adhesion molecule
Ribosomal protein S29
p14 ARF protein (porcine-specific)
ELAV-like neuron-specific RNA binding
protein 2
Frizzled homolog 3
X-box binding protein 1
TP53 regulated inhibitor of apoptosis 1
ATP synthase H+ transporting O subunit
Vitamin K epoxide reductase complex, subunit 1
Family with sequence similarity 84, member B
Enoyl-coA delta isomerase 2
Rho GDP dissociation inhibitor beta
Human chromosome 22 orf39 homolog
RAS oncogene family member
D-dopachrome tautomerase
Agmatine ureohydrolase (Agmatinase)
Coiled-coil-helix-coil-helix domain 2
Eph receptor A7
Odd-skipped related 2
Complement factor Ⅰ
NADH dehydrogenase 1 alpha subcomplex
11
Solute carrier family 35 member F1
Nucleoside diphosphate linked moiety
X-type motif 14
SH3 domain GRB2-like 3
NADH dehydrogenase 1 alpha subcomplex
12
Cysteine dioxygenase type 1
Dynein, light-chain, Tctex-type
Heat shock factor binding protein 1
Chloecystokinin
Annexin A2
Fc fragment of IgG, receptor, transporter,
alpha
Adenylate kinase 5
Retinol dehydrogenase 11
Ribosomal protein S18
Trans-golgi network protein 2
Ring finger protein 150
Hypoxia-inducible factor Ⅹ
Complement factor H
Niemann-Pick disease, type C2
dCTP pyrophosphatase 1
Clavesin 1
Heat shock transcription factor 4
Serine incorporator 2
Microseminoprotein, beta
Chitinase domain containing 1
LysM, putative peptidoglycan-binding,
domain 2
SH3 domain binding glutamic acid-rich
protein-like 2
POU domain, class 3, transcription factor 1
Transcobalamin Ⅱ

11.57
10.05
9.96
9.50
9.46
9.24
9.03
9.00
8.71
8.68
8.59
8.32
8.29
8.23
8.17
8.09
8.08
8.02
7.80
7.70
7.69
7.41
7.31
7.28
7.14
7.12
6.92
6.72
6.71
6.55
6.37
6.37
6.35
6.32
6.30
6.28
6.27
6.20
5.98
5.85
5.84
5.83
5.58
5.56
5.55
5.54
5.47
5.43
5.34
5.25
5.24
5.23
5.08
5.03
4.98
4.95
4.86
4.77
4.76
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SORT1
PTGES
CCND2
GXYLT2
CRTAC1
MFGE8
TNC
PCBD1
PDE10A
RAB27B
INCENP
GJB1
CEBPG
DUROC-SLA1
ITIH4
PEBP1
ABTB2
GJB5
CREB3
DPM2
GEM
DOCK8
TMP-SLA-2
CYB5B
TSAN6
RNASEH2C
NARS
LSM6
MTFP1
SLC16A1
RARB
SDSL
MPC2
PARVB
RENBP
POC1A
GUSB
CH242-9E10.1
REEP3
CPT1A
BHLHB9
FAAH
MRPL20
HTR2A
TRERF1
XYLB
RBPMS2
FGFR3
SLC22A23
NDUFB1
ZFAND2A
EPB41
IGSF23
FAM122C
AMIGO2
SHROOM4
MAT1A
PARN

Sortilin 1
Prostaglandin E synthase
Cyclin D2
Glucoside xylosyltransferase 2
Cartilage acidic protein 1
Milk fat globule-EGF factor 8
Tenascin C
Pterin-4 alpha-carbinolamine
Phosphodiesterase 10A
RAS oncogene family member
Inner centromere protein antigens
135/155kDa
Gap junction protein, beta 1
CCAAT/enhancer binding protein, gamma
Src-like adaptor 1 (pig-specific)
Inter-alpha-trypsin inhibitor heavy chain
family, member 4
Phosphatidylethanolamine binding protein
1
Ankyrin repeat and BTB (POZ) domain
containing 2
Gap junction protein, beta 5
cAMP responsive element binding protein
3
Dolichyl-phasphate mannosyltranferase
polypeptide 2
GTP binding protein overexpressed in
skeletal muscle
Dedicator of cytokinesis 8
Transmembrane protein, pig-specific
Cytochrome b5 type B
Tsan6, Pig-specific protein
Ribonuclease H2, subunit C
Asparaginyl-tRNA synthetase
U6 snRNP-associated protein
Mitochondrial fission process 1
Solute carrier family 16 member A1
Retinoic acid receptor, beta
Serine dehydrarase-like
Mitochondrial pyruvate carrier 2
Parvin, beta
Renin binding protein
POC1 centrolar protein A
Glucuronidase, beta
GNAS complex locus, porcine-specific
Receptor accessory protein 3
Carnitine palmitoyltransferase 1A
Basis helix-loop-helix domain containing
B9
Fatty acid amide hydrolase
Mitochondrial ribosomal protein L20
5-hydroxytryptamine (serotonin) receptor
2A, G protein-coupled
Transcriptional regulating factor 1
Xylulokinase
RNA binding protein with multiple splicing 2
Fibroblast growth factor receptor 3
Solute carrier family 22 member A23
NADH dehydrogenase 1 alpha subcomplex
1
Zinc finger, AN1-type domain 2A
Erythrocyte membrane protein band 4.1
Immunoglobulin superfamily, member 23
Family with sequence similarity 122, member C
Adhesion molecule with Ig-like domain
Shroom family member 4
Methionine adenosyltransferase 1A
Poly(A)-specific ribonuclease
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4.75
4.65
4.63
4.50
4.33
4.29
4.28
4.27
4.22
4.18
4.14

PFKFB1

4.09
4.04
4.04
4.03

DUROC-NEU1
CDC45
BCKDHB

TCF25
PRODH2
CHCHD10
CH242-217H9.3
CASC5
IGLON5
CDH17
SLC44A4
LRCH2

HNF4A
SCG5
BOLA1
PYGL
SCARB1
SERPIND1

4.02
4.00
3.95
3.86

GAS2L3
EFNA2
PDZK1IP1
VIMP
PRR5L
ACVR2B
ATP9A
PLAUR
LDLR
FLRT3

3.85
3.85
3.84
3.83
3.80
3.75
3.71
3.70
3.69
3.66
3.65
3.64
3.64
3.63
3.60
3.55
3.54
3.53
3.52
3.51
3.40
3.37

ADAMTSL3
CINP
WBSCR22
ALDH9A1
SSC.82438
NME3
CCS
PITX2
MRPL3
BNC1
RPS16
TM7SF2
CRELD2
HHEX
RPL31
TGFA
IDS
NRG4
DGAT1
GNAZ
ARL3
FABP5
KIF12
IKBKG
PDZRN3
PHF19
MRPL24
ARAP2

3.37
3.37
3.36
3.35
3.32
3.28
3.27
3.21
3.18
3.16
3.11
3.11
3.10
3.03
3.02
3.01
3.00

ITGF3

2018

6-phosphofructo-2-kinase/fructose-2,6biphosphatase 1
Transcription factor 25
Proline dehydrogenase (oxidase) 2
Coiled-coil-helix-coil-helix domain 10
GNAS complex locus, porcine-specific
Cancer susceptibility candidate 5
IgLON family member 5
Cadherin 17
Solute carrier family 44 member A4
Leucine-rich repeats and calponin homology domain 2
Sialidase 1 (pig-specific)
Cell division cycle 45
Branched chain keto acid dehydrogenase
E1
Hepatocyte nuclear factor 4, alpha
Secretogranin Ⅴ
BolA family member 1
Phosphorylase, glycogen, liver-specific
Scavenger receptor class B, member 1
Serpin peptidase inhibitor, clade D, member 1
Growth arrest-specific 2 like 3
Ephrin A2
PDZK1 interacting protein 1
VCP-interacting membrane protein
Proline-rich 5-like
Activin A receptor, type ⅡB
ATPase, class Ⅱ, type 9A
Plasminogen activator, urokinase receptor
Low density lipoprotein receptor
Fibronectin leucine-rich transmembrane
protein 3
ADAMTS-like 3
Cyclin-dependent kinase 2 interacting
protein
Williams Beuren syndrome chromosome
region 22
Aldehyde dehydrogenase 9 family member
1
Sus scrofa Amphiregulin
NME/NME23 nucleoside diphosphate
kinase 3
Copper chaperone for superoxide dismutase
Paired-like homeodomain transcription
factor 2
Mitochondrial ribosomal protein L3
Basonuclin 1
Ribosomal protein S16
Transmembrane 7 superfamily member 2
Cystein-rich with EGF-like domains 2
Hematopoietically expressed homeobox
Ribosomal protein L31
Transforming growth factor, alpha
Iduronate 2-sulfatase
Neuregulin 4
Diacylglycerol O-acyltransferase 1
Guanine nucleotide binding protein
ADP-ribosylation factor-like 3
Fatty acid binding protein 5
Kinesin family member 12
Inhibitor of kappa B
PDZ domain containing ring finger 3
PHD finger protein 19
Mitochondrial ribosomal protein L24
ArfGAP with RhoGAP domain, ankyrin
repeat and PH domain 2
ItgF3-like protein

3.00
2.98
2.95
2.91
2.85
2.84
2.84
2.82
2.82
2.76
2.75
2.71
2.69
2.67
2.66
2.65
2.64
2.64
2.63
2.61
2.60
2.59
2.59
2.57
2.56
2.55
2.53
2.51
2.50
2.49
2.48
2.48
2.46
2.44
2.43
2.40
2.38
2.33
2.32
2.32
2.30
2.22
2.20
2.20
2.20
2.18
2.17
2.16
2.14
2.12
2.12
2.12
2.09
2.09
2.09
2.07
2.04
2.02
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POLA2
ADAMTS7

Polymerase (DNA directed), alpha 2
ADAM metallopeptidase with thromboSpondin type 1 motif 7

2.02
1.45

Table 4 Genes downregulated by MYC in PICM-19-CSCs
Gene ID

1

ASPN

Table 3 Genes upregulated by MYC in PICM-19-CSCs
Gene ID
CH242278B18.2
NFKB1
SEMA3F
NME1-NME2
SERPINA1
VLDLR
APOE
ITGA3

IGF2BP2
MT-ATP6
HIF1A
APOA1
ITGB7
NKAIN1
FGG
CTSB
NTN1
JUP
PLG
MT-ND2
SERPINA3-2
RBP4
FTL
DUSP4
MT-CO1

Gene abbreviation

Function

log2 ratio

GNAS Complex, porcinespecific
Nuclear factor kB
Semaphorin 3F
NME1-NME2 readthrough
Serpin protease inhibitor,
clade A1
Very low density lipoprotein receptor
Apolipoprotein E
Integrin, alpha 3

Unknown

10.25

Inflammation
Cell signaling
Inflammation

8.94
8.27
8.22

Inflammation

8.17

Metabolism

8.01

Metabolism
Migration, Cell
adhesion, Invasion
Insulin-like growth factor 2 Gene regulation
mRNA binding protein 2
Mitochondrial ATP synMetabolism
thase 6
Hypoxia-inducible factor
Angiogenesis
1α
Apolipoprotein A1
Metabolism
Integrin, beta 7
Cell adhesion
Na+/K+ transporting
Ion transport
ATPase
Fibrinogen gamma chain
Cell adhesion
Cathepsin B
Carcinogenesis
Netrin 1
Inflammation
Junction plakoglobin
Cell adhesion
Plasminogen
Cell proliferation
Mitochondrial NADH
Metabolism
dehydrogenase 2
Serpin protease inhibitor,
Inflammation
clade A3-2
Retinol binding protein 4
Metabolism
Ferritin, light polypeptide Iron metabolism
Dual specificity phosphaCell proliferatase 4
tion
Mitochondrial cytochrome Inflammation
c oxidase Ⅰ

7.57
7.41

7.33
7.21
7.12
7.06
7.03
7.00
6.79
6.74
6.65
6.61
6.60
6.37
6.31
6.18
6.08
6.02

Function

Asporin

log2 ratio
8.20
7.44
6.52
6.23

6.19
5.53
5.49
5.46
5.14
5.03
4.97
4.92
4.84
4.83
4.83
4.74
4.74
4.67
4.58
4.52
4.51
4.50
4.47
4.42
4.00

[26]

15% of the genes in mammalian genomes .
Among the genes upregulated by MYC are ribosomal
genes demonstrating active protein synthesis in CSCs
which is associated with cell growth, proliferation,
and metabolism. While our data show only 8 of these
ribosomal genes, others such as the initiation factors
(elF-2a, eIF4A, eIF4E, eIF4G, eIF5A), MrDb, nucleolin,
and ribosomal proteins (S11, S16) were also induced >
1.5 fold (data not shown). These genes were previously
[27]
shown to be regulated by the MYC protein .
MYC is also considered an important regulator
of the cell cycle. We found that the expression of
several cell cycle genes (cdc45, CCND2, CIPN) was
enhanced in PICM-19-CSCs. Adhesion molecule with
Ig-like domain 2 (AMIGO2), a leucine-rich repeat
family member implicated in decreased cell adhesion and
migration, and an increase in chromosomal instability
[28]
and tumorigenicity in human gastric adenocarcinoma ,
was also upregulated in PICM-19-CSCs.
The majority of the top 25 genes upregulated by

6.00

induced oncogenesis, we studied global transciptome
profiles of PICM-19-CSCs and compared them with
those obtained with PICM-19 stem cells. While these
genes are expressed by both PICM-19 and PICM-19CSCs, a significant number of genes were differentially
regulated by MYC. While MYC upregulated 4173 genes
in PICM-19-CSCs, it downregulated 4248 genes.
Statistical analysis of the data has revealed 616 upre
gulated and 391 downregulated genes that had a
log2 ratio of at least 2. Analysis of gene expression of
these two cell types showed that MYC overexpression
resulted in changes in gene expression among genes
involved in diverse cellular processes. This is not
surprising as it is known that MYC regulates about
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Gene abbreviation

Extracellular
matrix
IGF1
Insulin-like growth factor 1
Cell growth
OGN
Osteoglycin
Metabolism
GPM6B
Glycoprotein M6B
Membrane trafficking, cell-tocell communication
ISLR
Immunoglobulin superfamily
Unknown
containing leucine-rich repeat
ANGPT1
Angiopoietin 1
Angiogenesis
WDR66
WD repeat domain 66
EMT modulator
RSPO2
R-spondin 2 homolog
Wnt modulator
COL6A2
Collagen, type Ⅵ, alpha 2
Fibrosis
TNR
Tenascin R
Extracellular
matrix
FAM5C
Family with sequence similarUnknown
ity 5, member C
FIGF
c-Fos iduced growth factor
Angiogenesis
ADAM23
ADAM metallopeptidase
Metabolism
domain 23
MAB21L2
Mab-21-like 2
Cell survival
PDE1A
Phosphodiesterase 1A
Metabolism,
Apoptosis
CLMP
CXADR-like membrane pro- Cell adhesion
tein
COL28A1
Collagen, type XXⅧ, alpha 1
Fibrosis
GJA1
Gap junction protein, alpha 1 Oxidative stress
SELENBP1 Selenium binding protein 1 Tumor suppressor
CPED1
Cadherin-like and PC-esterase
Unknown
domain containing 1
COL5A3
Collagen, type Ⅴ, alpha 3
Fibrosis
ADAMTS2 ADAM metallopeptidase with Metabolism
thrombospondin typ1 motif 2
PDE8B
Phosphodiesterase 8B
Metabolism
SGCE
Sarcoglycan, epsilon
Cytoskeleton
GDPD2
Glycerophosphodiester
Cell growth
phosphodiesterase domain
containing 2

Normalized to GAPDH expression.

2019
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to their cognitive receptors trigger signaling cascades
to induce diverse cellular processes such as cell sur
[29]
vival, apoptosis, proliferation, and motility . JUP
expression was also associated with colorectal tumor
[31]
metastasis .
Interestingly, markers of inflammation in the liver,
apolipoproteins (APOA1 and APOE) and the SERPINA1
gene encoding alpha1-antitypsin (AAT), and another
member of the AAT family, SERPINA3-2 were also
induced in PICM-19-CSCs. While APOE was shown
to confer protection against liver damage caused by
[32]
hepatitis C virus (HCV) infection , its expression
level was found to be significantly higher in HBV
[33]
associated liver cirrhosis . In a recent HCC study on
familial aggregation, APOA1 and APOE were identified
by mass spectroscopy of the proteins as being among
[34]
nine highly overexpressed in individuals with HCC .
Previous studies have shown that the protein level
[35]
of APOE was increased in human HCC , and that
human hepatoma-derived cell lines express high
levels of APOE and very low density lipoprotein (VLDL).
Consistent with this, PICM-19-CSCs displayed an
upregulated expression of VLDLR (Table 3). AAT is
the most abundant liver-derived glycoprotein in the
plasma, and a diagnostic and prognostic marker of
[36,37]
HCC
. It is associated with the progression from
[38]
liver cirrhosis to cancer in HCV-infected individuals .
Collectively, upregulation of APOA1, APOE, VLDLR and
AAT in PICM-19-CSCs suggested their involvement in
MYC-induced liver cancer.
We found that MYC overexpression resulted in
downregulation of a number of genes (Table 4) that
were previously implicated in tumor reduction and/or
inhibition of human cancers. These genes differ from
those that were silenced; and the reduced expression
could be a result of either direct or indirect MYC targeting
(Table 1). Among these, c-Fos induced growth factor,
FIGF (also known as vascular endothelial growth
factor D), is active in angiogenesis and endothelial cell
growth. Its putative role in human cancers is unclear.
While it was shown to enhance lymphatic node me
[39]
tastasis in tissue sarcomas , its expression was
significantly lower in the serum of metastatic patients
with differentiated thyroid sarcoma suggesting that
FIGF may prevent metastasis. Interestingly, MYC
caused the downregulation of FIGF in PICM-19-CSCs
(Table 4) indicating that, in liver stem cells, FIGF has
an anti-tumor function. Osteoglycin, a protein that
decreases gelatinase activity and suppresses lymphatic
[40]
metastasis , was also downregulated in PICM-19CSCs.
Collagens are structural components of the ECM
and are primarily synthesized by hepatic stellate cells
[41]
in the liver to induce fibrosis . A recent proteomic
study with platelet-derived growth factor C transgenic
and phosphatase and tensin homolog null mouse
models of liver fibrosis and its progression to HCC
demonstrated that the protein levels of collagens
COL6A2 and COL28A1 were downregulated in fibrosis,

Table 5 Genes expressed by both PICM-19 and PICM-19CSCs that were not affected by MYC overexpression
Gene ID
SSC-MIR-425
SNORD53

Function

Fold Δ

MicroRNA mir-425
Small nucleolar RNA,
C/D box 53
MicroRNA mir-378-1

Gene regulation
Gene regulation

7925.28
4969.50

Gene regulation

3962.64

Gene regulation

3761.27

Gene regulation

3400.56

Gene regulation

2814.68

Protein synthesis
Gene regulation
RNA interference
Gene regulation

2255.63
1730.53
1187.43
1127.81

Gene regulation

287.24

Gene regulation

255.25

Gene regulation

163.50

Protein transport

56.66

Cell cycle
Hypoxia

10.67
6.25

Cell cycle

5.56

Unknown

5.09

Cell proliferation

4.52

Autophagy
Cell proliferation

3.76
3.41

Metabolism
DNA binding

2.72
2.64

Histone modification
Glycogenolysis

2.58

Protein secretion

2.04

Protein transport

2.01

Cell signaling

2.01

SSCMIR-378-1
SSC-MIRMicroRNA mir-99a
99A
SSCMicroRNA mir-101-2
MIR-101-2
SSC-LETMicroRNA let-7f-2
7F-2
5s rRNA
5S ribosomal RNA
SSC-MIR-210
MicroRNA mir-210
U6
Small nucleolar RNA U6
SSC-MIRMicroRNA mir-196a-2
196A-2
SCARNA15
Small Cajal body-specific
RNA 15
SNORA72
Small nucleolar RNA,
H/ACA box 72
SCARNA11
Small Cajal body-specific
RNA 11
RAMP2
Receptor (G protein-coupled) activity modifying
protein 2
CCNI2
Cyclin Ⅰ family member 2
P4HTM
Prolyl 4-hydroxylase,
transmembrane
SPDYA
Speedy/RINGO cell cycle
regulator family member
A
PARK2
Parkin RBR E3 ubiquitin
ligase
GRPR
Gastrin-releasing peptide
receptor
ATG10
Autophagy related 10
PHYHIP
Phytanoyl-CoA hydroxylase interacting protein
DPEP1
Dipeptidase 1
DUROC-C2 Nuclear receptor corepressor 2
HIST1H2BH
Histone cluster 1, H2bh
PHKG1
TMEM79
APH1B
IRAK4

1

Gene abbreviation

Phosphorylase kinase,
gamma 1
Transmembrane protein
79
APH1B gamma secretase
subunit
Interleukin-1 receptorassociated kinase 4

2.52

1

Normalized to GAPDH expression.

MYC are those involved in metabolism, adhesion and
inflammation (Table 3). Integrin genes ITGA3 and
ITGB4, and plakoglobin JUP were upregulated in PICM19-CSCs. These three genes were recently found to be
responsible for metastasis seen in oral squamous cell
[29]
carcinoma . Their expression in CSCs is significant
because integrin adhesion receptors link the ECM to
actin cytoskeleton and transmit biochemical signals
[30]
across the plasma membrane . Binding of integrins

WJG|www.wjgnet.com

2020

February 21, 2015|Volume 21|Issue 7|

Aravalli RN et al . Transcriptome sequencing of liver stem cells
[52,53]

and COL5A3 was upregulated in fibrosis; whereas only
COL6A2, but not COL5A3 and COL28A1, was increased
[42]
in tumors generated in both mouse models . We found
that COL5A3, COL6A2, COL28A1 were significantly
downregulated in PICM-19-CSCs. Thus, in liver cells,
MYC may be involved in the regulation of COL5A3 and
COL28A1.
Among regulatory RNAs upregulated in PICM-19CSCs, miR-125b was recently shown as a negative
[43]
regulator of p53 . While the knockdown of miR-125b
elevated p53 levels and induced apoptosis in zebra
[43]
fish and human cells , its overexpression promoted
human glioma cell proliferation and inhibited apoptosis
[44]
by targeting the pro-apoptotic Bcl-2 modifying factor .
MiR-31 is an oncomir that is upregulated in PICM19-CSCs. In colorectal cancer cells, miR-31 activated
the rat sarcoma (RAS) pathway and inhibited the
function of the RAS p21 GTPase activating protein 1
(RASA1) in promoting tumorigenesis and cancer cell
[45]
growth . It was also shown to promote oncogenesis
in the cholangiocarcinoma HCCC-9810 cell line by
inhibiting RASA1, thereby downregulating the mitogen[46]
activated protein kinase signaling pathway . Based
on these findings, it appears that miR-31 may also be
inhibiting the RASA1 in liver cancers. Paradoxically,
miR-195, which was shown to suppress tumorigenicity
and cause cell cycle arrest by blocking the G1/S
transition via the repression of retinoblastoma-E2
transcription factor signaling through cyclin D1, CDK6,
[47]
and E2F3 in HCC cell lines , was upregulated in
PICM-19-CSCs.
High levels of miR-365 were found in PICM-19CSCs. The expression levels of miR-365 vary in diff
erent malignancies. It is was overexpressed in both
cells and clinical specimens of cutaneous squamous cell
[48]
carcinoma , where it was found to suppress to Mybl2
[49]
activity . siRNA silencing of Mybl2 in proliferating
Caco-2 cells increased the expression of the cell-cycle
regulators cdk2, cyclin D2, and c-MYC; and decreased
[50]
the expression of cdc25B and cyclin B2 . Thus, it is
possible that MYC protein suppresses the expression of
Mybl2 through the upregulation of miR-365, as seen in
the PICM-19-CSCs.
Another key and common feature of CSCs was
activation of NF-κB signaling, which is known to in
[10]
crease stress resistance and survival . PICM-19CSCs had a high level of NF-κB expression when
compared to PICM-19 cells. Similarly, the expression
of anti-apoptotic genes Bcl-xl and Mcl-1 were ele
vated in PICM-19-CSCs. Thus, the blocking of antiapoptotic effects of these proteins may be a viable
strategy to eliminate tumor cells. Sabutoclax, a paninhibitor of Bcl-2 family of protein that was shown
[51]
recently to target Mcl-1 , may be a suitable drug for
this purpose.
Selenium-binding protein (SELENBP1) is a tumor
suppressor and lower SELENBP1 levels are associated
with poor prognosis of liver, lung, colorectal and sto
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mach cancers
. Decreased SELENBP1 expression
has been associated with increased cell motility, pro
liferation and inhibition of apoptosis, and vascular
[53]
invasion in HCC . Its expression was suppressed in
PICM-19-CSCs suggesting that MYC regulates this gene
in the liver to promote cell proliferation and invasion. In
a recent proteomic study conducted with serum and
tumor tissue specimens of c-MYC transgenic mice, it was
shown that APOE, SELENBP1 and retinol binding protein
[54]
4 are differentially regulated . Our data support these
findings and confirms that MYC differentially regulates
the expression of these proteins in liver cells.
Previous studies have also identified MYC as a
downstream target of the Wnt signaling, a pathway
[55,56]
that is highly active in HCC
. Dysregulated Wnt
signaling occurs in 30% of HCCs. Also, deletion of
adenomatous polyposis coli (APC), a negative regulator
of Wnt, in the adult mouse liver, leads to an increase
[57]
in the nuclear β-catenin and MYC . Gene expression
array analysis of colorectal cancer cells has shown that
MYC is required for the majority of Wnt targeted gene
[58]
activation after the APC loss . In our study, we found
a high level of Wnt expression (Table 2) demonstrating
that the Wnt pathway was activated in PICM-19-CSCs.

Validation of MYC-regulated genes in PICM-19-CSCs

To further validate these RNA-seq data, four genes
that were upregulated, four genes downregulated,
and two genes that were silenced in PICM-19-CSCs,
when compared with PICM-19 cells (Tables 1, 3-4)
were selected for quantitative real-time PCR studies
on the basis of their roles in diverse cellular processes.
PCR was performed using porcine-specific primers
for CTSB, HIF-1A α-subunit, SERPINA3-2, ITGA3,
SELENBP1, RSPO2, FIGF, ANGPT1, CDO1 and DKK2
(Table 6). While two of them (HIF-1α and SELENBP1)
were suggested as biomarkers for HCC, others were
identified in studies with multiple human cancers.
As shown in Figure 3, induced expression of MYC
in PICM-19-CSCs resulted in the alteration of gene
expression for all ten genes studies. These findings
clearly illustrate differences in the expression of
these genes between PICM-19 stem cells and PICM19-CSCs.
Collectively, the vast repertoire of genes that
are either directly or indirectly induced by MYC pro
tein expression in PICM-19-CSCs underscores the
importance of its involvement in the induction of
diverse cellular pathways that ultimately may lead to
liver cancer.

DISCUSSION
CSCs have been identified in a number of cancers,
including HCC, as a unique population of cells that
possess self-renewing and tumor-initiating pro
[5,8]
perties . Mounting evidence strongly suggests that
[11,59]
CSCs are resistant to anti-cancer therapies
.
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Table 6 Procine-specific primers used in real-time polymerase chain reaction
Gene

Gene ID

GenBank#

CTSB

100370961

NM_001097458.1

HIF-1A a -subunit

396696

NM_001123124.1

SERPINA3-2

396686

NM_213787.1

ITGA3

100517053

XM_005668879.1

SELENBP1

100152724

XM_001929643.3

RSPO2

100154008

NM_001293141.1

FIGF

100155670

XM_001928382.3

397009

NM_213959.1

CDO1

100312964

NM_001167643.1

DKK2

100519672

XM_003129269.2

b -actin

45269029

AY550069.1

ANGPT1

Primer sequences

Therefore, targeting CSCs may be an effective
strategy to eliminate the drug resistant and meta
[60]
static tumor cells . Here, we have developed
CSCs that are capable of forming tumors in mice
by overexpressing human MYC in the liver stem cell
line, PICM-19. The involvement of MYC in murine
and human HCC malignant transformation has been
[2,4,7]
well documented
. Cellular targets of MYC include
genes from almost every biochemical and regulatory
pathway, including growth, metabolism, cell cycle
[26,61]
progression, differentiation and apoptosis
. Our
results provide a snapshot of differential gene ex
pression induced by the MYC protein in an in vitro
model of liver stem cells. PICM-19-CSCs were able
to form tumors in immunodeficient mice within three
weeks, demonstrating their elevated proliferation
and tumor-producing potential in vivo. Analysis of
gene expression profiles in PICM-19-CSCs has re
vealed novel “molecular signatures” that were either
up- or downregulated as a consequence of MYC over
expression. A number of genes were both up- and
downregulated by MYC overexpression in PICM-19
cells demonstrating their potential involvement in
MYC-induced tumorigenesis. We also found that MYC
expression silenced six genes completely (Table
1), suggesting that the inhibition of these genes is
potentially crucial for tumor induction by MYC. To
our knowledge, this is the first report to investigate
transcriptome profiles driven by a single oncogene
in liver stem cells, and cells of porcine origin, an
important animal for modeling human physiology and
disease.
The use of MYC to generate CSCs is highly relevant
to study HCC because MYC is a key component of
hepatocarcinogenesis. High-level expression of MYC
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F: AGCCTGGAACTTCTGGACAA
R: TTTGTAGGACGGGGTGTAGC
F: GCCAGAACCTCCTGTAACCA
R: CCTTTTCCTGCTCTGTTTGG
F: TGAAAGTTTCCCAGGTGGTC
R: CTAGGGCTTGGTGACTTTGC
F: CTTCAAACGGAACCAGAGGA
R: AGAAGCTTTGTAGCCGGTGA
F: GGTACCAGCCTCGACACAAT
R: GTTGTGCAGGAATCGGATCT
F: GTCCAGATGGTTTTGCACCT
R: CTCCTGGATTCAGCAATGGT
F: TCCCCAACCCTGTCATTTTA
R: TCCTTCTCCATTCCTTGGTG
F: GGGGGAGGTTGGACTGTAAT
R: TGTGAATAGGCTCGGTTTCC
F: TCTGAAGATGCTGCAAGGAA
R: CGTATCGAAGGGTGGACTGT
F: CTGGTACCCGCTGCAATAAT
R: GACAGGGATCTCCTTCATGC
F: GGACCTGACCGACTACCTCA
R: GGCAGCTCGTAGCTCTTCTC

Product size (bp)
190
204
200
203
203
202
202
203
208
198
180

was also shown to be essential for the proliferation
[62]
and survival of other CSCs, such as in glioma . In a
recent report, chemoresistant CSCs were isolated from
[63]
MYC-driven mouse liver tumors . Side-population (SP)
cells in these tumors expressed CD44, a marker of
hepatic progenitor cells, and displayed an upregulation
in the expression of multidrug resistance gene 1
(MDR1), which conferred resistance to doxorubicin,
[63]
paclitaxel and SN38 . We found that PICM-19CSCs had a significant upregulated expression of
MDR1 when compared to PICM-19 cells, suggesting
that MDR1 can be an effective therapeutic target
for MYC-driven liver cancers. Interestingly, CD44
expression was found only in PICM-19-CSCs but not
in PICM-19 cells, demonstrating that MYC regulates
CD44.
We discovered several notable similarities in
comparing our RNA-seq data with those recently
+
published from CD90 liver CSCs isolated from HCC
[64]
patients . Among these, upregulation of glypican
3 (GPC3), apolipoprotein E (APOE), Polo-like kinase
2 and peroxisome proliferator-activated receptor
γ, and downregulation of interleukins 8 and 12,
suppressor of cytokine signaling 3, and chemokine
ligands CXCL12 and CCL2 also occurred in PICM19-CSCs. Interestingly, neither PICM-19 nor PICM19-CSCs expressed the progenitor cell markers
CD90 and CD133. This observation suggests speciesspecific differences between cells of human and
porcine origin.
MYC also induced the expression of hepatic stem cell
marker EpCAM, a target of the Wnt/β-catenin signaling
pathway, in PICM-19-CSCs. EpCAM-expressing cells
in HCC tumor specimens were previously shown to
possess stem-like features and were able to initiate
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Figure 3 RNA sequencing of PICM-19 liver stem cells and PICM-19-CSCs. A: Quality of the RNA extracted from PICM-19 and PICM-19-CSCs was assessed
by electrophoresis (left panel) and by Nanodrop measurement to determine (RIN) for each cell type. RIN for PICM-19 and PICM-19-CSCs was 9.50 and 9.30,
respectively. After the completion of sequencing, data was analyzed with TopHat and Cufflinks (see Materials and Methods), differential gene expression was
calculated as fragments per kilobase of transcripts per million mapped reads (FPKM). Data thus obtained was plotted as a B: Density plot; C: Scatter Matrix plot; D:
Box plot. Differentially expressed genes for each cell type were shown as log10 fold change. log10 fold change of 2 or greater was considered significant. In total, 25096
genes were differentially expressed in both cell types, whereas PICM-19 and PICM-19-CSCs displayed unique expression of 6 and 237 genes, respectively.
[66]

[65]
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[67]

sarcoma and breast cancer .
By comparing global transcriptome sequencing
data between PICM-19 and PICM-19-CSCs, we have
confirmed the involvement of a number of MYC-regulated
genes involved in development (Sox2, Klf4, Nanog,
Oct4, Amd1, Med12), stemness and self-renewal (Wnt/
β-catenin), cell cycle (Cyclin D1, GPC3), metabolism
(APOA1, APOE), and markers of hepatic stem/progenitor

tumors within the liver . PICM-19 cells expressed
MYC, Oct4, Sox2, Klf4, and Nanog, which are factors
that are commonly used to generate induced pluripotent
stem cells. When MYC protein was overexpressed in
PICM-19 cells the expression of these proteins was
elevated, suggesting that such reprogramming factors
are critical for the proliferation of CSCs, and may play
a role in tumor-initiation, as shown recently in Ewing
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[82]

cells (EpCAM, KRT19). In fact, some of these were found
to be expressed by side-population (SP) cells isolated
[68]
from liver cancer cell lines . Their upregulation in
CSCs makes them potential candidates as therapeutic
targets in liver cancers where MYC is overexpressed.
In addition to these genes, PICM-19-CSCs also displayed
high levels of a novel protein Sal-like protein 2 (SALL2),
a member of the zinc finger transcription factor family.
Recently, a family member SALL4 was found to be
[69]
expressed in liver cancers , where it regulates the
+
[70]
stemness of EpCAM CSCs . While we did not detect
SALL4 in PICM-19-CSCs, the induction of SALL2 suggests
a certain degree of redundancy in the function of these
proteins.
Hypoxia plays an important role in the recurrence
of HCC, and HIF-1α is critical part of this process.
After insufficient radiofrequency ablation of HCC or
sustained treatment with sorafenib, tumor recurrence
[71,72]
occurs via signaling pathways involving HIF-1α
,
and the expression level of HIF-1α was recently shown
to correlate with unfavorable outcomes in patients with
[73]
HCC . We found that the expression of HIF-1α was
significantly upregulated in CSCs. Another protein
overexpressed in CSCs is cathepsin B (CTSB). Even
though the role of CTSB in HCC is unclear, it has been
shown to interact directly with the hepatitis B spliced
protein-encoded by the HBV in hepatoma cell lines
[74]
promoting tumor cell migration and invasion . The
alpha-1-antichymotrypsin 2 (SERPINA3-2) is a porcinespecific gene that is also significantly upregulated in
CSCs (Figure 4). It shares 71% identity with human
[75]
SERPINA3, a serine protease inhibitor . While its
involvement in HCC is unknown, it has been reported
recently that the expression of SEPRINA3 is elevated
[76]
in cholangiocarcinoma .
Epithelial-mesenchymal transition is a crucial
event in the tumor progression of HCC. It has been
reported recently that the expression of integrin α3
(ITGA3) is a molecular marker of cells undergoing EMT
[77]
and of cancer cells with aggressive phenotypes .
[77]
ITGA3 expression is upregulated in breast cancer ,
[78]
and colorectal cancer ; and ITGA3-knockout mice
were found to be considerably less susceptible to skin
[79]
carcinogenesis , suggesting that ITGA3 is a critical
gene in multiple cancers. While its involvement has
not been demonstrated in HCC, we observed that its
expression is enhanced in CSCs. This result indicated
that ITGA3 may play a role in MYC-induced liver
cancer.
The R-spondin proteins are secreted agonists of the
canonical Wnt/β-catenin signaling pathway. Although
they are unable to initiate Wnt signaling, they can
[80]
enhance responses to low-dose Wnt proteins . One
of these proteins, R-spondin 2 (RSPO2) possesses
tumor-suppressive activity and was recently shown
to inhibit tumor growth in colorectal cancer cells by
[81]
inhibiting Wnt signaling . Induction of Wnt signaling
and downregulation of RSPO2 was also observed
in human neurofibromas and malignant peripheral
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nerve sheath tumors . We found that RSPO2 was
downregulated in CSCs, suggesting that it might act as
a tumor suppressor in liver cells as well.
The expression of SELENBP1 is markedly reduced
in multiple tumor types. Downregulation of SELENBP1
correlated with increased DNA damage and oxidative
[83]
stress in tissue samples of patients with HCC . Recent
studies have shown that the reduced expression of
SELENBP1 correlated with poor survival in breast cancer
[84]
patients , and with the degree of colorectal cancer
[85]
differentiation , suggesting that its expression could
serve as a potential biomarker for these cancers.
We found down-regulation of SELENBP1 in CSCs,
demonstrating that that MYC-overexpression can result
in this effect.
Tumor metastasis is associated with accelerated
cell proliferation, dedifferentiation and loss of cellcell contacts. FIGF and ANGPT1, two genes involved
in angiogenesis, were found to be down-regulated in
[86]
[87]
canine mammary carcinoma , breast cancer , and
[88]
prostate cancer . In our studies, the expression of
both these genes was significantly lowered in CSCs,
suggesting that their reduced expression is a factor
in MYC-induced tumorigenesis in liver cells.
Aberrant DNA methylation was shown to play a
role in carcinogenesis and disease progression in many
[89]
cancers , and DNA methylation analysis of cancer
[90]
genes might reveal novel prognostic biomarkers .
Cysteine dioxygenase 1 (CDO1), a tumor suppressor, is
one such gene that is silenced by promoter methylation
[19]
in multiple human cancers . For instance, in lymph
node-positive breast cancer patients, promoter DNA
methylation of CDO1 causes its downregulation,
making it an ideal biomarker for disease outcome
[91]
prediction . A recent DNA methylation study on
human lung squamous cell carcinoma has also shown
that CDO1 is hypermethylated and downregulated in
[92]
lung cancer . Even though forced expression of CDO1
resulted in markedly decreased tumor cells growth in
[19]
human cancer cell lines and in mice , little is known
about its role in HCC. In our studies, we found that
CDO1 is silenced in CSCs, indicating that CDO1 may
play a role in MYC-induced carcinogenesis.
Among Wnt antagonists, the Dickkopf (DKK) family
of proteins act as tumor suppressors and are frequently
[93,94]
silenced in various cancers
. It has been previously
shown that DKK2 is epigenetically silenced in renal
cancer, where it inhibits tumor progression through
apoptotic and cell cycle pathways involving Bcl2 and
[20]
cyclin D1 . In our study, we found that the expression
of DKK2 is silenced in CSCs after MYC-overexpression
(Figure 4), suggesting that the inhibition of Wnt anta
gonist is a mechanism of carcinogenesis mediated by
the MYC protein.
Approximately, 70000 cancer deaths in the United
States each year are associated with changes in the
[61]
MYC gene or its expression . Despite enormous
progress achieved during the past several decades,
long-term patient survival remains very low. Advances
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Figure 4 Validation of RNA-seq data using real-time polymerase chain reaction. Expression of ten genes was tested by real-time polymerase chain reaction
using total RNA isolated from PICM-19 and PICM-19-CSCs (see Materials and Methods). Data are presented as mean values from three independent experiments
with a variance of < 10%.

in stem cell biology provide opportunities to develop
novel approaches to reduce morbidity and mortality
associated with liver cancer. Our study is an important
contribution to understanding the potential of CSCtargeted therapy for HCC. Novel genes identified in
our investigation may serve as promising candidates
to develop effective therapeutic options for HCC.
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Innovations and breakthroughs

This is the first study to demonstrate the regulation of global gene expression
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by a single oncoprotein (MYC) in porcine liver stem cells using a novel stem cell
line, PICM-19, that is capable of propagating in cell culture for a prolonged time
period without losing its phenotypic characteristics. By overexpressing the MYC
protein, these stem cells were converted into cancer cells. By using a cuttingedge deep sequencing technique (RNA-seq), the authors have identified six
genes (CDO1, C22orf39, DKK2, ENPEP, GPX6, SRPX2) that might be critical
in carcinogenesis induced by the MYC protein in PICM-19 cells.
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Applications
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Terminology

17

MYC-driven genes identified in this study may serve as promising candidates
for the development of HCC therapeutics without the deleterious effects on noncancerous stem cells and on other cells present in the liver.
CSC - cancer stem cells; RNA-seq - RNA sequencing.

Peer-review

In this study, the authors identify the overall genes expression in a liver stem
cell after induction by c-MYC plasmid transfection in generating hepatic
tumors. The authors used an immortal porcine liver stem cell line, PICM-19, to
identify MYC-driven differential gene expression. Transcriptome sequencing
was carried out by RNA sequencing and genes identified by this method were
validated using real-time PCR. MYC-driven genes identified in this study may
serve as promising candidates for the development of HCC therapeutics that
would not have deleterious effects on other cell types in the liver.
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Abstract
AIM: To investigate the effects of mesenchymal
stem cells (MSCs) on dextran sulfate sodium-induced
inflammatory bowel disease (IBD).
METHODS: C57BL/6 mice were fed 3.5% (g/L)
dextran sulfate sodium. On day seven, the mice
6
received intraperitoneal injections of 1 × 10 MSCs.
The survival rate, disease activity index values, and
body weight, were monitored daily. On day ten, colon
lengths and histopathologic changes were assessed.
In addition, immunoregulatory changes following MSC
administration were evaluated by determining the
levels of effector T cell responses in the spleen and
mesenteric lymph nodes, and the expression levels of
inflammatory cytokines in homogenized colons.
RESULTS: Intraperitoneal administration of MSCs did
not prevent development of colitis and did not reduce
the clinicopathologic severity of IBD. No significant
difference was evident in either survival rate or disease
activity index score between the control and MSCtreated group. Day ten-sacrificed mice exhibited no
significant difference in either colon length or histo
pathologic findings. Indeed, the MSC-treated group
exhibited elevated levels of interleukin (IL)-6 and
transforming growth factor-β, and a reduced level
of IL-10, in spleens, mesenteric lymph nodes, and
homogenized colons. The IL-17 level was lower in the
mesenteric lymph nodes of the MSC-treated group (P =
0.0126). In homogenized colons, the IL-17 and tumor
necrosis factor-α (P = 0.0092) expression levels were
also lower in the treated group.
CONCLUSION: MSC infusion provided no significant
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histopathologic or clinical improvement, thus repre
senting a limited therapeutic approach for IBD. Func
tional enhancement of MSCs is needed in further study.

vascular cell adhesion protein-1 antibodies.
Some clinical data on the use of MSCs to treat IBD
[13-20]
have appeared
. MSCs were infused intralesionally
or through a fistula, thus not systemically. The work
confirmed that MSCs improved fistular pathogenesis.
Recently, allogeneic MSCs have been used to treat
IBD; the cells were delivered via intralesional or
[15]
intrafistular injection. de la Portilla et al
considered
that local injection was preferable to systemic infusion
when IBD was to be treated.
As MSCs exhibit immunomodulatory effects, we
hypothesized that MSCs per se would exert thera
peutic effects in IBD models. Although MSCs are
used to treat autoimmune diseases such as graftversus-host disease (GvHD), rheumatoid arthritis
[21-26]
[27]
(RA)
, and possible rejection of skin allografts ;
any potential role for MSCs in IBD treatment remains
unclear. Thus, in the present study, we explored the
anti-inflammatory actions of mouse bone-marrowderived MSCs used to treat dextran sulfate sodium
(DSS)-induced IBD.

Key words: Crohn’s disease; Dextran sulfate sodium;
Inflammatory bowel disease; Mesenchymal stem cells;
Ulcerative colitis
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We evaluated the effects of mesenchymal
stem cells (MSCs) on inflammatory bowel disease
(IBD). Although MSCs are considered useful therapeutic
agents for treatment of IBD, their efficacy has not been
immunologically confirmed. We found that MSCs did
not exert significant effects and did not restore immune
balance or influence levels of interleukins 6 and 10.
Recent studies have shown that MSCs may be effective
upon local infusion, or in combination with other
agents. Therefore, new approaches toward regulation
of the immunoregulatory properties of MSCs are
required if such cells are to be used to alleviate IBD.

MATERIALS AND METHODS
Mice

Nam YS, Kim N, Im KI, Lim JY, Lee ES, Cho SG. Negative
impact of bone-marrow-derived mesenchymal stem cells on
dextran sulfate sodium-induced colitis. World J Gastroenterol
2015; 21(7): 2030-2039 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i7/2030.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i7.2030

INTRODUCTION
The inflammatory bowel diseases (IBDs) are princi
pally Crohn’s disease and ulcerative colitis. Although
the developmental mechanism remains poorly under
stood, IBD pathogenesis is characterized by the
development of an exaggerated immune response
to intestinal bacteria in genetically-susceptible indivi
[1,2]
duals
. The current therapies for IBD include
anti-tumor necrosis factor (TNF)-α and anti-inter
feron (IFN)-γ antibodies, and anti-α-integrin drugs.
Although symptoms are thus relieved, there is no
cure. Furthermore, relapse is always a risk. Thus,
it is essential to develop more effective therapeutic
approaches to treat IBD. Recently, the utility of
mesenchymal stem cells (MSCs) has been suggested,
because MSCs exert immunosuppressive effects and
[3-8]
aid in tissue repair .
Some preclinical studies explored the utility of
[9-12]
MSCs in treatment of IBD
. MSCs were injected
subcutaneously, intravenously, or intraperitoneally,
and attenuated IBD. However, the MSCs used had
been pretreated; the cells used included interleukin
(IL)-12p40-transduced MSCs, autoimmune regulator
knock-out MSCs, and MSCs coated with mucosal
vascular addressin cell adhesion molecule-1 and
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Eight-to-ten-week-old female C57BL/6 (B6, H-2k )
mice were purchased from OrientBio (Sungnam,
Korea) and were maintained under specific pathogenfree conditions in an animal facility in which the
humidity was controlled at 55% ± 5%, with a 12 h
light/dark cycle and a temperature of 22 ℃ ± 1 ℃.
The air in the facility was HEPA-filtered to exclude
bacteria and viruses. Mouse chow and tap water
were available ad libitum. All protocols used were
approved by the Animal Care and Use Committee of
the Catholic University of Korea.

Induction of DSS-induced colitis

IBD was induced by feeding mice 3.5% DSS (mole
cular weight 36-50 ku; MP Biomedicals LLC, Santa
Ana, CA, United States) dissolved in UV-sterilized
tap water, available ad libitum for seven days. On
day seven, all animals were returned to plain water.
Survival after DSS administration was monitored
daily, and disease activity index scores, which
evaluate weight loss, stool consistency, and rectal
bleeding, were assessed.

Isolation, culture, and administration of MSCs

Donor (C57BL/6, H-2kb) bone marrow cells were
collected by flushing mouse femurs and tibias with
Dulbecco’s modified Eagle’s medium (Gibco of
Thermo Fisher Scientific Inc., Waltham, MA, United
States) supplemented with 15% heat-inactivated
fetal bovine serum (Gibco). Suspended cells were
plated in 95-mm-diameter culture dishes in 1 mL of
7
complete medium, at a density of 2 × 10 cells/mL.
Cultures were incubated at 37 ℃ under 5% CO2 in
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a humidified chamber. After 3 h, nonadherent cells
were removed by changing the medium. Cells at
80% confluency were trypsinized by incubation
in 0.5 mL of 0.25% trypsin/1 mmol/L EDTA for 2
min at room temperature. Trypsin was neutralized
by addition of 1.5 mL of complete medium. Cells
were harvested and expanded in 75-T flasks;
cultures were maintained at 37 ℃ under 5% CO2
in a humidified chamber and subcultured before
confluence was attained. After ten passages, the
MSCs were surface-stained for c-kit, CD11b, CD34,
CD106, CD45, CD31, Sca-1, CD44, and CD29, and
were characterized by flow cytometry. Prior to surface
staining, the cells were Fc-blocked with 1 µg of mouse
5
spleen and mesenteric lymph nodes 1 × 10 cells
for 15 min at room temperature. After blocking, 1
µL amounts of antibody solutions were added and
incubation for 30 min at room temperature followed.
Unbound antibody was removed by washing the cells
in flow cytometry staining buffer. Mice were injected
6
intraperitoneally (ip) with 1 × 10 MSCs one week
after DSS induction. Control mice were injected (ip)
with equal volumes of PBS (Gibco) at the same time
points.

with protease inhibitors (Hoffman La-Roche, Basel,
Germany) and centrifuged at 11000 × g for 15
min. The resulting supernatants were collected and
subjected to sandwich ELISAs. Solutions of antimouse IFN-γ, IL-17, IL-6, IL-10, TNF-α, and TGF-β
(RD Systems, Minneapolis, MN, United States) were
added to wells of a 96-well plate (Nunc, Roskilde,
Denmark) and incubated overnight at 4 ℃. Wells
were blocked with blocking solution (PBS with 1%
bovine serum albumin and 0.05% Tween-20) for
2 h at room temperature. The test samples and
standard recombinant IFN-γ, IL-17, IL-6, IL-10,
TNF-α, and TGF-β (R and D Systems) were added to
separate wells of the 96-well plate and incubated at
room temperature for 2 h. The plate was washed,
biotinylated antibodies against IFN-γ, IL-17, IL-6,
IL-10, and TNF-α, and an anti-TGF-β polyclonal
antibody (RD Systems) were added, and reactions
allowed to proceed for 2 h at room temperature. The
plate was washed, a 2000-fold dilution of ExtrAvidinalkaline phosphatase (Sigma-Aldrich) was added, and
the reaction allowed to proceed for a further 2 h. The
plate was washed and 50-µL amounts of P-nitrophenyl
phosphate disodium salt (Pierce Chemical Company,
Rockford, IL) diluted to 1 mg/mL in diethanolamine
buffer were added to each well.

Flow cytometric analysis

Mononuclear cells were immunostained with various
combinations of the following fluorescent-labelconjugated antibodies: CD25-APC (eBioscience, San
Diego, CA, United States), CD4-Percp (eBioscience),
Foxp3-PE (eBioscience), IFN-γ-APC (eBioscience),
IL-4-PE (BD PharMingen of Becton, Dickinson and
Co., Franklin Lakes, NJ, United States), IL-17-FITC
(eBioscience), and IL-6-PE (BioLegend, San Diego,
CA, United States). Before staining for intracellular
cytokines, the cells were stimulated in culture
medium containing phorbol myristate acetate (25
ng/mL; Sigma-Aldrich, St. Louis, MO, United States),
ionomycin (250 ng/mL; Sigma-Aldrich), or monensin
(GolgiStop, 1 µL/mL; BD PharMingen) in an incubator
under 5% CO 2 at 37 ℃ for 4 h. An intracellular
staining kit (eBioscience) was used according to
the manufacturer’s protocol. Flow cytometry was
performed on a fluorescence-activated cell sorting
Calibur cytometer (BD PharMingen) running FlowJo
software (TreeStar, Ashland, OR, United States).

Statistical analysis

Data were analyzed by Student’s t-tests or analyses
of variance using GraphPad Prism software (version
5.01, GraphPad Software Inc., La Jolla, CA, United
States). Survival was compared between groups by
Kaplan-Meier analysis and using the log-rank test.
Data are presented as mean ± SD, and a P < 0.05
was considered as significant.

RESULTS
Phenotypes of culture-expanded MSCs

Whole bone marrow cells of C57BL/6 mice were
cultured, nonadherent cells removed, and spindlelike cells expanded. Culture-expanded MSCs showed
a typical fibroblast-like morphology under the micro
scope and were uniformly positive for Sca-1, CD44,
and CD29, but negative for c-kit, CD11b, CD31,
CD34, CD45, CD80, CD86, and CD106 (data not
shown).

Histopathologic evaluation

Clinical outcome of MSC therapy in the DSS-induced
IBD model

Mice were euthanized for blinded histopathologic
analysis of IBD target tissue (the large intestine).
Organs were harvested, cryo-embedded, and sec
tioned. The sections were fixed in 10% buffered
formalin (Sigma-Aldrich) and stained with hema
toxylin (Sigma-Aldrich) and eosin Y (1% solution;
Muto Pure Chemical Co., Ltd, Tokyo, Japan).

To explore the effects of MSCs on IBD, we gave single
ip injections of donor bone marrow-derived MSCs to
DSS-induced IBD mice. C57BL/6 mice were fed 3.5%
DSS ad libitum from day zero to day six. On day
6
seven, mice received ip injections of 1 × 10 MSCs.
The median survival times were ten days for the
control group and eleven days for the MSC-treated
group (Figure 1A). Also, the disease activity index
scores (Figure 1B) and body weight changes from

ELISAs

Colons were homogenized in buffer [50 mmol/L TrisHCL (pH 7.4), 250 mmol/L NaCl, 5 mmol/L EDTA]
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Figure 1 Survival and disease activity index scores. A: Survival after dextran sulfate sodium (DSS) administration (n = 8, all tests were performed in triplicate);
B: Disease activity index scores (which consider weight loss, stool consistency, and the extent of rectal bleeding) after DSS administration (n = 10, all tests were
performed in triplicate). MSC: Mesenchymal stem cells.

effects on T cells, we measured the levels of
proinflammatory cytokines and helper T cell cyto
kines, and that of regulatory T (Treg) cells, by flow
cytometry. The cytokine levels in the MSC-treated
group were similar to those in the control group
(Figure 4A). The median percentages of IFN-γ in
the control and MSC-treated groups were 1.10 and
1.02%, respectively. The median percentages of
IL-4, IL-17, IL-6, IL-10, and Treg cells in the control
group were 5.64%, 2.63%, 1.49%, 1.46%, and
22.20%, respectively, and 5.97%, 2.41%, 1.88%,
1.65%, and 21.30%, respectively, in the MSCtreated group. Figure 4B shows the percentages of
cytokines in mesenteric lymph nodes; the average
percentages of IFN-γ, IL-4, IL-6, IL-10, and Treg cells
in the control group were 2.24%, 4.02%, 2.19%,
0.89%, and 22.65%, respectively, and 2.53%,
6.11%, 2.82%, 1.57%, and 21.15%, respectively,
in the MSC-treated group. The mean percentage of
IL-17 was significantly higher in the control group
compared to the MSC-treated group (2.61% vs
1.92%, P = 0.0126). Although the level of IL-17
in mesenteric lymph nodes was slightly higher in
the MSC-treated group, the levels of most other
cytokines, including IFN-γ, IL-4, IL-6, and IL-10,
and Treg cells, did not differ significantly between the
groups. Interestingly, in the spleen, the percentage
of IL-6 was elevated and that of IL-10 reduced in the
MSC-treated group.

Colon length (cm)

8

6

4

2

0
Normal

Control

MSC

Figure 2 Colon lengths. Colon lengths (from the appendix to the anus) in
normal, control and mesenchymal stem cell (MSC)-treated groups (n = 2, all
tests were performed in triplicate).

day zero did not differ between the two groups.

Histopathologic changes following MSC therapy in the
DSS-induced IBD model

On day ten, large intestines (from the appendix
to the anus) were harvested and colon lengths
measured. Generally, shorter colon length correlates
with the severity of IBD pathogenesis, and the
median colon lengths were 3.8 cm in the control
group and 3.7 cm in the MSC-treated group (Figure
2). The median colon length in normal mice not fed
DSS was 6.4 cm.
Distal colons were harvested on day ten and
stained with hematoxylin and eosin. DSS-induced
IBD is characterized by goblet cell loss and inflam
matory cell infiltration. Unlike normal mice, the
control and MSC-treated groups exhibited epithelial
disruption, damage to the lamina muscularis mu
cosae, and submucosal edema (Figure 3).

Changes in the cytokine profile in homogenized colonic
tissue of DSS-treated mice after MSC therapy

Finally, we analyzed homogenized colon supernatants
via ELISA to explore the local immunoregulatory
effects of MSCs. Mouse colons were harvested on
day ten after DSS treatment, feces were removed
and the colons homogenized in a buffer containing
protease inhibitors. The levels of IFN-γ, IL-17, and
TGF-β were lower in the MSC-treated compared to
the control group (201.51, 6.99, and 246.21 pg/mL

Reciprocal regulation of IL-6 and IL-10 in spleens of
mice with DSS-colitis upon MSC therapy

To confirm that MSCs exerted immunoregulatory
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Figure 3 Histopathologic changes in the colon after mesenchymal stem cell infusion. Hematoxylin and eosin staining showed symptoms of colon damage in
control and mesenchymal stem cell (MSC)-treated groups, but not in the normal group.

vs 4010.58, 14.42, and 269.96 pg/mL, respectively),
and TNF-α levels were significantly lower (14.25
pg/mL vs 24.94 pg/mL, P = 0.0092) (Figure 5). The
level of IL-4 in the MSC-treated group was 34.15 pg/
mL and 22.18 pg/mL in the control group; the level
thus decreased upon MSC treatment. As also found
in the spleen, the level of IL-6 increased and that of
IL-10 decreased in the MSC-treated group. In the
control group, the level of IL-6 was 387.48 pg/mL
and that of IL-10 156.25 pg/mL. In the MSC-treated
group, the level of IL-6 was 546.71 pg/mL and that
of IL-10 35.89 pg/mL. Interestingly, the level of
IL-10 decreased by more than fourfold in the MSCtreated group.

were not helpful in IBD treatment; the cells were not
clinically efficacious. MSCs were unable to restore
the immune balance. Both our in vivo and ex vivo
data indicate that MSCs were not effective. Also, the
ex vivo data indicate that MSCs did not influence the
balance between IL-6 and IL-10 levels.
Although MSCs are known to possess immuno
modulatory properties, these have recently been
shown to not be constitutive, being rather highly
dependent on inflammatory conditions. “Licensing”
[33,34]
by acute inflammatory Th1-type cytokines
,
[35,36]
especially the proinflammatory cytokine IFN-γ
, is
[37]
required. Polchert et al
evaluated the roles played
by IFN-γ-activated MSCs, and the role of IFN-γ in such
activation. MSCs were activated in the presence of
IFN-γ. However, in a chronic inflammatory environ
ment, MSCs may aggravate inflammation. It is
thought that, in autoimmune environments such as
IBD, GvHD, and RA, MSCs secrete cytokines that
aggravate the Th17 condition. Examples of MSCs
aggravating, or having no effect on, autoimmune
[22,26,38,39]
diseases such as RA are extant
. Also, in a
previous study, we showed that MSCs were ineffec
tive for treating Th17-mediated collagen-induced
[25]
arthritis . Those data, and our present findings,
suggest that MSCs are unable to exert immunomo
dulatory functions when a Th17 response is in play.
Also, MSCs are known to produce IL-6 and TGF-β,
which play important roles in regulating the diffe
[22,40,41]
rentiation of naïve T cells into Th17 or Treg cells
.
MSCs produce TGF-β in the absence of stimulatory
cytokines; but synthesize high levels of IL-6 in
the presence of proinflammatory cytokines such

DISCUSSION
Currently, MSCs are used to treat chronic inflam
[28]
matory diseases, including GvHD, RA, and IBD .
However, no clear therapeutic effect of MSCs on IBD
has been shown. Considerable progress has been
made in understanding the mechanisms by which
MSCs exert immunomodulatory functions. MSCs exert
immunosuppressive and anti-inflammatory effects and
[29-31]
are considered to suppress T cell proliferation
.
MSCs suppress T cells in a manner independent of
[32]
variations in the major histocompatibility complex ,
and exert effects on lymphocytes involved in both the
innate and adaptive immune systems. Our goal was
to treat IBD with MSCs; we hypothesized that MSCs
would exert immunomodulatory effects that would
be of clinical value in improving the pathogenesis of
IBD. However, we found, for the first time, that MSCs
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as IFN-γ or TNF-α. Although TGF-β promotes the
differentiation of naïve T cells into anti-inflammatory
Treg cells, TGF-β and IL-6 (acting together) polarize
[42-44]
T cells into proinflammatory Th17 cells
. Several
studies, including our previous work, confirmed that
MSCs can promote the expansion of Th17 cells under
[25,45]
appropriate conditions
. In our present work, we
found that MSCs did not exert significant effects in a
DSS-induced IBD model. The high levels of IL-6 and
TGF-β developing in the colon after DSS induction
may have allowed the MSCs to induce Th17 cell
proliferation and expansion.
Some preclinical studies on the use of MSCs for
treatment of IBD have appeared (Table 1). However,

WJG|www.wjgnet.com

some authors did not use MSCs alone, rather sub
[11]
jecting the MSCs to IL-12p40 transduction , auto
[10]
immune regulator knockout , or coating with antibo
[9]
dies against MAdCAM-1 and VCAM-1 . Other authors
did use MSCs alone to treat IBD. However, although
one report claimed that multiple MSC infusion
improved the clinical symptoms of IBD, the levels of
[10]
only TNF-α and IL-1β were shown .
Some clinical studies have explored the effects
of adipose-derived stem cells (ASCs) and MSCs in
IBD patients (Table 2). ASCs and MSCs were used to
treat fistulas. In all studies, stem cells were injected
after tract curettage and closing. Although all studies
reported improvements in IBD symptoms, the basic
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Figure 5 Changes in cytokine levels in the colon. Mice colons were harvested and the levels of interferon (IFN)-γ, interleukin (IL)-4, IL-6, IL-10, IL-17, and TNF-α
were measured by ELISA (n = 2; all tests were performed in triplicate).

Table 1 Preclinical studies of mesenchymal stem cells therapy for inflammatory bowel disease
Ref.
Kim et al[11]

Model

Induction
method

MSC source

Dose

Injection
route

C57BL/6

2% DSS

Xenogeneic: Rat (SpragueDawley) BM
Syngeneic: Mouse (BALB/c) BM
Allogeneic: Mouse (Aire-/-) BM

1 × 105

sc

1 × 106
2.5 × 105

iv
iv

1 × 106

iv

2d

a: 1-50 × 105
hMSC, 1 × 106
mMSC
c: 1 × 106 hMSC

ip

a: 2 d
c: 7 d of
each cycle

He et al[10]
BALB/c
4% DSS
Parekkadan et al[12] C57BL/6 CD4+CD45RBhi
RAG-1-/5 × 105
iv injection
Ko et al[9]
C57BL/6
5% DSS
Gonzalez-Rey
et al[49]

C57BL/6

a: 5% DSS
c: 3% DSS

Allogeneic: Mouse (C57BL-10 ×
CBA/CA) BM
Xenogeneic: Human adipose
Syngeneic: Mouse (C57BL/6) BM
Allogeneic: Mouse (BALB/c) BM

Time

Characteristic

Outcome

0, 3, 6 d IL-12p40-transduced Positive
6, 9, 12 d
2, 5, 8 d
Multiple injection Positive
0, 3 wk
Aire-/- injection
Positive

MAdCAM-1Positive
VCAM-1-Ab-coated
hMSC
Positive

a: Acute; BM: Bone marrow; c: Chronic; DSS: Dextran sulfate sodium; hMSC: Human mesenchymal stem cells; MAdCAM-1: Mucosal addressin cell
adhesion molecule-1; mMSC: Mouse mesenchymal stem cells; MSC: Mesenchymal stem cells; VCAM-1: Vascular cell adhesion molecule-1.

[9,11,12]

pathogenesis of IBD was not affected.
Thus, MSC infusion alone may not be sufficient
to re-establish the immune balance in IBD patients.
MSCs may require other factors to exert polarized
immunomodulatory functions in an established chronic
[46]
inflammatory environment . Several studies have
shown that MSCs treated in various ways improved
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IBD pathogenesis
. In our earlier work, we found
that TGF-β-transduced MSCs improved collagen[25]
induced arthritis symptoms . Also, we evaluated
combinatorial cell therapy (MSCs and Treg cells) of skin
[27]
[47]
allografts
and GvHD , and explored whether such
[48]
therapy enhanced solid-organ transplant tolerance .
We also found that administration of MSCs with Treg
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Table 2 Clinical trials of adipose-derived stem cells and mesenchymal stem cells inflammatory bowel disease therapies
Ref.
de la Portilla et al[15]
Lee et al[20]
Cho et al[13]
Herreros et al[19]
Guadalajara et al[18]
Ciccocioppo et al[14]
Garcia-Olmo et al[17]
García-Olmo et al[16]

Disease

Phase

No. of patients

Stem cell source

Route

Outcome

Complex perianal fistula
Crohn’s fistula
Crohn’s fistula
Complex cryptoglandular
perianal fistula
Complex perianal fistula
Crohn’s fistula
Complex perianal fistula
Crohn’s fistula

Ⅰ/Ⅱ
Ⅱ
Ⅰ
Ⅲ

24
43
10
200

ASC; Allo-adipose
ASC; Allo-adipose
ASC; Allo-adipose
ASC; Allo-adipose

Intralesional
Intralesional
Intrafistula
Intrafistula

Improved
Improved
Improved
Improved

Ⅱ
Ⅰ/II
Ⅱ
Ⅰ

24
12
14
10

ASC; Allo-liposuction
MSC; Allo-BM
ASC; Auto-adipose
ASC; Allo-adipose

Intrafistula
Intrafistula
Intrafistula
Intrafistula

Improved
Improved
Improved
Improved

ASC: Adipose-derived stem cells; MSC: Mesenchymal stem cells.

cells, or IL-10-producing Tr1 cells, was an efficient
therapeutic approach in the DSS-induced IBD model;
the IL-10 level in the colon was reduced in MSCtreated groups. Therefore, MSCs in combination with
other factors, and/or multiple injections of MSCs, may
be effective for treatment of IBD. We suggest that
further studies are needed to explore the localization
and survival of MSCs administered by intraperitoneal
infusion in the murine IBD model.

2
3
4
5

COMMENTS
COMMENTS

6

Background

Inflammatory bowel disease (IBD) is an inflammatory autoimmune disorder of
the colon caused by colonic microbes, dietary habits, and/or genetic factors.
IBD is common in Western countries. IBD patients present with clinical
symptoms of diarrhea, and, histopathologically, immune cell infiltration of the
colon is evident. Complete recovery is rare; relapses are common. Recently,
mesenchymal stem cells (MSCs) have emerged as a new therapeutic approach
for autoimmune diseases accompanied by inflammatory changes.

7

Research frontiers

8

Innovations and breakthroughs

9

MSCs are under preclinical and clinical investigation as a new treatment for
autoimmune diseases.
IBD has been treated using MSCs combined with other interventions, such as
genetic modification of MSCs. In the present study, the authors report, for the
first time, that MSCs alone do not exert significant effects on IBD. MSCs were
unable to regulate the balance between interleukin (IL)-6 and IL-10 levels.

10

Applications

This study provides the first evidence that the use of MSCs alone to treat IBD
may be inadequate. If MSCs are to be used, their immunomodulatory function
must be improved by addition of other factors; for example Treg cells or IL-10producing Tr1 cells, and/or genetic modification.

11

Terminology

MSCs are self-renewing multipotent progenitor cells with the potential to
differentiate into many other cell types of mesodermal origin. Also, MSCs exert
immunosuppressive effects that do not depend on major histocompatibility
complex matching. Therefore, MSCs are used in therapeutic approaches for
inflammatory and autoimmune diseases.

12

Peer-review

13

This is a good study. The authors document the poor efficacy of MSCs used to
treat autoimmune diseases, employing a dextran sulfate sodium-induced IBD
model. The results are interesting in that MSCs did not exhibit the expected
immunomodulatory functions in a chronic inflammatory environment.

14
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Abstract
AIM: To investigate the role of IKBKAP (inhibitor of kappa
light polypeptide gene enhancer in B-cells, kinase complexassociated protein) in the development of enteric nervous
system (ENS) and Hirschsprung disease (HSCR).
METHODS: In this study, we injected a morpholino
that blocked the translation of ikbkap protein to 1-cell
stage zebrafish embryos. The phenotype in the ENS
was analysed by antibody staining of the pan-neuronal
marker HuC/D followed by enteric neuron counting.
The mean numbers of enteric neurons were compared
between the morphant and the control. We also studied
the expressions of ret and phox2bb , which are involved
in ENS development, in the ikbkap morpholino injected
embryos by quantitative reverse transcriptase polymerase
chain reaction and compared them with the control.
RESULTS: We observed aganglionosis (χ 2, P < 0.01)
and a reduced number of enteric neurons (38.8 ± 9.9 vs
50.2 ± 17.3, P < 0.05) in the zebrafish embryos injected
with ikbkap translation-blocking morpholino (morphant)
when compared with the control embryos. Specificity of
the morpholino was confirmed by similar results obtained
using a second non-overlapping morpholino that blocked
the translation of ikbkap. We further studied the morphant
by analysing the expression levels of genes involved in
ENS development such as ret , phox2bb and sox10 , and
found that phox2bb , the ortholog of human PHOX2B , was
significantly down-regulated (0.51 ± 0.15 vs 1.00 ± 0,
P < 0.05). Although we also observed a reduction in the
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expression of ret , the difference was not significant.

families and higher frequency in Asian populations (28
per 100000 live births). Coding sequence mutations
of RET, which encodes a receptor tyrosine kinase,
account for up to 50% of the familial and between
7% and 35% of the sporadic HSCR cases. RET is
important for ENS development, as mice without Ret
exhibit an HSCR-like phenotype. Mutations in other
genes that are important for ENS development, such
as endothelin receptor B, transcription factors SRY-box
10 (SOX10) and paired-like homeobox 2b (PHOX2B),
are subsequently found to cause HSCR. However,
all these known HSCR-causing mutations together
only explain a fraction of all HSCR cases, suggesting
[2]
unknown mutations are yet to be discovered . To
uncover new HSCR-susceptibility loci, we fine map
[3]
ped the chromosomal region 9q31 , which was
previously shown to segregate in families bearing
[4]
either hypomorphic or non-coding RET mutations .
We narrowed this region down to the gene IKBKAP
(inhibitor of kappa light polypeptide gene enhancer
in B-cells, kinase complex-associated protein) and
confirmed the association of this gene to Chinese
[3]
HSCR patients .
IKBKAP encodes the protein IkappaB kinase
complex associated protein, also known as elongator
complex protein 1 (ELP1). It is a scaffold protein
that forms the elongator complex with ELP2, 3, 4,
5 and 6. Previous studies on IKBKAP and the elon
gator complex suggested they performed diverse
functions. The elongator complex was found to be
associated with RNA polymerase Ⅱ to regulate
[5]
transcription . In addition, IKBKAP has also been
[6]
suggested to be responsible for DNA demethylation ,
[7]
[8]
[9]
JNK activation , exocytosis , tRNA modification ,
[10,11]
[12,13]
, actin organisation
,
α-tubulin acetylation
[14]
[15]
and cell migration
and survival . Knocking down
IKBKAP in vitro in human neuroblastoma cells resulted
[16]
in the down regulation of RET , suggesting IKBKAP
might regulate RET expression and ENS development.
Mutations in human IKBKAP lead to familial dysau
tonomia (FD, MIM223900), a neuropathy of the
autonomic nervous system characterised by abnormal
or incomplete neuronal development and progressive
[17]
neuronal degeneration , with more than 60% of
patients also being affected with gastrointestinal
[18]
dysfunction . Interestingly, FD patients were shown
to have reduced ganglia and neurons density in the
[19]
ENS and a co-occurrence of HSCR and FD has been
[20]
reported . These findings suggested that HSCR
and FD might share a common etiology. A number of
murine models were established to study the function
[21-26]
of IKBKAP in development
. However, these
studies primarily focused on analysing FD-related
phenotypes in the central nervous system, dorsal root
ganglia, behavioural changes, etc., without thoroughly
investigating the ENS. No prior study exists on the
role of IKBKAP in the development of ENS and the
pathogenesis of HSCR.
Prompted by the above information, we set out

CONCLUSION: Loss of IKBKAP contributed to HSCR
as demonstrated by functional analysis in zebrafish
embryos.
Key words: Hirschsprung disease; Enteric nervous
system; IKBKAP ; Zebrafish; Morpholinos
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: To investigate the functional role of IKBKAP
in enteric nervous system (ENS) development, we
knocked down the zebrafish ortholog ikbkap using
a translation blocking antisense morpholino. Loss of
ikbkap caused aganglionosis and a reduced number of
enteric neurons, indicating that IKBKAP is important for
proper ENS development.
Cheng WWC, Tang CSM, Gui HS, So MT, Lui VCH, Tam
PKH, Garcia-Barcelo MM. Depletion of the IKBKAP ortholog
in zebrafish leads to hirschsprung disease-like phenotype. World
J Gastroenterol 2015; 21(7): 2040-2046 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i7/2040.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i7.2040

INTRODUCTION
The enteric nervous system (ENS) is an intrinsic,
autonomic nervous system in the intestine of verte
brates and is responsible for regulating peristalsis,
transmucosal movement of fluids and local blood flow.
Neurons and glia in the ENS are organised into ganglions,
which form the myenteric (between the intestinal
longitudinal and circular muscles) and the submucosal
(underneath the submucosal) plexuses. Enteric neurons
and glia are originated from vagal neural crest cells (NCCs)
during embryonic development. Vagal NCCs migrate
from the dorsal neural tube and colonise the intestine,
[1]
and differentiate into mature enteric neurons and glia .
In humans, defective ENS development results in
hirschsprung disease (HSCR, MIM142623).
HSCR is a congenital neuropathy, characterised by
the absence of enteric ganglion (aganglionosis) and
impaired peristaltic movement along variable lengths
of distal intestine. HSCR patients develop constipation,
diarrhoea, vomiting and sometimes life-threatening
colon complications such as enterocolitis. Currently
the treatment of HSCR is by surgery in which the
aganglionic, non-functioning distal intestine is resected
and the normal proximal intestine is reconnected to the
anus. HSCR is a complex multifactorial disease, which
most commonly presents sporadically (80%-95%)
although it can be familial (5%-20%). It displays high
heritability, large sex bias (male to female 4:1), high
sibling recurrence risk, non-Mendelian inheritance in
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to investigate whether IKBKAP plays a role in ENS
development. Thus in this study, we knocked down ikbkap
in zebrafish embryos using antisense morpholino. We
found that ikbkap knock down resulted in aganglionosis
and a reduced neuron number in the ENS of zebrafish
embryos, and reduced expression of phox2bb (ortholog
of human PHOX2B).

Biosystems) and the products were resolved in
0.8% agarose gel. The following primer pairs were
used: ret: 5’-GTCCTGTTACTGGGCGGTTA-3’,
5’-GTGGCTCATCCGTTTTCAGT-3’; phox2bb: 5’-AGG
AGCTCGCGCTTAAGATT3’, 5’-TTGCCTCTTTGCTGTCC
TCT-3’; sox10: 5’-CAGCCAATCGCATTACAAGA-3’,
5’-GGTGGGAGATACTGGTCGAA-3’; elfa1: 5’-CTTCT
CAGGCTGACTGTGC-3’, 5’-CCGCTAGCATTACCCTCC-3’.
Quantitative polymerase chain reaction (q-PCR) was
[31]
®
conducted as described previously
using TaqMan
Gene Expression Assays (Applied Biosystems) for
ret (Dr03119148_g1), phox2bb (Dr03423610_g1)
and beta-actin (Dr03432610_m1). Relative gene
[32]
expression was determined by the Livak method .

MATERIALS AND METHODS
Animals

Wild-type adult zebrafish (Danio rerio) were purchased
from local aquariums and embryos were obtained from
natural spawning. The maintenance of the zebrafish
and the culture of the embryos were carried out as
[27]
described previously . Embryos were staged by
hours post-fertilisation or days post-fertilisation (dpf)
[28]
at 28.5  ℃ .

RESULTS
Loss of ikbkap resulted in aganglionosis and a reduced
number of enteric neurons

Morpholino microinjection

We injected an antisense morpholino that blocked
the translation of ikbkap protein into 1 to 4-cell stage
zebrafish embryos to study the effect of ikbkap lossof-function in ENS development. The morpholino
successfully blocked the translation of ikbkap pro
tein, as shown in the ikbkap antibody staining of 3
dpf embryos (Figure 1). In the control morpholino
injected embryo (control), ikbkap was expressed in
the intestinal epithelium and surrounding tissues
while the expression was absent in the ikbkap
morpholino injected embryos (morphants). At 5 dpf,
HuC/D positive enteric neurons were found along
the entire intestine as shown in the control (Figure
2A). Aganglionosis in the distal intestine (Figure 2B)
was observed in 6.4% (7 in 110, Figure 2D) of the
morphants that mimicked HSCR in humans. For the
rest of the morphants, the number of enteric neurons
seemed to be reduced (Figure 2C) and this was
confirmed by enteric neuron counting at the 30 μmlength region in distal-most intestine (Figure 2E). On
average the morphants had fewer enteric neurons at
the distal intestine than the control and the difference
was statistically significant (P < 0.05). The experiment
was repeated with a second non-overlapping
morpholino blocking ikbkap translation and similar
results were observed (data not shown).

Two antisense morpholinos (Gene Tools LLC) spe
cifically blocking ikbkap translation (5’- TCAGCAG
ACTGAGGTTTCTCATTGT-3’, 5’- GGTTTATGTTTTCCT
CAAGATGAGA-3’) and the standard control morpholino
(5’-CCTCTTACCTCAG TTACAATTTATA -3’) were used
in the study. The preparation of the morpholinos and
the procedure for zebrafish microinjection were carried
[29]
out as described previously . Morpholino injected
embryos were cultured at 28.5  ℃ to later stages for
analysis.

Immunohistochemistry and neuron counting

Morpholino injected embryos were cultured to 5 dpf
and immunohistochemistry of the neuronal marker
[30]
HuC/D was conducted as described . The following
antibodies and dilutions were used: anti-HuC/D
(16A11, Molecular Probes A-21271) 1 in 1000, antiIKBKAP (Santa Cruz sc-8336) 1 in 200, and goatanti-mouse HRP-conjugated secondary antibody
(Abcam ab6789) 1 in 1000. DAB+ (Dako K346811)
was used for signal development. Images were
taken by a standard upright microscope. For neuron
counting, HuC/D positive cells in the 30 μm length
of distal-most intestine were counted. Results were
2
analysed by the χ test or the Student’s t test.

Real-time-polymerase chain reaction and quantitative
polymerase chain reaction

Loss of ikbkap down regulated phox2bb expression

It was reported that knocking down IKBKAP in
human neuroblastoma cells resulted in reduced
[16]
RET expression . We speculated that a similar
phenomenon would happen in our embryos injected
with ikbkap morpholino, which could account for the
reduced enteric neuron number and aganglionosis
observed. To test this hypotheses we extracted total
RNA from ikbkap morphants and control embryos
and checked the expression of ret, phox2bb and
sox10 by qualitative RT-PCR. Expression of phox2bb
was markedly reduced, while there was a marginal

Morpholino-injected embryos were cultured to 1
dpf. 30 embryos from each treatment were pooled,
dechorionated, and homogenised, and RNA was
®
extracted by TRIzol Reagent (Life Technologies
15596-026) according to the manufacturer’s proto
col. 1 μg of RNA was used for cDNA synthesis
by the Reverse Transcription System (Promega
A3500) using oligo-dT primer. For qualitative realtime-polymerase chain reaction (RT-PCR), standard
®
PCR was performed using AmpliTaq Gold (Applied
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A

B

Figure 1 Ikbkap depletion by morpholino. A: In 3 dpf control embryo ikbkap protein was detected by antibody staining (reddish-brown, × 400); B: 3 dpf ikbkap
morphant embryo. The level of ikbkap was greatly reduced (magnification × 400).
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B
*

C

Control morpholino
ikbkap morpholino

Total number of
embryos

Number of embryos
with aganglionosis

46
110

1
7

E
70
Mean number of enteric neurons

D

60
50
40
30
20
10
0

Control
morpholino

ikbkap
morpholino

Figure 2 Loss of ikbkap resulted in Hirschsprung disease-like phenotype. A: Control embryo showed normal enteric nervous system (ENS) development
with enteric neurons present along the whole intestine (reddish-brown); B: Morphant displayed complete absence of enteric neuron in distal intestine (asterisk); C:
Morphant showed milder phenotype of reduced number of enteric neurons. Magnification × 200 and × 400; D: Summary of aganglionosis observed in morphants (n
= 110) and control (n = 46). The difference was statistically significant (P < 0.01) by χ 2 test; E: Summary on the number of enteric neurons in morphants (n = 17) and
control (n = 17). The difference was statistically significant (38.8 ± 9.9 vs 50.2 ± 17.3, P < 0.05) by Student’s t test.

down regulation of ret with sox10 expression una
ffected (Figure 3A). We verified the results by q-PCR
(Figure 3B). Expression of phox2bb was significantly
reduced (P < 0.05). Although an apparent reduction
in the level of ret transcript was observed, the
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difference was not statistically significant.

DISCUSSION
The association of IKBKAP to Chinese HSCR patients
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elfa

Control morpholino

1.0

ikbkap morpholino

0.8
0.6
0.4
0.2
0.0

ret

phox2bb

Figure 3 Loss of ikbkap caused phox2bb down-regulation. A: Qualitative real-time polymerase chain reaction for the expressions ret, phox2bb and sox10. elfa
served as internal control; B: Quantitative-polymerase chain reaction for ret and phox2bb. Down-regulation of phox2bb was statistically significant (0.51 ± 0.15 vs 1.00
± 0, P < 0.05) by Student’s t test.

led to the hypothesis that IKBKAP could contribute to
the pathogenesis of HSCR. As shown in the current
study, knocking down ikbkap in zebrafish embryos
resulted in aganglionosis and a reduced number of
enteric neurons, a phenocopy of HSCR in humans.
This result indicated that ikbkap is involved in ENS
development, and the disruption of ikbkap function
results in an HSCR-like phenotype in zebrafish.
The ikbkap morphants showed a down regulation
of phox2bb, the ortholog of human PHOX2B. PHOX2B
is expressed in NCCs that eventually give rise to
[33]
mature enteric neurons and glia . It has also been
shown that PHOX2B together with SOX10 and NKX2-1
[34]
regulate RET expression . Together these pieces
of evidence suggest PHOX2B is essential for proper
ENS development. Indeed, Phox2b knockout mice
or zebrafish display a phenotype reminiscent of that
[33,35]
seen in human HSCR patients
. In humans, PHOX2B
mutations are responsible for several neurocristopathies,
including neuroblastoma and congenital central hypo
ventilation syndrome, both of which can have HSCR
[36-38]
as part of their phenotypic spectrum
. The finding
of phox2bb down-regulation in our study suggests
that ikbkap was acting upstream of phox2bb. What
remains unclear is the mechanism by which ikbkap
regulates phox2bb expression. ikbkap protein is one
of the subunits in the highly-conserved elongator
complex that is associated with RNA polymerase
type Ⅱ. The elongator complex is made up of six
subunits, and ikbkap acts as a scaffolding protein
[39]
that holds the complex in its proper configuration .
Knocking down ikbkap might disrupt the integrity of
the complex and hence the elongation of the target
transcripts including phox2bb, thereby reducing
their expressions. In addition, increasing evidence
shows that the elongator complex is also involved in
regulating t-RNA modification and translational control,
independently of the proposed regulatory function on
transcript elongation. Inactivation of the elongator
complex resulted in defective t-RNA modification
[9,40]
and reduced expression of target proteins
. It is
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therefore plausible that depletion of ikbkap disturbs
the translation of target proteins that are involved
in regulating phox2bb transcription. Lastly, a report
demonstrated that the elongator complex is responsible
[6]
for genome demethylation during embryogenesis . As
DNA demethylation is an important epigenetic control to
activate gene transcriptions, failure in the process due
to the loss of ikbkap might cause the phox2bb locus to
remain methylated and hence reduce its expression.
Further research is required to delineate the molecular
connection between ikbkap and phox2bb.
It was reported that knocking down IKBKAP in
human neuroblastoma cell line SHSY5Y by shRNA
caused a significant reduction in the expression of
[16]
RET . In our study we have partially replicated that
result. The level of ret transcript is apparently reduced
in the ikbkap morphant, by both qualitative RT-PCR
and q-PCR. However, the reduction is not statistically
significant. A hypothesis to explain this difference would
be that in the in vivo zebrafish model, a feedback
mechanism attenuated the effect of ikbkap knock down
on ret expression, while such a mechanism might not
exist in the in vitro cell line model. We also noted that in
the same study, the authors did not report any change
in the expression of PHOX2B. This discrepancy has two
possible explanations. First, unlike wild type zebrafish,
SHSY5Y bore a 20-nt deletion mutation in the exon3
[41]
of PHOX2B . This mutated PHOX2B might be more
resistant to the effect induced by the loss of IKBKAP
and hence its expression would not be altered. Second,
as a cell line derived from human neuroblastoma, there
might be other genetic changes such as mutations and
chromosome rearrangements in the genome that could
counteract the knock down of IKBKAP.
In conclusion, our functional analysis in zebrafish
embryos confirmed the role of IKBKAP in ENS deve
lopment.
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Abstract
AIM: To investigate the possible mechanism of how
glucose promotes invasion and metastasis of colon
cancer cells.
METHODS: CT-26 rat colorectal cancer cells were cultured
in different concentrations of glucose environments (10,
20, and 30 mmol/L). Wound healing assay and transwell
chamber invasion assay were utilized to test the migration
and invasion, respectively. In order to understand the
role of signal transducer and activator of transcription 3
(STAT3) in the process, STAT3 inhibitors, including Stattic
(an STAT3 specific inhibitor) and small interfering RNA
targeting STAT3, were used to block STAT3 function to
evaluate their impact on CT-26 cell motion. To verify
whether STAT3 and matrix metalloproteinase-9 (MMP-9)
protein expression is associated with glucose-induced
cell movement, Western blot was used to compare the
differences in the expression of MMP-9 and STAT3 in
cells incubated with and without STAT3 inhibitors in high
glucose condition.
RESULTS: In both wound healing and invasion assays,
the migration and invasion of CT-26 cells increased
gradually with the increase in glucose concentration.
However, the glucose-induced migration and invasion
were obviously inhibited by STAT3 inhibitors (P < 0.05).
Similarly, in Western blot assessment, both MMP-9
and STAT3 expression increased under a high glucose
environment and the highest expression was achieved
when 30 mmol/L glucose was used. However, in cells
treated with 30 mmol/L mannitol, either MMP-9 or STAT3
expression did not increase (P > 0.05). When STAT3
inhibitors were added in the 30 mM glucose group,
not only STAT3 but also MMP-9 expression decreased
significantly (P < 0.05).
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[7]

CONCLUSION: Our study provides evidence that glucose
can promote both migration and invasion of CT-26 cells,
and that the STAT3-induced MMP-9 signal pathway is
involved in this process.

cancer .
Janus kinase-signal transducer and activator of
transcription (JAK-STAT) is a signaling pathway that receives
extracellular signals and transfers the message directly
in the nucleus of the target gene without going through
[8]
a second messenger . JAK-STAT is involved primarily
[9]
in immune regulation, cell growth, and differentiation .
There are several different types of STAT, and STAT3 is
involved in the early embryonic development of animal
cells, inflammation, and growth regulation, among other
[10]
functions . In colorectal cancer, the activation of STAT3
is associated with the increased incidence of lymph
node involvement, distant organ metastasis, and poor
[11,12]
survival
.
Many epidemiological studies have also pointed out
that patients with diabetes, regardless of gender, have a
[13,14]
higher risk of colorectal cancer
. At the same time,
patients with colorectal cancer with comorbid diabetes
[15,16]
have poor outcomes
. It is still unclear whether the
high blood sugar in patients with diabetes promotes
the invasion of colorectal cancer cells and the detailed
mechanism of this process is not well elucidated. The
association of glucose with cancer cell migration has been
investigated in some cancers. An in vitro breast cancer
study pointed that high glucose can increase breast
cancer MCF-7 cell motility via zinc and its associated
[17]
transporters ; another study using pancreatic cancer
cells has also found that glucose stimulates glucose
metabolism and promotes cell migration via hypoxia[18]
inducible factor-1α . Therefore, the high glucose in
diabetic patients may be one of possible factors to
promote cancer cell movement. Here, we explored
whether a high glucose environment increases the
migration and invasion of colon cancer cells and the
possible role of STAT3 and MMP-9 in the process.

Key words: Colorectal cancer; Glucose; Signal transducer
and activator of transcription 3; Matrix metalloproteinase-9;
Metastasis
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: It has been known from several epidemiological
reports that colorectal cancer patients with comorbid
diabetes have poor outcomes. The high glucose status
in diabetes patients may play an important role in this
process, but the possible mechanism is unclear. Our study
reveals that glucose can promote colorectal cell migration
and invasion, and the signal transducer and activator
of transcription 3 induced matrix metalloproteinase-9
expression is involved in this process.
Lin CY, Lee CH, Huang CC, Lee ST, Guo HR, Su SB. Impact
of high glucose on metastasis of colon cancer cells. World J
Gastroenterol 2015; 21(7): 2047-2057 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i7/2047.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i7.2047

INTRODUCTION
Colorectal cancer is the third most common cancer in
[1]
both sexes worldwide . The prognosis of colorectal
cancer is related to its clinical stage. According to the
American Joint Committee on Cancer staging system,
the five-year survival rate is less than 60% in patients
with colorectal cancer with lymph node metastasis (stage
Ⅲ) , and less than 10% in those with distal metastasis
[2]
(stage Ⅳ) . Therefore, understanding and avoiding
the metastasis of colorectal cancer cells is important for
prolonging patient survival.
Metastasis is a complex multistep process. The
malignant cells must separate from the original cell
clump, pass through the tightly bound extracellular matrix
[3]
(ECM) barrier, and then migrate to distant organs .
One critical step in the process is that malignant cells
dissolve basement membranes and ECM. The matrix
metalloproteinases (MMPs), a large multigene family of
zinc-dependent endopeptidases, have been thought to
[4]
mediate and control the process . MMP-9 is known as
an important enzyme that degrades ECM and mediates
[5]
angiogenesis in tumor cells . The concentration of
MMP-9 in patients with colorectal cancer is positively
correlated with the depth of intestinal invasion, lymph
[6]
node metastasis, and distant metastasis . Therefore,
MMP-9 is considered an important factor associated with
tumor invasion and metastasis in colorectal cancer, and
can serve as a potential prognostic factor for colorectal
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MATERIALS AND METHODS
Reagents

STAT3 specific inhibitor (Stattic) was purchased from
Abcam (Cambridge, MA, United States); small interfering
RNA (siRNA) (siGENOME SMARTpool) for SATA3 from
Thermo Fisher Scientific (Waltham, MA, United States);
siRNA transfection reagent (TransIT-TKO) from Mirus Bio
(Pittsburgh, PA, United States); and antibodies against
STAT3, MMP-9, and actin from Millipore (Millicell; Bedford,
MA, United States).

Cell cultures

The rat colon cancer cell line CT-26 was bought from
the Culture Collection and Research Center of the Food
Industry Institute (Hsinchu City, Taiwan) and maintained
in RPMI-1640 (Hyclone, Logan, UT, United States)
supplemented with 10% (v/v) fetal bovine serum (FBS),
100 IU/ml penicillin and 100 μg/ml streptomycin,
sodium pyruvate (0.11 mg/ml), and 1% (v/v) nonessential amino acids at 37 ℃ in a 5% CO2-95% air
atmosphere with high humidity.
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Western blot

of the non-invaded cells were removed; the invaded cells
were fixed with 4% paraformaldehyde and stained with
hematoxylin. Images were collected using a fluorescence
microscope (IX70; Olympus America, Center Valley, PA,
United States) fitted with a camera and MagnaFire 2.1
software (both from Olympus America). Six fields were
counted for each assay.

Proteins were extracted from tissue homogenates and
cell lysates using an ice-cold radioimmunoprecipitation
assay buffer supplemented with phosphatase and protease
inhibitors (50 mmol/L sodium vanadate, 0.5 mmol/L
phenylmethylsulphonyl fluoride, 2 mg/mL aprotinin, and
0.5 mg/mL leupeptin). Protein concentrations were
determined using a Bio-Rad protein assay (Bio-Rad
Hercules, CA, United States). Total proteins (30 μg) were
separated using SDS-PAGE (sodium dodecyl sulfate
polyacrylamide gel electrophoresis) (10% acrylamide
gel) (Mini-Protein Ⅱ system; Bio-Rad, Richmond, CA).
Proteins were transferred to expanded polyvinylidene
difluoride membranes (PerkinElmer, Waltham, MA,
United States) using a Western blotting system (TransBlot Turbo Transfer System; Bio-Rad). After the transfer,
the membranes were washed with phosphate buffer
saline and blocked for 1 h at room temperature with
5% (w/v) skimmed milk powder in PBS. Blots were
incubated overnight at 4 ℃ for the primary antibody
reactions to bind the target proteins: nuclear STAT3,
cytoplasmic STAT3, and MMP-9. The blots were incu
bated with goat polyclonal antibody (1:1000) to bind
actin, which was the internal control. After the primary
antibody had been removed, the blots were extensively
washed with PBS/Tween 20 and then incubated for 2 h
at room temperature with the appropriate peroxidaseconjugated secondary antibody diluted in PBS/Tween
20. The blots were developed using autoradiography
with an enhanced chemiluminescence Western blotting
system (Amersham International, Buckinghamshire,
United Kingdom). The immune blots were quantified
using a laser densitometer (Avegene Life Science,
Taipei, Taiwan).

Wound healing assay

To study the wound-fill rate in vitro, we used an in vitro
wound-healing model, which has been well-described
[21-23]
and successfully used by other investigators
. Briefly,
CT-26 cells were grown until confluence and 3-mm-wide
wounds in the cell monolayers were created using a sterile
instrument in a standardized manner. The wounded cell
monolayers were grown in various concentrations of
glucose (10, 20 and 30 mmol/L) for 24 h. The gaps in the
monolayers were documented using inverse microscopy
(IX70) and digital photography. The widths of the gaps
were then measured and analyzed using MagnaFire 2.1.

Statistical analysis

Data are expressed as mean ± SE. Repeated measures
analysis of variance was used to analyze the changes in
gene and protein expression as well as other parameters.
Significance was set at P < 0.05.

RESULTS
Effect of glucose on the migration of CT-26 cells (wound
healing analysis)

A 3-mm wide wound gap was created on the confluent
monolayer of CT-26 cells in a Petri dish. The CT-26 cells
were then incubated with 3 different concentrations of
glucose (10, 20 or 30 mmol/L) for 12 h. The higher the
concentration of glucose was, the more CT-26 migrated
cells into the gap (Figure 1).

RNA interference

Duplexed RNA oligonucleotides for rat STAT3 (Stealth
RNA interference) (siGENOME SMARTpool) were synthe
sized by Thermo Fisher Scientific. CT-26 cells were
transfected with 50 nmol/L of STAT3 siRNAs (siRNASTAT3) or scrambled siRNA using a transfection reagent
(TransIT-TKO; Mirus Bio, Madison, WI, United States),
incubated for 48 h after transfection, and then used for
further investigation.

Effect of glucose on the invasion of CT-26 cells (invasion
assay)
The suspended CT-26 cells were incubated with different
concentrations of glucose (10, 20 or 30 mmol/L). The cell
suspension was then transferred to the upper chamber
of a transwell chamber. After 24 h, the noninvasive CT-26
cells were removed. The higher the glucose concentration
was, the more CT cells penetrated through the basement
membrane. All differences between glucose-treated and
control cells were significant (P < 0.05 for all) (Figure 2A,
B). The number of invasive CT-26 cells was about twice
as high in the 30-mmol/L culture than in the 0-mmol/L
culture (Figure 2B).

Invasion assay

The in vitro invasion assays were done using a transwell
chamber with a 12-mm diameter and a polycarbonate
membrane with 8-μm pores (Corning Costar, Cambridge,
[19,20]
MA, United States) coated with Matrigel
. Cells were
trypsinized and suspended at a final concentration of
106 cells/mL in serum-free RPMI-1640 medium. Various
concentrations of glucose (10, 20, and 30 mmol/L)
were added to the cells 24 h before they were seeded.
The cell suspension was added to the upper chamber of
the transwell chamber. The bottom chamber contained
medium with 5% FBS. After they had been incubated for
24 h at 37 ℃ under a 5% CO2 and 95% air atmosphere, all
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Effect of stattic on the migration of CT-26 cells

To determine whether STAT3 signaling is involved in
the CT-26 cell migration, Stattic was added both to
the glucose-free (0 mmol/L control group) and to the
30-mmol/L glucose-cultured group. A wound-healing
analysis was then performed. In the glucose-free
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12 h

Glucose medium concentration

10 mmol/L

20 mmol/L

30 mmol/L

Before

After

Figure 1 Effect of glucose on migration of CT-26 cells. CT-26 cells were incubated with various concentrations of glucose (as indicated) for 12 h. The number of
CT-26 cells that moved to the cell-free gap dose-dependently increased. Bar = 50 μm, n = 6 per group.

A
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10 mmol/L
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B

20 mmol/L
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10 mmol/L 20 mmol/L

30 mmol/L
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Figure 2 Effect of glucose on invasion of CT-26 cells. A: The number of CT-26 cells that penetrated the basement membrane dose-dependently increased; B:
About twice as many CT-26 cells in the 30 mmol/L group as in 0 mmol/L group penetrated the basement membrane (aP < 0.05 vs the control group). Bar = 100 μm, n
= 6 per group.
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B
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5 × 10 mol/L

-7
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30 mmol/L Glucose

-6
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Figure 3 Effect of Stattic on CT-26 cell migration. a: Control group; B: 30 mmol/L glucose-cultured group. In the glucose-free control group, Stattic had no
noticeable effect on CT-26 cell motility. However, in the 30 mmol/L glucose group, the motility was noticeably dose-dependently lower. Bar = 200 μm, n = 6 per group.

Effect of siRNA on the invasion of CT-26 cells

control group, migration was not significantly affected
by different Stattic concentrations (as indicated) (Figure
3A). However, in the 30-mmol/L glucose group, the
number of the migrated cells was reduced gradually
with increasing concentrations of Stattic (Figure 3B).

We also used 50 nmol/L siRNA to explore the effect of
STAT3 on CT-26 cell invasion. In the 30-mmol/L glucose
and scramble groups, invasion was about twice as high
as in the glucose-free control group (P < 0.05 compared
with control group) (Figure 6A), but in the 50 nmol/L
siRNA + 30 mmol/L glucose group, invasion was almost
totally inhibited (P < 0.05 compared with the 30-mmol/
L glucose group) (Figure 6B).

Effect of Stattic on the invasion of CT-26 cells

To determine whether STAT3 signaling is involved in
-6
CT-26 cell invasion, we added Stattic (1 × 10 mol/L)
to 30-mmol/L glucose-cultured CT-26 cells. Compared
with glucose-free control cells, the invasion of CT-26
cells was markedly higher in the group incubated with
30 mmol/L of glucose; however, in the group incubated
with 30 mmol/L of glucose plus Stattic, the invasion of
CT-26 cells was almost totally blocked (Figure 4).

STAT3 and MMP-9 expression in cells treated with 30
mmol/L glucose

CT-26 cells were incubated in a 30-mmol/L glucose
environment, and then, using Western blot with actin
protein as an internal control, we detected the timeline
of STAT3 and MMP-9 activation (Figure 7). MMP-9
and nuclear STAT3 expression peaked at 8 h, and
cytoplasmic STAT3 peaked at 10 h.

Effect of siRNA on the migration of CT-26 cells

We used 50 nmol/L siRNA to test the effect of STAT3 on
CT-26 cell migration. In the glucose-free control group,
migration was negligible (Figure 5A); in the 30-mmol/L
glucose and scramble (scrambled oligonucleotides)
groups, CT-26 cells clearly moved into the wound gap
(Figure 5B, C). In the group incubated with 30 mmol/L
of glucose plus 50 nmol/L siRNA, CT-26 cell migration
was substantially inhibited (Figure 5D).
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Effect of glucose on STAT3 and MMP-9 expression

We then explored the relationship between glucose and
the activation of STAT3 and MMP-9. Because nuclear
STAT3 and MMP-9 peaked within 8 h, we incubated
CT-26 cells with different concentrations of glucose [0
(control), 10, 20 and 30 mmol/L] for 8 h. The higher the
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Figure 4 Effect of Stattic on the invasion of CT-26 cells. A: In the 30 mmol/L glucose group (center), more CT-26 cells invaded than in the glucose-free control
group (left). After Stattic had been added, the invasion of CT-26 cells was markedly lower (right); B: The invasion of CT-26 cells was obviously blocked after Stattic
had been added. aP < 0.05 vs the control group; cP < 0.05 vs the 30 mmol/L glucose group. Bar = 100 μm, n = 6 per group. Stattic: 1 × 10-6 mol/L.
Control

A

30 mmol/L Glucose

B

Scramble

C

S + 30 mmol/L Glucose

D

Figure 5 effect of short interfering RNA on CT-26 cell migration. In the glucose-free control group (A), CT-26 cell migration was almost nonexistent. In the 30
mmol/L glucose group (B) and in the scramble group (C), CT-26 cells moved to the wound gap area and substantially shortened the distance. In the siRNA group, cell
migration was noticeably inhibited (D). Bar = 200 μm, n = 6 per group. S: siRNA; 50 nmol/L.

glucose concentration, the higher the levels of expression
of nuclear STAT3 and MMP-9 (P < 0.05 for all) (Figure 8A, B
and C). To exclude the effect of the glucose concentration
on the activation of STAT3 and MMP-9, we also tested
the effect of 30 mmol/L mannitol on their expression and
activation. There was no significant difference between
the 30 mmol/L mannitol group (M30) and the control
group (P > 0.05 compared with the control group) (Figure
8B, C).

environment. In both the 30 mmol/L glucose (HG30)
group and in the scramble group, MMP-9 expression
was significantly (P < 0.05) higher than that in the
control and siRNA groups. In the siRNA group, MMP-9
expression was slightly but significantly (P < 0.05) lower
than that in the glucose-free group (Figure 10 A, B).

DISCUSSION
We found that glucose promoted CT-26 cell migration
and invasion and that both were directly glucose dosedependent. When STAT3 inhibitor, Stattic or siRNA, was
added to a high-glucose environment, both glucose
induced CT-26 cell migration and invasion were inhibited.
This indicated that the STAT3 signaling pathway is
associated with regulating the effect of glucose on CT-26
cell migration and invasion.
In developing and developed countries, diabetes and
cancer have become major health problems. Studies
began to report an association between diabetes and
[24]
cancer in 1959 . Since then, epidemiological studies
claim that diabetes is one risk factor of cancers and
indicates a poor prognosis.
The possible reasons for the correlation between DM
and cancers might come from their shared risk factors.
Those risks included the unchangeable factors such

Effect of Stattic on STAT3 and MMP-9 expression

To see whether there is a correlation between STAT3
and MMP-9 in a high-glucose environment, Stattic was
added, and then STAT3 and MMP-9 protein expression
was analyzed using Western blot (Figure 9A). In the
30 mmol/L glucose group without Stattic, both MMP-9
and STAT3 were activated (P < 0.05 compared with
the control group). However, after Stattic was added,
both STAT3 and MMP-9 expression was slightly lower
(Figure 9A) than in the glucose-free control (P < 0.05
compared with the 30 mmol/L glucose group) (Figure
9B, C).

Effect of siRNA on STAT3 and MMP-9 expression

SiRNA (50 nmol/L) was used to evaluate the association
between STAT3 and MMP-9 expression in a high-glucose
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Figure 6 effect of short interfering RNA on CT-26 cell invasion. In the glucose-free control group (A), CT-26 cell invasion was not significant (B). In both the 30
mmol/L glucose group and the scramble group, significantly more CT-26 cells invaded. In the siRNA group, the invasion was significantly inhibited. About twice as
many cells in the 30 mmol/L group as in the glucose-free control group invaded; but fewer cells invaded for the siRNA group than for the control group. aP < 0.05 vs
the control group; cP < 0.05 vs the 30 mmol/L glucose group. Bar = 100 μm, n = 6 per group. S: siRNA; 50 nmol/L.
0h
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c-STAT3
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Figure 7 Matrix metalloproteinase-9 and signal transducer and activator of transcription 3 expression in the 30 mmol/L glucose group. In the 30 mmol/L
glucose group, matrix metalloproteinase-9 (MMP-9) and nuclear-signal transducer and activator of transcription 3 (STAT3) expression time-dependently increased and
peaked at 8 h. Cytoplasmic STAT3 peaked at 10 h. n = 6 per group. c-STAT3: Cytoplasmic STAT3; n-STAT3: Nuclear STAT3.

Because of the lack of large and rigorous research
data, there is still lack of sufficient evidence to prove its
[25]
efficacy .
In addition to these common risk factors for both
DM and cancers, the abnormal metabolism of DM itself
also seems to contribute the occurrence of cancers.
Diabetes is caused by a series of glucose metabolism
dysfunctions and ultimately leads to an abnormal

as aging, sex, and race; the modifiable life style and
behavioral factors such as obesity, physical activity, diet,
alcohol, and smoking. Nevertheless, whether diminishing
these factors is expected to simultaneously reduce the
DM and cancer risk is still debatable. Taking overweight
as an example, weight loss has been shown to be helpful
in reducing DM incidence. However, it is still unclear
whether it can also reduce the incidence of cancers.
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Figure 8 Effect of glucose on matrix metalloproteinase-9 and signal transducer and activator of transcription 3 expression. The expression of both matrix
metalloproteinase-9 (MMP-9) (A, B) and n-signal transducer and activator of transcription 3 (STAT3) (A, C) proteins were dose-dependently and significantly higher
than in the C (control) group. In the M30 group (treated with 30 mmol/L of mannitol), neither MMP-9 nor n-STAT3 expression was significantly higher than in the C
(control) group. aP < 0.05 vs the control group; cP > 0.05 vs the control group. n = 6 per group. C: Control; 0 mmol/L; M30: Mannitol; 30 mmol/L.
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Figure 9 Effect of Stattic on matrix metalloproteinase-9 and signal transducer and activator of transcription 3 expression. In the HG30 group, the expression
of both matrix metalloproteinase-9 (MMP-9) (A, B) and n-signal transducer and activator of transcription 3 (STAT3) (A, C) proteins were higher than in the C (control)
group. When Stattic was added, the MMP-9/actin (B) and n-STAT3/actin (C) were significantly decreased. aP < 0.05 vs the control group; cP < 0.05 vs the 30 mmol/L
glucose group. n = 6 per group. HG30: Glucose 30 mmol/L; Stattic: 1 × 10-6 mol/L.

increase in blood sugar. Its causes and characteristics
include the following: the insulin resistance of cells leads
to insulinemia, insufficient insulin secretion, excessive
or inappropriate glucagon secretion, abnormal hepatic
glucose metabolism and gluconeogenesis, abnormal
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growth hormone secretion, and so on.
The abnormalities in the regulation of glucose metabolism
may lead to the proliferation and growth of abnormal
[26,27]
cells and, finally, to oncogenesis
. Nevertheless, the
possible biologic links between diabetes and cancer are still
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Figure 10 Effect of siRNA on matrix metalloproteinase-9 expression. In the HG30 group, matrix metalloproteinase-9 (MMP-9) expression was significantly higher;
in the scramble group, it was not affected; in the siRNA group, it was significantly inhibited. aP < 0.05 vs the control group; cP < 0.05 vs the 30 mmol/L glucose group. n
= 6 per group. HG30: Glucose 30 mmol/L; siRNA: 50 mmol/L.

incompletely understood.
The biophysiological factors that may contribute
to the development of colorectal cancer in patients
with diabetes include diabetes-related obesity, high
insulinemia, high blood C-petite, high blood insulinlike factor-1, high blood leptin, low blood insulin growth
[28,29]
factor binding protein-3, and low blood adiponectin
.
However, the possible mechanisms by which diabetes
affects the invasion and metastasis of colorectal cancer
cells are not well studied and remain unclear.
Among the mechanisms of abnormal glucose me
tabolism in diabetes, overactive gluconeogenesis is
[30,31]
one that causes high blood glucose
; however, its
exact mechanism is not well understood. Some studies
using cell culture and mouse liver tissue have pointed
out that blood insulin resistance interacts with IL-6 and
STAT3 signaling pathways to regulate gluconeogenesis[32-34]
related gene activation and inhibition
. The STAT3
pathway as part of abnormal glucose metabolism is
found not only in liver gluconeogenesis; some studies
report that STAT3 is also related to the proliferation
and differentiation of other types of tissue in a highglucose diabetic environment. For example, renal
glomerular mesangial cells are stimulated and undergo
proliferation through the STAT3 signaling pathway,
[35]
ultimately leading to diabetes nephropathy . In
addition, a study using in vitro differentiated myocytes,
which were derived from human skeletal muscle
satellite cells of obese patients with type Ⅱ diabetes,
reported that after they had been treated with IL-6,
the phosphorylation of STAT3 increased in myocytes,
thereby affecting the abnormal reaction of muscle
[36]
tissue to insulin and hyperglycemia . Therefore,
the STAT3 signaling pathway seems to be involved
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in diabetes-related abnormal physiological conditions
such as hyperglycemia, nephropathy, and muscletissue glucose utilization. In colorectal cancer, the
abnormal activation of STAT3 may also influence and
promote the invasion of colorectal cancer cells. As a
result, the glucose-induced overactive STAT3 pathway
may contribute to the poor prognosis of patients with
comorbid colorectal cancer and diabetes mellitus.
Distant organ metastasis is one of most important
causes of cancer death. In colorectal cancer, MMP-9
is known as an important factor involved in colorectal
cell metastasis. Therefore, influencing and controlling
the activation of the MMP gene will be important for
cancer cell metastasis and invasion. The relationship
between STAT3 activation and MMP-9 expression has
been reported in different tissue types and cancer
cells. A study using human mammary epithelial cells
found that sustained activation of STAT3 immortalized
mammary epithelial cells into cancerous cells, and that
this carcinogenic mechanism required MMP-9 activation
and expression. Tyrosine phosphorylated STAT3 has
also been strongly positively correlated with MMP-9
[37]
expression , and when the STAT3-induced MMP-9
pathway was inhibited, breast cancer cell invasion
[38]
and metastasis were also inhibited . Another report
on human skin squamous cell carcinoma found that
inhibiting the STAT3 activity in transfected cancer cells
also inhibited the expression of MMP-9 and the invasion
[39]
of the transfected cells . Moreover, STAT3 activation
and MMP-9 expression are also associated in myeloid
[40,41]
cells and fibroblast cells
. We also found a correlation
between STAT3 activation and MMP-9 expression in
colorectal cancer cells in a high-glucose environment.
Although our study provides evidence that glucose
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Terminology

promotes the migration and invasion of CT-26 cells,
and that the STAT3-induced MMP-9 signal pathway is
involved in this process, there are some limitation and
unanswered questions in our study. First, in order that
cells could be presented both vertical and horizontal
motions to evaluate the effects of invasion and migration,
we used stuck-type rat CT-26 cells but not human colon
cells in our study. Whether the effect is also active in
human cell lines needs further investigation. Second, in
clinical tumor niche, the production of MMP-9 could be
derived from the tumor itself, surrounding stromal cells
[42]
or inflammatory polymorphonuclear leukocytes . So,
the function and interaction of MMP-9 from different
origin may play diverse effects in tumor cells. In our
study, the MMP-9 is produced by CT-26 tumor cell only,
so, we could only evaluate the effect of MMP-9 induced
by STAT3 in colon cells itself. The interactions of STAT3
with MMP-9 which comes from extra-tumor cells need
further study. Third, although MMP-9 expression is
related with colorectal cancer with liver metastasis, a
clinical study pointed out that the non-expression of
MMP-9 in Duke B stage colorectal cancer patients is a
[43]
poor predictor factor for survival . Because MMP-9 plays
multi-faceted role in different phases of the tumorigenic
process, the expression of MMP-9 from tumor cells needs
further studies to elucidate the final clinical outcomes.
Therefore, in the future, we need more studies using
human colon cells, as well as animal experiments to
improve the deficiencies in our study and clarify the
above controversies.

STAT3 is a subgroup of STAT. It is involved in the early embryonic development
of animal cells, inflammation, and growth regulators. MMP-9 is one of zincdependent endopeptidases. MMPs are capable of degrading all kinds of
extracellular matrix proteins and mediating associated molecules in the
process.

Peer-review

The work is very interesting and well done. The laboratory results may have
important clinical implications. For this reason in the discussion the authors
could give more space to explain their work and to provide food for thought for
clinical applications.
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GP-treatment groups. The study involved the evaluation
of biochemical parameters, including serum aspartate
transaminase (AST), alanine transferase (ALT), blood
glucose (BG), triglycerides (TG) and total cholesterol
(TC). Additionally, the protective effect of the treatments
were confirmed histopathologically and the expression
of TNF-α and NF-κB in the rat liver was analyzed using
immunohistochemistry. The expression of proliferatoractivated receptor gamma (PPARγ) and cytochrome P450
(CYP450) 1A1 mRNA was determined by quantitative RTPCR.
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RESULTS: GP treatments at oral doses of 200, 400, and
800 mg/kg per day significantly decreased the levels of
serum AST and ALT (P < 0.05, P < 0.01), especially at
the dose of 800 mg/kg per day. To a similar extent, GP at
800 mg/kg per day reduced the levels of BG (4.19 ± 0.47,
P < 0.01), TG (80.08 ± 10.05, P < 0.01), TC (134.38 ±
16.39, P < 0.01) and serum insulin (42.01 ± 5.04, P <
0.01). The expression of TNF-α and NF-κB measured by
immunohistochemistry was significantly reduced by GPs in
a dose-dependent manner, and the expression of PPARγ
and CYP4501A1 mRNA, as measured using quantitative
real-time PCR, were significantly down-regulated by
GPs. Moreover, GPs decreased the infiltration of liver fats
and reversed the histopathological changes in a dosedependent manner.
CONCLUSION: This study suggests that GPs have a
protective effect against T2DM-NAFLD by down-regulating
the expression of TNF-α and NF-κB proteins, and PPARγ
and CYP4501A1 mRNAs.

Abstract

Key words: Gypenosides; Type 2 diabetes mellitus;
Non-alcoholic fatty liver; PPARγ; Cytochrome P4501A1

AIM: To explore the mechanism of action of gypenosides
(GPs) on type 2 diabetes mellitus and non-alcoholic fatty
liver disease (T2DM-NAFLD) in rats.

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

METHODS: Sixty rats were randomly divided into a
healthy group, an untreated disease model group and

Core tip: Gypenosides (GPs) are one of the most phar
macologically active components in G. pentaphyllum .
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[14]

Intervention with GPs significantly decreased the levels
of aspartate aminotransferase, alanine aminotransferase,
blood glucose, insulin, triglycerides and total cholesterol
in type 2 diabetes mellitus and non-alcoholic fatty liver
disease (T2DM-NAFLD) model rats, down-regulated
the expression of TNF-α, NF-κB, rabbit anti-proliferator
activated receptory (PPARγ) and rabbit anti-cytochrome
P4501A1 (CYP1A1) mRNA, decreased the infiltration of
liver fats and reversed the histopathological changes in a
dose-dependent manner. These findings suggest that GPs
have a protective effect against T2DM-NAFLD by downregulating the expression of TNF-α and NF-κB proteins,
and PPARγ and CYP4501A1 mRNAs.

initiation and perpetuation of NASH . Although several
drugs are available to improve insulin resistance in
diabetes, none are currently approved for NAFLD or
[15]
[16]
NASH . Mohan et al found an overall prevalence of
32% NAFLD in the general population, but subjects with
T2DM had a significantly higher prevalence of NAFLD
while comparing subjects with normal glucose tolerance
(22.5%) and those with impaired glucose tolerance
(33.8%).
Gynostemma (G.) pentaphyllum (Thunb.) Makino,
called “Jiaogulan” in Chinese, is a perennial creeping
herb that belongs to Cucurbitaceous family and is
widely used in traditional Chinese medicine throughout
Asia (China, Japan, Korea, etc.). Furthermore, G.
pentaphyllum was brought into the list of functional
foods by Ministry of Public Health of China on March
5, 2002, and several brands of herbal products based
on G. pentaphyllum such as Jiaogulan tea and total
Jiaogulan saponin tablets have been available in East
Asian markets since the early 1990s. In traditional
Chinese medicine, recent reports have shown that G.
pentaphyllum exhibits a variety of biological effects,
such as immunopotentiating, cholesterol-lowering,
antitumor, antioxidant, anti-inflammatory, anti-hy
perlipidemic, anti-hypoglycemic and cardiovascular
[17]
effects .
Gypenosides (GPs), the saponin extract derived
from the herb G. pentaphyllum Makino, are believed
to be one of the most pharmacologically active com
ponents in G. pentaphyllum. GPs primarily exist as
dammarane type-triterpene glycosides (Figure 1). Recent
pharmacological studies displayed that gypenosides
had several pharmacological effects with wide clinical
[18]
[19-20]
applications , including regulating lipid metabolism
,
[19,21]
[22-24]
anti-hyperlipidemia
, anti-cancer
, anti-inflam
[25]
[26,27]
[28]
matory , anti-oxidative
, anti-diabetic effects and
[29]
hepatoprotection .
Despite recent reports that GPs have therapeutic
effects for certain diseases, the effect of GPs on T2DMNAFLD is still unknown, to the best of our knowledge.
The mechanism behind this protective action is not
fully understood and published studies are currently
lacking. Therefore, it is necessary to understand the
mechanism of action of gypenosides.
The present study was performed (1) to confirm
whether gypenoside treatment in rats fed a high
fat and sugar diet would decrease the expression of
TNF-α, NF-κB and CYP4501A1 mRNA; (2) to investigate
whether gypenoside treatment increased the activity
of PPARγ; and (3) to test whether these changes were
accompanied by a decline in lipid accumulation and
blood sugar in the rat liver and serum.

He Q, Li JK, Li F, Li RG, Zhan GQ, Li G, Du WX, Tan HB.
Mechanism of action of gypenosides on type 2 diabetes and
non-alcoholic fatty liver disease in rats. World J Gastroenterol
2015; 21(7): 2058-2066 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i7/2058.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i7.2058

INTRODUCTION
A long-term high fat diet is a risk factor for insulin
resistance and type 2 diabetes mellitus (T2DM), which
are characterized by elevated levels of serum free fatty
acids (FFAs), declined oxidation of intracellular FFAs
and increased fat accumulation in the target organs
[1]
of insulin . Fat accumulation in the liver may result in
non-alcoholic fatty liver disease (NAFLD). Currently,
a large number of people showed excessive fat accu
mulation in the liver. NAFLD affects 20%-40% of the
population, and approximately 30% of the patients
with NAFLD progress to nonalcoholic steatohepatitis
[2]
(NASH) .
NAFLD is the most common chronic liver disease,
affecting both children and adults. It is closely associated
with dyslipidemia, hypertension, insulin resistance,
[3-4]
obesity
and other components of the metabolic
[5-6]
syndrome . Although the etiology of NAFLD is not
clearly elucidated, the “two-hit” theory was popularly
[7]
regarded as an underlying mechanism . In accordance,
insulin resistance and its serious consequence have been
indicated to be common conditions, which is frequently
[8]
associated with the development of NAFLD . Therefore,
insulin resistance is reported as an independent risk
[9]
factor for NAFLD .
The prevalence of T2DM is increasing worldwide
and is projected to affect approximately 8% of the
[10,11]
population by 2030
. T2DM and NAFLD (T2DMNAFLD) are components of the metabolic syndrome, a
cluster of interrelated clinical features including insulin
resistance, dyslipidemia, hypertension, and visceral
[12]
obesity . T2DM and NAFLD are major health issues
[13]
associated with the worldwide epidemic of obesity .
Insulin resistance plays a major role in the pathogenesis
of T2DM-NAFLD and is considered a key factor in the
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MATERIALS AND METHODS
Materials and reagents

Alanine aminotransferase (ALT), aspartate aminotransferase
(AST), blood glucose (BG), insulin, triglycerides (TG) and
total cholesterol (TC) kits were purchased from Nanjing
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deoxycholate + 0.05% prothiopyrimidine), injected with
40 mg/kg STZ overnight for 4 wk, and continued to
th
be fed the same HFSD for the next 4 wk. From the 9
wk, the survival rats in the model group were further
randomly divided into a model group (group Ⅱ) and
three GP-treatment groups (groups Ⅲ Ⅳ, and Ⅴ), which
.
were given GPs at doses of 200, 400 and 800 mg/(kg
d), respectively, with 12 rats in each group. GPs were
administered orally and the animals continued to be fed
the HFSD for 6 wk, as previously described.
Blood samples of all experiment rats were obtained
through the orbital venous plexus at the end of the
experiment. The fresh liver was taken and weighed
to calculate the liver index [liver index (%) = liver
weight/body weight × 100%]. The right liver lobe
was fixed in 10% formalin for histopathological and
immunohistochemical assays. The rest of the liver
and blood samples were stored at -80 ℃ for other
biochemical assays.

R3O
OH

R1

R2O

Figure 1 General structure of dammarane-type gypenosides consisting of
both the hydrophobic sapogenin part and the hydrophilic sugar part in the
molecule (where R1 and R2 = glucose, rhamnose; R3 = glucose, xylose).

Jiancheng Bioengineering Institute (Nanjing, China). Protein
assay kit was purchased from Zhongshan Institute of
Biotechnology (Beijing, China).
Mouse anti-TNF-α, mouse anti-NF-κB, rabbit antiproliferator activated receptory (PPARγ), rabbit anticytochrome P4501A1 (CYP1A1), horseradish peroxidaseconjugated goat anti-rabbit IgG, goat anti-mouse
IgG and mouse anti-glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) antibodies were obtained
from the Proteintech Group, Inc. (Chicago, United
States). FITC-conjugated goat anti-rabbit IgG was
obtained from Zhongshan Institute of Biotechnology
(Beijing, China).
Gypenosides (> 98%) were obtained from Xi’an
Tianfeng Biotechnology Co., Ltd. Streptozotocin (STZ)
was obtained from Sigma (United States).
The high fat and sugar diet (83.25% basic feed
+ 10% lard + 5% sugar + 1.5% cholesterol + 0.2%
sodium deoxycholate + 0.05% prothiopyrimidine) was
prepared in our lab.

Biochemical assays

Measurement of serum biochemical markers:
Serum was obtained from the blood after centrifugation
at 2500 g for 5 min. The levels of AST, ALT, BG, TG and
TC in serum were detected with an Olympus AU2700
Autoanalyzer (Olympus, Tokyo, Japan) by using
commercial kits. The oral glucose tolerance (OGT) test
[30]
was conducted using the modified Li’s method . BG
was detected with an Accu-Chek Active Blood Glucose
meter (Roche, Ireland), and the blood was collected 0,
30, 90 and 120 min from the tail vein of rats after the
administration of high-dose glucose. BG levels were
plotted and the OGT levels were quantified by the area
under the curve (AUC) analysis.

Histopathological observation

Rat liver specimens were fixed overnight in 10%
formaldehyde, routinely embedded in paraffin, and
cut into 5 μm thickness. The slices were stained with
hematoxylin-eosin (HE) for routine histopathological
examination, then examined and imaged using a
light microscope (Olympus BX-50 Microscope, Leica
Microsystems, Germany) at × 200 magnification for the
degree of hepatic steatosis.

Animals

Male Sprague-Dawley rats weighing 180 to 200 g were
purchased from the Experimental Animal Center of
Hubei University of Medicine, China. Six rats were
placed in a cage on a 12 h light/dark cycle and qua
rantined for one week before the experiments. All
animals were maintained under controlled conditions
(temperature: 24 ℃, humidity: 45%, free access to
water and food) and received human care according
to the National Institutes of Health Guidelines of China
and related ethical regulations of Hubei University of
Medicine. All the animals were fasted for 12 h before
the sample harvest.

Immunohistochemistry analysis

The formalin fixed and paraffin embedded liver sections
(5 μmol/L) were mounted on glass slides. The slices
were deparaffinized and incubated in 3% H2O2 for
10 min to quench endogenous peroxidase activity.
Then the slices were stained with monoclonal mouse
anti-TNF-α or mouse anti-NF-κB antibody at 4 ℃
overnight, respectively, after 20 min of normal goat
serum blocking. Incubation with a secondary antibody
(horseradish peroxidase-conjugated goat anti-mouse
antibody) at 37 ℃ for 30 min was then conducted.
Finally, the antibody binding was visualized through
incubation with DAB-H2O2 at room temperature for 10

Experimental design

After acclimatization for one week, 60 rats was
randomly allocated into two groups: a normal group
(group Ⅰ, n = 8), which was raised with normal feed;
and a model group (n = 52), which was raised with high
fat and sugar feed (HFSD: 83.25% basic feed + 10%
lard + 5% sugar + 1.5% cholesterol + 0.2% sodium
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A

Normal control

Table 1 Effects of gypenosides on serum alanine transferase
and aspartate transaminase levels in high fat and sugar feedinduced type 2 diabetes mellitus and non-alcoholic fatty liver
disease rats

Model
GPs (200 mg/kg)
GPs (400 mg/kg)

Body weight (g)

GPs (800 mg/kg)
450
420
390
360
330
300
270
240
210
180
150

Liver index (%)

ALT (IU/L)

AST (IU/L)

Ⅰ

43.71 ± 10.32
85.05 ± 12.85b
77.33 ± 12.06c
70.06 ± 7.84d
61.05 ± 13.22d

50.63 ± 7.08
89.10 ± 25.93b
79.91 ± 17.05
66.04 ± 17.29d
53.53 ± 9.18d

Ⅱ
Ⅲ
Ⅳ
Ⅴ

0

1 2

3 4

5

6

7 8

The serum levels of aspartate transaminase (AST) and alanine transferase
(ALT) were measured in the following groups: group Ⅰ, normal control;
group Ⅱ, model; group Ⅲ-Ⅴ, 200, 400 and 800 mg/kg of GPs, respectively.
The data are expressed as mean ± SD (n = 12) in each group. bP < 0.01 vs
group Ⅰ, cP < 0.05 vs group Ⅱ, dP < 0.01 vs group Ⅱ.

9 10 11 12 13 14 15 16

t /wk

B

Group

4.5
4.0
3.5
3.0
2.5
2.0
1.5
1.0
0.5
0.0

b

c

d

statistically significant.

d

RESULTS
Effect of GPs on body weight and liver index of HFSD
treated rats

Ⅰ                   Ⅱ                  Ⅲ                  Ⅳ                  Ⅴ

Groups

After 8 wk HFSD feeding, the body weight of rats in
groups Ⅱ-Ⅴ was significantly increased, compared
with the normal rats in group Ⅰ (Figure 2A). However,
the body weight gain in groups Ⅲ-Ⅴ was lower than
that in the model group (group Ⅱ), after GP (200-800
mg/kg) treatment for 6 wk. Thus, treatment with GP
could possibly inhibit the obesity occurrence in the
HFSD treated group. Consistent with these findings,
the liver index was reduced markedly in the GP-treated
groups (P < 0.01 or P < 0.05, Figure 2B).

Figure 2 Effects of gypenosides on body weight (A) and liver index (B). bP
< 0.01 vs group Ⅰ; cP < 0.05, dP < 0.01 vs group Ⅱ.

min. Images were taken at × 400 original magniﬁcation
(Olympus BX-50 Microscope, Leica Microsystems,
Germany).

Quantitative real-time PCR

Following the manufacturer’s instructions, total RNA
was extracted from the liver tissues from each of the
groups Ⅰ, Ⅱ, Ⅲ, Ⅳ and Ⅴ, using RNAiso Plus reagent.
Total RNA (2 μg) was reverse transcribed into cDNA
using StarScript Ⅱ First-strand cDNA Synthesis Kit with
a C 1000 PCR system (Bio-Rad, United States). The
levels of mRNA expression were quantified by realtime PCR with StarScript Ⅱ SYBR Two-Step qRT-PCR
TM
Synthesis Kit and CFX 385 Real Time PCR System (BioRad, United States). Primers sequences were as follows:
PPARγ: forward, 5’-GGAGCCTAAGTTTGAGTTTGCTGTG-3’;
r e ve r s e , 5 ’ -TG C A G C A G G TTG TC TTG G ATG - 3 ’,
(GenBank: NM_0131-24.3) and CYP4501A1: forward, 5’
-CTGGTTCTGGATACCCAGCTG-3’; reverse, 5’-CCTAGGGTTG
GTTACCAGG-3’ (GenBank: HO_0047-97.1). GAPDH gene,
used as an internal control, was amplified separately
to normalize gene expression in samples. Fold change
between group Ⅰ and groups Ⅱ-Ⅴ was calculated by
-ΔΔCt
[31]
the 2
method .

Effect of GPs on serum ALT and AST levels

The activities of serum ALT and AST were used as
biochemical markers for early acute liver injury. As
shown in Table 1, compared with the normal group, the
levels of serum AST and ALT were increased significantly
in the model group (P < 0.01). While compared with
the model group, the levels of AST and ALT significantly
decreased in GP pretreatment groups (200, 400 and
800 mg/kg) in a dose-dependent manner (P < 0.05 or
P < 0.01).

Effects of GPs on blood lipid and glucose levels

In Table 2, compared with the model group, the con
centrations of TC and TG in the blood significantly
decreased in a dose-dependent manner in GP treatment
groups (P < 0.05 or P < 0.01). Moreover, the levels
of glucose in blood were obviously decreased after
pretreatment with GPs, especially the group of 800 mg/
kg (4.19 ± 0.47, Table 2). Further research demonstrated
that the level of insulin was lower in groups Ⅲ-Ⅴ than in
group Ⅱ (Table 2), and GPs at 800 mg/kg significantly
decreased the AUC0-120 min of the OGT test (P < 0.05)
(Figure 3A, B). These observations indicated that GPs
had significant lipid- and glucose-lowering effects in
T2DM-NAFLD.

Statistical analysis

Data are expressed as mean ± SD, and all the data
were analyzed by one-way analysis of variance. Dunnett’
s t-test was used to calculate statistical significance
using SPSS software. P-values < 0.05 were considered
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A

Normal control

Blood glucose (mmol/L)

Table 2 Effects of gypenosides on the levels of total
cholesterol, triglycerides, blood glucose and serum insulin in
the blood of high fat and sugar feed-induced type 2 diabetes
mellitus and non-alcoholic fatty liver disease rats

Model

12

GPs (200 mg/kg)

11

GPs (400 mg/kg)

10

GPs (800 mg/kg)

Group

9
8

Ⅰ

7

Ⅱ

6

Ⅳ

Ⅲ
Ⅴ

5
0

30

60

90

120

1400

a

AUC0-120 min of ghicose

1200

TG

BG

(mg/dL)

(mg/dL)

(mmol/L)

125. 67 ± 15.20
163.74 ± 25.37b
148.65 ± 20.40
139.72 ± 18.37c
134.38 ± 16.39d

78.49 ± 9.52
122.53 ± 13.78b
100.14 ± 11.26d
93.65 ± 10.51d
80.08 ± 10.05d

4.67 ± 0.76
5.48 ± 1.18b
5.20 ± 1. 32
5.05 ± 1.01
4.19 ± 0.47d

Serum Insulin
(μIU/mL)
27.89 ± 5.27
122.07 ± 10.26b
71.12 ± 8.61d
55.25 ± 6.32d
42.01 ± 5.04d

The serum levels of total cholesterol (TC), triglycerides (TG), blood glucose
(BG) and serum insulin were measured in the following groups: group Ⅰ,
normal control; group Ⅱ, model; group Ⅲ-Ⅴ, 200, 400 and 800 mg/kg of
GPs, respectively. The data are expressed as mean ± SD (n = 12) in each
group. bP < 0.01 vs group Ⅰ, cP < 0.05 vs group II, dP < 0.01 vs group Ⅱ.

t /min

B

TC

c

1000

showed minimal TNF-α expression (Figure 5AⅠ), whereas
all experimental groups exhibited increased expression of
TNF-α, especially in HFSD-induced group (Figure 5A Ⅱ).
Furthermore, the TNF-α expression decreased in the
GP (200, 400 and 800 mg/kg) pretreatment groups,
although it was still higher than that in the normal group
(Figure 5A Ⅲ-Ⅴ). The quantiﬁcation of TNF-α stained
cells is showed in Figure 5A Ⅵ. The data are expressed
as mean ± SD of 12 mice.
In Figure 5B, the normal liver tissue expressed the
lowest amount of NF-κB (Figure 5B Ⅰ). The HFSDintoxicated group showed significantly higher expression
of NF-κB, compared with that in the controls (P < 0.01)
(Figure 5B Ⅱ). The GP (200, 400 and 800 mg/kg)
treatment markedly decreased the NF-κB expression
(Figure 5B Ⅲ-Ⅴ). The quantiﬁcation of NF-κB stained
cells is showed in Figure 5B Ⅵ. The data are expressed
as mean ± SD of 12 mice.

800
600
400
200
0
Ⅰ                 Ⅱ                Ⅲ                 Ⅳ                Ⅴ

Groups

Figure 3 Effects of gypenosides on blood lipid and glucose levels. A: Oral
glucose tolerance: the blood glucose levels were measured before the glucose
challenge; B: The area under the curve (AUC 0-120 min) after 30, 60, 90 or 120 min
challenge was calculated and analyzed. (Ⅰ) normal control, (Ⅱ) model, (Ⅲ)
gypenosides (GPs) (200 mg/kg) + HFSD, (Ⅳ) GPs (400 mg/kg) + HFSD, (Ⅴ)
GPs (800 mg/kg) + HFSD. The values are expressed as mean ± SD in each
group. aP < 0.05 vs normal control, cP < 0.05 vs model; n = 12.

Histopathological examination

Observed with naked eyes, the livers from the normal
control group (Figure 4A Ⅰ) were deep red, glossy,
moist and resilient. While in the model group (Figure
4A Ⅱ), the livers lost luster, enlarged and had yellow
necrosis foci on the surface. Furthermore, liver injury
in the GP pretreated rats was mitigated dramatically
in a dose-dependent manner (Figure 4A Ⅲ-Ⅴ).
HE stained sections are shown in Figure 4B. In the
normal control group (Figure 4B Ⅰ), the histology of
the liver displayed that a normal, clear and regular
liver lobular architecture, a single layer of hepatocytes
around the central vein and abundant basophilic granular
cytoplasm in the hepatocytes. Whereas the livers
from the model group (Figure 4B Ⅱ) exhibited severe
widespread lipid vacuoles inside the parenchyma cells,
centrilobular liver necrosis and infiltrating lymphocytes.
Treatment with GPs prevented the histopathological
changes and mitigated microvesicular fatty changes,
especially treatment with a high dose of GPs (800 mg/
kg) (Figure 4B Ⅴ).

Effects of GPs on the expression of PPARγ and
CYP4501A1 mRNAs

To study the mechanisms of the action of GPs against
T2DM-NAFLD, their effects on the expression of
PPARγ and CYP4501A1 mRNAs were examined (Figure
6). It was obvious that the GP treated groups showed
significantly reduced levels of PPARγ, compared with
the model group (P < 0.01, Figure 6A), especially
group Ⅴ.
In Figure 6B, compared to the normal control group,
the expression of CYP4501A1 mRNA was significantly upregulated in the model group (P < 0.01, Figure 6B). The
expression of CYP4501A1 mRNA was down-regulated in
the GP-treated groups, compared with the model group,
especially the high dose group (800 mg/kg) (P < 0.05,
Figure 6B).

DISCUSSION

Immunohistochemistry analysis

In the present study, T2DM-NAFLD model was established
by oral administration of a high fat and sugar diet to
rats. As a result, obesity, hyperlipemia and insulin

Different degrees of TNF-α expression could be seen
in the damaged liver tissues. The normal control group
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Ⅰ

Ⅱ

Ⅲ

Ⅳ

Ⅴ

Ⅰ

Ⅱ

Ⅲ

Ⅳ

Ⅴ

Figure 4 Appearance of the liver (A) and histopathological examination using hematoxylin and eosin staining (B) (HE, × 200 magnification). (Ⅰ) normal
control, (Ⅱ) model, (Ⅲ) gypenosides (GPs) (200 mg/kg) + HFSD, (Ⅳ) GPs (400 mg/kg) + HFSD, (Ⅴ) GPs (800 mg/kg) + HFSD. HFSD: High fat and sugar diet.

A

B

20

Ⅱ

Ⅲ

Ⅳ

Ⅴ

Ⅰ

Ⅱ

Ⅲ

Ⅳ

Ⅴ

30

A-Ⅵ
b
c

15

d

10

d

5
0

NF-kB expression (positive
cell number/field)

TNF-α expression (positive
cell number/field)

25

Ⅰ

25

B-Ⅵ

b
d

20
15

d

10
5
0

Ⅰ                 Ⅱ                Ⅲ                 Ⅳ                Ⅴ

Ⅰ                  Ⅱ                 Ⅲ                 Ⅳ                 Ⅴ

Groups

Groups

Figure 5 Representative photographs of immunohistochemical examination (× 400 magnification). A: TNF-α; B: NF-κB. (Ⅰ) normal control, (Ⅱ) model, (Ⅲ)
gypenosides (GPs) (200 mg/kg) + HFSD, (Ⅳ) GPs (400 mg/kg) + HFSD, (Ⅴ) GPs (800 mg/kg) + HFSD, (VI) Quantiﬁcation of TNF-α and NF-κB stained cells. Data
are expressed as mean ± SD of 12 rats. bP < 0.01 vs normal control; cP < 0.05, dP < 0.01 vs model.

resistance were caused by HFSD, which are the most
common risk factors for the development of NAFLD. The
[32]
liver injury demonstrated the formation of NAFLD .
Thus, HFSD administration is a reasonable way to
induce T2DM-NAFLD, which is similar to that observed
in clinical practice. Currently, rational diet, exercise and
medicines (metformin, statins and fibrates) are the
main methods for treating NAFLD. However, up to now,
these methods are not the effective way for treating
NAFLD. The drugs in the current market have always
adverse effects or contraindications, and there is still
[33]
no consensus on the most effective drug therapy .
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Therefore, it is necessary to develop new drugs for
NAFLD treatment with little or no side effects.
Saponins are believed to be the major components
of several folk medicines or natural plant drugs, and
they are the natural glycosides of triterpene or steroid,
which displayed several different pharmacological or
biological effects. Moreover, saponins are regarded as
responsible for numerous pharmacological properties.
Notably, saponins can regulate the immune system of
animals, and currently, they have led to a significant
[34]
interest in their potentials as vaccine adjuvants .
In the present study, the results indicated that
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Figure 6 Effects of gypenosides on the gene expression in the liver tissue of high fat and sugar feed treated rats. A: Rabbit anti-proliferator activated receptory
(PPARγ); B: Rabbit anti-cytochrome P4501A1 (CYP1A1). (Ⅰ) normal control, (Ⅱ) model, (Ⅲ) gypenosides (GPs) (200 mg/kg) + HFSD, (Ⅳ) GPs (400 mg/kg) + HFSD, (Ⅴ)
GPs (800 mg/kg) + HFSD. The values are expressed as mean ± SD in each group. bP < 0.01 vs normal control; cP < 0.05, dP < 0.01 vs model, n = 12.

HFSD administration increased hyperlipemia, insulin
resistance and obesity, whereas GP administration
significantly decreased hyperlipemia and blood glucose.
Furthermore, pretreatment with GPs ameliorated serum
insulin levels in this study, due to their strong antihypoglycemic and anti-hyperlipidemic abilities. As a
result, GPs reduced liver injury and protected the liver
against T2DM-NAFLD.
TNF-α is a major proinflammatory cytokine and plays
an important role in the development of HFSD-induced
T2DM-NAFLD. Kupffer cells are the major population
of the monocyte macrophage lineage in the liver and
TNF-α is produced predominantly by this lineage. Thus,
activated Kupffer cells can increase the production of
TNF-α, which may be responsible for NAFLD. Current
studies have exhibited that TNF-α inhibition could
decrease the level of hepatic fatty storage in the HFSD[35]
treated mice . In this study, the effects of TNF-α were
evaluated by immunohistochemistry in the damaged
liver. The HFSD treatment up-regulated the expression
of TNF-α, compared with the control group, whereas
pretreatment with GPs down-regulated the expression
of TNF-α, compared with the HFSD-intoxicated group.
PPARγ is a member of the nuclear hormone receptor
superfamily, which is located on chromosome 3p25 and
encodes a nuclear transcription factor involved in the
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expression of hundreds of genes. PPARγ increases the
expression of lipoprotein lipase, which is an enzyme
that serves to partition fat to adipocytes, limiting fatty
[36]
acid flux to the liver . In this study, compared to the
model group, the expression of PPARγ was significantly
down-regulated in the GP treatment groups, which
indicated that the protective mechanism of the GPs may
be related to PPARγ.
CYP450 isoform 1A1 has been shown to be one of the
most potent microsome cytochromes to generate ROS.
Liver CYP450 1A1 is accepted as the hallmark of oxidative
stress. In previous studies, it has been shown to be
[37]
invariably elevated in the liver of NASH patients . In
this study, we further observed elevated CYP450 1A1
expression in the HFSD group and significant downregulation of its expression in the group treated with a
high dose of the GPs.
In conclusion, 6 wk of oral GP administration im
proved lipid profiles, significantly decreased serum
levels of AST, ALT, BG, TG and TC in the T2DM-NAFLD
model rats, down-regulated the expression of TNF-α
and NF-κB proteins, and PPARγ and CYP4501A1 mRNAs,
decreased the infiltration of liver fats and reversed
the histopathological changes in a dose-dependent
manner. Our investigation provided convincing data
that support the potential hepatoprotective effects of
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METHODS: Eight SSc volunteers (average age, 40.1
years; one male) and 13 controls (average age, 32.2
years; six males) participated in the study. A highresolution manometry/impedance system measured the
esophagus and esophagogastric junction (EGJ) pressure
profile during swallows and two respiratory maneuvers:
sinus arrhythmia maneuver (SAM; the average of six
EGJ peak pressures during 5-s deep inhalations) and
threshold maneuver (TM; the EGJ peak pressures
during forced inhalation under 12 and 24 cmH2O loads).
Inspiratory diaphragm lowering (IDL) was taken as the
displacement of the EGJ high-pressure zone during the
SAM.
RESULTS: SSc patients had lower mean lower eso
phageal sphincter pressure than controls during normal
breathing (19.7 ± 2.8 mmHg vs 32.2 ± 2.7 mmHg, P =
0.007). Sinus arrhythmia maneuver pressure was higher
in SSc patients than in controls (142.6 ± 9.4 mmHg
vs 104.6 ± 13.8 mmHg, P = 0.019). Sinus arrhythmia
maneuver pressure normalized to IDL was also higher
in SSc patients than in controls (83.8 ± 13.4 mmHg vs
37.5 ± 6.9 mmHg, P = 0.005). Threshold maneuver
pressures normalized to IDL were also greater in SSc
patients than in controls (TM 12 cmH2O: 85.1 ± 16.4
mmHg vs 43.9 ± 6.3 mmHg, P = 0.039; TM 24 cmH2O:
85.2 ± 16.4 mmHg vs 46.2 ± 6.6 mmHg, P = 0.065).
Inspiratory diaphragm lowering in SSc patients was less
than in controls (2.1 ± 0.3 cm vs 3 ± 0.2 cm, P = 0.011).
CONCLUSION: SSc patients had increased inspiratory
EGJ pressure. This is an add-on to EGJ pressure and
indicates that the antireflux barrier can be trained.
Key words: Systemic sclerosis; Crural diaphragm; Gastro
esophageal reflux; Lower esophageal sphincter

Abstract
AIM: To investigate crural diaphragm (CD) function in
systemic sclerosis (SSc) using high-resolution manometry
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marked LES dysfunction in SSc, unknown is whether
the CD is involved in SSc. The goal of the present study
was to evaluate inspiratory EGJ pressure in SSc patients.
Herein, we considered controlled inspiratory LES pressure
a surrogate for CD strength.

Core tip: Crural diaphragm adaptation in systemic
sclerosis may be an add-on to the antireflux barrier.
This is an indication that the antireflux barrier can be
trained. Our aim was to evaluate crural diaphragm
function in systemic sclerosis using high-resolution
manometry and standardized inspiratory maneuvers.
Systemic sclerosis patients with severe esophageal
disease have increased inspiratory esophagogastric
junction pressure, despite a low normal-breathing lower
esophageal sphincter pressure.

MATERIALS AND METHODS
Eight SSc volunteers (average age, 40.1 years; one
male) were selected to participate in this study. The
diagnosis of SSc was based on the criteria of the
[7]
American College of Rheumatology . Patients with
other connective tissue disorders were excluded. All
of the SSc volunteers attended the Gastroenterolo
gy outpatient facility at Walter Cantídio University
Hospital (Federal University of Ceará, Brazil). A
gastroenterologist interviewed SSc volunteers to
obtain a complete clinical history and scored he
artburn and regurgitation according to frequency
using a standardized questionnaire: 0 (none), 1 (less
than once per week), 2 (once per week), 3 (two to
four times per week), 4 (more than five times per
week). The study protocol was publicly announced
at the hospital. Additionally, 13 healthy volunteers
(average age, 32.2 years; six males) without any
symptoms served as controls. All of the controls had
a normal physical examination and no antecedents
of abdominal surgery. Written informed consent
was obtained from each participant. The Research
Ethics Committee of the University Hospital approv
ed the study protocol prior to the experiments (No.
044.06.09).

Nobre e Souza MÂ, Bezerra PC, Nobre RA, Holanda ESF,
Santos AA. Increased inspiratory esophagogastric junction
pressure in systemic sclerosis: An add-on to antireflux barrier.
World J Gastroenterol 2015; 21(7): 2067-2072 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v21/i7/2067.htm
DOI: http://dx.doi.org/10.3748/wjg.v21.i7.2067

INTRODUCTION
Systemic sclerosis (SSc) is a clinically heterogeneous
and generalized disease that affects the connective
tissue of the skin and internal organs, such as the
gastrointestinal (GI) tract, lungs, kidneys, and heart.
SSc is characterized by severe and often progressive
cutaneous and visceral fibrosis, marked alterations
in the microvasculature, and frequent cellular and
[1]
humoral immunity abnormalities .
GI is frequent in SSc and is the presenting feature of
the disease in 10% of cases. Severe GI manifestations
appear to be mostly related to fibrosis, but early
neural disease can also lead to clinical manifestations.
The result is altered peristaltic activity with multiple
secondary problems, including gastroesophageal
reflux disease (GERD), early satiety, nausea, vomiting,
pseudo-obstruction, pneumatosis cystoid intestinalis,
small-intestine bacterial overgrowth, malabsorption,
[2]
and ultimately malnutrition .
Esophageal involvement occurs in up to 90% of
SSc cases, affecting the smooth muscle segment of
the organ. It leads to substantially reduced amplitudes
of distal esophageal contractions and diminished
[2]
pressure of the lower esophageal sphincter (LES) .
GERD is common in SSc and adds significantly to the
morbidity of the disease. Endoscopic reflux esophagitis
[3]
occurs in 77% of patients . Therefore, antireflux
mechanisms are always a concern in SSc patients.
The esophagogastric junction (EGJ) acts as a
gatekeeper that controls both normal bolus transit
[4]
and GER. After inspiratory muscle training and the
[5]
endoscopic placement of polymer prosthesis at the EGJ ,
the number of proximal refluxes decreased, possibly
secondary to a lower refluxate volume caused by a tighter
EGJ. The crural diaphragm (CD) is an essential part of the
[6]
EGJ and contributes to EGJ pressure . However, despite
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High-resolution esophageal manometry

Manometric studies were performed with the volun
teers in the supine position after at least a 6-h fast.
The catheters were 4.2 mm-outer-diameter solidstate assemblies with 36 circumferential sensors at
1-cm intervals and 18 impedance segments at 2-cm
intervals (Given Imaging, Yoqneam, Israel). Pressure
transducers were calibrated at 0 and 300 mmHg and
zeroed to atmospheric pressure. The catheter was
placed transnasally and positioned to record from
the upper esophageal sphincter to the stomach with
at least five sensors distal to the diaphragm. The
manometric protocol included a basal period for EGJ
pressure measurements, ten 5-mL saline swallows,
and two respiratory maneuvers in the supine position.

Respiratory maneuvers

The respiratory maneuvers have been previously
[8]
described . The volunteers remained in the supine
position while EGJ pressure was measured. The
volunteers did not swallow 20 s before or during the
maneuvers. First, six cycles of 5-s deep inhalation and
[9]
5-s exhalation [sinus arrhythmia maneuver (SAM)]
produced six EGJ inspiratory peak pressures. Second,
the volunteers made a quick and forced inhalation
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A

B
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Figure 1 Sinus arrhythmia maneuver. (Upper panels) Esophageal and esophagogastric junction (EGJ) pressure topography is shown during six 5-s inhalations
(Ⅰ). Inspiratory diaphragm lowering was then determined (A). The analysis landmarks are presented in the upper right panel (Ⅱ). In this case, the e-sleeve extended
approximately 6 cm across the EGJ. (Lower panel) (Ⅲ) Esophageal and EGJ pressure tracings during sinus arrhythmia maneuver (SAM) where inspiratory peak
pressures were measured (B) relative to expiratory pressure.

through a device that incorporated a flow-independent
[10]
one-way valve that ensured consistent resistance .
When the volunteers inhaled through the device, a
spring-loaded valve provided an adjustable resistance
(in cmH2O; Threshold IMT, Philips Respironics, Andover,
MA, United States). Each subject continued fast
inhalations under 12- and 24-cmH2O loads [threshold
maneuvers (TM12 and TM24)]. The TM procedures
were performed twice. The volunteers practiced both
the SAM and TM before the study.

each inhalation of the SAM maneuver. Inspiratory
diaphragmatic lowering (IDL; in centimeters) was
defined as how far the CD moved downward relative
to its resting position before the maneuver (Figure
1). Maneuver pressure acquisition was referenced to
atmospheric pressure and measured as follows. The
LES cursor was repositioned on the downward-shifted
CD during the inspiratory maneuvers (topographic
display mode), and the inspiratory pressures were
measured with the e-sleeve. The e-sleeve length
was set to the length of the EGJ high-pressure zone.
Inspiratory peak values were then determined in the
tracing display mode. The average of the six peak
pressures during the SAM (SAM pressure) and highest
peak pressure of the two loaded forced inhalations at
each load (TM12 and TM24 pressures) were calculated
relative to the mean EGJ pressure during a stable 30-s
period before the maneuvers. The data were corrected
for the thermal sensitivity of the pressure sensors.
Maneuver pressures are presented as raw data
(mmHg) and data normalized to IDL (mmHg/cm).
Work in physics is defined as force plus displacement.
EGJ pressure was substituted for force. Thus, EGJ
work was defined by the EGJ pressure that developed

Data analysis

For LES pressure and the esophageal body, the
horizontal cursors for gastric and EGJ landmarks were
manually set in the pressure topography display mode
of the ManoView Analysis 3.0 software workspace
(Yoqneam, Israel). The mean LES pressure and
minimal respiratory LES pressure were then measured.
Individual swallows were reviewed and analyzed
[11]
according to the Chicago classification . Lower
esophageal sphincter pressures were referenced to
intragastric pressure.
The CD vertical position was determined using
the smart mouse tool of ManoView before and during
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Figure 2 Mean lower esophageal sphincter pressure and minimal respiratory
lower esophageal sphincter pressure in particular were significantly lower in
systemic sclerosis patients than in healthy volunteers. bP < 0.01, dP < 0.01 vs
healthy. SSc: Systemic sclerosis; LES: Lower esophageal sphincter.

Normalized to IDL

Figure 3 Esophagogastric junction pressure during sinus arrhythmia maneuver
is higher in systemic sclerosis patients than in healthy volunteers. This
difference is even more pronounced if this parameter is normalized to the
degree of inspiratory diaphragm lowering (IDL). aP < 0.05, bP < 0.01 vs Healthy.
SSc: Systemic sclerosis; SAM: Sinus arrhythmia maneuver.

during the SAM plus IDL (mmHg*cm). The data are
expressed as mean and SEM.

in healthy volunteers (8.5 ± 1.7 mmHg vs 21.9 ±
2.8 mmHg, P = 0.002; Figure 2). Sinus arrhythmia
maneuver pressure was significantly higher in SSc
patients than in healthy volunteers (142.6 ± 9.4
mmHg vs 104.6 ± 13.8 mmHg, P = 0.019; Figure 3).
Sinus arrhythmia maneuver pressure normalized to
IDL was also significantly higher in SSc patients than
in healthy controls (83.8 ± 13.4 mmHg vs 37.5 ± 6.9
mmHg, P = 0.005). Threshold maneuver pressures
in SSc patients were similar to controls (TM12: 140.8
± 13.6 mmHg vs 124.4 ± 11.5 mmHg, P = 0.158;
TM24: 141.2 ± 15.1 mmHg vs 130.9 ± 12.2 mmHg,
P = 0.491). At 12 cmH2O, TM pressure normalized
to IDL was greater in SSc patients than in controls
(TM12: 85.1 ± 16.4 mmHg vs 43.9 ± 6.3 mmHg,
P = 0.039) and tended to be greater at 24 cmH2O
(TM24: 85.2 ± 16.4 mmHg vs 46.2 ± 6.6 mmHg, P
= 0.065). Inspiratory diaphragm lowering was less in
SSc patients than in healthy volunteers (2.1 ± 0.3 cm
vs 3 ± 0.2 cm, P = 0.011). Therefore, SSc patients
developed the same EGJ work as healthy volunteers
during inhalation (296.7 ± 53.7 mmHg•cm vs 303.5 ±
30.5 mmHg•cm, P = 0.906; Figure 4).

Statistical analysis

The normalities of the variables’ distributions were
tested using the D’Agostino test. The only non-normal
variable was SAM pressure; thus, the Mann-Whitney
test was used to compare the distribution of that variable
across SSc patients and controls. Student’s unpairedsamples t-test was used to compare the averages
of the other quantitative and continuous variables.
The level of statistical significance was set at 0.05
for differences in mean values and distributions. JMP
Statistical Discovery, version 7.0.1 (SAS Institute, Cary,
NC, United States), and Prism (GraphPad Software, La
Jolla, CA, United States) were used for the statistical
analyses.

RESULTS
The eight SSc volunteers presented severe eso
phageal motility disorders. Six had 100% distal
contraction failure. The other two had 30% and 70%
peristalsis failure; they also had an exceedingly low
Distal Contractility Integral (DCI; 187.5 and 147
mmHg•cm•s, respectively). The mean Integrated
Relaxation Pressure was 8.3 mmHg. All of the SSc
patients showed incomplete bolus transit after a
single 5-mL liquid swallow. All of the SSc volunteers
had interstitial lung disease. Six had lung fibrosis,
indicated by computed tomography. Two suffered
from exertion dyspnea.
All of the SSc patients complained of heartburn
at least two times per week. Six of the SSc patients
presented regurgitation, and five had intermittent
esophageal dysphagia. Mean LES pressure was lower
in SSc patients than in controls (19.7 ± 2.8 mmHg vs
32.2 ± 2.7 mmHg, P = 0.007). Minimal respiratory
LES pressure was even lower in SSc patients than
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DISCUSSION
The present study showed that standardized in
spiratory pressure of the EGJ was higher in SSc
patients than in healthy volunteers. This occurred
despite marked esophageal involvement in the
patients.
The intraluminal EGJ pressures were measured
using a state-of-the-art method. Two respiratory
maneuvers were adapted to be performed during
EGJ manometry. The first maneuver, the SAM,
was based on a long-accepted maneuver that was
[9]
designed to evaluate cardiac sinus arrhythmia .
The second maneuver, the TM, took advantage of
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Healthy

diaphragm adaptation in SSc patients that may
confer some degree of protection against proximal
gastroesophageal reflux. The higher inspiratory
pressures in SSc are likely attributable to the lung
disease itself because GERD is associated with crural
[8]
insufficiency . If SSc patients with lung fibrosis do
not improve their inspiratory EGJ pressure during
disease progression, would they have more lung
fibrosis?
If indeed the microaspiration of gastric contents
[17]
triggers pulmonary parenchymal lesions , that
proximal reflux is necessary for microaspiration, and
that increasing inspiratory EGJ pressure diminishes
proximal reflux, then the naturally occurring high
inspiratory pressures in SSc with lung disease may be
useful to partially control GERD in SSc. Furthermore,
increases in inspiratory EGJ pressure (e.g., after
inspiratory muscle training) may be an add-on to
GERD treatment in SSc patients and GERD in general.
This study was funded in full by Conselho Nacional
de Desenvolvimento Científico e Tecnológico and
Fundação Cearense de Apoio ao Desenvolvimento
Científico e Tecnológico (FUNCAP).
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Figure 4 Degree of inspiratory diaphragm lowering is less in systemic
sclerosis patients than in healthy volunteers. Esophagogastric junction
(EGJ) work is similar across these two groups. aP < 0.05 vs healthy. SSc:
Systemic sclerosis; SAM: Sinus arrhythmia maneuver; IDL: Inspiratory diaphragm
lowering.

a device that is often used by physical therapists to
[12]
improve diaphragmatic function . Both maneuvers
have recently been used to study EGJ pressure in
[8]
GERD . The SAM was quite easy for the volunteers
to execute. The TM was more difficult and required
the volunteers to undergo some training beforehand.
Moreover, the TM pressures had a larger standard
error than the SAM pressures. The TM pressures
in SSc patients at 24 cmH2O were not significantly
higher than controls possibly because of a type
2 inference error. The healthy volunteers were
younger than the SSc patients. However, this fact
cannot explain why they had smaller inspiratory EGJ
pressures than the older SSc patients. Indeed, older
individuals usually have weaker striated muscles.
As early as around the fourth decade of life, both
[13]
muscle mass and strength begin to decline . Muscle
loss appears to be unavoidable and accelerates with
[14]
advancing age . Therefore, age differences may
not have played an essential role in the results of this
study.
All of the SSc volunteers had clinically significant
lung disease. A reasonable consideration is that such
patients have adapted the diaphragm, which is the
principal inspiratory muscle, to allow for adequate
lung ventilation. Substantial evidence indicates
[15]
respiratory muscle adaptation in disease states .
The contractile apparatus of the diaphragm may
change as a result of interstitial lung disease to shift
its length-tension relationship. As a result, the CD
may be able to deliver stronger inspiratory tension
and greater inspiratory EGJ pressures. In fact,
augmenting inspiratory EGJ pressure is possible after
[8]
inspiratory muscle training . Interestingly, in addition
to improving GERD symptoms and inspiratory EGJ
pressure, inspiratory muscle training also diminishes
[8]
proximal reflux progression . SSc patients with
lung fibrosis have more distal and proximal GER
[16]
relative to SSc patients without lung fibrosis . The
present study found possible pathophysiological
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METHODS: Twenty four children (15 boys and 9 girls) with
malignancies, followed up by the pediatric gastroenterology
outpatient clinic for CHB between January 2000 and
December 2013, were enrolled in the study (Group 1).
Group 2 was formed with twenty five children (11 girls and
14 boys) diagnosed with CHB without malignancies. The
data from the patients’ records were compared between
the two groups.
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RESULTS: Hepatitis B e antigen (HBeAg)/antiHBe
seroconversion was observed in 3 patients (12.5%) in
group 1 and 15 patients (60%) in group 2, with annual
seroconversion rates of 1.61% and 16.6%, respectively,
and the difference was significant (P < 0.01). One
patient (6.6%) in Group 1 and 9 patients (53%) in
Group 2 showed HBeAg/antiHBe seroconversion after
treatment and the difference between the two groups
was significant (P < 0.06) Loss of hepatitis B surface
antigen was observed in one patient in each of group
1 and 2. No clinical, laboratory and imaging findings of
liver disease were observed in any of the patients at the
end of the study.
CONCLUSION: HBeAg/antiHBe seroconversion rate
was lower in patients who had recovered from cancer.
Key words: Chronic hepatitis B; Children; Pediatric
malignancies; Seroconversion; Course of the disease
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Children with hematological cancers have a high
risk for hepatitis B virus infection due to immunosuppression
secondary to chemotherapy, radiotherapy and multiple
blood transfusions. Although there are some studies in the
literature addressing the course of chronic hepatitis B (CHB),
few studies were conducted on patients with CHB who have
been treated for cancer. The aim of our study is to evaluate
the clinical characteristics and the course of CHB in a cohort

Abstract
AIM: To evaluate the outcome of chronic hepatitis B
(CHB) in children with or without malignancies.
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[7,8]

consisting of Turkish children with CHB who had received
pediatric cancer therapy and compare the results with
children diagnosed with CHB who do not have cancer.

replication .
In children who have been treated for cancer or
without cancer, HBV infection may show an acute and
self-limiting course or a fulminant course progressing
to hepatic failure with high mortality rate, or may
persist for more than 6 mo progressing to chronic
infection. Therefore, current anti-viral agents are used
to eradicate HBV in children infected with HBV. These
anti-viral agents, albeit not having sufficient efficacy,
can prevent progression of liver damage. Treatment
strategies for children with CHB focus on inhibition of
viral replication to prevent active liver damage, and
[9]
induce HBe Ag seroconversion .
Although there are some studies in the literature
addressing the course of CHB, few studies were
conducted on patients with CHB who have been treat
ed for cancer. The aim of our study is to evaluate
the clinical characteristics and the course of CHB in
a cohort consisting of Turkish children with CHB who
had received pediatric cancer therapy and compare
the results with children diagnosed with CHB diagnosis
who do not have cancer. The study had a case-con
trolled and comparative design.

Usta M, Urgancı N, Yıldırmak ZY, Dogan Vural S. Chronic
hepatitis B in children with or without malignancies: A 13-year
follow-up. World J Gastroenterol 2015; 21(7): 2073-2079
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i7/2073.htm DOI: http://dx.doi.org/10.3748/wjg.v21.i7.2073

INTRODUCTION
Following initiation of a universal vaccination program
and scanning of blood donors in many countries, the
prevalence of hepatitis B virus (HBV) infection has
been significantly decreased. However, many children
are still being infected every year, and chronic
infection frequently develops despite regular follow[1]
ups . While the course of chronic hepatitis B (CHB)
is benign during childhood and adolescence, cirrhosis
develops in 3%-5% and hepatocellular carcinoma
(HCC) develop in 0.01%-0.03% of chronic patients
before adulthood. For whole life, this risk increases
to 9%-24% for HCC, and the incidence of cirrhosis
[2]
increases to 2%-3%/year .
While most children with CHB may be asymptomatic
based on normal growth and physical examination
findings, normal or minimally abnormal aminotransferase
levels and progressive inflammatory changes in liver
histology may be seen. In HBeAg-positive children,
liver histology usually may reveal mild to moderate
inflammation accompanied with minimal fibrosis at any
age. During HBe seroconversion, hepatic lobular changes
including portal inflammation and fibrosis of various
[3]
grades with or without piecemeal necrosis develop .
Children with hematological cancers have a high
risk for HBV infection due to immunosuppression
secondary to chemotherapy, radiotherapy and multiple
[4]
blood transfusions . In most of such children, HBV
infection is characterized by mild symptoms, and usually
[5]
leads to chronic hepatitis or prolonged carrier state .
Blood and organ donors with occult HBV infection are
possible sources for immunosuppressed hosts. Such
[6]
patients may show different courses of the disease .
However, severity of hepatic damage in patients following
treatment including chemotherapy and radiotherapy
is uncertain. Nevertheless, it is well known that
chemotherapy suppressing the immune system may
cause an increase in HBV DNA (viral load) and may
lead to hepatic damage due to lack of immune system
[7]
control . Besides, chemotherapy can be directly
hepatotoxic, and some chemotherapeutic agents and
corticosteroids may cause damage to the liver or
may lead to fulminant hepatitis, or to hepatic failure
by stimulating viral replication. There is a specific
area in the HBV genome which directly stimulates

WJG|www.wjgnet.com

MATERIALS AND METHODS
The study included 24 patients (15 males, 9 females)
with CHB who had received cancer therapy (group 1),
and 25 patients (14 males, 11 females) with CHB who
had not received cancer therapy. The patients were
followed-up by the pediatric gastroenterology outpatient
clinic of Sisli Hamidiye Etfal Training and Research
Hospital between January 2000 and December 2013.
Five (20.8%) of the patients in Group 1 were
diagnosed with solid tumors, and 19 (79.1%) were
diagnosed with leukemia/lymphoma. All patients
included in the study were in remission and had not
received chemotherapy for at least 12 mo. During the
therapy, each patient had received 19.19 ± 17.44 units
(1-80 units) blood and blood products on average.
The average duration of hepatitis B surface antigen
(HBsAg) seropositivity after cancer therapy was 24.05
± 19.52 mo (3-96 mo) in the patients in group 1. The
patients included in the study were routinely tested for
HBV markers as well as HCV during chemotherapy and
at the end of the therapy. All patients in group 1 had
serological markers for CHB for longer than 6 mo. None
of the subjects had a history of liver disease or had
received blood or blood products before the onset of
cancer.
The mean age of the patients in group 2 at diagnosis
was 9.11 ± 3.69 years. Their serological markers for
CHB had been positive for longer than 6 mo. With
respect to transmission route of the disease in the
patients in group 2, 6 were born to a mother with
hepatitis B, 9 were cases of intrafamilial transmission,
and 4 had a history of dental extraction. The trans
mission routes for 6 patients were unknown. The
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demographics of the patients in both groups are shown
in Table 1.
Those who had a concomitant systemic disease,
and those with accompanying hepatitis C, delta hepa
titis, HIV infection or other liver disease (e.g., liver
disease associated with α-1 anti-trypsin deficiency,
Wilson’s disease, autoimmune hepatitis, cystic fibrosis
and celiac disease) were excluded from the study. All
patients were asymptomatic at diagnosis and none of
those included in the study had cirrhosis or HCC.

Inactive carrier state was defined as patients with
HBeAg (-), anti-HBe (+) HBV DNA (-) or < 2000 IU/
mL, and normal ALT levels. Biochemical response was
defined as a normalization of ALT levels. Serological
response for HBeAg was considered to be disappearance
of HBeAg and development of anti-HBe antibody in
HBeAg (+) patients. The serological response for HBsAg
was a disappearance of HBsAg and development of
anti-HBs antibody while the virological response was
HBV DNA levels that were non-detectable or < 2000
IU/ml 6 mo after the completion of the treatment. A
sustained virological response was a continuance of the
virological response for at least 12 mo after cessation
of the treatment, while a complete response was
prolonged HBsAg loss along with virological response,
[1]
without treatment .
The initial findings at diagnosis, response to treatment
in treated patients, liver biopsy findings and final state of
the disease were compared between the two groups.
Informed consent was obtained from the patients
and their guardians before procedures.

Method

The physical examination findings, liver function tests,
risk factors for HBV infection, ages, clinical findings
of liver disease, complete blood counts, virological
markers (e.g., HBsAg, anti-HBs, HBeAg, anti-HBe
and serum HBV DNA levels), α-fetoprotein levels
and auto-antibodies of all patients at diagnosis were
collected from their medical records. Serum aspartate
aminotransferase and alanine aminotransferase (ALT)
levels were evaluated using standard methods (upper
limit of normal: 50 IU/L).
All patients were monitored through physical ex
amination, liver function tests and virological tests
every 3 to 6 mo. Ultrasonographic examinations and
α-fetoprotein tests were done at 6 to 12-mo intervals.
Liver biopsy was performed in patients with increa
sed ALT levels (NX2 or above) for longer than 6 mo,
increased HBV DNA, and HBe Ag (+) during the followup. After consent forms were obtained, the liver biopsy
materials were evaluated by the same liver pathologist
blinded to the clinical and biochemical data of the
patients. The biopsy materials were evaluated for
fibrosis scores using necroinflammatory activity and
Knodell histological activity index (HAI).
Patients whose liver biopsy revealed moderate to
severe necroinflammation and/or findings beyond mild
fibrosis were treated. Pre-treatment ceruloplasmin,
α-1 anti-trypsin, autoimmune antibodies and HCV
values were normal. Fifteen patients from group 1 and
17 patients from group 2 were given treatment. The
patients assigned to receive treatment were administered
2
recombinant interferon (5 MU/m per day, three times
a week for 6 mo subcutaneously, and lamivudine (maxi
mum 100 mg, for at least 1 year). Treated patients
were monitored through monthly physical examination,
complete blood count, liver enzymes, viral serological
markers (at the initiation of the treatment, month 3 and
month 6), autoimmunity markers at 6-mo intervals, and
annual ultrasonography and alpha fetoprotein levels.

Statistical analysis

NCSS (Number Cruncher Statistical System) 2007
and PASS (Power Analysis and Sample Size) 2008
Statistical Software (Utah, United States) were used
for statistical analysis. For evaluating the study data,
besides descriptive statistical methods (mean, standard
deviation, median, frequency, ratio), an independent
samples test was used to compare parameters that
showed normal distribution and Mann-Whitney U test was
used to compare parameters that were not distributed
2
normally between groups. Pearson χ test, Yates
Continuity Correction and Fisher’s Exact test were used
to compare qualitative data. P < 0.05 was accepted as
statistically significant. Kaplan Meier analysis and log rank
test were used to evaluate seroconversion rates.

RESULTS
The rate of the cases detected to be HBsAg (+) among
the pediatric oncology patients who had been followed
up for the last 13 years was 6%.
Forty-nine patients (group 1 = 24 patients, group
2 = 25 patients) with CHB diagnosis who had been
followed up at the outpatient clinic for a period of 13
years were included in the study. The demographics of
the patients are shown in Table 1.
The initial laboratory results of the patients in both
groups are shown in Table 2. No significant difference
was found in ALT levels, HBV DNA, albumin, INR,
α-fetoprotein, HAI or fibrosis staging between the two
groups (p > 0.5).
Throughout the follow-up period, interferon (5
2
MU/m per day, three times a week for 6 mo) and
lamivudine (maximum 100 mg for at least 1 year)
were initiated in 15 patients with active hepatitis
infection from group 1, and 17 patients with active

Follow-up and definitions

The treated patients in both groups were followed up
every 3 mo after the completion of treatment. Also the
untreated HBeAg (+) patients were followed up every
3 mo. Patients with HBeAg/anti-HBe seroconversion,
normal ALT levels and HBV DNA < 2000 IU/mL were
followed up every 6 mo.
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Table 1 Main characteristics of the patients with chronic
hepatitis B in both groups n (%)

Table 3 Seroconversions to anti hepatitis B e and anti-hepatitis
B surface in both groups n (%)

Groups
Group 1, n = 24
Gender
Female
Male
mean age at diagnosis (yr,
mean ± SD)
Solid tumour
Leukemia/lymphoma
Diagnosis time after chemotherapy
Number of transfusions (mean
± SD)
Route of transmission
HBsAg(+) mother
History of dental extraction
Family contact
Unknown

Seroconversions

Group 2, n = 25

9 (37.5)
15 (62.5)
10.89 ± 2.67

Treatment induced1
HBeAg to HBeAb
Treatment induced
HBsAg to HBsAb
Total HBeAg to HBeAb1
(treatment induced and spontan
seroconversion)
Total HBsAg to HBsAb1
(treatment induced and spontan
seroconversion)

11 (44.0)
14 (56.0)
9.11 ± 3.69

5 (20.8)
19 (79.1)
2.00 ± 1.92
19.19 ± 17.44

P value

Groups
Group 1

Group 2

1 (6.6)

9 (53)

0

0

3 (12.5)

15 (60)

1 (4.1)

1 (4)

0.006

0.002

1.000

1

Fisher’s Exact test. HBeAg: Hepatitis B e antigen.

0
0
0
24

5 (20)
3 (12)
5 (20)
12 (48)

Table 4 Evaluation of hepatitis B e antigen/anti- hepatitis B
e seroconversion with Kaplan-Meier analysis n (%)

Group 1: Patients cured of malignancy with chronic hepatitis B (CHB);
Group 2: Children diagnosed CHB without malignancy.

n
Group 1
Group 2
Total

Table 2 Initial laboratory and liver biopsy findings of the
patients in both groups

24
25
49

HBeAg(-)antiHBe(+) HBeAg(+)/
anti-HBe(-)
3 (12.5)
15 (60.0)
18 (36.7)

21 (87.5)
10 (40.0)
31 (63.3)

Seroconversion
annual Rate
1.61%
16.66%
8.33%

Kaplan-Meier analysis. HBeAg: Hepatitis B e antigen.
Group 1, n = 24
HBeAg (+)
HBsAg (+)
1
HBV DNA > 105
copies/mL
1
ALT N
ULNX2
ULNX3
2
Alpha fetoprotein
Albumin
INR
2
Hepatitis activation
index (mean ± SD)
2
Fibrosis (mean ±
SD)
Treated patients
(INF-a and LAM)

Group 2, n = 25 P value

24/24
24/24
24/24

25/25
25/25
25/25

9
11
4
2.35 ± 1.84 (1.84)
4.27 ± 0.22
1.08 ± 0.07
5.41 ± 2.94 (5.00)

8
10
7
1.66 ± 0.54 (1.60)
4.22 ± 0.32
1.07 ± 0.07
5.91 ± 2.52 (5.00)

0.350

1.38 ± 1.15

1.04 ± 0.64

0.441

15

17

antiHBe seroconversion was observed in 3 patients
(12.5%) from group 1 and 15 patients (60%) from
group 2, with annual seroconversion rates of 1.61 and
16.6%, respectively. The difference between the two
groups was significant (p < 0.002). No HBV DNA was
detected in 12 of these patients, and HBV DNA was <
2000 IU/mL in 6. HBeAg-anti-HBe and HBsAg/anti-HBs
seroconversions in both groups are listed in Table 3.
e-seroconversion levels determined using Kaplan-Meier
analysis are shown in Table 4.
When the transmission routes for patients who
developed HBeAg/anti-HBe seroconversion in group 2
were evaluated, it was seen that 6 of them were cases
of intrafamilial transmission and 4 had a history of
dental extraction. The transmission routes for 5 patients
were unknown.
At the end of the study period, s-seroconversion
(anti-HBs (+)/HBs Ag (-)/HBV DNA absent or < 2000
IU/mL per normal ALT) was observed in 1 patient from
group 1. HBs Ag seroconversion developed in 1 patient
from group 2 (anti-HBs (+) HBV DNA not detected and
ALT was normal).
For 21 subjects from group 1 and 10 subjects
5
from group 2, HBsAg (+) anti-HBe (-) HBV DNA > 10
copies/mL and normal ALT levels were observed at the
end of the study.
No clinical, laboratory and imaging findings of liver
disease were found in any of the patients at the end of
the study.

0.053
0.654
0.894
0.644

1

χ 2 test; 2Mann Whitney U test. HBeAg: Hepatitis B e antigen; HBsAg:

Hepatitis B surface antigen; HBV: Hepatitis-B virus; ALT: Aminotransferase.

hepatitis infection from group 2. One patient (6.6%)
in Group 1 and 9 patients (53%) in Group 2 showed
HBeAg/antiHBe seroconversion after treatment and the
difference between the two groups was significant (p <
0.06) (Table 3).
No treatment was initiated in 9 patients from group
1 and 8 patients from group 2, because they had HBs
5
Ag (+), anti-HBs (-), normal ALT levels, HBV DNA > 10
copies/ml. At the end of the study, HBeAg/anti-HBe
seroconversion developed in 2 of these patients from
group 1 and 6 of 8 patients in group 2. When all patients
were evaluated for HBeAg/anti-HBe seroconversion at
the end of the study (treated and untreated), HBeAg/
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the transmission route of infection on HBeAg/anti[14,18]
HBe seroconversion were significant
. The study
[14]
conducted by Popalis et al
included a multiethnic
group, and it was reported that younger, non-Asian
origin children with increased ALT levels show more
e-seroconversion. The authors reported a rough rate of
41% for e-seroconversion. In the study of Zacharakis
[18]
et al , HBeAg/anti-HBe seroconversion rate (43%)
was lower in Muslim children than the other ethnicities.
In a study conducted among Chinese children, a
more homogenous group, e-seroconversion rate was
[15]
[16]
7% . In the study of Marx et al
e-seroconversion
rate was reported to be 40.2%. Their study included
children of different ethnicities, and low HBeAg-AntiHBe
seroconversion was found in Asian patients with vertical
transmission route. Our study group consisted of
patients of a homogenous group in terms of ethnicity.
Our patients were of Asian origin and Muslim. In our
study, the cumulative HBeAg/anti-HBe seroconversion
rate in both groups was 36.7% (8.33%/year). In group
1, the rate was significantly low; i.e., 12.5% (1.61%/
year). In group 2, the rate was 60% (16.6%/year).
The patients in group 1 had been treated for cancer.
The low seroconversion rate in the subjects in group 1
may be explained by the facts that anti-cancer drugs
can inhibit both humoral and cellular response and
immunosuppressive effects of chemotherapy may be
relevant in the proliferation and persistence of HBV.
In the literature, there are few studies investigating
the natural course of infection in children with CHB
who have been treated for cancer. Immune function
is believed to have a key role in the severity of HBV
infection. Anti-cancer drugs inhibit both humoral and
cellular responses. The immunosuppressive effect
of chemotherapy on cell-mediated functions may be
effective in the proliferation and persistence of HBV.
The vertical transmission route adversely affects
[16,18]
HBeAg/anti-HBe seroconversion
. In the study of
[17]
Bortolotti et al , the e-seroconversion rate was high
(84%) during a 13-year follow-up period on average.
However, patients with vertical transmission accounted
for a small number of their patients. Although one
of the limitations of our study was that we could
not exactly evaluate the transmission routes of the
patients in group 1, none of the three patients who
developed seroconversion in this group had a history
of vertical transmission. No vertical transmission was
observed in any of the patients who developed HBeAg/
antiHBe seroconversion in group 2. Another limitation
of the study was that the moment of infection was not
known.
Similarly with adults, the target of CHB treatment
in children is to increase long-term survival, and
to improve quality of life by decreasing the risk of
[2]
progressive liver disease and HCC . Antiviral therapy
(with interferon or lamivudine) is effective during the
immune clearance phase of the infection to suppress
viral replication and to induce HBeAg seroconversion,
and is indicated in the immune active phase of the

DISCUSSION
CHB continues to be a global health problem. In Turkey,
a vaccination program for hepatitis B was initiated
[10]
in 1998 . In our country, the prevalence of HBV
infection in the healthy population was reported to be
[10,11]
5.4%-8.2% (moderately endemic)
. In children
with hematological diseases and malignancies receiving
chemotherapy and multiple transfusions, the prevalence
[5,7,12]
was reported to be 2%-11.6%
. In our study, we
found the HBsAg seropositivity to be 3.07%, which is
consistent with the literature, in hemato-oncological
cancers.
Transmission routes of CHB infection vary among
different zones of the world. While either vertical/
perinatal transmission or horizontal transmission during
early childhood is observed in the highly endemic areas
(mainly in Asian countries), HBV infection is seen in
all age groups in the moderately endemic areas and
parenteral and sexual transmission are observed more
frequently in individuals close to adulthood in the low[6]
level endemic zones . In our cohort, although the
transmission routes in the patients in group 1 are not
known exactly, when the transmission routes were
examined in the patients in group 2, the rates were
found as follows: vertical transmission 24%, horizontal
transmission 36% and dental extraction history 16%.
The transmission routes could not be determined in
24% of the patients.
Three phases were determined for CHB infection in
children: immune tolerant, immune active and inactive
[13]
carrier . HBeAg seroconversion is accompanied by
a reduction in HBV DNA levels; histological findings in
liver biopsy demonstrate mild to moderate inflammation
[2,4]
with minimal fibrosis . Although it occurs during
childhood, spontaneous HBeAg seroconversion is rarely
seen in children under 3 years of age. In many cases,
this process is seen during adolescence and early
adulthood. In the early stages of HBeAg seroconversion,
children are still asymptomatic or show mild non[2,6]
specific symptoms . All of our subjects in both groups
were between 4 and 14 years of age. Our subjects were
asymptomatic, and no chronic liver disease findings and
no development of liver cancer were noted during the
13-year follow-up.
In the literature, it is reported that inflammation
that begins in various grades at any age increases and
[3]
progresses with age . Pre-treatment biopsies were
taken from our subjects, and the histopathological
examinations of the biopsy specimens showed that
means of fibrosis were 1.38 ± 1.15 in group 1 and 1.04
± 0.64 in group 2. The difference between the two
groups was not significant. HAI scores were 5.41 ± 2.94
(5.00) (group 1) and 5.91 ± 2.52 (5.00) (group 2). The
difference between the two groups was not considered
significant.
There are long-term studies in the literature relating
[14-20]
to the natural course of the disease in children
.
In the studies relating to this, effects of ethnicity and
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[2,21]

HBeAg/antiHBe seroconversion rates are lower in subjects who had recovered
from cancer. However, the authors observed a mild clinical course in the
patients in both groups after a follow-up period of 13 years.

infection
. In our patients, we used a combination of
interferon and lamivudine. The post-treatment HBeAg/
antiHBe seroconversion rates in subjects in group 2
and group 1 were 53% and 6.6%, respectively. The
difference between the two groups was statistically
significant. In many studies relating to CHB conducted
on children with cancer, the efficacy of treatment
[22]
was questioned. Koçak et al
reported HbeAg/antiHBe seroconversion in two (25%) of eight patients
receiving recombinant interferon α therapy. Kasirga
[23]
et al , reported HbeAg/anti-HBe seroconversion in
three (27.3) of 11 patients receiving interferon α-2b
therapy. These studies were not long-term studies. In
[24]
their study, Saltik-Temizel et al
reported the results
obtained 5 years after CHB treatment in children with
cancer, and reported HBeAg/anti-HBe seroconversion
in 33.3% (4/12) of the patients. In their study, one
patient showed HBeAg/anti-HBe seroconversion at the
end of the treatment, and three during the follow-up.
However, in the literature, we could not identify studies
on the natural course and follow-up of HBV infection
in children treated for cancer. When we compared
the two groups after a follow-up period of 13 years,
treatment-induced and total e-seroconversion were
lower in patients with cancer.
Spontaneous HBsAg/antiHBs seroconversion is
[2,16,21]
quite rare during childhood (0.6%-1%/year)
.
Loss of HBsAg and development of anti-HBs were
observed in 2 patients in both groups. In the study
[18]
of Zacharakis et al , the rate was 1%/year. In a
Japanese cohort, no s-seroconversion was seen during
[19]
[20]
observation periods . Ruiz-Moreno et al
reported
that clearance of HBsAg was observed in only 5% of
103 Spanish children with CHB in a follow-up period of
6.3 years.
In conclusion, we found that both post-treatment
and spontaneous HBeAg/antiHBe seroconversion rates
are lower in subjects recovered from cancer. However,
we observed a mild clinical course in the patients in
both groups after a follow-up period of 13 years. We
think that CHB infection show a more benign course
during childhood, but the number of subjects with longterm follow-up periods should be increased to obtain
more healthy results.

Applications

The studies on the natural course of chronic hepatitis B in a special patient
group can help to understand the disease better.

Terminology

HBe/antiHBe seroconversion is important in the course of chronic hepatitis B in
children.

Peer-rewiev

A well-performed case control study, with similar clinical and virological features
between both groups.
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METHODS: Serum sHB-EGF levels were measured
by a commercially available human HB-EGF ELISA Kit
and compared among 60 normal controls, 30 highrisk patients, 37 early gastric cancer (EGC), and
30 advanced gastric cancer (AGC) through ANOVA
test. Correlations between serum sHB-EGF and
clinicopathological features of GC were analyzed through
Spearman’s correlation. The diagnostic performance of
serum sHB-EGF for GC was evaluated through receiver
operating characteristic (ROC) curve and logistic
regression analysis.
RESULTS: Serum sHB-EGF levels were significantly
higher in AGC group (314.4 ± 127.5 pg/mL) than EGC
(165.3 ± 123.2 pg/mL), high-risk (98.7 ± 67.3 pg/mL),
and control (94.7 ± 83.6 pg/mL) groups (post-hoc
Bonferroni, all P < 0.001), respectively. Serum sHB-EGF
levels were also significantly higher in EGC group than
high-risk (P = 0.049) and control (P = 0.006) groups.
Clinicopathologically, serum sHB-EGF levels closely
correlated with depth of invasion (T-stage, γs = 0.669, P
< 0.001), lymph node metastasis (N-stage, γs = 0.407,
P = 0.001), and distant metastasis (M-stage, γs = 0.261,
P = 0.030). ROC curve and logistic regression analysis
demonstrated a remarkable diagnostic potential of
serum sHB-EGF.
CONCLUSION: Serum sHB-EGF is closely correlated
with advanced stage GC and can be a promising
serological biomarker for GC.
Key words: Biomarker; Diagnostic; Gastric cancer;
Prognostic; Soluble heparin-binding EGF-like growth
factor

Abstract

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

AIM: To evaluate the clinical usefulness of soluble
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[14]

HB-EGF is a member of the EGF family . It is
initially synthesized as a membrane-anchored form
(pro-HB-EGF), which is subsequently cleaved from
the membrane by metalloproteinase to produce
[15]
a mature soluble form of HB-EGF (sHB-EGF) .
Many in vitro studies demonstrated that sHB-EGF
is a potent mitogen for several types of epithelial
[16-19]
cells
. Several studies also demonstrated that
HB-EGF is overexpressed in human GC cell lines and
[13,19,20]
GC tissues
. Therefore, this growth factor has
potentials as a biomarker for GC. Although tissue
markers have high specificity, reproducibility, and
reliability, serological biomarkers are preferable as
a screening method for GC because tissue markers
require invasive techniques such as endoscopy and
biopsy. Because HB-EGF is released into circulation
as a mature soluble form, this growth factor can
be measured in serum, and serum levels of this
soluble factor may reflect the disease progression
in GC. However, there is little information about the
serological levels of sHB-EGF according to gastric
carcinogenic sequence.
In this study, we determined how serum levels
of sHB-EGF related to the “gastritis-dysplasia[21]
carcinoma” sequence of gastric carcinogenesis
and analyzed its correlations with clinicopathological
features of GC. We also investigated the usefulness
as a biomarker for GC compared with serum CEA.

Core tip: Early detection of gastric cancer (GC) is most
important issue. Although endoscopic examination is
an ideal, highly reliable technique for early detection
of GC, it has limitation because of its high cost and
invasiveness. Therefore, inexpensive, comfortable,
reliable and less-invasive biomarkers need to be
identified. Here, we reported that serum levels of
soluble HB-EGF (sHB-EGF) closely correlated with
advanced TNM stage and was higher in EGC than highrisk group. We also identified a remarkable diagnostic
accuracy of serum sHB-EGF for GC. To our knowledge,
this is the first study to validate sHB-EGF as a desirable
serum biomarker for GC.
Chung HW, Kong HY, Lim JB. Clinical significance and
usefulness of soluble heparin binding-epidermal growth factor
in gastric cancer. World J Gastroenterol 2015; 21(7): 2080-2088
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i7/2080.htm DOI: http://dx.doi.org/10.3748/wjg.v21.i7.2080

INTRODUCTION
Although the incidence of gastric cancer (GC) has
decreased over the past few decades, it is still a
serious health problem because it is the second most
[1]
frequent cause of cancer-related deaths worldwide ,
which may be originated from that the prognosis of
advanced gastric cancer (AGC) remains poor despite
[2]
the recent advances in treatment strategies . In
contrast, the prognosis of early gastric cancer (EGC)
[3]
is favorable . These facts strongly support the clinical
importance of early detection of GC. Endoscopic
examination is an ideal, highly reliable technique for
[4]
early detection of GC and its premalignant lesions .
However, its usefulness as a routine screening
method is somewhat limited because of its high cost
and the risk associated with this invasive procedure.
Therefore, inexpensive, comfortable, reliable and
less-invasive biomarkers such as accurate serological
biomarker need to be identified.
Carcinoembryonic antigen (CEA), a well-known
gastrointestinal tumor-related biomarker, was initially
applied as a biomarker for GC. However, recent
studies have found that CEA does not demonstrate
the sensitivity or specificity needed to effectively
[5]
screen for GC .
Activation of the epidermal growth factor (EGF)
and epidermal growth factor receptor (EGFR) families
is known to be associated with the progression of
[6]
various tumor types . Activation of EGF-EGFR axis is
also associated with tumor growth, serosal invasion,
[7-9]
and resultant poor prognosis of GC patients . EGFR
has seven ligands. Of these ligands, heparin-binding
EGF-like growth factor (HB-EGF) is in particular
thought to be associated with GC development and
[10-13]
progression
.
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MATERIALS AND METHODS
Subjects and clinical information

A total of 157 subjects from Yonsei University Health
System were enrolled in this study. All subjects
underwent upper gastrointestinal endoscopy (Types
XQ-260, Olympus, Tokyo, Japan) with biopsy. The final
diagnosis was made based on histological findings
from biopsy or surgical specimens. All patients were
diagnosed for the first time during the enrollment
period, and blood samples were collected before
they received any treatments. Blood samples were
stored as serum fractions at -80 ℃ until analysis. The
Institutional Review Board of Yonsei University Health
System approved the current study, and written
informed consent was obtained from all participants in
accordance with the Declaration of Helsinki.
Subjects who suffered from chronic diseases such
as liver cirrhosis, chronic renal disease, and diabetes
mellitus were excluded from this study. Subjects with
other cancers and other gastric neoplasms such as
gastrointestinal stromal tumors, mucosa-associated
lymphoid tissue lymphomas, and neuroendocrine
tumors were also excluded. Patients who previously
received any treatment for GC or its premalignant
lesions were also excluded.
Subjects were classified into the following four
groups according to the “gastritis-dysplasia-carcinoma”
[21]
sequence of gastric carcinogenesis : control group,
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which included normal mucosa or acute and chronic
gastritis; high-risk group, which included intestinal
metaplasia (IM) and dysplasia; EGC group; and
AGC group. Both age and sex were matched in all
groups. All patients in the cancer groups underwent
imagining studies including chest X-ray, abdominalpelvic helical computed tomography, and whole-body
positron emission tomography to determine TNM
stage. TNM stage for GC was evaluated according
th
to the 7 International Union Against Cancer-TNM
[22]
stage guidelines for GC
based on radiological
studies or surgical findings. Helicobacter pylori (H.
pylori) infection was determined by staining of gastric
tissue with Giemsa solution (Sigma, MO, United
States). Glandular atrophy and IM were diagnosed
[23]
according to the updated Sydney classification ,
and pathological determination of differentiation
status (well, moderate, poor, and signet-ring cell) was
performed according to the Lauren classification.

analysis of variance (ANOVA).
For statistical analysis for current data, SPSS
version 20.0 (IBM Corp., NY, United States) was
used. P values < 0.05 were considered statistically
significant. Values (sHB-EGF, CEA) were expressed
as the mean with the 25%-75% SD. Means of each
group was compared by ANOVA test with multiple
comparisons by using the post-hoc Bonferroni method.
An independent sample t-test was used to compare
the mean between the cancer groups vs non-cancer
groups. Spearman’s correlation (coefficient, γs) was
used to assess the relationship between continuous
variables and non-continuous variables, and Pearson’
s correlation (coefficient, γp) was used to assess the
relationship between continuous variables. Nominal
2
data were compared by χ test. The receiver operating
characteristic (ROC) curves was conducted and area
under the curve (AUC) was calculated to compare
the diagnostic accuracy between serum sHB-EGF and
serum CEA. Logistic regression analysis was performed
to obtain the best sensitivity/specificity to predict the
presence of GC as a single-marker or as a part of
multiple-markers panel. Each marker was included as
a linear term.

Measurement of serum CEA and HB-EGF levels

Serum CEA levels were measured by the Beckman
Access CEA assay (Beckman Coulter Inc., MN, United
States). Serum sHB-EGF levels were measured
by a commercially available human HB-EGF ELISA
Kit (DY259, RD, MN, United States) according to
the manufacturer’s instructions. Briefly, 96-well
microplates were coated with capture antibody (80
μg/well, goat anti-human HB-EGF) at 4 ℃ for 16 h.
After washing, the plates were blocked with Reagent
Diluent (provided in kit) and then incubated for 1 h
at room temperature (RT). After washing, 100 μL of
diluted sample, standard, and control were added to
each well. The microplates were then incubated for
2 h at RT. Subsequently, microplates were washed
and then detection antibody was added (10 ng/well,
biotinylated goat anti-human HB-EGF). The plates
were then incubated for 2 h at RT. After washing,
streptavidin-HRP was added and incubated for
20 min at RT in the dark place. Plates were then
washed again, and 100 µL of chromogen (H2O2 and
tetra-methylbenzidine) was added to each well. The
enzyme reaction proceeded for 20 min at RT in the
dark place. The chromogenic substrate reaction was
stopped by the addition of stop solution (2 mol/L
H2SO4) and the absorbance was read at 450/570
nm. The final values were calculated based on a
calibration curve prepared from standards. The
ELISA for sHB-EGF levels was tested in triplicate.

RESULTS
Baseline characteristics of subjects and serum levels of
sHB-EGF and CEA according to disease groups

The 157 subjects are composed of 60 individuals/
patients with normal mucosa or gastritis (control
group), 30 patients with IM/dysplasia (high-risk
group), 37 patients with EGC (EGC group), and 30
patients with AGC (AGC group). The control group
was further subdivided into two subgroups; patients
with normal mucosa/chronic superficial gastritis
(CSG, n = 30) and patients with chronic atrophic
gastritis (CAG, n = 30) because the risk of GC
development was different between CSG and CAG.
The normal mucosa/CSG group was also further
subdivided into normal mucosa (n = 15) or CSG
(n = 15) because gastric inflammation status may
affect sHB-EGF levels comparing to normal mucosa.
The clinical and histopathological features of subjects
in each group are described in Table 1. There were
no significant differences in distribution of age and
sex, and the status of H. pylori infection among
2
the disease groups (χ , all P > 0.05). In the cancer
groups, the location of primary tumor did not differ
(P > 0.05), while histological differentiation, primary
tumor size, and TNM stage were significantly different
between the EGC and AGC groups (all P < 0.05).
Serum sHB-EGF levels increased along the GC
carcinogenic sequence, and the differences among
the groups were statistically significant (ANOVA,
P < 0.001; Table 2). Serum sHB-EGF levels were
significantly higher in the AGC group (314.4 ±
127.5 pg/mL) compared with those of EGC (165.3

Statistical analysis

To calculate the appropriate sample size for each
group, Russ Lenth’s interactive power/sample size
online calculator was used. Under assuming that
there were 4 comparison groups, the estimated
standard deviation (SD) was 1, and the confidence
level was 0.05, sample size of ≥ 30 in each group
achieved a statistical power > 80% using one-way
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Table 1 Baseline characteristics of subjects in each group
2

Groups
Clinical features
Age (mean ± SD, yr)
Sex (male:female, n)
H. pylori infection (-/+, n)
Histopathological features
Histology (well:mod:poorly:signet)
Tumor location (lower:middle:upper)1
Size of tumor (mean ± SD, cm)
T-stage (T1a:T1b:T2:T3:T4)
N-stage (N0:N1:N2:N3)
Distant metastasis (M0:M1)
Overall stage (Ⅰ:Ⅱ:Ⅲ:Ⅳ)

3

P value4

Control (n = 60)

High-risk (n = 30)

EGC (n = 37)

AGC (n = 30)

56.5 ± 11.1
37:23
35:25

66.2 ± 7.6
19:11
17:13

58.3 ± 10.6
22:15
22:15

56.3 ± 10.3
17:13
20:10

0.856
0.953
0.857

NS
NS
NS
NS
NS
NS
NS

NS
NS
NS
NS
NS
NS
NS

14:9:7:7
20:13:4
3.9 ± 1.2
31:6:0:0:0
35:2:0:0
37:0
37:0:0:0

2:6:16:6
18:9:3
5.0 ± 1.3
0:0:15:4:11
15:2:4:9
25:5
7:12:6:5

0.006
0.884
0.010
< 0.001
< 0.001
< 0.001
< 0.001

1

Tumor location is divided into three areas: lower third (antrum-angle), middle third (low body-middle body), and upper third (upper body-cardia).
Control group includes individuals with normal mucosa or patients with simple chronic superficial gastritis and chronic atrophic gastritis. 3High-risk
group included patients with intestinal metaplasia and dysplasia. 4Continuous data were compared by ANOVA test and nominal data by χ 2 test. P < 0.05
(two-tailed) was considered statistically significant. AGC: Advanced gastric cancer; EGC: Early gastric cancer; H. pylori: Helicobacter pylori; Mod: Moderatedifferentiated carcinoma; Poorly: Poorly-differentiated carcinoma; SD: Standard deviation; Signet: Signet ring cell carcinoma; Well: Well-differentiated
carcinoma.
2

Table 2 Serum levels of soluble heparin-binding epidermal growth factor-like growth factor and carcinoembryonic antigen according
to disease groups
2

Groups
Serum sHB-EGF1 (pg/mL)
Serum CEA1 (ng/mL)

Control (n = 60)

High-risk (n = 30)

3

EGC (n = 37)

AGC (n = 30)

P value4

94.7 ± 83.6
1.8 ± 1.5

98.7 ± 67.3
2.2 ± 1.1

165.3 ± 123.2
2.4 ± 1.4

314.4 ± 127.5
4.5 ± 5.1

< 0.001
0.001

1

All tested values are expressed as the mean ± standard deviation. 2Control group includes individuals with normal mucosa or patients with simple chronic
superficial gastritis and chronic atrophic gastritis. 3High-risk group included patients with intestinal metaplasia and dysplasia. 4One-way analysis of
variance (ANOVA) test with the multiple comparisons by the post-hoc Bonferroni method is applied to compare the differences in means among disease
groups. P < 0.05 (two-tailed) was considered statistically significant. AGC: Advanced gastric cancer; EGC: Early gastric cancer; CEA: Carcinoembryonic
antigen; sHB-EGF: Soluble heparin-binding EGF-like growth factor.

± 123.2 pg/mL), high-risk (98.7 ± 67.3 pg/mL),
and control (94.7 ± 83.6 pg/mL) groups (post-hoc
Bonferroni, all P < 0.001), respectively. Serum sHBEGF levels were also significantly higher in the EGC
groups than the high-risk (P = 0.049) and control
(P = 0.006) groups, respectively. However, there
was not a significant difference between the highrisk and control groups (P > 0.05). Serum sHB-EGF
levels were also not significantly different between
the CAG and CSG groups (P > 0.05), or between
the CSG and normal mucosa groups (P > 0.05),
respectively (Table 3). On the other hand, serum
CEA levels were not significantly different among the
control, high-risk, and EGC groups. The AGC group
was the only population with significantly elevated
serum CEA levels (P = 0.001), especially in the case
with distant metastasis. When serum sHB-EGF levels
were compared between cancer and non-cancer
groups, they were significantly higher in the cancer
groups (232.1 ± 144.9 pg/mL) than in the noncancer groups (96.0 ± 78.2 pg/mL; t-test, P < 0.001;
Table 4).

not affected by sex (γs = 0.138, P = 0.076) or the
status of H. pylori infection (γs = -0.054, P = 0.486),
whereas these levels were negatively correlated with
age (γp = -0.265, P = 0.001). However, serum sHBEGF levels were not closely correlated with age when
analysis was performed in just non-cancer groups
(γp = 0.108, P = 0.313; Table 6). In contrast, when
analysis was performed within the cancer groups,
the serum sHB-EGF levels were negatively correlated
with age (γp = -0.314, P = 0.010). This result implies
that serum sHB-EGF levels are affected by the age
of patients with GC; relatively younger patients
with GC had more highly elevated sHB-EGF levels
compared with relatively older patients with GC. On
the other hand, serum CEA levels were not affected
by sex, age and the status of H. pylori infection (all
P > 0.05; Table 5).
Histopathologically, there were no significant
relationships between serum sHB-EGF levels
and the histological differentiation of GC (Lauren
classification system), although sHB-EGF levels tend
to be higher in diffuse-type than in intestinal-type (γs
= 0.214, P = 0.078; Table 5). Serum sHB-EGF levels
were not also affected by primary tumor location (γs
= −0.054, P = 0.652; Table 5).
On the other hand, serum sHB-EGF levels were

Correlations between serum sHB-EGF levels and
clinicopathological characteristics of subjects

Table 5 shows that serum sHB-EGF levels were
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Table 5 Correlations between serum soluble heparinbinding epidermal growth factor-like growth factor and
clinicopathological characteristics of each group

Table 3 Serum levels of soluble heparin-binding epidermal
growth factor-like growth factor between normal mucosa/
chronic superficial gastritis and chronic atrophic gastritis or
between normal mucosa and chronic superficial gastritis

Clinicopathological characteristics

Serum sHB-EGF Serum CEA

1

Groups

Serum sHB-EGF (pg/mL)

Normal mucosa/CSG (n = 30)
CAG (n = 30)
P value2
Normal mucosa (n = 15)
CSG (n = 15)
P value2

86.4 ± 73.5
102.9 ± 93.1
0.449
83.1 ± 59.0
89.7 ± 87.6
0.811

Age (yr)1
Sex (male:female)
H. pylori infection (-/+)
Histology (well:mod:poorly:signet)
Tumor location (lower:middle:upper)
T-stage (T1a:T1b:T2:T3:T4)
N-stage (N0:N1:N2:N3)
Distant metastasis (M0:M1)
Overall stage (Ⅰ:Ⅱ:Ⅲ:Ⅳ)
Size of tumor (< 3 cm; 3-5 cm and > 5
cm)2

1

Tested value is expressed as the mean ± SD. 2An independent sample t-test
is applied to compare the differences of means between two groups. P <
0.05 (two-tailed) was considered statistically significant. sHB-EGF: Soluble
heparin-binding EGF-like growth factor. CSG: Chronic superficial gastritis;
CAG: Chronic atrophic gastritis.

γs (P value)

γs (P value)

-0.265 (0.001)
0.138 (0.076)
-0.054 (0.486)
0.214 (0.078)
-0.052 (0.652)
0.669 (< 0.001)
0.407 (0.001)
0.261 (0.030)
0.570 (< 0.001)
0.237 (0.048)

-0.087 (0.275)
-0.021 (0.792)
-0.114 (0.151)
0.090 (0.465)
-0.048 (0.691)
0.201 (0.101)
0.073 (0.552)
0.328 (0.006)
0.229 (0.060)
0.362 (0.002)

1

This value is continuous variable. Thus, correlation is evaluated by
Pearson’s correlation (γ p). 2Subjects were classified into three groups
according to primary GC size: < 3 cm, 3-5 cm, and > 5 cm to analyze the
relationship between serum HB-EGF levels and primary GC size. CEA:
Carcinoembryonic antigen; H. pylori: Helicobacter pylori; Mod: Moderatedifferentiated carcinoma; Poorly: Poorly-differentiated carcinoma; Signet:
Signet ring cell carcinoma; sHB-EGF: Soluble heparin-binding EGFlike growth factor; Well: Well-differentiated carcinoma; γs: Spearman’s
correlation coefficient. P < 0.05 (two-tailed) was considered statistically
significant. Statistically significant values are given in bold print.

Table 4 Serum levels of soluble heparin-binding epidermal
growth factor-like growth factor and carcinoembryonic
antigen between non-cancer and cancer groups
2

Groups
Serum sHB-EGF1 (pg/mL)
Serum CEA1 (ng/mL)

Non-cancer
(n = 90)

Cancer
(n = 67)

3

P value4

96.0 ± 78.2
1.9 ± 1.4

232.1 ± 144.9
3.3 ± 3.7

< 0.001
0.004

1

All tested values are expressed as the mean ± SD. 2Non-cancer groups
include normal/gastritis group and IM/dysplasia group. 3 Cancer
groups include early gastric cancer (EGC) and advanced gastric cancer
(AGC) groups. 4An independent sample t-test is applied to compare the
differences of means between non-cancer and cancer groups. P < 0.05 (twotailed) was considered statistically significant. CEA: Carcinoembryonic
antigen; sHB-EGF: Soluble heparin-binding EGF-like growth factor.

Table 6 Pearson’s correlation between serum soluble heparinbinding epidermal growth factor-like growth factor and age in
non-cancer groups vs cancer groups
Groups
1

Non-cancer groups
Cancer groups2

closely correlated with depth of invasion (T-stage,
γs = 0.669, P < 0.001), lymph node metastasis
(N-stage, γs = 0.407, P= 0.001), distant metastasis
(M-stage, γs = 0.261, P = 0.030), and overall stage
(γs = 0.570, P < 0.001) respectively (Table 5). To
analyze the relationship between serum sHB-EGF
levels and primary GC size, patients were divided into
3 groups based on the tumor size: < 3 cm, 3-5 cm,
and > 5 cm. Table 5 shows that primary GC size was
positively correlated with serum sHB-EGF levels (γs
= 0.237, P = 0.048). On the other hand, serum CEA
levels were only correlated with tumor size (γs = 0.382,
P = 0.006) and distant metastasis (γs = 0.362, P =
0.002). Collectively, histopathological results suggest
that serum sHB-EGF levels were closely correlated
with advanced stage and poor prognosis of GC.

Serum CEA

γp (P value)

γp (P value)

-0.108 (0.313)
-0.314 (0.010)

0.122 (0.265)
-0.187 (0.133)

1

Non-cancer groups include normal/gastritis and IM/dysplasia groups.
Cancer groups include EGC and AGC groups. γp: Pearson’s correlation
coefficient. Statistically significant values are given in bold print. AGC:
Advanced gastric cancer; EGC: Early gastric cancer; sHB-EGF: Soluble
heparin-binding epidermal growth factor-like growth factor; CEA:
Carcinoembryonic antigen.
2

serum sHB-EGF has a higher diagnostic accuracy to
predict the presence of GC compared with CEA.
Logistic regression analysis further confirmed
the remarkable diagnostic accuracy of serum sHBEGF for GC; the sensitivity and specificity of serum
sHB-EGF levels for diagnosis of GC were 76.1% and
76.5% (cut-off point, 0.38; Table 7). These values
are superior to those of serum CEA (sensitivity,
62.1%; specificity, 51.8%; cut-off point, 0.38).
When serum sHB-EGF was combined with serum
CEA, the sensitivity was slightly increased; the
sensitivity was 77.3% and specificity was 76.5%
(cut-off point, 0.38), respectively. When serum sHBEGF was combined with serum CEA, the sensitivity
was slightly increased; the sensitivity and specificity
were 77.3% and 76.5% (cut-off point, 0.38).
Collectively, serum sHB-EGF exhibited a remarkable

Diagnostic accuracy of serum sHB-EGF levels for
prediction of GC

ROC curve was generated and AUCs were calculated
to compare the diagnostic accuracy of serum sHBEGF with serum CEA for prediction of GC (Figure
1). The AUC of serum sHB-EGF was 0.85 (95%CI:
0.79-0.91), and those of serum CEA was 0.64
(95%CI: 0.55-0.73). This analysis indicates that
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1.0

Table 7 Logistic regression determination of the diagnostic
accuracy of serum soluble heparin-binding epidermal growth
factor-like growth factor compared with those of serum
carcinoembryonic antigen for prediction of gastric cancer

Sensitivity

0.8
Serum sHB-EGF
Serum CEA
Reference line

0.6

Markers

Serum sHB-EGF
Serum CEA
Serum sHB-EGF + CEA

0.4
Markers
Serum sHB-EGF
Serum CEA

0.2

0.0

0.0

0.2

0.4
0.6
1-specificity

0.8

AUC
0.85
0.64

2

Cut-off point

Sensitivity

Specificity

0.38
0.38
0.38

76.1%
62.1%
77.3%

76.5%
51.8%
76.5%

1
Each marker is included as a linear term and evaluated as a panel from
one to two markers combination. 2Cut-off point means the probability cutoff point to classify subjects as having gastric cancer (GC) or not in binary
logistic regression. CEA: Carcinoembryonic antigen; sHB-EGF: Soluble
heparin-binding epidermal growth factor-like growth factor.

1.0

GC development compared with IM/dysplasia. We
did not subdivide patients into IM and dysplasia
(adenoma) in the high-risk group because the num
ber of subjects in each group was too small to be
determined statistically significant. We divided the
cancer patients into EGC and AGC groups because the
prognosis is definitively different between EGC and
[1,3]
AGC . Interestingly, we observed that serum sHBEGF levels increased along the carcinogenic sequence,
although there was no statistically significant difference
between the high-risk and control groups (Table 2).
Serum sHB-EGF levels were also not significantly
different between CAG and CSG groups or between
CSG and normal mucosa groups in the control group
(Table 3). However, significant differences were
observed between the EGC and control groups, or
the EGC and high-risk groups, respectively (posthoc Bonferroni, all P < 0.05). Serum sHB-EGF levels
were also significantly higher in AGC group compared
with the other groups (post-hoc Bonferroni, all P <
0.001). This result suggests that circulating sHBEGF plays an important role in GC tumorigenesis
and progression, and it is valuable to investigate
the usefulness of serum sHB-EGF as a serological
biomarker or treatment target for GC.
To validate serum sHB-EGF as a desirable serum
biomarker to predict the presence of GC, we generated
ROC curves and calculated AUC values. We also
performed logistic regression analysis to determine
the best sensitivity and specificity for prediction of
GC (Figure 1 and Table 7). We compared the results
from sHB-EGF with the results from CEA, a wellknown gastrointestinal tumor biomarker. Sensitivity/
specificity of serum CEA for detection of GC were
only around 50%-60% (Table 7), consistent with
[5,25]
other previous studies
. However, the sensitivity
and specificity of serum sHB-EGF were both greater
than 75% (Table 7). When serum sHB-EGF was
combined with serum CEA, the sensitivity was
slightly elevated (76.1%→77.3%, Table 6). These
are notable results compared with previous GC
[5,25-27]
biomarker studies
.
Clinicopathologically, serum sHB-EGF levels were
closely correlated with depth of invasion, lymph

Figure 1 Receiver operating characteristic curve for serum soluble
heparin-binding epidermal growth factor-like growth factor compared with
the curve for serum carcinoembryonic antigen to predict gastric cancer.
ROC: Receiver operating curve; sHB-EGF: Soluble heparin-binding epidermal
growth factor-like growth factor; CEA: Carcinoembryonic antigen; AUC: Area
under the ROC curve.

diagnostic accuracy to predict GC both as a single
biomarker and as a part of multiple-markers panel
in GC (Table 7).

DISCUSSION
Increased EGFR levels are associated with poor prog
[10,24]
nosis in patients with GC
. HB-EGF, a ligand of
the EGFR family, is initially synthesized as a proHB-EGF, a membrane-bound precursor form. It is
later released into circulation as a soluble, mature
[15]
form . This sHB-EGF activates EGFR and acts as
[16-19]
a potent growth factor
. HB-EGF is a critical
molecular component of many normal physiological
[14]
processes . However, uncontrolled HB-EGF ex
pression is linked to tumor formation. Thus, HB-EGF
may become a promising biomarker or treatment
target for cancer. Several studies have shown that
HB-EGF is overexpressed in GC tissues and GC cell
[20]
lines , and overexpressed HB-EGF is correlated
[10]
with far-advanced stage of GC . However, there
is little quantitative data demonstrating the clinical
significance of serum sHB-EGF in relation to GC
tumorigenesis and progression such as TNM stage.
There is also little known about the usefulness of this
soluble factor as a biomarker for GC. In this study,
we gathered quantitative information about the
clinical significance of serum sHB-EGF levels in GC
and validated serum sHB-EGF as a useful and reliable
serological biomarker for GC.
We divided the subjects into 4 disease groups
based on the theory of gastric carcinogenesis
[21]
(gastritis-dysplasia-carcinoma) : normal mucosa/
gastritis (control), IM/dysplasia (high-risk), EGC,
and AGC. Control group included subjects with
normal gastric mucosa, simple CSG, and CAG be
cause these patients have a relatively lower risk of
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node metastasis, distant metastasis, and primary
tumor size (Table 5). This implies that sHB-EGF is
involved not only in GC tumorigenesis, but also in
GC expansion, invasion, and metastasis. This result
[10,11]
is consistent with previous studies
. To our
knowledge, this is the first study to evaluate serum
sHB-EGF levels quantitatively according to the gastric
carcinogenic sequence, to analyze the correlations
between serum sHB-EGF and clinicopathological
features of GC, such as TNM stage, and to validate
serum sHB-EGF as a desirable serological biomarker
for GC.
Previous studies reported that sHB-EGF levels
[11]
were influenced by H. pylori infection . However, in
our study, serum sHB-EGF levels were not correlated
with the status of H. pylori infection (Table 5). This
discrepancy may be originated from the differences
in the genetic background of enrolled subjects or
different strains of H. pylori between the two studies
because variation in the clinical presentation of H.
pylori infection is attributable to strain diversity and
[28,29]
host susceptibility
. However, we did not study
about this in the current study.
A previous study showed that the activity of
pro-HB-EGF was higher in intestinal type of GC
[13]
compared with diffuse type of GC . However, the
relationship between the activity of sHB-EGF levels
and histological differentiation has not been yet
evaluated in previous studies. In this study, we
observed that serum sHB-EGF levels tend to be
higher in diffuse type than intestinal type of GC
although it was not statistically significant (P = 0.078,
Table 5). A study group reported that sHB-EGF
promotes peritoneal carcinomatosis in patients with
[10]
GC . Peritoneal carcinomatosis occurs frequently
in patients with diffuse scirrhous type of GC. These
past reports support our current results. However,
to confirm this, a further study may be necessary in
the future.
We also observed that serum sHB-EGF levels
were inversely correlated with age in GC patients
(Table 5), whereas this value was not affected by
age in non-cancer groups (Table 6), which implies
that age itself may not affect the serum levels of
sHB-EGF. Rather, higher levels of serum sHB-EGF in
relatively younger GC patients than older patients
may suggest that serum sHB-EGF may contribute
to GC carcinogenesis especially in young age.
However, we cannot currently explain the underlying
mechanism of this phenomenon.
One of limitations of this study is the relatively
small sample sizes, although statistical power of
the current sample size of each group was > 80%.
Additionally, we did not evaluate the relationship
between serum sHB-EGF levels and prognosis of
GC patients by directly comparing overall survival
because the observation period was too short
to evaluate the survival of the patients with GC.
However, Table 5 showing the close correlations
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between high-levels of serum sHB-EGF and the
presence lymph node and distant metastasis may
support the correlation between high-levels of
serum sHB-EGF and poor prognosis of GC indirectly
because these two factors are the most important
[30-32]
prognostic indicators for GC patients
.
In conclusion, in this study, we evaluated the
clinical significance of serum sHB-EGF levels in
GC and validated serum sHB-EGF as a promising
diagnostic and prognostic biomarker for GC. Our
results also provide a rationale for blockade of sHBEGF as a promising effective treatment target for
GC, especially for advanced GC. Actually, several
past studies have shown a remarkable antitumor
effect of an HB-EGF inhibitor alone or in combination
with various anticancer agents in cancer including
[12,33]
GC
. To confirm this, we will conduct a largescaled study in the future.

COMMENTS
COMMENTS
Background

Early detection of gastric cancer (GC) is the most important clinical issue.
Although endoscopic examination is an ideal, highly reliable technique for
early detection of GC, it has some limitations as a routine screening method
because of the risk associated with invasive procedure. Therefore, identification
of inexpensive, reliable and less-invasive serum biomarkers is a great clinical
challenge. However, research is still underway to identify effective serum
biomarkers for GC.

Research frontiers

Heparin-binding epidermal growth factor-like growth factor (HB-EGF) has
been thought to be associated with GC development and progression, and
demonstrated to be overexpressed in human GC tissues. Because HB-EGF
can be released into circulation as a mature soluble form of HB-EGF (sHB-EGF),
it can be measured in serum and can be used as a serum biomarker for GC.
The authors determined how serum levels of sHB-EGF related to the ‘gastritisdysplasia-carcinoma’ sequence of gastric carcinogenesis and validated its
usefulness as a biomarker for GC compared with serum CEA, a classic
biomarker for gastrointestinal tumors.

Innovations and breakthroughs

Recent reports showed that increased epidermal growth factor receptor levels
are associated with poor prognosis in patients with GC and HB-EGF expression
is linked to tumor formation although HB-EGF is a critical molecular component
of many normal physiological processes. Thus, HB-EGF may become a
promising biomarker or treatment target for GC. Several studies have shown
that HB-EGF is overexpressed in GC tissues, and overexpressed HB-EGF is
correlated with far-advanced stage of GC. However, there is little quantitative
data demonstrating the clinical significance of serum sHB-EGF in relation to GC
tumorigenesis and progression such as TNM stage.
This is the first study to evaluate serum sHB-EGF levels quantitatively
according to the gastric carcinogenic sequence, to analyze the correlations between
serum sHB-EGF and clinicopathological features of GC, such as TNM stage, and to
validate serum sHB-EGF as a desirable serological biomarker for GC.

Applications

The study results suggest that sHB-EGF are closely correlated with advanced
TNM stage and higher in early gastric cancer (EGC) group than high-risk group,
and higher in advanced gastric cancer group than EGC group. Additionally, this
study demonstrated a remarkable diagnostic accuracy of serum sHB-EGF for
GC.

Peer-review

This is an interesting manuscript with innovative endpoint and potential clinical
impact. In this manuscript, authors studied the clinical usefulness of soluble
heparin-binding EGF-like growth factor as a biomarker for GC. HB-EGF is
overexpressed in several cancer cell lines and cancer tissues including human
GC tissues. HB-EGF is also reported to be involved in malignant phenotype
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and chemo-resistance of cancer cells. Therefore this study would be useful to
develop a useful biomarker for GC diagnosis.
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Abstract
AIM: To investigate the prevalence of nature tyrosinemethionine-aspartic acid-aspartic acid motif mutations
in chronic hepatitis B (CHB) patients and to evaluate
the efficacy of lamivudine.
METHODS: A total of 1268 CHB patients were recruited
from the outpatient and inpatient departments of six
centers. Tyrosine-methionine-aspartic acid-aspartic acid
(YMDD) mutations were analyzed using the hepatitis
B virus (HBV) drug resistance line probe assay. Forty
voluntary patients were selected from those with
positive or negative natural YMDD mutations to undergo
treatment with lamivudine.
RESULTS: YMDD mutations were detected in 288
(22.71%) of the 1268 CHB patients. Multivariate analysis
revealed that the patients’ HBV DNA level (P = 0.0282)
and hepatitis B e antigen status (P = 0.0133) were also
associated with natural YMDD mutations. The rates of
normalization of alanine aminotransferase levels and HBV
DNA nondetection at 6, 24, 36, and 48 wk were compared
between the patients with natural YMDD mutations and
those without, and the differences were not significant.
However, there was a significant difference in the
cumulative emergence rates of virological breakthrough
at 48 wk in the patients with natural YMDD mutations and
those without (32.5% vs 12.5%, P = 0.032).
CONCLUSION: Naturally occurring YMDD mutations
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are detectable in a large proportion of CHB patients;
breakthrough hepatitis tended to occur in patients with
natural YMDD mutations.

Although YMDD motif mutations are considered
secondary to the use of lamivudine, it has become
increasingly apparent that YMDD mutations exist in
nature among hepatitis B patients who have not
[4]
received lamivudine treatment . Recently, an increasing
number of studies have reported the incidence and
characteristics of YMDD motif mutations in lamivudinenaïve patients who are chronically infected with HBV.
However, the study areas were different; furthermore,
the results were not identical and, in some cases, were
even contradictory. The reported incidences showed a
[5-12]
wide range (0%-31.58%)
. Furthermore, few reports
describe the efficacy of lamivudine treatment in chronic
HBV patients with natural YMDD mutations. Therefore,
the aims of this multicenter study were to explore the
prevalence of natural YMDD motif mutations and some
other related factors among lamivudine-untreated
CHB patients and to assess the benefits of lamivudine
therapy for patients with natural YMDD mutations.

Key words: Chronic hepatitis B; Mutation; Tyrosinemethionine-aspartic acid-aspartic acid; Lamivudine;
Virological breakthrough
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Although tyrosine-methionine-aspartic acidaspartic acid (YMDD) motif mutation is considered to
occur secondary to the use of lamivudine, it has become
increasingly apparent that YMDD mutations exist in
nature. A total of 1268 chronic hepatitis B (CHB) patients
were recruited from six centers. YMDD mutations were
detected using Inno-Lipa hepatitis B virus (HBV) drug
resistance line probe assay in 288 (22.71%) of the 1268
CHB patients. Our study demonstrated that lamivudine
therapy was well tolerated by Chinese CHB patients
with natural YMDD mutations and led to reductions
in transaminase levels and HBV-DNA loss. However,
breakthrough hepatitis tended to occur in patients with
natural YMDD mutations.

MATERIALS AND METHODS
Ethics

This study was conducted in accordance with the
Declaration of Helsinki (2000) of the World Medical
Association and received ethical approval from The Third
Hospital of Zhenjiang Affiliated Jiangsu University (No.
200903). All patients provided informed written consent.

Tan YW, Ye Y, Ge GH, Zhao W, Gan JH, Zhao Y, Niu ZL,
Zhang DJ, Chen L, Yu XJ, Yang LJ. Natural YMDD-motif
mutants affect clinical course of lamivudine in chronic hepatitis
B. World J Gastroenterol 2015; 21(7): 2089-2095 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v21/i7/2089.
htm DOI: http://dx.doi.org/10.3748/wjg.v21.i7.2089

Patients

A total of 1268 patients were recruited from the
outpatient and inpatient departments of six hospitals
from December 2008 to June 2011 (854 patients
were recruited from the Third Hospital of Zhenjiang
Affiliated to Jiangsu University, 215 from the Second
Hospital of Nanjin, 89 from the First Affiliated Hospital
of Soochow University, 56 from the Affiliated Hospital
of Yangzhou University, 29 from the People’s Hospital
of Wujiang, and 25 from the People’s Hospital of
Danyang). The patients’ demographic data and clinical
features are shown in Table 1. CHB was diagnosed
according to the diagnostic standard from the Chinese
National Program for Prevention and Treatment of Viral
Hepatitis. The patients had not received lamivudine
treatment or any other antiviral treatment within one
year before the detection of serum YMDD. Patients
with disorders such as drug-induced liver disease,
alcoholic liver disease, other types of viral hepatitis
(hepatitis A, hepatitis C, hepatitis D, or hepatitis
E), schistosomiasis, autoimmune hepatitis, primary
biliary cirrhosis, sclerosing cholangitis, α1-antitrypsin
deficiency, hemochromatosis, Wilson’s disease, and
biliary obstruction were excluded from the study.
Patients who had recently undergone gastrointestinal
surgery, were pregnant, suffered from any malignancy,
or were taking any type of medication were also
excluded. Upon each patient’s inclusion in the study,
two blood samples were taken simultaneously. One
sample was used for biochemical tests [alanine

INTRODUCTION
Chronic hepatitis B is a worldwide public health problem,
and the hepatitis B virus (HBV) is one of the main causes
of acute and chronic hepatitis infections in humans.
Approximately 350 million people are chronically infected
[1]
with HBV worldwide . Chronic infection with HBV is
linked to cirrhosis and hepatocellular carcinoma and
[2]
accounts for 0.5 to 0.75 million deaths a year .
Antiretroviral therapy has been proven to be the
most effective means of treating chronic hepatitis B
(CHB). Interferon and efficient, low-resistance nucleoside
analogues are the first-line choices for anti-HBV treatment.
Lamivudine is widely used to treat CHB in China; the
treatment exhibits excellent antiviral activity, is relatively
low in cost and is useful for treating chronic HBV infection.
However, prolonged treatment with lamivudine is asso
ciated with a high rate of viral resistance. In particular,
mutations conferring resistance to lamivudine occur in
the highly conserved YMDD (Y: Tyrosine; M: Methionine;
D: Aspartic acid; D: Aspartic acid) motif of the catalytic
domain (C domain) of the polymerase. Substitutions of
methionine at codon 204 to either isoleucine (rtM204I,
YIDD variant) or valine (rtM204V, YVDD variant) are the
[3]
predominant mutations causing lamivudine resistance .
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Table 1 Demographic data and clinical features of the study
group n (%)
Characteristic

Age (yr)
Sex
Male
Female
Alcohol use
Yes
No
Family history1
Yes
No
Aspartate aminotransferase (IU/L)
Alanine aminotransferase (IU/L)
Alkaline phosphatase (IU/L)
Gamma-glutamyl
transpeptidase
(IU/L)
HBV genotype
A
B
C
Others
HBeAg status
Positive
Negative
HBV DNA (LGE)

Total

Table 2 Characteristics of patients at the beginning of the
lamivudine therapy
Patients with Patients without P value
YMDD variants YMDD variants
(n = 40)
(n = 40)

P value

YMDD
variants

Without
YMDD
variants

(n = 1268)

(n = 288)

(n = 980)

42.12 ± 13.24

42.42 ± 14.25

43 ± 12.15

0.812

923 (72.79)
345 (27.21)

205 (71.18)
83 (28.82)

718 (73.26)
262 (26.73)

0.485
0.485

143 (11.3)
1125 (88.7)

36 (12.5)
252 (87.5)

107 (10.9)
873 (89.1)

0.456

613 (48.3)
655 (51.7)
53 ± 25

118 (41)
170 (59)
56 ± 24

495 (50.5)
485 (49.5)
54 ± 23

0.004

67 ± 26

63 ± 33

69 ± 31

0.012

102 ± 45

106 ± 46

112 ± 54

0.064

26 ± 4

25 ± 3

26 ± 3

0.852

5 (0.4)
284 (22.4)
971 (76.6)
8 (0.6)

2 (0.7)
72 (25)
211 (73.3)
3 (1.0)

3 (0.3)
212 (21.6)
760 (77.6)
5 (0.5)

0.320

543 (42.8)
725 (57.2)
6.67 ± 2.47

106 (36.8)
182 (63.2)
7.27 ± 3.16

437 (44.6)
543 (55.4)
6.37 ± 2.64

0.019

Age (yr)
Sex (male/female)
Liver cirrhosis, n (%)
Family history1, n (%)
Median duration of treatment (mo)
Aspartate aminotransferase (IU/L)
Alanine aminotransferase
(IU/L)
Serum bilirubin (μmol/L)
Serum albumin (g/L)
HBV-DNA (LGE/mL)
HBeAg positive, n (%)
HBV genotype (A/B/C/
other)

0.963

43 ± 12
23/17
7 (17.5)
19 (47.5)
24 ± 5

NS
Matched
NS
NS
NS

81 ± 21

61 ± 27

NS

132 ± 12

106 ± 16

NS

28.7 ± 13.4
38 ± 12
6.7 ± 2.7
15 (37.5)
1/4/33/2

31.8 ± 15.5
36 ± 13
6.8 ± 2.8
15 (37.5)
0/4/32/4

NS
NS
Matched
Matched
NS

1

Family history of positive hepatitis B surface antigen, including thirddegree relatives. YMDD: Tyrosine-methionine-aspartic acid-aspartic
acid; NS: Not significant; HBV: Hepatitis B virus; LGE: Log10 genome
equivalents; HBeAg: Hepatitis B e antigen.

a redetection of HBV DNA at levels at least 10-fold
higher than the assay’s lower limit of detection after
[13]
having an undetectable result . Hepatitis recurrence
was defined as having both virological breakthrough
and ALT ≥ 2 times the upper limit of normal. Patients
with hepatitis recurrence were switched to adefovir
plus lamivudine combination therapy.

0.024

Data are expressed as mean ± SD or as n (%). 1Family history of positive
hepatitis B surface antigen, including third-degree relatives. YMDD
variants (n = 288, 22.71%), without YMDD variants (n = 980, 77.28%). LGE:
Log10 genome equivalents; YMDD: Tyrosine-methionine-aspartic acidaspartic acid; HBV: Hepatitis B virus; HBeAg: Hepatitis B e antigen.

HBV/hepatitis C virus/hepatitis D virus/hepatitis E virus
serology

Total HBVm, anti-hepatitis C virus (HCV), anti-hepatitis
D virus (HDV) and anti-hepatitis E virus (HEV) antibodies
were determined using enzyme-linked immunosorbent
assays (ELISA) (Roche, Shanghai, China).

aminotransferase (ALT), aspartate aminotransferase
(AST), alkaline phosphatase (ALP), gamma-glutamyl
transpeptidase (GGT), total protein, albumin, total
bilirubin and platelet count]. The serum from the
second sample was stored at -80 ℃ and was later
used for the HBV drug resistance line probe assay and
detection of HBV DNA by polymerase chain reaction
(PCR). All of the patients were also evaluated using
abdominal ultrasonography. Forty voluntary patients
with positive or negative natural YMDD mutations were
selected to undergo treatment with lamivudine. All of
the patients were treated with lamivudine at a dose of
100 mg/d orally. Clinical and laboratory assessments
were performed once every 3 mo. Because ALT, family
history, HBV DNA and hepatitis B e antigen (HBeAg)
status differed significantly between the YMDD group
and non-YMDD group, we selected 40 patients with
negative YMDD mutations who were matched to the
patients with positive YMDD mutations for ALT, family
history, HBV DNA level, and HBeAg status (Table
2). Virological breakthrough was defined as having
HBV DNA increase by > 1 log from the nadir level or

WJG|www.wjgnet.com

42 ± 14
23/17
6 (15.0)
21(52.5)
24 ± 6

HBV drug resistance line probe assay (Inno-Lipa HBV DR)
The experimental method used was described in a
[14]
previous study . Briefly, HBV DNA was isolated from
200 μL of serum using a High Pure Viral Nucleic Acid Kit
(Roche). The Inno-Lipa HBV DR v1 assay (Inno-Lipa;
Innogenetics, Beijing, Beijing Pason Pharmaceuticals,
Inc.) was performed according to the manufacturer’
s instructions using Hot Start Taq DNA polymerase
(Invitrogen, Shanghai, China). The assay is based on
the amplification of a part of the viral polymerase gene
using predesigned primers and reverse hybridization
with the probes coated on a strip. The assay detects
wild-type HBV polymerase mutations and known druginduced mutations associated with lamivudine and
famciclovir resistance (codons 180, 204, and 207).

Serum HBV DNA measurement using real-time PCR

Serum HBV DNA were measured quantitatively using

2091

February 21, 2015|Volume 21|Issue 7|

Tan YW et al . Natural YMDD-motif mutants with lamivudine
Table 3 Multivariate logistic regression analysis of factors associated with natural tyrosine-methionine-aspartic acid-aspartic acid mutations
Univariate
Age (yr) (< 60, ≥ 60)
Gender (male, female)
Alcohol (yes, no)
Family history1 (yes, no)
Aspartate aminotransferase (IU/L; < 40, ≥ 40)
Alanine aminotransferase (IU/L; < 40, ≥ 40)
Alkaline phosphatase (IU/L; < 120, ≥ 120)
Gamma-glutamyl transpeptidase (IU/L; < 40, ≥ 40)
HBV genotype (A/B/C/other)
HBeAg state (+/-)
HBV DNA (LGE; < 5, ≥ 5)

Multivariate

OR (95%CI)

P value

OR (95%CI)

P value

1.39 (0.57, 3.40)
1.41 (0.64, 3.12)
1.75 (0.72, 4.24)
2.45 (1.15, 5.25)
2.08 (0.91, 4.81)
5.44 (1.45, 20.45)
2.62 (0.67, 10.23)
1.08 (0.47, 2.50)
1.17 (0.55, 2.49)
3.01 (1.37, 6.63)
2.45 (1.15, 5.25)

0.4700
0.4850
0.4560
0.0040
0.9630
0.0122
0.9520
0.8520
0.3200
0.0190
0.0240

2.02 (0.72, 5.67)
1.24 (0.33, 4.59)
1.27 (0.57, 2.85)
1.77 (0.24, 3.84)
1.22 (0.28, 5.29)
2.59 (1.24, 8.44)
3.42 (0.81, 14.54)
1.18 (0.35, 3.99)
1.05 (0.40, 2.77)
3.56 (1.55, 8.18)
2.70 (1.23, 5.92)

0.1824
0.7518
0.5608
0.3254
0.7876
0.0734
0.0952
0.7957
0.5246
0.0282
0.0133

HBV: Hepatitis B virus; HBeAg: Hepatitis B e antigen; LGE: Log10 genome equivalents.

three patients, respectively.

real-time polymerase chain reaction (PCR; Model 5700,
ABI Company, United States) with a lower detection
3
3
limit of 1 × 10 HBV DNA copies/mL and 1 × 10
copies/μg total DNA.

Factors associated with natural YMDD mutations

Potential risk factors for the emergence of the YMDD
motif mutation that were assessed included sex,
alcohol use, family history, AST, ALT, ALP, HBV-DNA
level, HBeAg, and HBV genotype. Univariate analysis of
individual baseline factors showed that family history,
HBeAg status and HBV DNA level were predictive
factors of natural YMDD mutations. There was no
association with the other factors: patient age, sex,
alcohol consumption, AST, ALP, GGT and HBV genotype.
As Table 3 shows, multivariate analysis revealed that
the HBV DNA level (P = 0.0282) and HBeAg status (P =
0.0133) were associated with natural YMDD mutations.

Detection of HBV genotypes

HBV genotypes were detected using PCR-microcosmic
nucleic acid cross-ELISA.

Statistical analysis

All data are presented as mean ± SD. Demographic
data were analyzed using descriptive statistical tests.
2
The independent samples t-test, the χ test and Fisher’s
exact test were used for group comparisons. The factors
included were patient age, sex, ALT, AST, ALP, GGT level,
HBeAg status, HBV DNA level, alcohol consumption,
family history and HBV genotype. Initially, univariate
analysis was conducted using logistic regression. Next,
all factors that were at least marginally associated with
the prevalence of YMDD mutation (P < 0.15) were
tested by multivariate analysis using a stepwise logistic
model. A P-value < 0.05 was considered statistically
significant. SPSS software version 21.0 (SPSS Inc.,
Chicago, IL, United States) was used for statistical
analyses.

Rates of normalization of the ALT levels and
nondetection of HBV DNA

The rates of normalization of the ALT levels and
nondetection of HBV DNA at 6, 24, 36, and 48 wk in
the patients matched for ALT, family history, HBeAg
status, and HBV-DNA level during lamivudine therapy
were studied. The ALT normalization rates at 6, 24, 36,
and 48 wk showed no significant differences between
the patients with natural YMDD mutations and those
2
2
without (χ = 0.061, P= 0.805; χ = 0.313, P = 0.576;
2
2
χ = 1.003, P = 0.317; χ = 0.22, P = 0.639; Figure
1A).
Figure 1B shows the cumulative HBV DNA loss
rates for both groups. At 6, 24, 36, and 48 wk in the
patients matched for ALT, family history, HBeAg status,
and HBV DNA level during lamivudine therapy, the
HBV-DNA loss rate in the patients with natural YMDD
mutations was almost stable at all time points. In
contrast, the rates among the patients without natural
YMDD mutations tended to be higher than those in the
patients with natural YMDD mutations, although the
differences were not significant. The cumulative HBV
2
DNA loss rates were 52.5% vs 50% at 6 wk (χ = 0.05,
2
P = 0.823), 67.5% vs 80% at 24 wk (χ = 1.614, P =
2
0.204), 67.5% vs 72.5% at 36 wk (χ = 0.549, P =
2
0.459), and 62.5% vs 77.5% at 48 wk (χ = 2.143, P

RESULTS
Prevalence of natural YMDD mutations

YMDD mutations were detected in 288 (22.71%) of
the 1268 CHB patients. The demographic data and
clinical features are summarized in Table 1. Of the 288
patients, 164 (56.94%) also had an accompanying
L180M mutation. Two of the patients had a mutation
at codon 207. The combination of wild-type and
YMDD-variant HBV was present in 251 of the 288
patients. Mixtures of YMDD + YVDD, YMDD + YIDD
and YMDD + YVDD + YIDD were found in 49, 82 and
121 patients, respectively. In 12 patients, only YIDD
and/or YVDD variants were detected, without the
presence of the wild-type YMDD motif; YIDD + YVDD,
YIDD and YVDD variants were shown in six, four and
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P > 0.05

of loss of HBV DNA

20

P > 0.05
P > 0.05

P > 0.05
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P > 0.05
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B

P > 0.05

The cumulative rate of
appearance of hepatitis (%)

P > 0.05

36 w

80
The cumulative rate

30

0
6w

100

P = 0.032

40

P > 0.05

0

B

Patients without YMDD

P > 0.05

P > 0.05

The cumulative rate of
virological breakthrough (%)

The cumulative of ALT
normalization rate (%)

100

Patients with YMDD

60
40
20
0

24 w

36 w

48 w

P > 0.05

15

P > 0.05
10

P > 0.05

5

0
6w

24 w

36 w

48 w

6w

Figure 1 Rates of normalization of alanine aminotransferase levels
and the cumulative hepatitis B virus DNA loss rates in both groups. A:
The rates of normalization of alanine aminotransferase (ALT) levels; B: The
cumulative hepatitis B virus (HBV) DNA loss rates. YMDD: Tyrosine-methionineaspartic acid- aspartic acid.

36 w

48 w

Figure 2 Cumulative emergence rates of virological breakthrough and the
cumulative breakthrough hepatitis rates in both groups. A: The cumulative
emergence rates of virological breakthrough; B: The cumulative breakthrough
hepatitis rates. YMDD: Tyrosine-methionine-aspartic acid- aspartic acid.

YMDD mutations tended to be lower than those in
patients with natural YMDD mutations, although the
differences were not statistically significant (Figure
2B).

= 0.143).

Emergence of virological breakthrough and appearance
of hepatitis

The cumulative emergence rates of virological breakthrough
in patients with and without natural YMDD mutations
2
were 5% (2/40) and 2.5% (1/40) at 6 wk (χ = 0.346,
2
P = 0.556), 10% (4/40) and 5% (2/40) at 24 wk (χ
= 0.721, P = 0.396), 17.5% (7/40) and 7.5% (3/40)
2
at 36 wk (χ = 1.829, P = 0.176), and 32.5% (13/40)
and 12.5% (5/40) at 48 wk (Figure 2A). There was a
2
significant difference at 48 wk (χ = 4.588, P = 0.032).
The emergence rates of virological breakthrough in the
patients with natural YMDD mutations were similar to
those in the patients without at the other three time
intervals (Figure 2A).
The cumulative breakthrough hepatitis rates in
patients with and without natural YMDD mutations
2
were 1 2.5% (1/40) and 0% (0/40) at 6 wk (χ = 0, P
2
= 1), 5% (2/40) and 2.5% (1/40) at 24 wk (χ = 0.346,
2
P = 0.556), 7.5% (3/40) and 5% (2/40) at 36 wk (χ
= 0.213, P = 0.664), and 12.5% (5/40) and 5% (2/40)
2
at 48 wk (χ = 1.409, P = 0.432; Figure 2B). The rates
of breakthrough hepatitis in patients without natural
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24 w

DISCUSSION
Although the YMDD motif mutation increased during
[15,16]
lamivudine treatment
, many studies have reported
[3,4,12,17-19]
that this mutation can also be spontaneous
.
Previous reports have shown that the incidence of
YMDD mutations was 0% to 27.7% for asymptomatic
HBV carriers and 0% to 31.58% for CHB patients.
Our previous study demonstrated that the pooled
incidence of natural YMDD mutations was as high as
[19]
12.21% (95%CI: 9.69-14.95) . This result primarily
represented the current situation in East Asia, especially
China. In this study, our results showed that YMDD
mutations naturally existed in 22.71% of untreated
CHB patients, most of whom had wild-type HBV.
The discrepancy may have occurred because a wellcharacterized commercial assay was used that can
detect mutations that make up as little as 10% of the
[20]
viral population . A recent report showed that the
INNO-LiPA HBV DR assay had convincing diagnostic
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sensitivity and accuracy for monitoring HBV-infected
[21]
patients undergoing NA treatment . Moreover, in this
study, a large number of subjects were recruited, which
allowed us to more accurately determine the prevalence
of natural YMDD mutations in Chinese patients.
[22]
[15]
Da Silva et al and Ye et al found that anti-HBe
was positive in most patients with YMDD mutations
and considered that YMDD mutations might be more
likely to occur if mutations take place in the pre-czone. In this study, our findings revealed that the
prevalence of YMDD mutations was 14.35% in patients
who were negative for HBeAg and 8.35% in patients
who were positive for HBeAg, a difference that was
significant. Moreover, multivariate analysis revealed
that the HBeAg status was associated with YMDD
mutations. These findings were in accordance with
[22]
[15]
those of Da Silva et al and Ye et al .
[23,24]
Some reports
have demonstrated a close
correlation between serum HBV DNA level and the
incidence of YMDD mutations. Our results were con
sistent with these studies in that, in terms of the
prevalence of YMDD mutations, a significant difference
was found among patients with different serum HBV
DNA levels, suggesting that HBV DNA level might have
a positive correlation with YMDD mutations.
Lamivudine is an oral cytosine nucleoside analog
that potently inhibits HBV replication by interfering
[25]
with HBV reverse transcriptase activity . Many
studies have reported the effectiveness of lamivudine
for suppressing HBV replication and improving trans
[3,26-28]
aminase levels and liver histology
. Our study
demonstrated that lamivudine therapy was well
tolerated by Chinese CHB patients with natural YMDD
mutations and led to reductions in transaminase levels
and HBV-DNA loss.
The prevalence of pre-existing natural YMDD mutants
is well known, but their clinical significance during LAM
[12]
therapy is unknown. Lee et al
investigated whether
pre-existing YMDD mutants were selected during
LAM therapy. Their study included 14 treatment-naïve
patients who were treated with LAM for at least 9 mo.
A virological response was observed at 3 mo in all
patients with pre-existing YMDD mutants. All mutations
disappeared after 3 mo of LAM therapy, and during the
follow-up period, no re-emergence was detected by any
of the three detection methods. Furthermore, the viral
load was suppressed optimally.
In our study, patients with natural YMDD mutations
showed a weekly increase in the normalization rate
of transaminases. However, compared with patients
without natural YMDD mutations, the high normalization
rate of transaminases was similar. The cumulative HBV
DNA loss rates in both groups were almost stable at all
time points during lamivudine therapy. However, the
cumulative emergence rates of virological breakthrough
in patients with natural YMDD mutations were higher than
those in patients without YMDD mutations. Moreover, the
rate of breakthrough hepatitis tended to be lower in
patients without natural YMDD mutations than in those
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with natural YMDD mutations. The low frequency of
breakthrough hepatitis in patients without natural YMDD
mutations was attributed to the cumulative emergence
rates of virological breakthrough.
In conclusion, naturally occurring YMDD mutations
are found in a large proportion of CHB patients who
have not undergone anti-viral therapy. The incidence
of YMDD mutations may be correlated with the HBeAg
status and the HBV DNA level. Our results also sug
gest that lamivudine therapy improved the clinical
course in HBV patients with natural YMDD mutations.
Lamivudine therapy for patients with natural YMDD
mutations was well tolerated and resulted in reduced
ALT and HBV-DNA levels. The cumulative emergence
rates of virological breakthrough in patients with
natural YMDD mutations were higher than those in
patients without natural YMDD mutations. Moreover,
breakthrough hepatitis tended to occur in patients
with natural YMDD mutations more often than in
patients without. Further studies with a longer followup and more patients are needed to confirm our
findings.
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first-line therapy consisting of gemcitabine plus oxaliplatinbased first-line chemotherapy given intravenously via
intra-arterial infusion were treated with FOLFIRI [irinotecan
(180 mg/m² i.v. over 90 min) concurrently with folinic acid
(400 mg/m² i.v. over 120 min) followed by fluorouracil
(400 mg/m² i.v. bolus) then fluorouracil 2400 mg/m
² intravenous infusion over 46 h] and bevacizumab (5
mg/kg) every 2 wk. Tumor response was evaluated by
computed tomography scan every 4 cycles.
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RESULTS: The best tumor responses using response
evaluation criteria in solid tumor criteria were: complete
response for 1 patient, partial response for 4 patients,
and stable disease for 6 patients after 6 mo of follow-up.
The response rate was 38.4% (95%CI: 12.5-89) and the
disease control rate was 84.5% (95%CI: 42-100). Seven
deaths occurred at the time of analysis, progression
free survival was 8 mo (95%CI: 7-16), and median
overall survival was 20 mo (95%CI: 8-48). No grade 4
toxic events were observed. Four grade 3 hematological
toxicities and one grade 3 digestive toxicity occurred. An
adaptive reduction in chemotherapy dosage was required
in 2 patients due to hematological toxicity, and a delay in
chemotherapy cycles was required for 3 patients.
CONCLUSION: FOLFIRI plus bevacizumab combination
treatment showed promising efficacy and safety as
second-line treatment for metastatic intrahepatic chola
ngiocarcinoma after failure of the first-line treatment of
gemcitabine plus oxaliplatin chemotherapy.
Key words: Biliary tract cancer; Intrahepatic cholan
giocarcinoma; FOLFIRI; Bevacizumab; Second-line
treatment

Abstract

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

AIM: To evaluate the efficacy and tolerance of FOLFIRI
plus bevacizumab treatment outcome as second-line
treatment for metastatic intrahepatic cholangiocarcinoma.

Core tip: This retrospective study tests the efficacy of
FOLFIRI plus bevacizumab as second-line treatment
for metastatic cholangiocarcinoma. We observed that

METHODS: Thirteen consecutive patients with metastatic
intrahepatic cholangiocarcinoma who were refractory to
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this particular chemotherapy treatment gives good
response rates and prolongs survival.

MATERIALS AND METHODS
Eligibility criteria

This retrospective study was conducted at the Georges
Francois Leclerc Center from January 2009 to January
2014. The proposal of the off-label usage of FOLFIRI
bevacizumab was evaluated and validated by the
local multidisciplinary staff. Informed consent was
obtained from each participant and follow-up was
prospectively registered. We proposed this treatment
for patients with advanced biliary tract carcinoma who
met the following criteria: (1) received gemcitabine
plus oxaliplatin combination therapy as a first-line
treatment administrated intravenously or by intraarterial injection; (2) underwent progression during
the first-line therapy; (3) had an Eastern Cooperative
Oncology Group performance status of 0-2; and (4)
had adequate bone marrow function (white blood
3
cell count > 3000/mm , hemoglobin > 9.0 g/dL, and
3
platelet count > 100000/mm ), liver function [total
bilirubin < 3 times the upper limit of normal (ULN)
and aspartate/alanine transaminases < 5 times the
ULN], and renal function (creatinine < 1.2 mg/dL or
creatinine clearance > 50 mL/min). In patients with
obstructive jaundice, total serum bilirubin was required
to be within 3 times the ULN after biliary drainage.
Exclusion criteria included: uncontrolled infection,
uncontrolled massive pleural effusion or massive ascites,
active ulcer of the gastrointestinal tract, pregnancy/
lactation, a history of drug hypersensitivity, active
concomitant malignancy, and concurrent severe medical
conditions.

Guion-Dusserre JF, Lorgis V, Vincent J, Bengrine L, Ghiringhelli
F. FOLFIRI plus bevacizumab as a second-line therapy for
metastatic intrahepatic cholangiocarcinoma. World J Gastroenterol
2015; 21(7): 2096-2101 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i7/2096.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i7.2096

INTRODUCTION
Biliary tract cancer is a collective term that groups
together different tumors, including gallbladder tumor,
cholangiocarcinoma, and ampulla of Vater tumor with a
[1-3]
relative frequency of 41%, 42%, and 17%, respectively .
These tumors arise from the transformation of intra
hepatic or extrahepatic bile duct epithelial cells.
Cholangiocarcinoma is divided into 3 categories based
on anatomic location of origin within the biliary system:
intrahepatic, hilar, and distal extrahepatic canals. Upon
epidemiological study, hilar tumors were more frequent;
however intrahepatic tumor incidence is rising. The
median survival for biliary tract cancer is poor, but very
different for each subtype. Gallbladder cancer is more
frequent in females, with a survival around 6-9 mo,
while cholangiocarcinoma is more frequent in males
and is also more aggressive, with a poor survival time
[1]
of around 4-6 mo without therapy . The only curative
treatment is the complete surgical removal of the
tumor. When the tumor can be removed by surgery,
the 5 year survival rate is around 30%. When the tumor
is not resectable, the standard treatment is systemic
[4,5]
chemotherapy . Recently, 2 phase Ⅲ trials demonstrated
that chemotherapy combining gemcitabine and platinum
derivatives could be considered as a standard of care for
unresectable cholangiocarcinoma and seems to improve
overall survival, with a median survival of 12 mo for the
[6]
cisplatin plus gemcitabine regimen and 9.5 mo for the
[7]
oxaliplatin plus gemcitabine regimen .
While the choice for first-line chemotherapy is
largely agreed upon, second-line treatment is still a
[8,9]
topic of discussion . Very few studies of second-line
chemotherapy for advanced biliary tract cancer have
been reported, with all such studies pooling together
patients with different types of biliary tract cancer with
different prognoses. The role of targeted therapies is
[9,10]
also under investigation in some trials
. In this study,
we report on the tolerance and efficacy of the off-label
usage of FOLFIRI plus bevacizumab combination as a
second-line treatment in metastatic cholangiocarcinoma
after failure of the gemcitabine plus oxaliplatin regimen.

WJG|www.wjgnet.com

Treatment

The FOLFIRI plus bevacizumab regimen consists of
bevacizumab injection (5 mg/kg) followed by irinotecan
(180 mg/m² i.v. over 90 min) concurrently with folinic
acid (400 mg/m² i.v. over 120 min), followed by
fluorouracil (400 mg/m² i.v. bolus) then fluorouracil (2400
mg/m² intravenous infusion over 46 h). Dose reductions
were based on adverse events that were graded
according to the Common Terminology Criteria for
Adverse Events version 3.0. Treatment was temporarily
suspended in cases of grade 3/4 hematological toxicity
or grade 2 or higher non-hematological toxicity. After
toxicity was reduced to grade 1 or below, treatment
was restarted at a lower dose. The treatment was
suspended if the patients continued to experience
further toxicity. Dose re-escalation was not applied in this
setting. Treatment continued until disease progression,
unacceptable toxicity, or patient refusal.

Pretreatment and follow-up evaluation

Pretreatment evaluation included physical examination,
complete blood cell counts, blood chemistry, tumor
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and overall survival (OS) were calculated using the
Kaplan-Meier method. PFS was calculated from the start
of FOLFIRI bevacizumab therapy to the date of disease
progression, and OS was calculated from the start of
FOLFIRI bevacizumab therapy to the date of death.
Analysis was carried out using MEDCALC software
(MedCalc Software, Mariakerke, Belgium).

Table 1 Patient characteristics
Patients (n )

Characteristics
Median age (range) (yr)
Sex
Male
Female
ECOG performance status
0
1
2
Median CA 19-9 level (range) (ng/mL)
Previous chemotherapy
Intravenous gemcitabine oxaliplatin
Intra-arterial gemcitabine oxaliplatin
Tumor limiting the liver
Yes
No

60 (39-72)
6
7
3
8
2
73 (2-4472)

RESULTS
Patient characteristics

Between January 2009 and January 2014, a total of
13 patients were treated at the Department of Medical
Oncology, Georges-Francois Leclerc Cancer Center,
Dijon, France by FOLFIRI plus bevacizumab combination
treatment for metastatic intrahepatic cholangiocarcinoma
after failure of first-line gemcitabine plus oxaliplatin
combination. Demographic details of the patients
included in the study are shown in Table 1. All 13 patients
were assessable for toxicity, survival, and radiological
response using RECIST criteria.

13
5
4
9

ECOG: Eastern Cooperative Oncology Group; CA 19-9: Carbohydrate
antigen 19-9.

Table 2 Observed toxicity according National Cancer
Institute Common Terminology Criteria for adverse events
grading (n = 12)

Toxicity and feasibility

A total of 128 cycles of chemotherapy were administered
(median 6; range: 2-22). Hematological and nonhematological toxicities of grades 1-4 are listed in
Table 2. No grades 4 toxic events were observed.
Four grade 3 hematological toxicities and one grade
3 digestive toxicity occurred. An adaptive reduction
in chemotherapy dosage was required in 2 patients
because of hematological toxicity and a delay in
chemotherapy cycles was required for 3 patients. The
most frequent events were neutropenia in 7 patients,
anemia in 5 patients, thrombocytopenia in 6 patients,
and diarrhea in 5 patients. No febrile neutropenia were
observed.
Concerning bevacizumab-induced toxicity, no
interruption to treatment was required, and no bowel
perforation, brain bleeding, or digestive bleeding was
observed. Tolerance of bevacizumab was good, with
only 2 cases of grade 2 hypertensions and epistaxis.
At the time of analysis, with a median follow-up of 25
mo (range: 6-48 mo), a total of 7 patients (83%) had
died, all due to disease progression.

NCI-CTC grade
Hematological
Anemia
Neutropenia
Thrombocytopenia
Non hematological
Nausea/vomiting
Mucositis
Diarrhea
Infection
Nose bleeding
High blood pressure

All grades

Severe

5
7
6

0
3
2

6
1
5
0
2
2

0
0
2
0
0
0

1

1

Grade 3-4 according to the National Cancer Institute Common Terminology
Criteria for adverse events (NCI-CTC) version 2.0 scale.

marker level (carbohydrate antigen, CA 19-9), and
thorax abdominal and pelvic computed tomography
(CT)-scan within 15 d of starting chemotherapy. Tumor
[11]
responses were determined by RECIST criteria .
Complete blood cell counts and serum chemistry (in
cluding liver and renal function) were performed at
least every 2 wk, with tumor assessment via thorax
abdominal and pelvic CT-scan and CA19.9 dosage
performed every four cycles (8 wk). Toxicity was graded
according to the National Cancer Institute Common
Toxicity Criteria version 2.0.

Objective tumor responses and survival

All included patients were previously treated with
systemic chemotherapy with gemcitabine plus oxaliplatin
as a first-line treatment, which failed. In addition 4
patients received hepatic intra-arterial chemotherapy by
gemcitabine plus oxaliplatin as a second-line treatment.
All patients are metastatic at the start of FOLFIRI plus
bevacizumab treatment. According to the RECIST
criteria, among the 13 assessable patients we noted
one complete response, 4 partial responses, 6 stable
diseases for at least 6 mo, and two progressions. The
response rate was 38.4% (95%CI: 12.5-89) and the
disease control rate was 84.5% (95%CI: 42-100). At 2
mo, the CA 19.9 level decreased in all patients (mean

Statistical analysis

Efficacy analysis was performed according to the
intention to-treat principle. Patients were considered
assessable for response if they were eligible, had
measurable disease, and had received at least one
cycle of chemotherapy. In the analysis of survival and
subsequent treatment, all patients were followed until
death or lost to follow-up. Progression-free survival (PFS)

WJG|www.wjgnet.com

2098

February 21, 2015|Volume 21|Issue 7|

Guion-Dusserre JF et al . FOLFIRI bevacizumab in metastatic intrahepatic cholangiocarcinoma

Survival probability (%)

patients that previously received first-line therapy. In
this study, only 4% of partial responses and 30% of
disease stabilizations were observed, giving a median
[17]
PFS of 3.2 mo . In the ASCO 2014 meeting, the AGEO
group reported the efficacy of second-line therapy for
biliary tract carcinoma in patients previously treated
[18]
with gemcitabine and platinum combination . They
observed that the usage of second-line therapy is
associated with disease control in half of the patients
who previously received gemcitabine plus platinum as
a first-line treatment. When looking at chemotherapy
regimens, were was no difference in term of PFS or OS
for the usage of 5-fluorouracil (5FU) monotherapy or
association of 5FU plus cisplatin or irinotecan. However,
in another study irinotecan was reported to have some
efficacy in patients previously treated with gemcitabine
and platinum, suggesting that this treatment is effective
[19]
in second-line therapy .
Few studies have tested the efficacy of targeted
therapies in biliary tract cancer. The mTOR inhibitor
everolimus was tested in second-line therapy in a
recent phase Ⅱ trial with PFS around 3 and an 8 mo of
[20]
OS with acceptable toxicity . Anti-human epidermal
growth factor receptor (HER)1 and HER2 therapies were
also tested. Cetuximab failed to demonstrate efficacy
[15]
in first-line biliary tract cancer . Erlotinib was tested
in combination with gemcitabine plus oxaliplatin and
[7]
did not improve PFS or OS . Moreover, combination of
[21]
erlotinib plus sorafenib or monotherapy with lapatinib
[22]
failed to demonstrate clinical efficacy . Sunitinib was
also tested in a phase Ⅱ study as a second-line regimen
and demonstrated marginal efficacy and significant
[23]
toxicity .
Bevacizumab was tested in first-line treatment
in combination with erlotinib in a phase Ⅱ trial and
gave an interesting control rate and OS of about 10
[24]
mo . In addition, a phase Ⅱ study of bevacizumab
in combination with gemcitabine and oxaliplatin gave
[25]
a major response rate of 44% in first-line therapy
compared with 20% with gemcitabine plus oxaliplatin
alone, thus suggesting the efficacy of bevacizumab. Based
on all these data, we hypothesize that bevacizumab
associated with 5FU plus irinotecan may have some
efficacy in biliary tract cancer treatment. A case report
underlined the high efficacy of bevacizumab plus
[26]
panitumumab combination treatment .
We decide in our institute to propose off-label
usage of FOLFIRI bevacizumab for patients with cholan
giocarcinoma that progressed after first-line gemcitabine
plus oxaliplatin usage. This off-label usage was validated
after multidisciplinary staff consultation, and all patients
give written consent to this off-label drug usage. We
also prospectively examined the efficacy and toxicity
of the protocol for each patient. Limitations of this
study were its retrospective nature, non-comparative
design, and low number of patients. However, very
few prospective studies have been conducted to
assess second-line efficacy for cholangiocarcinoma,
and no comparative study has been conducted in
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Figure 1 Kaplan-Meier curves of overall survival and progression free
survival. OS: Overall survival; PFS: Progression-free survival.

level 518 ± 1254 vs 173 ± 364, P = 0.04 Wilcoxon
test). On June 2014, 7 deaths occurred, PFS was 8 mo
(95%CI: 7-16), and median OS was 20 mo (95%CI:
8-48). Figure 1 shows PFS and OS curves.

DISCUSSION
The treatment of metastatic biliary tract cancer curr
ently remains a challenging question. Recently, the
combination treatment of cisplatin and gemcitabine
became the standard of care in first-line therapy based
on the phase Ⅲ randomized data UK NCRN ABC-02
[6]
study . This study demonstrated an overall survival
advantage for cisplatin plus gemcitabine combination
vs gemcitabine alone (11.7 mo vs 8.1 mo, HR =
0.64, 95%CI: 0.52-0.80; P < 0.001). Similar results
were observed in a Japanese randomized phase Ⅱ
study (BT22) using the same treatment regimen,
with a median survival of 11.2 mo with cisplatin and
[12]
gemcitabine . In France, most oncologists prefer the
gemcitabine plus oxaliplatin combination due to its
[13,14]
easier usage and reduced toxicity
. Recently, the
phase Ⅱ BINGO study observed that gemcitabine plus
oxaliplatin had an overall survival of 12 mo, similar to
[15]
the gemcitabine and cisplatin combination , thereby
confirming that gemcitabine plus oxaliplatin could be a
valuable first-line regimen.
In contrast, to date there is no phase Ⅲ evidence
supporting the use of second-line chemotherapy after
failure of first-line chemotherapy for metastatic biliary
[6]
tract cancers. In the UK NCRN ABC-02 trial , 15% were
[16]
treated with second-line chemotherapy . In contrast,
63 of the 84 patients (75%) included in the Japanese
[12]
BT22 trial
received second-line chemotherapy,
essentially with S1 chemotherapy. Despite this diff
erence in the rate of second-line chemotherapy,
similar survival was observed in the 2 studies, thus
questioning the benefit of second-line chemotherapy. A
recent multicentric retrospective Italian study reported
the evolution of 300 patients receiving second-line
chemotherapy for biliary tract cancer in a cohort of 811
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this field. Although our study was retrospective and
included only a limited number of patients, we selected
a very homogeneous population of intrahepatic cholan
giocarcinoma, all previously treated with an up-todate first-line chemotherapy regimen. In addition, this
rate of disease control and significant median time to
progression for a disease with a very poor prognosis
led to the conclusion that such chemotherapy regimens
have a significant clinical impact.
In conclusion, FOLFIRI plus bevacizumab combi
nation therapy showed anti-tumor efficacy and safety
as a second-line treatment for metastatic intrahepatic
cholangiocarcinoma refractory to gemcitabine plus
oxaliplatin first-line chemotherapy. Larger scale
prospective trials should be conducted to confirm this
conclusion.
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METHODS: From a prospective database of patients
treated for benign biliary strictures at our hospital,
cases that underwent liver resections were reviewed.
All cases were referred after one or more attempts
to repair bile duct injuries following cholecystectomy
(open or laparoscopic). Liver resection was indicated
in patients with Strasberg E3/E4 (hilar stricture) bile
duct lesions associated with vascular damage (arter
ial and/or portal), ipsilateral liver atrophy/abscess,
recurrent attacks of cholangitis, and failure of previous
hepaticojejunostomy.
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RESULTS: Of 148 patients treated for benign biliary
strictures, nine (6.1%) underwent liver resection; eight
women and one man with a mean age of 38.6 years.
Six patients had previously been submitted to open
cholecystectomy and three to laparoscopic surgery. The
mean number of surgical procedures before definitive
treatment was 2.4. All patients had Strasberg E3/E4
injuries, and vascular injury was present in all cases.
Eight patients underwent right hepatectomy and one
underwent left lateral sectionectomy without mortality.
Mean time of follow up was 69.1 mo and after longterm follow up, eight patients are asymptomatic.
CONCLUSION: Liver resection is a good therapeutic
option for patients with complex postoperative biliary
stricture and vascular injury presenting with liver
atrophy/abscess in which previous hepaticojejunostomy
has failed.
Key words: Abscess; Atrophy; Benign; Bile ducts; Chole
cystectomy; Hepatectomy; Stenosis; Vascular system
injury

Abstract
AIM: To report experience with liver resection in a select
group of patients with postoperative biliary stricture
associated with vascular injury.
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stricture associated with VI.

Core tip: Bile duct injury is a major concern due to its
complex treatment and long-term complication rate.
Associated vascular injury most commonly occurs
during cholecystectomy, but can also occur during
bile duct repair. Definitive treatment procedures are
challenging due to the association of bile duct and
vascular injuries. We describe our experience in treating
these complex patients. Liver resection was reserved for
patients with Strasberg E3/E4 (hilar stricture) bile duct
lesions associated with vascular damage (arterial and/
or portal), ipsilateral liver atrophy/abscess, recurrent
attacks of cholangitis, and failure of the previous
hepaticojejunostomy.

MATERIALS AND METHODS
From a prospective database of patients treated for
benign biliary strictures at our hospital, review of the
medical records of patients submitted to liver resection
was undertaken. All cases were referred to our center
after one or more attempts to repair BDI following
cholecystectomy (open or laparoscopic).
All cases were discussed in a multidisciplinary
meeting with radiologists and hepatobiliary surgeons.
Patients were evaluated with liver function tests. CT
angiogram and MRI cholangiography scans were
performed to evaluate liver atrophy and vascular and
biliary anatomy. In patients with percutaneous transhe
patobiliary drains, cholangiograms were performed in
order to assess the biliary anatomy. BDI were classified
[3]
according to Strasberg’s classification .
Liver resection was indicated in patients with
Strasberg E3/E4 (hilar stricture) bile duct lesions
associated with vascular damage (arterial and/or
portal), ipsilateral liver atrophy/abscess, recurrent
attacks of cholangitis, and failure of the previous hepati
cojejunostomy. None of the patients had signs of liver
insufficiency or portal hypertension. The final decision
was taken intraoperatively after hilar dissection,
cholangiographic evaluation, and liver assessment.
Hepaticojejunostomy was performed as high as
possible and in a standardized technique as described
[14]
elsewhere . Only one patient (Table 1) had a right
hepatectomy without hepaticojejunostomy (complete
right biliary duct lesion with ispilateral liver necrosis
due to VI).
Variables examined were gender, number of pre
vious surgical repair attempts, symptoms, type of
vascular damage, type of biliary lesion and liver
resection, mean operative time, blood transfusion,
postoperative complications, length of post-hospital
stay, recurrence of symptoms, mean time of follow-up,
and complications related to the surgical procedure.
The clinical outcome was evaluated according to the
Terblanche classification: grade Ⅰ = no biliary symptoms,
grade Ⅱ = transitory or no current symptoms, grade Ⅲ
= clearly related symptoms requiring medical therapy,
and grade Ⅳ = recurrent stricture requiring correction
or related to death. Grades Ⅰ and Ⅱ represent excellent
or good results, grade Ⅲ represents fair results, and
[15]
grade Ⅳ represents poor results .

Perini MV, Herman P, Montagnini AL, Jukemura J, Coelho FF,
Kruger JA, Bacchella T, Cecconello I. Liver resection for the
treatment of post-cholecystectomy biliary stricture with vascular
injury. World J Gastroenterol 2015; 21(7): 2102-2107 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v21/i7/2102.
htm DOI: http://dx.doi.org/10.3748/wjg.v21.i7.2102

INTRODUCTION
Cholecystectomy is one the most common operations
performed nowadays and, despite technical advances
and surgical skills (especially in laparoscopic proce
dures), bile duct injury (BDI) still occurs. The incidence
of BDI is approximately 0.2%-0.3% in patients
undergoing an open procedure, and 0.5%-0.8% in
[1-3]
those undergoing laparoscopic cholecystectomy .
Despite the low incidence when adopting safe mea
sures (such as the critical view approach, routine
intraoperative cholangiogram), BDI can still occur.
When dealing with an acute lesion, most general
surgeons would not be able to perform an adequate
repair, mainly due to lack of surgical expertise. In this
scenario, referring the patient to a specialist can avoid
further biliary and vascular damage. Some reports have
estimated 7% of vascular injuries in autopsy series
of individuals who had been submitted to an open
[4]
cholecystectomy ; in patients with diagnosed BDI,
however, the incidence is higher, ranging from 12% to
[4-7]
39% .
When vascular injury (VI) occurs in association
with BDI, the classical surgical approach with a Roux
en Y bilioenteric anastomosis may not offer good longterm results in some patients. The main reason could
be the lack of an adequate arterial blood supply of
[8-11]
the repaired duct
. Instead of complex intrahepatic
biliary reconstructions or even liver transplantation
(when irreversible parenchyma liver damage has
occurred), some authors have advocated liver resection
and biliary reconstruction in selected cases with good
[12,13]
. The aim of the present study
long-term results
was to report our experience with liver resection in a
select group of patients with postoperative bile duct
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RESULTS
From 2000 to 2011, a total of 148 patients were tr
eated for benign biliary strictures, and nine (6.1%)
underwent liver resection; one man and eight women
with a mean age of 38.6 years (range: 27-59 years).
All patients underwent cholecystectomy as the first
surgical procedure elsewhere; six patients had been
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Table 1 Patient and procedure characteristics
Case

1
2
3
4
5
6
7
8
9

Previous
surgeries

Time from injury to liver
resection

(n )

(mo)

6
1
2
1
6
1
2
1
2

17
49
204
24
45
8
72
24
5

Vascular injury

Strasberg’s classification

Operative time

Type of liver resection

(h)
RHA
RHA
RHA
RPV
RHA
RHA
LPV
RHA
RHA

E4
E4
E4
E4
E4
E4
E4
E3
E3

8
11
7
10
3
9
5
6
8

RH
RH
RH
RH
RH
RH
LLS
RH
RH

LPV: Left portal vein; LLS: Left lateral sectionectomy; RH: Right hepatectomy; RHA: Right hepatic artery; RPV: Right portal vein.

A

B

C

D

Figure 1 Computed tomography findings. A, B: Computed tomography (CT) angiogram showing right hepatic artery injury in one case (arrow); C, D: CT showing
right portal vein injury in another case.

submitted to open and three to laparoscopic surgery.
The mean number of surgical procedures and mean
time before referral to our hospital were 2.4 (range:
1-6) and 49.8 mo, respectively (Table 1).
Cholangitis and jaundice were the most common
symptoms in 88.9 and 55.6% of the patients,
respectively. Liver abscess was found in one patient
and was treated with intravenous antibiotics and
percutaneous transhepatobiliary drainage prior to
surgery.
All patients had lesions classified as Strasberg E3/
E4. Arterial VI was present in seven cases and portal
vein injury in two (Figure 1).
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Seven of the patients underwent right hepate
ctomy with Roux en Y hepaticojejunostomy and one
underwent left lateral sectionectomy with Roux en Y
hepaticojejunostomy. Only one patient had a right
hepatectomy without hepaticojejunostomy due to a
right hepatic artery and right bile duct ligation. The
patients’ characteristics and treatment are detailed in
Table 1.
The mean operative time was 7.5 h, and four patients
did not receive blood transfusions. Postoperative com
plications were observed in three patients, infection
being the most common (peritonitis due to bile leak,
wound and central venous catheter-related). One patient
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[9,12,18,19]

should be attempted before liver transplantation
.
The rationale for this approach is that by removing
the atrophic parenchyma and performing a bilioenteric
anastomosis in well-vascularized tissue, good longterm results can be achieved. Moreover, liver resection
may prevent future development of biliary malignancy
[12,13,20]
due to biliary stasis and repeated cholangitis
.
Beyond that, the removal of the damaged hemiliver
with wide exposure of the biliary tree can contribute
to the performance of a safe and large anastomosis
in non-fibrotic, well-vascularized tissue. In Table 3,
we summarize the results of liver resection for BDI
associated with VI performed by specialized teams.
Some patients, due to recurrent attacks of cholangitis,
may develop secondary liver fibrosis, cirrhosis, and
portal hypertension. In this setting, liver transplantation
[13]
should be considered . However, in some patients
with transitory liver dysfunction during cholangitis,
definitive treatment with liver resection could be offered,
once recovery of normal liver function is observed after
infection control. In this select group of patients, liver
transplantation could be postponed.
Liver resection in patients with previous hilar manipulation,
jaundice, multi-resistant bacterial colonization, malnutrition,
coagulation impairment, and long hospitalization can
carry high rates of morbidity and mortality. Detailed
preoperative work-up, with a multidisciplinary approach
(interventional radiologists to drain the obstructed biliary
tree, experienced hepatobiliary surgeons to perform
an adequate surgical treatment, infectious disease
physicians, and dietitians) is essential to a successful
[16]
outcome .
Liver resection for the treatment of complex BDI
can lead to good long-term results in 72%-100% of
[8,18,19,21]
patients
, results comparable to less-complex
[12,14,19,22,23]
injuries treated by hepaticojejunostomy
.
These results are mainly due to the improvement in
surgical technique, perioperative care, and a rigorous
[12,18,19,21,24]
selection of patients
. Prior to committing to
liver resection, less-aggressive surgical approaches,
such as hepaticojejunostomy extending to the left
duct, either guided by percutaneous transhepatic
cholangiography or unguided, should be considered.
[19]
Laurent et al , in the largest series reported,
showed good long-term results of hepatectomy in
94% of patients with BDI and VI. In their opinion,
despite a high morbidity rate, liver resection should
be attempted before liver transplantation. Thomson et
[12]
al reported that liver resection can have good results
in the majority of patients with BDI and associated VI.
In our experience, 1/9 patients was referred for liver
transplantation due to chronic liver failure and portal
[12,18]
hypertension
.
[13]
de Santibáñes et al
emphasizes that patients
with BDI who developed secondary biliary cirrhosis
can be treated with liver transplantation with very
good results (one-year survival of 91.7%). On the

Table 2 Postoperative results
Case

Biliary fistula

1
2
3
4
5
6
7
8
9

0
1
0
0
0
0
0
0
0

Length of
hospital stay

Follow-up

(d)
20
62
7
10
8
7
7
8
18

(mo)
12.8
156.8
117.2
41.0
67.9
26.9
21.0
109.2
69.6

Terblanche
grade
Ⅰ
Ⅰ
Ⅳ
Ⅰ
Ⅰ
Ⅰ
Ⅰ
Ⅰ
Ⅲ

Table 3 Outcome results in reported series of liver resections
with five or more patients with bile duct injury and vascular
injury
Ref.

n

Morbidity

Mortality

Good long-term
results

Frilling et al[21]
Thomson et al[12]
de Santibáñes et al[18]
Laurent et al[19]
Current series

5
8
9
18
9

NS
62.5%
33.3%
61.1%
33.3%

25%
0%
0%
0%
0%

NS
100%
NS
72%
88%

NS: Not stated.

underwent reoperation due to peritonitis and developed
renal and pulmonary complications that prolonged his
hospital stay. The mean postoperative stay was 16.3 d
(range: 7-62 d). There was no perioperative mortality.
Mean time of follow-up was 69.1 mo (range: 18-120
mo). Long-term complications were observed in two
patients: one with an incisional hernia and another
with cirrhosis and portal hypertension (this patient
was referred for liver transplantation). Good long-term
results were observed in 8/9 patients (Table 2).

DISCUSSION
Treatment of BDI associated with VI requires a multi
disciplinary approach from interventional radiologists,
endoscopists, and hepatobiliary surgeons. Therapeutic
success depends on patient selection, surgical expertise,
and the timing of surgery. Failed attempts to treat this
[16]
condition are associated with a worse prognosis . The
scarcity of evidence in dealing with this uncommon
complication and the lack of randomized trials make the
patient approach challenging and reliant on personal/
single institutional experience.
Nowadays, liver resection can be performed with
acceptable morbidity and mortality rates in specialized
[17]
centers . The main indication for liver resection
in patients with biliary stricture and preserved liver
function is an associated VI leading to recurrent attacks
of cholangitis. Some groups emphasize that for the
treatment of such a complex condition, liver resection

WJG|www.wjgnet.com

2105

February 21, 2015|Volume 21|Issue 7|

Perini MV et al . Bile duct injury and liver resection
other hand, organ shortage is a reality, and sparing
transplantation in patients with benign lesions that
could be treated by resection seems a reasonable
choice.
Our experience suggests that hepatic resection
may be the optimal approach in well-selected patients
in whom previous hepaticojejunostomy has failed
before the development of irreversible liver injury.
In a select group of patients with complex biliary
strictures associated with VI presenting with liver
atrophy and/or abscess, liver resection can be a good
therapeutic option when performed in a specialized
center.
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Abstract
AIM: To assess the efficacy of endocytoscopic narrowband imaging (EC-NBI) for evaluating the severity of
inflammation in ulcerative colitis (UC).
METHODS: This retrospective study was conducted
at a single tertiary care referral center. We included
UC patients who underwent colonoscopy with en
docytoscopy from July 2010 to December 2013. ECNBI was performed, and the images were evaluated
by assessing visibility, increased vascularization, and
the increased calibers of capillaries and were classified
as Obscure, Visible or Dilated. Obscure was indicative
of inactive disease, while Visible and Dilated were
indicative of acute inflammation. This study received
Institutional Review Board approval. The primary
outcome measures included the diagnostic ability of
EC-NBI to distinguish between active and inactive UC
on the basis of histological activity. The conventional
endoscopic images were classified according to the
Mayo endoscopic score. A score of 0 or 1 indicated
inactive disease, whereas a score of 2 indicated active
disease.
RESULTS: Fifty-two patients were enrolled. There
was a strong correlation between the EC-NBI findings
and the histological assessment (r = 0.871, P < 0.01).
The sensitivity, specificity, positive predictive value,
negative predictive value, and accuracy of EC-NBI for
diagnosing acute inflammation were 84.0%, 100%,
87.1%, 100%, and 92.3%, respectively, while those
for the Mayo endoscopic score were 100%, 40.7%,

2108

February 21, 2015|Volume 21|Issue 7|

Maeda Y et al . Endocytoscopic narrow-band imaging for UC

100%, 61.0%, and 69.2%, respectively. Compared
with conventional endoscopy, EC-NBI was superior
in diagnostic specificity, negative predictive value,
and accuracy (P < 0.001, P = 0.001 and P = 0.047,
respectively).

disease. Therefore, the routine diagnosis of histological
[5]
activity in UC requires multiple biopsy specimens ;
however, the collection of biopsy specimens is invasive.
Therefore, it is important to identify a surrogate marker
of histological activity.
Endocytoscopy (EC; Olympus Medical Systems,
[6]
Tokyo, Japan) enables the real-time observation of
cells and nuclei in vivo using × 450 ultramagnification.
This device can facilitate the differentiation of neoplastic
and non-neoplastic lesions, and it can also guide the
observations of celiac disease, amebic colitis, serrated
[7-14]
polyps, and rectal carcinoids
.
Furthermore, a correlation between EC classification
and paired histological sample findings in UC patients
[15]
has been reported . Narrow-band imaging (NBI;
Olympus Medical Systems) is a technique that uses
spectral narrow-band optical filters instead of the full
spectrum of white light. The applied light wavelengths
are restricted to those specific to hemoglobin ab
sorption, thereby clarifying mucosal vascular patterns.
The NBI system was developed as an in vivo app
roach for visualizing the morphological changes in
microvessels located in the superficial neoplasia or
[16-19]
inflammation
. Endocytoscopic NBI (EC-NBI) is a
new technique in which ultramagnified EC images are
used in combination with NBI. It can help in visualizing
microvessel structures and assist in the differentiation
of capillaries from ascending arterioles and descending
[20]
veins (Figure 1) . This pilot study aimed to assess
the efficacy of EC-NBI for evaluating the severity of
inflammation in UC.

CONCLUSION: The EC-NBI finding of capillaries in the
rectal mucosa was strongly correlated with histological
inflammation and aided in the differential diagnosis
between active and inactive UC.
Key words: Endosytoscopy; Narrow-band imaging; Mag
nified endoscopy; Ulcerative colitis; Mucosal healing;
Histological healing
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Endocytoscopic narrow-band imaging (ECNBI) is a new technique, in which ultramagnified EC
images are used in combination with NBI. The ECNBI finding associated with the capillaries showed
strong correlations with the presence of histological
inflammation and the ability to distinguish between
inactive and active ulcerative colitis. The sensitivity,
specificity, positive predictive value, negative predictive
value, and accuracy of the EC-NBI findings for
diagnosing acute inflammation were 84.0%, 100%,
87.1%, 100% and 92.3%, respectively. Compared
with conventional endoscopy, EC-NBI was superior in
diagnostic specificity, negative predictive value, and
accuracy.

MATERIALS AND METHODS

Maeda Y, Ohtsuka K, Kudo S, Wakamura K, Mori Y, Ogata N,
Wada Y, Misawa M, Yamauchi A, Hayashi S, Kudo T, Hayashi
T, Miyachi H, Yamamura F, Ishida F, Inoue H, Hamatani S.
Endocytoscopic narrow-band imaging efficiency for evaluation of
inflammatory activity in ulcerative colitis. World J Gastroenterol
2015; 21(7): 2108-2115 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i7/2108.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i7.2108

Patients

This study was conducted at the Digestive Disease
Center of the Showa University Northern Yokohama
Hospital from July 2010 to December 2013. Using
EC-NBI images to distinguish active from inactive
UC according to histological activity, a total of 52
patients with a confirmed diagnosis of UC and a Mayo
[21]
endoscopic score
of 0-2 were included; patients
with a Mayo endoscopic score of 3 were not recruited.
Informed consent was obtained from all patients before
the procedure was performed, and ethical approval
was granted by the local ethics review committee.
This study was conducted in accordance with the
Declaration of Helsinki.

INTRODUCTION
Surveillance colonoscopy is important for patients with
ulcerative colitis (UC) because endoscopic appearance is
a predictor of future clinical relapse. Moreover, the goal
of therapy in these patients has shifted from symptom
control alone to clinical remission in conjunction with
mucosal healing. Although most studies on mucosal
healing have focused on endoscopic scores, it has
been suggested that histological inflammation is a
[1,2]
valuable therapeutic goal . Studies have indicated
a higher risk of relapse in patients with persistent
active microscopic inflammation compared with that
[3,4]
in patients with normal histology . However, it has
also been reported that endoscopic and histological
assessments differ in patients with active and inactive

WJG|www.wjgnet.com

Procedure

In this study, total colonoscopy and routine observation
were performed with conventional endoscopy (CFH260AZI; Olympus Medical Systems) to define the
Mayo endoscopic score and target area, which was
the most severely inflamed area in the rectum. The
selected active section of the rectal area was observed
using EC-NBI. The rectal mucosa was washed with
excess water, and EC-NBI was performed without
spraying or staining. Subsequently, a biopsy specimen
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Table 1 Mayo endoscopic score for ulcerative colitis
0
1
2
3

grade of visibility, increased vascularization, and the
increased calibers of capillaries as follows: Obscure
(Figure 2A), the capillaries were not clearly visible;
Visible (Figure 2B), the capillaries were clearly visible
and/or increased vascularization was observed; Dilated
(Figure 2C), the caliber of the capillaries was unusually
large (three times as large as that of the surrounding
capillaries). Obscure was indicative of inactive disease,
while Visible and Dilated were indicative of acute
inflammation in our EC-NBI findings. The conventional
endoscopic images were classified according to the
Mayo endoscopic score (Table 1). A score of 0 or
1 indicated inactive disease, whereas a score of 2
[22]
indicated active disease .

Figure 1 Differentiation between capillaries (arrow) and descending vein
(arrow head).

was obtained from the rectal mucosa for histological
analysis of the same area.

Instrument

As mentioned in a previous publication from our
[10]
facility , the integrated-type EC (CF-Y-0020; Olympus
Medical Systems) has an adjustable scope with an
outside diameter of 13.6 mm at the distal end and
a working length of 1330 mm. This scope enables
consecutive conventional and ultramagnified endoscopic
observation using one-touch switch operation. In the
endocytoscopic mode, the scope has a magnification
capability of × 450 displayed on a 14-inch monitor; the
light focusing depth of field is 50 μm, and the surface
field of view is 400 μm × 400 μm. Moreover, EC-NBI
facilitates the increased visualization of microvessel
structures, allowing for the differentiation of capillaries
from ascending arterioles and descending veins. The
principle of the endocytoscopic mode is similar to
that of contact endoscopy and is set up with a fixed
focus. The scope tip is applied to the target area after
switching to the NBI mode. The EC-NBI images are
immediately obtained using the mode-changing switch
on the handle.

Histological assessment

All biopsy specimens were fixed in 10% formalin,
embedded in paraffin, serially sectioned, and stained using
hematoxylin and eosin (HE). Histological examination was
performed by an experienced pathologist (S.H.) who was
blinded to both the clinical and endoscopic data.
Histological assessment was based on the Geboes
[23]
index (Table 2) . The scale included six grades, and
[23,24]
each grade was divided into 4-5 subgroups
. The
patients were divided into two groups according to their
final indices; one group was comprised of those with an
index of ≤ 3.0, and the other contained those with an
index of > 3.0. A grade of 3.1 indicated the presence of
neutrophils in the epithelium, which was representative
[25]
of acute inflammation and a predictor of relapse . A
Geboes index of ≤ 3.0 indicated inactive disease, while
an index of > 3.0 indicated active disease.

EC-NBI and conventional endoscopy image analysis

Date analysis

For each case, multiple EC-NBI images were obtained
because the diameters of capillaries may change
gradually. These images were obtained using the
integrated image capture system and saved on the
server that hosted the database in JPEG format with
a pixel array of 640 × 480 and 16-bit color (Olympus
Medical Systems). The EC-NBI and conventional
endoscopic images for each case were separately
downloaded from the server for analysis by a reader
(Ya M), who was a trained endoscopist blinded to
the findings of the histological analysis. From the
multiple images obtained for each case, the reader
selected the image that showed the most microvessel
distension. All EC-NBI and conventional endoscopic
images from the target area were randomly
allocated. The EC-NBI images were classified by

WJG|www.wjgnet.com

Normal or inactive disease
Mild disease: erythema, decreased vascular pattern, mild friability
Moderate disease: marked erythema, absent vascular pattern,
friability, erosions
Severe disease:spontaneous bleeding, ulceration

Diagnoses obtained by conventional endoscopy and ECNBI were compared with those based on the Geboes
index, and the diagnostic abilities of conventional
endoscopy and EC-NBI to differentiate between
inactive and active disease were assessed. Next, the
Spearman rank correlation coefficient between the
Mayo endoscopic score and the Geboes index and
that between EC-NBI findings and the Geboes index
were calculated. We compared the EC-NBI findings
with the Sutherland index for the clinical severity of
inflammation in UC. The Spearman rank correlation
coefficient between the EC-NBI findings and Sutherland
[26]
index was calculated . All clinical data were collected
from medical records.
In a subanalysis, the inter- and intraobserver
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A

B

Obscure

C

Visible

Dilated

Figure 2 Endocytoscopic narrow-band imaging findings were classified into three groups. A: Obscure; B: Visible; C: Dilated.

assess intraobserver agreement, the same images
were randomly allocated to the endoscopists for
reassessment more than a month after the initial
assessment. Interobserver agreement was calculated
from the results of the first reading, and intraobserver
agreement was calculated by comparing the first and
second assessments and presented as the kappa
value.

Table 2 Geboes index
Grade 0
Structural (architectural change)
Subgrades
0.0
No abnormality
0.1
Mild abnormality
0.2
Mild or moderate diffuse or multifocal abnormalities
0.3
Severe diffuse or multifocal abnormalities
Grade 1
Chronic inflammatory infiltrate
Subgrades
1.0
No increase
1.1
Mild but unequivocal increase
1.2
Moderate increase
1.3
Marked increase
Grade 2
Lamina propria neutrophils and eosinophils
2A Eosinophils
2A. 0
No increase
2A.1
Mild but unequivocal increase
2A.2
Moderate increase
2A.3
Marked increase
2B Neutrophils
2B. 0
None
2B.1
Mild but unequivocal increase
2B.2
Moderate increase
2B.3
Marked increase
Grade 3
Neutrophils in epithelium
3.0
None
3.1
< 5% crypts involved
3.2
< 50% crypts involved
3.3
> 50% crypts involved
Grade 4
Crypt destruction
4.0
None
4.1
Probable-local excess of neutrophils in part of crypt
4.2
Probable-marked attenuation
4.3
Unequivocal crypt destruction
Grade 5
Erosion or ulceration
5.0
No erosion, ulceration, or granulation tissue
5.1
Recovering epithelium + adjacent inflammation
5.2
Probable erosion-focally stripped
5.3
Unequivocal erosion
5.4
Ulcer or granulation tissue

Statistical analysis

For the statistical analysis, a computerized database
was designed using R (The R Foundation for Statistical
Computing, Vienna, Austria, v. 2.13.0). The quantitative
data were expressed as the mean ± SD values.
Statistical significance was evaluated using Fisher’s
exact test or Student’s t-test as appropriate. P values
(two-tailed) of < 0.05 were considered statistically
significant. The agreements were interpreted as
follows: no agreement (0), slight agreement (< 0.20),
fair agreement (0.21-0.40), moderate agreement
(0.41-0.60), substantial agreement (0.61-0.80), and
almost perfect agreement (≥ 0.81), as proposed by
[27]
Landis and Koch .

RESULTS
Examination with the new prototype EC was uneventful
in all cases. The clinical features of the 52 patients
are shown in Table 3. The additional time required
to perform a further examination with EC-NBI was
approximately 3 min. According to the EC-NBI fin
dings, the images were classified into 21 obscure
cases, 17 visible cases, and 14 dilated cases. With
regard to histological activity, 25 and 27 cases had
Geboes indices of ≤ 3.0 and > 3.0, respectively. The
diagnoses obtained using EC-NBI were compared
with the histological diagnoses. All obscure cases had
Geboes indices of ≤ 3.0. However, 76.5% (13/17) of
the visible and all of the dilated cases had a Geboes
indices of > 3.0. There was a strong correlation
between EC-NBI finding and the Geboes index (r
= 0.871, P < 0.01; Table 4). We also assessed the

agreements for conventional endoscopy and ECNBI were calculated for the three endoscopists (Ya
M., K. W., and Yu. M.). Thirty images each from
conventional endoscopy and EC-NBI were randomly
selected from all images and randomly arranged
for assessments among the three endoscopists. To
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Table 3 Profiles of enrolled patients

9
8

40
19/21
46.7
20

Sutherland index

Total number of patients
Sex, M/F
Age, yr
Disease duration, yr
Type of UC
Total colitis
Left-sided
Proctitis
Clinical course
Relapsing–remitting type
Chronic continuous type
One attack only
Treatment
5-ASA
SASP
Mesalazine
Prednisolone
AZA
CAP
No medication

20
6
14

7
6
5
4
3
2
1

21
11
8

0
Obscure

Acute inflammation

EC-NBI
Obscure Visible Dilated

Mayo endoscopic
score
0

1

Acute inflammation

EC-NBI finding

-

+

Mayo score

-

+

Obscure
Visible/dilated

21
4

0
27

0/1
2

25
0

16
11

Geboes index ≤ 3.0; acute inflammation +: Geboes index > 3.0.

Total

Table 6 Comparison of the diagnostic abilities for acute
inflammation between the endocytoscopic narrow-band
imaging finding and the Mayo endoscopic score

2

17
1
0
12
6
0
4
3
0
5
2
0
0
6
1
2
5
0
0
7
11
1
7
10
0
0
2
0
1
1
the Spearman rank correlation coefficient
r = 0.871, P < 0.01
r = 0.665, P < 0.01

18
7
7
18
2

Sensitivity
Sensitivity
PPV
NPV
Accuracy

EC-NBI: Endocytoscopic narrow-band imaging.

EC-NBI

Mayo score

P value

84.0%
100%
87.1%
100%
92.3%

100%
40.7%
100%
61.0%
69.2%

P = 0.110
P < 0.001
P = 0.568
P = 0.001
P = 0.047

NPV: Negative predictive value; PPV: Positive predictive value. EC-NBI:
Endocytoscopic narrow-band imaging.

correlation between conventional endoscopic findings
and histological activity (r = 0.665, P < 0.01; Table
4). The sensitivity, specificity, positive predictive value,
negative predictive value, and accuracy of the ECNBI findings for diagnosing acute inflammation were
84.0%, 100%, 87.1%, 100%, and 92.3%, respectively
(Table 5), while those for the Mayo endoscopic score
were 100%, 40.7%, 100%, 61.0%, and 69.2%,
respectively (Table 5). Compared with conventional
endoscopy, EC-NBI was superior in terms of diagnostic
specificity, negative predictive value, and accuracy
(Table 6). The correlations between EC-NBI finding and
the Sutherland index as an indicator of clinical disease
activity are shown in Figure 3. The EC-NBI findings
showed a positive correlation with the Sutherland index
(r = 0.721, P < 0.01).
To assess the reproducibility of EC-NBI, the kappa
values for the interobserver agreements were assessed
for the three readers. A kappa value of 0.823 (95%CI:
0.682-0.965) and very high agreements were observed
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EC-NBI

Table 5 Differential diagnosis between inactive and active
ulcerative colitis using the endocytoscopic narrow-band
imaging finding and the Mayo endoscopic score

Table 4 Correlation between the endocytoscopic narrowband imaging findings and the Geboes index and between the
Mayo endoscopic score and the Geboes index

1
2
3
4
5

Dilated

Figure 3 Correlation between the endocytoscopic narrow-band imaging
findings and the Sutherland index.

39
10
33
2
4
1
1

UC: Ulcerative colitis.

Geboes index

Visible

in association with the EC-NBI findings. There was
also excellent intraobserver agreement, with kappa
values of 0.850 (95%CI: 0.689-1.011) for Ya M, 0.750
(95%CI: 0.549-0.950) for K.W., and 0.801 (95%CI:
0.620-0.983) for Yu M.

DISCUSSION
To our knowledge, this is the first study to show the
potential applicability of the newly developed EC-NBI
system for assessing the histological disease activity
of UC. Recent studies have shown that an increase
in the severity of inflammation, as detected both
endoscopically and histologically, correlated with an
[28,29]
increased frequency of relapse or of dysplasia
.
However, the consistency between the endoscopic
and histological findings in UC patients has not been
elucidated. It has been suggested that conventional
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colonoscopy is not reliable for assessing acute inflam
[1]
mation and the potential for relapse . We confirmed
a strong correlation between the EC-NBI findings and
histological activity and also found that this system has
a high diagnostic ability to differentiate between active
and inactive UC. EC-NBI was superior to conventional
endoscopy in terms of sensitivity, negative predictive
value, and accuracy. The results obtained in this study
may be serve as a simple and objective foundation
for the optimization of therapeutic strategies for the
treatment of UC.
Employing an approach similar to that used in
[15]
the present study, Bessho et al
have shown the
benefits of classifying the histological activity of UC
using EC. In their report, the shape and distance
of the crypt were also assessed, and an excellent
correlation was revealed between EC and histological
diagnosis. However, their study had some limitations
because the EC observations required pretreatment
with methylene blue or toluidine blue staining. The
additional time required for EC observation was
[15]
reported to be approximately 20 min in one area .
Therefore, a more practical procedure for assessing the
histological activity of UC is necessary. EC-NBI images
can be immediately obtained using the mode-changing
switch on the handle without the need for spraying or
for staining. EC-NBI can be performed in approximately
3 min; therefore, this procedure may be intuitive
because it involves the evaluation of visibility, increased
vascularization, and the increased calibers of capillaries
in the target area. Both the inter- and intraobserver
agreements for the EC-NBI finding were excellent in
this study. However, there were only three types of ECNBI finding, which may have contributed to its high
reproducibility.
In this study, capillaries in the rectal mucosa
were assessed. Previous studies have evaluated. The
[30]
colorectal microvasculature with NBI , demonstrating
a good correlation with Histological diagnosis. However,
the difference between the capillaries and other
types of microvasculature was not considered. This
differentiation is very important for assessing the
visibility and the increased calibers of microvessels.
The mucosal capillary plexus of the large intestine is
typically arranged in a regular, hexagonal, honeycomb
pattern surrounding the mucosal glands. The plexus
is supplied by arteries that are divided within the
submucosa to form the subepithelial capillaries. Venous
drainage occurs through the venules immediately
originating under the mucosal surface and leading to the
[20]
submucosal veins . To our knowledge, this is the first
report to assess the differences between the capillaries
and other vessels using the ultramagnification afforded
by EC in combination with the detailed microvessel
visualization permitted by NBI.
Recent data have provided evidence that the diffe
rential regulation of angiogenic mediators involved
in inflammatory bowel disease-associated chronic
inflammation causes this pathological angiogenesis.
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Many factors are involved in this phenomenon, including
growth factors/cytokines, chemokines, adhesion mole
cules, integrins, matrix-associated molecules, and
[31]
signaling targets . Our EC-NBI findings were based
on the evidence of increased vascularization and the
increased calibers of the capillaries in the target area.
This study has some limitations. First, the number
of subjects was small. This was because there was
only one integrated-type endocytoscope in the facility.
Second, in the present study, the EC-NBI images were
obtained in vivo but were not actually diagnosed in vivo.
We aimed to assess the accuracy of diagnosis solely
on the basis of EC-NBI, with the assessors blinded to
the conventional endoscopic findings. Moreover, the
lack of enrollment of patients with severe active UC
may have biased the results. The presence of ulcers
or the prominent spontaneous hemorrhaging of the
colorectal mucosa is important for the diagnosis of the
severe active stage. These lesions can be recognized
easily with conventional endoscopy. Furthermore, the
blue light emitted around the wavelength used for NBI
is mainly absorbed by hemoglobin, and the prominent
hemorrhaging of the surface mucosa can be a major
disadvantage to NBI assessments. Therefore, patients
with a Mayo endoscopic score of 3 were not recruited
in this study. The EC-NBI findings were compared
with histological activity as a predictive factor of longterm clinical prognosis; however, the findings were not
compared directly with the long-term clinical prognosis.
In conclusion, the EC-NBI finding of capillaries in
the rectal mucosa was strongly correlated with the
presence of histological inflammation and the ability
to distinguish between inactive and active UC. Fur
thermore, EC-NBI is easy to perform and has high
reproducibility. EC-NBI findings can be effective in the
on-site evaluation of inflammatory activity in UC. To
assess the clinical efficacies of the EC-NBI findings,
further multicenter prospective clinical trials involving
larger patient samples and direct comparisons with
long-term clinical prognosis are required.
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The additional time required toperform a further examination with EC-NBI
was approximately 3 min. There was a strong correlation between EC-NBI
findings and histlogical diagnosis. Compared with conventional endoscopy, ECNBI was superior in terms of diagnostic specificity, negative predictive value,
and accuracy. The correlations between EC-NBI findings and the Sutherland
index as an indicator ofclinical disease activity. The EC-NBI findings showed a
positive correlation with the Sutherland index.
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AIM: To investigate the predictors of proximal kidney
tubular dysfunction (PKTD) induced by adefovir dipivoxil
(ADV) treatment for chronic hepatitis B.
METHODS: Seventy-nine patients (age at the evaluation
of PKTD: 56.9 ± 10.7 years) with chronic hepatitis B
undergoing long-term oral antiviral nucleos(t)ide analogue
treatment were consecutively recruited. PKTD was
defined by the presence of at least two of the following
five abnormalities: phosphate diabetes, nondiabetic
glucosuria, metabolic acidosis, β2-microglobulinuria, or
renal hypouricemia. The single-nucleotide polymorphisms
(SNPs) in the SLC22A6 gene encoding human organic
anion transporter 1 (hOAT1) and ABCC2 encoding
multidrug resistance protein 2 (MRP2) were analyzed
using the TaqMan Allelic Discrimination Demonstration
Kit.
RESULTS: Nine (30.0%) of the 30 ADV-treated patients
were diagnosed with PKTD, while no patients without
ADV developed PKTD (P < 0.001). Three patients with
ADV were diagnosed with symptomatic osteomalacia.
Among the patients who took ADV, those with PKTD
were of higher age at initiation, had significantly longer
treatment duration, and had a significantly lower body
mass index than those without PKTD. The incidence
of PKTD dramatically increased after 96 mo from the
start of ADV administration. In contrast, the SNPs were
not correlated with PKTD. Logistic regression analysis
extracted older age at initiation (OR = 5.0, 95%CI:
1.1-23.4; P = 0.040) and longer treatment duration
(OR = 3.2, 95%CI: 1.2-8.6; P = 0.020) as significant
factors associated with PKTD.
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CONCLUSION: Our results suggest that the tubular
function of the kidney of older patients undergoing longterm ADV treatment should be carefully evaluated.

tubule cells through the basolateral human organic
anion transporter 1 (hOAT1) and is transported from
the cells to the tubular lumen through multidrug resis
tance protein 2 (MRP2). Extensive intracellular drug
accumulation has been reported to be associated with
[12,13]
ADV nephrotoxicity
.
This retrospective study was done to evaluate the
prevalence of PKTD and its related factors, including
the single-nucleotide polymorphisms (SNPs) in genes
encoding hOAT1 and MRP2, among chronic HBV
infection patients taking low-dose ADV.

Key words: Adefovir dipivoxil; Proximal kidney tubular
dysfunction; Fanconi syndrome; Hepatitis B virus
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This paper reports that high prevalence rates
of proximal kidney tubular dysfunction (30.0%) and
symptomatic osteomalacia (10.0%) were found for
chronic hepatitis B virus infection patients treated with
low-dose adefovir dipivoxil (ADV) and that age at the
initiation of ADV and treatment duration of ADV were
independently associated with the development of
proximal kidney tubular dysfunction.

MATERIALS AND METHODS
Study patients

Participants in this retrospective study were consecutively
recruited at the outpatient clinic of the Department
of General Internal Medicine, Kyushu University Hospital
from November 2012 to October 2013. The inclusion
criteria required patients with chronic HBV infection who
had received NA for more than one year at enrollment.
The 79 Japanese patients enrolled included 30 treated
with a 10-mg daily dose of ADV and 49 treated with
an NA other than ADV (19 with lamivudine, 29 with
entecavir, and 1 with tenofovir). All patients treated
with ADV had been previously treated another NA (29
with lamivudine and 1 with entecavir). Exclusion criteria
were as follows: positivity for antibodies to human
immunodeficiency virus (HIV) or hepatitis C virus; clinical
or biochemical evidence of hepatic decompensation;
suspected hepatocellular carcinoma at entry; or
chronic renal failure and currently on hemodialysis.
The study was registered on the University Hospital
Medical Information Network Clinical Trials Registry: No.
UMIN000012870.
The study design was approved by the Kyushu
University Hospital Ethics Committee, and written
informed consent was obtained from all patients who
were enrolled. The study was conducted in accordance
with the principles of the Helsinki Declaration of 1975,
as revised in 2000.
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INTRODUCTION
Chronic hepatitis B virus (HBV) infection affects more
than 350 million people worldwide, with 75% living
[1,2]
in the Asia-Pacific region
. Although Japan was
historically endemic for HBV infection, our previous
studies have shown that the prevalence of hepatitis B
surface antigen carriage in Okinawa, Japan markedly
[3,4]
decreased from 12.4% in 1970 to 4.2% in 1996 .
However, chronic HBV infection continues to be a major
health problem because it leads to the development
of liver cirrhosis, hepatocellular carcinoma, and raises
the risk of hepatic disease-related death. Thus, to
stop or reduce disease progression and to prevent the
development of hepatic decompensation through the
[5]
sustained suppression of HBV replication , interferon
or oral antiviral nucleos(t)ide analogues (NA) have
been approved for the treatment of many patients with
[6,7]
chronic HBV infection .
Adefovir dipivoxil (ADV), a nucleotide analogue
of adenosine monophosphate, is effective in viral
suppression for both treatment-naive and lamivudine[8,9]
resistant chronic HBV infection patients
. Large
prospective studies have shown that the nephrotoxicity
of ADV is dose-dependent and that low-dose ADV is
[10]
relatively safe for the kidney . However, some cases
of proximal kidney tubular dysfunction (PKTD) by ADV,
including the development of Fanconi syndrome or
[11]
symptomatic osteomalacia, have been reported .
In addition, ADV is known to enter proximal kidney
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Data collection

All available medical records were evaluated thoroughly.
Body mass index (BMI) was calculated as weight (kg)
divided by the square of height (m). Hypertension was
defined as clinic systolic blood pressure ≥ 140 mmHg
and/or clinic diastolic blood pressure ≥ 90 mmHg or the
use of antihypertensive agents. Diabetes mellitus was
defined as a fasting plasma glucose level ≥ 7.0 mmol/L,
a casual plasma glucose level ≥ 11.1 mmol/L, a 2-h
plasma glucose level ≥ 11.1 mmol/L during an oral
glucose tolerance test, HbA1c ≥ 6.5%, or the use of oral
hypoglycemic agents or insulin. Smokers were defined
as current smokers. Habitual drinking was defined as
drinking alcohol more than three times a week. Blood
and urine samples were collected in the morning after
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an overnight fast. Blood variables included aspartate
aminotransferase, alanine aminotransferase, alkaline
phosphatase (ALP), plasma glucose, serum creatinine,
calcium, phosphorus, sodium, potassium, chloride,
uric acid, pH, and bicarbonate. Urine variables included
glucose, creatinine, phosphorus, uric acid, and β2microglobulin. When the urine β2-microglobulin value
was below the detectable value (30 μg/L), it was taken
as 30 μg/L. The estimated glomerular filtration rate
(eGFR) was calculated using the Modification of Diet in
Renal Disease study equation modified for Japanese
2
-0.287
subjects: eGFR (mL/min per 1.73 m ) = 194 • age
-1.094
[14]
• serum creatinine (mg/dL)
(if female • 0.739) .

Real-Time PCR System; Applied Biosystems, Foster City,
CA).

Statistical analysis

All data are expressed as mean ± SD or percentages.
Because the distribution of the UBCR was highly
skewed, it was log-transformed before the statistical
analysis and expressed as the geometric mean ± SD.
Differences between the groups were analyzed with the
2
unpaired t-test for continuous variables or χ -test for
categorical variables. The odds ratio (OR) and the 95%
confidence interval (CI) were calculated using multiple
logistic regression analyses after adjustment for known
covariates. The statistical calculations were performed
using the computer software package SPSS version
19.0 (SPSS Inc., IBM, Somers, New York, United
States). A two-tailed P value < 0.05 was considered to
be statistically significant.

Definition of PKTD

The tubular metabolism of phosphates was assessed
using a tubular maximum for phosphate corrected
for the glomerular filtration rate (TmP/GFR). Tubular
reabsorption of phosphate (TRP) was calculated using
the following formula: TRP = (1-urine phosphate/urine
creatinine) • (serum creatinine/serum phosphate).
The formula used to calculate TmP/GFR is dependent
on the value of TRP and can be calculated using the
formulas below: if TRP is ≤ 0.86, then TmP/GFR = TRP
• serum phosphate; if TRP is > 0.86, then TmP/GFR
[15]
= 0.3 • TRP/(1 - 0.8 • TRP) • serum phosphate .
Fractional excretion of uric acid (FEUA) was calculated
as [(urine uric acid • serum creatinine)/(urine creatinine
• serum uric acid)] • 100 (%). For the analysis of β2microglobulinuria, urine β2-microglobulin levels corrected
for urine creatinine (urine β2-microglobulin-creatinine
ratio; UBCR) were used.
PKTD was defined by the presence of at least
[16]
two out of five abnormalities : phosphate diabetes
(TmP/GFR ≤ 0.77 mmol/L with hypophosphatemia (<
0.8 mmol/L), renal hypouricemia (FEUA > 15%), β2microglobulinuria (UBCR > 300 μg/gCr), nondiabetic
glucosuria (positive urine glucose with plasma glucose
< 7.0 mmol/L), or metabolic acidosis (blood pH ≤ 7.34
and serum bicarbonate ≤ 22 mmol/L).

RESULTS
Patient characteristics

The age at the evaluation of PKTD of the 79 participants,
51 men (64.6%) and 28 women (35.4%), ranged from
34 to 84 years (mean ± SD: 56.9 ± 10.7 years). For the
entire study population, the prevalences of phosphate
diabetes, renal hypouricemia, β 2-microglobulinuria,
nondiabetic glucosuria, and metabolic acidosis were
11.4%, 12.7%, 22.8%, 6.3%, and 2.5%, respectively,
and there were 19 patients (24.1%) with eGFR < 60
2
mL/min per 1.73 m at examination.
The clinical characteristics of the study participants
are summarized in Table 1. The distribution of genotypes
of the SLC22A6 and ABCC2 genes was not significantly
different between patients with/without ADV. The
treatment duration of NA was longer and the positive
rate of HBV DNA was lower for the patients with
ADV. The prevalences of phosphate diabetes, renal
hypouricemia, β2-microglobulinuria, and nondiabetic
glucosuria were significantly higher for the patients
treated with ADV. The ALP level was higher and the
eGFR level was lower for the patients treated with ADV.
Finally, PKTD was diagnosed in 30.0% of the patients
treated with ADV, but none of the patients without
ADV treatment met the diagnostic criteria (P < 0.001).
Moreover, three (10%) of the 30 ADV-treated patients
were diagnosed with symptomatic osteomalacia (bone
pain and gait difficulties) by radiological and serological
[11,21,22]
testing
.

Virological measurements of HBV

The presence of HBeAg was determined by chemilu
minescence enzyme immunoassay (Abbott Japan
[17]
Co., Tokyo, Japan) . Quantification of serum HBV
DNA was performed by real-time polymerase chain
reaction (PCR) assay (Abbott Real Time HBV, Abbott
9
[18]
Laboratories), within the range 10 to 10 IU/mL .
HBV genotype analysis was performed serologically
by the PCR-invader method with genotype specific
[19,20]
probes
.

Factors related to the PKTD of the patients treated with
ADV

Pharmacogenetic analysis

For the patients who were diagnosed with PKTD, β 2microglobulinuria (100%) and renal hypouricemia (100%)
were the most prevalent abnormalities, followed by
phosphate diabetes (66.7%), nondiabetic glucosuria
(44.4%), and metabolic acidosis (22.2%). The correlations
of factors related to the PKTD of patients treated with

Human genomic DNA was extracted from the peripheral
blood of each participant. Genotyping of the SNPs in
SLC22A6 encoding hOAT1 (AJ249369, Pos: 453) and
ABCC2 encoding MRP2 (rs717620) was done using the
TaqMan Allelic Discrimination Demonstration Kit (7500

WJG|www.wjgnet.com
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Table 1 Patient characteristics n (%)

Phosphate diabetes
Renal hypouricemia
β2-microglobulinuria
Nondiabetic glucosuria
Metabolic acidosis
eGFR (mL/min per 1.73 m2)
At the initiation of NA
At the evaluation of PKTD

Patient with
ADV

(n = 49)

(n = 30)

P value

51.1 ± 10.8
55.7 ± 11.1

49.9 ± 10.0
58.9 ± 9.9

NS
NS

30/19
23.0 ± 2.9
4 (8.2)
5 (10.2)
12 (24.5)
1 (2.0)
54.8 ± 38.8

21/9
22.6 ± 3.0
4 (13.3)
2 (6.7)
12 (40.0)
2 (6.7)
107.5 ± 30.1

NS
NS
NS
NS
NS
NS
< 0.001

37 (75.5)
11 (22.4)
1 (2.0)

17 (56.7)
12 (40.0)
1 (3.3)

NS

28 (57.1)
19 (38.8)
2 (4.1)
22.4
63.3

17 (56.7)
9 (30.0)
4 (13.3)
16.7
30.0

NS

NS
0.004

8/36/5

0/28/2

0.048

19 (38.8)
29 (59.2)
1 (2.0)
29.4 ± 10.5
28.5 ± 16.6
242.9 ± 112.0
2.3 ± 0.8
1.1 ± 0.1

29 (96.7)
1 (3.3)
0
31.0 ± 10.8
30.5 ± 19.6
369.8 ± 293.8
2.3 ± 0.1
0.9 ± 0.2

< 0.001
< 0.001
NS
NS
NS
0.03
NS
< 0.001

324.6 ± 71.9
117.1
(50.5-271.6)
0
0
3 (6.1)
0
0

266.1 ± 112.0
805.2
(61.8-10489.6)
9 (30.0)
10 (33.3)
15 (50.0)
5 (16.7)
2 (6.7)

0.014
< 0.001

82.6 ± 15.5
76.3 ± 18.2

79.9 ± 14.9
63.0 ± 16.4

NS
0.002

Age (yr)
At the initiation of ADV
At the evaluation of PKTD
Male/female
BMI (kg/m2)
Current smokers
Habitual drinkers
Hypertension
Diabetes
Treatment duration of NA (mo)
Treatment duration of ADV
(mo)
SLC22A6 (hOAT1) 4531 G/A,
G/G
G/A
A/A
ABCC2 (MRP2) -24 C/T,
rs717620
C/C
C/T
T/T
eGFR (mL/min per 1.73 m2)
At the initiation of ADV
At the evaluation of PKTD

P value

PKTD (-)

PKTD (+)

(n = 21)

(n = 9)

52.1 ± 9.3
56.0 ± 9.1
16/5
23.3 ± 3.0
4 (19.0)
2 (9.5)
9 (42.9)
1 (4.8)
104.1 ± 32.1
56.0 ± 33.5

59.0 ± 9.7
65.7 ± 8.6
5/4
20.8 ± 2.5
0
0
3 (33.3)
1 (11.1)
115.1 ± 25.2
86.0 ± 21.8

NS
0.012
NS
0.038
NS
NS
NS
NS
NS
0.021

13 (61.9)
8 (38.1)
0

4 (44.4)
4 (44.4)
1 (11.1)

NS

12 (57.1)
5 (23.8)
4 (19.0)

5 (55.6)
4 (44.4)
0

NS

81.4 ± 11.6
70.0 ± 10.9

77.1 ± 17.0
46.9 ± 15.8

NS
< 0.001

1

Variant position is relative to accession No. AJ249369. Data are shown as
mean ± SD or percentage. Overall P values were calculated by unpaired
t-test or χ 2-test. PKTD: Proximal kidney tubular dysfunction; ADV:
Adefovir dipivoxil; BMI: Body mass index; NA: Nucleos(t)ide analogue;
hOAT1: Human organic anion transporter 1; MRP2: Multidrug-resistance
protein 2; eGFR: Estimated glomerular filtration rate; NS: Not significant.

2.0
Estimated cumulative odds ratio

Age (yr)
At the initiation of NA
At the evaluation of
PKTD
Male/female
BMI (kg/m2)
Current smokers
Habitual drinkers
Hypertension
Diabetes
Treatment duration of NA
(mo)
SLC22A6 (hOAT1) 4531
G/A,
G/G
G/A
A/A
ABCC2 (MRP2) -24 C/T,
rs717620
C/C
C/T
T/T
HBeAg-positive
HBV DNA-positive
HBV genotype
B/C/undetected
Medicated
LAM
ETV
TDF
AST (U/L)
ALT (U/L)
ALP (U/L)
Serum calcium (mmol/L)
Serum phosphate (mmol/
L)
Serum uric acid (umol/L)
UBCR (mg/gCre)

Patient without
ADV

Table 2 Differences between 30 patients treated with
adefovir dipivoxil with/without proximal kidney tubular
dysfunction n (%)

< 0.001
< 0.001
< 0.001
0.003
NS

1.2
0.8
0.4
0.0
-0.4

1

Variant position is relative to accession No. AJ249369. Data are shown as
mean ± SD, percentages, or geometric mean ± SD. Overall P values were
calculated by unpaired t-test or χ 2-test in comparison between patients
with and without ADV. ADV: Adefovir dipivoxil; BMI: Body mass index;
NA: Nucleos(t)ide analogues; hOAT1: Human organic anion transporter 1;
MRP2: Multidrug-resistance protein 2; HBeAg: Hepatitis B e antigen; HBV:
Hepatitis B virus; LAM: Lamivudine; ETV: Entecavir; TDF: Tenofovir;
ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; ALP:
Alkaline phosphatase; UBCR: Urine β2-microglobulin-creatinine ratio;
eGFR: Estimated glomerular filtration rate; NS: Not significant; PKTD:
Proximal kidney tubular dysfunction.

0

12 24

36 48 60

72 84 96 108 120

Treatment duration of ADV (mo)

Figure 1 Estimated cumulative odds ratio of proximal kidney tubular
dysfunction by patients treated with adefovir dipivoxil. ADV: Adefovir
dipivoxil.

of the initiation of ADV. No significant difference was
found between men and women. BMI was lower and
the treatment duration of ADV was longer for the
patients with PKTD. In addition, the incidence of PKTD
dramatically increased after 96 mo from the start of
ADV administration (Figure 1). The single-SNP analysis
showed a higher, but non-significant, prevalence of
PKTD in patients with the ABCC2 -24 genotype CC/

ADV are shown in Table 2. The patients with PKTD were
older and had a lower eGFR level than those without
PKTD at examination; however, these differences
were not statistically significant in terms of the timing
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the FEUA and UBCR values were significantly higher
for patients with genotype CC/CT than for those with
genotype TT. On the contrary, all of these parameters
were statistically similar for the genotype at SLC22A6
(data not shown).

Table 3 Logistic regression analysis of the kidney tubular
dysfunction of patients treated with adefovir dipivoxil
OR

95%CI

P value

2.90
2.31

1.16-7.24
1.20-4.45

0.023
0.013

5.01
3.21

1.07-23.38
1.20-8.57

0.040
0.020

1

Model 1
Age at initiation of ADV (per 5 yr)
Treatment duration of ADV (per year)
2
Model 2
Age at initiation of ADV (per 5 yr)
Treatment duration of ADV (per year)

DISCUSSION
The main finding of the present study was the high
prevalence of PKTD found for chronic HBV infection
patients treated long-term with a 10-mg daily dose of
ADV. Furthermore, both age at the initiation of ADV
and treatment duration of ADV were independently
associated with the presence of PKTD. To the best
of our knowledge, this is the first clinical research to
evaluate ADV nephrotoxicity that focused on PKTD.
In this analysis, we clarified that the ADV nephrotoxicity
of PKTD was duration-dependent. A daily dose of 60-120
mg ADV has been shown to be associated with PKTD
[23,24]
in the treatment of HIV infection
. Moreover, the
incidence of hypophosphatemia and serum creatinine
elevation from a 10-mg dose of ADV was reported to
be similar to that of a placebo and significantly lower
[10]
than that from a 30-mg dose of ADV . Based on these
findings, 10 mg ADV is the currently approved dose for
the treatment of chronic HBV infection. However, our
results show that long-term treatment with this lowdose of ADV also causes PKTD, especially for elderly
patients. Almost all of the patients with ADV were also
receiving lamivudine in the present study. Although no
patients with lamivudine monotherapy were diagnosed
as having PKTD, it is possible that interactions between
ADV and lamivudine would cause PKTD.
In the present study, PKTD was defined by the pre
sence of at least two of five abnormalities: phosphate
diabetes, renal hypouricemia, β2-microglobulinuria, non
diabetic glucosuria, or metabolic acidosis. Histological
evaluation was not performed for all of our patients, but
renal biopsy showed normal appearance or non-specific
tubulointerstitial nephritis in cases of ADV-related PKTD
[11]
with symptomatic osteomalacia . The diagnosis of
PKTD by renal biopsy is difficult.
Among patients with ADV, the prevalence of phosphate
diabetes, which can cause osteomalacia, was 30.0% in this
study. On the contrary, the incidence of hypophosphatemia
was documented as 6.5%-35.3% of chronic HBV
infection patients treated with 10 mg ADV in previous
[10,25,26]
studies
. We believe that the different treatment
duration of ADV may be responsible for these discrepancies.
Therefore, together with the results of the present study,
research suggests that kidney tubular function should be
carefully evaluated, especially for patients receiving longterm ADV treatment. Although regular monitoring of serum
creatinine and phosphate levels has been proposed for the
[27,28]
evaluation of ADV nephrotoxicity
, the prevalences of
β2-microglobulinuria and renal hypouricemia were higher

Adjusted for body mass index; 2Adjusted for body mass index, gender,
the eGFR level at initiation of ADV, and genotyping of ABCC2 -24 C/T.
OR, 95%CI, and P value were calculated by logistic regression analysis.
ADV: Adefovir dipivoxil; eGFR: Estimated glomerular filtration rate.
1

Table 4 Genotype at ABCC2 and parameters of proximal
kidney tubular dysfunction and estimated glomerular filtration
rate of 30 patients treated with adefovir dipivoxil n (%)
Genotype CC
or CT
Serum phosphate (mmol/L)
TmP/GFR (mmol/L)
Serum uric acid (umol/L)
FEUA (%)
UBCR (mg/gCr)
Phosphate diabetes
Renal hypouricemia
β2-microglobulinuria
Nondiabetic glucosuria
Metabolic acidosis
eGFR (mL/min per 1.73 m2)

(n = 26)
0.86 ± 0.21
0.73 ± 0.28
267.2 ± 120.3
16.6 ± 14.6
996.3
(68.2-14555.9)
8 (30.8)
10 (38.5)
14 (53.8)
5 (19.2)
2 (7.7)
62.8 ± 17.6

Genotype TT P value
(n = 4)
1.00 ± 0.25
0.95 ± 0.42
258.7 ± 26.4
9.5 ± 1.6
201.4
(81.5-497.7)
1 (25.0)
0
1 (25.0)
0
0
64.4 ± 2.1

NS
NS
NS
0.025
0.038
NS
NS
NS
NS
NS
NS

Data are shown as mean ± SD, percentage, or geometric mean ± SD. Overall
P values were calculated by unpaired t-test or χ 2-test in comparison
between ABCC2 -24 genotype CC/CT and genotype TT. TmP/GFR:
Tubular maximum for phosphate corrected for glomerular filtration rate;
FEUA: Fractional excretion of uric acid; UBCR: Urine β2-microglobulincreatinine ratio; eGFR: Estimated glomerular filtration rate; NS: Not
significant.

CT (9/26) than in patients with genotype TT (0/4)
(P = 0.160). The genotype at SLC22A6 was also not
significantly related to the presence of PKTD. Logistic
regression analysis adjusted for BMI extracted older
age at the initiation of ADV and longer treatment
duration of ADV as independent risks for PKTD (Table
3). Even after adjustment for the known covariates
of BMI, sex, the eGFR level at the initiation of ADV,
and genotype at ABCC2, both remained significantly
associated with the presence of PKTD.

Correlation of genotypes with PKTD parameters

Because of the different prevalence of PKTD between
ABCC2 -24 genotype CC/CT and genotype TT, we
additionally assessed the correlation of this SNP to the
PKTD parameters of patients treated with ADV (Table 4).
Although the prevalences of renal hypouricemia and
β2-microglobulinuria were not significantly different,
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than that of phosphate diabetes in the patients who
were diagnosed with PKTD in the present study. Thus,
for the purpose of early detection of PKTD during ADV
treatment, regular monitoring of urine β2-microglobulin,
serum and urine uric acid, and urine creatinine would
also be recommended.
[29]
Ha et al
previously reported that baseline eGFR
was an independent predictor of renal dysfunction
during ADV treatment, which is different from the
results of the present study. This discrepancy could
be due to the different definition of renal impairment:
GFR reduction was used for ADV nephrotoxicity in
the Ha study. Although we found that the patients
with PKTD had a lower eGFR level than those without
PKTD at examination, some cases of ADV-induced
PKTD have been reported without elevation of serum
[27,30]
[31]
creatinine
. Furthermore, Manolakopoulos et al
reported that baseline eGFR, not ADV treatment, was
associated with GFR reduction during a mean of 37 mo
of follow up of chronic HBV infection patients. Thus, it
is possible that GFR reduction and PKTD do not occur
simultaneously during ADV treatment.
In this study, we found that genotype CC/CT at
position -24 seems to be related to PKTD; however,
this relationship did not reach statistical significance,
probably because of the small number of participants
evaluated in the study. Among HIV patients, the
correlation of SNPs in the ABCC2 gene to PKTD induced
[32,33]
by tenofovir disoproxil fumarate has been reported
.
The potential associated risk of polymorphisms in
ABCC2 to ADV-induced PKTD should be elucidated in
future studies.
The treatment of ADV-induced PKTD has not been
standardized. The cessation of ADV and phosphorus
supplementation were usually performed in previous
[11]
cases of PKTD with osteomalacia ; however, dose
reduction or the replacement of ADV with entecavir or
tenofovir alafenamide fumarate would be suitable for the
management of chronic HBV infection. Early detection of
PKTD could help in the selection of the most appropriate
therapy.
Limitations to this study are: (1) the sample size was
too small, thus we could not discern the effect of the
SNPs in SLC22A6 and ABCC2; (2) the HBV genotype was
different between patients with/without ADV, and our
evaluation of ADV-induced PKTD was limited to patients
with HBV genotype C. The effect of HBV genotype on the
incidence of PKTD should be further evaluated; (3) the
definition of PKTD was based on a single examination,
which could lead to misclassification; (4) because the
study was retrospective, the treatment duration of
patients with asymptomatic PKTD may be overestimated,
therefore, the results presented here need to be tested
in well-organized prospective studies; (5) we did not test
HDV coinfection, because Japan is a non-endemic area
of HDV; and (6) caution should be used in applying our
results to other ethnic groups.
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In conclusion, we found a high rate of ADV-induced
PKTD and that both older age at the initiation of ADV and
longer treatment duration with ADV are independently
associated with its presence in chronic HBV infection
patients. The results suggest that the tubular function of
the kidney of older patients undergoing long-term ADV
treatment should be carefully evaluated.
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METHODS: From October 1994 to December 2009,
patients with CRLM who underwent surgical treatment
with curative intent were investigated. Patients were
divided into two groups: patients who underwent primary
hepatectomy (Group 1) and those who underwent
secondary hepatectomy for recurrent CRLM (Group 2).
RESULTS: Survival and prognostic factors were ana
lyzed. A total of 461 patients were included: 406
patients in Group 1 and 55 patients in Group 2. After
a median 39-mo (range, 3-195 mo) follow-up, there
was a significant difference between Groups 1 and 2
in terms of disease-free survival (P = 0.029) although
there was no significant difference in overall survival (P
= 0.206). Secondary hepatectomy was less effective
in patients with multiple recurrent CRLM than primary
hepatectomy for initial CRLM (P = 0.008). Multiple
CRLM and radiofrequency ablation therapy were poor
prognostic factors of secondary hepatectomy in mul
tivariate Cox regression analysis (P = 0.006, P = 0.004,
respectively).
CONCLUSION: Secondary hepatectomy for single
recurrent CRLM is as effective as primary surgical tr
eatment for single recurrent CRLM. However, secondary
hepatectomy for multiple recurrent CRLM is less effective
than that for single recurrent CRLM.
Key words: Colorectal neoplasm; Metastasis; Recurrence;
Hepatectomy
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Secondary hepatectomy for single recurrent
colorectal liver metastases (CRLM) is as effective as
primary surgical treatment for single recurrent CRLM.

Abstract
AIM: To investigate the survival outcomes of secondary
WJG|www.wjgnet.com

2124

February 21, 2015|Volume 21|Issue 7|

Lee H et al . Colorectal liver metastasis

However, secondary hepatectomy for multiple recurrent
CRLM is less effective than that for single recurrent
CRLM.

excluded.
Patients underwent surgical treatment for primary
colorectal cancer and CRLM if the CRLM was considered
surgically curable. Results of surgical treatment were
evaluated according to American Society of Clinical
Oncology (AJCC) criteria: no residual tumor left after
resection (R0), microscopic tumor remains (R1), or
margins involved or gross disease remains (R2).
Surgical treatment for CRLM included hepatic
resection and radiofrequency ablation (RFA). RFA
was performed using open surgical, laparoscopic,
or percutaneous approaches by interventional ra
diologists. An expendable needle radiofrequency
system (460 KHz generator model 500 or 1500;
RITA Medical Systems, Mountain View, CA, cool tip,
Radionics Corporation, Burlington, MA) using single or
clustered tip was used. In all patients who underwent
RFA, complete necrosis of liver metastasis was con
firmed by intraoperative ultrasonography and a
postoperative computed tomography scan within 1 wk
of the procedure.
Patients were treated with adjuvant chemotherapy
based on fluorouracil. Neoadjuvant combined chemo
therapy and radiation therapy was mainly performed
in rectal cancer patients to facilitate sphincter
preservation.
Postoperative surveillance for recurrence was
performed every 3 to 6 mo for 3 years and annually
thereafter; this included physical examination, chest
x-ray, and abdominal computed tomography scanning.
Roentgen images in addition to medical records were
reviewed retrospectively to determine recurrence.
Endpoints of this study were the time to tumor
recurrence and time to death.
Sex, age, number and size of hepatic metastases,
T stage, N stage, cell differentiation, lymphatic
invasion, vascular invasion, perineural invasion of
primary colorectal cancer, chemotherapy, recurrences,
death, disease-free survival, and OS were the
variables investigated in each patient. T and N stage
of colorectal cancer were determined according to the
[10]
seventh edition of the AJCC .
Categorical variables are reported as numbers
(percentages). Continuous variables are reported
as medians (ranges). Categorical variables were
2
compared using the χ test or Fisher’s exact test.
Continuous variables were compared using the
Mann-Whitney U test. Survival was calculated
using the Kaplan-Meier method from the date of
surgical treatment, and differences in survival were
examined using the log-rank test. Risk factors
were analyzed using a Cox regression model. Cox
proportional hazards regression was used to assess
the individual contribution of factors associated
with survival. All variables that were significant in
univariate analysis were verified with a multivariate
model.
P values less than 0.05 were considered statistically
significant.

Lee H, Choi SH, Cho YB, Yun SH, Kim HC, Lee WY, Heo
JS, Choi DW, Jung KU, Chun HK. Repeat hepatic resection in
patients with colorectal liver metastases. World J Gastroenterol
2015; 21(7): 2124-2130 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i7/2124.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i7.2124

INTRODUCTION
Hepatic resection is the standard treatment for co
lorectal liver metastases (CRLM). The 5-year overall
survival (OS) rate has been estimated to be as high
[1]
as 58% . Although initial hepatectomy for CRLM is
potentially curative, repeat hepatectomy has been
[2]
reported to have relatively limited value .
Many studies have evaluated the outcomes of
repeat hepatectomy; repeat hepatectomy has been
found to be a feasible treatment option for recurrent
CRLM. The 5-year OS rate was estimated to be as high
as 54% in patients who underwent repeat hepatectomy
[2-9]
for recurrent CRLM . Number, size, location of lesions,
metachronous CRLM, high carcinoembryonic antigen
(CEA) levels, and extrahepatic metastasis have been
reported to be risk factors of poor prognosis after repeat
hepatectomy for recurrent CRLM.
However, few studies have compared survival
curves between primary and secondary hepatectomy
with long-term follow-up data. Moreover, it is
unknown whether repeat hepatectomy is reasonable
in patients with poor prognostic factors. The aim of
this study was to investigate survival outcomes of
secondary hepatectomy for recurrent CRLM compared
with primary hepatectomy. We also evaluated the
outcomes of secondary hepatectomy in patients with
poor prognostic factors.

MATERIALS AND METHODS
From September 1994 to December 2009, colorectal
cancer patients with synchronous or metachronous
CRLM who underwent curative intent surgical tr
eatment were identified from a prospectively coll
ected database. Extrahepatic metastasis, double
primary carcinoma, grossly remnant tumor after
surgery, hereditary nonpolyposis colorectal cancer,
and familial adenomatous polyposis were exclusion
criteria.
Patients were divided into two groups. Patients
who underwent initial surgical treatment for CRLM
were assigned to Group 1, while those who underwent
surgical treatment for repeat CRLM were assigned
to Group 2. In Group 1, the patients who underwent
repeat hepatectomy during follow-up periods were
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Figure 1 Flow diagram of patient selection. 1Exclusion
criteria: extrahepatic metastasis, double primary
carcinoma, grossly remnant tumor after surgery, hereditary
nonpolyposis colorectal cancer, and familial adenomatous
polyposis.
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RESULTS

remove the primary colorectal cancer.

Among 10189 colorectal cancer patients, 461 patients
who were diagnosed with CRLM and underwent
R0 surgical treatment were identified. There were
281 recurrences after initial hepatectomy, and 55
patients who underwent R0 secondary hepatectomy
were identified. Patients with exclusion criteria were
excluded. Finally, 406 patients of Group 1 and 55
patients of Group 2 were identified and analyzed.
Median age was 59 years (range, 26-80 years)
and median follow-up period was 39 mo (range, 3-195
mo) (Figure 1).

Poor prognostic factors

Demographics

Survival

Prognostic factors were evaluated using the Cox
regression test in patients who underwent repeat
hepatectomy. Size of CRLM, histologic low grade cell
differentiation and lymphatic invasion of primary co
lorectal cancer were significant prognostic factors for
DFS in the primary hepatectomy group (P = 0.006,
P = 0.001 and P = 0.040, respectively). Multiplicity
of CRLM and RFA were significant prognostic factors
for DFS in the secondary hepatectomy group (P =
0.006 and P = 0.004, respectively) (Table 2).

Sex, age, size of CRLM, adjuvant chemotherapy, T
stage, N stage, lymphatic invasion, vascular invasion,
perineural invasion, and histological differentiation
of primary colorectal cancer were not significantly
different between the two groups. The number of
CRLM and the RFA proportion were significantly
different between the two groups (P = 0.006 and P <
0.001, respectively) (Table 1).

DFS and OS curves of the initial hepatic resection
group appeared superior to those of the secondary
hepatectomy group. There was a significant difference
in terms of DFS (P = 0.029) although there was no
significant difference in OS (P = 0.206) (Figure 2).
One, 3-, and 5-year DFS rates were 66.9%,
46.6%, and 40.3%, respectively, in the primary
hepatectomy group vs 55.2%, 31.2%, and 25.0%,
respectively, in the secondary hepatectomy group.
One, 3-, and 5-year OS rates were 91.9%, 63.3%,
and 53.0%, respectively, in the primary hepatectomy
group compared to 92.6%, 58.7%, and 43.3%,
respectively, in the secondary hepatectomy group.
DFS curves were analyzed according to prognostic
factors associated with secondary CRLM. Survival
curves of the primary and secondary hepatectomy
groups differed according to the number of CRLM.
Differences were very obvious in the secondary
hepatectomy group (P = 0.029). Median DFS time

Perioperative outcomes

The morbidity rate was 17% in Group 1 and 11%
in Group 2 (P = 0.23). There were no statistically
significant differences in complication rate or hospital
stay between the two groups. Mean operation
time of the initial hepatectomy was 276.4 min (SD
± 101.3). Mean operation time of the secondary
hepatectomy was 263.5 min (SD ± 58.7). Initial
operation time was longer than that of the secondary
hepatectomy because it included the surgery time to
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Table 1 Characteristics of patients with colorectal liver metastases n (%)
Primary hepatectomy (n = 406)

Variable
Sex (M/F)
Median age (yr) (range)
Number of CRLM (median, range)
CRLM size (median, range)
Liver metastases
Synchronous
Metachronous
CRLM number
Single
Multiple
CRLM treatment
Resection
RFA
Both
T stage
T1 T2 T3
T4
N stage
N0
N1 or N2
Histological differentiation2
High grade
Low grade
Lymphatic invasion
(-)
(+)
Vascular invasion
(-)
(+)
Perineural invasion
(-)
(+)
Chemotherapy
Yes
No

Secondary hepatectomy (n = 55)

P value1

266:140
59.5 (26-80)
1 (1-8)
2.4 (0.2-7.5)

36:19
58 (36-80)
1 (1-4)
2.4 (1.0-7.5)

0.99
0.95
0.01
0.85

279 (69)
127 (31)

39 (71)
16 (29)

0.74

232 (57)
174 (43)

41 (75)
14 (25)

0.014

324 (80)
57 (14)
25 (6)

25 (45)
29 (53)
1 (2)

< 0.001

364 (90)
42 (10)

47 (85)
8 (15)

0.35

117 (29)
289 (71)

13 (24)
42 (76)

0.42

367 (90)
39 (10)

53 (96)
2 (4)

0.21

172 (42)
129 (32)

16 (29)
26 (47)

0.02

168 (41)
102 (25)

29 (53)
10 (18)

0.14

191 (47)
74 (18)

20 (36)
11 (22)

0.38

373 (92)
33 (8)

50 (91)
5 (9)

0.79

χ test, Fisher’s exact test, or Mann Whitney U test; 2High grade: well or moderately differentiated, Low grade: poorly differentiated or mucinous
carcinoma. CRLM: Colorectal liver metastases.
1 2

be justified with acceptable morbidity and mortality
compared with primary hepatectomy. Many studies
reported that repeat hepatectomy for recurrent CRLM
[13]
is safe enough and improves survival outcomes .
In our study, the morbidity rate was 11% after
secondary hepatectomy and lower than in the
primary hepatectomy group. However, the primary
hepatectomy group included patients with synchronous
CRLM who underwent colorectal surgery and
hepatectomy simultaneously. Therefore, the morbidity
rate was not exactly compared between the two
groups. We expect the morbidity rate to seem similar
if the proportion of colorectal surgery is excluded.
In this study, the 5-year survival rate was more
than 40% after secondary hepatectomy for recurrent
CRLM. Although excellent overall survival outcomes
have been observed in patients who underwent
repeat hepatectomy, the high recurrence rate remains
[14]
an unsolved problem . The recurrence rate was
significantly higher in the secondary hepatectomy
group then in the primary hepatectomy group. Half of
the patients experienced recurrence after secondary

was 17 mo after primary hepatectomy and 7 mo after
secondary hepatectomy for multiple CRLM. Secondary
hepatectomy for cases of multiple recurrent CRLM
was not more effective than primary hepatectomy for
initial CRLM (P = 0.008) (Figure 3).

DISCUSSION
Survival outcomes were similar between patients
undergoing primary or secondary hepatectomy for
single CRLM in this study. However, surgical treatment
was less effective for multiple CRLM. Though patients
underwent secondary hepatectomy, the recurrence
rate was high if there were multiple CRLM. In
previous studies, the number of CRLM was thought
to be a prognostic factor for repeat hepatectomy.
However, this has not been well studied compared
[6,11]
with primary hepatectomy
.
Major hepatectomy is associated with high
morbidity rate. Recent studies have reported the
morbidity rate to still be up to 60% after hepatectomy
[12]
for CRLM . However, repeat hepatectomy could
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Table 2 Cox regression proportional hazard model of disease-free survival in recurrent colorectal liver metastases
Primary hepatectomy (n = 406)

Variable

Univariate analysis

P value
Male sex
Age
Metachronous
Multiple CRLM
Size of CRLM
Radiofrequency ablation
T4
N1 or N2
Low grade cell differentiation2
Lymphatic invasion
Vascular invasion
Perineural invasion
Adjuvant chemotherapy

Multivariate analysis
HR

0.110
0.750
0.002
0.067
0.001
0.220
0.110
0.002
< 0.001
< 0.001
< 0.001
0.001
0.950

Secondary hepatectomy (n = 55)
1

Univariate analysis

P value

95%CI

0.70

0.42-1.16

0.170

1.15

1.04-1.26

0.006

1.17
2.38
1.50
1.49
1.32

0.70-1.94
1.46-3.88
1.02-2.20
0.99-2.25
0.88-1.99

0.550
0.001
0.040
0.058
0.190

P value
0.260
0.360
0.670
0.037
0.260
0.008
0.530
0.310
0.660
0.100
0.670
0.820
0.140

Multivariate analysis

1

HR

95%CI

P value

2.78

1.33-5.78

0.006

2.84

1.40-5.73

0.004

Variables that were significant in univariate analysis were verified with a multivariate model; 2Low grade: poorly differentiated or mucinous carcinoma.
CRLM: Colorectal liver metastases.
1

1.0
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Primary hepatectomy
Secondary hepatectomy
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Secondary hepatectomy
Primary hepatectomy-censored
Secondary hepatectomy-censored

0.8
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Figure 2 Disease-free survival and overall survival curves after primary and secondary hepatic resection for colorectal liver metastases. A: Disease-free
survival; B: Overall survival.

volume is too small. The patients who have recurrent
CRLM are older than initial CRLM patients and the
risks of morbidity increase with age. If the patients
have severe comorbidities, RFA might be safer than
hepatectomy. Therefore, we could not evaluate the
efficiency of RFA compared with hepatectomy.
There are still controversies regarding the indica
tions for repeat hepatectomy. A recent study reported
that hepatectomy for an old-age group is feasible
[17]
with a reasonable long term survival rate . Repeat
hepatectomy was also attempted for recurrent gastric
cancer and it was reported that it could offer the
[18]
chance for cure in selected patients . However,
hepatectomy is not always possible, especially
in recurrent CRLM. In patients with unresectable
recurrent CRLM, liver transplantation was not indicated
in the past. However, a recent study reported that
the oncologic outcomes of liver transplantation for
unresectable CRLM is comparable with liver resection
[19]
for resectable CRLM .
In our study, we reviewed the age of patients

hepatectomy. If there were multiple recurrent CRLM,
median DFS time was only 7 mo. Short-term followup is necessary after repeat hepatectomy, especially
for multiple recurrent CRLM. To detect recurrent
CRLM effectively, various markers have been investi
[15]
gated . However, molecular markers have not been
well established yet.
In the study, RFA was a significant risk factor
of recurrence. According to a recent study, cluster
of differentiation 95 (CD95) is thought to play a
role in the recurrence of cancer after RFA because
of the potential of RFA to cause hypoxic damage.
CD95 can induce apoptosis, but can also promote
[16]
tumor genesis in apoptosis-resistant tumor cells .
However, we expect there might be a selection bias.
Hepatectomy is the most effective curative treatment
for resectable metastatic liver disease, including
recurrent metastases. We consider hepatectomy to
be the first-line treatment for CRLM. We inevitably
choose RFA as a substitute for hepatectomy when
there are multiple CRLM and expected remnant liver
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Figure 3 Disease-free survival curves after primary and secondary hepatic resection for single or multiple colorectal liver metastases. A: Primary
hepatectomy for single or multiple colorectal liver metastases (CRLM); B: Secondary hepatectomy for single or multiple recurrent CRLM; C: Primary or secondary
hepatectomy for single CRLM; D: Primary or secondary hepatectomy for multiple CRLM.

according to the date of hepatectomy. To reduce
bias, we also performed multivariate analysis.
However, there may have been selection bias. There
was a difference in CRLM number between the
two groups. In the secondary hepatectomy group,
single CRLM was more common than in the primary
hepatectomy group. However, this study has an
adequate number of patients and long-term followup data. Moreover, a randomized controlled study
design is impossible for repeat hepatic resection.
Although there are limitations in this study, we
were able to find significant prognostic factors of
secondary hepatectomy.
Previous studies have reported that repeat
hepatectomy is safe and effective for recurrent
[20,21]
CRLM
. However, surgeons should be cautious
before performing surgery in patients with poor
prognostic factors. Secondary hepatectomy was
not effective for multiple recurrent CRLM and the
median DFS time was only 7 mo. In those patients,
detailed preoperative evaluation is compulsory and
short-term follow-up is necessary after secondary
hepatectomy.
In conclusion, secondary hepatectomy for single
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recurrent CRLM is as effective as primary surgical
treatment for single CRLM. However, secondary
hepatectomy for multiple recurrent CRLM is less
effective than that for single recurrent CRLM.
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the probability of undetected appendiceal perforation
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nonperforated appendicitis. Patients were divided
into 2 groups: actual nonperforation group and actual
perforation group according to intraoperative and
pathologic features. Comparison of the 2 groups were
made using binary logistic regression.
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RESULTS: Of 1236 patients, 90 (7.3%) were found
to have actual appendiceal perforation. Four risk
factors related with actual appendiceal perforation
were identified: body temperature ≥ 37.6  ℃ (HR
= 1.912, 95%CI: 1.161-3.149; P = 0.011), out-ofhospital symptom duration ≥ 72 h (HR = 2.454,
95%CI: 1.292-4.662; P = 0.006), age ≥ 35 years
(HR = 3.358, 95%CI: 1.968-5.728; P < 0.001), and
appendiceal diameter on CT scan ≥ 8 mm (HR =
4.294, 95%CI: 1.034-17.832; P = 0.045). Actual
appendiceal perforation group showed longer operation
time, later initiation of diet, longer use of parenteral
narcotics, longer hospital stay, and higher incidence of
postoperative complications (P < 0.05).
CONCLUSION: We proposed here new criteria to
select patients with adverse clinical outcomes after
appendectomy among the patients with radiologically
nonperforated appendicitis. Surgical appendectomy
outcomes could be improved by determining the
surgical priority according to our criteria.
Key words: Appendicitis; Appendiceal perforation;
Operative priority; Prognosis; Practice guideline

Abstract

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

AIM: To identify risk factors of actual appendiceal
perforation when computed tomography (CT) scans
suggest nonperforated appendicitis and accordingly
determine surgical priority.

Core tip: This study analyzed surgical outcomes of
1236 patients whose computed tomography (CT) scans
were suggestive of nonperforated appendicitis, and
showed in-hospital gross perforation rate was very
low (7.3%) and it was predicted by several factors:
body temperature ≥ 37.6  ℃, out-of-hospital symptom

METHODS: We collected database of 1362 patients
who underwent an appendectomy for acute appendicitis
between 2006 and 2013. A single radiologist selected
1236 patients whose CT scans were suggestive of
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duration ≥ 7 d, age ≥ 35 years, and appendiceal
diameter on CT scan ≥ 8 mm. Therefore, determining
operative priority based on risk factors of in-hospital
perforation is expected to improve surgical outcomes
by reducing perforation rates.

and pathologic features. We then showed here these
patients manifested adverse clinical outcomes.
Finally, we intended to determine risk factors that
could be useful in predicting actual perforation based
on the clinical criteria in patients whose CT scans
suggested nonperforated appendicitis.

Lee SC, Park G, Choi BJ, Kim SJ. Determination of surgical
priorities in appendicitis based on the probability of undetected
appendiceal perforation. World J Gastroenterol 2015; 21(7):
2131-2139 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i7/2131.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i7.2131

MATERIALS AND METHODS
Study design and data collection

This study was a retrospective analysis of patients who
underwent operations for acute appendicitis at the
Department of Surgery of Daejeon St. Mary’s Hospital,
the Catholic University of Korea, between January
2006 and December 2013. Daejeon St. Mary’s Hospital
is a teaching community hospital with residents on
call and supervised by attending surgeons. The study
was approved by the ethics committee of Daejeon St.
Mary’s Hospital, the Catholic University of Korea (IRB
code: DC13RISI0004). The data were gathered from
the electronic medical records.
Patients who underwent appendectomy with the
impression of nonperforated appendicitis based on
preoperative CT scan were the object of our study
(Figure 1). During the aforementioned period, 1886
patients underwent operations for appendicitis
treatment. Of these, we first excluded the patients
who underwent procedures other than simple
appendectomy, such as resection of a part of small or
large intestine (n = 25). We then excluded patients
who underwent appendectomy ≥ 3 d after initial
presentation (n = 21). In addition, we excluded
patients who did not receive a preoperative CT scan
(n = 478). Consequently, 1362 patients remained
who received CT scan and thereafter underwent
appendectomy. The following step was to differentiate
between nonperforated and perforated appendicitis
based on the preoperative CT scans. We used an
evidence-based definition of perforated appendicitis
after a thorough review of the literature; the CT
feature of appendiceal perforation was defined as
the presence of a hole in the appendix or a fecalith
[10,11]
in the abdomen
. CT images were re-evaluated
by one radiologist (G. Park) with ≥ 10 years of
experience in abdominal imaging. To avoid selection
bias, the radiologist was not given information
about the patient’s final diagnosis. The radiologist
was provided the CT images in a random sequence
created by Picture Archiving and Communication
System software (PACS, Maroview, Infinitt, Seoul,
Korea) in stack mode. After re-evaluation of CT
images, 1236 patients were selected whose CT scan
did not suggest a appendiceal perforation. We then
divided this patient population into 2 groups: patients
with actual appendiceal perforation and those without
actual perforation (control group) according to the
intraoperative and pathologic features. Thereafter,
we investigated whether there were differences in

INTRODUCTION
Appendicitis is the most frequently encountered
surgical emergency worldwide, and early app
endectomy has been advocated as the therapeutic
gold standard to avoid complications. Patients with
appendicitis present to the hospital at any time of
day or night. However, appendectomies are not
performed evenly at all times. A report indicated that
although 41% of patients visited the emergency room
between 11 PM and 8 AM, only 6% of operations were
performed during that period, showing inconsistent
[1]
durations between the patient visit and operative timing .
Besides the hospital visiting hour, appendectomy
timing is inconsistently determined by various factors.
Therefore, guidelines for the optimal timing of appendicitis
are necessary.
The incidence of appendiceal perforation has been
[2-6]
reported to range from 17% to 32% . Appendiceal
perforation dramatically increases morbidity in terms
of extended treatment with antibiotics, greater risk
[3,7-9]
of complications, and longer hospital stays
.
Surgical priority of grossly perforated appendicitis is
not as high as imminent perforation because gross
contamination has already occurred. However, cases
of microperforated or nonperforated appendicitis
should be treated promptly according to the surgical
priority, which should be determined based on the
risk of gross perforation.
Abdominal computed tomography (CT) scan
is widely used for predicting both the presence
of appendicitis and its perforation. However, in
a study, CT was found to have a low sensitivity
[10]
(62%) in predicting appendiceal perforation . This
could mean that a considerable number of patients
with perforated appendicitis could be incorrectly
diagnosed radiologically as nonperforated. However,
these patients require prompt operation because
they are at the risk of progression to gross conta
mination.
In this study, of the patients with radiologically
nonperforated appendicitis, we selected patients
with actual perforation evidenced by the operative
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Patients assessed for eligibility, n = 1886
Patients who underwent more than
simple appendectomy, n = 25
Patients who underwent appendectomy 3 d
after admission, n = 21
Patients who did not receive a
preoperative CT scan, n = 478
Patients who received preoperative CT scan, n = 1362

Patients whose CT scan
suggested perforated
appendicitis, n = 126

Patients whose CT scan
suggested nonperforated
appendicitis, n = 1236

Patients who was found to
have no actual perforation
during surgery, n = 1146

Patients who was found to have
actual appendiceal perforation
during surgery, n = 90

Figure 1 Patient selection and allocation in this study. CT: Computed tomography.

clinical, radiological, and pathologic characteristics
between both groups.

liver function. Hyperamylasemia was defined as
postoperative serum amylase ≥ 160 IU/L in patients
whose levels were within the normal range pre
operatively.

Definitions and terminology

Actual appendiceal perforation was defined (1) when
an appendicolith was detected outside the appendix;
(2) when pus or abscess fluid was evidenced around
appendix with disruption of appendiceal wall continuity
in the initial operative field without manipulation; or
(3) when pus or abscess fluid was evidenced around
appendix during surgery and the pathologic diagnosis
indicated gangrenous appendicitis or periappendiceal
abscess.
Out-of-hospital delay was defined as the time
interval between development of initial symptom and
the visit to hospital. Time to incision was defined as
the time interval between arrival to the hospital and
the performance of surgical incision. Comorbidities
[12]
were assessed with the Charlson comorbidity index .
Postoperative complications were classified as des
[13]
cribed by Clavien . whereby grade 1 represents
deviation from the normal postoperative course without
the need of pharmacological or any other intervention;
grade 2 represents the requirement of pharmacological
treatment; grade 3 represents surgical, endoscopic,
or radiological intervention; and grade 4 represents a
life-threatening complication requiring intensive care
unit management. Of the postoperative complications,
renal dysfunction was defined as postoperative serum
creatinine ≥ 1.5 mg/dL in patients who had normal
renal function preoperatively. Hepatitis was defined as
postoperative serum ALT (alanine transaminase) ≥
50 IU/L in patients who showed normal preoperative

WJG|www.wjgnet.com

Operative technique

The initial series of this study included patients who
had undergone open appendectomy. Soon after,
laparoscopic appendectomy with three ports became
the norm in the treatment of acute appendicitis.
Thereafter, we introduced the single-port laparoscopic
surgery (SPLS) for appendectomy in March 2009.
Since then, the SPLS replaced the conventional 3-port
procedure. The umbilicus was the most typically
used incision site, and a vertical incision with a length
ranging from 1.5-2.5 cm was most often used. We
frequently used commercially ready-made single ports,
such as the OCTO port (Dalim Medical Co., Korea)
and the Glove port (Sejong Medical Co., Korea).
Peritoneal irrigation with copious amounts of saline
was performed under direct visualization in all the
procedures, and Jackson-Pratt drains were used as
needed.

Perioperative management

We implemented a standardized perioperative protocol.
For all patients with appendicitis, the initial step at the
emergency department includes prompt intravenous
hydration using crystalloid fluids and intravenous
antibiotics (cefotetan 1.0 g). Because cefotetan is
administered according to a 24-h dosing schedule, it
was administered at the emergency department and
not at a specific time before the incision. Thereafter,
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starting on the first postoperative day, intravenous
cefotetan (usually 1.0 g, maximum dose 2.0 g) was
usually administered for 1 to 2 d, or longer if needed.
All patients with appendiceal perforation received
intravenous metronidazole 50 mg/kg coadministration
(maximum dose 2 g). Antibiotic change or dosage
adjustments were considered when there was no
improvement of the clinical parameters, such as body
temperature or leukocyte count. All Patients were
allowed a clear liquid diet upon returning to the ward,
and the diet was advanced as tolerated. Patients
received intravenous ketorolac 0.1 mg/kg as needed
for pain. Patients were discharged when tolerating a
regular diet. At discharge, oral antibiotics (cefaclor or
cefcapene) were prescribed for a 3-d period only to the
patients with perforated appendicitis.

and appendiceal diameter on CT scan. Patients with
actual appendiceal perforation were older (> 35 years
of age, 80% vs 53.1%, P < 0.001) and had a body
temperature > 37.7 ºC (28.9% vs 15.8%, P < 0.05),
neutrophil fraction > 65% (88.9% vs 79.7%, P <
0.05), and appendiceal diameter > 8 mm (97.8%
vs 88.7%, P < 0.05). Both groups were similar with
respect to sex, body mass index, comorbidity, and
out-of-hospital delay. We were also unable to identify
a significant difference in time-to-incision [534.6 ±
498.9 min (nonperforation group) vs 521.2 ± 487.4
min (actual perforation group), not significant].

Identification of factors related with actual appendiceal
perforation

To identify independent factors related with actual
appendiceal perforation, consequent multivariate
analysis was performed using preoperative variables
(Table 2). By multivariate analysis, we identified
independent factors related with actual appendiceal
perforation, including body temperature (< 37.6  ℃
vs ≥ 37.6  ℃), out-of-hospital delay (< 72 h vs ≥ 72
h), age (< 35 years vs ≥ 35 years), and appendiceal
diameter (< 8 mm vs ≥ 8 mm). Using these 4 risk
factors related with actual appendiceal perforation,
we further stratified patients into 3 groups: low-risk
(risk factor: 0-1), intermediate-risk (risk factors:
2), and high-risk group (risk factors: 3-4) (Table
3). The probability of actual appendiceal perforation
increased 4.8 times in the intermediate-risk group
and 10.7 times in the high-risk group compared to
the control group (low-risk group).

Statistical analysis

Numeric data were presented as mean and standard
deviation or as median and range. Continuous vari
ables were analyzed using the independent t-test,
2
whereas proportions were compared using Pearson’s χ
test or Fisher’s exact test, as appropriate. For variables
with a non-normal distribution, Wilcoxon rank sum
tests were utilized to examine differences in central
tendency. Binary logistic regression was used to assess
the risk of in-hospital perforation while controlling for
other independent variables. All P values were 2-tailed.
Statistical analysis was performed using SPSS ver.
15.0 (SPSS Inc., Chicago, IL). Statistical significance
was accepted for P values < 0.05.

RESULTS

Clinical outcomes of patients with actual perforation
who were diagnosed as having nonperforation on CT
scan

Patient characteristics

Of the total 1236 patients whose CT scans sugg
ested nonperforated appendicitis, 1146 (92.7%)
were proven to have nonperforated appendicitis and
90 (7.3%) were proven to have actual perforated
appendicitis. There were 612 men and 624 women.
The median patient age was 37 (range, 15-93)
years. The median body mass index was 22.6
2
(15.1-44.1) kg/m . Median time to incision was 373
(48-4285) min. There were differences between the
mean and median values of time-to-incision to some
extent. While the mean time-to-incision was 534
± 498 min, the median time-to-incision was 373
(48-4285) min. These results could be attributed
to the small number of patients who were operated
with a long delay, which translated into a deviation
of the mean values to the right. Overall, there were
6 (0.5%) open appendectomies, 932 (75.4%) multi
port laparoscopic appendectomies, and 298 (24.1%)
single-port laparoscopic appendectomies.
Table 1 shows the comparison of patient demo
graphic and baseline characteristics between the two
groups. We found that both groups had differences
in age, body temperature, serum neutrophil fraction,
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To determine the effects of actual appendiceal
perforation in patients whose initial CT scans sug
gested nonperforated appendicitis, intraoperative
and postoperative variables were compared (Table
4). There were no differences in operative methods
between both groups. However, the actual perforation
group had a longer operation time (71.2 ± 30.1
min vs 61.1 ± 24.4 min, P < 0.001) and higher
incidence of drain insertion (23.3% vs 9.2%, P <
0.001). Furthermore, the actual perforation group
had delayed postoperative recovery, which was
evidenced by a later initiation of free oral fluids, solid
diet, longer use of parenteral narcotics, and longer
hospital stay (P < 0.05). However, readmission rates
were comparable between the two groups.
We then classified postoperative complications
according to Clavien’s proposal (Table 5). The actual
perforation group had higher incidence of grade 2
(14.4% vs 8.2%, P = 0.051), grade 3 (7.8% vs
1.2%, P < 0.001), and total number of complications
(22.2% vs 9.9%, P < 0.05). The difference in the
complication rates was more marked for grade 3
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Table 1 Patient demographics and baseline preoperative characteristics of patients whose initial computed tomography scans
suggested nonperforated appendicitis n (%)
All patients
(n = 1236)

No actual appendiceal perforation
(n = 1146)

Actual appendiceal perforation
(n = 90)

556 (45.0)
515 (41.7)
165 (13.3)

538 (46.9)
471 (41.1)
137 (12.0)

18 (20.0)
44 (48.9)
28 (31.1)

612 (49.5)
624 (50.5)

560 (91.5)
52 (8.5)

586 (93.9)
38 (6.1)

255 (20.6)
673 (54.4)
308 (25.0)

239 (20.9)
627 (54.7)
280 (24.4)

16 (17.8)
46 (51.1)
28 (31.1)

1142 (92.4)
94 (7.6)

1063 (92.8)
83 (7.2)

79 (87.8)
11 (12.2)

874 (70.7)
362 (29.3)

817 (71.3)
329 (28.7)

57 (63.3)
33 (36.7)

1029 (83.3)
207 (16.7)

965 (84.2)
181 (15.8)

64 (71.1)
26 (28.9)

1209 (97.8)
14 (1.1)
12 (1.0)
1 (0.1)

1121 (97.8)
13 (1.2)
12 (1.0)
0 (0.0)

88 (97.8)
1 (1.1)
0 (0.0)
1 (1.1)

Age (yr)
15-35
35-65
≥ 65
Sex
Men
Women
Body-mass index (kg/m2)
< 20
20-25
≥ 25
Comorbidity
Charlson index = 0
Charlson index > 0
Out-of-hospital delay1
< 72 h
≥ 72 h
Body temperature (℃)
< 37.6
≥ 37.6
Presenting symptom
Abdominal pain
Nausea, vomiting
Fever/chill
Indigestion
Lab. findings, median (range)
WBC count (× 103/mm3)
Platelet count (× 103/mm3)
Neutrophil fraction
< 65%
≥ 65%
Appendix diameter (CT scan)
< 8 mm
≥ 8 mm
Presence of appendicolith (CT scan)
No
Yes
Time-to-incision (min)2
mean ± SD
Median (range)

P value
< 0.001

0.125

0.186

0.097

0.118

0.003

0.640

12.0 (1.9-28.7)
222 (82-587)

11.9(1.9-28.4)
223 (82-857)

13.8 (4.3-28.7)
215 (93-503)

244 (19.7)
992 (80.3)

234 (20.4)
912 (79.6)

10 (11.1)
80 (88.9)

131 (10.6)
1105 (89.4)

129 (11.3)
1017 (88.7)

2 (2.2)
88 (97.8)

1086 (87.9)
150 (12.1)

1009 (88.0)
137 (12.0)

77 (85.6)
13 (14.4)

0.128
0.102
0.038

0.004

0.502

0.860
534 ± 498
373 (48-4285)

535 ± 499
373 (48-4285)

521 ± 487
362 (70-3194)

1

Out-of-hospital delay was defined as the time interval between development of initial symptom and the visit to hospital; 2Time-to-incision was defined as the
time interval between arrival to the hospital and making incision for operation. CT: Computed tomography; SD: Standard deviation; WBC: White blood cells.

complications. Grade 3 complications were observed
in 1.2% of patients in the control group and 7.8%
in the actual perforation group. We experienced 21
reoperations in this study: 14 and 7 in the control and
actual perforation groups, respectively. All grade 3
complications in both groups resulted in reoperation,
possibly owing to our propensity to adopt a more
rapid and definitive management; therefore, the
actual perforation group also had a significantly
higher reoperation rate (P < 0.001). Regardless of
perforation, intra-abdominal abscess (n = 14) was the
leading cause of reoperation, and intestinal obstruction
(n = 6) was the second.

Table 2 Multivariate analysis of factors affecting actual
appendiceal perforation
Hazard ratio

95%CI

Body temperature (℃)
< 37.6 (standard)
≥ 37.6
Out-of-hospital delay (h)
< 72 (standard)
≥ 72
Age (yr)
< 35 (standard)
≥ 35
Appendiceal diameter on CT
scan(mm)
< 8 (standard)
≥8

P value
0.011

1
1.912

1.161-3.149
0.006

1
2.454

1.292-4.662
< 0.001

1
3.358

1.968-5.728
0.045

1
4.294

DISCUSSION

1.034-17.832

Although the presence of appendiceal perforation

CT: Computed tomography.
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Table 3 Risk estimation of developing actual appendiceal perforation
1

Groups

No. of risk factors

Control group
Intermediate risk group
High risk group

Ratio of patients with perforation vs total population Hazard ratio of perforation

0-1
2
3-4

52/581 (9.0%)
28/156 (17.9%)

1
4.8
10.7

95%CI

P value

2.416-9.563 < 0.001
5.064-22.596 < 0.001

1

The risk factors are (1) patient age ≥ 65 years; (2) body temperature ≥ 37.8 years; (3) body temperature n ≥ 8 mm; and (4) out-of-hospital symptom
duration ≥ 72 h.

Table 4 Comparison of intraoperative and postoperative variables according to the presence of actual appendiceal perforation n (%)
All patients
(n = 1236)
Surgical technique
Open appendectomy
Lap. appendectomy
Multiport
Single-port
Operation time (min)
Mean ± SD
Median (range)
Drain insertion
No
Yes
Duration prior free oral fluids
Mean ± SD
Median (range)
Duration prior soft diet
Mean ± SD
Median (range)
Dosage of analgesics
Mean ± SD
Median (range)
Analgesics duration, median (d)
Mean ± SD
Median (range)
Postoperative complications
Severe complications (grade 3-4)
Total complications
Postoperative hospital stay (d)
Mean ± SD
Median (range)
Readmissions
No
Yes

No actual appendiceal perforation
(n = 1146)

P value
0.111

6 (0.5)

5 (0.5)

1 (1.1)

930 (75.3)
299 (24.2)

857 (74.8)
283 (24.7)

73 (81.1)
16 (17.8)
< 0.001

61.8 ± 25.0
55 (15-230)

61.1 ± 24.4
55.0 (15-230)

1110 (89.8)
126 (10.2)

1041 (90.8)
105 (9.2)

69 (76.7)
21 (23.3)

71.2 ± 30.1
65.0 (35-200)

1.3 ± 0.7
1 (1-7)

1.2 ± 0.6
1 (1-7)

1.6 ± 0.6
1 (1-6)

1.5 ± 0.9
1 (1-8)

1.47 ± 0.9
1 (1-8)

1.92 ± 1.1
2 (1-8)

1.58 ± 3.8
1 (0-70)

1.48 ± 3.5
1 (0-70)

2.83 ± 6.5
1 (0-50)

0.77 ± 1.8
0.0 (0-42)

0.72 ± 1.7
0.0 (0-42)

1.4 ± 2.2
1 (0-15)

16 (1.3)
94 (7.6)

14 (1.2)
113 (9.9)

7 (7.8)
20 (22.2)

4.02 ± 2.3
4 (1-48)

3.92 ± 2.3
3 (1-48)

5.2 ± 2.9
4 (2-17)

1210 (97.9)
26 (2.1)

1122 (97.9)
24 (2.1)

88 (97.8)
2 (2.2)

< 0.001

0.001

< 0.001

0.054

0.007

< 0.001
0.014
< 0.001

0.714

has a considerable effect on the prognosis of ap
pendicitis, the diagnostic yield of appendiceal
perforation by abdominal CT is considerably low. A
previous study reported that CT had a sensitivity of
62% and specificity of 81% in predicting appendiceal
[10]
perforation . In the present study, 7.3% (90/1236)
of patients with nonperforated appendicitis on CT
images were found to have an actual perforation.
Importantly, the patients in the actual perforation
group definitely showed adverse clinical outcomes.
Therefore, a prompt surgical intervention could
improve surgical outcomes among such a patient
population (Figure 2).
In our study, we attempted to find independent
factors that could be useful in discriminating between
actual nonperforation and actual perforation in

WJG|www.wjgnet.com

Actual appendiceal perforation
(n = 90)

patients diagnosed with nonperforation radiologically.
Time-to-incision did not affect the perforation, which
suggests a low possibility of in-hospital perforation.
Notably, we found four independent factors that can
be useful to determine the presence of appendiceal
perforation: body temperature ≥ 37.6  ℃, out-ofhospital symptom duration ≥ 72 h, age ≥ 35 years,
and appendiceal diameter on CT scan ≥ 8 mm.
Based on the number of these risk factors, we were
able to classify the patients into 3 groups: low-risk
(risk factor: 0-1), intermediate risk (risk factors:
2), and high-risk (risk factors: 3-4) groups. The
high-risk group had 10.7 times higher probability of
actual perforation than the low-risk group.
There have been a number of controversies over
the appropriate timing of appendectomy for acute

2136

February 21, 2015|Volume 21|Issue 7|

Lee SC et al . Surgical priority in nonperforated appendicitis
Table 5 Comparison of postoperative complications n (%)

Grade 1, n (%)
Renal dysfunction
Hepatitis
Hyperamylasemia
Grade 2, n (%)
Wound infection
Urinary retention
Delayed gastric emptying
Pneumonia
Pleural effusion
Renal dysfunction
Grade 3, n (%)
Intra-abdominal abscess
Intestinal obstruction (ileus)
Intra-abdominal hemorrhage
Severe complications (grade 3-4), n (%)
Total complications, n (%)

No actual appendiceal perforation (n = 1146)

Actual appendiceal perforation (n = 90)

5 (0.8)
1
1
3
94 (8.2)
72
11
6
2
2
1
14 (1.2)
9
4
1
14 (1.2)
113 (9.9)

0 (0.0)
0
0
0
13 (14.4)
8
1
2
0
2
0
7 (7.8)
5
2
0
7 (7.8)
20 (22.2)

P value
1.000

0.051

< 0.001
0.014

Postoperative complications were classified as described by Clavien: grade 1 = deviation from the normal postoperative course without the need for
pharmacological or any other intervention; grade 2 = requiring pharmacological treatment with drugs; grade 3 = requiring surgical, endoscopic, or
radiological intervention; and grade 4 = life-threatening complication requiring intensive care unit management.

[Surgical outcomes]
Within 3 d (median
time span: 373 min)
No actual perforation:
92.7%
(n = 1146)
Patients whose CT scan
suggested nonperforated
appendicitis, n = 1236

Admission

Operation

Actual appendiceal perforation: 7.3% (n = 90)
Risk factors
1: Body temperature ≥ 37.6 ℃
2: Out-of-hospital delay ≥ 72 h
3: Age ≥ 35 years
4: Appendiceal diameter on CT scan ≥ 8 mm

Figure 2 Outline of this study.

appendicitis. Proponents of prompt appendectomy
emphasize the time dependency of pathologic
[14-18]
[19]
grade and complication rates
. Ditillo et al
reported in an analysis of 1081 patients with acute
appendicitis that the risk of developing advanced
pathology and complications increased with timeto-treatment, favoring prompt appendectomy. In
[4]
contrast, Kearney et al reported that the stage of
appendicitis was affected by out-of-hospital delay,
but not by in-hospital delay. These differences may
be attributed to variations in study design, patient
characteristics, and inclusion/exclusion criteria.
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Therefore, further clarification of the optimal ope
ration timing is required. Our results do not fully
support either timing; rather, we support prompt
appendectomy for the selected patients who have
high-risk factors for actual perforation.
Appendicitis is largely initiated by the luminal
obstruction by inspissated stool (fecalith or ap
[20]
pendicolith) or lymphoid hyperplasia . Luminal
obstruction promotes bacterial overgrowth and
increases mucus secretion, leading to intraluminal
distention and wall pressure elevation. Subsequently,
blood and lymphatic flow are impaired, and mucosal
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correct statistical analysis, bi and multivariate. Leaving apart minor corrections
that may be easily remedied, it is born from a weak hypothesis and perhaps
it must be otherwise designed and conceived. Information obtained from this
design must be utilized as it is really interesting, and only a few reports have
given such a good approximation to risk factors of perforated appendicitis in the
presence of a normal CT.

ischemia follows. These events collectively lead to
the progression of inflammation, such as gangrene
and perforation. In our study, patients with actual
perforation showed longer operation time, delayed
initiation of postoperative diet, longer and higher
doses of postoperative analgesics, higher incidences
of postoperative complications, and a longer hospital
stay. Therefore, performing appendectomy before its
perforation is crucial in the treatment of appendicitis.
In conclusion, our study showed that actual ap
pendiceal perforation occurred in 7.3% (90/1236)
of the patients whose CT scans suggested non
perforated appendicitis. The actual perforation group
showed inferior clinical outcomes. These patients
require prompt operation because they are at the
risk of progression to gross contamination. We de
tected four independent factors that can predict
perforated appendicitis even though the CT scans
of the patients suggest nonperforated appendicitis:
body temperature ≥ 37.6  ℃ , out-of-hospital
symptom duration ≥ 72 h, age ≥ 35 years, and
appendiceal diameter on CT scan ≥ 8 mm. We
think that surgical outcomes of appendectomy could
be improved by following our guidelines for the
determination of surgical priority based on the sum
of the risk factors.
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Endoscopic measurement of variceal diameter
Zhi-Qun Li, En-Qiang Linghu, Min Hu, Xiang-Dong Wang, Hong-Bin Wang, Jing-Yun Meng, Hong Du
accessory channel and attached to a zebra wire guide
that was used as a stylet. The wire guide was fixed
onto the tip of the catheter by a soft and thin string.
By gently advancing the stylet into the catheter, the
width of the opening loop at the tip of the endoscope
approximated the diameter of the imitational varices.
Measurements performed in vitro using this self-made
endoscopic ruler were compared to measurements of
simulative varices.
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RESULTS: At the handle, the sleeve moving distance
ranged from 5 to 14 mm. There was no obvious
proportional relationship between the sleeve movement
distance and endoscopic measurement ruler. The
results indicated that the gap between the endoscopic
measurement and actual measurement of the object
size tended to close. The in vitro measurement of the
diameter of the simulative varices showed that the
two kinds of measuring methods were not significantly
different with respect to their accuracy (P = 0.8499).
CONCLUSION: In vitro experiments confirmed that
using a self-designed endoscopic ruler to measure the
diameter of simulative varices was objective, accurate
and feasible.
Key words: Endoscopic measuring ruler; Variceal diameter;
Visual method
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: There are no specific criteria for variceal size
assessment. There are different conventions for grading
variceal size but little is known about their relative
value. Subjective bias and inter-observer variation in
the endoscopic evaluation of these predictors cannot be
excluded. In this study, we compared the accuracy of in
vitro measurement of the diameter of simulative varices
by ruler with a self-made endoscopic scale. The results
showed that the difference between the two methods
was not statistically significant.

Abstract
AIM: To measure in vitro diameter of imitational var
ices using a self-made endoscopic scale and confirm its
accuracy and clinical feasibility.
METHODS: A catheter was introduced into the endoscope
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stylet and the loading catheter; and (3) the distance
between the two marks on the handle (the wire
guide sliding distance on the handle) was measured.
Thus, each time the diameter of the mimicking varix
was made, which corresponded to the diameter of
the opening loop, it corresponded to the distance
between two marks on the handle. A diagram
describing the principle of this endoscopic measuring
scale is shown in Figure 1.

Li ZQ, Linghu EQ, Hu M, Wang XD, Wang HB, Meng JY,
Du H. Endoscopic measurement of variceal diameter. World J
Gastroenterol 2015; 21(7): 2140-2146 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i7/2140.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i7.2140

INTRODUCTION
At present, endoscopic measurement of the variceal
diameter of the gastrointestinal tract is mainly
performed visually (providing a visual estimate)
utilizing the clamp method (open biopsy forceps), an
instrument rule, biopsy forceps and other physical
[1-6]
standards
(substantial internal standards), of
[7-9]
which the credibility is not high . Although some
recent articles have reported the successful use of
the virtual internal standard endoscopic measuring
method, these investigators did not conduct clinical
[10,11]
evaluations of its efficacy
or investigate the
reason for its use. The main factors that influence
the use of virtual internal standard endoscopy
are associated with the special requirements of
the endoscopic equipment itself. In this study, we
showed that the use of a self-made endoscopic
measuring scale was easier to use and resulted
in greater measuring accuracy. Moreover, the
production of this endoscopic measuring ruler was
simple.

Operation

The procedure for measuring the diameter of the
mimicking varix in vitro was as follows. (1) the wire
guide in the catheter was slid ahead 0.5 cm on the
handle, measuring the width of the opening loop at the
tip of the endoscope, which was 0.1 cm. The sliding
distance of the wire guide forward was 1.0 cm, and the
width of the opening loop was 0.2 cm. When the wire
guide slid forward 1.4 cm, the width of the opening
loop was 0.3 cm; (2) when the wire guide slid forward
to a maximum distance of 14.0 cm, the maximum
width of the opening loop was 3.3 cm, which was the
largest diameter of the opening loop at the tip of the
endoscope; (3) this procedure was used to create a
control table showing the width measurements of the
opening loop at the tip of the endoscope corresponding
to the wire guide moving length on the handle; and
(4) selected in vitro measurement of the diameter of
the mimicking varix with a self-designed endoscopic
measuring scale in comparison with direct ruler
measurement.

MATERIALS AND METHODS

LDRf classification

Equipment

Location (L): The location of the varices. Le repre
sented the esophageal varices. The esophageal
varices were divided into superior (s), middle (m)
and inferior (i), and recorded as Les, Lem and Lei.
If more than one part was included, the record
combined all the relevant letters (Table 1).
Lg represented the gastric varices. The gastric
varices were divided into founder (f), body (b)
and antrum (a), and recorded as Lgf, Lgb and Lga,
respectively. If gastric varices included more than
one part, the record combined all the relevant
letters.
Ld represented the duodenal varices. The duo
denal varices included the first segment (duodenal
bulb) and second segment (duodenal descending
part), and recorded as Ld1 and Ld2. If duodenal
varices included both segments, the two numbers
were included. Ld1,2 meant the varices located in the
junction of the above two segments.
Lr represented the rectal varices. If the eso
phageal and gastric varices were extended from
each other, the varices were recorded as Leg. If the
esophageal and gastric varices were co-existing and
independent, the varices were recorded as Le and Lg.

Olympus GIF-H260 or Q260J electronic endoscopy
system. Wilson-Cook one contrast catheter or pushing
catheter (as outer cannula). Zebra guide wire 0.035
inches one diameter (as stylet); several columnar
objects of varying diameter, mimicking varices; one
red cylindrical container mimicking the shape of the
human stomach.

Principle and set-up

One contrast catheter or pushing catheter was
inserted as the loading catheter in the endoscope
accessory channel and attached to the zebra wire
guide into the catheter as a stylet. The stylet
was fixed onto the tip of the catheter using a soft
[12]
and thin string as described previously . (1) the
catheter was inserted into the endoscopic accessory
channel, the wire guide was gently advanced into
the catheter, and the width of the opening loop was
made to approximate the diameter of the simulative
varices. The width of the opening loop was
measured and a mark on the handle at the junction
of stylet and the loading catheter was made; (2) the
stylet was pulled back to close the loop, and another
mark was made on the handle at the junction of the
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Table 1 LDRf classification for gastrointestinal varices
Factors

Classification

Location(L)

Le: Esophageal varices
Les: Varices in superior esophagus
Lem: Varices in middle esophagus
Lei: Varices in inferior esophagus
Lg: Gastric varices
Lgf: Varices in gastric fundus
Lgb: Varices in gastric body
Lga: Varices in gastric antrum
Ld: Duodenal varices
Ld1: Varices in the first part of duodenum
Ld2: Varices in the second part of duodenum
Ld1,2: Varices in the junction of the above two parts
Lj: Jejunal varices.
Li: Ileac varices.
Lb:Biliary duct varices.
Lc: Colonic varices.
Lca: Varices in ascending colon
Lct: Varices in transverse colon
Lcd: Varices in descending colon
Lcs: Varices in Sigmoid colon
Lr: Rectal varices
Diameter (D)
D0: No varices.
D0.3: The variceal diameter ≤ 0.3 cm.
D1: The variceal diameter is from 0.4 cm to 1.0 cm;
D1.5：The variceal diameter is from 1.1 cm to 1.5 cm;
D2 : The variceal diameter is from 1.6 cm to 2.0 cm;
D3 : The variceal diameter is from 2.1 cm to 3.0 cm;
Risk factors (Rf) Rf0: RC-; no erosion, thrombus and active bleeding
Rf1: RC+/HVPG > 12 mmHg; no erosion, thrombus
and active bleeding
Rf2: Erosion/thrombus/active bleeding, or lots of fresh
blood excluded non-variceal bleeding

Moving length of
zebra wire guide

Variveal diameter

Figure 1 Diagram describing the principle of this endoscopic measuring
scale. A: Closing loop of stylet; B: Opening loop of stylet.

Diameter (D): The diameter referred to the ma
ximum diameter of the varices. The variceal dia
meter was divided into the following gradients: D0:
no varices; D0.3: variceal diameter ≤ 0.3 cm; D1:
variceal diameter 0.4-1.0 cm; D1.5: variceal diameter
1.1-1.5 cm; D2: variceal diameter 1.6-2.0 cm; D3:
variceal diameter from 2.1-3.0 cm; D4: variceal
diameter 3.1-4.0 cm; D5: variceal diameter 4.1-5.0
cm; If the maximum diameter was > 5 cm, it was
+
recorded as D5 .

were no signs of recent bleeding; Rf 1: RC+ or
HVPG > 12 mmHg, so recent bleeding was possible
and endoscopic treatment should be performed
in due time; Rf2: varices with erosion, thrombus,
active bleeding, or a lot of fresh blood excluded
from the non-variceal bleeding, should be treated
immediately.

Risk factor (Rf): The risk factor represented the
risk index for variceal bleeding, and included the
following. (1) eed color signs (RC): if blood vesicle,
streak or cherry red signs were present, the varices
were recorded as RC+, if not, RC-; (2) hepatic venous
pressure gradient (HVPG) was used to evaluate the
variceal bleeding caused by portal hypertension.
Some studies have shown that there is a high risk of
variceal bleeding if HVPG is > 12 mmHg; (3) erosion
indicated that the mucosa of the varices was injured.
Varices with erosion are most likely to bleed soon
and should undergo endoscopic treatment; (4) red or
white thrombi are both signs of recent bleeding, and
varices with thrombus need immediate treatment;
and (5) active bleeding: the varices observed under
endoscopy are spurting or oozing blood and also
should be treated immediately.
All the above factors were not present, but a lot
of fresh blood was found under endoscopy and nonvariceal bleeding could be excluded, which is also
considered as a risk factor.
The risk factors were recorded as follows: Rf0:
the above risk factors were not present, and there

WJG|www.wjgnet.com

Significance of LDRf classification

The common therapies used for gastroesophageal
varices include endoscopic variceal ligation (EVL),
endoscopic variceal sclerotherapy (EVS), injection
of tissue adhesives, and combination therapy. The
use of argon plasma coagulation (APC), laser and
hemostatic clips for varices are still under research.
LDRf classification can help with selection and timing
of treatment. (1) The location is helpful in choosing
the method to treat the varices; (2) the diameter
also helps with treatment decision making (Table 2);
and (3) the risk factors can give some clues about
the time of treatment.

Statistical analysis

SPSS version 13.0 software was used for statistical
analysis. Quantitative data are expressed as mean
± SD. matched data with t-test, P < 0.05 was
considered a significant difference.
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Table 2 Diameter and method chosen for treating varices
Maximum diameter (cm)
No varices
≤ 0.3
0.4-1.0
1.1-1.5
1.6-2.0

Appropriate treatment

Inappropriate treatment

Presentation after treatment
APC, laser, hemostatic clips
EVL, EVS and injection of tissue adhesives
EVL, EVS
APC, laser, hemostatic clips
EVL, EVS
APC, laser, hemostatic clips
EVS for esophageal varices, and injection of tissue adhesives for non-esophageal
EVL,APC, laser, hemostatic clips
varices
EVS for esophageal varices, and injection of tissue adhesives for varices outside
EVL, APC, laser, hemostatic clips
the cardia and esophagus

2.1-3.0

EVL: Endoscopic variceal ligation; EVS: Endoscopic variceal sclerotherapy; APC: Argon plasma coagulation.

different with these two methods (P > 0.05).

A

DISCUSSION
Timely and effective endoscopic treatment is vital
for patients with variceal bleeding. Three more
international consensus conferences have helped
further deﬁne clinical endpoints and practice
[13-16]
recommendations
. Different conventions for
grading variceal size are used but little is known
about their relative value. There are no specific
criteria for variceal size assessment in the Japanese
Research Society for Portal Hypertension grading
system. Evaluation of variceal form is closest to
assessing variceal size. Although variceal form
did correlate with variceal bleeding, assessed
individually, it was of little help because it could
[17]
explain only 30% variability . The validity of these
endoscopic signs studied individually or collectively
remains to be assessed. Subjective bias and interobserver variation in the endoscopic evaluation
[1]
of these predictors cannot be excluded . For this
purpose, Linghu proposed a new standard of LDRf
[18]
typing , which addresses some of the confusion
surrounding when treatment should begin and which
method of endoscopic therapy is most appropriate.
The LDRf criteria and their significance to varices
have been validated in clinical studies. LDRf
classification is different from the previous grading
system in that it is suitable for recording endoscopic
varices in the whole gastrointestinal tract, and
this classification has been validated in our clinical
[19-25]
applications
.
Elimination of varices usually involves a series
of treatments. Endoscopic management should
be seen as only part of a patient’s overall care.
Available techniques include banding, injection
sclerosis, and combination techniques. Clips and
[26-28]
loops have also been used recently
. EVL has a
hemostasis rate up to 80%, which is the first choice
for the prevention and treatment of liver cirrhosis
[29]
with esophageal variceal bleeding . The procedure
[30-35]
of EVL has been described in detail elsewhere
.
An analysis of the rate of bleeding in relation to the
form of varices showed that larger varices bleed
more often than smaller varices. Variceal form

B

Figure 2 Two different methods of measurement; the diameter of the
simulative varices was 0.6 and 0.5 cm, respectively. A: Ruler measuring
diameter 0.6 cm; B: Endoscopic measuring scale diameter 0.5 cm.

RESULTS
The diameter of the mimicking varix was measured
with a self-designed endoscopic measuring scale,
and with a direct ruler measurement, and the
results were divided into two groups accordingly.
After applying these two different methods of
measurement, the diameter of the simulative varices
were 0.6, 0.5, 0.45 and 0.5 cm, respectively (Figures
2 and 3). The mean values were 1.850 ± 0.829 and
1.800 ± 0.830, respectively. There was no significant
difference between these two methods (P > 0.05)
(Table 3).
We compared the diameter of simulative varices
in vitro using a self-designed endoscopic measuring
scale vs a direct ruler measurement, and showed
that the difference in accuracy was not significantly
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A

Table 3 t -test for matched data
mean ± SD

Ruler measuring
endoscopic measuring
P value

1.85 ± 0.829
1.80 ± 0.830
0.8499

vitro measurement of the diameter of mimicking
varices by ruler with a self-made endoscopic scale.
Our results showed that the difference between
the two methods was not significant (P > 0.05).
This result suggests that the self-made endoscopic
diameter ruler is accurate and feasible and that it
can be used for measuring the diameter of a varix,
as well as measuring the size of gastrointestinal
ulcers, polyps and tumors. The manufacture of
this measuring scale is simple and the operation
is convenient, making it the ideal tool for the
endoscopist.
However, the endoscopic diameter ruler also has
some disadvantages, because its mechanical design
is mainly based upon pulling a zebra wire guide.
When this wire guide was pulled, the maximum
length was at 14 cm on the handle, corresponding
to the maximum curvature of the opening loop,
which was 33 mm at the tip of the endoscope. When
exceeding this limit, the instrument becomes less
accurate, thus requiring further study to improve its
use in the clinic.
This endoscopic measurement ruler is probably
the first device to measure variceal diameter correctly.
Although endoscopic parameters are expected to be
helpful in correctly predicting variceal bleeding, the
search for the unknown variables influencing variceal
bleeding should continue.

B

Figure 3 Two different methods of measurement; the diameter of the
simulative varices was 0.45 and 0.5 cm, respectively. A: Ruler measuring
diameter 0.45 cm; B: Endoscopic measuring scale diameter 0.5 cm.

explained only 3% variability for predicting variceal
bleeding. There is, however, some confusion and
subjectivity in the literature in assessing variceal
[36-39]
size
.
Our previous animal experiments showed that
the larger the variceal diameter, the higher the
pressure, the variceal diameter was 0.4-1.0 cm,
100% degree of ligation was higher, and the effect
of band ligation was sturdy and complete.
Therefore, safety considerations and accurately
[40,41]
measuring the diameter of varices are paramount
.
Formerly, the rules for form of esophageal varices were
classified into four groups according to their shape.
A precise system for the systematic evaluation and
recording of esophagogastric varices is essential for
[42]
the management of portal hypertension .
At present, there are few relevant reports that
have discussed the measurement of endoscopic
lesion size, thus the endoscopist assesses the
diameter of esophagogastric varices with the naked
eye. This visual method is prone to error, is often
not credible, and is influenced by the therapeutic
effect of variceal bleeding. Therefore, the size of the
lesion should be measured by endoscopic ruler that
is accurate and reliable. The use of an endoscopic
ruler not only avoids subjective visual errors by
the endoscopist, but also makes the best use of
the venous diameter as part of LDRf typing for
endoscopic treatment.
The present study compared the accuracy of in
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Is intraoperative cholangiography necessary during
laparoscopic cholecystectomy for cholelithiasis?
Guo-Qian Ding, Wang Cai, Ming-Fang Qin
cholelithiasis were recruited for this prospective randomized
trial. Study enrollment was offered to patients with clinical
presentation of biliary colic symptoms, radiological findings
suggestive of gallstones, and normal serum biochemistry
results. Study participants were randomized to receive
either routine LC treatment or LC + IOC treatment. The
routine LC procedure was carried out using the standard
four-port technique; the LC + IOC procedure was carried
out with the addition of meglumine diatrizoate (1:1 dilution
with normal saline) injection via a catheter introduced
through a small incision in the cystic duct made by
laparoscopic scissors. Operative data and postoperative
outcomes, including operative time, retained common bile
duct (CBD) stones, CBD injury, other complications and
length of hospital stay, were recorded for comparative
analysis. Inter-group differences were statistically assessed
2
by the χ test (categorical variables) and Fisher’s exact
test (binary variables), with the threshold for statistical
significance set at P < 0.05.
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RESULTS: A total of 371 patients were enrolled in the
trial (late-adolescent to adult, age range: 16-70 years),
with 185 assigned to the routine LC group and 186 to the
LC + IOC group. The two treatment groups were similar
in age, sex, body mass index, duration of symptomology,
number and size of gallstones, and clinical symptoms.
The two treatment groups also showed no significant
differences in the rates of successful LC (98.38% vs
97.85%), CBD stone retainment (0.54% vs 0.00%),
CBD injury (0.54% vs 0.53%) and other complications
(2.16% vs 2.15%), as well as in duration of hospital stay
(5.10 ± 1.41 d vs 4.99 ± 1.53 d). However, the LC +
IOC treatment group showed significantly longer mean
operative time (routine LC group: 43.00 ± 4.15 min
vs 52.86 ± 4.47 min, P < 0.01). There were no cases
of fatal complications in either group. At the one-year
follow-up assessment, one patient in the routine LC group
reported experiencing diarrhea for three months after the
LC and one patient in the LC + IOC group reported ongoing intermittent epigastric discomfort, but radiological

Abstract
AIM: To determine the efficacy and safety benefits of
performing intraoperative cholangiography (IOC) during
laparoscopic cholecystectomy (LC) to treat symptomatic
cholelithiasis.
METHODS: Patients admitted to the Minimally Invasive
Surgery Center of Tianjin Nankai Hospital between January
2012 and January 2014 for management of symptomatic
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examination provided no abnormal findings.

MATERIALS AND METHODS

CONCLUSION: IOC addition to the routine LC treatment
of symptomatic cholelithiasis does not improve rates of
CBD stone retainment or bile duct injury but lengthens
operative time.

Ethics statement

Key words: Cholelithiasis; Cholecystectomy; Cholan
giography; Laparoscopic; Gallstones

Study design

The study protocol was approved by the Research
Ethics Committee of Tianjin Nankai Hospital (Tianjin,
China).

Patients admitted to the Minimally Invasive Surgery
Center of Tianjin Nankai Hospital for management
of symptomatic cholelithiasis between January 2012
and January 2014 were recruited for the trial. Study
enrollment was offered to late-adolescent (≥ 16
years) and adult patients with clinical presentation of
biliary colic symptoms, radiological findings suggestive
of gallstones, and serum biochemistry results in the
normal range (such as bilirubin, alkaline phosphatase
and alanine aminotransferase levels). Patients were
denied enrollment if any of the following conditions
[11,12]
were present
: current suspicion or diagnosis of
CBD stones or history of CBD stones; active acute
pancreatitis; pregnancy; septic shock; intrahepatic
gallstones or intrahepatic duct dilatation; malignant
pancreatic or biliary tumors; prior sphincterotomy;
unfit for anesthesia and surgery; contraindications
to meglumine diatrizoate; liver cirrhosis; history of
abdominal surgery; history of jaundice; dilated CBD
(diameter > 8 mm); primary sclerosing cholangitis;
inability to give informed consent for study participation.
All study participants provided informed consent
and were randomly assigned to undergo routine
LC treatment or LC + IOC treatment by using the
sealed envelope protocol. All surgical operations
were performed by a single laparoscopist who has LC
experience with > 2000 cases.

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The clinical benefits, in terms of efficacy and safety,
of performing the additional intraoperative cholangiography
(IOC) procedure during laparoscopic cholecystectomy (LC)
treatment in patients with symptomatic cholelithiasis are
not definitively established. This prospective randomized
trial was designed to compare the operative and outcome
features of patients treated by routine LC or LC + IOC.
No statistically significant benefits were found for rates of
common bile duct (CBD) stone retainment, CBD injury or
other complications, or length of hospital stay, but the LC
+ IOC treatment required significantly longer operative
time.
Ding GQ, Cai W, Qin MF. Is intraoperative cholangiography
necessary during laparoscopic cholecystectomy for cholelithiasis?
World J Gastroenterol 2015; 21(7): 2147-2151 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v21/i7/2147.htm
DOI: http://dx.doi.org/10.3748/wjg.v21.i7.2147

INTRODUCTION
Since its clinical introduction approximately 25 years ago,
the laparoscopic cholecystectomy (LC) procedure has
replaced open surgery as the gold standard treatment for
[1-5]
symptomatic cholelithiasis . Unfortunately, the more
restricted working area and finer manipulation of tools
required by the LC procedure increase the risk of bile
[6-10]
duct injury
. The intraoperative cholangiography
(IOC) procedure, in which a catheter is introduced into
the common bile duct (CBD) for drainage of bile and
injection of dye, can improve visualization of the bile
duct anatomy and help the laparoscopist to avoid LCinduced damage. While the combination of LC + IOC
is frequently used in medical centers worldwide, no
systematic study has conclusively defined the precise
benefits to patients, in terms of efficacy and safety, as
compared to the routine LC procedure alone.
This prospective randomized trial was designed to
determine whether patients who received LC + IOC to
treat symptomatic cholelithiasis had better operative
and outcome features than those treated by routine
LC alone.

WJG|www.wjgnet.com

LC and IOC procedures

The routine LC procedure was conducted using the
[13,14]
standard four-port technique
. The IOC procedure
was carried out first using laparoscopic scissors to
make a small hole in the cystic duct and then inserting
a catheter and injecting a 1:1 dilution of normal
saline:meglumine diatrizoate (Melamine Diatrizoate
Injection; Hansen Pharmaceuticals Company, Yiyang,
China). The biliary anatomy was visualized dynamically
using a mobile C-arm machine equipped with an
image intensifier (SIEMENS AG, Siremobile Compact
L, Germany). The laparoscopic CBD exploration or
laparotomy procedure was initiated only after it had
been verified that no filling defects or injury was present
in the CBD.
The operative time was measured as the duration
of pneumoperitoneum. LC success was defined as
successful removal of the gallbladder by laparoscopic
surgery.
All patients, regardless of treatment group, were
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Assessed for eligibility
n = 544

Excluded
n = 21
Refused to take part
n = 119

IOC group
n = 202

Routine group
n = 202

Failing IOC
n =6

Lost to follow-up
n = 17

Lost to follow-up
n = 10

Analyzed
n = 185
Analyzed
n = 186

Figure 1 Flow chart of selection process for study participants. IOC: intraoperative cholangiography.

for Windows, Version 16.0 (SPSS Inc., Chicago, IL,
United States).

Table 1 Patient and pre-operative disease characteristics
of the study participants randomly assigned to the routine
laparoscopic cholecystectomy or laparoscopic cholecystectomy
+ intraoperative cholangiography treatment groups n (%)
Characteristic

1

Age (yr)
Female sex
BMI1,
Clinical symptoms
Intermittent abdominal pain
Fever
Nausea/vomiting
Symptom duration1 (d)
Gallstone maximum size1 (cm)
Multiple gallstones, ≥ 3

RESULTS

P value

Routine LC
group,

LC + IOC
group,

n = 185

n = 186

58.22 ± 8.41
97 (52.43)
24.14 ± 1.12

57.43 ± 7.15
101 (54.30)
23.96 ± 1.89

0.33
0.72
0.27

176 (95.14)
46 (24.86)
28 (15.14)
3.46 ± 1.82
1.42 ± 0.23
46 (24.86)

179 (96.24)
49 (26.34)
31 (16.67)
3.50 ± 2.22
1.39 ± 0.21
48 (25.81)

0.60
0.74
0.69
0.48
0.19
0.84

Study population and treatment groups

As shown in Figure 1, a total of 544 patients met
the initial inclusion criteria. Of those, 119 patients
declined the offer of enrollment and 21 were denied
enrollment due to the presence of CBD stones or
B-ultrasound-verified CBD dilation > 8 mm (n = 21).
Thus, the initial study population consisted of 404
patients, which were divided equally into the routine
LC group and the LC + IOC group (n = 202 each).
However, only 371 of these patients were included in
the final analysis as a result of loss to follow-up (n =
17, routine LC group; n = 10, LC + IOC group) and
failure to complete the attempted IOC procedure due
to severe adhesions in the cystohepatic triangle (n =
6).
The subjects in the two treatment groups were
not significantly different in regards to patient charac
teristics (age, sex, and body mass index) and disease
characteristics (duration of symptoms, number and
size of gallstones, and clinical symptoms) (Table 1).

1

Data are presented as mean ± SD. BMI: body mass index; LC: Laparoscopic
cholecystectomy; IOC: Intraoperative cholangiography.

administered pre-operative antibiotics, and the antibiotic
course was not continued postoperatively. All patients
attended a 12-mo follow-up in the outpatient clinic.

Statistical analysis

Quantitative data are presented as mean ± SD.
2
Inter-group differences were assessed using the χ
test (for categorical variables) and Fisher’s exact test
(for binary variables). The threshold for a statistically
significant difference was set as a P-value < 0.05.
All statistical analyses were performed using SPSS

WJG|www.wjgnet.com

LC and LC + IOC operative characteristics

The LC success rates were similar between the two
treatment groups (routine LC group: 98.38% vs LC
+ IOC: 97.85%). The rates of conversion to open
surgery for structural complications were also similar
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were no fatal complications in either group.
At the 12-mo follow-up, only one patient in each
group made complaints of symptoms possibly related
to the disease or treatment procedure. The patient in
the routine LC group reported experiencing diarrhea
for three months after the LC, which was self-limiting.
The patient in the IOC group reported experiencing
on-going intermittent epigastric discomfort; however,
imaging evaluation, including magnetic resonance
cholangiopancreatography and computed tomography,
found no abnormalities. These data are presented in
Table 3.

Table 2 Operative characteristics of laparoscopic cholecy
stectomy and laparoscopic cholecystectomy + intraoperative
cholangiography
Characteristic

Successful LC completion
Conversion to open surgery
CBD injury
Operative time1 (min)
Hospital stay1 (d)

Routine LC
group,

LC + IOC
group,

n = 185

n = 186

182
3
1
43.00 ± 4.15
5.10 ± 1.41

182
4
1
52.86 ± 4.47
4.99 ± 1.53

P value

0.71
0.71
0.75
< 0.01
0.47

1

Data are presented as mean ± SD. LC: Laparoscopic cholecystectomy;
IOC: Intraoperative cholangiography; CBD: Common bile duct.

DISCUSSION
Table 3 Outcomes and complications of laparoscopic cholecy
stectomy and laparoscopic cholecystectomy + intraoperative
cholangiography
Characteristic

CBD stone retainment
Other complications

Routine LC
group,

LC + IOC
group,

n = 185

n = 186

1
2

0
2

P value

0.50
0.64

LC: Laparoscopic cholecystectomy; IOC: Intraoperative cholangiography;
CBD: Common bile duct.

between the two treatment groups (routine LC gro
up: 1.62% vs IL + IOC: 2.15%), with patients in the
routine LC group requiring conversion due to adhe
sions and fibrosis around the gallbladder caused by
recurrent cholecystitis, and patients in the LC + IOC
group requiring conversion due to extensive fibrosis
of Calot’s triangle caused by recurrent cholecystitis. In
addition, the rates of CBD injury were similar between
the two groups (routine LC group: 0.54% vs LC +
IOC group: 0.54%), with the injured condition in the
routine LC group patient necessitating conversion to
open surgery and the injured condition in the LC + IOC
group necessitating conversion to laparoscopic CBD
exploration and T tube drainage. The operative time
was significantly different between the two groups,
with the LC + IOC surgery requiring approximately
10 more minutes, but the duration of postoperative
hospital stay was similar for the two groups. The data
are presented in Table 2.

Outcomes and complications of LC and LC + IOC

During the in-hospital recovery period, one patient
in the routine LC group complained of continuous
epigastric discomfort, and evaluation by B-ultrasound
scanning showed residual CBD stones. There was a
similar rate of postoperative complications in the two
groups (routine LC group: 1.08% vs LC + IOC group:
1.08%); the complications in the LC group were bile
leakage (n = 1) and wound infection (n = 1), while those
in the LC + IOC group were postoperative pneumonitis (n
= 1) and hydrops in the gallbladder bed (n = 1). There
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The addition of IOC during LC treatment of gallstone
disease is routinely practiced and considered beneficial
for delineating biliary anatomy and identifying stones
in the CBD. However, the efficacy and safety of this
combined approach, as opposed to the LC procedure
alone, remain to be definitively established. Advocates
of the combined approach argue that IOC may help
laparoscopists to avoid inducing bile duct injury and
may lower the risk of CBD stone retainment. Meanwhile,
opponents argue that this additional procedure may
provide minimal or no benefit while complicating the
operative conditions.
Our medical center began performing LC surgery in
1992 and has subsequently accumulated substantial
clinical experience in laparoscopic surgery treatment
of cholelithiasis, applied to > 50000 cases to date.
Recording and analysis of performance metrics in our
hospital revealed an increase in cases of LC-related
CBD injury and CBD stone retainment over the past
two decades. We made the general observation that
the increases in these unsatisfactory cases coincided
with the introduction and more routine practice of IOC
in LC. When a detailed audit of the hospital’s metric
data proved inadequate to determine whether IOC is
necessary during LC (improving efficacy while having
a sufficient safety profile), we designed the current
prospective randomized trial.
The results of this trial indicate that the addition of
IOC to the LC procedure has no significant effect on rates
of success for LC completion, CBD stone retainment,
CBD injury, or treatment-related complications. However,
the IOC procedure did lengthen the operative time. We
also found a less than absolute rate of success for IOC
completion, yet our rate (3.23%) was higher that those
[15]
previously reported by others . Our relatively high
success rate for IOC may reflect the extensive experience
of our laparoscopists and their surgical support teams
and/or general advancements in instrumentation and
[11]
imaging quality . Nonetheless, it should be noted that in
the single case of biliary duct injury that occurred in our
LC + IOC case series, the IOC procedure did identify the
very tiny injury that was not obvious to the naked eye. In
addition, one patient in the routine LC group experienced
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bile leakage and it is possible that this condition would
have been observed and avoided if the IOC had been
performed.
In conclusion, our symptomatic cholelithiasis case
series showed no statistically significant advantage for
the use of IOC during LC; specifically, it did not improve
the rates of CBD stone retainment or bile duct injury.
Performance of the additional IOC procedure did,
however, lengthen the operative time, complicating the
surgery and possibly introducing more opportunities
for detrimental outcomes. Therefore, the results from
this trial do not support the routine use of IOC in LC for
patients who have symptomatic cholelithiasis. Larger
studies, using broader ranges of patient demographics,
treating physicians, and hospitals, are required to
confirm our findings and indicate their generalizability
to other cholelithiasis patient populations.
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6
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METHODS: Referral patterns to specialist clinics were
optimized; open access route for endoscopic pro
cedures (including esophago-gastro-duodenoscopy,
sigmoidoscopy and colonoscopy) was established;
family physicians’ knowledge and confidence were
enhanced; direct communication lines between experts
and primary care physicians were opened. Continuing
education, guidelines and agreed instructions for referral
were promoted by the IGS. Six quality indicators were
developed by the Delphi method, rigorously designed
and regularly monitored. Improvement was assessed by
comparing 2010, 2011 and 2012 indicators.
RESULTS: An integrated delivery system in a spe
cific medical field may provide a solution to a fr
agmented healthcare system impaired by a lack
of coordination. In this paper we describe a new
integrated gastroenterology service established in
April 2010. Waiting time for procedures decreased:
th
th
3 mo in April 30 2010 to 3 wk in April 30 2011
th
and stayed between 1-3 wk till December 30 2012.
Average cost for patient’s visit decreased from 691 to
638 NIS (a decrease of 7.6%). Six health indicators
were improved significantly comparing 2010 to 2012,
2.5% to 67.5%: Bone densitometry for patients with
inflammatory bowel disease, preventive medications
for high risk patients on aspirin/NSAIDs, colonoscopy
following positive fecal occult blood test, gastroscopy
in Barrett’s esophagus, documentation of family history
of colorectal cancer, and colonoscopy in patients with a
family history of colorectal cancer.
CONCLUSION: Establishment of an IGS was found
to effectively improve quality of care, while being costeffective.

Abstract
AIM: To combine community and hospital services in
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Key words: Gastroenterology; Direct referral; Endoscopy;
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although they belong to the same organization.
In most Western countries, the healthcare system
is divided between family medicine and differe
nt levels of specialist medicine. Communication
between various professionals is often ineffective,
and there are often different patient files for di
fferent disciplines. Physicians are thus unable to
obtain a comprehensive clinical picture for patients.
This led to large healthcare organizations such as
Kaiser Permanente to integrate patient care under
one "umbrella" organization in order to provide all
levels of patient care from family medicine to the
most advanced hospital procedures. This framework
allows for maximum coordination between various
levels, usually using a computerized medical record.
A program like this prevents the insured from
obtaining non-essential treatment on the one hand,
but provides all their real health needs on the other
[1]
hand .
In 2009 it was decided to establish an integrated
gastroenterology service (IGS) for one of the 8
regions of CHS (Dan-Petach Tikva region) with Rabin
Medical Center (RMC) comprising Beilinson and
Sharon hospitals. The IGS has a single management
structure to administer gastroenterology services for
340000 individuals insured by CHS, including three
endoscopy units. A one-time fee based on service
levels in 2008 was transferred by community region
to RMC at the beginning of the budget year 2010,
as payment for patient gastroenterology services
for a year. The IGS undertook to streamline and
improve the quality of services and provide readily
available gastroenterology clinic consultations and
endoscopic procedures in the different units. IGS
has also provided a gradual increase in endoscopic
procedures with a gradual transition from clinics
to endoscopy, for example, colonoscopy for early
detection of colon cancer in the community unit, and
the increased use of surgical endoscopic procedures
[2,3]
in hospitals .
In this manuscript we describe the establishment
of the IGS and evaluate its success. We hypothesized
that by optimizing referral patterns to specialist clinics,
establishing an open access route for endoscopic
procedures, enhancing family physicians’ knowledge
by continuing education and guidelines promotion we
improved the quality of the gastroenterology service.
Six quality indicators were developed and monitored.
Improvement was assessed by comparing 2010,
2011 and 2012 indicators.

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We combined community and hospital ser
vices in order to improve patient management, and
established an integrated gastroenterology service
(IGS). Referral patterns to specialist clinics were op
timized; open access route for endoscopic procedures
was established; family physicians' knowledge was
enhanced; direct communication lines between experts
and primary care physicians were opened. Six quality
indicators were developed and regularly monitored.
Waiting time for procedures decreased significantly,
the average cost for patient's visit decreased 7.6%.
Six health indicators were improved significantly
comparing, 2.5% to 67.5% of the goals. Establishment
of an IGS was found to effectively improve quality of
care, while being cost-effective.
Niv Y, Dickman R, Levi Z, Neumann G, Ehrlich D, Bitterman H,
Dreiher J, Cohen A, Comaneshter D, Halpern E. Establishing an
integrated gastroenterology service between a medical center and
the community. World J Gastroenterol 2015; 21(7): 2152-2158
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i7/2152.htm DOI: http://dx.doi.org/10.3748/wjg.v21.i7.2152

INTRODUCTION
Clalit Health Services (CHS) is a large health care
provider for 4.6 million enrollees in Israel. This is
the country’s largest health organization with an
annual budget of approximately 17 billion New
Israeli Shekel (NIS). The organization has two major
medical branches; a community based service
divided into eight geographical districts, each with
a separate budget and regional director, and a
hospital division comprising 14 hospitals providing
acute care, chronic care and psychiatric care. The
administrative structure has undergone a series
of changes in the last three decades, to improve
the function of this large organization. Under this
system each community-based regional branch of
CHS purchases essential services from hospitals. In
effect, there is economic conflict of interest between
the hospitals and the regional districts, even though
both form integral parts of the same organization. In
addition, the districts also provide specialist services
in the community similar to that provided by the
hospitals. The regions are not bound, as consumers,
to buy medical services from CHS-owned hospitals,
and can use economic criteria as the basis for their
decisions. Thus, the regions can sign contracts with
governmental, municipal or private hospitals. As a
result, there is some competition between hospitals,
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MATERIALS AND METHODS
IGS - structure

On 04/22/2010 the IGS was officially established,
together with a number of organizational changes.
The IGS is the product of cooperation between the
regional authority, the medical centers and the general
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management of CHS. The project was encouraged by
CHS’s CEO and deputy CEOs for community health
services and hospitals. The vision was to promote the
quality of community and hospital gastroenterology
care for individuals insured by the health fund. The
added value offered by the IGS derives from the
fact that the family doctor, gastroenterologists in the
community and hospital gastroenterologists belong
to the same organization and this enables a more
integrated approach to patient care. For example,
simpler endoscopic procedures take place in the
community unit, whereas more complex procedures
and procedures in high risk patients are performed in
the hospitals. The Sharon Hospital provides regional
health care services and Beilinson Hospital is a tertiary
hospital in which the highest level of services is
available.

eated specifically for the IGS as an additional inde
pendent tool for use by gastroenterologists and
family physicians in the district. There are sections
for notifications, forms, presentations, articles,
quality control, clinical guidelines and interactions
between specialist clinic advisors and their primary
care clinics (this was also used for the quality
improvement assessment of referrals and answers
to questions). Family physicians can print forms for
patient referral, preparation for endoscopy, and open
access endoscopy or complete them electronically
and send them via the portal.

Uniformity of treatment in the district

Joint patient file: The units comprising the IGS, i.e.,
hospital units and community based unit, all use a
uniform electronic medical record ("Clicks" by Rosh
Tov, Israel). Despite this, the program has been
developed in different ways before the services were
integrated. One of the first projects was establishing
a unified format for electronic patient files in all of
the units so that all the relevant information will be
available no matter where the patient is seen.

Strengthening and promoting knowledge of family
physicians

Clinical guidelines: In order to increasing the level
of knowledge in gastroenterology among primary
care physicians, simple clinical guidelines have been
established in the IGS, covering the major topics
in gastroenterology (e.g., neurogastroenterology,
gastroesophageal reflux, peptic disease, functional
diseases, malignant diseases of the gastrointes
tinal tract, inflammatory bowel disease and liver
diseases). The guidelines have been distributed to
all family physicians and are attached to the patient
electronic file.

Integration of the patient file into primary health
care clinics: Family physicians use yet another
version of the Clicks program and communication
between the specialist and community version has
been made possible. For example, a family physician
is able to fill in a request for colonoscopy or a breath
test for Helicobacter pylori and the form is received
at the hospital.

Clinical guidelines conference: A clinical guidelines
conference is held every three months to promote
accepted clinical practice and strengthen the link
between family physicians and the gastroenterologist.
At each conference three or four central issues are
presented and discussed.

Uniformity of instructions for endoscopy: It is
important that instructions for endoscopy preparation
and the relevant related forms be uniform to avoid
confusion for family doctors and patients. These are
the same no matter from which unit or primary clinic
the patient receives them.

Direct contact between family physicians and
consultants: A gastroenterologist from the IGS
has been attached to each of the large clinics in
the district. Each month the family physicians in
the clinic hold a joint meeting with the referent gas
troenterologist, where cases are presented and a
certain topic is discussed. This meeting can save
many referrals for unnecessary testing which can be
performed in the clinic in the community.

Open access for endoscopy

Direct referral by family physicians for en
doscopy: A form has been designed for direct
referral by family physicians for endoscopic pro
cedures. The form includes the underlying medical
problems, reason for referral and contraindications.
The form has been approved by a risk management
team, physicians' representatives and management.
Family practitioners are authorized to refer patients
directly for colonoscopy, sigmoidoscopy and gas
troscopy but are also responsible for verifying the
necessity of the procedure and excluding potential
contraindications.

Internet-based consultations: The availability to
exchange emails via the CHS e-mail system or in
urgent cases the possibility of consulting by telephone
has created a new dimension for interaction between
family physicians and gastroenterologists. Each
side became familiar with their counterpart and a
combined approach leads to improved patient care.

Call center for appointments: A joint call center
for coordinating appointments for the IGS has been
established. Patients can be given appointments for
any one of the IGS units, depending on the nature

Internet portal: An internet portal has been cr
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Table 1 Quality indicators developed for assessing the integrated gastroenterology service
Indicator
Bone densitometry for patients with IBD
(6-11)
Preventive medications for high risk
patients on aspirin/NSAIDs (12-15)
Colonoscopy following positive FOBT
(16-18)
EGD in Barrett's esophagus (19-22)
Documentation of family history of CRC
(positive or negative) (23-27)
Colonoscopy in-patients with a family
history of CRC (28-30)

Denominator

Numerator

Patients > 20 yr old with Crohn’s disease or
ulcerative colitis
High-risk patients (> 70 yr old, underlying
comorbidity1 or concomitant medications2) on
chronic aspirin/NSAIDs therapy
Patients with positive FOBT

Of those in the denominator, patients who underwent
bone densitometry
Of those in the denominator, patients who were
purchased proton pump inhibitors

Patients with a diagnosis of Barret's esophagus
Documentation of family history of CRC
Patients who underwent colonoscopy

Of those in the denominator, patients who underwent
colonoscopy within 6 mo
Of those in the denominator, patients who underwent
EGD within the last 3 yr
Patients with a positive family history of CRC
Of those in the denominator, patients who had a family
history of CRC

Peptic disease, ischemic heart disease, chronic renal failure, liver cirrhosis, rheumatoid arthritis; 2corticosteroids, anticoagulants, other anti-platelet
drugs (clopidogrel, ticlopidine). IBD: Inflammatory bowel disease; NSAIDS: Non-steroidal anti-inflammatory drugs; FOBT: Fecal occult blood test; EGD:
Esophago-gastro-duodenoscopy; CRC: Colorectal cancer.
1

Quarterly report

of the procedure and availability.

A steering committee to oversee the operation of
the IGS has been formed with hospital and district
managers, medical directors and director of the
IGS. This committee meets quarterly and receives
a report including activity, productivity and budget.
The committee is committed to promoting the pro
cesses and aims of the IGS.

Quality indicators

In order to assess clinical quality and define whether
the IGS archived the set targets in this area, the
Chief Physician’s Office for CHS organized a quality
indicator conference for IGS staff, family physici
ans and district management. Delphi process wi
th plenary sessions and discussion groups helped
to define 6 quality indicators which included pro
cedures, service measurements, outcomes and
[4,5]
were considered accountable . Bone densitometry
[6-11]
for patients with inflammatory bowel disease
,
preventive medications for high risk patients on
[12-15]
aspirin/NSAIDs
, colonoscopy following positive
[16-18]
fecal occult blood test
, gastroscopy in Barrett’s
[19-22]
esophagus
, documentation of family history of
[23-27]
colorectal cancer
, and colonoscopy in patients
[28-30]
with a family history of colorectal cancer
(Table
1). Special projects such as enhancing compliance
of patients with a positive result of fecal occult blood
test (FOBT) to undergo colonoscopy or screening for
occult hepatitis C infection were performed.

RESULTS
The number of endoscopic procedures performed in
the 11 endoscopy rooms of the IGS was 18229, 20579
and 23394 in 2010, 2011 and 2012, respectively.
In these periods consultations reached the number
of 40300, 40253 and 43393. Thus, between the
establishment year of the IGS in 2010 and 2012
there was a larger increase of 28.3% in endoscopic
procedures than of 7.7% in the consultation numbers
(P < 0.001). This outcome was well in line with
our strategy to increase the number of endoscopic
procedures and decrease the number of unnecessary
consultations. While the number of consultations and
procedures increased, the total cost decreased from
15030183 IS to 14235223 IS (-5.2%). The average
individual cost decreased from 691 NIS per endoscopic
procedure to 638 NIS (-7.6%).
The waiting time for consultation and endoscopic
procedure decreased from 2 and 3 mo at the beginning
of 2010, to 2 wk and 3 wk at the end of 2012,
respectively.
Quality indicators monitored continuously are
listed in Table 1. Modest improvements were seen
in all six quality indicators (Figure 1). There were
5583, 6911, and 8201 entrances to the IGS portal
on 2010, 2011 and 2012, respectively; an increase
of 46.9% between 2010 and 2012.
Proactive detection projects of patients with a
positive FOBT who refused colonoscopy, and patients

Patient flow

Flow charts have been created to improve the
movement of patients in clinics and endoscopy
units in the IGS and also incorporating the family
physicians and gastroenterologists. This allows
increased and more efficient planning and utilization
of services.

After-hours activity

During morning sessions, endoscopy rooms in the 3
units of the IGS are utilized by medical and nursing
staff with the aim of maximizing availability and
reduce waiting lists. However, it may be necessary
from time to time to operate the service in the
afternoons at the discretion of the Head of the IGS.
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The IGS is the product of cooperation between
CHS community district and Rabin Medical Center
and was established in April 2010. The vision was to
improve the quality of gastroenterology services in
the community and hospitals for the benefit of the
patients. Parameters to determine if the stated aims
are being achieved are used to inform those involved
as to their success.
Many efforts were directed toward the primary
care physician, for performing better referrals and
prevent unnecessary consultations and endoscopic
procedures. Since the IGS establishment 7 conferences
took place, dealing in depth with guidelines for
diagnosis, treatment and referral patterns in the most
prevalent gastroenterological diseases. In addition,
very efficient communication pathways were esta
blished between the primary care physicians and
the consultants, using e-mails, internet portal and
telephone calls. In many cases the primary physician
is consulting the expert before referral of the patients,
and in many cases the message to the patients was:
“I’m consulting with my specialist colleague to see
what else we need to do, which may include sending
you to the specialty clinic for a visit”. This approach
[45]
was previously tried successfully .
After 3 years from the IGS establishment a sig
nificant improvement was observed in service avai
lability. The average cost per procedure decreased
even though the number of procedures increased. All
quality indicators were improved.
In conclusion, an integrated gastroenterology
service is important for quality improvement of the
clinical service given to the population. Collaboration
between the expert and the primary physician is the
key factor for success of such a service. Continuous
measuring quality of management will enable
continuing improving our service while saving money
and resources.

Quality indicators for the IGS 2010-2012 (%)
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Figure 1 Quality indicators for the integrated gastroenterology service,
comparing 2010 vs 2012. BMD: Bone mineral density for patients with
inflammatory bowel disease; Aspirin/NSAID: Preventive medication for high risk
patients; FOBT: Colonoscopy following positive fecal occult blood test; EGD
Barrett’s: Esophago-gastro-duodenoscopy in Barrett’s patients; Family history
CRC: Documentation of a family history of colorectal cancer; Colonoscopy in
Fx: Colonoscopy in patients with a family history of colorectal cancer.

with a positive serology for hepatitis C were estab
lished. Out of 1595 screenies with a positive FOBT on
2009, 570 (35.7%) did not underwent colonoscopy
within 6 mo of getting the invitation. These patients
were approached again by their family physician
and by a gastroenterologist and referred again to
the procedure. Two hundred and fifty eight asymp
tomatic patients with a positive serology to hepatitis
C were diagnosed and referred to our liver clinic.
Of these 159 (61.6%) had a positive PCR and were
treated.

DISCUSSION
ACKNOWLEDGMENTS

Inadequate access to specialty care is one of the main
problem for utilization of specialty care, which cannot
[31,32]
give answer to the rising number of referrals
.
Waiting time for appointments is very long and
[33]
sometimes unacceptable . Routine follow-up care,
such as appointment to receive biopsy results after
endoscopic procedure, as well as unjustified referrals,
[34]
may contribute to this problem . Implementation
of eReferral, an electronic system, may help in this
regard, but this is only small part of a comprehensive
integrative solution, with participation of the experts
[35]
and the primary care providers . Several solutions
were suggested to shorten the waiting time for
expert consultation or procedure: Increase personnel,
strengthening primary care physician capacity via
education, using telehealth technologies, improving
communication between health providers, and
[35-44]
more
.
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AIM: To analyze the mismatch repair (MMR) status and
the ARID1A expression as well as their clinicopathological
significance in gastric adenocarcinomas.
METHODS: We examined the expressions of MMR
proteins and ARID1A by immunohistochemistry in
consecutive 489 primary gastric adenocarcinomas. The
results were further correlated with clinicopathological
variables.
RESULTS: The loss of any MMR protein expression,
indicative of MMR deficiency, was observed in 38
cases (7.8%) and was significantly associated with
an older age (68.6 ± 9.2 vs 60.4 ± 11.7, P < 0.001),
a female sex (55.3% vs 31.3%, P = 0.004), an
antral location (44.7% vs 25.7%, P = 0.021), and a
differentiated histology (57.9% vs 39.7%, P = 0.023).
Abnormal ARID1A expression, including reduced or
loss of ARID1A expression, was observed in 109 cases
(22.3%) and was significantly correlated with lymphatic
invasion (80.7% vs 69.5%, P = 0.022) and lymph node
metastasis (83.5% vs 73.7%, P = 0.042). The tumors
with abnormal ARID1A expression more frequently
indicated MMR deficiency (47.4% vs 20.2%, P < 0.001).
A multivariate analysis identified abnormal ARID1A
expression as an independent poor prognostic factor
(HR = 1.36, 95%CI: 1.01-1.84; P = 0.040).
CONCLUSION: Our observations suggest that the
AIRD1A inactivation is associated with lymphatic
invasion, lymph node metastasis, poor prognosis, and
MMR deficiency in gastric adenocarcinomas.
Key words: Adenocarcinoma; ARID1A; Mismatch Repair;
Stomach; Immunohistochemistry
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in a nearly half of all ovarian clear cell carcinomas
[19,20]
and about 30% of endometrioid carcinomas
. The
prevalence of ARID1A mutations has been reported
to vary among tumor types, and recent studies have
reported the frequent presence of mutations in tumors
[7,21-27]
of several organs, including gastric cancer
. Some
studies have examined clinicopathological significance
[7,23,26,27]
of ARID1A inactivations
; interestingly, a
significant relationship between ARID1A mutations
and MMR deficiency have been suggested in gastric
[7,23,26,27]
cancers
.
The purpose of the present study was to examine
the clinicopathological significance and correlation
between MMR deficiency and ARID1A abnormality
in a large consecutive series of advanced gastric
cancers using immunohistochemistry.

Core tip: Inactivation of ARID1A, a key component of
the chromatin remodeling complex, has been recently
reported in several tumors, including gastric cancer.
Previous studies showed a significant relationship
between ARID1A mutations and MMR deficiency
in gastric cancers. On the other hand, there have
been inconsistent reports on the clinicopathological
significance of altered ARID1A expression. In the
present study, we examined expressions of ARID1A
and MMR proteins in a large series of primary gastric
adenocarcinomas, and showed their clinicopathological
significance.
Inada R, Sekine S, Taniguchi H, Tsuda H, Katai H, Fujiwara T,
Kushima R. ARID1A expression in gastric adenocarcinoma:
Clinicopathological significance and correlation with
DNA mismatch repair status. World J Gastroenterol 2015;
21(7): 2159-2168 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i7/2159.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i7.2159

MATERIALS AND METHODS
Study population

This study was approved by the ethical committee of
the National Cancer Center, Tokyo, Japan. The present
study involved a consecutive series of 489 primary
gastric cancers with invasion to the muscularis propria
or deeper that were treated by gastrectomy at the
National Cancer Center Hospital, Tokyo, Japan, between
1999 and 2001. All the cases had been histologically
confirmed as adenocarcinoma. Of the 489 cases, 327
were men and 162 were women. The mean age was 61
years. Six patients received adjuvant chemotherapy.
Tumors were classified into differentiated type (papillary
and tubular adenocarcinoma) and undifferentiated
type (poorly differentiated adenocarcinoma and signet
ring cell carcinoma). Mucinous adenocarcinomas
were subclassified into differentiated type and
undifferentiated type, depending on their histology. The
pathological stage was determined according to the
th
[28]
UICC TNM classification (the 7 edition) .

INTRODUCTION
The incidence of gastric cancer has been declining,
but it remains one of the leading causes of death from
[1]
cancer worldwide . Multiple genetic and epigenetic
alterations in oncogenes and tumor suppressor
genes are involved in the process of gastric carcino
[2,3]
genesis
. Defects in the DNA mismatch repair
(MMR) system are involved in the development of
[4,5]
some tumors including gastric cancers
. During
DNA replication, DNA polymerase makes base pairing
[4,5]
errors at a certain rate . The MMR system is critical
for correcting these errors, and defects in the system
lead to an accelerated accumulation of mutations
[4,5]
and a predisposition to certain types of cancers .
For instance, the loss of MLH1 because of promoter
hypermethylation is known to be a major cause of
[6]
MMR defects in sporadic gastrointestinal cancers .
Patients with MMR-deficient gastric cancers reportedly
exhibit some clinicopathological features, including
an older age, a female sex, an antral location and a
[2,7-14]
differentiated histology
.
ARID1A, also known as BAF250a, is a key com
ponent of the multi-protein SWI/SNF chromatin
remodeling complex, and is involved in the regulation
of diverse cellular processes, from development
[15-17]
and differentiation to proliferation
. The SWI/
SNF complex interacts directly or indirectly with
p53 and regulates the transcription of target genes
downstream of p53, thereby suggesting that ARID1A
[15-18]
plays important roles in tumor suppression
.
Somatic mutations in ARID1A are reportedly present

WJG|www.wjgnet.com

Immunohistochemical staining

Representative formalin-fixed and paraffin-embedded
specimens from each case were cut into 4 µm-thick
sections. Antibodies against MLH1 (clone G168-15;
diluted 1:100; BD Pharmingen, San Diego, CA, United
States), PMS2 (clone A16-9; diluted 1:100; BD
Pharmingen, San Diego, CA, United States), MSH2
(clone FE11; diluted 1:200; Caibiochem, La Jolla,
CA, United States), MSH6 (clone 44; diluted 1:500;
BD Pharmingen, San Diego, CA, United States), and
ARID1A (polyclonal, HPA005456; diluted 1:200; SigmaAldrich, St Louis, MO, United States) were used as
primary antibodies. The sections were deparaffinized
and autoclaved at 121 ℃ for 15 min in Target retrieval
solution with a high pH of 9 (Dako, Glostrup, Denmark)
and then allowed to cool at room temperature.
Endogenous peroxidase was blocked using 0.3%
hydrogen peroxide. The slides were incubated for
three hours with the primary antibodies and then
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Figure 1 Immunohistochemistry for mismatch repair proteins in a case of gastric cancer with a mismatch repair-deficient phenotype. Immunohistochemistry
for MLH1 (A), PMS2 (B), MSH2 (C), and MSH6 (D). MLH1 and PMS2 expression are absent in tumor cells, whereas stromal cells show nuclear expression (A, B). On
the other hand, the tumor cells retain MSH2 and MSH6 expression (C, D). These staining patterns were consistent with those caused by MLH1 deficiency.

Statistical analysis

were reacted for one hour with HRP conjugated
secondary antibodies (Dako, Glostrup, Denmark) at
room temperature. The signals were visualized using
substrate chromogen (Dako liquid DAB chromogen;
Dako, Glostrup, Denmark), and counterstaining was
performed using Mayer’s hematoxylin.
Non-neoplastic cells, including endothelial cells,
fibroblasts, and lymphocytes, typically showed nuclear
expression for all five of the antibodies that were used
and served as positive controls.

Categorical variables were compared using the Fisher’s
exact test. Continuous variables were presented as
mean ± SD and compared using the Mann-Whitney U
test. Disease specific survival curves were calculated
using the Kaplan-Meier method, and the differences
in survival times among subgroups were compared
using the log-rank test. Univariate and multivariate
analyses were performed using the Cox proportional
hazard regression model to determine the associations
between clinicopathological variables and cancerrelated mortality. The factors with P values of < 0.1 in
the univariate analyses were included in a multivariate
analysis to determine independent prognostic factors.
P values of < 0.05 were considered significant.

Evaluation of immunohistochemical staining

The tumors were classified into two categories ac
cording to the MMR protein expression status as
follows: MMR deficient, negative staining for one or
more MMR proteins; or MMR intact, positive nuclear
staining for all four MMR proteins.
The expression of ARID1A was evaluated based
on the intensity and pattern of staining. The staining
intensity was classified as loss, weak, and retained.
Weak staining was defined by comparison with the
staining intensities of the internal controls. The staining
patterns were classified into either homogenous or
heterogeneous. Heterogeneous expression was defined
as a reduced or loss of staining in 10%-90% of the
tumor cells. Two observers independently evaluated
the staining results. Discrepant cases were reviewed
using a multiheaded microscope to achieve consensus.

WJG|www.wjgnet.com

RESULTS
MMR protein expression and its clinicopathological
significance

Of the 489 cases that were analyzed, 33 cases
showed the concurrent loss of MLH1 and PMS2, three
cases showed the isolated loss of PMS2, one case
showed the concurrent loss of MSH2 and MSH6, and
one case showed the loss of all four proteins (Figure
1 and Table 1). The remaining 451 cases retained
the expressions of all four proteins. Overall, 38 cases
(7.8%) were regarded as MMR-deficient. All but one
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Table 1 Immunohistochemical expression of mismatch repair
proteins
Immunohistochemical expression
Loss of MLH1 and PMS2
Loss of PMS2
Loss of MSH2 and MSH6
Loss of all four proteins
Retention of all four proteins

Table 2 Clinicopathologic features of the 489 patients with
gastric cancers according to mismatch repair status n (%)
Total
MMR
P value
(n = 489) Deficient
Intact
(n = 38) (n = 451)

n = 489
33
3
1
1
451

Age (yr)
mean ± SD
Gender
Male
Female
Serum CEA (ng/mL)
mean ± SD
Tumor size (mm)
mean ± SD
Tumor location
Fundus and Corpus
Antrum
Histology
Differentiated type
Undifferentiated type
Lymphatic invasion
Absent
Present
Venous invasion
Absent
Present
Primary tumor
T2, 3
T4
Lymph node involvement
N0
N1, 2, 3
Distant metastasis
M0
M1
Stage
Stage Ⅰ, Ⅱ
Stage Ⅲ, Ⅳ
Residual disease
Negative
Positive

MMR-deficient case showed the homogeneous loss
of MMR protein expression in invasive components.
Eighteen MMR-deficient lesions were associated
with intramucosal components. Among them, 12
cases showed homogeneous loss, whereas three
showed heterogeneous loss and three other cases
retained the expressions of the MMR proteins in the
intramucosal components.
The clinicopathological features according to the
MMR status are shown in Table 2. MMR deficiency
was significantly associated with an older age (P <
0.001), a female sex (P = 0.004), an antral location (P
= 0.021), and a differentiated histology (P = 0.023).

ARID1A expression and its clinicopathological
significance

Abnormal ARID1A expression was observed in 109
cases (22.3%). These cases included homogeneous
loss (43 cases, 8.8%), heterogeneous loss (29
cases, 5.9%), homogeneously weak expression (21
cases, 4.3%), and heterogeneously weak expression
(16 cases, 3.3%; Figure 2). Among the 45 cases
that showed heterogeneous ARID1A expression,
34 cases showed heterogeneity within the invasive
component. In remaining 11 cases, ARID1A expression
was homogenously lost or weakened in the invasive
component; and in the intramucosal component, the
expression was heterogeneous in 8 cases and retained in 3
cases. ARID1A expression was retained in the remaining
380 cases (77.7%). Among the clinicopathological factors
that were examined, lymphatic invasion (P = 0.022) and
lymph node metastasis (P = 0.042) were significantly
correlated with abnormal ARID1A expression (Table 3).

0.0042
327 (66.9)
162 (33.1)

17 (44.7)
21 (55.3)

310 (68.7)
141 (31.3)
0.9101

36.3 ± 315.7 4.4 ± 6.0 39.0 ± 328.7
0.8311
80.3 ± 45.1 79.0 ± 38.9 80.4 ± 45.6
0.0212
356 (72.8)
133 (27.2)

21 (55.3)
17 (44.7)

335 (74.3)
116 (25.7)

193 (39.5)
296 (60.5)

22 (57.9)
16 (42.1)

171 (37.9)
280 (62.1)

0.0232

1.0002
137 (28.0)
352 (72.0)

10 (26.3)
28 (73.7)

127 (28.2)
324 (71.8)

281 (57.5)
208 (42.5)

20 (52.6)
18 (47.4)

261 (57.9)
190 (42.1)

241 (49.3)
248 (50.7)

22 (57.9)
16 (42.1)

219 (48.6)
232 (51.4)

118 (24.1)
371 (75.9)

11 (28.9)
27 (71.1)

107 (23.7)
344 (76.3)

336 (68.7)
153 (31.3)

30 (78.9)
8 (21.1)

306 (67.8)
145 (32.2)

0.6092

0.6122

0.4382

0.2022

0.8602
172 (35.2)
317 (64.8)

14 (36.8)
24 (63.2)

158 (35.0)
293 (65.0)

375 (76.7)
114 (23.3)

33 (86.8)
5 (13.2)

342 (75.8)
109 (24.2)

0.1612

1

Mann-Whitney U test; 2Fisher’s exact test. MMR: Mismatch repair; CEA:
Carcinoembryonic antigen.

Relationship between the MMR status and ARID1A
expression

Among the 38 MMR-deficient cases, 18 cases (47.4%)
showed abnormal ARID1A expression. On the other
hand, among the 451 cases with intact MMR protein
expression, only 91 cases (20.2%) indicated ab
normal ARID1A expression (Table 5). A statistical
analysis showed a significant correlation between
the ARID1A expression and the MMR statuses (P <
0.001).

Survival analysis

The median follow-up period of the patients was 44
months. The disease specific survival curves according
to the MMR and ARID1A expression statuses did
not show any significant differences (Figure 3). A
multivariate analysis revealed several factors to be
associated with a poorer prognosis, including a female
sex, a higher serum CEA level, a larger tumor size, an
undifferentiated-type histology, a higher pathological
stage, a positive residual disease status and abnormal
ARID1A expression (Table 4).
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< 0.0011
61.0 ± 11.8 68.6 ± 9.2 60.4 ± 11.7

DISCUSSION
In the present study, we used immunohistochemistry
for four MMR proteins to analyze the MMR status.
While microsatellite instability (MSI) testing has
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B

C

D

E

Figure 2 Immunohistochemistry for ARID1A. A: Homogeneous loss of expression. All the tumor cells show no expression, whereas the stromal cells retain the
nuclear expression of ARID1A; B: Heterogeneous loss of expression. Most of the tumor cells show no expression, whereas some of the gland-forming tumor cells
retain nuclear expression (arrows); C: Homogeneously weak expression. The tumor cells show the reduced expression of ARID1A. Non-neoplastic gastric glandular
cells retain the expression (arrowheads); D: Heterogeneously weak expression. Most of the tumor cells exhibit reduced expression, but a subset of tumor cells retain
nuclear expression (arrow); E: Retained expression: Tumor cells (arrow) show strong nuclear ARID1A expression, similar to non-neoplastic glandular cells (arrowheads).
[29,30]

been widely used to examine the MMR status
,
the immunohistochemical detection of MMR proteins
has been proved to be as sensitive and specific as
MSI testing and is being increasingly used to screen
[31-33]
for colorectal cancer with MMR deficiency
. An
excellent correlation between the results of MSI
testing and immunohistochemistry has also been
[6,8,34]
reported for gastric cancer
. The majority of
MMR deficiencies in gastric cancer is thought to arise
[6]
from the hypermethylation of the MLH1 promoter .
In our study, 33 cases showed the concurrent loss
of MLH1 and PMS2 expression, consistent with
[31,32,35]
the consequences of defects in MLH1
. The
previously reported prevalence of MMR deficiency
in gastric cancers has been variable, ranging from
[2,7-14,34]
7.7%-25.2%
. Geographical differences in the

WJG|www.wjgnet.com

prevalence of MMR-deficient gastric cancers seem
to exist. In general, studies from Western countries
have reported higher frequencies of MMR deficiency
in gastric cancer, whereas those from Asian countries
usually report a prevalence of less than 10%,
similar to the present result. This difference may be
caused by epidemiological differences, such as the
[36]
prevalence of Helicobacter pylori infection .
In tumors defined as MMR-deficient, the loss
of MMR protein was mostly homogeneous within
the respective tumors, including the majority of in
tramucosal components. This suggests that MMR
deficiency occurs at an early stage of gastric carci
nogenesis. Some previous studies have similarly
reported that defects in MMR are an early event
[3,37,38]
during gastric carcinogenesis
.
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A

ARID1A expression
Loss/weak
(n = 109)

P value

Retained
(n = 380)
1

0.212
62.1 ± 10.9

60.7 ± 12.0

69 (63.3)
40 (36.7)

258 (67.9)
122 (32.1)

39.7 ± 363.4

35.3 ± 301.3

83.9 ± 46.1

79.2 ± 44.8

87 (79.8)
22 (20.2)

269 (70.8)
111 (29.2)

41 (37.6)
68 (62.4)

152 (40.0)
228 (60.0)

21 (19.3)
88 (80.7)

116 (30.5)
264 (69.5)

59 (54.1)
50 (45.9)

222 (58.4)
158 (41.6)

45 (41.3)
64 (58.7)

184 (48.4)
196 (51.6)

18 (16.5)
91 (83.5)

100 (26.3)
280 (73.7)

73 (67.0)
36 (33.0)

263 (69.2)
117 (30.8)

31 (28.4)
78 (71.6)

141 (37.1)
239 (62.9)

85 (78.0)
24 (22.0)

290 (76.3)
90 (23.7)

0.4192

0.9371

80

MMR deficient (n = 38)
MST: 104.0 mo

60
MMR intact (n = 451)
MST: 71.0 mo

40

P = 0.2591

20
0

0.3361

0

30
60
90
120
150
Time after operation (mo)

2

0.067
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0.0222
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25
266
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198

10
141

3
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5
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MST: 78.0 mo
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40

ARID1A abnormal (n = 109)
MST: 50.0 mo

P = 0.0671
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0
0

0.1112
No. at risk
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0.7982

109
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30
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58
233

46
170

26
125

8
64
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Figure 3 Kaplan-Meier estimates of disease specific survival for patients
with gastric cancer according to the mismatch repair (A) and ARID1A
expression (B) statuses. The disease specific survival curves according to
the MMR and ARID1A expression statuses did not show significant differences.
1
The log-rank test. MST: Median survival time; MMR: Mismatch repair.

1

Mann-Whitney U test; 2Fisher’s exact test. CEA: Carcinoembryonic
antigen.

MMR deficiency was significantly associated
with several clinicopathological features, including
an older age, a female sex, an antral location, and
a differentiated histology; however, no prognostic
significance was observed. These observations are
mostly in agreement with some previous large-scale
[2,7-14]
studies
. The clinicopathological features of MMRdeficient colorectal cancers are well recognized:
an older age, a female sex, a proximal location, an
undifferentiated histology, a lower clinical stage, and a
[39,40]
better prognosis
. Among these, an older age and
a female sex are common to the clinicopathological
characteristics of gastric cancer with MMR deficiency,
whereas the histology associated with the MMR status
differed between gastric and colorectal cancers.
We examined ARID1A expression using immu
nohistochemistry. Of note, previous studies demonstrated
a good correlation between genetic defects in ARID1A
[19,41]
and immunohistochemically detected ARID1A expression
.
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38
451

180

100
Disease specific survival rate (%)

Age (yr)
mean ± SD
Gender
Male
Female
Serum CEA (ng/mL)
mean ± SD
Tumor size (mm)
mean ± SD
Tumor location
Fundus and Corpus
Antrum
Histology
Differentiated type
Undifferentiated type
Lymphatic invasion
Absent
Present
Venous invasion
Absent
Present
Primary tumor
T2, 3
T4
Lymph node involvement
N0
N1, 2, 3
Distant metastasis
M0
M1
Stage
Stage Ⅰ, Ⅱ
Stage Ⅲ, Ⅳ
Residual disease
Negative
Positive

100
Disease specific survival rate (%)

Table 3 Clinicopathological features of 489 patients with
gastric cancer according to ARID1A expression n (%)

A previous study showed that either the loss of or
the weak expression of ARID1A was indicative of the
[23]
presence of ARID1A mutations in gastric cancers .
In the present study, a loss of ARID1A expression was
observed in 14.7% and weak ARID1A expression was
observed in 7.6% of the cases that were examined.
Among the previous immunohistochemical studies of
ARID1A expression, five studies defined only the loss
of expression as an abnormal pattern and reported
[7]
[22]
[21]
[26]
prevalence of 11% , 11% , 14% , 21.7%
and
[27]
51% , respectively. Another study reported the loss
of and the weak expression of ARID1A as 20.2% and
[23]
7.3%, respectively . While some variability exists,
the prevalence of abnormal ARID1A expression seems
to agree roughly among the studies excluding one
[27]
study .
In ovarian clear cell carcinomas, ARID1A mutations
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Table 4 Cox’s proportional hazard model analysis of prognostic factors in 489 patients with gastric cancers
Variables

Univariate analysis

Age (yr)
≥ 60/≤ 59
Sex
Male/female
Serum CEA (ng/mL)
≥ 5.0/< 5.0
Tumor size (mm)
≥ 50/< 50
Histology
Undifferentiated/differentiated type
Lymphatic invasion
Present/absent
Venous invasion
Present/absent
Stage
Stage Ⅲ, Ⅳ/Ⅰ, Ⅱ
Residual disease
Positive/negative
MMR status
Deficient/intact
ARID1A status
Abnormal/retained

Multivariate analysis

HR

95%CI

P value

HR

95%CI

P value

1.22

0.94-1.59

0.123

0.72

0.56-0.94

0.015

0.72

0.55-0.95

0.020

1.75

1.33-2.33

< 0.001

1.54

1.15-2.06

0.004

3.70

2.50-5.26

< 0.001

1.88

1.25-2.83

0.002

1.54

1.12-2.01

0.002

1.64

1.24-2.16

0.001

3.23

2.22-4.55

< 0.001

1.48

0.98-2.22

0.062

1.89

1.45-2.44

< 0.001

1.21

0.92-1.60

0.171

9.09

5.56-14.29

< 0.001

3.77

2.30-6.17

0.023

6.25

5.00-8.33

< 0.001

3.79

2.85-5.03

< 0.001

0.74

0.44-1.25

0.264

1.30

0.98-1.75

0.070

1.36

1.01-1.84

0.040

HR: Hazards ratio; CEA: Carcinoembryonic antigen; MMR: Mismatch repair.

Table 5 Relationship between mismatch repair protein and ARID1A expression n (%)
ARID1A expression
Loss
Homo (n = 43)
MMR status
Deficient
(n = 38)
Intact
(n = 451)

Weak

Hetero (n = 29)

Homo (n = 21)

Hetero (n = 16)

Retained (n = 380)

2 (5.3)

2 (5.3)

20 (52.6)

19 (4.2)

14 (3.1)

360 (79.8)

P value
< 0.0011

10 (26.3)
33 (7.3)

4 (10.5)
25 (5.6)

1

Extended Fisher’s exact test. MMR: Mismatch repair; Homo: Homogeneous; Hetero: Heterogeneous.

are thought to occur during the early stage of
tumorigenesis, since the loss of ARID1A expression
is consistently homogeneous and is also observed in
[19,42]
their precursor lesion, atypical endometriosis
. In
contrast, the loss of or the weak expression of ARID1A
was more commonly heterogeneous within the re
spective tumors in our study. Even though several
immunohistochemical studies examining ARID1A
expression in gastric cancer have previously been
reported, most of the studies have never described
[7,21-23]
heterogeneous expression
. This circumstance
is probably because the previous studies used
tissue microarrays in their analyses. The frequent
heterogeneous expression of ARID1A suggests that
defects in ARID1A occur often during the later stage
of tumorigenesis in gastric adenocarcinomas, unlike in
ovarian cancers.
Our study showed that abnormal ARID1A expre
ssion was significantly associated with lymphatic
invasion and lymph node metastasis. Furthermore,
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abnormal ARID1A expression was significantly as
sociated with a poor prognosis in a multivariate an
alysis. Three previous studies have shown several
clinicopathological features of abnormal ARID1A ex
[7,26,27]
pression in gastric cancers
, including fundus and
[7]
[27]
corpus locations , an undifferentiated histology ,
[7]
[7]
lymphatic invasion , venous invasion , lymph node
[26]
[7,26,27]
involvement , and tumor infiltration
. Regarding
prognosis, three studies have reported that ARID1A
abnormalities were associated with a poorer prognosis
[7,26,27]
in multivariate analyses
; however, ARID1A
abnormalities were associated with a better prognosis
[23]
in a stage-independent manner in one study . In
our study, cases with abnormal ARID1A expression
had a significantly worse prognosis in a multivariate
analysis. This discrepancy might be due to the different
parameters analyzed in the multivariate analyses.
The previous study reporting ARID1A abnormalities
as a better prognostic factor analyzed only clinical
stage, MMR status, and histology in their multivariate
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[23]

analysis . Moreover, this study involved a relatively
limited number of cases compared with the other
[23]
studies including ours .
The current studies confirmed the previously
reported correlation between MMR deficiency and the
[7,23-26]
loss of ARID1A expression
. ARID1A contains
many short repeats of 4-7 mononucleotides in its
coding region, which is prone to insertion/deletion
mutations in MMR-deficient tumors. Indeed, previous
studies have shown that the majority of ARID1A
mutations occur in its repeating sequence, leading to
frameshift mutations and the complete loss of ARID1A
[23,24]
proteins, in gastric cancers with MMR-deficiency
.
In conclusion, the present study showed the cli
nicopathological significance of MMR deficiency and
ARID1A abnormalities and the correlation of these two
conditions in gastric cancers. Furthermore abnormal
ARID1A expression was independently associated
with an unfavorable prognosis. We also confirmed
the previously reported association between MMR
deficiency and abnormal ARID1A expression.
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METHODS: Sixty-eight HL patients were hospitalized
and treated surgically from August 2011 to December
2012 and they were classified into four HL types
according to pathological evolution of the disease.
These four HL types included type Ⅰ primary type
(defined as no previous biliary tract surgery), type Ⅱ
inflammatory type (with previous biliary tract surgery
and cholangitis), type Ⅲ mass-forming type (HL
complicated by hepatic mass-forming lesion), and
type Ⅳ terminal type (with secondary biliary cirrhosis
and resultant portal hypertension). The perioperative
data including general information, imaging data,
postoperative complications, and immediate and final
stone clearance rate were obtained and analyzed.
RESULTS: In all 68 patients, the proportion of HL
type Ⅰ-Ⅳ was 50% (34/68), 36.8% (25/68), 10.3%
(7/68) and 2.8% (2/68), respectively. Abdominal pain
was the main clinical manifestation in type Ⅰ (88.2%),
fever was predominant in type Ⅱ (52.0%), the
malignancy rate in type Ⅲ was high (71.4%), and portal
hypertension and spleen enlargement were common in
type Ⅳ (2/2, 100.0%). Liver resection rate for types ⅠⅢ was 79.4%, 72.0% and 71.4%, respectively. The
overall incidence of postoperative complications was
23.5% (16/68). There were no perioperative deaths.
The average length of hospital stay was 12.7 ± 7.3 d.
Immediate and final stone clearance rate was 73.5%
(50/68) and 89.7% (61/68), respectively. Fifty-nine of
68 patients (86.8%) were followed- up for > 1 year
after surgery, and 96.6% of these patients (57/59)
had a good quality of life according to a criterion
recommended for postoperative evaluation of quality of
life.

Abstract
AIM: To investigate clinical features, treatment stra
tegies and outcomes of patients with hepatolithiasis
(HL) undergoing surgical treatment, using a new clinical
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CONCLUSION: The pathological evolution-based
clinical classification of HL has a role in optimizing
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treatment strategy, and patients can benefit from this
classification when it is used properly.

optimal treatment strategy for each type to reduce
residual stones and relapse, and improve therapeutic
efficacy.

Key words: Liver diseases; Hepatolithiasis; Clinical
pathology; Disease classification; Surgery

MATERIALS AND METHODS

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

General information

According to the classification, 68 cases of HL were
sorted into four types: type Ⅰ primary type, type Ⅱ
inflammatory type, type Ⅲ mass-forming type and
type Ⅳ terminal type. The same team of surgeons
from the Hepato-Pancreato-Biliary Surgery Department
st
nd
of the 1 and 2 Affiliated Hospital of Anhui Medical
University performed surgery on these patients from
August 2011 to December 2012. Basic information,
preoperative laboratory test results, imaging data,
distribution of stones, type of surgery, immediate and
final stone clearance rate, postoperative complications,
and therapeutic efficacy in the short-term were
obtained.

Core tip: Hepatolithiasis (HL) is a complicated disease
to treat and has few conveniently used clinical
classifications. In this study, a new clinical classification
for HL based on pathological evolution was introduced,
which included HL types Ⅰ-Ⅳ based on with (type Ⅱ)
or without (type Ⅰ) previous biliary tract surgery, with
mass-forming lesion (type Ⅲ ) or secondary biliary
cirrhosis with portal hypertension (type Ⅳ). It is safely
and conveniently used in our hospitals and patients can
benefit from this classification when it is used properly.
Liu FB, Yu XJ, Wang GB, Zhao YJ, Xie K, Huang F, Cheng
JM, Wu XR, Liang CJ, Geng XP. Preliminary study of a new
pathological evolution-based clinical hepatolithiasis classification.
World J Gastroenterol 2015; 21(7): 2169-2177 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v21/i7/2169.htm
DOI: http://dx.doi.org/10.3748/wjg.v21.i7.2169

Precise assessment of distribution of stones and liver
function before operation

Doppler ultrasound (US), computed tomography
(CT) and magnetic resonance imaging were jointly
used to assess the distribution and range of stones,
expansion or stricture of bile ducts, condition of
the bile duct tree, atrophy of liver lobes/segments,
fibrosis, mass-forming property of the lesions, and
complications of cirrhosis. For patients with cirrhosis,
barium meal examination of the esophagus was
performed to establish the degree of esophageal
varicose veins and secondary portal hypertension.
Nutritional risk assessment and evaluation of liver
function grade and reserve were carried out routinely
for each patient.

INTRODUCTION
Hepatolithiasis (HL) refers to calculi formed in the
proximal part of the junction of the left and right
hepatic duct within the liver. Following the formation
of calculi in the biliary tract of the liver, they can
obstruct the biliary tract, resulting in infection and
[1]
associated liver parenchymal damage . In the early
stage of the disease, biliary dilation and expansion of
liver parenchyma can occur; in the following stages,
the wall of the bile duct becomes thickened, due to
surrounding abnormally proliferated fibrous tissue and
[2-4]
accompanying infiltrated chronic inflammatory cells .
Eventually, atrophy and failure of corresponding
liver segments occur, with concurrent liver abscess
and malignancy in some patients due to these accu
mulated changes, and secondary biliary cirrhosis
and portal hypertension syndrome also occur in a
[5-8]
few cases . Specific clinical symptoms of HL can
present in patients with respective clinicopathological
changes, and patients at different pathological stages
can present to doctors for treatment, therefore, we
classified patients with HL into four different types
based on clinical manifestations at specific pathological
stages: type Ⅰ primary type, type Ⅱ inflammatory
type, type Ⅲ mass-forming type, and type Ⅳ terminal
[9]
type .
The current study applied this clinical classification
to 68 patients with HL, and their clinical features and
treatment strategies were analyzed to establish an
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Accurate surgical planning and precise operation

A detailed surgical plan was formed based on pre
operative evaluation and the main considerations
included how to remove as many stones as possible,
whether liver lobe resection was needed, and how to
select the method of biliary drainage. Indications for
liver lobe resection included: bile duct stones located
within one liver lobe and the presence of atrophy or
fibrosis; multiple liver abscesses secondary to bile duct
infection; and mass-forming lesions with suspicion of
malignancy. Precise surgery was performed with the
assistance of BiClamp forceps, titanium clamps and a
high-frequency electric knife, with or without occlusion
[10]
of the first hepatic hilar region . Choledochoscopy
was performed in all patients to help determine the
distribution of bile duct stones, directly extract them,
with the assistance of a stone basket when needed,
and evaluate the function of the sphincter of Oddi
(SO) in the lower part of the common bile duct.
Grading criteria for the SO function were as follows:
normal: SO radiates through the center or looks bean-
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for measurement data and the χ test was used for
categorical data. P < 0.05 was defined as statistically
significant.

shaped with normal rhythmic contractions and the
choledochoscope cannot enter the duodenum; SO
laxity (SOL): the choledochoscope directly enters the
duodenum and the duodenal mucosa can be seen
[11]
from the common bile duct . Based on SO grading
and whether stones were removed completely, the
method of biliary drainage was chosen individually:
external T tube drainage was chosen for normal SO
without residual stones, and cholangioenterostomy
was chosen for SOL without residual stones. If residual
stones could not be prevented, cholangioenterostomy
and T tube drainage were performed at the same
[12]
time . Choledochoscopy was performed again after
hepatic lobe resection to check whether there were
residual stones and to assess the immediate stone
clearance rate. Bile acid was collected and sent for
bacterial culture and drug sensitivity testing in all
patients.

RESULTS
General conditions

We studied 68 patients (48 female and 20 male, with
a male to female ratio of 0.42:1) and an average age
of 50.5 ± 10.8 years. Forty-nine patients (72.1%) had
Child class A liver function and 19 (27.9%) had Child
class B function. The four types of HL based on our
new classification were 34 type Ⅰ (50.0%), 25 type
Ⅱ (36.8%), seven type Ⅲ (10.3%) and two type Ⅳ
(2.9%).

Operative methods

According to whether the liver lobes were removed
jointly, operations were divided into simple cholan
giotomy (16 cases: 7 type Ⅰ, 7 type Ⅱ, 1 type Ⅲ,
and 1 type Ⅳ ) and cholangiotomy combined with
partial hepatectomy (52 cases: 27 type Ⅰ, 18 type Ⅱ,
6 type Ⅲ, 1 type Ⅳ). Biliary drainage was divided into
external T-tube drainage (48 cases: 29 type Ⅰ, 12 type
Ⅱ, 6 type Ⅲ, 1 type Ⅳ) and cholangioenterostomy (20
cases: 5 type Ⅰ, 13 type Ⅱ, 1 type Ⅲ, and 1 type Ⅳ)
(Table 1).

Meticulous postoperative patient management

Fast-track postoperative rehabilitation: Patients
were given gastric acid secretion inhibitors and broadspectrum antibiotics immediately after and a liquid
diet 48 h after surgery; the antibiotics were adjusted
if necessary according to the bile acid culture results;
liver function tests were monitored at 1, 3 and 7 d
after surgery; and short-term surgical complications
were treated in a timely manner.

Choledochoscopy examination

Follow-up: All patients were followed-up by re
gular visits from 4 to 6 wk after discharge, clinical
symptoms and signs were checked, liver function
was monitored, and anatomical structure of the liver
was examined using US, CT or magnetic resonance
cholangiopancreatography (MRCP). Immediate
stone clearance was defined as complete depletion
of stones during the operation. Final stone clearance
was defined as removal of residual stones after the
operation using a stone basket under choledochoscopy
or holmium laser. Postoperative residual stones
were defined as remaining stones that could not be
removed by any method, and were confirmed by US,
[7,13,14]
CT or MRCP 3 mo postoperatively
. Postoperative
quality of life was divided into three types based
on the criteria used in our hospitals: patients are
asymptomatic and can return to normal work after
surgery, graded as excellent; patients have occasional
abdominal pain and discomfort, but they can continue
normal work and life, graded as good; patients with
recurrent cholangitis, residual intrahepatic bile duct
stones or relapse, or cancer forming, graded as poor.
All the information mentioned above was kept in the
Hengkang medical follow-up system to ensure integrity
of the follow-up information.

Fiberoptic choledochoscopy was performed in all
patients. Five patients had past cholangioenterostomy;
two of them received end-to-end anastomosis (SO not
retained), and three received end-to-side anastomosis
(SO retained). The SO function in 66 cases was
assessed by choledochoscopy and SOL was found
in 18 cases (27.3%). Complete stone clearance was
confirmed in 50 cases by choledochoscopy during the
operation and total immediate stone clearance rate
was 73.5%, including 26 (76.5%) type Ⅰ cases, 19
(76%) type Ⅱ cases, four (57.1%) type Ⅲ cases,
and one (50%) type Ⅳ case (Table 2). The difference
between the immediate stone clearance rates in the
four types was not significant (P = 0.623). In 18 cases,
residual stones were completely removed by repeated
stone removal (1-4 times) by choledochoscopy in 11
cases, and the final stone clearance rate was 89.7%
(61/68). The final stone clearance rate for types IⅣ was 91.2% (31 cases), 92.0% (23 cases), 71.4%
(5 cases), and 100% (2 cases), respectively, which
did not differ significantly among the four types (P =
0.104) (Table 1). There were 40 cases of immediate
stone removal among 52 patients with cholangiotomy
combined with partial hepatectomy, with an immediate
stone clearance rate of 76.9%. There were 10 cases
of immediate stone removal in 16 patients with simple
cholangiotomy, with an immediate stone clearance rate
of 62.5%. Immediate stone clearance rate between
the two groups did not differ significantly (P = 0.332)

Statistical analysis

All clinical data were entered into SPSS version 10.01
statistical software. The student’s t-test was used
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Table 1 Comparison of surgery options in the four types of hepatolithiasis
Primary
Biliary tract exploration + external T tube drainage
Biliary tract exploration + cholangioenterostomy
Partial liver resection + external T tube drainage
Partial liver resection + cholangioenterostomy
Total

Inflammatory Mass-forming

7
0
22
5
34

4
3
8
10
25

Table 2 Comparison of immediate and final stone clearance
rate in each type of hepatolithiasis n (%)
Primary Inflammatory Mass-forming Terminal
Immediate 26 (76.5)
case
Final case 31 (91.2)

4 (57.1)

1 (50.0)

50 (73.5)

23 (92.0)

5 (71.4)

2 (100)

61 (89.7)

Percentage

13
3
35
17
68

19.1%
4.4%
51.5%
25.0%

Total cases Clearance cases Clearance rate P value
Liver resection
Non-liver resection

52
16

40
10

76.9%
62.5%

0.332

considerations including number and distribution of
stones, location and degree of stricture, expansion
of biliary tract, pathological change, and functional
status of the liver, as well as the overall condition of
the patients. For each specific case, evaluation of the
distribution of stones and liver function and a definite
surgical plan are preferred preoperatively. Accurate
surgery, complete removal of the diseased liver
lobe including atrophy and stones, and selecting the
appropriate method of bile tract drainage based on SO
function are favored during the operation. Good patient
management, reduction of complications, close followup, and dietary advice to reduce relapse and improve
[15]
therapeutic efficacy are encouraged postoperatively .
HL can be divided into cholesterol and pigment
type according to the chemical composition of the
stones, and the latter can be further divided into
black and brown pigment types. Due to differences
in stone composition caused by diet between eastern
and western patients, HL is also divided into western
type (cholesterol and black pigment type) and Asian
[20]
type (brown pigment type) . Other classifications
of HL have a greater focus on stone distribution or
[18,21-23]
biliary stricture and expansion
. The Biliary Study
Group of the Chinese Medical Association proposed
one HL classification scheme in 2007 based on
location of stones and lesion extent, which resulted
in type Ⅰ (focal type): stones limited to one lobe or
segment; and type Ⅱ (diffuse type): stones distributed
within both liver lobes. Type Ⅱ was further divided
into four subtypes: type Ⅱ a without fibrosis and
atrophy; type Ⅱb with regional fibrosis and atrophy;
type Ⅱc with widespread fibrosis, secondary biliary
cirrhosis, and portal hypertension; and type Ⅱd with
[15]
stones outside the biliary tract . This classification is
considered to be comprehensive and widely accepted
by hepatobiliary surgeons, but it is too complicated to
implement when it is used to guide clinical treatment
and compare therapeutic efficacy.
We propose our HL classification which combines
biliary tract surgery history and clinical and patho

(Table 3).

Relative perioperative conditions

The average operating time was 236.8 ± 65.24 min.
Bacterial culture of bile was performed in 58 cases
and 45 (77.6%) were positive; 35 (60.3%) for Gramnegative bacteria and 12 (20.7%) for Gram-positive
bacteria. The three most common bacteria cultured
in bile were Escherichia coli (19 cases), Enterococcus
faecium (5 cases) and Enterococcus faecalis (5 cases).
Postoperative complications occurred in 16 cases
(23.5%), including seven cases of bile leakage (10.3%,
cured by puncture drainage), six cases (8.8%) of
pulmonary infection, four cases (5.9%) of incisional
wound infection, two cases (2.9%) of postoperative
intraperitoneal hemorrhage, and one case (1.5%)
of bleeding complicated by adhesive intestinal
obstruction (cured by enterodialysis), in which all postoperative complications were eventually cured and no
perioperative deaths occurred. The average length of
hospital stay after surgery was 12.7 ± 7.3 d.

Follow-up

Fifty-nine of 68 patients (86.8%) were followed up for
an average 16.4 ± 4.3 mo. In five cholangiocarcinoma
cases (type Ⅲ), three patients died and two survived,
but did not relapse during follow-up. Satisfactory
postoperative quality of life was reported in 54/59
patients (91.5%), including 95.6% for type Ⅰ, 96.6%
for type Ⅱ, 57.1% for type Ⅲ, and 100% for type Ⅳ.

DISCUSSION
Surgery remains the main treatment option for HL
and the principle is to remove lesions, extract stones,
remedy strictures, free drainage, relieve cholestasis,
restore the biliary tract to normal physiological
[15-19]
function, and cure disease
. HL is complicated,
therefore, an appropriate and personalized treatment
strategy should be devised for each specific case, with

WJG|www.wjgnet.com

Total

1
0
0
1
2

Table 3 Comparison of stone clearance rate in liver resection
and non-liver resection groups

Total

19 (76.0)

Terminal

1
0
5
1
7
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A

B

C

D

Figure 1 Primary type of pathological evolution-based classification for hepatolithiasis. A: Computed tomography showed that calculi were located within the
right posterior lobe of the liver and dilation of the biliary tract within the liver; B: Magnetic resonance cholangiopancreatography showed dilation of the biliary tract and
a negative calculi signal within the dilated tract; C: Operative imaging showed that a large amount of hepatolithiasis was removed surgically; D: Postoperative imaging
showed calculi (in kidney basin) and specimens including gallbladder and posterior hepatic lobe, which were removed surgically.

logical changes at the onset of disease, including:
type Ⅰ (primary type): (1) no previous surgery; (2)
type Ⅱ (inflammatory type): one or more previous
biliary tract operations and recurrent cholangitis; (3)
type Ⅲ (mass-forming type): multiple intrahepatic
stones accompanied by a mass-forming lesion,
regardless of whether benign or malignant; and (4)
and type Ⅳ (terminal type): multiple intrahepatic
stones accompanied by secondary biliary cirrhosis,
portal hypertension, splenomegaly, hypersplenism,
portal vein spongiform degeneration or schistosomiasis
[9]
hepatic cirrhosis . We summarized the clinical data
of 68 patients with HL based on our classification
scheme and found the following: Type Ⅰ (primary
type): 34 of 68 cases (52.9%). The main clinical
manifestation was abdominal pain (30 cases), Child
class A liver function was found in 27 cases (79.4%).
Liver lobectomy combined with external T tube
drainage was performed in 27 cases (79.4%) including
18 cases of left lateral hepatectomy (66.7%). Lung
infections were commonly seen postoperatively (3/5).
Type Ⅱ (inflammatory type): 25 cases. The main
clinical manifestation was fever in 13 cases (52.0%),
liver resection was performed in 18 cases (72%), and
cholangioenterostomy was performed in 13 cases
(52%). Bile leakage was the main postoperative
complication in four of eight cases, and 22 of 23 cases
(95.7%) were bile culture positive. Type Ⅲ (massforming type): seven cases. There were five cases of
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cholangiocarcinoma. Laboratory tests showed increased
CA19-9 and predominantly Child class B liver function in
three of seven cases. Treatment included liver resection
(5/7) and external T-tube drainage (6/7). Postoperative
hospital stay and duration of drainage tube use were
longer. The bile culture positive rate was high (85.7%,
6/7 cases). Type Ⅳ (terminal type): only two cases.
Imaging data indicated cirrhosis, portal hypertension,
and spleen enlargement. Laboratory tests showed poor
liver function, prothrombin time extension and surgical
treatment options were limited.
Each type of HL based on our classification was
found to have specific clinical features. Primary type
(type Ⅰ) exhibited multiple intrahepatic stones with
or without gallstones, with no previous biliary tract
surgery. Primary intrahepatic biliary tract stones
occurred in most cases due to biliary tract roundworm
or abnormal metabolism and secretion of bile and its
abnormal composition. A few cases showed abnormal
biliary tract anatomy. Patients with this type of HL
often exhibited no typical symptoms and no severe
biliary infection. A large number of intrahepatic biliary
tract stones were often found at first diagnosis with
fewer extrahepatic biliary tract and gallbladder stones.
Therefore, these patients normally had reasonable
liver function and partial hepatectomy combined with
cholecystectomy was the main surgical procedure
(Figure 1). There were 27 cases of partial hepatectomy
and 29 cases of external T tube drainage among 34
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Figure 2 Inflammatory type of pathological evolution-based classification for hepatolithiasis. A: Computed tomography (CT) showed postoperative changes in
the liver after three operations on the biliary tract; B: CT showed dilation of the biliary tract and calculi within the dilated tract in the same patient; C: Operative imaging
showed intraoperative choledochoscopy aided intraoperative stone extraction; D: Postoperative imaging showed left lateral lobe of the liver with calculi inside, which
were removed during the operation.

(Figure 2). In 25 patients with type Ⅱ HL, partial
hepatectomy was performed in 17 cases (68%) and
cholangioenterostomy was performed in 13 (52%).
Mass-forming type of HL (type Ⅲ) was confirmed
by imaging showing intrahepatic biliary stones with
single or multiple lesions, and lesions in the liver
including inflammatory lesions, abscesses and tumors.
Abscesses in HL should be cut or punctured for dra
inage. Inflammatory masses, especially those deep
in the liver, can also be cured by drainage and antiinfective therapy. If the lesion is confirmed to be a
malignant tumor, surgery can only be performed when
the tumor is contained in the resected liver segments.
In seven patients with type Ⅲ HL, there were five
cases of cholangiocarcinoma (Figure 3) and these
patients received partial hepatectomy. There were two
cases of inflammatory masses; one received partial
hepatectomy and the other mass incision and abscess
drainage.
Terminal type (type Ⅳ ) HL exhibited multiple
intrahepatic stones complicated by liver cirrhosis, portal
hypertension, hypersplenism and portal vein spongy
degeneration or schistosomiasis cirrhosis. Patients
often had a history of repeated biliary tract surgery
both inside and outside the liver, stone recurrence,
residual stones, upper digestive tract bleeding, and
biliary cirrhosis in the late stage. Imaging indicated
cirrhosis, reduced liver volume, liver deformation, and
spleen enlargement. Laboratory tests showed liver

cases of primary type HL.
Inflammation type (type Ⅱ ) patients often had
previous biliary tract surgery to remove stones
from outside the liver. However, prior surgery often
caused injury to the OS or biliary tract, or was
performed incorrectly with cholangioenterostomy,
followed by the formation of multiple intrahepatic
stones with recurrent cholangitis. Imaging data often
showed different degrees of intrahepatic biliary tract
expansion and gas formation. Some patients had
frequent and severe cholangioenterostomy reflux
due to previous cholangioenterostomy and primary
or secondary SOL. Patients with this type of HL
can undergo partial liver resection combined with
cholangioenterostomy. However, attention needs to
be paid to the different degree of stricture or short
bridge loop due to previous cholangioenterostomy,
or abandoned improper cholangioenterostomy such
as choledochoduodenostomy, bile-duct and jejunal
side-to-side anastomosis or bile-duct and jejunal
end-to-side anastomosis. In such cases, the stricture
or anastomotic stoma may need to be removed to
regenerate functional cholangioenterostomy. PTCD
(percutaneous transhepatic cholangio drainage) or
ENBD (endoscopic nasobiliary drainage) can be used
to control cholangitis until the disease is stabilized for
further surgical stone removal (in accordance with the
principles of injury control). Emergency laparotomy
should be avoided when severe cholangitis occurs

WJG|www.wjgnet.com
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Figure 3 Mass-forming type of pathological evolution-based classification for hepatolithiasis. A: Computed tomography showed mass that formed in the left
lobe of the liver with positive calculi signal inside the mass; B: Magnetic resonance cholangiopancreatography showed that the same lesion was reflected in the same
area in the liver; C: Operative imaging showed that the left lobe was removed intraoperatively; D: Postoperative imaging showed that the resected left lobe contained
the mass (postoperative pathology report: mucinous adenocarcinoma).

dysfunction, prothrombin time extension, and elevated
bilirubin level. Some patients were complicated by
portal vein spongy degeneration or schistosomiasis
cirrhosis, repeated ascites, lower limb edema, and
malnutrition. Such patients had poor prognosis and
treatment was difficult, with liver transplantation being
the last option. Due to the limited number of cases in
this study, only two cases belonged to this type; one
of which received splenectomy, followed by selective
secondary surgery to improve liver function, and the
other received splenectomy plus biliary tract incision to
remove stones (Figure 4).
Appropriate treatment for HL is complex and
the patients are often from poor families and have
undergone repeated surgery, with high expectation
for complete removal of stones and elimination of
relapse. Thus, careful planning is needed based on
comprehensive preoperative evaluation and precise
liver surgery rather than an exploratory operation.
Precise liver surgery for HL is different from that for
liver cancer. It involves limited liver resection to excise
as much as possible of the fibrotic or atrophic liver
parenchyma and as little as possible of normal liver
tissue, with margins close to the lesions, to ensure
better residual liver function. In precise liver surgery,
the first hepatic hilum can be blocked repeatedly
for removal of lesions and stones. Choledochoscopy
can be performed before and after liver resection to
distinguish and confirm stone distribution, remove

WJG|www.wjgnet.com

stones with the assistance of a stone basket, and to
assess OS function to choose the appropriate biliary
drainage method. The choledochoscope can enter
level Ⅱ of the biliary tract or level Ⅲ or above when it
is dilated, and it can directly visualize mucosal lesions
of the biliary tract, and the size, number and shape
of the stones, biliary tract stricture and its location. It
can also remove stones repeatedly, assess immediate
stone clearance rate, and help reduce surgical compli
cations. A high immediate stone clearance rate in
the liver resection and non-liver resection groups
indicated precise judgment of the indication for partial
liver resection. In the non-liver resection group, the
stones were located within level Ⅱ of the biliary tract
and were removed using choledochoscopy only, and
there was no indication for partial liver resection. A
high immediate stone clearance rate and final stone
clearance rate in the four types of HL based on our
classification indicated that our current surgical
strategy was rational and a similar therapeutic effect
could be achieved despite the different clinical features.
In summary, we proposed a clinical classification
method for HL that took account surgical history, clinical
and imaging features, and the pathological evolutionary
process of HL. Each type of HL within our classification
scheme has a preferential treatment option, but
the therapeutic effect was similar, indicating that
the classification is scientific, reasonable, clinically
applicable, and useful for optimal treatment selection.
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Figure 4 Terminal type of pathological evolution-based classification for hepatolithiasis. A: Computed tomography showed liver cirrhosis and splenomegaly; B:
Magnetic resonance cholangiopancreatography showed liver cirrhosis (schistosomiasis cirrhosis) and splenomegaly; C: Operative imaging showed liver cirrhosis and
removal of cholecyst; D: Postoperative imaging showed cholecyst removal, enlarged spleen and extracted calculi (in kidney basin).
HL based on pathological changes, which included type Ⅰ primary type (defined
as no previous biliary tract surgery), type Ⅱ inflammatory type (previous biliary
tract surgery and cholangitis), type Ⅲ mass-forming type (HL complicated by
hepatic mass-forming lesion), and type Ⅳ terminal type (with secondary biliary
cirrhosis and resultant portal hypertension).

However, the number of cases in this study was limited,
and long-term follow-up was lacking. This classification
needs to be improved to guide clinical therapy and
improve the therapeutic effect, in combination with
other classification schemes such as that proposed
by The Biliary Study Group of the Chinese Medical
Association. In addition to classification, clinical practice
requires careful evaluation of stone distribution, liver
function and preoperative planning. Meticulous handling
is desired to ensure complete removal of stones and
lesions and free drainage. Good management is
required after the operation to reduce complications
and prevent stone recurrence. Precise liver resection
requires a combination of surgical effectiveness and
[24,25]
safety to benefit patients as much as possible
.

Applications

The initial study results suggest that the pathological evolution-based
classification for HL could be a potentially useful clinical classification in the
future.

Terminology

HL is a disease in which calculi form in the biliary tract within the liver, and
can cause many problems, including biliary tract dilation, biliary tract infection,
chronic inflammation, and liver cirrhosis.

Peer-review

Hepatolithiasis is a very complex and difficult disease to treat. This paper
introduced a new clinical classification based on pathological evolution in
order to get a useful guideline to different hepatolithiasis. It is valuable for
hepatolithiasis research and treatment.
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RESULTS: There were 192 polyps from 166 cases
included in this study. The mean diameter of the post
polypectomy measurement was 0.85 ± 0.53 cm (range:
0.2-3.0 cm). The mean diameter by visual estimation
was 1.10 ± 0.53 cm, which was significantly different
compared to the actual size of the polyp (P < 0.001).
The mean diameters obtained using DGBF (0.87 ± 0.54
cm) and ELMS (0.85 ± 0.53 cm) did not significantly
differ from the actual size of the polyp. The difference
between the measurements from the ELMS and DGBF
was not significant.
CONCLUSION: Unlike visual estimations at colonoscopy,
endoscopic graduated biopsy forceps and the endo
scopic lesion measurement system are accurate me
thods to estimate polyp size.
Key words: Accuracy; Colonoscopy; Endoscopic lesion
measurement system; Polyp size measurement
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: In this study, we established an endoscopic
lesion measurement system (ELMS) to measure polyp
size during endoscopy. We measured 192 polyps from
162 patients and found that the accuracy of visual
estimation for colonic polyp size is low. The accuracy
of estimating polyp size was distinctly increased when
measured by disposable graduated biopsy forceps and
ELMS. In particular, the accuracy of estimation by ELMS
was higher than the clinician’s estimation and DGBF for
polyps > 1 cm.

Abstract
AIM: To assess the accuracy of polyp size using an
endoscopic lesion measurement system (ELMS).
METHODS: The accuracy of polyp size assessment
was compared among measurements acquired by
visual estimation, disposable graduated biopsy forceps

WJG|www.wjgnet.com

Leng Q, Jin HY. Measurement system that improves the accuracy
of polyp size determined at colonoscopy. World J Gastroenterol
2015; 21(7): 2178-2182 Available from: URL: http://www.

2178

February 21, 2015|Volume 21|Issue 7|

Leng Q et al . Measurement system for polyp size estimation
wjgnet.com/1007-9327/full/v21/i7/2178.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i7.2178

A

INTRODUCTION
Tumor size determined at colonoscopy is associated
with the treatment plan developed for the tumor.
However, there are currently no standard criteria
used for measuring the size of a tumor identified
at colonoscopy. Many clinicians evaluate the size
of a tumor based on their experience. Sometimes,
this type of assessment has been inconsistent with
[1]
[2]
the actual size of the tumor . Morales et al used
open biopsy forceps to evaluate the diameter of
colon polyps at colonoscopy, and three quarters of
the results were inconsistent with the actual results.
[3]
Eichenseer et al compared the estimated size
of 10-25-mm polyps determined at endoscopy by
15 different endoscopists, with the histopathology
of post-fixation polyp measurements; the results
showed that the mean size variation was 73.6%
(range: 13%-127%). The size of approximately
62.6% (range: 0%-91%) of the polyps was in
correctly estimated, overestimated in many cases,
which could lead to inappropriate advice concerning
[4]
the treatment plan. Liu et al developed disposable
graduated biopsy forceps (DGBF) that could increase
the accuracy of polyp size estimation. However,
there continues to be variability, especially for visual
estimation of polyps larger than 2 cm. To estimate
the size of polyps at colonoscopy more accurately,
we designed an endoscopic lesion measurement
system (ELMS) using DGBF as a “scale-plate” and
assessed its accuracy in a clinical setting.

B

Figure 1 Interface of the endoscopic lesion measurement system. A:
Sketch of the endoscopic lesion measurement system; B: Entering interface.

Study subjects

Patients with colon polyps were enrolled from the
National Center of Colorectal Surgery, Nanjing
University of Traditional Chinese Medicine. First, when
the clinician observed a polyp or tumor, the width of
the largest diameter of the tumor was determined;
then, a graduated biopsy forceps was inserted and
used to measure the width of the largest diameter of
the tumor from the vertical view, and a picture was
obtained according to the ELMS protocol. Next, the
ELMS was used to measure the size of the lesion.
Finally, the “gold standard” for the width of the largest
diameter of the tumor was accurately measured
using vernier calipers after the tumor was excised by
surgery or endoscopy. A correct measurement was
considered when the variation between the evaluation
size and actual size was < 10%. The estimated
accuracy rate was equal to the number of polyps
accurately evaluated divided by the total number of
polyps observed. Five endoscopists with experience
from over 2000 colonoscopy cases were involved in
this study.
The ethics committee of the Third Affiliated Hospital
of Nanjing University of Traditional Chinese Medicine
approved this study.

MATERIALS AND METHODS
Development and use of the ELMS

DGBF were used as a “scale-plate” to design the
ELMS. When a polyp was observed at colonoscopy,
DGBF parallel to the lesion were pressed onto it
and a picture was taken. The image was viewed
using the ELMS. First, the length was defined using
an endwise graduation scale; then, the endwise
diameter of a lesion was measured with the given
length as a scale plate. Second, the diameter of the
biopsy forceps was used as a scale plate to measure
the size of a polyp. According to the results of the up
arc of the circumference divided by the length of the
arc, if the lesion occupied a quarter of the enteric
cavity, then the actual diameter of the polyp was
considered to be 1.1 times the measurement. When
the lesion occupied one third of the enteric cavity,
the size of the polyp was considered to be 1.2 times
that of the measurement; the size of the polyp was
estimated to be 1.6 times that of the measurement
when it occupied half of the enteric cavity (Figure 1).
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Statistical analysis

Data were analyzed using SPSS 17.0 software for
Windows (SPSS Inc., Chicago, IL, United States).
A paired Student’s t-test was used to compare the
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Figure 2 Polyp size assessments. Comparison of actual polyp size with clinicians’ evaluations, disposable graduated biopsy forceps (DGBE), and the endoscopic
lesion measurement system (ELMS).

were 1-2 cm, and 15 were > 2 cm. Measurements
of all polyps using all methods are depicted in Figure
2. Measurements taken using DGBF and the ELMS
differed significantly from clinicians’ evaluations (Ps
< 0.001), but not from the vernier calipers (Table 1).

Table 1 Comparison of the methods for measuring the
largest diameter (n = 192)
Method

P

Size (cm)

VC
CE
DGBF
ELMS

0.85 ± 0.69
1.10 ± 0.53
0.87 ± 0.54
0.85 ± 0.53

VC

CE

DGBF

< 0.001
0.134
0.289

< 0.001
< 0.001

0.027

Comparison of the ratio of the estimated sizes according
to method

The ratios of the estimated sizes compared to vernier
calipers are presented in Figure 3. Consistent with
the mean diameters, the ratios obtained by DGBF
and the ELMS differed significantly from those ob
tained using the clinicians’ evaluations (Ps < 0.001),
but not from each other (Table 2).

Data are expressed as mean ± SD. CE: Clinicians’ evaluation; DGBF:
Disposable graduated biopsy forceps; ELMS: Endoscopic lesion
measurement system; VC: Vernier caliper.

ratio of the estimated size by the endoscopists, the
DGBF or the ELMS, to the actual size measured by
vernier calipers. Analysis of variance was used to
compare the differences among the four groups.
Data are presented as mean ± SD; P < 0.05 was
considered to be statistically significant.

Influence of tumor size on measurement accuracy

For polyps less than 1 cm, only 20.6% (28/134) were
accurately estimated by the clinicians’ evaluations,
whereas significantly larger proportions were ac
curately assessed by DGBF and the ELMS (Ps <
0.001) (Table 3). Similar results were found with
polyps 1-2 cm in diameter. In contrast, none of the
polyps larger than 2 cm were accurately measured
by the clinicians’ evaluations. However, significantly
more polyps were accurately estimated by DGBF
and the ELMS (Ps < 0.05).

RESULTS
Basic clinical characteristics of the polyps

From August 2013 to March 2014, 166 patients (110
male, 56 female; mean age: 58.7 ± 11.2 years,
range: 28-84 years) were included in this study with
192 colorectal polyps: rectal (n = 69), sigmoid (n =
64), descending (n = 16), transverse (n = 15), and
ascending (cecum; n = 28) colon polyps. Five of the
patients underwent laparoscopic colectomy, and the
remainder had endoscopic mucosal resection. The
pathologic results of all resected lesions included
tubular adenomas (n = 117), villous adenomas (n =
27; one of which was mucosal cancer), tubulovillous
adenomas (n = 46), and neuroendocrine tumors
(carcinoid; n = 2).

DISCUSSION
The size of a polyp determined at colonoscopy is
crucial for assessing its type and selecting a tr
[5-7]
eatment plan . Data presented here demonstrate
that clinicians’ evaluations do not accurately estimate
[3,4]
the actual size, consistent with previous findings .
As a result, inappropriate advice might be given
[8]
for follow-up. Gopalswamy et al compared the
accuracy of a linear probe, visual estimation and
forceps for estimating polyp size during colonoscopy
and found that the measurement using a linear
probe was most consistent with the actual polyp
size. However, the linear probe requires special

Comparison of the largest diameters

The mean largest diameter of the resected polyps
measured by vernier calipers was 0.85 ± 0.53 cm
(range: 0.2-3.0 cm), of which 134 were < 1 cm, 43
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Figure 3 Accuracy of polyp size measurement methods. Ratio of the actual polyp diameter to the largest diameter determined by visual estimation, disposable
graduated biopsy forceps (DGBF) and the endoscopic lesion measurement system (ELMS).

Table 2 Comparison of the ratio of actual to estimated
measurement (n = 192)

Table 3 Influence of tumor size on measurement accuracy
Polyp size

Ratio
CE:VC
DGBF:VC
ELMS:VC

Method

P

Size (cm)
DGBF:VC

ELMS:VC

< 1 cm

< 0.001
-

< 0.001
0.021
-

1-2 cm

1.30 ± 0.33
1.11 ± 0.37
1.04 ± 0.13

Data are expressed as mean ± SD. CE: Clinicians’ evaluation; DGBF:
Disposable graduated biopsy forceps; ELMS: Endoscopic lesion
measurement system; VC: Vernier caliper.

> 2 cm

software for estimation, which adds to examination
time and cost. The open biopsy forceps method
was found to be the least accurate method. Using
DGBF can increase the accuracy of estimation of
polyp size, though the results can be inaccurate
due to visual deviation, especially for the transverse
diameter of the side of the developing tumor. In
order to reduce visual deviation, we developed a
system that uses this method as a “scale-plate” to
increase the measurement accuracy.
In this study, the average largest diameter of the
resected polyps measured by the endoscopists was
significantly larger than the actual size. However,
measurements taken with DGBE or the ELMS did
not differ, demonstrating the increased estimation
accuracy, which was consistent with the report by
[4]
Liu et al . The accuracy rate of DGBE was lower
than that by ELMS, though a 25% error rate was
still evident for polyps < 1 cm. The reasons for this
may be that, first, a reduced visual deviation of
these polyps increased the accuracy of the biopsy
forceps. Second, many of the polyps < 1 cm were
a protruding type. Due to the potential deviation of
visual angle when taking pictures, the measurement
deviation was more than 10%, which would be
judged to be inaccurate whereas deviation of <
1 mm would not affect the choice of treatment.
Notably, none of the polyps > 2 cm were accurately
estimated by endosocopists’ visual estimations,
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CE
DGBF
ELMS
CE
DGBF
ELMS
CE
DGBF
ELMS

Rate of accurate
estimation
20.6% (28/134)
61.2% (82/134)
75.4% (101/134)
14.0% (6/43)
48.8 % (21/43)
74.4% (32/43)
0.0% (0/15)
40.0% (6/15)
80.0% (12/15)

P
CE

DGBF

< 0.001
< 0.001

0.001

< 0.001
< 0.001

0.003

0.008
0.046

0.212

CE: Clinicians’ evaluation; DGBF: Disposable graduated biopsy forceps;
ELMS: Endoscopic lesion measurement system.

suggesting increased visual deviation. Thus, the
accuracy of the ELMS tended to increase with the
diameter, though the number of large polyps was
insufficient for statistical comparison. Future studies
will include a larger number of polyps > 2 cm to
address this. this study only estimated the largest
diameters and did not compare the transverse or
endwise diameters of the lesions, which will also be
investigated in future studies.
In conclusion, the accuracy of estimating polyp size
diameter at colonoscopy that relied on endoscopists’
experience was low. This accuracy can significantly
be increased using DGBF and the ELMS.
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AIM: To perform a profiling analysis of changes in
intestinal microRNA (miRNA) expression during hypo
thermic circulatory arrest (HCA).
METHODS: A total of eight piglets were randomly
divided into HCA and sham operation (SO) groups.
Under general anesthesia, swine in the HCA group
were subjected to hypothermic cardiopulmonary bypass
at 24 ℃ followed by 80 min of circulatory arrest, and
the reperfusion lasted for 180 min after cross-clamp
removal. The counterparts in the SO group were only
subjected to median sternotomy. Histopathological
analysis was used to detect mucosal injury, and Pickand-Mix custom miRNA real-time polymerase chain
reaction (PCR) panels containing 306 unique primer
sets were utilized to assay unpooled intestinal samples
harvested from the two groups.
RESULTS: The intestinal mucosa of the animals that
were subjected to 24 ℃ HCA exhibited representative
ischemic reperfusion injury of grade 2 or 3 according
to the Chiu score. Such intestinal mucosal injuries,
with the subepithelial space and epithelial layer lifting
away from the lamina propria, were accompanied
by shortened and irregular villi. On the contrary, the
intestinal mucosa remained normal in the shamoperated animals. In total, twenty-five miRNAs were
differentially expressed between the two groups (15
upregulated and 10 downregulated in the HCA group).
Among these, eight miRNAs (miR-122, miR-221-5p,
miR-31, miR-421-5p, miR-4333, miR-499-3p, miR-542
and let-7d-3p) were significantly dysregulated (four
higher and four lower). The expression of miR-122 was
significantly (5.37-fold) increased in the HCA group vs
the SO group, indicating that it may play a key role in

2183

February 21, 2015|Volume 21|Issue 7|

Lin WB et al . Intestinal miRNA change during HCA

HCA-induced mucosal injury.

response. Furthermore, HCA may increase the risk
[5]
associated with gut barrier dysfunction . Due to HCA,
the intestines suffer from ischemic reperfusion injury
(IRI).
MicroRNAs (miRNAs) are small noncoding RNAs
that are capable of silencing gene expression posttranscriptionally. In recent years, research on miRNA
has been mainly focused on cancer, while miRNA
expression following IRI has remained poorly un
derstood. Growing evidence indicates that some
miRNAs are related to IRI, such as miRNA expression
[6]
[7]
[8]
[9]
in the liver , kidney , muscle and flap ; however,
there are no reports on miRNA expression in inte
stinal IRI following HCA.
We postulated that miRNA is also associated with
intestinal IRI during HCA. The present study aims to
identify the influence of HCA on microRNA expression
in the intestine by using miRNA polymerase chain
reaction (PCR) arrays in swine.

CONCLUSION: Exposure to HCA caused intestinal
miRNA dysregulation and barrier dysfunction in swine.
These altered miRNAs might be related to the protection
or destruction of the intestinal barrier.
Key words: Reperfusion injury; Cardiopulmonary bypass;
Animal model; Barrier function; Randomized controlled
trial; MicroRNA
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Swine intestine was subjected to hypothermia,
cardiopulmonary bypass and ischemia/reperfusion
following hypothermic circulatory arrest (HCA). These factors
caused barrier dysfunction, resulting in gastrointestinal
complications. Histopathological and microRNA (miRNA)
array analyses were used to investigate the effects of
HCA on the gut barrier. HCA was found to disturb barrier
function in the small intestine and influence the miRNA
levels in swine. Our results contribute to the body of
research examining gut barrier function following HCA in
vivo .

MATERIALS AND METHODS
Animals and study design

A total of 8 Wuzhishan pigs (6 to 8-wk-old, weight
9.7-13 kg, average 11.66 kg) were randomly assigned
into HCA 24 ℃ and sham operation (SO) groups. The
experiment was conducted in compliance with the
Principles of Laboratory Animal Care formulated by the
National Society for Medical Research and the Guide
for the Care and Use of Laboratory Animals prepared
by the Institute of Laboratory Animal Resources and
published by the National Institutes of Health (NIH
Publication No. 86-23, revised 1996) and the Guidelines
for Animal Experimentation, which were issued by the
First Affiliated Hospital of Sun Yat-sen University.

Lin WB, Liang MY, Chen GX, Yang X, Qin H, Yao JP, Feng
KN, Wu ZK. MicroRNA profiling of the intestine during
hypothermic circulatory arrest in swine. World J Gastroenterol
2015; 21(7): 2183-2190 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i7/2183.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i7.2183

INTRODUCTION

Anesthesia

Since Bigelow performed the first experiments on
hypothermic circulatory arrest (HCA) in 1950, HCA
has become a vital technique in surgery for aortic
and congenital heart disease. HCA can decrease the
metabolic rate of tissues throughout the body and
provides a bloodless surgical field while increasing
complications such as edema formation, coagulopathy
and organ dysfunction. On the grounds that the brain
is the organ that is the most sensitive to ischemia,
many studies have focused on neurological impairment
associated with HCA, while only a few studies have
focused on other organs, such as the kidney, intestines
and spinal cord.
The prognosis after cardiopulmonary bypass (CPB)
is closely related to the degree of gastrointestinal
[1]
complications . Even simple CPB will impair gas
[2]
trointestinal function . Although the underlying mech
anism remains unclear, possible explanations for these
[3,4]
complications include gastrointestinal hypoperfusion ,
gut barrier dysfunction, preoperative immune function
defects, the change in the blood capillary permeability
of the intestinal wall, and the systemic inflammatory

WJG|www.wjgnet.com

The animals were sedated with intramuscular ketamine
hydrochloride and maintained on Ⅳ infusions of
ketamine (40 mg/kg) and fentanyl (2 μg/kg per
hour) after endotracheal intubation via tracheotomy.
Following this step, an arterial pressure catheter was
inserted into the right femoral artery for pressure
monitoring and blood sampling. Then, an 8-Fr
central venous catheter was inserted via the left
femoral vein for fluid administration and central
venous pressure monitoring.

CPB and sham operation

A median sternotomy was performed in both groups.
Next, each of the piglets in the HCA group was
administered heparin sodium (400 IU/kg). The as
cending aorta was cannulated with a single 10F
arterial cannula, and the superior and inferior vena
cava were both cannulated with 12F cannulas. The
CPB circuit consisted of a roller pump, a membrane
oxygenator (SK3301, Medtronic Inc, Minneapolis, MN,
United States), and a heat exchanger (Sarns Heater
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Cooler, Ann Arbor, MI, United States). The circuit was
primed with electrolyte solution, blood from a donor
pig and heparin (3 mg/100 ml total fluid). A mean
arterial pressure of 50 to 80 mmHg was maintained
by keeping the CPB flow rate between 75 ml/kg per
minute and 80 ml/kg per minute in the CPB group.

assessed by two pathologists who were blinded to
[10]
the study protocol according to Chiu’s method . All
samples were observed under a stereomicroscope
(DM 2500B, Leica, Germany) at × 200 magnification
using an objective lens with an aperture of 22 mm.
Photomicrographs were obtained using the Leica
Application Suite (Leica Microsystems, Wetzlar,
Germany) and edited with Adobe Photoshop 12.0
(Adobe Systems Inc., San Jose, United States).

HCA

After initiation of CPB, the animals were cooled to a
target nasopharyngeal temperature of 30 ℃ by a heat
exchanger (Sarns, Ann Arbor, MI, United States). After
the body temperature lowered to 30 ℃, the ascending
aorta was cross-clamped, and the cardioplegia
solution was administered. Topical ice slush was
used to cool the surface of the heart throughout the
HCA procedure. The heat exchanger operated until
the body temperature was cooled down to 24 ℃.
Then, the roller pumps were turned off, and HCA
was performed for the next 80 min. Next, the aorta
was declamped, and the animal was rewarmed
to normothermia in 60 min using a temperature
gradient of 8 ℃. For the hearts that encountered
deleterious arrhythmia after de-clamping, directcurrent defibrillation was used to restore the sinus
rhythm. The animals were weaned off from CPB
when the hemodynamic data became steady after
partial perfusion, and the reperfusion lasted for 180
min following the removal of the cross-clamping.
When the experiment was complete, midline
laparotomy was performed to obtain specimens from
the terminal ileum, which were preserved at -80 ℃.

Statistical analysis

Significant differences between the two groups were
tested using Student’s t-test, with a significance
threshold of P < 0.05. miRNAs with expression
changes of > 2-fold were considered to be differentially
expressed. The statistical program SPSS 20.0 (SPSS
Inc., Chicago, IL, United States) was used for statistical
analysis.

RESULTS
Morphological changes in the intestine following HCA

No significant differences were observed in the
intestinal mucosa between the two groups based
on observations with the naked eye. However,
histological tissue evaluations revealed that the
structures of the mucosal epithelial layer and the
lamina propria were well preserved in the SO group
(Figure 1A). In contrast, the intestinal mucosa of the
animals that were subjected to HCA demonstrated
representative IRI of grade 2 or 3 according to the
Chiu score (Figure 1B). This result indicates that the
gut barrier function was interrupted following 80
min of ischemia and 180 min of reperfusion despite
exposure to 24 ℃ hypothermia.

Real-time PCR profiling of microRNAs

RNA was isolated from cryopreserved tissue using
TRIzol (Invitrogen Life Technologies, Carlsbad, CA,
United States) and subsequently precipitated, washed
and redissolved. The RNA purity was measured
using a NanoDrop ND-1000 spectrophotometer
(Wilmington, DE, United States). cDNA was gene
rated from 20 µl of RNA using the buffer and the
enzymes that were provided in the Qiagen kit
(Exiqon, Denmark). Pick-and-Mix custom panels
(Exiqon, Denmark) containing 306 primer sets
uniquely designed for microRNAs were chosen for
miRNA expression profiling. The cDNA was diluted ×
110 and assayed in 10-µl PCR reactions according
to the protocol for miRCURY LNA TM Universal RT
microRNA PCR. PCR was performed using the ABI
PRISM 7900 system (Applied Biosystems, Inc., Foster
City, CA, United States). The miRNA expression was
normalized relative to the expression of U6 using the
ΔΔCt method. Then, the fold change was calculated
by using the ratio of miRNAHCA/miRNASO or miRNASO/
miRNAHCA (when miRNAHCA was down-regulated).

MiRNA real-time PCR array

Relative to the SO group, miRNA profiling revealed
that 25 miRNAs were differentially expressed (P
< 0.05) in the intestine after 80 min of ischemia
and 180 min of reperfusion (Figure 2 and Table 1).
Of the 25 miRNAs, miR-122, -542-5p, -499-3p,
-421, let-7d-3p, miR-31, -221-5p and -4333 were
diversely expressed between the HCA and SO
groups for P < 0.05 and a fold change > 2 levels of
significance. In Table 2, we summarize six miRNAs
that were previously implicated in IRI. Although
these six miRNAs were not significantly expressed
in the intestine, a lower miR-192 level was observed
compared to the SO group (Table 2).

DISCUSSION
To date, no data are available regarding the intestinal
miRNA expression profile during an HCA procedure.
In the present study, we detected twenty-five dys
regulated miRNAs and injury to the mucosa barrier in
the intestine following HCA. The factors that may have

Histopathological analysis

Hematoxylin and eosin-stained sections from formalinfixed and paraffin-embedded intestinal samples were
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A

B

100 mm

Figure 1 Histopathological changes in the mucosa in each group. A: Epithelial layer and the lamina propria of the intestinal mucosa in the SO group were normal; B:
Shortened and irregular villi as well as subepithelial space were observed; some lifting of the epithelial layer of the lamina propria was observed in mucosa exposed to
HCA (magnification × 200).

SO2

SO1

SO3

SO4

HCA2

HCA1

19.0

6.934325
3.4671626

0.0

10.009426

20.018852

HCA4

9.9
HCA3

5.0

0.0
>ssc-miR-144
>ssc-miR-421-5p
>ssc-miR-221-5p
>ssc-miR-29b
>ssc-miR-299
>ssc-miR-122
>ssc-miR-331-3p
>ssc-miR-140-3p
>ssc-miR-2483
>ssc-miR-181d-3p
>ssc-miR-130a
>ssc-miR-31
>ssc-miR-196b-3p
>ssc-miR-342
>ssc-miR-345-3p
>ssc-miR-542-5p
>ssc-miR-499-3p
>ssc-miR-664-3p
>ssc-miR-4334-5p
>ssc-miR-34a
>ssc-miR-874
>ssc-miR-125a
>ssc-miR-192
>ssc-miR-4333
>ssc-let-7d-3p

Figure 2 Heat maps of the differentially expressed microRNAs. Twenty-five dysregulated microRNAs were detected between the HCA and SO groups (P < 0.05)
in this study. HCA: hypothermic circulatory arrest; SO: sham operation.
[12]

influenced miRNA expression in this study included
hypothermia, CPB and circulatory arrest. Firstly,
hypothermia may induce miRNA dysregulation. For
example, higher miR-21 expression levels have been
detected in skeletal muscle and liver at -3 ℃ compared
[11]
to 5 ℃ in vivo . Interestingly, in another tissue
miRNA study performed in a traumatic brain injury rat
model, miR-874 was markedly differentially expressed
under hypothermia conditions (33 ℃) compared to

WJG|www.wjgnet.com

normothermia (37 ℃) . Specifically, temperaturedependent miRNA modulation was mediated by
[13]
RNA-binding motif protein 3 . These studies were
not performed at 24 ℃; nevertheless, they reflected
the effect of hypothermia on miRNA. Therefore,
the modulated miRNAs in our study (let-7d-3p,
miR-29b, miR-125a, miR-130a, miR-874) may be
temperature-dependent miRNAs that are affected
by HCA. Secondly, changes in the miR-499 levels
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is one of the key factors used to evaluate gut barrier
function. Our results suggest that the gut barrier
function was compromised in animals subjected to
24 ℃ HCA. Altered levels of several miRNAs were
associated with barrier dysfunction, indicating that
they may play a protective/detrimental role in
HCA. Cytokines, such as IL-6 and IL-10, are key
inflammation regulators of CPB-induced intestinal
dysfunction mediated by the NF-kB pathway. Let[19,20]
[21]
7d
and miR-421
were hypothesized to promote
gut barrier conservation by reducing the cytokine level.
However, in the present study, the let-7d expression
level decreased, while the miR-421 level increased in
response to HCA. Therefore, although high miR-421
levels may benefit the intestinal mucosa, reduced let7d-3p levels are likely to negatively affect the intestinal
mucosa.
Our morphological results also confirmed that IRI
caused by HCA leads to barrier dysfunction. Hypoxia
[22]
inducible factor (HIF) is activated by IRI , resulting
[23]
in intestinal mucosa barrier dysfunction . HIF is
[24]
down-regulated by factor inhibiting HIF (FIH-1) ,
[25]
a target gene of miR-31 , suggesting that the
decreased miR-31 expression observed in our study
may protect the intestinal barrier. The CPB procedure
activates several pathways, including oxidative
stress, which dysregulates senescence-associated
[26]
miR-542 expression
and inhibits cell proliferation
[27]
in vitro . Ultimately, high miR-542 levels might
injure the mucosa in our model. miR-122 showed
significantly (5.37-fold) increased expression in the
HCA group vs the SO group. During myocardial IRI,
the activity of myocardial p38-MAPK may lead to
[28,29]
the down-regulation of miR-122
, suggesting
that miR-122 may also show similar changes during
IRI in other organs. On the contrary, miR-122 was
shown to be up-regulated in intestinal IRI in our
study, which may be due to a different activated
sub-family of p38-MAPK or organ differences. In a
[30]
recent study by Ye et al , it was shown that TNFalpha may lead to increased miR-122 levels in the
intestine, suggesting that miR-122 may be involved
in TNF-alpha induced intestinal barrier dysfunction.
However, NOD2 and TNF-alpha are two gut functionassociated target genes of miR-122. Lower NOD2
levels protect intestinal epithelial cells by increasing
[31]
anti-inflammatory cytokines , and reduced TNF-alpha
[32,33]
levels alleviate intestinal IRI
. In contrast, elevated
miR-122 levels are postulated to protect barrier function
in our HCA model.
IRI can lead to increased miR-221 expression through
[34,35]
the high-mobility group box 1 protein pathway
;
however, the miR-221 level was decreased in HCA,
suggesting that hypothermia or CPB influence the
expression of miR-221 in HCA. Low miR-221 expression
[36,37]
is related to high TNF mRNA expression
; therefore,
miR-221 down-regulation may be detrimental to
intestinal epithelial cells via activation of the NF-kB
[38]
pathway .

Table 1 MicroRNAs that were dysregulated in the hy
pothermic circulatory arrest group vs the sham operation
group

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

Up-regulation FC

P value

Down-regulation

FC

P value

miR-122
miR-542-5p
miR-499-3p
miR-421-5p
miR-4334-5p
miR-345-3p
miR-181d-3p
miR-2483
miR-125a
miR-874
miR-299
miR-34a
miR-331-3p
miR-140-3p
miR-144

0.0193
0.0273
0.0026
0.0141
0.0344
0.0212
0.0211
0.0074
0.0487
0.0226
0.0440
0.0489
0.0392
0.0232
0.0166

let-7d-3p
miR-31
miR-221-5p
miR-4333
miR-29b
miR-196b-3p
miR-192
miR-664-3p
miR-342
miR-130a

8.73
2.33
2.18
2.01
1.89
1.79
1.63
1.55
1.49
1.40

0.0000
0.0141
0.0248
0.0219
0.0213
0.0440
0.0494
0.0085
0.0266
0.0006

5.37
2.64
2.47
2.41
1.95
1.73
1.63
1.59
1.52
1.48
1.47
1.41
1.38
1.36
1.35

Among the 25 aberrantly expressed miRNAs, only eight miRNAs showed
significant changes. miR-4333 expression was found to overlap with that
of the well-conserved SNORA53 based on information retrieved from
miRBase 20.
[14]

in the myocardium during CPB were reported ;
however, no change about miR-499 was reported
in the intestine. miR-499 is an acute myocardial
infarction marker that is overexpressed in cardiac
[15]
IRI. In a study by Reddy et al , the authors stated
that miR-499 is cardiac cell-specific in swine and
cannot be detected in other organs; however, only
the stomach was included in this previous study, and
the intestine was not analyzed. Our data revealed
differential miR-499 expression between the
normal and experimental intestines, indicating that
miR-499 may be a marker of IRI in the intestine,
distinct from the heart. However, with the present
study design, we cannot differentiate among the
hypothermia-induced, CPB-induced and IRI-induced
miRNA changes. Therefore, additional studies are
needed to assess the individual impact of these
factors. Thirdly, few studies examining alterations in
the expression of miRNAs in the intestine subjected
to IRI have been reported, although miRNAs were
found to be altered in other organs subjected to IRI.
Nevertheless, the dysregulation of several miRNAs
[9,16-18]
was found in other organs subjected to IRI
,
including the liver (miR-146), kidney (miR-10a, miR30d), and skin flap (miR-21, miR-96, miR-193-3p,
miR-210). However, the miRNA expression found
in our study was quite different than in other IRI
studies. The decreased levels of miR-192 that we
detected were consistent with a previous report on
[18]
renal IRI . This phenomenon also suggests that
IRI is not the only factor related to intestinal miRNA
changes following HCA. Consequently, this finding
suggests that the superior mesenteric artery ligation
model may not be suitable to mimic the intestinal
pathophysiology changes in cardiac surgery.
The histological change of the intestinal mucosa

WJG|www.wjgnet.com

2187

February 21, 2015|Volume 21|Issue 7|

Lin WB et al . Intestinal miRNA change during HCA
Table 2 ischemic reperfusion injury-associated miRNA expression in hypothermic circulatory arrest and sham operation groups
miRNA

miR-10a-3p

miR-10a-5p

miR-21

miR-193a-3p

miR-210

miR-205

FC
P value

-1.23
0.3752

-1.16
0.5034

-1.11
0.6219

-1.11
0.7919

-1.41
0.0952

-1.17
0.6146

Six previously reported ischemic reperfusion injury-associated miRNAs showed nonsignificant changes.

There are several advantages of the swine model,
such as steady hemodynamics, tolerance of long
duration circulatory arrest and similarity to human
beings. Furthermore, the age of six to eight weeks
in swine likely corresponds to the relevant age in
human infants for congenital heart disease. This
model more closely resembles the real disease state
in human beings, while animals such as rats, canines
and rabbits have failed to match closely with real
disease states. Therefore, we selected the swine as a
model of HCA. Little is known about mucosa injuries
caused by circulatory arrest. Karhausen reported
that 45 min of circulatory arrest can lead to obvious
[39]
rat intestinal mucosa IRI . Although the duration of
ischemia was longer in our study, minor microscopic
changes were found. A possible explanation might
be that the rat intestine is more sensitive to ischemia
or temperature changes than it is to the duration of
the ischemia.
One limitation of this study is that we did not
set up groups of cardiopulmonary hypothermia
without circulatory arrest or circulatory arrest at
normal temperatures. Therefore, although intestinal
miRNA could be influenced by HCA, we were not
able to detect the most significant factor among
hypothermia, CPB and circulatory arrest during HCA.
However, the animal model that we aim to establish
can be used to simulate the clinical surgical process.
Therefore, circulatory arrest following atmospheric
temperature and superior mesenteric artery ligation
without CPB may not provide useful information.
Another limitation of our study is that we did not
link the dysregulated miRNAs with significant
changes in pathological characteristics. Although
many candidate genes are potentially targeted by
the 7 identified miRNAs, only a few of these target
genes were validated in other studies. We assessed
the mutual target genes of these miRNAs, but the
results we obtained are not ideal for determining
the connection between miRNAs and the gut barrier,
suggesting that the direct relationship between the
genes and the pathological characteristics shown in
our figures is difficult to identify. We hope that the
initial data provided by our study may inspire other
researchers to determine the connection between
these miRNAs and the gut barrier.
In summary, intestinal barrier dysfunction and
miRNA deregulation occurred when the swine were
subjected to 24 ℃ HCA. Among these miRNAs, altered
miR-122, miR-31 and miR-421-5p levels may protect

WJG|www.wjgnet.com

barrier function, while altered miR-542-5p, let-7d-3p
and miR-221-5p levels may negatively affect barrier
function. Furthermore, miR-499 may be a marker of
IRI in the intestine.
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AIM: To investigate semaphorin 4D (Sema4D) and
hypoxia-inducible factor-1α (HIF-1α) expression in
colorectal carcinoma and evaluate their clinicopathological
and prognostic significance.
METHODS: Eighty-six curatively resected colorectal
carcinoma patients at different stages of disease
were randomly selected from the group of patients
who underwent surgery, and none of them received
preoperative radiochemotherapy. Normal proximal
adjacent bowel tissue, which served as an internal
control, was obtained from 52 randomly selected patients.
Immunohistochemistry was performed to analyze the
expression of Sema4D and the tumor angiogenesisrelated protein HIF-1α in normal colorectal tissues and
colorectal carcinoma tissues. The relationships between
the expression and clinical characters and prognosis were
analyzed.
RESULTS: HIF-1α and Sema4D were positively
expressed in 58% and 60% of colorectal carcinoma
tissues, respectively. Significantly lower expression
levels were observed in normal mucosa (8% and 12%,
respectively). HIF-1α and Sema4D expression was
closely correlated with histological tumor type, tumornode-metastasis (TNM) stage, and lymphatic metastasis
(P < 0.05), but not with age or tumor size (P > 0.05).
HIF-1α and Sema4D protein expression was significantly
correlated with prognosis of colorectal carcinoma, as
determined by Spearman rank correlation analysis (r
= 0.567; P < 0.01). Multivariate Cox analysis revealed
that only Sema4D expression played a significant role in
predicting patient prognosis (P < 0.05).
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CONCLUSION: These findings suggest that HIF-1α
and Sema4D expression correlates with histological
tumor type, TNM stage, and lymphatic metastasis in
colorectal carcinoma and that Sema4D is a prognostic
indicator of colorectal carcinoma.

regulatory protein involved in the cellular response to
oxygen levels is the hypoxia-inducible factor (HIF).
HIF-1 is a heterodimer consisting of two components:
HIF-1α and HIF-1β. HIF-1α is oxygen-regulated
and determines the activity of HIF-1. Under hypoxic
conditions, the transcriptional activity of HIF-1 grows
at a speedy pace for the over-expression of HIF-1α
[5]
protein . HIF-1 binds to hypoxia response elements
(HREs) in the promoters of target genes and activates
their transcription for adaptation to decreased oxygen
concentrations (i.e., the formation of new blood
vessels through the proliferation of endothelial cells
as well as their migration toward the developing
[6]
tumor) . This response is influenced by the increased
production of pro-angiogenic proteins, such as
vascular endothelial growth factor (VEGF). In addition,
semaphorins may be regulated by changes in oxygen
tension, which is the same case with some other pro[7]
angiogenic factors . Semaphorins are a large family
of membrane-bound or secreted proteins originally
[8,9]
described in the nervous system . These molecules
play important roles in angiogenesis, for they regulate
blood vessel growth and endothelial cell homing
[10]
during vessel development . A recent study indicated
that Sema4D, originally discovered to regulate B cell
aggregation and survival as well as T cell activation
[11,12]
in the immune system
, is induced by hypoxia in
an HIF-1-dependent manner. Sema4D effects tumor
vascularity in head and neck squamous cell carcinoma
in such a way that is analogous to that of VEGF,
attracting plexin-B1-expressing endothelial cells into
[13]
the tumor to promote growth and vascularity .

Key words: Colorectal carcinoma; Immunohistochemical
staining; Hypoxia-inducible factor-1α; Semaphorin 4D;
Prognosis
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Although originally identified in the context
of neurodevelopment, semaphorin 4D (Sema4D) is
also important in angiogenesis. Sema4D is widely
expressed in several types of malignant solid tumors.
However, its function and expression in colorectal
carcinoma are not understood. This study indicates that
Sema4D expression is positively correlated with HIF1α in colorectal carcinoma and that Sema4D is a novel
indicator of poor prognosis for colorectal carcinoma
patients. We expect that Sema4D could be used as
a reliable tool to the early and accurate prediction
of tumor recurrence, and it represents a potential
therapeutic target for colorectal cancer patients.
Wang JS, Jing CQ, Shan KS, Chen YZ, Guo XB, Cao ZX, Mu LJ,
Peng LP, Zhou ML, Li LP. Semaphorin 4D and hypoxia-inducible
factor-1α overexpression is related to prognosis in colorectal
carcinoma. World J Gastroenterol 2015; 21(7): 2191-2198
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i7/2191.htm DOI: http://dx.doi.org/10.3748/wjg.v21.i7.2191

MATERIALS AND METHODS
Tissue samples

INTRODUCTION

Eighty-six curatively resected colorectal carcinoma
patients at different stages of disease were randomly
selected from the group of patients who underwent
surgery between January 2004 and June 2005
at the Provincial Hospital Affiliated to Shandong
University. None of the patients received preoperative
radiochemotherapy. Among these patients, 44 were
female and 42 were male, and their ages ranged from
32 to 73 years. According to a prospective protocol,
the tumor and all of the lymph nodes were cut at
several levels and embedded in paraffin, and sections
were obtained for routine hematoxylin and eosin (HE)
staining. Experienced pathologists examined the slides
and documented the pathological characteristics of
the tumor and lymph nodes. Tumor stage was defined
according to the tumor-node-metastasis (TNM) staging
system. The data obtained at regular follow-up visits to
the outpatient department were stored in a database
specifically designed for colorectal carcinoma patients.
An update regarding the present status of all surviving
patients was obtained by phone or mail in December
2012. Normal proximal adjacent bowel tissue, which

Colorectal cancer ranks among the most common
malignancies, and it is the fourth leading cause of
[1,2]
cancer-related death throughout the world . The
United States has a yearly report of over 148000 new
[3]
cases of colorectal cancer , and China is facing an
increase in the incidence of this carcinoma. Despite
extensive research efforts, many patients ultimately
die from disease recurrence. Thus, to improve the
diagnosis and prognosis of colorectal cancer, it is of
great importance to get a full understanding of the
molecular mechanisms underlying its carcinogenesis.
Tumor hypoxia is a key factor that leads to the
development of malignancy because it promotes
the release of factors essential for angiogenesis and
tumor growth. Solid tumors generally grow in a faster
pace than their local blood supply, which results in a
hypoxic microenvironment. Though lesions 1-2 mm
in diameter get nutrients through cellular diffusion,
an increase in tumor size beyond this level needs
fast adaptation to hypoxia so as to keep the growth
[4]
and necrosis from being cessative . The master
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Statistical analysis

served as an internal control, was obtained from 52
randomly selected patients.

The correlation between HIF-1α and Sema4D expression
and a variety of clinicopathological parameters was
determined by Student’s t-test, Fisher’s exact test, or
the Mann-Whitney U test, as appropriate. Differences
in the frequencies between different groups were
2
determined using the χ test. The correlation between
the two variables was determined using Spearman’
s rank test. Survival curves were plotted using the
Kaplan-Meier method, and statistical significance
between groups was determined by the log-rank
test. The end point for analysis was overall survival
beginning from the surgery day. Independent variables
predicting survival were estimated by multiple stepby-step regression analysis using the Cox model. All
statistical tests were two-sided, with differences being
reckoned significant at the 0.05 significance level. As
for data analysis, SPSS13.0 software was used.

Immunohistochemistry

Immunohistochemical staining for HIF-1α and Sema4D
was performed on 4-μm-thick paraffin-embedded
sections of tumor tissues using the streptavidinbiotin-peroxidase complex technique (ABC). After
deparaffinizing and rinsing the slides several times with
PBS, endogenous peroxidase activity was inactivated
by incubating the slides in 3% H2O2 in methanol for
20 min at room temperature, and nonspecific binding
was blocked by incubation in 5% bovine serum
albumin for 20 min. Antigen retrieval was performed
by microwaving the sections for 25 min in either 10
mmol/L sodium citrate (pH 6.0) or 0.05 mol/L TrisHCl (Sigma-Aldrich Ltd., Poole, United Kingdom)/1
mmol/L EDTA (Sigma) (pH 8.5 or 9.0) buffer solution.
Sections in different groups were then incubated with
a rabbit monoclonal anti-HIF-1α or anti-SEMA4D
(Boster Biotechnology Company, BA1278, 1:50) for
1 h at 37 ℃ . Then, the slides were incubated with
an HRP-conjugated secondary antibody (goat antimouse IG) at 37 ℃ for 30 min. The sections were then
stained by the ABC method, using DAB as a substrate,
for 10 min; HE staining was used as a counterstain.
As a negative control, slides were processed with no
primary antibodies. To account for batch-to-batch
variation, two sections with high and low HIF-1α
expression were identified, with more sections from
these biopsies being included in each batch.

RESULTS
Expression of HIF-1α and Sema4D in normal mucosa
and cancer tissues

Figures 1 and 2 display photomicrographs of HIF-1α
and Sema4D staining in normal mucosa and cancer
tissues. Immunohistochemistry revealed that 58%
(50/86) and 60% (52/86) of colorectal cancer tissues
stained positive for HIF-1α and Sema4D, respectively,
significantly higher than those in normal tissues (8%
and 12%, respectively, P = 0.00). Both HIF-1α and
Sema4D were occasionally expressed in the luminal
border of the normal mucosa. However, this staining
was weak and cytoplasmic, with no nuclear staining
observed in normal mucosal cells. By way of contrast,
the staining pattern was variable in tumors. HIF-1α
expression was observed in the cytoplasm and/or
nuclei of tumor cells, and the staining was prominent
in the advancing border of the tumor. Interstitial cells,
most likely macrophages, were frequently positive for
both HIF-1α and Sema4D. Occasionally, cytoplasmic
staining for Sema4D was observed as aggregates at
the luminal border of tumor cells.

Evaluation of staining

Scoring was performed in a double-blind manner by
two investigators. All disagreements were resolved by
discussion to obtain final scores. Brown staining in the
membrane, cytoplasm, and nuclei of tumor cells was
regarded as indicating positive expression of HIF-1α
or Sema4D. Staining results were evaluated according
to the percentage of cells with positive staining and
staining intensity in the cytoplasm of cells. For scoring,
five high-power fields (× 400) were selected in each
section to count positive cells, and the sections were
divided into four groups according to the proportion of
positive cells as the following: (1) 0 points, percentage
of positive cells ≤ 5%; (2) 1 point, percentage
of positive cells > 5% and ≤ 25%; (3) 2 points,
percentage of positive cells > 25% and ≤ 50%; (4)
3 points, percentage of positive cells > 50% and ≤
75%; and (5) and 4 points, percentage of positive cells
> 75%. The scores for staining intensity were defined
in the cytoplasm of cells as follows: (1) 0 points,
no coloring; (2) 1 point, light yellow; (3) 2 points,
brown-yellow; and (4) 3 points, tan. Final scores were
calculated as the score of positive cells multiplied
by the score of staining intensity in the cytoplasm.
According to this final score, the samples were divided
[14]
into two grades: negative (0-2) and positive (3-7) .
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Correlation between Sema4D and HIF-1α expression in
colorectal carcinoma

Among the 50 cancer tissues which stained positive
for HIF-1α, 84.0% (42/50) stained positive for
Sema4D. However, among the 36 cancer tissues that
stained negative for HIF-1α, 27.8% (10/36) stained
positive for Sema4D. Thus, we observed a significant
correlation between Sema4D and HIF-1α expression (r
= 0.567; P < 0.01; Table 1).

Expression of Sema4D and HIF-1α and
clinicopathological characteristics of colorectal
carcinoma patients

Fifty-two (60%) and 50 (58%) tumors were res
pectively positive for Sema4D and HIF-1α. Table

2193

February 21, 2015|Volume 21|Issue 7|

Wang JS et al . Sema4D and HIF-1α in colorectal carcinoma

A

B
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D

Figure 1 Hypoxia-inducible factor-1α expression patterns. A: A sample with strong cytoplasmic staining for hypoxia-inducible factor-1α (HIF-1α) in the advancing
tumor border is shown; interstitial cells are positive for HIF-1α (× 200); B: Cancer tissue with positive immunostaining for HIF-1α (× 400); C: Cancer tissue with
negative immunostaining for HIF-1α (× 200); D: HIF-1α is not expressed in normal tissue (× 200).

1α expression being eliminated during the step-bystep multivariate analysis in contrast (Table 4). Overall
speaking, patients with positive Sema4D expression
survived a shorter time in comparison to those with
negative expression (Figure 3).

Table 1 Correlation between semaphorin 4D and hypoxiainducible factor-1α expression in colorectal carcinoma n (%)

HIF-1α-negative
HIF-1α-positive

n

Sema4D-negative

Sema4D-positive

36
50

26 (72.2)
8 (16.0)

10 (27.8)
42 (84.0)

DISCUSSION

HIF-1α: Hypoxia-inducible factor-1 alpha; Sema4D: Semaphorin 4D.

HIF-1 drives or represses the transcription of many
genes and pathways that are critical for the co
ordination of oxygen supply and cellular metabolism.
Rapidly growing tumors with high metabolic demands,
genetic mutations, or other tumorigenic events, along
with the influence of inflammatory mediators and
other tumor and stromal-released growth factors,
are unable to properly degrade HIF-1α, resulting
in the stabilization and activation of the HIF-1
[5]
transcriptional complex . Recent studies showed that
HIF-1α expression is on an increase in many primary
and metastatic tumors, which suggests that its
stabilization is a common consequence of a wide range
[15]
of mutations underlying human cancer . The HIF-1
heterodimer binds to HREs in the cis-acting sequences
of target genes, many of which are involved in
[16]
adaptive pathways, such as angiogenesis . Notably,
previous studies demonstrated that the angiogenic
response induced by Sema4D was comparable to that
of other famous angiogenic molecules, including VEGF,
HGF, and bFGF, and it depended on the up-regulation
[17-21]
of these molecules
.

2 displays the association between Sema4D and
HIF-1α expression and the clinicopathological
variables. Overexpression of Sema4D and HIF-1α
was significantly connected to the advancement of
lymphatic metastasis and the TNM stage of the tumor.
A significant correlation can be observed between the
differentiation status of the tumor and expression of
Sema4D and HIF-1α, with increased Sema4D and
HIF-1α expression found in moderately and poorly
differentiated tumors.

Survival analysis of prognostic factors in colorectal
carcinoma

Univariate analyses revealed that patient prognosis
was relevant to the differentiation status, TNM stage,
lymphatic metastasis, as well as the expression of
HIF-1α and Sema4D (P < 0.05; Table 3). Moreover,
multivariate Cox analysis revealed that TNM stage
and positive Sema4D expression had a significant,
independent effect on patient prognosis, with HIF-
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Figure 2 Expression patterns of semaphorin 4D. A: A sample with strong cytoplasmic staining for semaphorin 4D (Sema4D) in the advancing tumor border is
shown, with interstitial cells being positive for Sema4D (× 200); B: Cancer tissue with positive immunostaining for Sema4D (× 400); C: Cancer tissue with negative
immunostaining for Sema4D (× 200); D: Sema4D is not expressed in normal tissue (× 200).

Table 2 Expression of semaphorin 4D and hypoxia-inducible factor-1α and clinicopathological characteristics of colorectal
carcinoma patients
HIF-1α-positive

n
Age (yr)
≤ 50
> 50
Differentiation
High
Medium
Low
Tumor size
< 5 cm
≥ 5 cm
TNM Stage
Ⅰ-Ⅱ
Ⅲ-Ⅳ
Lymphatic metastasis
Yes
No

n (%)

40
46

23 (58)
27 (59)

28
42
16

10 (36)
30 (71)
10 (63)

50
36

28 (56)
22 (61)

30
56

11 (37)
39 (70)

58
28

40 (69)
10 (36)

Sema4D-positive

χ2

P value

0.013

0.911

8.5791

0.0031

n (%)
25 (63)
27 (59)

χ2

P value

0.130

0.719

6.6641

0.0101

0.624

0.429

5.657

0.017

5.385

0.020

11 (39)
28 (67)
13 (81)
0.225

0.636
32 (64)
20(56)

8.728

0.003
13 (43)
39 (70)

8.579

0.003
38 (66)
14 (50)

1

Represent a significant correlation between the differentiation status of the tumor. HIF-1α: Hypoxia-inducible factor-1α; Sema4D: Semaphorin 4D.

there was a significant correlation between the
expression of these proteins and the differentiation
status of the tumor, with increased expression present
in moderately and poorly differentiated tumors.
However, multivariate Cox analyses revealed that
only TNM stage and positive Sema4D expression
had a significant, independent effect upon patient
prognosis, and HIF-1α was eliminated from the stepby-step multivariate analysis. Sema4D expression
had a significant effect upon patient prognosis in

Our study, which encompassed a large group of
colorectal cancer cases across all disease stages, in
dicated that both HIF-1α and Sema4D are extensively
expressed in cancer tissues in comparison to normal
large bowel mucosa (controls). The tissues in more
than half of all cases expressed HIF-1α (58%), and
almost two-thirds of the tissues expressed Sema4D
(60%). Overexpression of Sema4D and HIF-1α was
closely related to the advancement of lymphatic
metastasis and the TNM stage of the tumor, and
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Figure 3 Cumulative survival curves. Cumulative survival curves were stratified by semaphorin 4D (Sema4D) and hypoxia-inducible factor-1α (HIF-1α) expression
in cancer cells. The survival curves were analyzed by Kaplan-Meier analysis and log-rank tests. A: Colorectal carcinoma patients with positive Sema4D expression
exhibited shorter overall survival compared with patients with negative expression (P = 0.009); B: Colorectal carcinoma patients with positive HIF-1α expression
exhibited shorter overall survival compared with those with negative expression (P = 0.497). Neither value reached statistical significance.

Table 3 Survival analysis of prognosis factors in colorectal
carcinoma

Table 4 Multivariate analysis of prognostic factors
Overall survival

5-yr survival rate

n
Age (yr)
≤ 50
> 50
Differentiation
High
Medium
Low
Tumor size
< 5 cm
≥ 5 cm
TNM stage
Ⅰ-Ⅱ
Ⅲ-Ⅳ
Lymphatic metastasis
Yes
No
HIF-1α
Negative
Positive
Sema4D
Negative
Positive

n (%)

40
46

12 (30)
20 (43)

28
42
16

15 (54)
13 (31)
4 (25)

50
36

18 (36)
14 (39)

30
56

16
16

58
28

16 (28)
16 (57)

36
50

20 (56)
12 (24)

34
52

20 (59)
12 (23)

χ2

P value

Differentiation
Tumor size
TNM stage
Lymphatic metastasis
HIF-1α
Sema4D

95%CI

P value

0.653
1.315
0.920
2.499
1.802
0.780
2.147

0.373-1.144
0.859-2.012
0.529-1.601
1.345-4.641
0.9.0-3.489
0.402-1.513
1.157-3.983

0.136
0.208
0.768
0.004
0.081
0.462
0.015

1.664

0.197

4.7571

0.0291

0.058

0.810

HIF-1α: Hypoxia-inducible factor-1 alpha; Sema4D: Semaphorin 4D.

5.127

0.024

7.061

0.008

8.920

0.003

11.244

0.001

that HIF expression in macrophages strongly enha
nced tumor angiogenesis in breast carcinoma. Re
cently, Sema4D expression, which is controlled by
the HIF family of transcription factors, was found to
collaborate with VEGF to promote tumor growth and
[24]
vascularity in oral squamous cell carcinoma . In
addition, Sema4D collaborates with VEGF to promote
angiogenesis in malignancies, and it can compensate
[25]
for VEGF inhibition . Therefore, our data suggest that
HIFs differentially regulate the transcription of major
angiogenic factors during the early and late phases of
tumor angiogenesis. The lack of prognostic impact of
HIF1 could be explained by the intricate relationship
between HIF1 and the mutation of tumor suppressor
genes. In ovarian carcinoma, HIF1 overexpression
alone shows no prognostic value, and it only showed
strong prognostic value when combined with non
[26]
functional p53 protein . A similar correlation may
also be discovered in colorectal carcinoma, and further
studies are required to solve this problem. In the
present study, macrophages stained strongly positive
for Sema4D and HIF-1α. Additional studies are needed
to address this issue.
In conclusion, this paper indicates that Sema4D
expression is positively correlated with HIF-1α
expression in colorectal carcinoma, and that Sema4D

1

Represent a significant correlation between the differentiation status of the
tumor; HIF-1α: Hypoxia-inducible factor-1 alpha; Sema4D: Semaphorin
4D.

terms of overall survival. This study indicates that
Sema4D was expressed in a subgroup of patients with
aggressive colorectal carcinoma, and this protein is an
independent prognostic marker in colorectal carcinoma
patients. In comparison with the frequent expression
of Sema4D in more advanced tumor stages, HIF1α was expressed to a similar extent in early- and
advanced-stage tumors.
Tumor-infiltrating macrophages induce angio
genesis in colorectal cancer by releasing thymidine
[22]
[23]
phosphorylase . Moreover, Leek et al
reported
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Peer-review

is a novel indicator of poor prognosis for colorectal
carcinoma patients. Conversely, HIF-1α overexpression
was observed in the early and late hypoxic phases
of colorectal carcinoma. Thus, targeting specific
angiogenic factors at different stages of colorectal
tumor development could represent an effective
treatment strategy. Sema4D may be applied as a
reliable tool to the early and accurate prediction
of tumor recurrence, and it represents a potential
therapeutic target for colorectal cancer patients.

The authors investigated Sema4D expression in colorectal carcinoma and
evaluated its clinicalpathological and prognostic significance. The results
suggest that the expressions of HIF-1α and Sema4D are correlated with
histological types, TNM stages and lymphatic metastasis in colorectal
carcinoma, and Sema4D can be used as a prognostic indicator of colorectal
carcinoma. The manuscript is very interesting, some minor revisions needed.
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EVIDENCE-BASED MEDICINE

New cancer suppressor gene for colorectal adenocarcinoma:
Filamin A
Zi-Qiang Tian, Jian-Wei Shi, Xiao-Ran Wang, Zhong Li, Gui-Ying Wang
METHODS: The expression of FLNa in 46 colorectal
cancer tissues and normal tissues was detected by
immunohistochemistry, reverse transcription polymerase
chain reaction (RT-PCR) and Western blotting, and its
relationship with clinical parameters and prognosis was
analyzed.
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RESULTS: The positive expression of FLNa in cancer
tissues was lower than that in normal mucosa, and the
difference was statistically significant. The expression
of FLNa correlated with liver metastasis, lymph node
metastasis and rectal invasion depth, regardless of
sex, age, tumor location, tumor size, gross shape and
histological type of colorectal carcinoma. Multivariate
analysis showed that FLNa was an independent risk
factor for postoperative survival of patients with colorectal
adenocarcinoma. Moreover, survival analysis showed
that the expression level of FLNa was closely related with
survival of patients with colorectal adenocarcinoma. The
results of RT-PCR and Western blotting were consistent
with those of immunohistochemistry.
CONCLUSION: FLNa showed low expression in colorectal
adenocarcinoma, high correlation with the incidence and
development of colorectal cancer, and was considered an
indicator of prognosis.
Key words: Colorectal carcinoma; Filamin A; Immuno
histochemistry; Reverse transcription-polymerase chain
reaction; Western blot
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The expression of filamin A (FLNa) was
correlated with liver metastasis, lymph node metas
tasis and rectal invasion depth, regardless of sex,
age, tumor location, tumor size, gross shape and his
tological type of colorectal carcinoma. FLNa was an
independent risk factor for postoperative survival of

Abstract
AIM: To determine the expression and significance of
filamin A (FLNa) in colorectal adenocarcinoma tissue.
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patients with colorectal adenocarcinoma. FLNa showed
low expression in colorectal adenocarcinoma, high
correlation with the incidence and development of
colorectal cancer, and was considered an indicator of
prognosis.

radioimmunoprecipitation (radioimmunoprecipitation
assay, RIPA) lysis buffer were purchased from Solarbio
Company. Primers were synthesized by Shanghai Biological
Engineering Company. The reverse transcription kit
was purchased from Fermentas Company. The PCR kit
was purchased from Promega Company. Rabbit antihuman FLNa monoclonal antibody was purchased from
Epitomics Company. Rabbit polyclonal anti-human GAPDH
antibody was purchased from Santa Cruz Company. SDSPAGE standard indicator was purchased from Fermentas
Company.

Tian ZQ, Shi JW, Wang XR, Li Z, Wang GY. New cancer
suppressor gene for colorectal adenocarcinoma: Filamin A.
World J Gastroenterol 2015; 21(7): 2199-2205 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v21/i7/2199.htm
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Immunohistochemical staining

Immunohistochemical staining was performed using the
streptomycin affinity biotin-peroxidase immunohistochemistry
technique (SP method). Paraffin-embedded tissues were
cut into sections 4 μm thick, placed in a container of
citrate buffer after dewaxing hydration, then into a
microwave oven (95 ℃, 15 min) to repair the antigen,
and then incubated at room temperature for 20 min
with 3% hydrogen peroxide. After washing with PBS,
the specimens were incubated with normal goat serum,
then rabbit anti-human FLNa monoclonal antibody (1:150
dilution), and left in the refrigerator overnight at 4 ℃.
After washing with PBS, the specimens were incubated
with biotinylated secondary antibody for 30 min at room
temperature and washed with PBS. The specimens
were then incubated with enzyme-labeled streptavidin
horseradish peroxidase for 30 min at room temperature,
washed with PBS, colored by DAB, rinsed with water,
hematoxylin stained, gradient dehydrated, treated
with xylene and mounted with neutral gum. Human
uterine tissue was used as a positive control for FLNa,
and PBS instead of primary antibody as a negative
control for FLNa. The specimens were observed under
an optical microscope, where 200 cells in five selected
horizons were observed at high magnification, and the
average rate of positive cells was calculated. Staining
intensity was divided into three levels: light yellow,
yellow and brown. Particle status was divided into
three categories: no obvious particles, sparse particles
and diffuse particles. The immunostaining results
were divided into three categories by comprehensive
analysis of positive cell rate and staining intensity of
each slice: the number of positive cells < 25%, lighter
yellow staining and no obvious particles were defined
as negative (-); positive cells ≥ 25%- < 50%, yellow
staining, and sparse particles were defined as weakly
positive (+); positive cells ≥ 50%, brown staining, and
diffuse particles were defined as strongly positive (++).
Two experienced clinical pathologists determined the
results.

INTRODUCTION
Colorectal cancer is a common malignancy. Tumor inva
sion and metastasis are the leading causes of death in
[1]
patients with colorectal cancer . Filamin A (FLNa) is a
non-muscle actin-binding protein involved in regulating
cell proliferation and migration, has an important role
in tumor formation and development and is involved in
[2,3]
integrating cell movement and signal transduction .
Studies have shown that FLNa has low expression
in colorectal cancer tissues, high correlation with the
[4-6]
incidence and development of colorectal cancer , and
is considered to be a classification indicator of colorectal
[7,8]
cancer subtype . In this study, the expression of
FLNa gene in colorectal adenocarcinoma tissues and
normal colorectal mucosa tissues was detected by
immunohistochemistry, reverse transcription polymerase
chain reaction (RT-PCR) and Western blotting to determine
its correlation with clinicopathological parameters and
explore its value in the prognosis of patients with colorectal
cancer.

MATERIALS AND METHODS
Study population

From January 2005 to December 2006, 46 colorectal
adenocarcinoma tissues and normal colorectal mucosa
tissues resected during surgery were randomly selected
from patients treated in the Department of the Second
General Surgery of the Fourth Hospital of Hebei Medical
University. These tumor tissues were taken from the
center of the tumor, while the normal tissues were
taken at least 10 cm away from the edge of the tumor.
All patients enrolled in this study were diagnosed by
histopathological examination, had no other primary
tumors, no history of preoperative radiotherapy, che
motherapy or immunotherapy, and had complete clinical
and follow-up data. The follow-up period ended in July
2011.

RT-PCR

Materials

Total RNA was extracted using the total RNA extraction
kit and its concentration was determined. The primer was
set according to the full-length cDNA of human FLNa and
GAPDH in GenBank. The upstream primer of FLNa was
5’-AGC CTCCACGAGACATCATC-3’, and the downstream

The immunohistochemistry kit was purchased from
Beijing Zhongshan Golden Bridge Biotechnology Co.
Ltd. DAB chromogenic reagent was purchased from
TIANGEN Company. Total RNA extraction reagent and
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A

B

Figure 1 Expression of filamin A in normal colorectal tissues and colorectal adenocarcinoma tissues detected by immunohistochemistry (SP method, ×
400). A: High expression of filamin A (FLNa) in normal tissues; B: Low expression of FLNa in adenocarcinoma tissues.
2

13.0. T test, χ test or Fisher’s exact test were used to
detect correlations, and the Cox regression model was
used to detect multivariate analysis. The Kaplan-Meier
method was used to determine survival in the FLNa
negative and positive expression groups. The test level
was α = 0.05. P < 0.05 was considered statistically
significant.

primer was 5’-CCAGTGTGTACTC CCCCTTG-3’; The
upstream primer of internal reference GADPH was 5’
-GAAGGTG AAGGTCGGAGTC-3’, and the downstream
primer was 5’-GAAG ATGGTGATGGGATTTC-3’. One
microgram of total RNA was added to 1 μL of random
primers, 4 μL of 5 × RT-PCR Buffer, 1 μL of RNA
inhibitors, 2 μL of dNTP, 1 μL of reverse transcriptase,
followed by diethylpyrocarbonate (DEPC) treated water
to a total volume of 20 μL. The reverse transcription
steps were as follows: 30 ℃ for 10 min, 45 ℃ for 5 min,
and 95 ℃ for 5 min after completion of the reaction. The
PCR system included the following: 2 μL of cDNA, 1 μL
of each upstream and downstream primer, 2.5 μL of 10
× PCR Buffer, 0.2 μL of Taq DNA polymerase, 0.5 μL of
dNTP, plus DEPC treated water to a total volume of 25
μL. The PCR steps were as follows: denaturating for 5
min at 95 ℃, 94 ℃ for 30 s, 64 ℃ for 30 s, 72 ℃ for 30 s
for a total of 35 cycles, and a final extension at 72 ℃ for
7 min. The PCR product was loaded on a 2% agarose
gel and separated by electrophoresis. The product of
FLNa and GAPDH PCR were 310 bp and 220 bp. The PCR
results were observed in ultraviolet light.

RESULTS
Expression of FLNa in colorectal cancer detected by
immunohistochemistry

Positive expression of FLNa was detected in the cytoplasm
(Figure 1). The positive expression rate of FLNa in 46
colorectal adenocarcinoma tissue samples was 47.83%
(22/46), with a weakly positive expression rate of
26.09% (12/46) and a strongly positive expression rate
of 21.74% (10/46). The positive expression rate of FLNa
in normal colorectal tissue samples was 91.30% (42/46),
with a weakly positive expression rate of 10.87% (5/46)
and a strongly positive expression rate of 80.43%
(37/46). Compared with that of cancer tissue samples,
2
the difference was statistically significant (χ = 32.679; P
= 0.000; Table 1).

Western blot

Tissues were homogenized using RIPA lysis buffer.
Total protein was extracted and quantified. 50 μg of
protein sample was added to 5 × sample loading buffer
(volume ratio 4:1), boiled for 5 min, and the sample
was then loaded. After separation by SDS-PAGE, the
proteins were transferred to a polyvinylidene fluoride
membrane. The membrane was placed in TBST
containing 5% skim milk, and left at room temperature
for 1 h, the specific antibody (FLNa, 1:2000; GAPDH,
1:200), was then added and incubated at -4 ℃
overnight. The next day, the membrane was washed
three times with TBST solution, for 10 min each time,
and the appropriate secondary antibody (1:2000) was
then added and incubated at 37 ℃ for 1 h. The protein
bands were detected by chemiluminescence.

Expression of protein FLNa and its relationship with the
clinicopathological features of patients

Statistical analysis of the immunohistochemistry results
showed that the expression of FLNa was correlated
with liver metastasis, lymph node metastasis and rectal
invasion depth (P < 0.05), regardless of gender, age,
tumor location and histological type (P > 0.05; Table 2).

Expression of FLNa protein in cancer tissues and its
relation with survival prognosis

Factors such as age, sex, tumor location, tumor invasion
depth, lymph node metastasis and FLNa expression
were introduced into the Cox regression model for
multivariate analysis. The results showed that lymph
node metastasis, tumor invasion depth and FLNa
expression were independent factors for prognosis in
colorectal cancer patients. The risk of death in the FLNa

Statistical analysis

Data were analyzed using the statistical software SPSS
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Cases

Cancer group
Normal group

24
4

46
46

+
12
5

++
10
37

32.679

FLNa(-)
FLNa(+)-censord

0.8

χ2

Expression of
filamin A protein

FLNa(-)-censord

P
Probability

Group

FLNa(+)

1.0

Table 1 Expression of filamin A in colorectal adenocarcinoma
tissues and normal colorectal tissues

0.000

0.6
0.4
0.2

Table 2 Expression of filamin A in colorectal adenocarcinoma
tissues and its correlation with clinicopathological parameters

10

20

30

Cases Positive expression of filamin A

Sex
Male
Female
Age
≥ 60 yr
< 60 yr
Tumor location
Colon
Rectum
Liver metastasis
Yes
No
Lymph node metastasis
Yes
No
Gross shape
Uplift
Ulcerated
Infiltrative
Depth of invasion
Serosal invasion
No serosal invasion
Histological type
Papillary adenocarcinoma
Tubular adenocarcinoma
Mucinous adenocarcinoma

Cases

P

27
19

12
10

0.584

26
20

10
12

0.147

17
29

4
18

0.238

9
37

1
22

0.022

33
13

10
12

0.000

11
23
12

5
11
6

0.977

30
16

7
15

0.000

23
12
11

12
6
5

0.935

Expression
of filamin A
protein
Depth
of tumor
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Lymph node
metastasis

A
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1

2
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0.0
Colorectal

Normal colorectal tissues
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Figure 3 Expression of filamin A in colorectal adenocarcinoma tissues and
normal colorectal tissues detected by reverse transcription polymerase
chain reaction. Lane 1: Colorectal adenocarcinoma tissues; Lane 2: Normal
colorectal tissues. FLNa: Filamin A.

B

Wald

df

Sig.

Exp(B)

95%CI

-3.274

15.114

1

0.000

3.856

7.326-19.421

2.685

6.163

1

0.013

14.657

1.760-122.093

2.193

10.836

1

0.001

8.958

2.428-33.052

Expression of FLNa in colorectal cancer detected by RTPCR

GAPDH was considered the internal reference, and
FLNa/GAPDH was quantified by RT-PCR detection.
The results showed that the expression levels of FLNa
mRNA in tumor tissues were lower than those in
normal tissues [(0.24 ± 0.03) vs (0.95 ± 0.04), P =
0.017], and the difference between the two groups
was statistically significant (Figure 3).

protein negative expression group was 3.856 times
of that of the FLNa protein positive expression group
(95%CI: 7.326-19.421; Table 3). The FLNa positive
expression group had a median survival time of 63 mo,
while the FLNa negative expression group had a median
survival time of 26 mo. The log-rank test of survival
rate in the two groups showed that the differences were
statistically significant (P = 0.000; Figure 2).
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Figure 2 Expression of filamin A and its correlation with survival time.

Table 3 Multivariate analysis of 46 patients
Parameters

40

t /mo

Relative band intensity

Parameters

0.0

Expression of FLNa in colorectal cancer detected by
Western blot

GAPDH was considered the internal reference, and
FLNa/GAPDH was quantified by Western blot. The results
showed that the expression levels of FLNa mRNA in
tumor tissues were lower than those in normal tissues
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A

1

colon cancer cells over-expressing the FLNa gene, and
confirmed that FLNa can inhibit the invasiveness of
SW480 cells both in vitro and in vivo. In this study, we
used immunohistochemistry to detect the expression of
FLNa in colorectal adenocarcinoma tissues and normal
colorectal mucosa tissues, and found that the positive
expression rate of FLNa protein in cancer tissues was
significantly lower than that in normal mucosa. The
expression of FLNa correlated with tumor metastasis,
lymph node metastasis and depth of rectal invasion,
regardless of sex, age, tumor location, size, shape and
histological type. Multivariate analysis showed that FLNa
was an independent risk factor for postoperative survival
of colorectal cancer patients. In addition, survival
analysis showed that the survival time of patients with
low expression of FLNa protein was significantly shorter
than patients with high expression of FLNa. RT-PCR and
Western blot results showed that the expression levels
of FLNa mRNA and protein in normal colorectal tissues
were higher than that in colorectal cancer tissues.
The mechanism by which FLNa suppresses cancer
[16]
is currently unclear. Kwon et al
found that downregulation of FLNa interacting protein-like 1 was asso
ciated with promoter methylation and an invasive phen
[17]
otype in colon cancer. Vial et al showed that epidermal
growth factor regulates the α5β1 integrin activation state
through p90RSK-dependent phosphorylation of FLNa.
[18]
Zhu et al
found that FLNa regulates Ras/ERK by the
Ras-GRF1 pathway, reduces the levels of intracellular
matrix metalloproteinase-9, inhibits degradation of
the extracellular matrix, and prevents the migration of
[19]
tumor cells. Fiori et al found that, compared to M2A7
cells (expressing FLNa), the epidermal growth factor
receptor tyrosine ubiquitination level in M2 cells (deletion
of FLNa), stimulated by epidermal growth factor, was
low. Further study found that the lack of FLNa had an
influence on the interactions between epidermal growth
factor receptor and the ubiquitin ligase c-Cb1 chain, and
degradation of growth factor receptor induced by antiepidermal growth factor was significantly inhibited in
cells, while degradation of growth factor receptor was
very active in cells expressing FLNa. Therefore, FLNa
inhibits proliferation of tumor cells by reducing the
activity of the epidermal growth factor receptor. Sasaki
[20]
et al found that the interaction between FLNa and the
Smads protein family regulates transforming growth
factor-β (TGF-β) signaling and inhibits the migration
of tumor cells, however, TGF-β signaling is absent in
tumor cells not expressing FLNa. In addition, research
on the yeast two-hybrid system and signal transduction
pathways of tumor cells confirmed that FLNa can
specifically combine with G protein-coupled receptors
(dopamine receptors and calcium receptors), small GTPbinding proteins (Rho, Rac and CDC42) and its effector
molecule, involved in regulating tumor incidence and
[21]
development .

2
FLNa

GAPDH

B

1.0

Relative band intensity

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0.0
Colorectal

Normal colorectal tissues

adenocarcinoma tissues

Figure 4 Expression of filamin A in colorectal adenocarcinoma tissues
and normal colorectal tissues detected by Western blot. Lane 1: Colorectal
adenocarcinoma tissues; Lane 2: Normal colorectal tissues.

[(0.15 ± 0.02) vs (0.76 ± 0.04), P = 0.013], and the
difference between the two groups was statistically
significant (Figure 4).

DISCUSSION
FLNa is an important member of the filament protein
family, which has a highly conserved gene structure, a
wide range of expression, and has an important role in
mammalian growth and development. The molecular
weight of the FLNa protein dimer subunit is 280 kDa,
with a length of about 80 nm, and includes an actin
binding domain at the amino end and a rod-like domain
consisting of 24 tandem repeats, which is formed with
an interval of two separate hinge structures containing
about 30 amino acid residues. Two polypeptide chains
th
are connected to the carboxy terminal end of the 24
repeated sequence and form a “V” type homodimer
[9]
related to function . FLNa is located mainly in the
cytoplasm, the multiple layer structure of the β-sheet
in the domain of rod-like molecules provides an
interface for protein- protein interactions, which is
capable of interacting with a variety of proteins with
important functions, and the signal protein which is
a cell membrane molecule receptor, is an important
signal transduction scaffold protein involved in cell
[10,11]
proliferation, adhesion, migration
, initiation and
[12]
progression of tumor , and the regulation of organ
[13]
development .
Currently, there are few studies on the correlation
between FLNa and the occurrence and development of
[14,15]
cancer. Shi et al
placed plasmid vectors containing
FLNa cDNA into liposomes to transfect human SW480
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In summary, FLNa is closely related with the incidence
and development of colorectal adenocarcinoma, and
can be used as an important indicator of prognosis and
[22]
[23]
treatment , especially chemotherapy , and multiple
indicators could provide accurate predictive information,
[24]
resulting in personalized therapy . FLNa has also
[25]
been found in feces , an elevated level of FLNa mRNA
[26]
indicates colorectal cancer , which can be used as a
method of detecting colorectal cancer. However, the
tumor suppressing mechanism of FLNa requires further
study.

8

9
10
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CASE REPORT

Lymphangitic spread from the appendiceal adenocarcinoma
to the ileocecal valve, mimicking Crohn’s disease
Tricia Murdock, Nicholas Lim, Maryam Zenali
our hospital with subacute epigastric pain. Computed
tomography demonstrated bowel wall thickening with
fat stranding in the ileocecal region. The leading diag
nostic consideration was inflammatory bowel disease.
Upon colonoscopy, a swollen, distorted ileocecal valve
was identified. The remaining colon was otherwise unre
markable. Extensive biopsy sampling of the ileocecal
region and colon was performed. A lymphangitic signet
ring carcinoma within the ileocecal region was diagnosed
on biopsy; there was no dysplasia or carcinoma of the
remaining biopsies. By cytomorphology and immunoprofile,
a lymphangitic signet ring carcinoma of appendiceal origin
was the primary consideration, further confirmed upon
subsequent laparotomy. This case represents an unusual
pattern of appendiceal tumor spread with localized,
lymphangitic involvement, creating a milieu which closely
simulates Crohn’s disease on imaging modalities.
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Core tip: Appendiceal signet ring carcinoma (ASRC) is rare
and can be confused with other pathologic processes.
This aggressive tumor progresses rapidly with frequent
extra-appendiceal spread at the time of diagnosis. It’s
clinical and radiologic manifestations are non-discrete and
can present as ascities, an ovarian mass or appendicitis.
The basis of the paper is to address the peculiar and
evasive nature of this tumor. Herein we report a case of
ASRC, presenting as confined lymphangitic spread within
the illeocecal region, clinically mimicking Crohn’s disease.

Abstract
Due to the anatomical peculiarity of the appendix, diagnosis
of tumors arising from this area can be challenging by cli
nicoradiologic means. We report a case of a rare primary
appendiceal signet ring carcinoma with an uncommon
presentation. An 86-year-old woman was admitted to
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A

INTRODUCTION
According to the National Cancer Institute’s surveillance
epidemiology and end-results data from 1973 to 2001,
signet ring carcinoma has been the least prevalent of
[1,2]
the appendiceal tumors at 4% . It does however,
portend a poor prognosis, with an overall five year
[1,2]
survival of 18% . Pre-operative diagnosis of this
tumor is invariably difficult because it usually lacks
specific clinicoradiologic signs and can be confused with
an inflammatory process. At time of diagnosis, there is
a high probability of extensive tumor spread beyond the
[3,4]
appendiceal wall .
In this report, we present a case of appendiceal
signet ring carcinoma (ASRC) in an 86 year old woman.
On computed tomography (CT) there was bowel wall
thickening and fat stranding involving the ileocecal
region and on colonoscopy a swollen ileocecal valve,
mimicking features of inflammatory bowel disease
(IBD). Upon extensive histologic evaluation of colon
biopsies, an ileocecal region-confined lymphangitic tumor
consistent with ASCR was identified.

B

CASE REPORT

Figure 1 Computed tomography. A: Thickening of the bowel wall with
adjacent fat stranding in the region of the cecum and adjacent small bowel,
axial plane; B: Thickening of the bowel wall with adjacent fat stranding in the
region of the cecum and adjacent small bowel, coronal plane.

An 86 year-old female was admitted to our hospital
with subacute epigastric pain; she had altered bowel
habits for several months. Her medical history included
atrial fibrillation, diabetes and hypertension. Physical
examination was unrevealing. Routine laboratory results
were within normal limits. CT imaging showed long
segment bowel wall thickening with fat stranding at the
ileocecal region (Figure 1). Upon further work up, on
colonoscopy, a swollen, distorted ileocecal valve was
identified that could not be further intubated (Figure
2). Multiple biopsies of the ileocecal region as well as
extensive sampling of the remainder of the colon were
performed.
Histologically, the biopsy series contained a lymphangitic
signet ring cell neoplasm confined to the ileocecal valve
region (Figure 3, HE section). There was no stromal
involvement by tumor. The remaining colonic biopsies
were free of carcinoma or dysplasia. There was no
evidence of IBD. The tumor was positive for CDX-2
(Figure 3, inset) and CK20. It was focally positive for
CK7 and was negative for estrogen and progesterone
receptors. In view of morphology, immunoprofile and
confined lymphangitic nature, the primary consideration
included signet ring carcinoma from appendiceal origin.
The patient was subsequently scheduled for surgical
exploration and possible resection. Upon laparotomy,
a large, fixed mass was identified in the right retro
peritoneum involving an enlarged, highly distorted
appendix with encasement of the ileocecal region. The
tumor was deemed non-resectable, and an ileocolic
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Figure 2 Colonoscopy demonstrating a swollen, distorted ileocecal valve.

bypass was performed.
After discussions with the oncology team, and given
the patient’s age, comorbidities and Eastern Cooperative
Oncology Group (ECOG) performance status grade
2, palliative chemotherapy was initiated. The regimen
consisted of folinic acid, fluorouracil, and oxaliplatin
(FOLFOX), which was given concomitantly with warfarin
because of her history of atrial fibrillation. A soft tissue
hematoma ensued leading to discontinuation of warfarin
therapy and resolution of the hematoma. The patient
then suffered an embolic stroke five months following her
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[9]

bowel .
Heterogeneous (mixed) attenuation is usually asso
ciated with ischemia and necrosis and seen in poorly
differentiated gastrointestinal tumors. Heterogeneousstratified attenuation in IBD is commonly represented
by the double halo sign (an inner low-attenuation ring
[5]
surrounded by an outer higher attenuation ring) . Fat
stranding is more commonly associated with inflammatory
conditions while asymmetrical/eccentric wall thickening is
[9]
associated with malignant processes . Of note, IBD and
signet ring carcinoma may not be mutually exclusive. In
one study, circumferential thickening of the colorectal wall
and the presence of free-fluid effusion were correlated with
[10]
signet ring carcinoma arising in association with IBD .
There is a paucity of literature describing the CT
findings in primary ASRC. In one case report, CT findings
of ASRC included diffuse omental thickening and mild
[6]
thickening of the appendix, with no obvious mass .
Mucinous adenocarcinomas and ASRC are significantly
more likely to have tumor extension beyond the colon or
metastases at the time of diagnosis, as compared to other
primary appendiceal malignancies. Extension to adjacent
organs/metastasis can be identified in greater than 70%
[2,8,9]
of patients with ASCR at presentation
.
Systemic chemotherapy is a viable treatment option
for patients with ASRC. Although optimal medical therapy
for ASRC remains unclear, many patients receive a 5-FUbased combination chemotherapy. In a small subset of
patients where possible, complete cytoreductive surgery
is beneficial. Achieving a complete cytoreduction score of
0 is associated with improved refractory-free and overall
[11]
survival .
In summary, lymphatic-space metastases, from
radiographically-obscure carcinoma of appendiceal origin,
can closely mimic inflammatory conditions. Familiarity
with the vague presentation of the disease, in parallel
with the conglomerate of radiologic features, colonoscopy
findings and ultimately tissue sampling, can lead to the
correct diagnosis. When achievable, in patients with
ASRC complete cytoreductive surgery is associated with
increased survival.

Figure 3 Reactive colonic mucosa with lymphangitic signet ring cell
neoplasm (hematoxylin and eosin, original magnification × 20; inset CDX2
immunohistochemical stain, original magnification × 20).

diagnosis of signet ring carcinoma. After a four month
chemotherapy hiatus, FOLFOX was re-initiated at a 25%
dose. The patient has now undergone two additional
rounds of chemotherapy (5 rounds total), and her ECOG
performance status has remained at grade 2, 12 months
after the diagnosis.

DISCUSSION
The various components of the ileocecal area (cecum,
appendix, ileocecal valve, terminal ileum) are in
close proximity to one another; therefore, pathology
may involve more than one anatomic area, creating
[5]
a diagnostic dilemma . The intimate associations
and anatomical peculiarity of the organ contribute to
non-specific and even misleading presentations of
an appendiceal neoplasm.
Non-neuroendocrine appendiceal malignancies are
rare, representing less than 0.5% of all gastrointestinal
[6]
malignancies . Most mucinous carcinomas of the
appendix tend to be identified incidentally, and many are
[7]
advanced at the time of diagnosis . The narrow diameter
of appendix prompts luminal occlusion by the tumor,
possible perforation with superimposed appendicitis
and increased risk of extension and metastasis by the
[7,8]
neoplastic cells .
On presentation, imaging of a primary appendiceal
malignancy may resemble a more common regional
[3,4]
disease, including IBD, ischemia or appendicitis .
Numerous disease processes can also alter the ileocecal
imaging and create bowel wall thickening. On imaging,
evaluation of various parameters including degree and
extent of thickening, pattern of enhancement, presence
or absence of fat stranding and associated features
[5]
including nodal status, can aid in this distinction .
On CT imaging, neoplastic processes are more likely
associated with wall thickening greater than 3 cm,
short segment involvement, and/or an abrupt transition
point. In contrary, more commonly identified with IBD
are wall thickening less than 2 cm, a longer segment
involvement, and/or a smooth transition to normal
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Case characteristics

An 86-year-old woman with subacute epigastric pain and altered bowel habits
for several months.

Clinical diagnosis

Physical exam and laboratory tests were unrevealing; however, computed
tomography demonstrated bowel wall thickening and fat stranding of the
ileocecal area, and colonoscopy revealed a distorted, swollen ileocecal valve.

Differential diagnosis

Based on computed tomography, colonoscopy and the demographics of the
patient, inflammatory bowel disease, inflammatory/infectious growth and
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carcinoma were amongst the differential diagnoses.

2

Laboratory diagnosis

Laboratory tests were within normal limits at initial presentation.

Imaging diagnosis

Computed tomography demonstrated bowel wall thickening and fat stranding in
region the ileocecal valve, and colonoscopy demonstrated a swollen, distorted
ileocecal valve.

3

Pathological diagnosis

On histologic examination, the ileocecal valve biopsy showed a lymphangitic
signet ring cell neoplasm confined within the valve region, which was positive
for CDX-2 and CK20. Otherwise, there was no dysplasia or carcinoma arising
from the overlying epithelium or evidence of inflammatory bowel disease.

4

A large, unresectable appendiceal-based tumor mass was present at the time
of surgery. The patient underwent palliative ileocolic bypass and five rounds of
chemotherapy to date, with folinic acid, 5-fluorouracil and oxaliplatin.

5

Treatment

Related reports

There is a paucity of literature related to primary appendiceal signet ring
carcinomas and their clinicoradiologic presentation. There have been rare
case reports from appendiceal signet ring carcinoma mimicking inflammatory
conditions/appendicitis.

6

Experiences and lessons

7

Signet ring carcinomas can present with non-specific radiologic patterns
resembling inflammatory processes. Although ruptured appendicitis and
inflammatory bowel disease are amongst the plausible differential, particularly
in older patients, carcinoma should be suspected. This will lead to further
investigation and correct diagnosis, as in the presented.

8

Peer-review

This article familiarizes the audience with a primary appendiceal carcinoma with
an unexpected presentation. Histology was the gold standard in diagnosing
malignancy. The diagnostic challenge in the clinical setting often stems
from radiographic findings on presentation with features overlapping with
inflammatory conditions such as inflammatory bowel disease, ischemia or
appendicitis.
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CASE REPORT

Human papillomavirus-related squamous cell carcinoma of
the anal canal with papillary features
Marino E Leon, Rania Shamekh, Domenico Coppola
with prominent papillary features and associated in situ
carcinoma. The tumor cells were positive for p16 and were
also positive for high-risk types of HPV using chromogenic
in situ hybridization. The findings are consistent with a
HPV-related SCC of the anal canal with papillary features.
This tumor shows histologic features similar to a papillary
HPV-related SCC of the oropharynx. Additional studies are
needed to characterize these lesions.
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Core tip: Human papillomavirus (HPV)-related squamous
cell carcinoma with papillary morphology has previously
been reported in the oropharynx. Here, we describe
the occurrence of such a tumor in the anal canal. The
association with high risk HPV is demonstrated and poses
the question of whether the HPV infection is responsible
for this tumor phenotype.
Leon ME, Shamekh R, Coppola D. Human papillomavirusrelated squamous cell carcinoma of the anal canal with
papillary features. World J Gastroenterol 2015; 21(7): 2210-2213
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i7/2210.htm DOI: http://dx.doi.org/10.3748/wjg.v21.i7.2210

Abstract

INTRODUCTION

Human papillomavirus (HPV) related squamous cell
carcinoma (SCC) involving the anal canal is a well-known
carcinoma associated with high-risk types of HPV. HPVrelated SCC with papillary morphology (papillary SCC) has
been described in the oropharynx. We describe, for the
first time, a case of anal HPV-related squamous carcinoma
with papillary morphology. The tumor arose from the anal
mucosa. The biopsies revealed a superficially invasive SCC

WJG|www.wjgnet.com

Papillary squamous cell carcinoma (SCC) is a SCC
variant commonly present in the head and neck region
frequently in the larynx, pharynx, tonsils and sinonasal
[1,2]
tract .
We present a rare case of Human papillomavirus
(HPV)-related papillary anal SCC; this morphology has
not been previously described.

2210

February 21, 2015|Volume 21|Issue 7|

Leon ME et al . HPV-related SCC of the anal canal with papillary features

Figure 1 Biopsy of anal mass showing a squamous cell carcinoma with
prominent papillary features (HE, × 100).

Figure 4 In-situ hybridization for high risk types of human papillomavirus
showing a strong and diffuse reaction of the epithelial tumor cells (× 200).

a SCC in situ (anal intraepithelial neoplasia 3; not
shown). At this point, the patient was referred to our in
stitution. A PET-CT exam from the skull base to mid thigh
demonstrated thickening and hypermetabolic activity
along the distal rectum. No evidence of hypermetabolic
distant metastatic disease from was seen.
As part of her additional work up, the patient under
went an endoscopic ultrasound evaluation with biopsies.
The endoscopic ultrasound showed an exophytic anal
mass extending 5 cm into the rectum. The mass was
hypoechoic and hypervascular and measured 3 cm in
largest diameter. This lesion extended through the ant
erior rectal wall into the perirectal adipose tissue, and
involving the internal sphincter anteriorly. Multiple small
biopsies were taken. The biopsy tissue was routinely
processed for Hematoxylin and Eosin and was subjected
to an immunohistochemical stain for p16 using a Ventana
®
anti-p16 antibody (clone E6H4™; CINtec /Tucson, AZ)
and the Polymer detection system, on the Ventana
Benchmark Ultra platform (Conditions: CC1 Standard,
Ultra Wash, 32mins primary @ 37 C). A chromogenic insitu hybridization (CISH) study for high-risk types of HPV
®
(INFORM Ⅲ HPV assay; Ventana Medical Systems, Inc.,
AZ, United States) was also performed.
The biopsies taken during the endoscopic ultrasound
procedure revealed a superficially invasive SCC with
prominent papillary features (Figure 1). There was an
associated anal intraepithelial neoplasia grade 3 (carcinomasitu) (Figure 2). The p16 immunostain intensely decorated
the cytoplasm of the tumor cells (Figure 3). Similarly,
the chromogenic in situ hybridization for high-risk types
of HPV showed epithelial neoplastic cells strongly and
diffusely positive (Figure 4). After the diagnosis, the
patient underwent treatment with definitive concurrent
chemoradiation following the Nigro regimen using
5-fluorouracil and mitomycin and radiation. During her
follow up, the patient developed mouth sores, fatigue,
and upper chest and upper back rash. Additionally, she
had a partial small bowel obstruction due to adhesions
that required exploratory laparotomy and lysis of adhe
sions, a sacral pressure sore after a left-sided pelvic
fracture, and Clostridium difficile colitis.

Figure 2 Higher power view of the papillary structures and associated
anal intraepithelial neoplasia 3 (carcinoma-situ) (HE, × 200).

Figure 3 p-16 immunohistochemical stain showing strong and diffuse
positive reaction of the tumor cells (× 100).

CASE REPORT
The patient, an 81-year-old female, presented with
rectal bleeding, nausea and abdominal pain. A computed
tomography (CT) scan showed a mass in the inferior
rectum/anus which was poorly delineated. The regional
lymph nodes were not enlarged; and there was no
evidence of any distant metastatic disease. Her initial
colonoscopy showed a 2 cm mass extending from the
anal verge into the rectum. Her original biopsy showed
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when they are encountered to better characterize this
cohort. The modality of treatment of anal SCC is surgery
for small and superficial lesions. Radiation alone,
and definite treatment with chemoradiation are also
employed; these later modality of treatment is the
preferred one due to its better results.
In summary, we presented an anal HPV-related
SCC with papillary features. Whether, this is a distinctive
pattern of tumor development, a phenotype that appears
during the tumor growth, or whether this is a distinct type
of HPV-related SCC of the anal canal is not apparent at
this time. The characterization of this patten will help to
identify these lesions. Additional studies are needed to
further characterize these lesions.

DISCUSSION
SCC of the anal canal usually occurs in the sixth or
seventh decade of life. The incidence of these lesions is
higher among human immunodeficiency virus positive
[3]
homosexual men . The current case shows a rare
presentation of a HPV-related SCC with papillary features.
Histologically, the phenotype of the tumor was a SCC
with definite papillary features arising from a carcinoma
in situ. The morphology consistent with SCC cells was
characteristic; the tumor showed a stratified epithelium
with basaloid to squamoid cells with high nuclear to
cytoplasmic ratios. The nuclei were round to oval with
irregular outlines. At this location, the differential diagnosis
includes anal intraepithelial neoplasia, adenocarcinoma, and
malignant melanoma. Adenocarcinomas are distinguished
by the glandular appearance of the tumor cells and their
cytologic characteristics. Adenocarcinoma tumor cells
show an eccentrically located nucleus and cytoplasmic
vacuoles. In poorly differentiated adenocarcinoma cases,
immunohistochemistry may be helpful; the tumor cells of
adenocarcinoma are negative for p40 and p63. Malignant
melanomas arising in this location are rare; these cells
may show pigmentation, marked pleomorphism with
prominent nucleoli, binucleation, and eccentrically located
nuclei. The tumor cells in melanoma are positive for
S-100 protein, HMB-45, melan-A, and MiTF. In squamous
carcinoma cases, the tumor cells are usually positive
for CK 5/6, p40, and p63. HPV-related carcinomas are
characteristically positive for p16. The identification of
HPV is performed by CISH with probes specific for Highrisk types of HPV. A CISH for HPV is usually positive with
a focal to diffuse punctate pattern within the cell nuclei.
In our case, the tumor cells were strongly and diffusely
positive for p16 and high-risk HPV CISH. HPVs are
detected in the majority of SCCs of the anus and the anal
canal. Of the HPVs, the High-risk HPVs, particulary16 and
18, are known to cause cervical SCC and oropharyngeal
SCC; however, both high and low risk HPVs (6, 16,
18, 31, 42) have been described in subtypes of SCCs
[4]
subtypes of anogenital lesions .
Anal SCC shows the classic morphology involving the
epithelium; the lesion may be accompanied and preceded
by pre-neoplastic process, anal intraepithelial neoplasia
(AIN1-3). Most anal SCCs show a condylomatous/exophytic
growth; the definite papillary features seen in this case
have not been previously described at this site. However,
HPV-related SCC with papillary morphology, (papillary
SCC), has been described in the oropharynx, specially the
[2,5,6]
tonsil
. Our case showed features similar to those seen
in these tonsillary tumors. To the best of our knowledge,
this pattern has not been reported in HPV-related SCCs
of the anal region. In the head and neck, papillary
SCC often presents as solitary lesion characterized
by an exophytic and papillary growth with immature[2]
appearing severely dysplastic squamous epithelium .
Given the better prognosis of HPV associated papillary
SCCs in the head and neck, it might be essential to
report the p16 and HPV status of HPV-related tumors
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Case characteristics

An 81-year-old female presented with nausea, rectal bleeding, and abdominal
pain.

Clinical diagnosis
Anal lesion.

Differential diagnosis

Anal squamous cell carcinoma (SCC), anal intraepithelial neoplasia, anal
adenocarcinoma, and melanoma.

Laboratory diagnosis

WBC 6.86 k/uL; HGB 14.4 gm/dL; CEA 1.20 ng/mL; metabolic panel showed a
high potassium 5.3 mmol/L; the remaining results were within normal limits. The
liver function test were within normal limits.

Imaging diagnosis

PET-CT exam from the skull base to midthigh demonstrates thickening and
hypermetabolic activity along the distal rectum. No evidence of viable distant
metastatic disease otherwise from skull base to midthigh is noted.

Pathological diagnosis

The biopsies revealed a superficially invasive SCC with prominent papillary
features and associated in situ carcinoma. The tumor cells were positive for p16
and were also positive for high-risk types of Human papillomavirus (HPV) using
chromogenic in situ hybridization (CISH).

Treatment

The patient underwent definitive concurrent chemoradiation following the Nigro
regimen using 5-fluorouracil and mitomycin and radiation.

Related reports

HPV-related SCCs have been reported in the oropharynx (tonsil); to our knowledge,
a HPV anal squamous cell with papillary features has not been reported.

Term explanation

HPV is a DNA virus associated with cervical, vaginal, vulvar, anal, penile,
and oropharyngeal cancer. CISH is a common technique that uses specific
DNA probes attached to chromogenic substances that can be seen in a light
microscope; this test is valuable in the identification of the HPV DNA in tissue
sections.

Experiences and lessons

This case report represents a newly described histopathologic feature in anal
HPV-related SCC. This feature might be closely associated with HPV; further
studies are needed to clarify this issue.
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This is an interesting case to know. Share the following features: the
occurrence of HPV-related SCC of the anal canal in a patient of 81 years HIV
negative. The papillary features morphology and its relationship with highrisk HPV that are usually implicated in SCC of the oropharyngeal orophayngal
region, especially the tonsils.he
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CASE REPORT

Combined glucocorticoid and antiviral therapy of hepatitis
B virus-related liver failure
Jan-Hendrik Bockmann, Maura Dandri, Stefan Lüth, Nadine Pannicke, Ansgar W Lohse
report our favourable experience in three hepatitis B
patients with fulminant hepatic failure who were treated by
combining high-dose steroid therapy with standard antiviral
treatment, which resulted in a rapid improvement of clinical
and liver parameters.
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Core tip: In the reported cases we describe our positive
experience with combined glucocorticoid and nucleotide
analogue therapy in two cases of severe reactivations of
chronic hepatitis B virus (HBV) infection and in one case of
acute fulminant HBV infection. Rapid improvement of liver
parameters and virological response was obtained in all
three cases. Thus, the reported data emphasize the need
for the further assessment of this therapeutic strategy and
for the development of systematic clinical trials.
Bockmann JH, Dandri M, Lüth S, Pannicke N, Lohse AW.
Combined glucocorticoid and antiviral therapy of hepatitis
B virus-related liver failure. World J Gastroenterol 2015;
21(7): 2214-2219 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i7/2214.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i7.2214

Abstract
Acute hepatic failure due to hepatitis B virus (HBV) can
occur both during primary infection as well as after
reactivation of chronic infection. Guidelines recommend
considering antiviral therapy in both situations, although
evidence supporting this recommendation is weak. Since
HBV is not directly cytopathic, the mechanism leading to
fulminant hepatitis B is thought to be primarily immunemediated. Therefore, immunosuppression combined
with antiviral therapy might be a preferred therapeutic
intervention in acute liver failure in hepatitis B. Here we

WJG|www.wjgnet.com

INTRODUCTION
Hepatitis B virus (HBV) infection is one of the most
common infectious diseases worldwide. However, acute
[1]
and fulminant hepatitis B are relatively uncommon .
Acute hepatic failure due to HBV infection is thought to be
mostly caused by a strong immune response raised against
the virus and does not seem to be primarily related to high
viral load or the degree of active viral replication. Indeed,
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Table 1 Levels of laboratory parameters 1 d before and ≥ 2 wk after the start of glucocorticoid therapy
Before treatment
Albumin (g/L)
ASAT (U/L)
ALAT (U/L)
GGT (U/L)
AP (U/L)
pH
Lactate (mmol/L)
Bilirubin (mg/dL)
International normalized ratio

Patient 2A

Patient 2B

Patient 1

35
5463
5144
77
157
7.42
2.5
11.4
2.18

28
1310
1832
94
144
26.1
1.81

33
2306
3678
111
99
7.43
2.8
29.8
1.92

38
13
14
24
56
7.44
0.5
0.7
1.07

many immunotolerant HBV carriers may have very high
viremia levels but nearly normal levels of liver enzymes
and no or only minimal inflammatory activity in the
[2]
liver . Thus, acute liver failure appears to be rather the
expression of an overwhelming immune reactivity against
the virus. This clinical picture can be observed particularly
in patients who are chronic HBV carriers and have received
chemotherapy, including treatment with rituximab, without
[3]
antiviral prophylaxis . During the phase of chemotherapy
hematopoietic side effects suppress the immune system
and especially rituximab was shown to induce B-cell
depletion and loss of virus immune control, thus allowing
[4,5]
the increase of viral replication and intrahepatic spread .
After discontinuing immunosuppressive chemotherapy, the
immune system generally recovers and as a consequence
of the expected immune reconstitution an exaggerated
antiviral immune response can develop, leading to rapid
destruction of the infected hepatocytes. Both the strength
of the immune response and the high rate of infected liver
cells set the stage for the occurrence of hepatic failure.
Primary HBV infection can also cause fulminant hepatitis
in patients with a marked immune responsiveness to
the virus, while infection of immune-compromised hosts
generally leads to the failure of virus immune control
without evidence of acute hepatic damage.
The availability of nucleoside or nucleotide analogues
(NUCs) as effective antiviral therapy has led to their
application in patients with fulminant viral hepatitis B
infection, and examples with apparently favourable effect
[6,7]
have been reported . Such observations and the lack
of other clinical studies exploring additional therapeutic
regimens has led to the recommendation in the 2012
EASL practise guideline to give antiviral therapy to
patients with fulminant hepatitis B using NUCs with high
resistance barrier such as tenofovir or entecavir, even
if both drugs have not been studied systematically for
[8]
this indication . However, even these effective antiviral
drugs generally need some weeks before HBV-DNA
becomes undetectable and therefore they may be too
slow to influence the clinical course of fulminant hepatic
failure in hepatitis B. In view of the immunopathogenetic
process involved in fulminant hepatitis B we reasoned
that dampening the overwhelming antiviral immune
response might actively contribute to the effectiveness of
treatment, and report here our favourable experience in
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After treatment

Patient 1

Patient 2A
24
68
9
32
204
7.37
2.1
9.7
1.27

Patient 2B
37
74
83
137
122
7.42
2.2
1.2
1.27

the first three patients managed by combining high-dose
steroid therapy with standard anti-viral treatment.

CASE REPORT
Treatment of patient with liver failure after acute HBV
infection

A 32-year-old woman (patient N.1) was admitted
with fatigue, vomiting, jaundice and pain in the right
upper abdomen. Biochemical and clinical evaluation
provided criteria of acute liver failure (AST: 5104 IU/L,
ALT: 4826 IU/L, total bilirubin: 7.2 mg/dl, international
normalized ratio: 2.18), and encephalopathy grade Ⅰ,
history of childbirth with blood transfusions 4 years
earlier with negative HBsAg status. Acute liver failure
was defined by an international normalized ratio of
greater than 1.5 and any degree of encephalopathy.
Briefly, virological analysis showed evidence of acute
HBV infection (HBsAg-pos, anti-HBcAg-IgM-pos,
5
viral load 2 × 10 IU/ml) and diffuse damage of liver
parenchyma determined by ultrasound. While antiviral
therapy was immediately started with 1 mg entecavir/
d, further increase of international normalized ratio
(3.21) was observed throughout the following days.
Thus, high-dose steroid therapy was added after
3 d of antiviral treatment. Prednisolone treatment
was started intravenously (i.v.) with 1.5 mg/kg body
weight. Transaminases and international normalized
ratio decreased within 7 d, while HBsAg seroconversion
followed after 9 wk, as summarized in Figure 1. Two
days after the start of glucocorticoid therapy dropping
of transaminases was observed and the prednisolone
dose was reduced to 60 mg/d per os (p.o.) with
further reductions of 10 mg/wk to a dose of 20 mg/d,
thereafter reductions of 5 mg/wk (table 1).

Treatment of two patients with acute on chronic liver
failure after reactivation of HBV chronic infection

A 66-year-old woman (patient N.2a) was admitted with
fatigue, nausea and jaundice (AST: 1006 IU/L, ALT:
1368 IU/L, total bilirubin: 15.8 mg/dl, international
normalized ratio: 1.34). Nine months earlier, treatment
of low-malignant B-cell lymphoma was stopped (marginal
zone lymphoma, stage ⅡA) after 6 cycles of rituximab
and bendamustin. At this time, the HBsAg status was
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2

Figure 1 Acute hepatitis B virus infection.
Levels of alanine amino transferase in IU/L
(green points), International normalized ratio
(red points), Factor Ⅴ in % (grey points)
and hepatitis B virus (HBV) viremia in IU/ml
(blue bars) are shown in the time frame of
acute HBV infection. Additional prednisolone
therapy was started at the indicated time
point. aHBV-DNA-levels under detection limit.
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unknown. At presentation virological evaluation showed
active HBV infection (HBsAg-pos, HBeAg-neg, viral
7
load 4 × 10 IU/ml). As shown in Figure 2A, antiviral
therapy was started by administering tenofovir (245
mg/d). Due to further deterioration of hepatic synthetic
function with increase of transaminases and international
normalized ratio within the first 9 d of antiviral treatment,
prednisolone therapy was subsequently started with
1mg/kg body weight (i.v.). As depicted in Figure 2A,
international normalized ratio and transaminases dropped
4
rapidly, while a clear reduction of viral load (2 × 10
IU/ml) occurred after 4 wk. After 2 d of glucocorticoid
treatment, the dose was reduced to 60 mg/d p.o. with
reductions of 10 mg/wk analogous to the treatment of
patient N.1.
A 57-year-old man (patient N.2b) presented with
fatigue, jaundice and mild cognitive dysfunction. Biochemical
and clinical evaluation provided criteria of subacute
liver failure at hospital admission (ALT: 1933 IU/L, total
bilirubin: 4.9 mg/dl; international normalized ratio: 1.17,
grade Ⅰ encephalopathy). In medical history, chronic
Hepatitis B virus infection was diagnosed 9 mo earlier in
the course of a HBV screening prior to R-CHOP therapy
due to the identification of a high-grade malignant diffuse
large B-cell lymphoma (activated B-cell-like, stage Ⅲ
S). Thus, antiviral prophylaxis based on the use of the
nucleotide analogue tenofovir was initiated. One month
after cessation of R-CHOP, the patient stopped prophylactic
antiviral tenofovir treatment for unknown reasons. A
7
massively increased viral load (HBV DNA 6 × 10 IU/ml),
hepatomegaly in ultrasound, in combination with an
increasing international normalized ratio and the clinical
symptoms strengthened the diagnosis of liver failure
due to HBV reactivation. Despite restarting immediately
antiviral therapy with tenofovir, the patient’s conditions
deteriorated, so that antiviral treatment was extended
with the nucleoside analogue entecavir. However, a
further increase of liver transaminases and progressive
liver failure developed, therefore liver transplantation
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Figure 2 hepatitis B virus reactivation after chemotherapy. Levels of
alanine amino transferase in IU/L (green points), International normalized ratio
(red points) and hepatitis B virus (HBV) viremia in IU/ml (blue bars) are shown
in the case of HBV reactivation after rituximab and bendamustin chemotherapy
(2A) and HBV reactivation after R-CHOP therapy and after early cessation of
pre-emptive tenofovir therapy (2B). Additional prednisolone therapy was started
at the indicated time points.

WJG|www.wjgnet.com

2216

February 21, 2015|Volume 21|Issue 7|

Bockmann JH et al . Therapy of HBV-related liver failure

A

B

Figure 3 Ultrasound images of patient N.2B before (A) and after (B) combined glucocorticoid and entecavir/tenofovir therapy. Liver diameters are
documented in the midclavicular line: 15.8 cm x 16.4 cm, hepatomegaly (A) and 11.5 cm x 12.9 cm (B). Additional finding: 1 cm hemangioma.

was discussed. To exclude any other causes that may
explain such progressive liver failure, particularly liver
infiltration from lymphoma, mini-laparoscopy guided
liver biopsy was performed. Macroscopic and microscopic
evaluation provided no evidence of recurrent lymphoma.
Because of the extensive liver inflammation determined
on histology, high-dose steroid therapy was started with
1.5 mg prednisolone/kg body weight. As shown in Figure
2B, in the following day transaminases decreased rapidly
and viral load normalized. The finding of hepatomegaly in
ultrasound imaging before glucocorticoid treatment (figure
3A) was clearly reduced 2 mo after start of treatment
(figure 3B). After effective glucocorticoid therapy for 3 d
the dose was reduced to 60 mg/d for 1 wk, then further
reduced as described for patient N.1. The patient fully
recovered within 2 mo (Figure 2B).

recovery is mainly determined by the rapid decrease of
hepatic necro-inflammation that was provoked by an
overwhelming immune response rather than by the virus
itself. Therefore, the decrease of viral replication mediated
by NUC therapy alone, which mainly causes reduction
of circulating virions but not of viral antigens or amount
of infected cells, may be not sufficient to promote a
rapid suppression of liver inflammation within the shortterm dramatic course of fulminant liver failure. On the
other hand, additional glucocorticoid therapy was closely
associated with a rapid decline of liver enzymes and
international normalized ratio in our patient, indicating
that prednisolone administration in combination with a
potent antiviral like entecavir contributed to lessen the
inflammation and hence immune-mediated liver damage.
Moreover, HBsAg seroconversion was observed after 8 wk,
thus indicating that combined entecavir and glucocorticoid
therapy did not promote the establishment of chronic HBV
infection.
Even after achieving negative HBV serum DNA levels
and HBsAg seroconversion, the HBV minichromosome,
which serves as template for viral transcription, can
still be detected as covalently closed circular DNA in
[12]
the hepatocyte nuclei . Under immunosuppressive
therapies like chemotherapies HBV replication can be
reactivated, if pre-emptive antiviral therapy is missed
or interrupted as reported here in cases 2A and 2B. The
virus is then allowed to replicate without being controlled
by adaptive immunity or antiviral agents. After cessation
of chemotherapy, typically after rituximab therapy, the
adaptive immune system restores. It is confronted with
an increased intrahepatic viral load and reacts with
an overwhelming cytotoxic response against infected
hepatocytes. Rapid progression of liver inflammation and
necrosis due to the killing of HBV-infected hepatocytes lead
to fulminant liver failure. It is well established that acute
liver failure due to HBV reactivation after chemotherapy
[3]
has a poor prognosis . According to the current guidelines,
entecavir or tenofovir treatment was started in cases 2A
and 2B. Despite moderate reduction of viremia within the
first 2 wk, international normalized ratio and transaminases
increased substantially. Similar to case 1, hepatic necro-

DISCUSSION
The patient N.1 showed evidence of fulminant acute HBV
infection. According to case reports and in vivo data from
HBV infected chimpanzees it seems that virus elimination
in acute HBV infection is initiated by non-cytopathic
antiviral effects, before adaptive immune responses,
[9,10]
particularly CD8(+) cytotoxic T cells, are triggered
.
However, in most of the cases the cytotoxic effect is selflimited and normalization of liver parameters in untreated
[11]
patients usually takes 1-3 mo . Aberrant and ongoing
cytotoxic immune responses may lead to significant
hepatic necro-inflammation, causing the reduction of
hepatic synthetic functions, like in the described case 1.
In this scenario of acute severe hepatitis B there is no
well-established therapeutic strategy. Single case reports
suggested a direct correlation between the initiation of
entecavir therapy and improvement of liver parameters
[6,7]
in patients with severe acute HBV . However, we
could not achieve a rapid beneficial effect upon entecavir
administration, as transaminases and international
normalized ratio increased dramatically within the first
days of entecavir treatment, showing even more strongly
affected coagulation than in the previously reported
[6,7]
cases . In this case of fulminant hepatits B, patient
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inflammation was not directly affected by the relatively
slow viral decrease, whereas T-cell inhibition by additional
steroid therapy was accompanied by rapid improvement
of clinical and liver parameters in the reported cases
(Figure 2A and B). As steroid responsive elements of HBV
[13]
have been reported to activate HBV replication directly ,
it might be expected that glucocorticoid therapy also
increases HBV viremia. However, effects of steroid
medication on Hepatitis B replication were well controlled
by NUC therapy showing a clear decrease of viremia
in all 3 cases after the beginning of steroid therapy
(Figures 1 and 2). Despite the delayed antiviral effects
induced by NUCs and their controversial role especially
in acute HBV infection we thought that early initiation of
entecavir/tenofovir therapy was necessary because of the
use of glucocorticoids, since these may potentially augment
viral replication, which in turn might even promote further
cyotoxic immune responses against infected hepatocytes.
Furthermore, no severe side effects of entecavir/tenofovir and
glucocorticoid therapy were observed during hospitalisation
and glucocorticoid therapy was accompanied by prophylactic
medication with proton pump inhibitors and calcium/
vitamin D to prevent steroid-induced gastric ulcers and
osteoporosis, respectively. Patients were screened daily for
clinical signs and biochemical parameters of infection during
their stay in hospital while an antibiotic prophylaxis, f.e. for
pneumocystis pneumonia, was avoided due to the shortterm treatment with prednisolone.
It still remains unclear which therapeutic strategy is
to be favoured in acute HBV related liver failure. There
is limited and controversial evidence about the benefit
of NUC therapy alone. While glucocorticoid therapy of
overall liver failure has been rejected since the 1970s,
recent Asian studies indicated a benefit of high-dose
glucocorticoid therapy especially in early HBV related liver
[14-16]
failure
, but systematic studies about the efficacy
of combined glucocorticoid and NUC therapy compared
to standard therapy of HBV related liver failure are still
missing. The cases reported here show evidence that
glucocorticoid therapy combined with new NUCs should
be re-evaluated in further clinical trials as a therapeutic
strategy aiming to handle both HBV replication and the
overwhelming adaptive immune responses that are
triggered in HBV related acute liver failure.

Laboratory diagnosis

COMMENTS
COMMENTS

4

Patient N.1: AST: 5104 IU/L; ALT: 4826 IU/L; total bilirubin: 7.2 mg/dl;
international normalized ratio: 2.18; Patient N.2A: AST: 1006 IU/L; ALT: 1368
IU/L; total bilirubin: 15.8 mg/dl; international normalized ratio: 1.34; and Patient
N.2B: AST: 1042 IU/L, ALT: 1933 IU/L, total bilirubin: 4.9 mg/dl; international
normalized ratio: 1.17.

Imaging diagnosis

Ultrasound patient N.1: Diffuse damage of liver parenchyma; Ultrasound patient
N.2A: Modest damage of liver parenchyma; and Ultrasound Patient N.2B:
Hepatomegaly.

Pathological diagnosis

Patient N.2B: Mini-laparoscopy guided liver biopsy revealed highly active viral
hepatitis (grade 4 according to the desmet scoring system) and mild fibrosis
(stage 1 according to the desmet scoring system).

Treatment

The patients were treated with 1 mg/d entecavir (patient N.1) or 245 mg/d
tenofovir (patient N.2A and 2B) in combination with prednisolone (initial dose:
1-1,5 mg/kg body weight).

Related reports

While there are limited and controversial data on the effectiveness of antiviral
treatment in HBV-related liver failure, there is rising evidence that especially
early and high-dose glucocorticoid therapy might be beneficial in this particular
clinical situation.

Term explanation

Acute liver failure was defined by an international normalized ratio of greater
than 1.5 and any degree of encephalopathy.

Experiences and lessons

In the reported cases combined glucocorticoid and nucleotide analogue
therapy was adopted not only in two cases of severe reactivations of chronic
HBV infection, but also in a case of acute fulminant HBV infection. Rapid
improvement of liver parameters and virological response was obtained in all
three cases.

Peer-review

This is a case report on the favourable experience in three patients with HBVrelated acute liver failure who were treated by combining high dose steroid
therapy with standard antiviral treatment, which resulted in a rapid improvement
of clinical and liver parameters. This case report is helpful for us to improve the
treatment experience of glucocorticoid in HBV-related liver failure.
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CASE REPORT

Resection of multiple rectal carcinoids with transanal
endoscopic microsurgery: Case report
Jiao-Lin Zhou, Guo-Le Lin, Da-Chun Zhao, Guang-Xi Zhong, Hui-Zhong Qiu
was successfully performed to remove the three lesions
with accurate full-thickness resection followed by secured
suture closure. The postoperative pathology revealed
neuroendocrine tumors G1 (carcinoids) located within
the submucosal layer without lymphatic or vessel
infiltration. Both the deep and lateral surgical margins
were completely free of tumor cells. The patient recovered
quickly and uneventfully. No tumor recurrence was
observed at the six-month follow-up. For the multiple
small rectal carcinoids without muscularis propria or
lymphatic invasion, transanal endoscopic microsurgery
offers a reliable and efficient alternative approach to
traditional laparotomy for select patients, with the added
advantages of minimally invasive surgery.
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Core tip: A rare case of multiple small rectal carcinoids
being successfully removed using the transanal endoscopic
microsurgery technique. On the basis of careful preoperative
evaluation and detailed postoperative pathological
examination, transanal endoscopic microsurgery offers
a safe, reliable and efficient alternative approach to the
traditional surgeries for select patients with multiple rectal
carcinoids.
Zhou JL, Lin GL, Zhao DC, Zhong GX, Qiu HZ. Resection of
multiple rectal carcinoids with transanal endoscopic microsurgery:
Case report. World J Gastroenterol 2015; 21(7): 2220-2224
Available from: URL: http://www.wjgnet.com/1007-9327/full/v21/
i7/2220.htm DOI: http://dx.doi.org/10.3748/wjg.v21.i7.2220

Abstract
Multiple rectal carcinoids are rare. Due to the unreliability
of endoscopic polypectomy in treating these submucosal
lesions, a laparotomy is usually performed. We present
a case report on multiple rectal carcinoids with three
carcinoid foci < 10 mm in diameter located in the midrectum. Preoperative examination showed the lesions to
be confined to the submucosal layer with no perirectal
nodal involvement. A transanal endoscopic microsurgery
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With the rise in numbers of patients undergoing
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Figure 1 Ultrasound image, surgical specimens and pathological image of the carcinoids. A: Transrectal ultrasound image showing two hypoechoic nodules
(arrow), 0.5 cm and 0.72 cm in maximum diameter (lesions 1 and 2, respectively), confined to the submucosal layer of the rectal wall; B: Surgical specimens of the
three lesions (two carcinoids, specimen 1 and 2; and one scar site with residual tumor, specimen 3); C: The pathological image revealing neuroendocrine tumor cells
within the submucosal layer (hematoxylin and eosin, × 100).

endoscopy screening, the detection rate of early rectal
[1-4]
carcinoids has increased notably in recent years .
In most cases, rectal carcinoids occur in a singlet;
however, multiple rectal carcinoids can occur and the
[5-8]
reported incidence rates range from 2% to 4.5% .
The consensus is that small rectal carcinoids (≤ 10
mm), without muscularis propria invasion, can be
treated curatively using local excision since they rarely
[4,9,10]
metastasize
. Here, we present a case of multiple
rectal carcinoids being successfully treated with local
resection by transanal endoscopic microsurgery (TEM).

patient attended our clinic for further treatment. A
transrectal ultrasound was performed which identified
two hypoechoic nodules, 0.5 and 0.72 cm in maximum
diameter, confined to the submucosal layer of the rectal
wall (Figure 1A). No enlarged perirectal lymph node was
observed. Hence, the initial diagnosis of multiple rectal
carcinoids was made. Because of the small tumor size (<
10 mm) and the absence of muscularis propria invasion
and nodal involvement, local excision was performed
using the TEM technique.
Rigid sigmoidoscopy was used to confirm locations of
the three foci (including one scar site), followed by TEM
under general anesthesia. The patient was placed in the
lithotomy position with the lesions placed at the bottom
of the operating field. The procedure was performed
[11]
as previously described by Buess et al , using the Buess
original TEM system (Richard Wolf GmbH, Knittlingen,
Germany). After marking the resection area with coagulation
dots by a needle cautery, ensuring a free margin area
of 1 cm, the two submucosal tumors and the scar site
of the third lesion were removed one at a time with
full-thickness excision. Defects in the rectal wall were
irrigated and closed using the running sutures of 3/0
absorbable monofilaments (Figure 2). The operation was
completed within 40 min with a proximate blood loss of
10 mL.
No analgesic was required postoperatively. An elementary
diet was initiated on the second day, and the patient was

CASE REPORT
A 47-years-old Chinese male patient, presented with a
year-long intermittent hematochezia, was admitted to
our tertiary care center in October 2013. The signs of
carcinoid syndrome were not observed. One month prior
to his admission, the patient underwent a colonoscopy
in a local hospital. The examination revealed three
sessile nodules on the posterior wall of the rectum, 6
to 8 cm above the anal verge. The nodules, covered
with yellowish discolored mucosa, 0.5 to 0.8 cm in
diameter, were located within a relatively small area at
1 to 2 cm away from each other. During endoscopy, the
smallest nodule was removed via snare polypectomy,
and histological examination confirmed the diagnosis
of rectal carcinoid. After one and a half months, the
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Figure 2 Details of the resection of multiple carcinoids by transanal endoscopic microsurgery. A: Rectoscopic view of the two rectal carcinoids (lesions 1 and 2,
see arrows 1 and 2), lesion 3 is not included in this view; B: After removing two carcinoids (lesions 1 and 2, see arrow 2) and one scar site (lesion 3, see arrow 1) with
full-thickness excision, defects in the rectal wall (arrows 1 and 2) were closed using running sutures; C: Lesion 1 and 2 defects were adjacent and taken as a whole
during the suturing; D: Completion of the suturing of the defect of lesions 1 and 2.

discharged two days after the surgery with an uneventful
recovery. At the six-month follow-up, the patient was
well with no carcinoid recurrence.
The postoperative pathology revealed two neuroendocrine
tumors of 5 mm and 7 mm in diameter (specimen 1 and
2). In specimen 3, the residual neuroendocrine tumor cells
were identified in the submucosal layer (Figure 1B and C).
All three tumors were located within the submucosal layer
with no lymphatic or vessel infiltration. Both the deep and
lateral surgical margins were completely tumor-free in
all specimens. Tumor cells showed a low cell proliferation
index (Ki-67 < 2%). Immunohistochemistry study showed
that tumor cells were positive for CD56 (NK-1) and Syn,
and negative for CgA and p53 staining. The final diagnosis
was multiple rectal neuroendocrine tumors G1 (carcinoids).

rectal carcinoids are often accompanied with numerous
endocrine cell micronests.
Small rectal carcinoids (≤ 10 mm) without muscularis
propria invasion can be curatively treated using local
[4,9,10]
excision, due to the low metastasis rate
. Endoscopic
polypectomy has been widely used for treatment of rectal
carcinoids. However, most carcinoid tumors arise from
the deep portion of the epithelial glands, penetrating the
muscularis mucosa into the submucosal layer where the
[9]
carcinoids form a nodular lesion . Hence, the intrinsic
limitations of the conventional endoscopic polypectomy
[9,15]
result in a high chance of incomplete resection
. In the
case of our patient, the postoperative pathologic result
showed that lesion 3 had not been completely removed
by endoscopic polypectomy. More advanced endoscopic
resection methods, including endoscopic mucosal resection
with cap, endoscopic submucosal resection with band
ligation, and endoscopic submucosal dissection, or surgical
local excision can be considered as more appropriate
[9]
treatment methods .
[16]
Since its introduction by Buess et al in 1983, TEM
has emerged as an effective minimally invasive surgery for
local resection of rectal lesions. With an average distance
[2,9]
from the anal verge of about 7-8 cm , most small rectal
carcinoids without metastasis are ideal candidates for local
resection under TEM. This technique enables full-thickness
excision and ensures accurate resection with sufficient
margins by applying the delicate instruments under the
superior visualization. In addition, TEM allows suturing

DISCUSSION
Multiple carcinoid tumors develop rarely in the rectum,
[5-8]
with the incidence around 2% to 4.5% . Sporadic
reports of such cases can be retrieved from the literature
written in the English language. Table 1 shows a summary
of six multiple rectal carcinoids cases from five reports
written in the English language. Among these six cases,
four were extremely rare cases containing numerous
[12-14]
endocrine cell micronests in the rectal wall
, necess
itating the radical resection with lymph node dissection.
However, due to the small sample size (four out of six
cases) it is not appropriate to conclude that multiple

WJG|www.wjgnet.com

2222

February 21, 2015|Volume 21|Issue 7|

Zhou JL et al . TEM resection of multiple rectal carcinoids
Table 1 Summary of cases of multiple rectal carcinoids reported in the English literature
Source
Kato et al[12]
Maruyama et al[13]
Okamoto et al[19]
Haraguchi et al[20]
Sasou et al[14]

Sex

Age, yr

n

Size of carcinoids, mm

Surgical approach

Presence of micronests

Lymph node metastasis

M
M
M
M
M
M

61
52
54
69
51
58

52
5
4
30
7
3

1-6
4-10
<6
< 10
<8
<7

NA
AR
ESMR-L
APR
APR
AR

Yes
Yes
No
No
Yes
Yes

NA
No
NA
No
Yes
Yes

APR: Abdominoperineal resection; AR: Anterior resection; ESMR-L: Endoscopic submucosal resection with band ligation; M: Male; NA: Not available.

of the rectal wall defects after tumor resection, thus
securing sufficient excision without worrying about bowel
perforation. In comparison with endoscopic resection
methods, including advanced techniques of endoscopic
mucosal resection with cap and endoscopic submucosal
resection with band ligation, TEM enables a much larger
extent of resection, ensuring more satisfactory oncological
results for lesions with malignant potential.
In our case, three rectal carcinoids laid adjacent to
each other within a relatively small area. It only took a
small adjustment of the rectoscope to accomplish excision
of all three lesions without changing the patient’s position.
After removal of the tumors, adjacent defects were
regarded as a whole and sutured together. The operation
was, therefore, performed conveniently and efficiently
using the TEM technique. However, for cases of multiple
carcinoids containing numerous micronests of tumor
[13,14]
cells in the rectum, an extremely rare condition
,
anterior resection or even abdominoperineal resection
should be performed due to the inability of the naked eye
to detect diffusely scattered tumor foci. For our patient,
postoperative pathology excluded such a condition.
Although the majority of the small rectal carcinoids
can be radically removed by local excision, some authors
have reported that rectal carcinoids no larger than 10
mm may still spread to perirectal lymph nodes, with
[10,17]
reported incidence rates of 7% to 9.7%
. Before
making a local excision by TEM technique, we routinely
perform the transrectal ultrasound to assess the depth
of tumor invasion and evaluate the status of perirectal
lymph nodes. Prior to surgery, a careful examination with
rigid sigmoidoscopy is necessary to determine the exact
location and orientation of the lesion, which is important
for planning of the patient’s positioning during the
surgery, allowing the lesion to sit at the 6-o’clock position
and to facilitate the TEM operation.
Careful postoperative histological examination of
specimens was required to evaluate the tumor size, the
depth of invasion, the margin status, and the presence of
[2,10,18]
risk factors of metastasis
. Tumors with invasion to
muscularis propria, angiolymphatic invasion presence, or
the increased indices of cell proliferation (such as Ki-67)
should be treated with a salvage radical resection, or
close follow-up should be performed.
To our knowledge, this is the first reported case of
multiple rectal carcinoids being managed by TEM. In
this case, high standard local tumor resection of multiple
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lesions was performed efficiently with minimal operative
trauma; the patient recovered smoothly and quickly,
further indicating the advantages of the TEM technique.
Although this report presents only one case with a short
follow-up period, we strongly believe that repeated TEM
procedures for treating multiple rectal carcinoids will
provide surgeons with invaluable experience, insight
and knowledge of the disease and the best methods for
treating this condition.

COMMENTS
COMMENTS
Case characteristics

The patient was admitted with a year-long intermittent hematochezia.

Clinical diagnosis

The clinical diagnosis of multiple rectal carcinoids was made according to the
result from colonoscopy that revealed three small submucosal nodules covered
with yellowish-white mucosa on the rectal wall.

Differential diagnosis

The small nodules on the rectal wall should be differentiated from the rectal
adenomas, inflammatory polyps, gastrointestinal stromal tumors, lipomas,
hamartomas, and rare diseases such as juvenile polyps, ganglioneuromatosis,
etc.

Laboratory diagnosis

Laboratory tests revealed no abnormal results.

Imaging diagnosis

The transrectal ultrasound showed small hypoechoic nodules being confined to
the submucosal layer of the rectal wall.

Pathological diagnosis

Postoperative pathology revealed neuroendocrine tumors with a low cell
proliferation index (Ki-67 < 2%).

Treatment

The three lesions were surgically removed through local excisions using the
transanal endoscopic microsurgery technique (TEM).

Related reports

Five cases of multiple rectal carcinoids reported in articles written in the English
language were reviewed and summarized.

Experiences and lessons

For multiple small rectal carcinoids without muscularis propria or lymphatic
invasion, TEM offers a reliable and efficient alternative approach to traditional
laparotomy for select patients, with advantages of minimally invasive surgery.
Careful preoperative evaluation and detailed postoperative pathological
examination are mandatory to guarantee the radical removal of the tumor cells.

Peer-review

Most reviewers found this topic interesting. The manuscript was praised for
being well-written and structured. Reviewers also recommended a summary of
the previous reports on multiple rectal carcinoids.
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CASE REPORT

Gastroduodenal intussusception due to gastric schwannoma
treated by billroth Ⅱ distal gastrectomy: One case report
Jia-Hua Yang, Min Zhang, Zhi-Hua Zhao, Yu Shu, Jun Hong, Yi-Jun Cao
present a case report of a rare complication of gastric
schwannoma causing gastroduodenal intussusception
that was successfully managed by a Billroth Ⅱ distal
gastrectomy. In this rare case, the patient had intermittent,
colicky abdominal pain, nausea, and vomiting for over 4
wk accompanied by a weight loss. A diagnosis of gastric
intussusception was made by computed tomography. A
Billroth Ⅱ distal gastrectomy was then performed, and
complete en bloc removal (R0 resection) was achieved.
Pathology confirmed a gastric schwannoma through positive
immunohistochemical staining for S-100 protein.
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Core tip: Schwannomas are rarely observed in the gas
trointestinal tract. We present a case report of a rare
complication of gastric schwannoma causing gastroduodenal
intussusception that was successfully managed by a Billroth
Ⅱ distal gastrectomy.
Yang JH, Zhang M, Zhao ZH, Shu Y, Hong J, Cao YJ.
Gastroduodenal intussusception due to gastric schwannoma
treated by billroth Ⅱ distal gastrectomy: One case report. World
J Gastroenterol 2015; 21(7): 2225-2228 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i7/2225.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i7.2225

Abstract
Schwannomas are rarely observed in the gastrointestinal
tract. The most common symptoms of a gastric schwannoma
are abdominal pain or dyspepsia, gastrointestinal bleeding,
and an abdominal mass. Many gastric schwannomas
are asymptomatic and are discovered incidentally or at
postmortem. The diagnosis of a schwannoma is based
on immunohistochemical positivity for S-100 protein. We
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INTRODUCTION
Schwannomas, also known as neurinomas, are tumors
originating from any nerve that has a Schwann cell
[1]
sheath . Schwannomas are rarely observed in the
gastrointestinal tract; when they do occur there, the
most common site is the stomach. The most common
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(GISTs). The diagnosis of a schwannoma is based on
immunohistochemical positivity for S-100 protein,
a calcium-binding protein found within cell lines of
[3]
neural crest origin . Gastric schwannomas are almost
uniformly benign, and surgery is regarded as the curative
treatment of choice.
We present a case report of a gastric schwannoma
causing gastroduodenal intussusception that was
treated by Billroth Ⅱ distal gastrectomy, which resulted
in complete en bloc removal (R0 resection).

Case Report
Figure 1 computed tomography scan revealed a gastroduodenal
intussusception of the gastric tumor. The red arrow marks the duodenum.
The red arrowhead marks the tumor in the duodenum.

A 69-year-old man was admitted due to intermittent,
colicky abdominal pain, nausea, and vomiting for over
4 wk, accompanied by a weight loss (5 kg in 4 wk).
A clinical examination revealed succession splash.
CT showed that a pedunculated soft tissue tumor
mass at the gastric antrum, including the stomach
wall and its outer mesentery, had telescoped into the
duodenum through the gastric pylorus (Figure 1). We
diagnosed that the gastric intussusception was likely
induced by an antrum gastrointestinal stromal tumor.
A conventional laparotomy was then performed, which
showed an indentation of the inferior aspect of the
gastric antrum with no evidence of metastasis, as seen
below (Figures 2 and 3). A Billroth Ⅱ distal gastrectomy
was then performed, and complete en bloc removal (R0
resection) was achieved. Pathological analysis of the
gastric mass confirmed a gastric schwannoma through
positive immunohistochemical staining for S-100
protein and vimentin, whereas CD117, CD34, β-catenin,
smooth muscle actin, synaptophysin, chromogranin and
desmin were negative (Figure 4). The patient had an
uneventful recovery and was discharged on his tenth
day of hospitalization.

Figure 2 Indentation at the antrum, the origin of intussusception.

DISCUSSION
Gastroduodenal intussusception occurs in only 10% of
[4]
adult intussusceptions . Various gastric lesions, including
[5]
adenocarcinoma, adenoma, GIST and, as in our case,
gastric schwannoma, can lead to intussusception. No
previous case report has described gastroduodenal
intussusception caused by gastric schwannoma, as was
illustrated in our case.
A very rare complication of gastric schwannoma is
gastroduodenal intussusception caused by the propulsion
and prolapse of the tumor through the pylorus and into
[6]
the duodenum . The rarity of this condition is explained
by the fact that the gastric cardia, the pylorus, and the
duodenum are much more fixed than the rest of the
alimentary tract. The intussusception presents as a partial
or complete gastric outlet obstruction, resulting in severe,
[7]
intractable pain, nausea, vomiting, and even shock . The
preoperative diagnosis of gastroduodenal intussusception is
not difficult; however, imaging modalities, such as CT, MRI,
EGD and EUS, only offer preliminary diagnostic etiologic

Figure 3 Macroscopic view of the resected specimen shows a lobulated
polypoid gastric tumor measuring 50 mm × 50 mm × 48 mm, located at the
gastric antrum, which did not infiltrate the mucosa.

symptoms of a gastric schwannoma are abdominal
pain or dyspepsia, gastrointestinal bleeding, and an
[2]
abdominal mass . Imaging modalities, such as computed
tomography (CT), magnetic resonance imaging (MRI),
esophagogastroduodenoscopy (EGD), and endoscopic
ultrasound (EUS), might offer useful preliminary
diagnostic information. Pre-operative investigation is
not pathognomonic; therefore, many schwannomas
are diagnosed as gastrointestinal stromal tumors
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Figure 4 Pathological analysis of the gastric mass confirmed a gastric schwannoma through positive immunohistochemical staining for S-100 protein
and vimentin, whereas CD117, CD34, β-catenin, smooth muscle actin, synaptophysin, chromogranin and desmin were negative. A: The tumor showed
typical features of a spindle cell tumor with moderate nuclear pleomorphism but no mitotic activity (original magnification: × 200); B: S-100 protein immunostaining
demonstrated strong nuclear and cytoplasmic immunoreactivity; C: Vimentin protein immunostaining demonstrated strong cytoplasmic immunoreactivity.
[8]

operatively despite both endoscopic and radiological
assessments. The diagnosis of schwannoma is based
on immunohistochemical positivity for S-100 protein.
Resection surgery should be considered curative because
such tumors are benign.

information . Schwannomas are easily misdiagnosed,
frequently as GISTs, and their true nature is revealed only
through accurate histological and immunohistochemical
analysis. The diagnosis of schwannoma is based on
immunohistochemical positivity for S-100 protein, a family
of calcium-binding proteins found within cell lines of neural
[9]
crest origin . Digestive tract schwannomas never express
[10]
CD117, CD34, c-kit, or DOG-1, in contrast to GISTs . Our
case was misdiagnosed as a GIST until these histological
and immunohistochemical findings were revealed.
The definitive therapy for gastric schwannoma is
surgical resection. Operations should follow the same
[11]
principles as those for GISTs . All tumors should be
completely resected en bloc with the surrounding normal
tissue, including the adjacent involved structures. Local
extirpation, wedge resection, and partial, subtotal, or
[12]
even total gastrectomy are all acceptable procedures .
Resection can be achieved via a laparoscopic or open
approach. In our case, a symptomatic schwannoma
of the gastric antrum approximately 5 cm in diameter
was treated by a Billroth Ⅱ distal gastrectomy, and
the diagnosis was established microscopically and
immunohistochemically after surgery.
Gastroduodenal intussusception is an uncommon
complication of gastric schwannoma that typically
presents as a gastric outlet obstruction. We report a
patient with a gastric schwannoma who presented
with a gastroduodenal intussusception. Moreover, we
highlight how the tumor may be misdiagnosed pre-
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COMMENTS
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Case characteristics

A 69-year-old man was admitted due to intermittent, colicky abdominal pain,
nausea, and vomiting for over 4 wk, accompanied by a weight loss.

Clinical diagnosis

We diagnosed a likely gastric intussusception induced by a gastric tumor.

Differential diagnosis

Gastrointestinal stromal tumor, gastric cancer, and gastric adenoma.

Laboratory diagnosis

Routine blood test, metabolic panel, and liver function test were within normal
limits.

Imaging diagnosis

A computed tomography scan revealed a gastroduodenal intussusception
secondary to a gastric tumor.

Pathological diagnosis

Immunohistochemical staining revealed S-100/vimentin positivity, whereas
tests for CD117, CD34, β-catenin, smooth muscle actin, synaptophysin,
chromogranin, and desmin were negative.

Treatment

A Billroth Ⅱ distal gastrectomy was performed, and complete en bloc removal
(R0 resection) was achieved.

Term explanation

Schwannomas, also known as neurinomas, are tumors originating from any
nerve that has a Schwann cell sheath.
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Experiences and lessons

This case report demonstrates that gastroduodenal intussusception is an
uncommon complication of gastric schwannomas. Moreover, such tumors may
be misdiagnosed pre-operatively despite both endoscopic and radiological
assessments. The diagnosis of schwannoma is based on immunohistochemical
positivity for S-100 protein.

6
7

Peer-review

The case report entitled ”gastroduodenal intussusception due to gastric
schwannoma treated by Billroth Ⅱ distal gastrectomy” is interesting and well
written.

8

REFERENCES
1
2
3

4
5

9

Lin CS, Hsu HS, Tsai CH, Li WY, Huang MH. Gastric schwannoma.
J Chin Med Assoc 2004; 67: 583-586 [PMID: 15720074]
Alvarez JF, Ben-David K. Gastric schwannoma: a rare find. J
Gastrointest Surg 2013; 17: 2179-2181 [PMID: 24146341 DOI:
10.1007/s11605-013-2387-y]
Agaimy A, Märkl B, Kitz J, Wünsch PH, Arnholdt H, Füzesi L,
Hartmann A, Chetty R. Peripheral nerve sheath tumors of the
gastrointestinal tract: a multicenter study of 58 patients including
NF1-associated gastric schwannoma and unusual morphologic
variants. Virchows Arch 2010; 456: 411-422 [PMID: 20155280
DOI: 10.1007/s00428-010-0886-8]
Stubenbord WT, Thorbjarnarson B. Intussusception in adults. Ann
Surg 1970; 172: 306-310 [PMID: 5433296]
Rittenhouse DW, Lim PW, Shirley LA, Chojnacki KA. Gastro
duodenal intussusception of a gastrointestinal stromal tumor

10

11

12

(GIST): case report and review of the literature. Surg Laparosc
Endosc Percutan Tech 2013; 23: e70-e73 [PMID: 23579533 DOI:
10.1097/SLE.0b013e31826d72d4]
Crowther KS, Wyld L, Yamani Q, Jacob G. Case report: gastro
duodenal intussusception of a gastrointestinal stromal tumour. Br J
Radiol 2002; 75: 987-989 [PMID: 12515708]
Lin F, Setya V, Signor W. Gastroduodenal intussusception
secondary to a gastric lipoma: a case report and review of the
literature. Am Surg 1992; 58: 772-774 [PMID: 1456605]
Atmatzidis S, Chatzimavroudis G, Dragoumis D, Tsiaousis
P, Patsas A, Atmatzidis K. Gastric schwannoma: a case report
and literature review. Hippokratia 2012; 16: 280-282 [PMID:
23935300]
Daimaru Y, Kido H, Hashimoto H, Enjoji M. Benign schwan
noma of the gastrointestinal tract: a clinicopathologic and
immunohistochemical study. Hum Pathol 1988; 19: 257-264
[PMID: 3126126]
Miettinen M, Lasota J. Gastrointestinal stromal tumors--definition,
clinical, histological, immunohistochemical, and molecular genetic
features and differential diagnosis. Virchows Arch 2001; 438: 1-12
[PMID: 11213830]
Williamson JM, Wadley MS, Shepherd NA, Dwerryhouse S.
Gastric schwannoma: a benign tumour often mistaken clinically,
radiologically and histopathologically for a gastrointestinal stromal
tumour--a case series. Ann R Coll Surg Engl 2012; 94: 245-249
[PMID: 22613302 DOI: 10.1308/003588412X13171221590935]
Bandoh T, Isoyama T, Toyoshima H. Submucosal tumors of
the stomach: a study of 100 operative cases. Surgery 1993; 113:
498-506 [PMID: 8488466]
P- Reviewer: Fiori E, Luo JC S- Editor: Ma YJ
L- Editor: Wang TQ E- Editor: Liu XM

WJG|www.wjgnet.com

2228

February 21, 2015|Volume 21|Issue 7|

World J Gastroenterol 2015 February 21; 21(7): 2229-2235
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v21.i7.2229

© 2015 Baishideng Publishing Group Inc. All rights reserved.

CASE REPORT

Portal hypertension induced by congenital hepatic
arterioportal fistula: Report of four clinical cases and review
of the literature
Dan-Ying Zhang, Shu-Qiang Weng, Ling Dong, Xi-Zhong Shen, Xu-Dong Qu
Dan-Ying Zhang, Shu-Qiang Weng, Ling Dong, Department
of Gastroenterology of Zhongshan Hospital, Fudan University,
Shanghai 200032, China
Xi-Zhong Shen, Department of Gastroenterology of Zhongshan
Hospital, Fudan University, Shanghai 200032, China
Xi-Zhong Shen, Shanghai Institute Of Liver Diseases ; Key
Laboratory of Medical Molecule Virology, Ministry of Education
and Health, Shanghai 200032, China
Xu-Dong Qu, Department of Interventional Radiology, Zhongshan
Hospital, Fudan University, Shanghai 200032, China
Author contributions: Zhang DY and Qu XD performed
the majority of the analyses of the clinical case; Zhang DY
and Dong L acquired the data, performed the analysis and
interpreted the data; Zhang DY and Weng SQ drafted the
article; Shen XZ critically revised the manuscript for important
intellectual content; Zhang DY and Weng SQ designed the study
and wrote the manuscript; Zhang DY and Weng SQ contributed
equally to this work and should be regarded as co-first authors.
Supported by National Nature Science Foundation of China
No. 81000968, No. 81101540, No. 81101637, No. 81172273,
No. 81272388, No. 81301820 and No. 81472673; Doctoral Fund
of Ministry of Education of China No. 20120071110058, The
National Clinical Key Special Subject of China.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/
Correspondence to: Ling Dong, Professor, Department of
Gastroenterology of Zhongshan Hospital, Fudan University,
180 Fenglin Road, Xuhui District, Shanghai 200032,
China. dong.ling@zs-hospital.sh.cn
Telephone: +86-21-64041990
Fax: +86-21-63148437
Received: July 15, 2014
Peer-review started: July 16, 2014
First decision: August 27, 2014
Revised: September 11, 2014
Accepted: October 20, 2014

WJG|www.wjgnet.com

Article in press: October 21, 2014
Published online: February 21, 2015

Abstract
Intrahepatic arterioportal fistula (IAPF) can be caused
by many secondary factors. We report four cases of
portal hypertension that were eventually determined
to be caused by congenital hepatic arterioportal fistula.
The clinical manifestations included ascites, variceal
hemorrhage and hepatic encephalopathy. Computed
tomography scans from all of the patients revealed the
early enhancement of the portal branches in the hepatic
arterial phase. All patients were diagnosed using digital
subtraction angiography (DSA). DSA before embolization
revealed an arteriovenous fistula with immediate filling of
the portal venous radicles. All four patients were treated
with interventional embolization. The four patients
remained in good condition throughout follow-up and at
the time of publication. IAPF is frequently misdiagnosed
due to its rarity; therefore, clinicians should consider IAPF
as a potential cause of non-cirrhotic portal hypertension.
Key words: Intrahepatic arterioportal fistula; Portal
hypertension; Ascites
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: In Western countries, less than 10% of portal
hypertension cases are caused by non-cirrhotic portal
hypertension, including intrahepatic arterioportal fistula
(IAPF). IAPF is a condition characterized by abnormal
communication between the portal vein and the hepatic
artery that most often occurs secondary to surgery,
trauma, transhepatic intervention or biopsy. Currently, only
35 cases of congenital IAPF have been reported. To better
understand the clinicopathological presentation of this
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type of portal hypertension, IAPF-induced PH confirmed
by angiography was studied in four patients. Because
congenital hepatic arterioportal fistulae are rare, they are
often misdiagnosed.

Table 1 Tabulation of the patient characteristics, treatments,
results and follow-up
Age/gender
(mo)
65/female 18
33/female 33

Zhang DY, Weng SQ, Dong L, Shen XZ, Qu XD. Portal
hypertension induced by congenital hepatic arterioportal fistula:
Report of four clinical cases and review of the literature. World
J Gastroenterol 2015; 21(7): 2229-2235 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i7/2229.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i7.2229

43/male 15
74/male 16

Imaging

Ascites
Variceal
Bleeding
Melena

CT/DSA
Ultrasound/
MRA
Laparotomy/
CT
DSA

Hepatic
encephalopathy

Treatment

Result

Embolization Successful
Embolization Successful
Embolization Successful
Embolization Successful

No family history of chronic hepatic disease was elicited.
A physical examination upon presentation to our
institution revealed the presence of ascites. A liver
function test produced the following results: alanine
aminotransferase (ALT), 23 U/L; aspartate transaminase,
34 U/L; total bilirubin (TB), 5.6 μmol/L; and conjugated
bilirubin (CB), 2.2 μmol/L. All viral markers for hepatitis
were negative. To ascertain the cause of ascites for the
sake of diagnosis and treatment, diagnostic paracentesis
was performed. The serum ascites albumin gradient was
> 11 g/L, indicating that the ascites was due to portal
hypertension. Hepatic angiography was performed,
raising the suspicion of IAPF (Figure 1B and C). The
patient was treated with interventional embolization.
Figure 1D depicts the fistula reduction after the
embolization. Anti-infectious therapies were instituted
after the embolization. The patient’s ascites gradually
resolved. Six months after the first embolization, the
patient underwent a second embolization and recovered
well.

INTRODUCTION
Portal hypertension is the result of resistance to portal
blood flow. This resistance occurs most frequently
within the liver (as in the case of cirrhosis) and can be
[1-3]
caused by prehepatic and posthepatic factors . In
Western countries, less than 10% of portal hypertension
[4]
cases are caused by non-cirrhotic portal hypertension .
We can easily diagnose portal hypertension if the
risk factors are known; however, in some cases, the
[5]
diagnosis may be challenging . The causes of non[4]
cirrhotic portal hypertension include schistosomiasis ,
portal vein thrombosis and primary myelofibrosis,
among others. Intrahepatic arterioportal fistula (IAPF),
a rare cause of portal hypertension, is a condition
characterized by abnormal communication between
the portal vein and hepatic artery that most often
[6]
[7-9]
occurs secondary to surgery , trauma , transhepatic
[10]
[11,12]
intervention
or biopsy
, or ruptured hepatic
[13]
artery aneurysms . If the diagnosis is in doubt, digital
subtraction angiography (DSA) can be performed to
[14]
help confirm the diagnosis . To date, only 35 cases
of congenital IAPF have been reported in the literature.
IAPF can lead to portal hypertension (PH), which can
pose a diagnostic challenge. To better understand
the clinicopathological presentation of this type of
portal hypertension, IAPF-induced PH confirmed by
angiography was studied in four patients. The patients
ranged in age from 33 to 74 years, with a mean age of
53.75 years; all of the patients received embolization
therapy (Table 1).

Case 2

A 33-year-old woman with no previous history of
viral hepatitis, hepatoma or other liver diseases was
admitted with recurrent variceal bleeding despite
repeated endoscopic therapy. The patient had no history
of trauma or liver biopsy. The patient was confirmed to
have severe esophageal and gastric fundal varices by
endoscopy.
The patient had been admitted to the hospital twice
prior to the current admission for fatigue and weakness.
A hepatic ultrasonography revealed an intrahepatic
portal vein 15 mm in diameter with tortuous branches.
The patient had previously undergone two episodes
of percutaneous transarterial embolization. On
admission, liver function tests produced the following
results: ALT, 16 U/L; AST, 18 U/L; TB, 19 μmol/L; and
CB, 10 μmol/L. The abdominal color Doppler ultrasound
revealed a diffuse aneurismal portal vein fed by a large
arterial branch with reversed blood flow in the portal vein.
Gadolinium-enhanced magnetic resonance angiography
(MRA) confirmed the diagnosis of multiple IAPF connecting
the hepatic artery and the portal vein branch. No other
vascular or parenchymal anomalies were detected. An
endovascular procedure was performed to embolize the
hepatic artery branch contributing to the fistula. Figure

CASE REPORT
Case 1

A 65-year-old woman was admitted to our hospital
complaining of abdominal distension and oliguria of 3
months duration. Three months prior to presentation,
the patient visited a local hospital for an abdominal
ultrasound examination because of increased abdominal
girth and decreased urine output. The examination
revealed a large volume of ascites fluid and an increased
flow rate in the portal vein with phasic flow reversal. A
subsequent CT revealed the early enhancement of the
portal branches in the hepatic arterial phase (Figure 1A).
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A

B

C

D

Figure 1 Contrast-enhanced computed tomography revealed an earlier enhancement of the portal vein compared with the superior mesenteric vein during
the arterial phase. Digital subtraction angiography indicated that there was rapid filling through the fistula into the portal vein. A: Early enhancement of the portal
branches in hepatic arterial-phase; B, C: The hepatic argiography; D: The fistula reduction after embolization.

Figure 2 Digital subtraction angiography before embolization revealed the arteriovenous fistula with the immediate filling of the portal venous radicles.

2 presents the arteriovenous fistula with the immediate
filling of the portal venous radicles. The patient suffered
no bleeding during the following 3 years. The patient was
subjected to DSA 1 year after her initial presentation,
which revealed that the fistula had significantly decreased
in size. The patient underwent a second embolization
treatment.

laparotomy, during which the diagnosis of IAPF was
confirmed. Ligation of the hepatic artery was performed.
The patient continued to be followed by imaging after
discharge. Four years prior to admission at our hospital,
the patient suffered from melena and an endoscopy
revealed esophageal varices. A Doppler ultrasonography
revealed a patent portal vein with reversed flow and
a compensatory increase in the hepatic arterial signal.
A CT scan (Figure 3) revealed the synchronous filling
of the portal vein and hepatic artery in the arterial
phase. The CT finding was sufficiently characteristic
to justify this diagnosis and thus curtail any additional
investigation. The fistula in this patient was occluded
successfully by embolization. Further portography

Case 3

A 43-year-old male patient with a history of severe
melena was admitted on July 9, 2012. Eight years prior
to admission, the patient had undergone a medical
checkup at a referring hospital and was found to have
a mass in his liver. The patient received an exploratory

WJG|www.wjgnet.com
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Figure 3 Early enhancement of the portal branches.

A

B

Figure 4 Digital subtraction angiography revealed a diffuse arterioportal fistula with flow reversal in the portal venous system.

confirmed the restoration of normal portal blood flow.
The patient recovered well and continues to be followed
by imaging.

months after admission, the patient suffered recurrent
hepatic encephalopathy. An embolization was performed
in August 2013 to correct the precipitating causes. By
follow-up in March 2014, the patient had recovered
well. The short-term prognosis of embolization is quite
good but the long-term effect is still unknown. Liver
transplantation should potentially be considered.

Case 4

A 74-year-old male patient was admitted because of an
altered mental status and dysarthria for three months.
The patient was unable to respond appropriately to
questions, was disoriented and exhibited a decreased
ability to perform calculations. Thus, the patient
was sent to the referral hospital. No family history
of chronic hepatic disease was elicited. The patient’
s ammonia level was increased to 144 μmol/L. The
values of other biochemical tests were within the
normal ranges. All viral markers for hepatitis, including
hepatitis A-E viruses, auto-antibodies (antinuclear,
anti-mitochondrial, anti-smooth muscle, anti-soluble
liver antigen and anti-mitochondrial antibody), were
also negative. His serum alpha fetoprotein level was
10 μg/L. An ultrasound revealed an enlargement of the
portal vein, high flow in the hepatic artery and reversed
flow in the portal venous system. Selective DSA of the
hepatic artery revealed a diffuse arterioportal fistula
(Figure 4). The patient was treated with a low-protein
diet, bowel cleansing with lactulose, antibiotic treatment
and parenteral nutrition via an Ⅳ line. Five days later,
the patient gradually became conscious and responded
appropriately to questions and commands. However, 10
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DISCUSSION
The portal venous system has a large volume capacity and
low resistance. PH occurs when the portal flow or vascular
resistance is increased. Based on the anatomical location,
PH is classified as prehepatic, intrahepatic or posthepatic.
Intrahepatic PH is further histologically classified as
[15]
presinusoidal, sinusoidal and postsinusoidal . IAPF was
[16]
first reported approximately 40 years ago and is now
defined as an intrahepatic communication between the
hepatic artery and the portal venous system. IAPF is an
uncommon cause of presinusoidal PH and is believed to be
the result of increased blood flow in the portal system.
IAPF was first reported approximately 40 years ago
[16]
by Gryboski et al but its etiology remains unclear. IAPF
[11,12]
often occurs secondary to fine needle liver biopsy
,
[7]
interventional radiology, blunt or penetrating liver
[8,9]
[6]
[17,18]
trauma , hepatectomy , liver cancer
, hepatic
[13]
artery aneurysms or hemangioma , percutaneous
[19,20]
transhepatic biliary drainage
, radiofrequency ablation
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or transhepatic portosystemic stent shunts . In 1997,
[20]
Vauthey et al analyzed 88 cases of IAPF and found that
spontaneous arterioportal fistula may be caused by hepatic
diseases such cirrhosis, adenoma, hepatocellular carcinoma
(HCC) and cavernous hemangioma. The authors also
found that fewer than 10% of IAPF cases were congenital.
Congenital IAPF is a rare entity and is always diffuse or
[21]
multiple , whereas a solitary fistula is always acquired.
To date, only 35 cases of congenital IAPF have been
reported in the literature, mostly occurring in infants.
The symptomatology of IAPF can include hepatomegaly,
ascites, bleeding episodes and splenomegaly. Small IAPF
can be asymptomatic. These clinical presentations occur as
consequences of imbalances in Starling’s law such that the
force keeping fluid in the vascular space is not as strong
[22,23]
the force moving fluid out of the vascular space
.
IAPF is usually divided into three classes: (1) small
peripheral intrahepatic (type 1); (2) large central IAPF
(type 2); and (3) diffuse congenital intrahepatic (type
[24]
[25]
3) . Norton et al
classified IAPF according to the
supplying afferent vessels. A unilateral IAPF is supplied
by only one of the right, left or main hepatic arteries (type
1). Bilateral lesions include a supply from both hepatic
arteries or their branches (type 2). Type 3 consists of
complex lesions.
Ultrasonography is now widely used to investigate
IAPF because it is convenient, reliable, economical and
noninvasive in detecting blood flow from small targets in all
[26-28]
directions in the liver
. Even some small asymptomatic
arterioportal fistulas that are easily overlooked can be
detected by ultrasound. Ultrasonography can also be
used to determine hepatic hemodynamics, especially in
[29]
patients with cirrhosis . In our four cases, ultrasound
demonstrated reverse pulsatile flow in the portal vein,
thus helping establish the diagnosis. CT and MRI are also
[30-32]
helpful for the accurate diagnosis of IAPF
because
fistula vessels can be easily identified in the early arterial
phase. Contrast-enhanced CT findings of IAPF typically
include the following: (1) earlier enhancement of the
affected portal vein compared with the superior mesenteric
or splenic vein during the arterial phase; and (2) earlier
enhancement of the portal vein branches compared with
the main portal vein. The MRI pattern of IAPF is similar
to that of a CT. Contrast-enhanced MRA can provide
both an accurate depiction of portal vascular anatomy
[33,34]
and a measurement of portal hemodynamics
. DSA
is an important diagnostic and therapeutic procedure
[35]
in cases of unexplained PH. Haruki et al
reported an
IAPF mimicking a metastatic liver tumor, indicating that
the selection of an appropriate diagnostic modality is
important for careful diagnosis.
The differential diagnosis of IAPF is very important.
IAPF can be misinterpreted for HCC, metastatic liver tumors
or hemangioma. For example, the key characteristics of
HCC on CT are hypervascularity in the arterial phase
and washout or de-enhancement in the portal and
delayed phases. Generally, metastatic liver tumors
are seen as a ring-enhancement on enhanced CT and
they usually exhibit an increased high signal intensity

WJG|www.wjgnet.com

on DWI with low apparent diffusion coefficient values.
In contrast, IAPF is visualized as a low intensity on
DWI. DSA should be performed to make the final
diagnosis and to exclude hepatic sinusoidal obstruction
syndrome (SOS) and Budd-Chiari syndrome. These two
diseases can also be characterized by hepatomegaly,
ascites and right upper quadrant pain. Most cases of
SOS are diagnosed clinically. SOS typically occurs in
the context of hematopoietic cell transplantation and
can also be induced by the ingestion of pyrrolizidine
alkaloids. The diagnosis of hepatic SOS relies heavily
on clinical diagnostic criteria. A liver biopsy can be
diagnostic of SOS. Budd-Chiari syndrome is defined as
hepatic venous outflow tract obstruction. Ascites and
lower extremity edema may occur because of chronic
occlusion of the hepatic veins. A CT or MRI can be
performed to confirm the diagnosis. Venography can be
used to make the diagnosis if the noninvasive tests are
negative.
The treatment of IAPF includes a percutaneous
[36]
transarterial embolization , surgical ligation of the
[37]
[38]
implicated hepatic artery , partial hepatectomy
[39]
and liver transplantation . Interventional radiological
[40]
treatment is considered the preferred procedure .
However, whether this treatment is effective long-term
remains unknown.
There is a wide range of embolic agents and devices
[41]
[42,43]
available, including ethanol, Gelfoam , steel coils
[44]
and detachable balloons . The combination of microcoils
and N-butyl 2-cyanoacrylate is reportedly an effective
[45]
[36]
method of embolization . Chen et al
reported the
successful treatment of complex high-flow IAPF cases
with a Guglielmi Detachable Coil in combination with
[37]
NBCA injection. Studies have also reported that endto-site portocaval shunting can reduce portal pressure
effectively and preserve vascular anatomy to facilitate
liver transplantation.
Embolization is advantageous in that it can decrease
pain, lower morbidity and shorten the length of hospital
stay. The main risks of embolization are as follows: (1)
the material could move from the original site to the
portal system because of the high flow in the fistula;
and (2) the material used could float to an incorrect
site. Surgery is indicated only when the embolization
[46]
fails .
In conclusion, we diagnosed four cases of congenital
IAPF using multiple imaging modalities, including
angiography. Angiography is useful to distinguish IAPF
from malignant liver tumors. Embolization plays an
important role in the treatment of IAPF.
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CASE REPORT

Autoimmune hepatitis-primary biliary cirrhosis concurrent
with biliary stricture after liver transplantation
Yong-Zhen Kang, Xiao-Ye Sun, Yi-He Liu, Zhong-Yang Shen
we report a 50-year-old man who underwent LT for
decompensated liver disease secondary to alcoholic
steatohepatitis. His liver function tests became markedly
abnormal 8 years after LT. Standard autoimmune
serological tests were positive for anti-nuclear and antimitochondrial antibodies, and a marked biochemical
response was observed to a regimen consisting of
prednisone and ursodeoxycholic acid added to maintain
immunosuppressant tacrolimus. Liver biopsy showed
moderate bile duct lesions and periportal lymphocytes
infiltrating along with light fibrosis, which confirmed the
diagnosis of AIH-PBC overlap syndrome. We believe
that this may be a case of post-LT de novo AIH-PBC
overlap syndrome; a novel type of autoimmune overlap
syndrome.
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Core tip: We report a 50-year-old man who was diagnosed
with autoimmune hepatitis (AIH)-primary biliary cirrhosis (PBC)
overlap syndrome 8 years after liver transplantation. His
liver function tests became markedly abnormal. Standard
autoimmune serological tests were positive for antinuclear and anti-mitochondrial antibodies, and a dramatic
biochemical response was observed to a regimen
consisting of prednisone and ursodeoxycholic acid added
to tacrolimus immunosuppression. Liver transplant
biopsy showed moderate bile duct lesions and periportal
lymphocytes infiltrating along with light fibrosis, which
confirmed a diagnosis of AIH-PBC overlap syndrome.

Abstract
Although the development of de novo autoimmune liver
disease after liver transplantation (LT) has been described
in both children and adults, autoimmune hepatitis (AIH)primary biliary cirrhosis (PBC) overlap syndrome has
rarely been seen in liver transplant recipients. Here,
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Table 1 Laboratory results on day 1 of hospital admission
Items
Liver function
T-bil (μmol/L)
D-bil (μmol/L)
ALB (g/L)
ALT (U/L)
AST (U/L)
ALP (U/L)
GGT (U/L)
Blood coagulation
PT (s)
INR
PTA
APTT (s)
TT (s)
FIB (g/L)
Immunological indexes
IgG (mg/dL)
IgA (mg/dL)
IgM (mg/dL)
C3 (mg/dL)
C4 (mg/dL)

INTRODUCTION
Although the development of de novo autoimmune
liver disease after liver transplantation (LT) has been
described in both children and adults, autoimmune
hepatitis (AIH)-primary biliary cirrhosis (PBC) overlap
syndrome has rarely been found in liver transplant
recipients. Here, we report a 50-year-old man who
underwent LT for decompensated liver disease secon
dary to alcoholic steatohepatitis and developed AIH-PBC
overlap syndrome 8 years later. The clinical information,
diagnosis and treatment are described.

CASE REPORT
Clinical information

Previous medical history: A 50-year-old man was
admitted to our hospital on May 14, 2013 with severe
jaundice after liver transplantation eight years previously.
He underwent deceased-donor liver transplantation
(DDLT) and hepatic artery revascularization for alcoholic
liver cirrhosis in April 2005 in another hospital. Three
days post-operation, a stent was placed at the bypass
site for thrombogenesis. Immunosuppressive therapy
included tacrolimus, mycophenolate mofetil and glucocort
icosteroids. Regular checks were arranged when out of
hospital, and liver and kidney function and other results
were satisfactory until abdominal ultrasound found
obstruction at the site of the stent at the fifth year after
surgery. However, nothing was done because collateral
circulation had already formed. Five months before this
admission, he saw doctors at the local hospital due to
progressive jaundice and received magnetic resonance
cholangiopancreatography (MRCP). Two stents were
implanted for bile drainage because MRCP showed
stricture at the transitional region of the common hepa
tic duct and common bile duct, although there was no
significant improvement. Two weeks before this admis
sion, his condition deteriorated, and the results of liver
function tests were as follows: alanine transaminase
(ALT) 295 U/L [normal range (NR): 5-40 U/L], aspartate
transaminase (AST) 191 U/L (NR, 0-37 U/L), alkaline
phosphatase (ALP) 158 U/L (NR, 40-150 U/L), γ-glutamyl
transferase (GGT) 131 U/L (NR, 8-61 U/L), and total
bilirubin (T-bil) 376.4 μmol/L (NR, 0-17.1 μmol/L). Stents
were replaced by metallic ones and no improvement was
achieved. For further treatment, he came to our hospital.

Normal range

Abnormal

555.06
243.59
31.6
196.3
121.2
148
92.1

LLN
0
0
34
5
0
40
8

ULN
17.1
6.8
48
40
37
150
61

15.4
1.39
55%
42.2
19.4
1.88

8.8
0.8
80%
26
10
2

13.8
1.2
120%
42
18
4

↑
↑
↓
↑
↑
↓

2210
230
56.3
382.6
416.5

751
82
46
79
16

1560
453
304
152
38

↑

↑
↑
↑
↑
↑

↑
↑

LLN: Lower limits of normal; ULN: Upper limits of normal; T-bil: Total
bilirubin; D-bill: Direct bilirubin; ALT: Alanine transaminase; AST:
Aspartate transaminase; ALP: Alkaline phosphatase; GGT: g-glutamyl
transferase; PT: Prothrombin time; INR: International normalized ratio;
PTA: Prothrombin time activity; APTT: Activated partial thromboplastin
time; TT: Thrombin time; FIB: Fibrinogen; IgG: Immunoglobulin G; IgA
Immunoglobulin A; IgM: Immunoglobulin M; C3: Complement 3; C4:
Complement 4.

Laboratory and ultrasound examinations (May
15, 2013): The results of liver function tests, blood
coagulation and antibody levels are shown in Table 1.
The patient was investigated for virus infection, including
cytomegalovirus, hepatitis virus A-E and Epstein-Barr
virus, and no evidence was found. Immunological
profile was positive for anti-nuclear antibody (ANA)
and anti-mitochondrial antibody (AMA), with titers of
1:320 and 1:100, respectively. Other autoantibodies
were negative: anti-smooth muscle antibody, antiliver-kidney microsomal antibody, anti-soluble liver
antigen/liver pancreas antigen antibody, and antiliver cytosol antibody. Abdominal ultrasound showed
chronic hepatic parenchymal lesions on the liver graft;
small intrahepatic cysts; no abnormalities in large blood
vessels and blood flow in the graft; and dilatation of the
main bile tract.

Diagnosis and treatment

Given the patient’s history of biliary stricture at the
transitional region of the common hepatic duct and
common bile duct, we arranged for cholangiography
on the day of admission and found that the stents had
shifted. This was rectified by placing a biliary supporting
tube instead, which was removed 3 d later because we
deemed that the mild stenosis seen by cholangiography
was not sufficient to account for such poor liver function.
Therefore, immunological profile and antibody levels

Physical examination (May 14, 2013): On physical
examination, he was slim and weighed 58 kg, with
stable vital signs. An old surgical scar was visible on
the upper abdomen. Examination was only positive for
deep jaundice and scratch marks all over the body;
the rest of the examination was unremarkable.
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600

June 7, 2013, and showed the following: a total of six
portal areas, whether integrated or not, and four central
veins; swollen hepatocytes and scattered areas of fatty
degeneration; obvious cholestatic hepatocytes and
bile plugs in the bile canaliculus; focal necrosis of liver
cells, and proliferation of small bile ducts in the portal
areas; vacuolated biliary epithelia; and infiltration of
inflammatory cells, especially lymphocytes, along with
mild fibrosis. Such results supported our diagnosis of
AIH-PBC overlap syndrome.
Considering that the patient was undergoing recovery
and was not receiving any special treatment, he was
discharged on August 2, 2013. Dose of methylprednisolone
was reduced to 30 mg intravenously (July 10, 2013)
as the patient’s situation improved, and then to 20 mg
intravenously 2 wk later (July 23, 2013) and 20 mg/wk
orally prior to discharge. No changes were made to the
other agents.

rd

June 3 , 2013, steroid
reduced and D-bill rebounded

D-bill

400

200

/5
/2
2
14
20

/1
/1
4
14
20

/7
/3
1
13
20

/7
/2
13
20

/6
/1
0
13
20

20

13

/5
/1
5

0

Date

Figure 1 Changing trends in total bilirubin in and out of hospital. D-bill:
Direct bilirubin.

Patient follow-up

were examined on the following day (Table 1).
According to the elevated level of serum ALT (196.3
U/L) and IgG (2210 mg/dL), and taking ANA (1:320)
into account, we suspected a diagnosis of AIH. Given
that the serum AMA titer of this patient was 1:100,
[1-3]
and AMA positivity indicates PBC , the diagnosis of
PBC could not be excluded easily, despite the serum
levels of ALP and GGT being lower than those in the
guidelines. Liver biopsy was supposed to establish
AIH-PBC, while it was not suitable for this patient at
that particular time because of poor liver function and
blood clotting.
Methylprednisolone (40 mg, intravenously) was
administered as soon as we suspected autoimmune liver
disease (AILD), along with liver-protective agents and
cholagogues, including reduced glutathione, S-adenosyl
methionine and magnesium isoglycyrrhizinate. Liver
function improved 1 wk later (May 22, 2013) and there
were marked decreases in ALT, AST, ALP, GGT, T-bil
and direct bilirubin. Such results gave us confidence
to continue therapy until 10 d later (May 31, 2013)
when severe hand cramp occurred as a side effect
of methylprednisolone. Consequently, we reduced
the dose of steroid to half to relieve cramp. By June
2, 2013, laboratory parameters rebounded to higher
levels than before (Figure 1), which finally compelled
us to make the following adjustments: (1) increase
methylprednisolone dose back to 40 mg; (2) add
vitamin D3 and calcitriol to treat side effects of steroids;
and (3) replace reduced glutathione and magnesium
isoglycyrrhizinate with ursodeoxycholic acid (UDCA)
according to standard treatment.
From then on, laboratory parameters declined
gradually (Table 2), except GGT, which had begun to
increase in the previous month before his discharge
from hospital (July 2, 2013) and sustained for nearly a
year which provided us proofs of PBC when combined
with positive AMA. Along with the recovery of liver
function and coagulation, liver biopsy was performed on

WJG|www.wjgnet.com

During follow-up, liver function tests were performed
every month and the results were presented to us
to determine whether drug adjustment was needed.
According to laboratory parameters, we recommended
to reduce 4 mg methylprednisolone at intervals of every
other month until by 4 mg as maintenance therapy, and
UDCA from three times to twice daily. No changes were
made to vitamin D3 and calcitriol. Liver function was
satisfactory during the past 6 mo, and GGT level had
been falling. Laboratory parameters during follow-up
are shown in Table 3.

DISCUSSION
AILDs are leading causes of liver cirrhosis and endstage liver disease, which eventually require LT for
patient survival. AIH-PBC overlap syndrome has
been reported rarely in patients after LT. However, in
[4]
2005, Keaveny et al reported a case of AIH-PBC
overlap syndrome in which the standard autoimmune
serological tests were negative and haplotype DR4 was
associated with its development. The present patient
was a 50-year-old man who had a history of excess
alcohol consumption for up to at least 25 years and
underwent DDLT for alcohol-related cirrhosis. It was
a pity that immunological profile and antibody levels
were not examined when ALT and AST were at their
peak values before his admission to our center, which
made us expose in such an embarrassing situation to
determine the diagnosis of AIH due to slightly lesser
serum ALT and IgG compared with criteria proposed
[5]
by Chazouillères et al . In addition, liver biopsy was
not performed at that time because of the advance
stage of the disease, which caused further confusion
whether PBC was concurrent with AIH, because of
AMA positivity and almost normal serum ALP and
GGT. Fortunately, the diagnosis of AIH-PBC overlap
syndrome was indicated by the decrease in laboratory
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Table 2 Laboratory parameters of liver function tests when hospitalized
Date
5/15/2013
5/22/2013
5/29/2013
6/3/2013
6/10/2013
6/18/2013
6/25/2013
6/28/2013
7/2/2013
7/9/2013
7/17/2013
7/24/2013
7/31/2013

ALB

ALT

AST

ALP

g-GT

T-bil

D-bil

(g/L)

(U/L)

(U/L)

(U/L)

(U/L)

(μmol/L)

(μmol/L)

36.1
29.3
30.3
26.2
29.3
28.2
24.9
29.1
34.4
32.0
32.9
32.3
30.8

196.3
78.1
78.9
88.4
90.6
72.8
112.8
76.8
103.5
88.3
94.3
91.5
69.9

121.2
40.0
38.0
42.5
40.1
26.6
29.3
41.2
67.0
58.6
56.5
56.8
40.5

148.0
120.5
126.6
133.3
130.4
136.8
139.0
116.8
126.3
133.1
134.5
153.9
131.1

92.1
80.8
113.7
115.9
126.7
107.3
88.6
98.1
124.3
166.4
233.8
275.8
240.8

555.06
402.38
394.12
452.07
383.22
360.28
387.34
346.45
363.45
322.43
306.58
289.44
212.71

243.59
168.63
189.85
215.32
189.22
183.48
184.84
156.12
169.51
145.78
176.52
139.57
103.69

ALB: Albumin; ALT: Alanine transaminase; AST: Aspartate transaminase; ALP: Alkaline phosphatase; GGT: g-glutamyl transferase; T-bil: Total bilirubin;
D-bill: Direct bilirubin.

Table 3 Laboratory parameters of liver function tests during monthly follow-up
Date
10/9/2013
11/14/2013
12/19/2013
1/14/2014
2/20/2014
3/20/2014
4/22/2014
5/22/2014
6/26/2014

ALB

ALT

AST

ALP

g-GT

T-bil

D-bil

(g/L)

(U/L)

(U/L)

(U/L)

(U/L)

(μmol/L)

(μmol/L)

79.3
87
82
117
92
81
71
72
72

43.8
38
41
66
49
48
37
36
40

135.5
147
142
179
153
148
163
131
154

478
537
481
501
422
378
373
352
313

50.1
38.2
29.2
24.2
27.2
30.0
23.1
25.6
27.3

23.45
24.3
14.7
12.6
12.5
12.4
8.5
10.3
10.3

32.2
40.4
40.3
41.3
39.9
42.6
43.3
43.3
42.7

ALB: Albumin; ALT: Alanine transaminase; AST: Aspartate transaminase; ALP: Alkaline phosphatase; GGT: g-glutamyl transferase: T-bil: Total bilirubin;
D-bill: Direct bilirubin.

parameters brought about by 1 wk empirical treatment
with intravenous methylprednisolone. Final diagnosis
relied on liver biopsy, which indicated moderate bile
duct lesions and infiltration of periportal lymphocytes,
along with mild fibrosis. Thus, diagnosis of AIH was
based on elevated ALT (295 U/L) and liver biopsy, in
association with increased serum IgG level and ANA
positivity. The diagnosis of PBC was dependent on AMA
positivity and moderate bile duct lesions, and further
demonstrated by marked elevation of serum GGT
levels during follow-up.
The term overlap syndrome was first used in the
1970s to describe variant forms of AIH that presented
[6-8]
with characteristics of AIH and PBC or PSC , although
there was no common definition or uniformly accepted
[9,10]
diagnostic criteria at that time
. AILDs are a group
of immunologically induced diseases that are either
[11,12]
hepatocellular or cholestatic
. The hepatocellular
forms are characterized by significant elevation of
serum ALT and AST, together with elevated serum
bilirubin. AIH is the typical example of hepatocellular
AILD. The cholestatic forms involve the intra- and/
or extrahepatic biliary systems. PBC is the second
most common AILD, and develops with a cholestatic
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presentation and is characterized by AMA positivity.
Another cholestatic form of AILD is PSC, in which
chronic inflammation of the biliary tree leads to the
development of strictures and biliary cirrhosis, with
patients often suffering from recurrent cholangitis and
[13]
ultimately needing LT .
Previously, there was no well-defined treatment
for overlap syndrome, and as the diagnosis was often
delayed, initial treatment of AIH-PBC was dependent
on the initial presentation, clinical suspicion, and
[14]
the clinician’s discretion . Most patients with AIH
achieved remission with therapy with corticosteroids
and azathioprine; in some studies, 65% and 80% at
[15-17]
18 mo and 3 years, respectively
. The treatment of
[18]
choice for patients with PBC was UDCA , which had
been shown to improve clinical and biochemical indices
by means of regulating the endogenous secretion of
bile acid, reducing the cytotoxicity of endogenous bile
acids, modulating the production of inflammatory
cytokines, and being protective against oxidative stress
[19,20]
and inhibiting apoptosis
. Recent reports have
described another important role of UDCA as a key
[21]
modulator of the cell cycle . For patients with AIH-PBC
overlap syndrome, the combination of corticosteroids
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Experiences and lessons

and azathioprine with UDCA is the best choice and
recommended by many guidelines. In a retrospective
[22]
study of a large cohort of patients with AIH-PBC , UDCA
alone did not produce a biochemical response in most
patients with severe interface hepatitis (without LT),
and additional immunosuppressive therapy was needed.
For transplant recipients, whether azathioprine is necessary
because of administration of other immunosuppressants
remains a problem that needs to be investigated in large
studies.
In conclusion, we believed that our patient may be
a case of post-LT de novo AIH-PBC overlap syndrome.
This is a novel type of autoimmune overlap syndrome,
and clinicians should note the occurrence of this type
of AILD when managing liver transplant recipients and
make correct decisions regarding the diagnosis and
treatment.

Authors usually deemed that AIH-PBC overlap syndrome was an indication for
LT, and this case reminds us that it could happen post-LT as well. Clinicians
should note the occurrence of this type of liver disease when managing liver
recipients and make correct decisions on the diagnosis and treatment.

Peer-review

The authors reported an interesting case of AIH/PBC that developed after LT,
however, there were many mistakes that needed to be corrected.
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Case characteristics

The authors report a 50-year-old man who was diagnosed with autoimmune
hepatitis (AIH)-primary biliary cirrhosis (PBC) overlap syndrome 8 years after
liver transplantation (LT).

Clinical diagnosis

The diagnosis of AIH was on the basis of elevated alanine transaminase (ALT,
295 U/L) and liver biopsy results with assistance of increased serum IgG level
and positive antinuclear antibody (ANA), and diagnosis of PBC was dependent
on positive antimitochondrial antibody (AMA) and moderate bile duct lesions,
further demonstrated by dramatic elevation of serum γ-glutamyl transferase
levels during follow-up.

8
9

Differential diagnosis

Authors excluded the previous diagnosis of biliary complications according to
the mild stenosis presented on cholangiography.

10

Laboratory diagnosis

Liver function tests showed serum ALT and IgG were 196.3 U/L and 2210 mg/
dL, respectively. Standard autoimmune serological tests were positive for ANA
(1:320) and AMA (1:100).

11

Imaging diagnosis

They excluded the previous diagnosis of biliary complications according to mild
stenosis presented on cholangiography.

12

Liver biopsy indicated moderate bile duct lesions and periportal lymphocytes
infiltrating along with light fibrosis.

13

Authors treated the patient with a combination of corticosteroids with
ursodeoxycholic acid, with vitamin D3 and calcitriol to prevent side effects of
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Pathological diagnosis
Treatment

Related reports

Term explanation

The term overlap syndrome was first used in the 1970s to describe variant
forms of AIH that presented with characteristics of AIH and PBC or primary
sclerosing cholangitis.

WJG|www.wjgnet.com

16

2240

European Association for the Study of the Liver. EASL Clinical
Practice Guidelines: management of cholestatic liver diseases.
J Hepatol 2009; 51: 237-267 [PMID: 19501929 DOI: 10.1016/
j.jhep.2009.04.009]
Woodward J, Neuberger J. Autoimmune overlap syndromes.
Hepatology 2001; 33: 994-1002 [PMID: 11283866]
Lindor KD, Gershwin ME, Poupon R, Kaplan M, Bergasa NV,
Heathcote EJ. Primary biliary cirrhosis. Hepatology 2009; 50:
291-308 [PMID: 19554543 DOI: 10.1002/hep.22906]
Keaveny AP, Gordon FD, Khettry U. Post-liver transplantation de
novo hepatitis with overlap features. Pathol Int 2005; 55: 660-664
[PMID: 16185298 DOI: 10.1111/j.1440-1827]
Chazouillères O, Wendum D, Serfaty L, Montembault S,
Rosmorduc O, Poupon R. Primary biliary cirrhosis-autoimmune
hepatitis overlap syndrome: clinical features and response to
therapy. Hepatology 1998; 28: 296-301 [PMID: 9695990]
Rust C, Beuers U. Overlap syndromes among autoimmune liver
diseases. World J Gastroenterol 2008; 14: 3368-3373 [PMID:
18528934 DOI: 10.3748/wjg.14.3368]
Klöppel G, Seifert G, Lindner H, Dammermann R, Sack HJ,
Berg PA. Histopathological features in mixed types of chronic
aggressive hepatitis and primary biliary cirrhosis. Correlations
of liver histology with mitochondrial antibodies of different
specificity. Virchows Arch A Pathol Anat Histol 1977; 373: 143-160
[PMID: 139750]
Okuno T, Seto Y, Okanoue T, Takino T. Chronic active hepatitis
with histological features of primary biliary cirrhosis. Dig Dis Sci
1987; 32: 775-779 [PMID: 3496197]
Davis PA, Leung P, Manns M, Kaplan M, Munoz SJ, Gorin FA,
Dickson ER, Krawitt E, Coppel R, Gershwin ME. M4 and M9
antibodies in the overlap syndrome of primary biliary cirrhosis and
chronic active hepatitis: epitopes or epiphenomena? Hepatology
1992; 16: 1128-1136 [PMID: 1330864]
Duclos-Vallée JC, Hadengue A, Ganne-Carrié N, Robin E, Degott
C, Erlinger S. Primary biliary cirrhosis-autoimmune hepatitis
overlap syndrome. Corticoresistance and effective treatment
by cyclosporine A. Dig Dis Sci 1995; 40: 1069-1073 [PMID:
7729266]
Kumagi T, Alswat K, Hirschfield GM, Heathcote J. New insights
into autoimmune liver diseases. Hepatol Res 2008; 38: 745-761
[PMID: 18462376 DOI: 10.1111/j.1872-034X]
Hirschfield GM, Al-Harthi N, Heathcote EJ. Current status of
therapy in autoimmune liver disease. Therap Adv Gastroenterol 2009;
2: 11-28 [PMID: 21180531 DOI: 10.1177/1756283X08098966]
Eaton JE, Talwalkar JA, Lazaridis KN, Gores GJ, Lindor KD.
Pathogenesis of primary sclerosing cholangitis and advances in
diagnosis and management. Gastroenterology 2013; 145: 521-536
[PMID: 23827861 DOI: 10.1053/j.gastro.2013.06.052]
Al-Chalabi T, Portmann BC, Bernal W, McFarlane IG, Heneghan
MA. Autoimmune hepatitis overlap syndromes: an evaluation
of treatment response, long-term outcome and survival. Aliment
Pharmacol Ther 2008; 28: 209-220 [PMID: 18433467 DOI:
10.1111/j.1365-2036.2008.03722.x]
Fallatah HI, Akbar HO. Autoimmune liver disease - are there
spectra that we do not know? Comp Hepatol 2011; 10: 9 [PMID:
21910861 DOI: 10.1186/1476-5926-10-9]
Czaja AJ. Current and future treatments of autoimmune hepatitis.
Expert Rev Gastroenterol Hepatol 2009; 3: 269-291 [PMID:

February 21, 2015|Volume 21|Issue 7|

Kang YZ et al . Autoimmune hepatitis-primary biliary cirrhosis overlap syndrome

17
18
19

20

19485809 DOI: 10.1074/jbc.M409877200]
Teufel A, Galle PR, Kanzler S. Update on autoimmune hepatitis.
World J Gastroenterol 2009; 15: 1035-1041 [PMID: 19266594
DOI: 10.3748/wjg.15.1035]
Lindor K. Ursodeoxycholic acid for the treatment of primary
biliary cirrhosis. N Engl J Med 2007; 357: 1524-1529 [PMID:
17928600 DOI: 10.1056/NEJMct074694]
Angulo P, Batts KP, Therneau TM, Jorgensen RA, Dickson ER,
Lindor KD. Long-term ursodeoxycholic acid delays histological
progression in primary biliary cirrhosis. Hepatology 1999; 29:
644-647 [PMID: 10051462]
Rodrigues CM, Fan G, Ma X, Kren BT, Steer CJ. A novel role
for ursodeoxycholic acid in inhibiting apoptosis by modulating

21

22

mitochondrial membrane perturbation. J Clin Invest 1998; 101:
2790-2799 [PMID: 9637713 DOI: 10.1172/JCI1325]
Loddenkemper C, Keller S, Hanski ML, Cao M, Jahreis G, Stein H,
Zeitz M, Hanski C. Prevention of colitis-associated carcinogenesis
in a mouse model by diet supplementation with ursodeoxycholic
acid. Int J Cancer 2006; 118: 2750-2757 [PMID: 16385573 DOI:
10.1002/ijc.21729]
Ozaslan E, Efe C, Heurgué-Berlot A, Kav T, Masi C, Purnak T,
Muratori L, Ustündag Y, Bresson-Hadni S, Thiéfin G, Schiano TD,
Wahlin S, Muratori P. Factors associated with response to therapy
and outcome of patients with primary biliary cirrhosis with features
of autoimmune hepatitis. Clin Gastroenterol Hepatol 2014; 12:
863-869 [PMID: 24076417 DOI: 10.1016/j.cgh.2013.09.021]
P- Reviewer: Efe C, Urganci N S- Editor: Gou SX
L- Editor: A E- Editor: Liu XM

WJG|www.wjgnet.com

2241

February 21, 2015|Volume 21|Issue 7|

World J Gastroenterol 2015 February 21; 21(7): 2242-2248
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v21.i7.2242

© 2015 Baishideng Publishing Group Inc. All rights reserved.

CASE REPORT

Gastric myeloid sarcoma without acute myeloblastic
leukemia
Xiao-Li Huang, Jin Tao, Jian-Zhong Li, Xiao-Liang Chen, Jian-Ning Chen, Chun-Kui Shao, Bin Wu
replace the original tissue architecture, and these
neoplasias are called granulocytic sarcomas, chloromas
or extramedullary myeloid tumors. Such tumors develop
in lymphoid organs, bones (e.g. , skulls and orbits), skin,
soft tissue, various mucosae, organs, and the central
nervous system. Gastrointestinal (GI) involvement is rare,
while the occurrence of myeloid sarcomas in patients
without leukemia is even rare. Here, we report a case of
a 38-year-old man who presented with epigastric pain
and progressive jaundice. An upper GI endoscopy had
shown extensive multifocal hyperemic fold thickening and
the spread of nodular lesions in the body of the stomach.
Biopsies from the gastric lesions indicated myeloid
sarcoma of the stomach. However, concurrent peripheral
blood and bone marrow examinations showed no
evidence of acute myeloid leukemia. For diagnosis, the
immunohistochemical markers must be checked when
evaluating a suspected myeloid sarcoma case. Accurate
MS diagnosis determines the appropriate therapy and
prognosis.

Xiao-Li Huang, Jin Tao, Jian-Zhong Li, Xiao-Liang Chen, Bin
Wu, Department of Gastroenterology, the Third Affiliated Hospital
of Sun Yat-sen University, Guangzhou 510630, Guangdong
Province, China
Jian-Ning Chen, Chun-Kui Shao, Department of Pathology, the
Third Affiliated Hospital of Sun Yat-sen University, Guangzhou
510630, Guangdong Province, China
Author contributions: Huang XL and Tao J contributed equally
to this work; Huang XL, Tao J, Li JZ, Chen XL and Wu B
analyzed the data and diagnosed and treated the patient; Chen
JN and Shao CK provided the pathological diagnosis of gastric
biopsy; Huang XL and Wu B wrote the paper.
Supported by the National Natural Science Foundation of China,
No. 81370511; the Natural Science Foundation of Guangdong
Province, No. S2011020002348; and Fundamental Research
Funds for the Central Universities, No. 82000-3281901.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/
Correspondence to: Bin Wu, MD, PhD, Professor, Chairman,
Department of Gastroenterology, the Third Affiliated Hospital of
Sun Yat-sen University, 600 Tianhe Road, Guangzhou 510630,
Guangdong Province, China. binwu001@hotmail.com
Telephone: +86-20-85253095
Fax: +86-20-85253336
Received: July 2, 2014
Peer-review started: July 2, 2014
First decision: July 21, 2014
Revised: August 10, 2014
Accepted: October 15, 2014
Article in press: October 15, 2014
Published online: February 21, 2015

Key words: Myeloid sarcoma; Stomach; Acute myeloblastic
leukemia; Abdominal pain; Immunohistochemistry
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Myeloid sarcomas (MS) are extramedullary
tumors of myeloblasts, myeloid precursors, and neutrophils
in various combinations. MS may be an initial indication
for acute myeloid leukemia (AML), or they present
during leukemic relapses. The small intestine is a
relatively common location for these tumors, and their
usual presentation includes abdominal pain from a small
bowel obstruction. Gastric MS are rarely reported. Here,
we report a rare case of gastric MS without AML. The
diagnosis was verified by biopsies of the gastric tissues
and bone marrow and immunohistochemical staining.

Abstract
Myeloid sarcomas (MS) involve extramedullary blast
proliferation from one or more myeloid lineages that
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count, liver enzymes, renal function, and electrolytes
were all within normal limits. Ultrasonic examination and a
computed tomography (CT) scan of the abdomen showed
pancreatitis and intrahepatic and extrahepatic bile duct
dilation. Contrast-enhanced ultrasonic examination
showed abnormalities in the proximal common bile
duct and a suspected cholangiocarcinoma. An upper GI
endoscopy showed extensive multifocal hyperemic fold
thickening and the spread of nodular lesions in the body
of the stomach (Figure 1). A colonoscopy and capsule
endoscopy showed smooth intestinal mucosa without
erosion, an ulcer, or a neoplasm (data not shown).
Gastric biopsies showed a decrease in mucosal glands
in the lamina propria, the infiltration of many lymphocytes,
including atypical cells, and strong myeloperoxidase
(MPO) expression with negative cytokeratin staining
(Figure 2). The pathological characteristics did not support
a diagnosis of Crohn’s disease. Immunohistochemistry
indicated that a gastric specimen was negative for CD3,
CD15, CD20, CD79α, CD45RO, EMA and Pax-5, but was
positive for CD99 (strongly +), CD43(+), CD34 (strongly
+), CD117 (strongly +), CD68 (weakly +), Vim(+),
κ (weakly +), and λ (weakly +), and the percentage
of Ki-67-positive cells was greater than 70% (Figure
3), which is consistent with a diagnosis of gastric MS.
A peripheral blood smear and bone marrow biopsy
revealed that the patient’s hemocytes and bone marrow
were normal without myeloblastic leukemia (Figure 4).
Positron emission tomography (PET)-CT imaging with
18
18
F-fluorodeoxyglucose ( F-FDG) showed a significant
uptake in the gastric greater curvature (2.0 cm × 2.3
cm), and the tumor infiltrated the gallbladder (1.8 cm ×
1.4 cm), pancreas (1.0 cm × 0.9 cm), common bile duct
(1.4 cm × 1.4 cm), gastric lesser omental bursa (0.8 cm
× 0.9 cm) and retroperitoneal lymph nodes (0.4 cm × 0.9
cm), and partial bones were involved, including the left
humerus (0.5 cm × 0.8 cm), left ribs (0.3 cm × 0.5 cm),
vertebra (0.4 cm × 0.6 cm), sacrum (0.5 cm × 0.8 cm),
and right ilium (0.6 cm × 0.8 cm) (Figure 5).
After a definitive diagnosis of gastric MS, the patient
received percutaneous transhepatic cholangiography
drainage with ultrasonic guidance and was treated with
standard systemic idarubicin and cytarabine (Ara-C)
chemotherapy. Follow-up FDG-PET-CT reexamination
3 mo after chemotherapy demonstrated that most of
the hypermetabolic lesions were gone. An upper GI
endoscopy showed that the gastric mucosa was smooth
without nodular lesions at 3 mo (data not shown) and 1
year after the completion of chemotherapy (Figure 6).
In addition, gastric biopsies showed the infiltration of a
few lymphocytes in the mucosa without atypical cells
and MPO expression (data not shown).

INTRODUCTION
Myeloid sarcomas (MS) are extramedullary tumors of
myeloblasts, myeloid precursors, and neutrophils in
various combinations, and they involve extramedullary
blast proliferation from one or more myeloid lineages
that replace the original tissue architecture. These tumors
are also known as granulocytic sarcomas, chloromas or
[1]
extramedullary myeloid tumors . These tumors may be
an initial indication for acute myeloid leukemia, indicate
a leukemic relapse, or signal impending blast crisis in
the setting of a myeloproliferative disorder or leukemic
transformation in myelodysplastic syndromes, and they
have also been found after allogeneic bone marrow
transplantation. MS have been reported at nearly every
anatomic site, but they are most commonly found in
bones, periosteum, lymph nodes, and skin, and they
have also been reported in the gastrointestinal (GI) tract,
breast, testis, uterus, cervix, vagina, salivary glands,
[2]
mediastinum, pleura, and peritoneum . The GI tract
is also a relatively common location for these tumors,
and their typical presentation includes abdominal pain
from a small bowel obstruction. Other regions of the
GI system that have been reported to be involved
include the stomach, colon, appendix, mesentery, and
biliary tract. Many MS patients have either coexisting
acute myeloid leukemia (AML) or a myeloproliferative
or myelodysplastic disorder at the time of diagnosis,
or these tumors appear at the first sign of relapse
from one of these disorders. Gastric MS without AML
[3]
involvement is rare . Here, we report a rare case of
gastric MS presenting as a spread of nodular lesions
without myeloblastic leukemia.

CASE REPORT
A 38-year-old man who presented with intermittent
dull epigastric pain, anorexia and weight loss for 20
d was admitted into our hospital. Pain was obvious at
night and not associated with food ingestion, but it was
not relieved after pharmacological treatment with a
proton pump inhibitor and a mucosal protective agent.
The patient also complained of persistent jaundice,
abdominal distension and whole body itching. General
physical examination revealed no abnormalities with the
exception of moderate tenderness over the epigastrium
and liver region pain. No rebound tenderness was
present.
Clinical laboratory tests indicated that the patient’
s total bilirubin significantly increased (mainly direct
bilirubin) and that his lipase was slightly elevated.
The tumor marker carbohydrate antigen 199 had
increased approximately ten-fold. The complete blood
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DISCUSSION
MS involve extramedullary blast proliferation from one
or more myeloid lineages, which replace the original
tissue architecture. MS was first described by Burns in
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Figure 1 Endoscopic examination revealed numerous hyperplastic nodules in the stomach. A: Fundus; B: Body; C: Angle; D: Antrum.
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Figure 2 Photomicrographs of hyperplastic nodules in gastric biopsy specimens. The gastric biopsies had a decrease in the mucosal glands in the lamina
propria and the infiltration of many lymphocytes, including some atypical cells, and strong myeloperoxidase (MPO) and creatine kinase (CK) staining. A: Hematoxylin
and eosin (HE) staining, × 100; B: HE staining, × 400; C: MPO staining, × 400; D: CK staining, × 400.
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Figure 3 Immunohistochemical characteristics of hyperplastic nodules in gastric biopsy specimens. A: Neoplastic cells had negative staining for cytoplasmic
CD3; B: Negative staining for CD79α; C: Strong staining for cytoplasmic CD43; D: Strong staining for CD33; E: Strong staining for CD117; F: Weak staining for CD68;
G: Strong staining for CD99; H: Strong staining for Ki67 over 70%. Original magnification for all images, × 400.

1811, it was originally called a chloroma by King in 1853
because of its production of MPO, and its association
with leukemia was established by Dock in 1893. MS
have been reported at nearly every anatomic site. In
[4]
an analysis of 92 patient cases, Pileri et al found that
the most common sites for MS are the skin (28.2%),

WJG|www.wjgnet.com

lymph nodes (16.3%), testes (6.5%), intestines (6.5%),
bones (3.25%) and the central nervous system (3.25%).
MS occur over a wide range of ages, and it is more
common in children than in adults (in some studies
pediatric patients have an incidence of up to 30% vs
[5]
2%-5% for adult patients) . MS usually present with
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A

B

Figure 4 Representative images of blood smears and bone marrow biopsies. The images show that the bone marrow is normal without acute myeloblastic
leukemia A: Blood smear (Wright and Giemsa stain, × 1000); B: Bone marrow biopsy (Wright and Giemsa staining, × 1000).
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D
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F

Figure 5 Images from abdominal computed tomography scans and positron emission tomography-computed tomography. A and B: Plain computed
tomography (CT) scan images; C and D: CT images in the parenchymal phase of contrast enhancement; E and F: Positron emission tomography-CT images.
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Figure 6 Endoscopic examination showed that the gastric hyperplastic nodules were removed after chemotherapy. A: Fundus; B: Body; C: Angle; D: Antrum.

AML, chronic myeloid leukemia, myeloproliferative
neoplasms, or myelodysplastic syndrome either at their
[6]
initial diagnosis or relapse .
In the present case, the patient presented with epigastric
pain and progressive jaundice with no fever, anemia,
enlarged lymph nodes or any other symptom of leukemia
and no bone marrow involvement; thus, the diagnosis
was difficult. The identification of immunohistochemical
markers will be helpful for diagnosis. Several markers
[7]
have been employed for MS identification. Menasce et al
suggested that histochemical staining for chloroacetate
esterase and an immunohistochemical assay of MPO,
lysozyme and CD43 are capable of indicating myeloid
differentiation, and immunohistochemical staining for
CD79a and CD3 is able to exclude the B- and T-cell
lineages, respectively. With the exception of anti-CD43
and anti-lysozyme, more specific markers for myeloid
disease, such as CD33, MPO, CD34 and CD117, are
[7]
necessary for establishing a correct diagnosis . Other
antibodies may be added depending on differential
[8]
diagnoses . Differential diagnoses for MS are difficult,
particularly for an isolated MS in the absence of a
history of leukemia, myelodysplastic syndrome, a
myeloproliferative neoplasm, or negative bone morrow
biopsy. The most important differential diagnoses
include non-Hodgkin lymphoma of the lymphoblastic
type, Burkitt’s lymphoma, large-cell lymphoma and
[9]
small round cell tumors . MS are easily misdiagnosed
in patients without a history of leukemic disease. For MS
diagnoses, clinical features, radiological characteristics,
immunohistochemical markers and cytogenetics must

WJG|www.wjgnet.com

be considered. PET-CT is a useful tool for diagnoses and
[10]
determining the location of MS .
Clinical behavior and therapeutic response are not
influenced by age, sex, anatomic site, presentation,
[4]
histotype, phenotype or cytogenetic findings . For
MS treatment, chemotherapy had been found more
effective than radiation therapy or surgical resection
for improving disease-free intervals or disease-free
[11,12]
survival
. Treatment strategies are largely dependent
on the development of the disease at the initial diagnosis
or relapse, e.g., intensive chemotherapy is necessary
for initial MS treatment, and inductive chemotherapy
[13]
may be more effective for relapsed MS . Allogeneic
hematopoietic stem cell transplantation (allo-HSCT) may
[14]
provide brighter prospects for MS . However, the effects
of allo-HSCT for MS remain unknown.
The prognosis of MS is difficult to establish and is
related to the AML clinical course, and the long-term
prognosis of MS is poor. The median survival for MS
patients without AML has been reported to be 36 mo,
while for those progressing toward AML, it is 6 to 14
[15]
mo . Thus, early diagnosis and appropriate treatment
strategies should be used for patients before they
progress to AML, thus ensuring a better prognosis.

COMMENTS
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Case characteristics

The myeloid sarcoma patient had no acute myeloblastic leukemia.

Clinical diagnosis

Myeloid sarcoma (MS) lesions were found by upper gastrointestinal endoscopy,
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and they were identified by gastric biopsies.

Differential diagnosis

4

Because myeloid sarcoma usually presents with acute myeloblastic leukemia,
a bone marrow biopsy was inevitably used to exclude acute myeloblastic
leukemia.

Imaging diagnosis

Positron emission tomography and computerized tomography imaging with
18
F-fluorodeoxyglucose showed a significant uptake in the gastric greater
curvature; the tumor infiltrated the gallbladder, pancreas, common bile duct,
gastric lesser omental bursa and retroperitoneal lymph nodes; partial bones
were involved including the left humerus, left ribs, vertebra, sacrum, and right
ilium; and the primary gastric myeloid sarcoma identified was invasive and
metastasized.

7

Hematoxylin and eosin staining revealed the infiltration of many lymphocytes
including some atypical cells in a gastric specimen, and immunohistochemical
staining suggested the diagnosis of a myeloid sarcoma.

8
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Pathological diagnosis

Treatment

The patient was treated with standard systemic idarubicin and cytarabine
chemotherapy.

Related reports

9

Experiences and lessons

10

Myeloid sarcoma could occur at any site in the body. However, cases of gastric
myeloid sarcoma without acute myeloblastic leukemia are quite rare.
The prognosis for myeloid sarcomas is difficult and related to the clinical course
of acute myeloid leukemia (AML), and the long-term prognosis for MS is poor.
Early diagnosis and appropriate treatment strategies should be performed in
patients before MS progress to AML, thus ensuring a better prognosis.
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Peer-review

This is a very interesting manuscript about a rare tumor occurring in the
stomach. Its particular feature as its appearance without acute myeloblastic
leukemia makes it more interesting.
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CASE REPORT

Stent displacement in endoscopic pancreatic pseudocyst
drainage and endoscopic management
Guo-Xin Wang, Xiang Liu, Sheng Wang, Nan Ge, Jin-Tao Guo, Wen Liu, Si-Yu Sun
after endoscopic ultrasound- and fluoroscopy-guided PPD
in a 41-year-old female patient with a PPC in the tail of
the pancreas. The endoscopic treatment was successfully
performed to remove the displaced stent. The clinical course
of the patient was unremarkable. The cyst had significantly
reduced and disappeared by 12 wk. We found that both
endoscopic ultrasound and fluoroscopy should be used during
endoscopic PPD to avoid stent displacement. The displaced
stent can be successfully treated by endoscopic removal.
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Core tip: Almost all the complications of endoscopic pancreatic
pseudocyst drainage have been managed surgically, and
there is rare report involving the endoscopic treatment of
intraperitoneal stent displacement. This case report not
only presents a possible cause of stent displacement during
endoscopic ultrasound-pancreatic pseudocyst drainage, but
also discusses a novel method of endoscopic stent removal.
Wang GX, Liu X, Wang S, Ge N, Guo JT, Liu W, Sun SY.
Stent displacement in endoscopic pancreatic pseudocyst
drainage and endoscopic management. World J Gastroenterol
2015; 21(7): 2249-2253 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i7/2249.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i7.2249

Abstract
A pancreatic pseudocyst (PPC) is a collection of pancreatic fluid
enclosed by a non-epithelialized, ﬁbrous or granulomatous wall.
Endoscopic pancreatic pseudocyst drainage (PPD) has been
widely used clinically to treat PPCs. The success and
complications of endoscopic PPD are comparable with surgical
interventions. Stent displacement is a rare complication after
endoscopic PPD. Almost all the complications of endoscopic
PPD have been managed surgically, and there is rare report
involving the endoscopic treatment of intraperitoneal stent
displacement. We report here a case of stent displacement
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INTRODUCTION
A pancreatic pseudocyst (PPC) is a collection of
pancreatic fluid enclosed by a non-epithelialized, ﬁbrous
or granulomatous wall. PPCs are likely to develop within
[1]
20%-40% of patients with chronic pancreatitis . When
[2,3]
PPCs persist > 6 wk
and/or are associated with
clinical symptoms, surgical, percutaneous, or endoscopic
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Figure 1 Abdominal contrast computed tomography scan of the lesion.

pancreatic pseudocyst drainage (PPD) should be per
[4-6]
formed . Over the past two decades, endoscopic
ultrasound (EUS) has become an essential tool for the
diagnosis and therapy of PPCs and EUS-guided ppd
(EUS-PPD) has been widely used clinically. EUS-PPD
can be performed using the transmural placement of a
stent. The success and complications of EUS-PPD are
comparable with or better than the results reported
[5,7]
from surgical interventions . Stent displacement is a
rare complication after endoscopic PPD. The morbidity
of stent displacement is approximately 4% according
[8]
to a previous report . Almost all of the endoscopic
PPD complications have been managed surgically, and
reports involving the endoscopic treatment of intrape
ritoneal stent displacement are rare. We report a
case in which the stent displacement was resolved by
endoscopic treatment in a 41-year-old female patient
with a PPC in the tail of the pancreas.

Figure 2 endoscopic ultrasound. A: Endoscopic ultrasound view of the
lesion; B: Color Doppler ultrasonography was applied to identify the regional
vasculature and used during endoscopic ultrasound-guided puncture.

2A). Fine needle aspiration cytology of the cystic fluid
showed no malignant cells. The amylase level was
extremely high (22593 U/L). The carcinoembryonic
antigen and CA 19-9 concentrations in cyst fluid of the
PPC were 64 ng/ml and 35 U/ml, respectively. Based
on these findings, we considered the patient to have a
symptomatic PPC.
The drainage procedure was carried out with propofol
sedation and continuous cardiorespiratory monitoring.
Under fluoroscopic and EUS guidance, endoscopic PPD
was performed in the lesser curvature of the stomach.
Color Doppler ultrasonography was applied to identify the
regional vascular structures (Figure 2B). An aspiration
needle was inserted into the pseudocyst under EUS
guidance.
The following steps were guided by fluoroscopy.
A guide wire was introduced through the needle and
coiled as a quasi-circular shape under fluoroscopy.
A cystenterostomy fistula was created using a 10 Fr
cystenterostome. The fistula was dilated with a 10
mm balloon. Under fluoroscopic guidance, one 10 Fr
double-pigtail plastic stent was placed (Figure 3).
After the procedure, the patient complained of mild
abdominal pain. Three days after EUS-guided drainage,
the abdominal pain worsened. A bulge was noted on
abdominal examination. Localized tenderness in the
epigastrium was noted on deep palpation without muscle
spasm or rebound tenderness. A CT scan showed that
the entire stent had migrated into the lesser peritoneal

Case report
A 41-year-old non-alcoholic woman who had chronic
pancreatitis for two years was admitted to the hospital
with a complaint of intermittent painful swelling in the
epigastrium that had been present for 12 d. The physical
examination during the patient’s check-up showed
epigastric pain and active bowel sounds. No masses
were evident during abdominal palpation. Blood samples
taken at the time of admission showed: hemoglobin,
11.7 g/dl; total leukocyte count, 4000; platelet count,
149000; lipase level, 180; fasting blood glucose, 14.63
9
9
× 10 /l; total bilirubin, 20.9 × 10 /l; and direct bilirubin,
9
9.9 × 10 /l. The amylase, carcinoembryonic antigen,
carbohydrate antigen (CA) 125, and CA 19-9 levels, and
liver and kidney function tests were within the normal
range.
An abdominal contrast CT scan revealed an atrophic
pancreatic parenchyma and a well-defined cystic lesion
with a diameter of 5.3 cm located in the tail of the
pancreas (Figure 1). On EUS, a 4.7 cm × 5.6 cm nearcircular unilocular cystic lesion in the tail of the pancreas
without continuity to the main pancreatic duct was
noted, which was consistent with a pseudocyst (Figure
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A

Figure 3 fluoroscopic view during stent placement.

B

sac, and there were large amounts of gas in the
peritoneal cavity (Figure 4A). A decision was made to
remove the stent and perform endoscopic drainage
again.
The fistula in the lesser curvature of stomach was
seen and dilated using a 10 mm balloon. We advanced
the endoscope into the lesser peritoneal sac, and
removed the stent with foreign body forceps. A nasobiliary
drainage tube was placed in the lesser peritoneal sac via
the transgastric fistula. We then performed endoscopic
drainage in the posterior wall of the stomach, and placed
one 10 Fr double-pigtail plastic stent into the pseudocyst
guided by EUS. A nasogastric tube was then placed in the
gastric cavity. Peritoneocentesis was performed and the
gas in the peritoneal cavity was released.
After 3 d of expectant treatment, the clinical symptoms
(abdominal pain and swelling) were resolved. A repeat
CT scan of the abdomen 3 d after treatment showed
that the cyst had significantly shrunk. The gas in the
peritoneal cavity was clearly reduced (Figure 4B). The
patient was discharged and a follow-up was conducted
by phone and clinic appointment. The PPC disappeared
as observed by CT scan 12 wk later (Figure 4C).

C

Figure 4 Computed tomography scan. A: showing stent migration and
pneumoperitoneum after 3 d of the procedure; b: after 3 d of the stent removal
and replacement; c: Twelve weeks later.

DISCUSSION
Since Grimm first reported EUS-PPD in 1992, EUSPPD has become the standard procedure for treating
[9-13]
symptomatic PPCs
. During EUS-PPD, EUS can
help identify mucinous cystic neoplasms and relative
contraindications to endoscopic drainage, such as a
distance > 1 cm and normal intervening pancreatic
[14]
parenchyma . Several authors have directly compared
the success and complication rates of endoscopic
drainage with surgical therapy and have found them
[15,16]
to be comparable
; however, EUS-PPD has less
morbidity, a faster recovery, and is less invasive and
[6,13,17,18]
expensive than surgery
.
Previous reports have shown a success rate of > 90%
[6,19]
for EUS-PPD in patients with chronic pseudocysts
. The
recurrence rate after EUS-PPD is approximately 4%, and
[20]
the complication rate is < 16% . In a prospective study
with 99 patients, the short-term success rate of EUS-
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PPD was 93% and the long-term success rate was 84%;
[5]
complications occurred in 19% of cases . The major
complications of EUS-PPD include immediate or delayed
infection (0%-8%), bleeding (0%-9%), retroperitoneal
perforation (0%-5%), and stent displacement (4.0%
[2,5,8,21-24]
-6.5%)
. In the present case, the guide-wire
introduction and stent placement were guided only by
fluoroscopy. When introduced through the needle, the
guide-wire was coiled in a quasi-circular shape under
fluoroscopy, which suggested that the wire remained in
the cyst. However, because fluoroscopy only provides
a two-dimensional image, the migration vertical to the
x-ray might have been overlooked. Thus, the stent
displacement may have primarily been due to the lack
of EUS imaging during the placement and confirmation

2251

February 21, 2015|Volume 21|Issue 7|

Wang GX et al . Stent displacement in pancreatic pseudocyst drainage
the migrated stents without surgery.

of the stent location. Hence, EUS imaging should be
monitored from the beginning to the ending of endoscopic
PPD.
According to previous reports, almost all stent
[25-27]
displacements are managed surgically
; however,
recent advances in therapeutic endoscopy, as well as the
development of natural orifices transluminal endoscopic
surgery, allow removal of the migrated stents without
surgery. There are some case reports involving the
endoscopic treatment of stent displacement after EUS[28]
PPD. Mahnken et al
reported a case of immediate
transgastric repositioning of the dislocated drainage
stent with a snaring technique guided by fluoroscopy.
[29]
Varadarajulu
reported a similar case in which a
stent was successfully removed using a balloon dilator
[30]
by fluoroscopic guidance. Chung et al
reported the
successful endoscopic removal of a migrated doublepigtail stent through a pancreaticoduodenal fistula tract
that developed > 6 years after the stent was originally
misplaced into the pseudocyst. We report here that
endoscopic treatment was successfully performed to
remove the migrated stent. The clinical course was
unremarkable. The cyst had significantly reduced in size
after 3 d, and had disappeared by 12 wk.
In conclusion, both EUS and fluoroscopy should
be used during EUS-PPD to avoid stent displacement.
The misplaced stent can be successfully treated by
endoscopic removal.

Term explanation

A pancreatic pseudocyst is a collection of pancreatic fluid enclosed by a nonepithelialized, ﬁbrous or granulomatous wall. When pancreatic pseudocysts
persist > 6 wk and/or are associated with clinical symptoms, surgical,
percutaneous, or endoscopic pancreatic pseudocyst drainage (PPD) should be
performed. EUS-guided PPD has been widely used clinically.

Experiences and lessons

This case report presents a possible cause for stent displacement during EUSguided PPD, and discusses a novel method of stent removal by endoscopy.

Peer-review

The authors describe a case of a patient with an unusual complication of a
transgastric stent insertion and subsequent non-surgical management, which is
an interesting case report.
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Mixed adenoneuroendocrine carcinoma of the ampulla: Two
case reports
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aged 43 and 60 years, which was confirmed by histology
after pancreaticoduodenectomy. These tumors contained
neuroendocrine and adenocarcinoma components. The
neuroendocrine components were positive for chro
mogranin A (CgA), synaptophysin (Syn) and CD56 by
immunostaining. The adenocarcinoma components
were negative for CgA, Syn and CD56. Both cases were
T3N0M0 (Stage ⅢA). They survived for 15 and 20 mo
after surgery, respectively. A brief discussion about the
histopathological features, clinical behavior and treatment
of MANEC of ampulla, and review of the relevant literature
are presented.
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Core tip: The authors report two cases of mixed adeno
neuroendocrine carcinoma (MANEC) of the ampulla,
which is an extremely rare disease. Both patients
received pancreaticoduodenectomy and chemotherapy
after surgery. The cases provide a brief discussion
about the histopathological features, clinical behavior
and treatment of MANEC of the ampulla based on
previously published studies.
Huang Z, Xiao WD, Li Y, Huang S, Cai J, Ao J. Mixed ade
noneuroendocrine carcinoma of the ampulla: Two case reports.
World J Gastroenterol 2015; 21(7): 2254-2259 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v21/i7/2254.htm
DOI: http://dx.doi.org/10.3748/wjg.v21.i7.2254

Abstract
Mixed adenoneuroendocrine carcinoma (MANEC) is a
malignant tumor with adenocarcinoma and neuroen
docrine components, with ≥ 30% of each component
required. MANEC of the ampulla is rare. To the best of our
knowledge, only 15 cases of MANEC of the ampulla have
been reported in the English-language literature. Here, we
report two cases of MANEC of the ampulla in two women

WJG|www.wjgnet.com

INTRODUCTION
According to the 2010 edition of the World Health
Organization (WHO) classification of tumors of the dig
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Figure 1 Endoscopic retograde cholangiopancreatography showing a
cauliflower-like mass at the duodenal papilla (Case 1).

estive system, tumors with two malignant components:
neuroendocrine and gland-forming epithelial cells,
and each component exceeding 30%, are classified
[1]
as mixed adenoneuroendocrine carcinoma (MANEC) .
These tumors have non-specific symptoms and im
aging characteristics, and are mainly diagnosed
histopathologically and immunohistochemically after
surgery. MANEC can occur in various organs like the
[2]
[3]
[4]
[5]
gallbladder , bile duct , stomach , colon and
[6]
cecum , and location in the ampullary region is rare. To
the best of our knowledge, only 15 cases of MANEC of
the ampulla have been reported in the English-language
[7]
literature . Here, we present two cases of MANEC of
the ampulla and review the literature.

C

CASE REPORT
Case 1

A 43-year-old woman presented with upper abdominal
pain in November 2011. Physical examination revealed
mild yellow sclera and right upper abdominal tenderness.
Laboratory test results included total bilirubin 2.2 mg/
dL [normal range (NR): 0.2-1.1 mg/dL], conjugated
bilirubin 0.87 mg/dL (NR: 0-0.3 mg/dL), unconjugated
bilirubin 1.33 mg/dL (NR: 0.1-1 mg/dL), aspartate
aminotransferase 118 U/L (NR: < 35 U/L), alanine
aminotransferase 285 U/L (NR: < 35 U/L), alkaline
phosphatase 515 U/L (NR: 35-105 U/L). Serum levels
of tumor marker carcinoembryonic antigen (CEA),
carbohydrate antigen (CA)19-9 and CA12-5 were normal.
Magnetic resonance cholangiopancreatography found
a soft tissue signal shadow located in the ampulla
region, associated with dilation of the common bile
duct. Endoscopic retrograde cholangiopancreatography
showed a cauliflower-like mass at the duodenal papilla
(Figure 1), and the biopsy showed poorly differentiated
adenocarcinoma.
The patient underwent pancreaticoduodenectomy. A
cauliflower-like mass at the duodenal papilla measuring
1.5 cm × 2.0 cm in diameter was presented as the
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Figure 2 Histological data of Case 1. A: Poorly differentiated adenocarcinoma
admixed with neuroendocrine components [hematoxylin and eosin (HE)
staining, × 100]; B: The neuroendocrine component was arranged into
a nest and the large cells were consistent in size with round nuclei,
abundant cytoplasm and coarse chromatin (HE staining, × 100); C: The
neuroendocrine carcinoma cells show high mitotic rate (HE staining, × 400); D:
Immunohistochemical assay for Ki67 showing high proliferating index (× 100).
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Figure 3 Immunohistochemistry for chromogranin A, synaptophysin, CD56 and CK8 of Case 1. A: Immunohistochemistry staining for chromogranin A:
the neuroendocrine carcinoma components show strong and diffuse cytoplasmic positivity (× 400); B: Immunohistochemistry staining for synaptophysin: the
neuroendocrine carcinoma components show strong and diffuse cytoplasmic positivity (× 400); C: Immunohistochemistry staining showed the neuroendocrine
carcinoma cells were positive for CD56; D: Immunohistochemistry staining for CK8: moderate and diffuse cytoplasmic positivity of adenocarcinoma cells (× 400).

Case 2

surgical specimen. Histological examination showed that
the tumor comprised two cell populations (Figure 2A).
One was poorly differentiated tubular adenocarcinoma.
The adenocarcinoma cells were arranged into an irregular
pattern and accounted for 40% of the whole tumor. The
second component was arranged in a nest and the tumor
cells were consistent in size, with round nuclei, abundant
cytoplasm and coarse chromatin (Figure 2B). The mitotic
rate was 30/10 high-powered fields (HPF) (Figure 2C)
and the Ki67 labeling index was 25% (Figure 2D).
Immunohistochemically, the neuroendocrine components
were positive for expression of chromogranin A (CgA),
synaptophysin (Syn), and CD56 (Figure 3A-C), but
negative for insulin, glucagon, gastrin and somatostatin.
The adenocarcinoma cells were immunoactive for
cytokeratin (CK)8 (Figure 3D) and CK18, but negative for
CgA, Syn and CD56. Altogether, the cytomorphology and
immunophenotype were consistent with the diagnosis
of MANEC of the ampulla. The serosa and pancreas
were infiltrated by the tumor, and the peripheral lymph
nodes were free from tumor involvement and without
th
distant metastasis. According to the 7 edition of the
TNM system, the patient was T3N0M0 (Stage ⅢA). The
patient underwent adjuvant chemotherapy after surgery,
consisting of a combination of oxaliplatin, calcium folinate
and tegafur, and the patient died of tumor recurrence
after 20 mo.

WJG|www.wjgnet.com

A 60-year-old woman was admitted to our department
in September 2012 with symptoms of abdominal pain,
nausea and vomiting for 4 mo, with a background of
gastrorrhagia. The findings of physical examination
were unremarkable. The laboratory tests showed a
hemoglobin level of 6.5 g/dL and hematocrit of 22.5%.
The liver function tests and tumor marker (CEA, CA19-9
and CA12-5) levels were normal. Computed tomography
(CT) of the abdomen revealed a mass located in the
lower common bile duct, with dilation of the intrahepatic
and common bile ducts. Gastroduodenoscopy revealed
a mass at the duodenal papilla, and biopsy showed
poorly differentiated adenocarcinoma.
Pancreaticoduodenectomy was performed. An ulcerating
mass at the ampulla of Vater measuring 1.5 cm × 1.7
cm in diameter was presented as the surgical specimen.
Histological examination showed the tumor comprised two
elements: poorly differentiated glandular adenocarcinoma
and non-adenocarcinoma (Figure 4A). Approximately
55% of the tumor was composed of non-adenocarcinoma
components. The adenocarcinoma cells were arranged into
an irregular pattern. The non-adenocarcinoma components
were arranged in a nest and the cells had abundant
cytoplasm and nuclear hyperchromatism (Figure 4B). The
mitotic rate was 25/10 HPF (Figure 4C) and the Ki67 index
was 40% (Figure 4D). Immunohistochemical staining
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Figure 4 Histological data of Case 2. A: Poorly differentiated adenocarcinoma admixed with neuroendocrine components (HE staining, × 100); B: The neuroendocrine
components: large cells were characteristic for abundant cytoplasm and nuclear hyperchromatism (HE staining, × 100); C: The neuroendocrine carcinoma cells show
high mitotic rate (HE staining, × 400); D: Immunohistochemical assay for Ki67 showing high proliferating index (× 100).

patients have no carcinoid syndrome. Examination such
as endoscopy, ultrasound, CT and magnetic resonance
imaging may provide useful information, but the confirmed
diagnosis mainly depends on histopathological and
immunohistochemical analysis after surgery. MANEC
usually comprises two elements: a variable grade of
differentiated adenocarcinoma and a neuroendocrine
component. Each component should occupy ≥ 30% of the
tumor. The adenocarcinoma components usually include
intestinal type, goblet carcinoid, signet ring carcinoma, and
acinar cell carcinoma. The neuroendocrine components
contain small, intermediate and large neuroendocrine cells.
The neuroendocrine cells usually show multifocal necrosis
and high proliferation. Immunohistochemically, the neu
roendocrine components are usually positive for CgA,
Syn and CD56, and are also immunoreactive for neuronspecific enolase (NSE). To confirm the neuroendocrine
nature of the tumor, it is recommended to rely on con
[9]
vincing immunoreactivity for at least two markers .
Adenocarcinoma components are usually negative for CgA,
Syn, NSE and CD56. Moreover, the endothelial markers
such as CD34 and D2-40 are used to confirm whether
there is vascular invasion involved in the neuroendocrine
tumors. As in our cases, the neuroendocrine components
were positive for CgA, Syn and CD56. The Ki67 index
was 25% and 40% respectively. The mitotic rates both
exceeded 20/10 HPF, which is in accordance with the
classification standard of neuroendocrine carcinoma. The
adenocarcinoma components were positive for CK8 and
CK18, but negative for CgA, Syn and CD56.

showed that the adenocarcinoma components were
positive for CK8 and CK18, but negative for CgA, Syn and
CD56. The non-adenocarcinoma cells were positive for CgA,
Syn and CD56, but negative for CD34 and D2-40. Taking
the morphological and immunohistochemical features
into account, the diagnosis of MANEC of the ampulla was
confirmed. The tumor penetrated the serosa and pancreas,
but none of the regional lymph nodes showed metastasis
and no distant metastasis was detected (T3N0M0, Stage
ⅢA). The patient underwent adjuvant chemotherapy after
surgery, consisting of a combination of oxaliplatin and
gemcitabine, and the patient died of tumor recurrence after
15 mo.

DISCUSSION
According to the WHO classification (2010), neuroendocrine
neoplasms in the digestive system were categorized into
NET G1 (carcinoid, mitotic count of < 2 per 10 HPF and/or
≤ 2% Ki67 index); NET G2 (mitotic count 2-20 per 10
HPF and/or 3%-20% Ki67 index); NET G3 (neuroendocrine
carcinoma, mitotic count of > 20 per 10 HPF and/or >
[1]
20% Ki67 index); and MANEC . MANEC can be divided
into three subtypes: composite carcinoma, collision
[8]
tumor and amphicrine tumor . According to this subtype
scheme, the two cases we presented here were both
considered to be a composite carcinoma.
Patients with MANEC of the ampulla often complain of
nonspecific symptoms such as abdominal pain, nausea,
vomiting, epigastric discomfort, and jaundice. Most of the
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abdominal pain, and the other with abdominal pain, nausea and vomiting.

The histological origin of MANEC is unclear. The ultra
structural features of both neuroendocrine and glandular
differentiation were at the single level, suggesting
that the two components of MANEC arise from multi
[2]
[10]
potential stem cells . Moreover, Kim et al
have
proposed that the common genetics of the glandular
and neuroendocrine components of mixed tumor diff
erentiation concurrently arise from a single precursor,
by analyzing the genome-wide loss of heterozygosity.
So, we suggest that the two components of MANEC arise
from multipotential stem cells and show bi-phenotypic
differentiation after carcinogenesis is initiated. The clinical
behavior of this tumor is also still unclear due to the
[11]
rarity of these tumors. Harada et al
have suggested
that the neuroendocrine components more easily
infiltrate the stromal, vascular and lymph node than the
adenocarcinoma components. Some authors have also
proposed that the neuroendocrine components show
more aggressive features and influence the prognosis
[12,13]
more easily than the adenocarcinoma components
.
[14]
However, Volante et al
have reported that the
clinical behavior of those tumors depends on the adeno
carcinoma component if the associated endocrine
component is well differentiated, and upon the neu
roendocrine component if it is poorly differentiated.
However, to date, there are no systematic data to
illustrate why the percentage of each component of the
MAENC is 30%, or whether this value represents the
[1]
real threshold that somehow influences prognosis .
Pancreaticoduodenectomy is the optimal treatment
for carcinoma of the ampulla. However, for patients
who are unable to tolerate radical excision, local
excision may be a better choice. After radical resection,
multimodal treatment with adjuvant radiotherapy
and/or chemotherapy should be adopted for patients
with carcinoma of the ampulla. MANEC of the ampulla
is a rare subtype of ampullary tumor with aggressive
[4]
behavior and poor prognosis. Lee et al have proposed
that treatment should focus on the more aggressive
cells of the tumor since the clinical outcome of this
mixed tumor follows that of a more aggressive cell
[15]
type. Wu et al have proposed that the postoperative
survival rate of neuroendocrine neoplasm significantly
affected by tumor diameter, histological grade, lymph
node metastasis, distant metastasis, radical surgery
and muscular layer invasion. The present two patients
underwent pancreaticoduodenctomy with no surgical
complications and received adjuvant chemotherapy
after surgery, but both died of tumor recurrence within
2 years. MANEC of the ampulla is considered as a
highly malignant tumor, and the standardization of
its treatment including surgery, chemotherapy and
radiotherapy, biological targeted therapy requires
further investigations.

Clinical diagnosis

The physical signs of the two cases were also dissimilar; upon physical
examination, one case revealed mild yellow sclera and right upper abdominal
tenderness, and the other had no remarkable findings upon physical
examination.

Differential diagnosis

Duodenal adenocarcinoma, ampulla carcinoma, and pancreatic cancer.
Pathological examination and immunohistochemical staining for chromogranin
A (CgA), synaptophysin (Syn) and CD56 are the major methods for differential
diagnosis.

Laboratory diagnosis

The first patient showed total bilirubin 2.2 mg/dL, conjugated bilirubin 0.87
mg/dL, unconjugated bilirubin 1.33 mg/dL, aspartate aminotransferase 118
U/L, alanine aminotransferase 285 U/L and alkaline phosphatase 515 U/L.
The second patient showed hemoglobin 6.5 g/dL and hematocrit 22.5%, and
serum levels of tumor marker carcinoembryonic antigen, carbohydrate antigen
(CA)19-9 and CA12-5 were both within NR: limits.

Imaging diagnosis

Imaging of the two patients revealed a space-occupying lesion located in the
ampulla area with the bile duct dilating.

Pathological diagnosis

The tumors included neuroendocrine and adenocarcinoma components and
each component exceeded 30%; the neuroendocrine components were positive
for CgA, Syn and CD56, and the adenocarcinoma components were negative
for CgA, Syn and CD56.

Treatment

Both cases underwent pancreaticoduodenectomy and adjuvant chemotherapy
after surgery.

Related reports

Mixed adenoneuroendocrine carcinoma of the ampulla, which is a malignant
tumor, is rare. The histological and clinical behavior is still not well understood.

Experiences and lessons

Imaging and biopsy may provide some useful diagnostic information, but the
diagnoses were all based on histology and immunostaining after surgery.

Peer-review

The presented cases are very rare. The article provides insights into the
histopathology of this tumor and introduced the treatment, and can add more
data in the treatment of this disease.
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LETTERS TO THE EDITOR

Adalimumab-induced interstitial pneumonia in a patient
with Crohn’s disease
María José Casanova, María Chaparro, Claudia Valenzuela, Carolina Cisneros, Javier P Gisbert
TNF drug used to induce and maintain remission in
patients with immune-mediated diseases, such as
Crohn’s disease. Although pulmonary disorders could
be an extra-intestinal manifestation of inflammatory
bowel disease, biologic therapy could also be a cause
of lung injury. Only few cases of adalimumab-induced
lung toxicity have been reported, and the majority of
them were in patients with rheumatologic diseases.
Lung injury secondary to anti-TNF therapy should, after
ruling out other etiologies, be considered in patients
who have a temporal association between the onset of
respiratory symptoms and the exposure to these drugs.
A compatible pattern in the biopsy and the clinical
improvement after discontinuation of the anti-TNF drug
would strongly support the diagnosis.
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Core tip: Lung injury secondary to anti-tumor necrosis
factor (TNF) drugs could cause severe respiratory
symptoms in patients exposed to this therapy, and it
should be suspected in patients who: have a temporal
association between the onset of respiratory symptoms
and the exposure to anti-TNF drugs, show a compatible
pattern in the biopsy, and offer negative results for
infection. There are a few cases reported of adalimumablung toxicity in patients with inflammatory bowel disease.
Clinical improvement after biologic therapy discontinuation
strongly supports the diagnosis. The mechanism by
which anti-TNF drugs induce lung injury remains unclear;
therefore, the use of another anti-TNF drug should be
discouraged.

Abstract

Casanova MJ, Chaparro M, Valenzuela C, Cisneros C, Gisbert
JP. Adalimumab-induced interstitial pneumonia in a patient with
Crohn’s disease. World J Gastroenterol 2015; 21(7): 2260-2262
Available from: URL: http://www.wjgnet.com/1007-9327/full/

There are several reports of anti-tumor necrosis factor
(TNF)-induced lung disease, especially in patients
with rheumatologic diseases. Adalimumab is an anti-
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TO THE EDITOR
[1]

Caccaro et al have recently published a case report
of a patient with Crohn’s disease (CD) diagnosed with
noninfectious interstitial lung disease secondary to
infliximab therapy. The patient had been exposed to
adalimumab (ADA) before receiving infliximab, without
presenting any respiratory symptoms. The authors
pointed out that lung injury secondary to ADA is not
well established because, although there are a few
reported cases of ADA-induced interstitial pneumonia in
patients with rheumatologic diseases, this drug is also
effective in the treatment of rheumatologic-associated
lung diseases. In this respect, we present a case of a
59-year-old woman diagnosed with CD in May 2013.
She had been a 20 pack-year-smoker for the last 40
years. However, from the moment of the diagnosis, she
gave up smoking. The patient had no history of asthma,
allergy or other pulmonary diseases. Two months later,
the patient started the treatment with azathioprine
due to steroid-refractoriness. However, she had to stop
the treatment because of digestive intolerance, and
the treatment with anti-tumor necrosis factor (antiTNF) drugs was recommended. The patient had a
positive Mantoux test (with a normal chest X-ray), so
she started isoniazide 300 mg per day before the antiTNF drug. In September 2013, ADA was started and
she achieved clinical remission. One month later, the
patient complained of progressive dyspnea, cough
and fatigue. A chest X-ray showed a left predominant
interstitial pattern (Figure 1) and she was referred
to our hospital and admitted in the Pneumology
Department. High-resolution computed tomography
showed areas of diffuse ground glass opacities and
cylindrical bronchiectasis in both lungs (Figure 2). These
findings were probably related to drug-induced lung
injury. Pulmonary function tests revealed a moderated
restrictive pattern with a severe reduction of diffusing
capacity of the lung for carbon monoxide. A fibro
bronchoscopy was performed without endobronchial
findings, and the analysis of bronchoalveolar lavage
fluid and bronchial aspirate were negative for bacterial,
fungi and alcohol-acid resistant bacilli. In addition,
polymerase chain reaction for several respiratory viruses
was negative. Bronchoalveolar lavage fluid cell count of
400 cells showed 8% of lymphocytes, 12% eosinophils,
68% of alveolar macrophages. The transbronchial
biopsy showed a slight thickening of the alveolar septa
and mild to moderate lymphocytic interstitial cellularity,
consistent with interstitial lung disease and organizing
pneumonia.
Based on these results, and especially in the biopsy’s
findings, an organizing pneumonia probably related to ADA
was suspected. ADA was discontinued, and prednisone at
a dose of 40 mg per day was started. One month later, the
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Figure 1 Chest X-ray at hospital admission in the Pneumology Department
showed a left predominant interstitial pattern.

Figure 2 High-resolution computed tomography showed areas of diffuse
ground glass opacities and cylindrical bronchiectasis in both lungs. A:
Anterior; R: Right; L: Left; P: Posterior.

respiratory symptoms disappeared and she was referred
to our Inflammatory Bowel Disease Unit. As azathioprine
had been interrupted due to digestive symptoms, mercap
topurine was started in order to maintain CD remission,
presenting good tolerance by the patient. Three months
later, the patient showed a significant functional and
clinical recovery with normalization of spirometry and
plethysmography and only a mild decrease in diffusing
capacity of the lung for carbon monoxide.
There are several case reports of anti-TNF-induced
lung disease, especially in patients with rheumatologic
[1-7]
diseases . The spectrum of lung disease has variable
patterns, but interstitial pneumonia seems to be the most
[5,8,9]
[7]
frequent
. Perez-Alvarez et al reported 122 cases of
anti-TNF-induced lung injury in a rheumatologic cohort.
Interstitial pneumonia was confirmed by pulmonary
biopsy in 26 cases, although a specific histopathologic
description was detailed in only 20: 7 patients were
classified as usual interstitial pneumonia, 6 as nonspecific
interstitial pneumonia, 5 as organizing pneumonia, 1 as
diffuse alveolar damage, and 1 as lymphoid interstitial
pneumonia.
[5]
Reid et al reported a case of a patient with CD
who developed ADA-related lung injury. The patient
presented a non-specific interstitial pneumonia. As
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in our case, the patient improved after discontinuing
ADA and receiving a course of steroids. The organizing
pneumonia pattern has been observed as an adverse
event of some drugs, and its resolution after stopping
[10]
the drug is the main argument to establish causality .
However, before establishing that the pulmonary toxicity
is secondary to anti-TNF drug, it is essential to rule out
other causes of lung-injury, such as infectious diseases.
Our case supports the evidence that ADA, as infliximab,
may induce lung toxicity in patients with inflammatory
bowel disease exposed to this drug.
The exact mechanism by which anti-TNF drugs
[6]
induce pulmonary disease is unclear . TNF-α is a proinflammatory cytokine involved in the apoptosis of
inflammatory cells, limiting pulmonary inflammation.
The treatment with anti-TNF prevents the apoptosis
and the inflammatory cells remain in the lungs, which
may result in the characteristic changes of interstitial
[6,7,11]
pneumonia
. Moreover, TNF-α prevents the fibroblast
proliferation in the presence of interleukin-1 or interferon,
but it also has a profibrotic effect trough the transforming
growth factor-β1 regulation. The fact that only some
patients develop anti-TNF-induced lung disease may be
explained by the contribution of other factors, such as
[6,7]
genetic predisposition .
According to previously published data, and to our
case, stopping anti-TNF drugs and starting steroids
seems to be a successful therapeutic options in patients
with lung injury secondary to these drugs, since a
significant number of patients presented clinical and
radiological improvement after a few months. The use
of immunosuppressive agents according to the clinical
[1,3,5-7]
evolution may be an option
.
A poor prognosis of anti-TNF-induced interstitial
pneumonia, especially in patients with previous lung
disease, has been described; with an overall mortality
rate around one third, even when the anti-TNF drug had
[7]
been suspended . The limited available data suggest
that rechallenge of the anti-TNF drug or the use of
another anti-TNF agent, particularly those with the same
therapeutic target, should be discouraged. We decided
not to change from ADA to infliximab because both drugs
are monoclonal anti-TNF antibodies that share the same
fragment crystallizable region and bind to the same
region of TNF.
In conclusion, causation of lung injury due to antiTNF therapy should be considered, after ruling out
other causes of pulmonary disease, specially infectious

diseases, in patients who: have a temporal association
between the onset of respiratory symptoms and the
exposure to anti-TNF drugs; and show a compatible
pattern in the biopsy. The clinical improvement after
biologic therapy discontinuation strongly supports the
diagnosis. The mechanism by which anti-TNF drugs
induce lung injury remains unclear. In a patient who
develops severe respiratory symptoms secondary to one
anti-TNF drug, the use of another anti-TNF drug should
be discouraged.
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Core tip: Lamivudine is the most commonly used
drug in hepatitis B virus (HBV) reactivation pro
phylaxis. However, if Rituximab is included in the
immunochemotherapy regime, HBV reactivation is
expected to occur more severely.
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To the editor
We read the article entitled “Hepatitis B surface
antigen seroconversion after HBV reactivation in
[1]
non-Hodgkin’s lymphoma” with great interest .
In this article, following termination of Lamivudine
(LAM) prophylaxis in inactive chronic hepatitis B
(CHB), reactivation and hepatitis B surface antigen
(HBsAg) seroconversion was reported after 6 mo
of entecavir treatment. Lamivudine is the most
commonly used drug in hepatitis B virus (HBV)
reactivation prophylaxis. However, if Rituximab is
included in the immunochemotherapy regime, HBV
reactivation is expected to occur more severely.
Despite LAM prophylaxis the reactivation might
[2]
remain severe . According to the case report,
LAM prophylaxis had been initiated for the patient
with Hodgkin’s lymphoma and inactive CHB prior
to immunochemotherapy. But we have discovered
that even though Rituximab was included in this
treatment regime, LAM prophylaxis was initiated
on the first day of treatment simultaneously with
immunochemotherapy. Moreover, LAM prophylaxis
continued for 4 mo following the completion of
chemotherapy. According to the recent guidelines,
prophylaxis must be initiated at least 2-3 wk before
the immunochemotherapy and continued for at least
six months or one year after chemotherapy in HBV
[3]
positive patients taking immunosuppressive drugs .

Abstract
It is known that immunotherapy and cancer chemotherapy
may cause hepatitis B virus (HBV) reactivation in
hepatitis B surface antigen carriers and inactive chronic
hepatitis B patients. Guidelines recommend antiviral
prophylaxis regardless of HBV DNA levels to prevent
reactivation. We read from the article written by Liu
et al that Lamivudine was given inadequate time for
antiviral prophylaxis.
Key words: Hepatitis B; Immunotherapy; Hepatitis B
reactivation; Antiviral prophylaxis; Inadequate time;
Lamivudine
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.
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If the antiviral prophylaxis had been initiated earlier
and ended later in this case, reactivation might not
have occurred. In addition, we believe that following
the rules laid out in the guidelines will prevent
complications (acute hepatic failure) that are much
more costly.

2

3
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William Bahij Nseir, Nazareth
Shimon Reif, Jerusalem
Ram Reifen, Rehovot
Ariella Bar-Gil Shitrit, Jerusalem
Noam Shussman, Jerusalem
Igor Sukhotnik, Haifa
Nir Wasserberg, Petach Tiqwa
Jacob Yahav, Rehovot
Doron Levi Zamir, Gedera
Shira Zelber-Sagi, Haifa
Romy Zemel, Petach-Tikva

Italy
Ludovico Abenavoli, Catanzaro
Luigi Elio Adinolfi, Naples
Carlo Virginio Agostoni, Milan
Anna Alisi, Rome
Piero Luigi Almasio, Palermo
Donato Francesco Altomare, Bari
Amedeo Amedei, Florence
Pietro Andreone, Bologna
Imerio Angriman, Padova
Vito Annese, Florence
Paolo Aurello, Rome

IV

Salavtore Auricchio, Naples
Gian Luca Baiocchi, Brescia
Gianpaolo Balzano, Milan
Antonio Basoli, Rome
Gabrio Bassotti, San Sisto
Mauro Bernardi, Bologna
Alberto Biondi, Rome
Ennio Biscaldi, Genova
Massimo Bolognesi, Padua
Luigi Bonavina, Milano
Aldo Bove, Chieti
Raffaele Bruno, Pavia
Luigi Brusciano, Napoli
Giuseppe Cabibbo, Palermo
Carlo Calabrese, Bologna
Daniele Calistri, Meldola
Vincenza Calvaruso, Palermo
Lorenzo Camellini, Reggio Emilia
Marco Candela, Bologna
Raffaele Capasso, Naples
Lucia Carulli, Modena
Renato David Caviglia, Rome
Luigina Cellini, Chieti
Giuseppe Chiarioni, Verona
Claudio Chiesa, Rome
Michele Cicala, Roma
Rachele Ciccocioppo, Pavia
Sandro Contini, Parma
Gaetano Corso, Foggia
Renato Costi, Parma
Alessandro Cucchetti, Bologna
Rosario Cuomo, Napoli
Giuseppe Currò, Messina
Paola De Nardi, Milano
Giovanni D De Palma, Naples
Raffaele De Palma, Napoli
Giuseppina De Petro, Brescia
Valli De Re, Aviano
Paolo De Simone, Pisa
Giuliana Decorti, Trieste
Emanuele Miraglia del Giudice, Napoli
Isidoro Di Carlo, Catania
Matteo Nicola Dario Di Minno, Naples
Massimo Donadelli, Verona
Mirko D’Onofrio, Verona
Maria Pina Dore, Sassari
Luca Elli, Milano
Massimiliano Fabozzi, Aosta
Massimo Falconi, Ancona
Ezio Falletto, Turin
Silvia Fargion, Milan
Matteo Fassan, Verona
Gianfranco Delle Fave, Roma
Alessandro Federico, Naples
Francesco Feo, Sassari
Davide Festi, Bologna
Natale Figura, Siena
Vincenzo Formica, Rome
Mirella Fraquelli, Milan
Marzio Frazzoni, Modena
Walter Fries, Messina
Gennaro Galizia, Naples
Andrea Galli, Florence
Matteo Garcovich, Rome
Eugenio Gaudio, Rome
Paola Ghiorzo, Genoa
Edoardo G Giannini, Genova
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Luca Gianotti, Monza
Maria Cecilia Giron, Padova
Alberto Grassi, Rimini
Gabriele Grassi, Trieste
Francesco Greco, Bergamo
Luigi Greco, Naples
Antonio Grieco, Rome
Fabio Grizzi, Rozzano
Laurino Grossi, Pescara
Simone Guglielmetti, Milan
Tiberiu Hershcovici, Jerusalem
Calogero Iacono, Verona
Enzo Ierardi, Bari
Amedeo Indriolo, Bergamo
Raffaele Iorio, Naples
Paola Iovino, Salerno
Angelo A Izzo, Naples
Loreta Kondili, Rome
Filippo La Torre, Rome
Giuseppe La Torre, Rome
Giovanni Latella, L’Aquila
Salvatore Leonardi, Catania
Massimo Libra, Catania
Anna Licata, Palermo
C armela Loguercio, Naples
Amedeo Lonardo, Modena
Carmelo Luigiano, Catania
Francesco Luzza, Catanzaro
Giovanni Maconi, Milano
Antonio Macrì, Messina
Mariano Malaguarnera, Catania
Francesco Manguso, Napoli
Tommaso Maria Manzia, Rome
Daniele Marrelli, Siena
Gabriele Masselli, Rome
Sara Massironi, Milan
Giuseppe Mazzarella, Avellino
Michele Milella, Rome
Giovanni Milito, Rome
Antonella d’Arminio Monforte, Milan
Fabrizio Montecucco, Genoa
Giovanni Monteleone, Rome
Mario Morino, Torino
Vincenzo La Mura, Milan
Gerardo Nardone, Naples
Riccardo Nascimbeni, Brescia
Gabriella Nesi, Florence
Giuseppe Nigri, Rome
Erica Novo, Turin
Veronica Ojetti, Rome
Michele Orditura, Naples
Fabio Pace, Seriate
Lucia Pacifico, Rome
Omero Alessandro Paoluzi, Rome
Valerio Pazienza, San Giovanni Rotondo
Rinaldo Pellicano, Turin
Adriano M Pellicelli, Rome
Nadia Peparini, Ciampino
Mario Pescatori, Rome
Antonio Picardi, Rome
Alberto Pilotto, Padova
Alberto Piperno, Monza
Anna Chiara Piscaglia, Rome
Maurizio Pompili, Rome
Francesca Romana Ponziani, Rome
Cosimo Prantera, Rome
Girolamo Ranieri, Bari
Carlo Ratto, Tome
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Barbara Renga, Perugia
Alessandro Repici, Rozzano
Maria Elena Riccioni, Rome
Lucia Ricci-Vitiani, Rome
Luciana Rigoli, Messina
Mario Rizzetto, Torino
Ballarin Roberto, Modena
Roberto G Romanelli, Florence
Claudio Romano, Messina
Luca Roncucci, Modena
Cesare Ruffolo, Treviso
L ucia Sacchetti, Napoli
Rodolfo Sacco, Pisa
Lapo Sali, Florence
Romina Salpini, Rome
Giulio Aniello, Santoro Treviso
Armando Santoro, Rozzano
Edoardo Savarino, Padua
Marco Senzolo, Padua
Annalucia Serafino, Rome
Giuseppe S Sica, Rome
Pierpaolo Sileri, Rome
Cosimo Sperti, Padua
Vincenzo Stanghellini, Bologna
Cristina Stasi, Florence
Gabriele Stocco, Trieste
Roberto Tarquini, Florence
Mario Testini, Bari
Guido Torzilli, Milan
Guido Alberto Massimo, Tiberio Brescia
Giuseppe Toffoli, Aviano
Alberto Tommasini, Trieste
Francesco Tonelli, Florence
Cesare Tosetti Porretta, Terme
Lucio Trevisani, Cona
Guglielmo M Trovato, Catania
Mariapia Vairetti, Pavia
Luca Vittorio Valenti, Milano
Mariateresa T Ventura, Bari
Giuseppe Verlato, Verona
Alessandro Vitale, Padova
Marco Vivarelli, Ancona
Giovanni Li Volti, Catania
Giuseppe Zanotti, Padua
Vincenzo Zara, Lecce
Gianguglielmo Zehender, Milan
Anna Linda Zignego, Florence
Rocco Antonio Zoccali, Messina
Angelo Zullo, Rome

Japan
Yasushi Adachi, Sapporo
Takafumi Ando, Nagoya
Masahiro Arai, Tokyo
Makoto Arai, Chiba
Takaaki Arigami, Kagoshima
Itaru Endo,Yokohama
Munechika Enjoji, Fukuoka
Shunji Fujimori, Tokyo
Yasuhiro Fujino, Akashi
Toshiyoshi Fujiwara, Okayama
Yosuke Fukunaga, Tokyo
Toshio Fukusato, Tokyo
Takahisa Furuta, Hamamatsu
Osamu Handa, Kyoto
Naoki Hashimoto, Osaka
Yoichi Hiasa, Toon



Masatsugu Hiraki, Saga
Satoshi Hirano, Sapporo
Keiji Hirata, Fukuoka
Toru Hiyama, Higashihiroshima
Akira Hokama, Nishihara
Shu Hoteya, Tokyo
Masao Ichinose, Wakayama
Tatsuya Ide, Kurume
Masahiro Iizuka, Akita
Toshiro Iizuka, Tokyo
Kenichi Ikejima, Tokyo
Tetsuya Ikemoto, Tokushima
Hiroyuki Imaeda, Saitama
Atsushi Imagawa, Kan-onji
Hiroo Imazu, Tokyo
Shuji Isaji, Tsu
Toru Ishikawa, Niigata
Toshiyuki Ishiwata, Tokyo
Soichi Itaba, Kitakyushu
Yoshiaki Iwasaki, Okayama
Tatehiro Kagawa, Isehara
Satoru Kakizaki, Maebashi
Naomi Kakushima, Shizuoka
Terumi Kamisawa, Tokyo
Akihide Kamiya, Isehara
Osamu Kanauchi, Tokyo
Tatsuo Kanda, Chiba
Shin Kariya, Okayama
Shigeyuki Kawa, Matsumoto
Takumi Kawaguchi, Kurume
Takashi Kawai, Tokyo
Soo Ryang Kim, Kobe
Shinsuke Kiriyama, Gunma
Tsuneo Kitamura, Urayasu
Masayuki Kitano, Osakasayama
Hirotoshi Kobayashi, Tokyo
Hironori Koga, Kurume
Takashi Kojima, Sapporo
Satoshi Kokura, Kyoto
Shuhei Komatsu, Kyoto
Tadashi Kondo, Tokyo
Yasuteru Kondo, Sendai
Yasuhiro Kuramitsu, Yamaguchi
Yukinori Kurokawa, Osaka
Shin Maeda, Yokohama
Koutarou Maeda, Toyoake
Hitoshi Maruyama, Chiba
Atsushi Masamune, Sendai
Hiroyuki Matsubayashi, Suntogun
Akihisa Matsuda, Inzai
Hirofumi Matsui, Tsukuba
Akira Matsumori, Kyoto
Yoichi Matsuo, Nagoya
Y Matsuzaki, Ami
Toshihiro Mitaka, Sapporo
Kouichi Miura, Akita
Shinichi Miyagawa, Matumoto
Eiji Miyoshi, Suita
Toru Mizuguchi, Sapporo
Nobumasa Mizuno, Nagoya
Zenichi Morise, Nagoya
Tomohiko Moriyama, Fukuoka
Kunihiko Murase, Tusima
Michihiro Mutoh, Tsukiji
Akihito Nagahara, Tokyo
Hikaru Nagahara, Tokyo
Hidenari Nagai, Tokyo
Koichi Nagata, Shimotsuke-shi
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Masaki Nagaya, Kawasaki
Hisato Nakajima, Nishi-Shinbashi
Toshifusa Nakajima, Tokyo
Hiroshi Nakano, Kawasaki
Hiroshi Nakase, Kyoto
Toshiyuki Nakayama, Nagasaki
Takahiro Nakazawa, Nagoya
Shoji Natsugoe, Kagoshima City
Tsutomu Nishida, Suita
Shuji Nomoto, Naogya
Sachiyo Nomura, Tokyo
Takeshi Ogura, Takatsukishi
Nobuhiro Ohkohchi, Tsukuba
Toshifumi Ohkusa, Kashiwa
Hirohide Ohnishi, Akita
Teruo Okano, Tokyo
Satoshi Osawa, Hamamatsu
Motoyuki Otsuka, Tokyo
Michitaka Ozaki, Sapporo
Satoru Saito, Yokohama
Chouhei Sakakura, Kyoto
Naoaki Sakata, Sendai
Ken Sato, Maebashi
Toshiro Sato, Tokyo
Tomoyuki Shibata, Toyoake
H Shimada, Tokyo
Tomohiko Shimatani, Kure
Yukihiro Shimizu, Nanto
Tadashi Shimoyama, Hirosaki
Masayuki Sho, Nara
Ikuo Shoji, Kobe
Atsushi Sofuni, Tokyo
Takeshi Suda, Niigata
M Sugimoto, Hamamatsu
Ken Sugimoto, Hamamatsu
Haruhiko Sugimura, Hamamatsu
Shoichiro Sumi, Kyoto
Hidekazu Suzuki, Tokyo
Masahiro Tajika, Nagoya
Hitoshi Takagi, Takasaki
Toru Takahashi, Niigata
Yoshihisa Takahashi, Tokyo
Shinsuke Takeno, Fukuoka
Akihiro Tamori, Osaka
Kyosuke Tanaka, Tsu
Shinji Tanaka, Hiroshima
Atsushi Tanaka, Tokyo
Yasuhito Tanaka, Nagoya
Shinji Tanaka, Tokyo
Minoru Tomizawa, Yotsukaido City
Kyoko Tsukiyama-Kohara, Kagoshima
Takuya Watanabe, Niigata
Kazuhiro Watanabe, Sendai
Satoshi Yamagiwa, Niigata
Takayuki Yamamoto, Yokkaichi
Hiroshi Yamamoto, Otsu
Kosho Yamanouchi, Nagasaki
Ichiro Yasuda, Gifu
Yutaka Yata, Maebashi-city
Shin-ichi Yokota, Sapporo
Norimasa Yoshida, Kyoto
Hiroshi Yoshida, Tama-City
Hitoshi Yoshiji, Kashihara
Kazuhiko Yoshimatsu, Tokyo
Kentaro Yoshioka, Toyoake
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Nobuhiro Zaima, Nara

Jordan
Khaled Ali Jadallah, Irbid

Kuwait
Islam Khan, Kuwait

Lebanon
Bassam N Abboud, Beirut
Kassem A Barada, Beirut
Marwan Ghosn, Beirut
Iyad A Issa, Beirut
Fadi H Mourad, Beirut
AIa Sharara, Beirut
Rita Slim, Beirut

Lithuania
Antanas Mickevicius, Kaunas

Malaysia
Huck Joo Tan, Petaling Jaya

Mexico
Richard A Awad, Mexico City
Carlos R Camara-Lemarroy, Monterrey
Norberto C Chavez-Tapia, Mexico City
Wolfgang Gaertner, Mexico City
Diego Garcia-Compean, Monterrey
Arturo Panduro, Guadalajara
OT Teramoto-Matsubara, Mexico City
Felix Tellez-Avila, Mexico City
Omar Vergara-Fernandez, Mexico City
Saúl Villa-Trevino, Cuidad de México

Morocco
Samir Ahboucha, Khouribga

Norway
Trond Berg, Oslo
Trond Arnulf Buanes, Krokkleiva
Thomas de Lange, Rud
Magdy El-Salhy, Stord
Rasmus Goll, Tromso
Dag Arne Lihaug Hoff, Aalesund

Pakistan
Zaigham Abbas, Karachi
Usman A Ashfaq, Faisalabad
Muhammad Adnan Bawany, Hyderabad
Muhammad Idrees, Lahore
Saeed Sadiq Hamid, Karachi
Yasir Waheed, Islamabad

Poland
Thomas Brzozowski, Cracow
Magdalena Chmiela, Lodz
Krzysztof Jonderko, Sosnowiec
Anna Kasicka-Jonderko, Sosnowiec
Michal Kukla, Katowice
Tomasz Hubert Mach, Krakow
Agata Mulak, Wroclaw
Danuta Owczarek, Kraków
Piotr Socha, Warsaw
Piotr Stalke, Gdansk
Julian Teodor Swierczynski, Gdansk
Anna M Zawilak-Pawlik, Wroclaw

Portugal
Marie Isabelle Cremers, Setubal
Ceu Figueiredo, Porto
Ana Isabel Lopes, LIsbon
M Paula Macedo, Lisboa
Ricardo Marcos, Porto
Rui T Marinho, Lisboa
Guida Portela-Gomes, Estoril
Filipa F Vale, Lisbon

Netherlands
Robert J de Knegt, Rotterdam
Tom Johannes Gerardus Gevers, Nijmegen
Menno Hoekstra, Leiden
BW Marcel Spanier, Arnhem
Karel van Erpecum, Utrecht

Puerto Rico
Caroline B Appleyard, Ponce

New Zealand
Leo K Cheng, Auckland
Andrew Stewart Day, Christchurch
Jonathan Barnes Koea, Auckland
Max Petrov, Auckland

Romania
Mihai Ciocirlan, Bucharest
Dan LucianDumitrascu, Cluj-Napoca
Carmen Fierbinteanu-Braticevici, Bucharest
Romeo G Mihaila, Sibiu
Lucian Negreanu, Bucharest
Adrian Saftoiu, Craiova
Andrada Seicean, Cluj-Napoca
Ioan Sporea, Timisoara
Letiţia Adela Maria Streba, Craiova
Anca Trifan, Iasi

Nigeria
Olufunmilayo Adenike Lesi, Lagos
Jesse Abiodun Otegbayo, Ibadan
Stella Ifeanyi Smith, Lagos

VI

Qatar
Abdulbari Bener, Doha
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Russia
Victor Pasechnikov, Stavropol
Vasiliy Ivanovich Reshetnyak, Moscow
Vitaly Skoropad, Obninsk

Saudi Arabia
Abdul-Wahed N Meshikhes, Dammam
M Ezzedien Rabie, Khamis Mushait

Singapore
Brian KP Goh, Singapore
Richie Soong, Singapore
Ker-Kan Tan, Singapore
Kok-Yang Tan, Singapore
Yee-Joo Tan, Singapore
Mark Wong, Singapore
Hong Ping Xia, Singapore

Slovenia
Matjaz Homan, Ljubljana
Martina Perse, Ljubljana

South Korea
Sang Hoon Ahn, Seoul
Seung Hyuk Baik, Seoul
Soon Koo Baik, Wonju
Soo-Cheon Chae, Iksan
Byung-Ho Choe, Daegu
Suck Chei Choi, Iksan
Hoon Jai Chun, Seoul
Yeun-Jun Chung, Seoul
Young-Hwa Chung, Seoul
Ki-Baik Hahm, Seongnam
Sang Young Han, Busan
Seok Joo Han, Seoul
Seung-Heon Hong, Iksan
Jin-Hyeok Hwang, Seoungnam
Jeong Won Jang, Seoul
Jin-Young Jang, Seoul
Dae-Won Jun, Seoul
Young Do Jung, Kwangju
Gyeong Hoon Kang, Seoul
Sung-Bum Kang, Seoul
Koo Jeong Kang, Daegu
Ki Mun Kang, Jinju
Chang Moo Kang, Seodaemun-gu
Gwang Ha Kim, Busan
Sang Soo Kim, Goyang-si
Jin Cheon Kim, Seoul
Tae Il Kim, Seoul
Jin Hong Kim, Suwon
Kyung Mo Kim, Seoul
Kyongmin Kim, Suwon
Hyung-Ho Kim, Seongnam
Seoung Hoon Kim, Goyang
Sang Il Kim, Seoul
Hyun-Soo Kim, Wonju
Jung Mogg Kim, Seoul
Dong Yi Kim, Gwangju
Kyun-Hwan Kim, Seoul
Jong-Han Kim, Ansan
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Sang Wun Kim, Seoul
Ja-Lok Ku, Seoul
Kyu Taek Lee, Seoul
Hae-Wan Lee, Chuncheon
Inchul Lee, Seoul
Jung Eun Lee, Seoul
Sang Chul Lee, Daejeon
Song Woo Lee, Ansan-si
Hyuk-Joon Lee, Seoul
Seong-Wook Lee, Yongin
Kil Yeon Lee, Seoul
Jong-Inn Lee, Seoul
Kyung A Lee, Seoul
Jong-Baeck Lim, Seoul
Eun-Yi Moon, Seoul
SH Noh, Seoul
Seung Woon Paik, Seoul
Won Sang Park, Seoul
Sung-Joo Park, Iksan
Kyung Sik Park, Daegu
Se Hoon Park, Seoul
Yoonkyung Park, Gwangju
Seung-Wan Ryu, Daegu
Il Han Song, Cheonan
Myeong Jun Song, Daejeon
Yun Kyoung Yim, Daejeon
Dae-Yeul Yu Daejeon

Spain
Mariam Aguas, Valencia
Raul J Andrade, Málaga
Antonio Arroyo, Elche
Josep M Bordas, Barcelona
Lisardo Boscá, Madrid
Ricardo Robles Campos, Murcia
Jordi Camps, Reus
Carlos Cervera Barcelona
Alfonso Clemente, Granada
Pilar Codoner-Franch, Valencia
Fernando J Corrales, Pamplona
Fermin Sánchez de Medina, Granada
Alberto Herreros de Tejada,
Majadahonda
Enrique de-Madaria, Alicante
JE Dominguez-Munoz, Santiago de Compostela
Vicente Felipo, Valencia
CM Fernandez-Rodriguez, Madrid
Carmen Frontela-Saseta, Murcia
Julio Galvez, Granada
Maria Teresa García, Vigo
MI Garcia-Fernandez, Málaga
Emilio Gonzalez-Reimers, La Laguna
Marcel Jimenez, Bellaterra
Angel Lanas, Zaragoza
Juan Ramón Larrubia, Guadalajara
Antonio Lopez-Sanroman, Madrid
Vicente Lorenzo-Zuniga, Badalona
Alfredo J Lucendo, Tomelloso
Vicenta Soledad Martinez-Zorzano, Vigo
José Manuel Martin-Villa, Madrid
Julio Mayol, Madrid
Manuel Morales-Ruiz, Barcelona
Alfredo Moreno-Egea, Murcia
Albert Pares, Barcelona
Maria Pellise, Barcelona
José Perea, Madrid

VII

Miguel Angel Plaza, Zaragoza
María J Pozo, Cáceres
Enrique Quintero, La Laguna
Jose M Ramia, Madrid
Francisco Rodriguez-Frias, Barcelona
Silvia Ruiz-Gaspa, Barcelona
Xavier Serra-Aracil, Barcelona
Vincent Soriano, Madrid
Javier Suarez, Pamplona
Carlos Taxonera, Madrid
M Isabel Torres, Jaén
Manuel Vazquez-Carrera, Barcelona
Benito Velayos, Valladolid
Silvia Vidal, Barcelona

Sri Lanka
Arjuna Priyadarsin De Silva, Colombo

Sudan
Ishag Adam, Khartoum

Sweden
Roland G Andersson, Lund
Bergthor Björnsson, Linkoping
Johan Christopher Bohr, Örebro
Mauro D’Amato, Stockholm
Thomas Franzen, Norrkoping
Evangelos Kalaitzakis, Lund
Riadh Sadik, Gothenburg
Per Anders Sandstrom, Linkoping
Ervin Toth, Malmö
Konstantinos Tsimogiannis, Vasteras
Apostolos V Tsolakis, Uppsala

Switzerland
Gieri Cathomas, Liestal
Jean Louis Frossard, Geneve
Christian Toso, Geneva
Stephan Robert Vavricka, Zurich
Dominique Velin, Lausanne

Thailand
Thawatchai Akaraviputh, Bangkok
P Yoysungnoen Chintana, Pathumthani
Veerapol Kukongviriyapan, Muang
Vijittra Leardkamolkarn, Bangkok
Varut Lohsiriwat, Bangkok
Somchai Pinlaor, Khaon Kaen
D Wattanasirichaigoon, Bangkok

Trinidad and Tobago
B Shivananda Nayak, Mount Hope

Tunisia
Ibtissem Ghedira, Sousse
Lilia Zouiten-Mekki, Tunis

Turkey
Inci Alican, Istanbul
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Mustafa Altindis, Sakarya
Mutay Aslan, Antalya
Oktar Asoglu, Istanbul
Yasemin Hatice Balaban, Istanbul
Metin Basaranoglu, Ankara
Yusuf Bayraktar, Ankara
Süleyman Bayram, Adiyaman
Ahmet Bilici, Istanbul
Ahmet Sedat Boyacioglu, Ankara
Züleyha Akkan Cetinkaya, Kocaeli
Cavit Col, Bolu
Yasar Colak, Istanbul
Cagatay Erden Daphan, Kirikkale
Mehmet Demir, Hatay
Ahmet Merih Dobrucali, Istanbul
Gülsüm Ozlem Elpek, Antalya
Ayse Basak Engin, Ankara
Eren Ersoy, Ankara
Osman Ersoy, Ankara
Yusuf Ziya Erzin, Istanbul
Mukaddes Esrefoglu, Istanbul
Levent Filik, Ankara
Ozgur Harmanci, Ankara
Koray Hekimoglu, Ankara
Abdurrahman Kadayifci, Gaziantep
Cem Kalayci, Istanbul
Selin Kapan, Istanbul
Huseyin Kayadibi, Adana
Sabahattin Kaymakoglu, Istanbul
Metin Kement, Istanbul
Mevlut Kurt, Bolu
Resat Ozaras, Istanbul
Elvan Ozbek, Adapazari
Cengiz Ozcan, Mersin
Hasan Ozen, Ankara
Halil Ozguc, Bursa
Mehmet Ozturk, Izmir
Orhan V Ozkan, Sakarya
Semra Paydas, Adana
Ozlem Durmaz Suoglu, Istanbul
Ilker Tasci, Ankara
Müge Tecder-ünal, Ankara
Mesut Tez, Ankara
Serdar Topaloglu, Trabzon
Murat Toruner, Ankara
Gokhan Tumgor, Adana
Oguz Uskudar, Adana
Mehmet Yalniz, Elazig
Mehmet Yaman, Elazig
Veli Yazisiz, Antalya
Yusuf Yilmaz, Istanbul
Ozlem Yilmaz, Izmir
Oya Yucel, Istanbul
Ilhami Yuksel, Ankara

United Kingdom
Nadeem Ahmad Afzal, Southampton
Navneet K Ahluwalia, Stockport
Yeng S Ang, Lancashire
Ramesh P Arasaradnam, Coventry
Ian Leonard Phillip Beales, Norwich
John Beynon, Swansea
Barbara Braden, Oxford
Simon Bramhall, Birmingham
Geoffrey Burnstock, London
Ian Chau, Sutton
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Thean Soon Chew, London
Helen G Coleman, Belfast
Anil Dhawan, London
Sunil Dolwani, Cardiff
Piers Gatenby, London
Anil T George, London
Pasquale Giordano, London
Paul Henderson, Edinburgh
Georgina Louise Hold, Aberdeen
Stefan Hubscher, Birmingham
Robin D Hughes, London
Nusrat Husain, Manchester
Matt W Johnson, Luton
Konrad Koss, Macclesfield
Anastasios Koulaouzidis, Edinburgh
Simon Lal, Salford
John S Leeds, Aberdeen
JK K Limdi, Manchester
Hongxiang Liu, Cambridge
Michael Joseph McGarvey, London
Michael Anthony Mendall, London
Alexander H Mirnezami, Southampton
J Bernadette Moore, Guildford
Claudio Nicoletti, Norwich
Savvas Papagrigoriadis, London
Sylvia LF Pender, Southampton
David Mark Pritchard, Liverpool
James A Ross, Edinburgh
Kamran Rostami, Worcester
Xiong Z Ruan, London
Dina Tiniakos, Newcastle upon Tyne
Frank I Tovey, London
Dhiraj Tripathi, Birmingham
Vamsi R Velchuru, Great Yarmouth
Nicholas T Ventham, Edinburgh
Diego Vergani, London
Jack Westwood Winter, Glasgow
Terence Wong, London
Ling Yang, Oxford

United States
Daniel E Abbott, Cincinnati
Ghassan K Abou-Alfa, New York
Julian Abrams, New York
David William Adelson, Los Angeles
Jonathan Steven Alexander, Shreveport
Tauseef Ali, Oklahoma City
Mohamed R Ali, Sacramento
Rajagopal N Aravalli, Minneapolis
Hassan Ashktorab, Washington
Shashi Bala, Worcester
Charles F Barish, Raleigh
P Patrick Basu, New York
Robert L Bell, Berkeley Heights
David Bentrem, Chicago
Henry J Binder, New Haven
Joshua Bleier, Philadelphia
Wojciech Blonski, Johnson City
Kenneth Boorom, Corvallis
Brian Boulay, Chicago
Carla W Brady, Durham
Kyle E Brown, Iowa City
Adeel A Butt, Pittsburgh
Weibiao Cao, Providence
Andrea Castillo, Cheney
Fernando J Castro, Weston

VIII

Adam S Cheifetz, Boston
Xiaoxin Luke Chen, Durham
Ramsey Cheung, Palo Alto
Parimal Chowdhury, Little Rock
Edward John Ciaccio, New York
Dahn L Clemens, Omaha
Yingzi Cong, Galveston
Laura Iris Cosen-Binker, Boston
Joseph John Cullen, Lowa
Mark J Czaja, Bronx
Mariana D Dabeva, Bronx
Christopher James Damman, Seattle
Isabelle G De Plaen, Chicago
Punita Dhawan, Nashville
Hui Dong, La Jolla
Wael El-Rifai, Nashville
Sukru H Emre, New Haven
Paul Feuerstadt, Hamden
Josef E Fischer, Boston
Laurie N Fishman, Boston
Joseph Che Forbi, Atlanta
Temitope Foster, Atlanta
Amy E Foxx-Orenstein, Scottsdale
Daniel E Freedberg, New York
Shai Friedland, Palo Alto
Virgilio George, Indianapolis
Ajay Goel, Dallas
Oliver Grundmann, Gainesville
Stefano Guandalini, Chicago
Chakshu Gupta, St. Joseph
Grigoriy E Gurvits, New York
Xiaonan Han, Cincinnati
Mohamed Hassan, Jackson
Martin Hauer-Jensen, Little Rock
Koichi Hayano, Boston
Yingli Hee, Atlanta
Samuel B Ho, San Diego
Jason Ken Hou, Houston
Lifang Hou, Chicago
K-Qin Hu, Orange
Jamal A Ibdah, Columbia
Robert Thomas Jensen, Bethesda
Huanguang “Charlie” Jia, Gainesville
Rome Jutabha, Los Angeles
Andreas M Kaiser, Los Angeles
Avinash Kambadakone, Boston
David Edward Kaplan, Philadelphia
Randeep Kashyap, Rochester
Rashmi Kaul, Tulsa
Ali Keshavarzian, Chicago
Amir Maqbul Khan, Marshall
Nabeel Hasan Khan, New Orleans
Sahil Khanna, Rochester
Kusum K Kharbanda, Omaha
Hyun Sik Kim, Pittsburgh
Joseph Kim, Duarte
Jae S Kim, Gainesville
Miran Kim, Providence
Timothy R Koch, Washington
Burton I Korelitz, New York
Betsy Kren, Minneapolis
Shiu-Ming Kuo, Buffalo
Michelle Lai, Boston
Andreas Larentzakis, Boston
Edward Wolfgang Lee, Los Angeles
Daniel A Leffler, Boston
Michael Leitman, New York
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Suthat Liangpunsakul, Indianapolis
Joseph K Lim, New Haven
Elaine Y Lin, Bronx
Henry C Lin, Albuquerque
Rohit Loomba, La Jolla
James David Luketich, Pittsburgh
Li Ma, Stanford
Mohammad F Madhoun, Oklahoma City
Thomas C Mahl, Buffalo
Ashish Malhotra, Bettendorf
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EDITORIAL

Use of non-selective beta blockers in cirrhosis: The evidence
we need before closing (or not) the window
Vincenzo La Mura, Giulia Tosetti, Massimo Primignani, Francesco Salerno
pressure gradient (HVPG) below 12 mmHg or at least
20% of the basal value. Nevertheless a relevant number
of patients who do not achieve this HVPG reduction
during NSBBs therapy do not bleed during follow up;
this evidence suggests an additional non-hemodynamic
advantage of NSBBs treatment to modify the natural
history of cirrhosis. Recent studies have questioned the
efficacy and safety of NSBBs in patients with advanced
stage of liver disease characterized by refractory ascites
and/or spontaneous bacterial peritonitis. These studies
have suggested the existence of a defined and limited
period to modify the natural history of cirrhosis by
NSBBs: the “window hypothesis”. According with this
hypothesis, patients with cirrhosis benefit from the use
of NSBBs from the appearance of varices up to the
development of an advanced stage of cirrhosis. Indeed,
in patients with refractory ascites and/or spontaneous
bacterial peritonitis the hemodynamic effects of NSBBs
may expose to a high risk of further complications such
as renal insufficiency and/or death. Methodological
concerns and contrasting results counterbalance the
evidence produced up to now on this issue and are the
main topic of this editorial.
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Core tip: Non selective beta blockers (NSBBs) treatment
in cirrhotic patients is an undisputed strategy for bleeding
prophylaxis. Nevertheless recent studies question the
efficacy and safety of NSBBs in patient with advanced
cirrhosis, particularly in case of refractory ascites and
spontaneous bacterial peritonitis. These results suggest
that NSBBs have beneficial effects on cirrhosis only
in a determinate phase of the liver disease: “window
hypothesis”. In our opinion, the evidence produced up
to now is by far conclusive to contraindicate NSBBs in
patients with advanced cirrhosis.

Abstract
Non selective beta blockers (NSBBs) are used in primary
and secondary prophylaxis of portal hypertensionrelated bleeding in patients with cirrhosis. The efficacy
of NSBBs treatment is predicted by hemodynamic
response in term of reduction of the hepatic venous
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who do not achieve this HVPG reduction despite
NSBBs therapy (hemodynamic non-responders) are
at the highest risk of variceal rupture, although up to
48% of them does not bleed during a relatively large
[13]
period of time . This unexpected behavior could be
explained assuming that these non-bleeding patients
are protected by NSBB therapy even if they do not
obtain the sufficient reduction of portal pressure. A few
of other hemodynamic and non-hemodynamic effects
of NSBB have been evoked to justify this clinical
[13]
advantage . Among them, the ability of NSBBs to
reduce the gastro-intestinal permeability to bacterial
by-products is a favorable effect that occurs in both
[14]
hemodynamic responders and non-responders . This
is a crucial issue because the ability to cross intestinal
barrier by bacteria and by bacterial by-products
[bacterial translocation (BT)] is the main risk factor for
the SBP, that in turn is the main trigger of HRS.
The efficacy of NSBBs in preventing SBP has been
[3]
shown by Turnes et al who demonstrated that a
partial reduction of HVPG (11% instead of 20%)
during NSBB therapy was enough to reduce the risk of
SBP for a long period of time; while the meta-analysis
[15]
made by Senzolo et al including data from 5 studies,
confirmed that the treatment with NSBBs reduces the
risk of SBP.
Recently the French group who demonstrated, for
the first time, the efficacy of NSBBs therapy to prevent
variceal rupture, published a retrospective cohort study
of 151 patients with refractory ascites finding that the
treatment with NSBBs was independently associated
with mortality [hazard ratio (HR) = 2.61 times,
[16]
95%CI: 1.91-3.44] . A similar concern for the safety
of patients was raised for the risk of developing postparacentesis circulatory dysfunction (PPCD) after large
[17]
[18]
volume paracentesis . In addition, Mandorfer et al
reported the outcome of 182 incidental cases of SBP
where the chronic treatment with NSBBs (n = 86) had
exposed to an elevated cumulative risk of renal failure,
either defined with the criteria of HRS (11% vs 24%,
respectively) either defined as acute kidney injury, AKI
(8% vs 20%, respectively).
All these observations fostered the hypothesis that
patients with cirrhosis and PHT may take advantage
from the therapy with NSBBs only if they fall in a welldefined window of the natural story of the disease.
This window would be opened by the first appearance
of esophageal varices at risk of bleeding and would
be closed by the development of refractory ascites
or other severe complications like SBP/HRS that are
[19]
clinical hallmarks of an advanced liver disease .
[20]
The observation by Ruiz-del-Arbol et al
that
patients with SBP develop renal failure in association
with reduction of cardiac output and mean arterial
pressure can explain why NSBB therapy would be
detrimental for survival of patients with advanced
cirrhosis. This study and other similar evidences
induced authors to revise the “theory of peripheral
vasodilation” adding to the well-known algorithm a final

La Mura V, Tosetti G, Primignani M, Salerno F. Use of nonselective beta blockers in cirrhosis: The evidence we need
before closing (or not) the window. World J Gastroenterol
2015; 21(8): 2265-2268 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i8/2265.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i8.2265

INTRODUCTION
Since their introduction to reduce the re-bleeding risk
[1]
in-patients with cirrhosis , the therapy with nonselective beta blockers (NSBBs) has been widely
tested to successfully manage the risk of complica
tions of portal hypertension (PHT) ranging from the
first evidence of varices up to the bleeding related
[2-5]
mortality . Moreover, therapy with NSBBs has been
tested to prevent other complications such as the de
novo appearance or worsening of ascites, spontaneous
bacterial peritonitis (SBP), hepato-renal syndrome
[2-6]
(HRS), and hepatic encephalopathy .
The hepatic venous pressure gradient (HVPG),
the difference between the wedged and the free
hepatic venous pressures, measured by hepatic vein
catheterization, is one of the most reliable surrogate
markers of clinical outcome in patients with chronic
[7]
liver disease . A HVPG ≥ 10mmHg is independently
associated with the appearance of esophageal varices
and/or ascites in patients with cirrhosis, whereas a
HVPG ≥ 12mmHg is the threshold for the risk of
[8]
variceal rupture and bleeding . Recently, investigators
of PHT proposed a functional classification of cirrhosis
according with a progressive multistage mortality
[9,10]
risk
. In line with this patient stratification, the oneyear mortality after a variceal bleeding episode is 40%.
This risk can be reduced by the chronic treatment with
[11]
NSBBs
mainly in patients achieving a significant
[2,3]
reduction of HVPG .
The therapy with NSBBs was based on the
recognition that a hyperkinetic circulation is behind
the development of symptoms of PHT. This circulatory
state is maintained by a persistent vasodilation of
the splanchnic arterial bed with reduction of the
central blood volume, increased heart rate and
cardiac output, and retention of sodium and fluids
[12]
by the kidney . The reduction of this hyperkinetic
circulation is the main target of therapy with NSBBs
for cirrhotic patients. Indeed, the blockade of beta-1
receptors antagonizes the high cardiac output,
whereas the blockade of beta-2 receptors allows
the alpha-adrenergic tone to blunt the splanchnic
arterial vasodilation with a lowering effect on portal
pressure. Therefore, these pharmacodynamic effects
can prevent a rupture of varices. A reduction of the
HVPG below 12 mmHg or at least 20% of its basal
value (hemodynamic response) under NSBBs is a
highly specific predictor of protection from variceal
rupture (good clinical response). Conversely, patients
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stage including patients characterized by a hyperkinetic
circulation that slows down as a consequence of a
[21]
relative failure of cardiac output . Accordingly, the
inotropic and hypotensive effects of NSBBs could
represent a danger for patients with advanced cirrhosis
and refractory ascites and/or HRS. By contrast, many
other investigators continue to prescribe NSBBs to
patients with advanced cirrhosis sustaining that the
methodological quality of these recent papers is not
[22]
enough to making the results reliable .
Therefore, the use of NSBBs in patients with
advanced cirrhosis has become an issue of debate
between those who are concerned upon the safety
of NSBBs given to patients with severe cirrhosis and
those who critics the quality of the methods used to
generate the evidence of negative effects of NSBBs in
cirrhosis. The methodological quality of the evidences
[17]
reported in the papers of Serstè et al and Mandorfer
[18]
et al
may be too weak for such an important
change of treatment in patients with cirrhosis. Indeed
a series of flaws can be evidenced and summarized
as following: (1) the lack of randomization to the
treatment; (2) the retrospective nature of data co
llection; and (3) the insufficient number of patients
included in the final analysis (not always consecutive).
It is noteworthy that patients developing HRS
and/or SBP under NSBB therapy are those not totally
protected by this class of drugs, in other words, they
are clinically non-responders to NSBBs since they
develop an event whose risk is reduced by the chronic
[2,3]
treatment with NSBBs
. Therefore, this cohort
of patients constitutes a highly selected subgroup
of cirrhotic patients with high mortality risk if not
[23]
transplanted. Recently, Leitheahad et al conducted
an observational study to explore whether or not the
treatment by NSBBs increases the mortality risk of
patients with an advanced liver disease. The study
included a series of 322 consecutive candidates to liver
transplant, 117 had refractory ascites. At exception of
the window hypothesis, the survival analysis disclosed
a significant mortality reduction for patients receiving
NSBBs. This occurred in both categories of patients:
those without refractory ascites (HRmortality = 0.55;
95%CI: 0.32-0.95), and those with refractory ascites
(HRmortality = 0.35; 95%CI: 0.14-0.86). Noteworthy,
the survival advantages were achieved even though
patients under NSBBs had a low systemic arterial
pressure. Moreover, possible selection biases were
controlled by matching the population according with
the propensity risk score. These results contradict the
opinion that NSBBs are detrimental in patients with an
advanced or end-stage liver disease. However, Authors
fairly state that their patients were highly selected
since they were candidates to liver transplantation.
In conclusion: which is the truth? Since its introduction,
the evidenced based approach was used to test the
efficacy of drugs against hard clinical end-points such
as mortality, in order to replace the empiric approach.
The randomized controlled trial (RCT) is the best tool
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to minimize confounding factors and effect modifiers
behind the apparent association between an exposure
(e.g., treatment with NSBBs) and an effect (mortality)
in a specific clinical setting (patients with advanced
liver disease).
The studies supporting the “window hypothesis”
challenge a huge amount of papers that consistently
demonstrated the beneficial effect of NSBBs in patients
with PHT. Therefore, it is now mandatory solving any
doubts on the safety of such class of drugs in patients
with advanced cirrhosis. This aim should be pursued
by a trial including a sufficient number of patients
on chronic NSBBs therapy with advanced cirrhosis,
such as patients with SBP. The effects of the NSBBs
would be compared randomizing these patients to
stopping or not the chronic treatment with NSBBs. The
preference of patients with SBP for such a trial would
be justified by the relatively homogeneity of these
patients ensured by objective criteria of diagnosis and
high risk of renal failure. Certainly this kind of RCT
is demanding, and needs a multicenter cooperation.
However, the evidence we will obtain is essential
before closing (or not) the window.

REFERENCES
1

2

3

4

5

6

7

8

9

2267

Lebrec D, Poynard T, Hillon P, Benhamou JP. Propranolol for
prevention of recurrent gastrointestinal bleeding in patients with
cirrhosis: a controlled study. N Engl J Med 1981; 305: 1371-1374
[PMID: 7029276 DOI: 10.1056/NEJM198112033052302]
Abraldes JG, Tarantino I, Turnes J, Garcia-Pagan JC, Rodés J,
Bosch J. Hemodynamic response to pharmacological treatment
of portal hypertension and long-term prognosis of cirrhosis.
Hepatology 2003; 37: 902-908 [PMID: 12668985 DOI: 10.1053/
jhep.2003.50133]
Turnes J, Garcia-Pagan JC, Abraldes JG, Hernandez-Guerra
M, Dell’Era A, Bosch J. Pharmacological reduction of portal
pressure and long-term risk of first variceal bleeding in patients
with cirrhosis. Am J Gastroenterol 2006; 101: 506-512 [PMID:
16542287 DOI: 10.1111/j.1572-0241.2006.00453.x]
Groszmann RJ, Garcia-Tsao G, Bosch J, Grace ND, Burroughs
AK, Planas R, Escorsell A, Garcia-Pagan JC, Patch D, Matloff
DS, Gao H, Makuch R. Beta-blockers to prevent gastroesophageal
varices in patients with cirrhosis. N Engl J Med 2005; 353:
2254-2261 [PMID: 16306522 DOI: 10.1056/NEJMoa044456]
Merkel C, Marin R, Angeli P, Zanella P, Felder M, Bernardinello
E, Cavallarin G, Bolognesi M, Donada C, Bellini B, Torboli
P, Gatta A. A placebo-controlled clinical trial of nadolol in the
prophylaxis of growth of small esophageal varices in cirrhosis.
Gastroenterology 2004; 127: 476-484 [PMID: 15300580 DOI:
10.1053/j.gastro.2004.05.004]
Hernández-Gea V, Aracil C, Colomo A, Garupera I, Poca M,
Torras X, Miñana J, Guarner C, Villanueva C. Development of
ascites in compensated cirrhosis with severe portal hypertension
treated with β-blockers. Am J Gastroenterol 2012; 107: 418-427
[PMID: 22334252 DOI: 10.1038/ajg.2011.456]
Gluud C, Brok J, Gong Y, Koretz RL. Hepatology may
have problems with putative surrogate outcome measures. J
Hepatol 2007; 46: 734-742 [PMID: 17316871 DOI: 10.1016/
j.jhep.2007.01.003]
Bosch J, Abraldes JG, Berzigotti A, García-Pagan JC. The clinical
use of HVPG measurements in chronic liver disease. Nat Rev
Gastroenterol Hepatol 2009; 6: 573-582 [PMID: 19724251 DOI:
10.1038/nrgastro.2009.149]
Garcia-Tsao G, Friedman S, Iredale J, Pinzani M. Now there

February 28, 2015|Volume 21|Issue 8|

La Mura V et al . Debate on the window hypothesis

10

11

12

13

14

15

16

are many (stages) where before there was one: In search of a
pathophysiological classification of cirrhosis. Hepatology 2010;
51: 1445-1449 [PMID: 20077563 DOI: 10.1002/hep.23478]
D’Amico G, Garcia-Tsao G, Pagliaro L. Natural history and
prognostic indicators of survival in cirrhosis: a systematic review
of 118 studies. J Hepatol 2006; 44: 217-231 [PMID: 16298014
DOI: 10.1016/j.jhep.2005.10.013]
Poynard T, Calès P, Pasta L, Ideo G, Pascal JP, Pagliaro L,
Lebrec D. Beta-adrenergic-antagonist drugs in the prevention of
gastrointestinal bleeding in patients with cirrhosis and esophageal
varices. An analysis of data and prognostic factors in 589 patients
from four randomized clinical trials. Franco-Italian Multicenter
Study Group. N Engl J Med 1991; 324: 1532-1538 [PMID:
1674104 DOI: 10.1056/NEJM199105303242202]
Schrier RW, Arroyo V, Bernardi M, Epstein M, Henriksen JH,
Rodés J. Peripheral arterial vasodilation hypothesis: a proposal
for the initiation of renal sodium and water retention in cirrhosis.
Hepatology 1988; 8: 1151-1157 [PMID: 2971015 DOI: 10.1002/
hep.1840080532]
Thalheimer U, Bosch J, Burroughs AK. How to prevent varices
from bleeding: shades of grey--the case for nonselective beta
blockers. Gastroenterology 2007; 133: 2029-2036 [PMID:
18054573 DOI: 10.1053/j.gastro.2007.10.028]
Reiberger T, Ferlitsch A, Payer BA, Mandorfer M, Heinisch
BB, Hayden H, Lammert F, Trauner M, Peck-Radosavljevic
M, Vogelsang H. Non-selective betablocker therapy decreases
intestinal permeability and serum levels of LBP and IL-6 in
patients with cirrhosis. J Hepatol 2013; 58: 911-921 [PMID:
23262249 DOI: 10.1016/j.jhep.2012.12.011]
Senzolo M, Cholongitas E, Burra P, Leandro G, Thalheimer U,
Patch D, Burroughs AK. beta-Blockers protect against spontaneous
bacterial peritonitis in cirrhotic patients: a meta-analysis. Liver
Int 2009; 29: 1189-1193 [PMID: 19508620 DOI: 10.1111/
j.1478-3231.2009.02038.x]
Sersté T, Melot C, Francoz C, Durand F, Rautou PE, Valla
D, Moreau R, Lebrec D. Deleterious effects of beta-blockers

17

18

19

20

21
22
23

on survival in patients with cirrhosis and refractory ascites.
Hepatology 2010; 52: 1017-1022 [PMID: 20583214 DOI: 10.1002/
hep.23775]
Sersté T, Francoz C, Durand F, Rautou PE, Melot C, Valla D,
Moreau R, Lebrec D. Beta-blockers cause paracentesis-induced
circulatory dysfunction in patients with cirrhosis and refractory
ascites: a cross-over study. J Hepatol 2011; 55: 794-799 [PMID:
21354230 DOI: 10.1016/j.jhep.2011.01.034]
Mandorfer M, Bota S, Schwabl P, Bucsics T, Pfisterer N,
Kruzik M, Hagmann M, Blacky A, Ferlitsch A, Sieghart W,
Trauner M, Peck-Radosavljevic M, Reiberger T. Nonselective
β blockers increase risk for hepatorenal syndrome and death
in patients with cirrhosis and spontaneous bacterial peritonitis.
Gastroenterology 2014; 146: 1680-90.e1 [PMID: 24631577 DOI:
10.1053/j.gastro.2014.03.005]
Krag A, Wiest R, Albillos A, Gluud LL. The window hypothesis:
haemodynamic and non-haemodynamic effects of β-blockers
improve survival of patients with cirrhosis during a window in the
disease. Gut 2012; 61: 967-969 [PMID: 22234982 DOI: 10.1136/
gutjnl-2011-301348]
Ruiz-del-Arbol L, Urman J, Fernández J, González M, Navasa M,
Monescillo A, Albillos A, Jiménez W, Arroyo V. Systemic, renal,
and hepatic hemodynamic derangement in cirrhotic patients with
spontaneous bacterial peritonitis. Hepatology 2003; 38: 1210-1218
[PMID: 14578859 DOI: 10.1053/jhep.2003.50447]
Arroyo V, Terra C, Ginès P. Advances in the pathogenesis and
treatment of type-1 and type-2 hepatorenal syndrome. J Hepatol 2007;
46: 935-946 [PMID: 17391801 DOI: 10.1016/j.jhep.2007.02.001]
Wong F, Salerno F. Beta-blockers in cirrhosis: friend and foe?
Hepatology 2010; 52: 811-813 [PMID: 20812354 DOI: 10.1002/
hep.23852]
Leithead JA, Rajoriya N, Tehami N, Hodson J, Gunson BK,
Tripathi D, Ferguson JW. Non-selective β-blockers are associated
with improved survival in patients with ascites listed for liver
transplantation. Gut 2014; Epub ahead of print [PMID: 25281417
DOI: 10.1136/gutjnl-2013-306502]
P- Reviewer: Chen WX, Maruyama H, Rodriguez-Castro KI,
Sargsyants N S- Editor: Qi Y L- Editor: A
E- Editor: Zhang DN

WJG|www.wjgnet.com

2268

February 28, 2015|Volume 21|Issue 8|

World J Gastroenterol 2015 February 28; 21(8): 2269-2280
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v21.i8.2269

© 2015 Baishideng Publishing Group Inc. All rights reserved.

REVIEW

Chronic hepatitis C virus infection and neurological and
psychiatric disorders: An overview
Luigi Elio Adinolfi, Riccardo Nevola, Giacomo Lus, Luciano Restivo, Barbara Guerrera, Ciro Romano,
Rosa Zampino, Luca Rinaldi, Ausilia Sellitto, Mauro Giordano, Aldo Marrone

Abstract

Luigi Elio Adinolfi, Clinical Hospital of Marcianise, Second
University of Naples, 81025 Marcianise (CE), Italy
Luigi Elio Adinolfi, Riccardo Nevola, Luciano Restivo,
Barbara Guerrera, Ciro Romano, Rosa Zampino, Luca
Rinaldi, Ausilia Sellitto, Mauro Giordano, Aldo Marrone,
Department of Medical, Surgical, Neurological, Geriatric, and
Metabolic Sciences, Second University of Naples, 80100 Naples,
Italy
Giacomo Lus, Neurological Sciences, Second University of
Naples, 80100 Naples, Italy
Author contributions: Adinolfi LE and Nevola R conceived,
drafted the article, and approved the final version; Restivo L,
Guerrera B, Romano C, Zampino R, Rinaldi L, Sellitto A and
Marrone A conceived the paper, reviewed the literature, and
approved the final version of this article; Lus G and Giordano M
critically reviewed the manuscript and approved the final version
of this article.
Supported by Research grant from Regione Campania, Italy.
Conflict-of-interest: All authors have no conflicts of interest.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/
Correspondence to: Luigi Elio Adinolfi, MD, Professor,
Director of Internal Medicine, Clinical Hospital of Marcianise,
Second University of Naples, ASL Caserta, Rione Santella,
81025 Marcianise (CE), Italy. luigielio.adinolfi@unina2.it
Telephone: +39-823-690642
Fax: +39-823-690642
Received: October 1, 2014
Peer-review started: October 3, 2014
First decision: October 29, 2014
Revised: November 11, 2014
Accepted: January 8, 2015
Article in press: January 8, 2015
Published online: February 28, 2015

WJG|www.wjgnet.com

Hepatitis C virus (HCV) infection is considered a sys
temic disease because of involvement of other organs
and tissues concomitantly with liver disease. Among
the extrahepatic manifestations, neuropsychiatric
disorders have been reported in up to 50% of chronic
HCV infected patients. Both the central and peripheral
nervous system may be involved with a wide variety
of clinical manifestations. Main HCV-associated neu
rological conditions include cerebrovascular events,
encephalopathy, myelitis, encephalomyelitis, and
cognitive impairment, whereas “brain fog”, depression,
anxiety, and fatigue are at the top of the list of psy
chiatric disorders. Moreover, HCV infection is known to
cause both motor and sensory peripheral neuropathy
in the context of mixed cryoglobulinemia, and has
also been recently recognized as an independent risk
factor for stroke. These extrahepatic manifestations
are independent of severity of the underlying chronic
liver disease and hepatic encephalopathy. The brain is
a suitable site for HCV replication, where the virus may
directly exert neurotoxicity; other mechanisms proposed
to explain the pathogenesis of neuropsychiatric
disorders in chronic HCV infection include derangement
of metabolic pathways of infected cells, alterations in
neurotransmitter circuits, autoimmune disorders, and
cerebral or systemic inflammation. A pathogenic role for
HCV is also suggested by improvement of neurological
and psychiatric symptoms in patients achieving a
sustained virologic response following interferon
treatment; however, further ad hoc trials are needed
to fully assess the impact of HCV infection and specific
antiviral treatments on associated neuropsychiatric
disorders.
Key words: Hepatitis C virus; Neurological disorders;
Psychiatric disorders; Stroke; Inflammation
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HCV-associated extrahepatic conditions may result
in a wide variety of clinical manifestations capable to
aggravate the clinical spectrum of hepatic infection
or to even dominate the clinical scenario, regardless
of liver disease manifestations. Thus, it is important
for clinicians to maintain an updated knowledge of
the role of HCV as causative agent in extrahepatic
manifestations in order to establish a timely diagnosis
and proper treatment.
Chronic hepatitis C has been reported to be associated
with neurological and psychiatric disorders in up to 50%
of the cases. Different pathogenic mechanisms underlie
such alterations. Main HCV-associated neurological
conditions include cerebrovascular events, autoimmune
disorders, encephalopathy syndromes, myelitis, en
cephalomyelitis, and cognitive impairment; psychiatric
[13,14]
disorders include depression, anxiety, and fatigue
.
Of importance, these disorders do not seem to correlate
with severity of the underlying chronic liver disease
[15]
and are independent of hepatic encephalopathy . If
a link exists between HCV and brain damage, current
knowledge seems to suggest, at least in part, a direct
role for the virus. Indeed, the brain is a suitable site for
[16]
HCV replication ; intriguingly, viral sequence diversity
between brain and liver tissue has been reported,
possibly suggesting independent HCV evolution in the
[15,17]
central nervous system (CNS)
.
The aim of this paper was to review the current
knowledge on neurological and psychiatric conditions
associated with chronic HCV infection, the presumed
underlying pathogenic mechanisms, and the effects of
antiviral treatment.

Core tip: High prevalence of neuropsychiatric disorders
has been reported in chronic hepatitis C virus (HCV)
infected patients. Cerebrovascular disease, brain in
flammatory disorders, cognitive symptoms, peripheral
neuropathy, and psychiatric disturbs are among the
multifaceted clinical manifestations occurring during
chronic HCV infection. HCV induces neurological and
psychiatric symptoms through several complex and as yet
unclear mechanisms, including direct brain neurotoxicity,
metabolic and neurotransmitter pathway derangement,
inflammation, and immune-mediated responses. Kn
owledge of HCV-associated neuropsychiatric mani
festations and pathogenic mechanisms is paramount to
correctly understand the whole clinical picture and to
institute an appropriate treatment. Evidence suggests
improvement of neurological symptoms following specific
antiviral therapy.
Adinolfi LE, Nevola R, Lus G, Restivo L, Guerrera B, Romano
C, Zampino R, Rinaldi L, Sellitto A, Giordano M, Marrone
A. Chronic hepatitis C virus infection and neurological and
psychiatric disorders: An overview. World J Gastroenterol
2015; 21(8): 2269-2280 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i8/2269.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i8.2269

INTRODUCTION
Hepatitis C virus (HCV) infection is a worldwide di
sease affecting about 185 million people, with an
[1]
estimated prevalence of 2.8% . HCV infection primarily
targets the liver, causing acute and chronic hepatitis,
cirrhosis, and hepatocellular carcinoma, although other
[2]
organ systems may be involved . Specifically, HCV
infection has been associated with insulin resistance
and type 2 diabetes; involvement of kidney, thyroid,
eye, gut, and cardiovascular system; induction of
rheumatologic, neuropsychiatric, and dermatologic
[3-10]
manifestations
. Thus, HCV infection is increasingly
being considered as a systemic disease, this notion
further strengthened by accumulating evidence for
HCV entry and replication in all major cellular systems
[11]
of the body . The mechanisms by which HCV may be
implicated in extrahepatic manifestations are not yet
completely understood. However, it is well known that
chronic HCV infection is characterized by both hepatic
and systemic inflammation through activation of several
pathways, resulting, among other effects, in cytokine
[12]
release and increased oxidative stress . Thus, HCV
may cause systemic manifestations through numerous
mechanisms, e.g., directly and/or indirectly via local
and/or systemic inflammation, through an immunemediated process, and/or by inducing metabolic de
rangement.

WJG|www.wjgnet.com

HCV infection and neurological diseases

Several neurological disorders, due to involvement
of the central and/or peripheral nervous system,
have been described in association with chronic HCV
infection.

HCV infection and cerebrovascular events

In chronic HCV infection, cerebrovascular acute and
chronic events have been reported with a higher
prevalence than that observed in the general popu
lation; in many cases, such neurologic conditions
were associated with the presence of mixed cry
[14,18-20]
[21]
oglobulinemia
. Enger et al , in the largest
retrospective study to date, including 21919 HCVpositive subjects and 67109 HCV-negative control
subjects, reported a strict association between HCV
and stroke, with a higher adjusted estimated risk of
stroke for anti-HCV positive subjects [odds ratio (OR)
[22]
= 1.76; 95%CI: 1.23-2.52]. Gutierrez et al
showed
a close association between HCV infection and stroke
(OR = 9.61; 95%CI: 2.51-35.78) in a retrospective
study of subjects from the NHANES cohort during the
period 2005-2010. However, it should be underscored
that the two above studies have thus far been
published only in an abstract form. Nonetheless, in a
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prospective study, involving a large population cohort
[23]
from Taiwan, Liao et al
established an association
between HCV infection and stroke [hazard ratio (HR)
= 1.22; 95%CI: 1.13-1.40]. Recently, in a large
[24]
retrospective cohort from Taiwan, Hsu et al
also
found a higher risk of stroke (HR = 1.23; 95%CI:
1.06-1.42) in HCV infected subjects. Likewise, we
recorded a higher prevalence of HCV infection in
patients with stroke when compared with a large ageand gender-matched control group (26.8% vs 6.6%,
[18]
respectively, p = 0.0001) . In addition, HCV infection
turned out to be an independent risk factor for stroke
(OR = 2.04; 95%CI: 1.69-2.46, p = 0.0001).
[25]
In contrast, Younossi et al
were not able to
demonstrate an association between HCV and stroke
in a retrospective cohort of subjects enrolled in the
NHANES database between 1999 and 2010. However,
the study populations were heterogeneous in terms of
such factors as gender, race, and hypertension. Finally,
[26]
a recent meta-analysis
concluded for a significantly
increased risk of stroke (OR = 1.97; 95%CI: 1.64-2.30)
in association with HCV infection.
Overall, data are robust enough to suggest an
increased risk of stroke in chronic HCV-infected patients.
Moreover, occurrence of stroke at a younger age in
HCV-infected patients as well as the negative prognostic
[27]
impact of HCV RNA serum levels on outcome , as
opposed to a more limited role for gender and classic
[4,12]
predisposing conditions
, emphasizes the important
role played by HCV.
How HCV may predispose to ischemic stroke is
unclear. Carotid plaque destabilization with subsequ
ent rupture and erosion plays a crucial role in the
development of 20%-30% of all cases of ischemic
stroke. In this regard, the causal association between
chronic HCV infection and atherosclerosis is well
[4]
documented . Inflammation is the key mediator of
[28,29]
plaque rupture and thromboembolism
. Consistently,
chronic HCV infection is characterized by a state of
chronic inflammation, which may be instrumental in
[12]
the pathogenesis of arterial remodeling . Infection
may cause atherosclerosis by building up a cascade of
immune/inflammatory responses either locally (within
vascular tissue) or systemically (through inflammatory
[30,31]
mediators)
. Indeed, HCV core protein positivity
has been shown to independently predict development
[32]
of carotid plaques ; specifically, individuals testing
positive for HCV core protein had a 5.6 fold higher
risk of developing carotid plaques than HCV-negative
[32-34]
patients
. Moreover, HCV has been demonstrated
[13,18]
to colonize and replicate within carotid plaques
.
Of particular interest was the discovery of HCV RNA
negative strain sequences in plaque tissue, suggesting
active infection locally, and, presumably, an active
role in carotid atherosclerosis through vascular in
[35]
flammation and consequent plaque instability .
Accordingly, viral load as well as HCV-related steatosis,
which result from modulation of atherogenic factors,
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has been reported as independent risk factors for early
[30]
and facilitated carotid atherosclerosis . Besides, HCVinduced mitochondrial injury may increase product
ion of reactive oxygen species, which are known to
contribute to development and progression of athe
[36,37]
rosclerosis
. The close correlation between HCV
RNA serum levels and risk of cerebrovascular death
lends support to the notion of a stronger inflammatory
response ensuing from host-virus interaction, leading
[27]
to a more accelerated and severe atherosclerosis .
Occlusive cerebral vascular diseases can also occur
in the context of HCV-related vasculitis, such as
[38-41]
mixed cryoglobulinemia
, antiphospholipid syndro
[42,43]
[44]
me
, and ANCA-associated vasculitis . HCVrelated mixed cryoglobulinemia is due to precipitation
of complement-fixing immune complexes in vessel
walls, with involvement of such small vessels as vasa
[45]
nervorum and cerebral arterioles . Consistently,
involvement of the white substance has been reported,
manifesting as acute or sub-acute encephalopathy
syndrome. Confusion, cognitive impairment, dysarthria
and dysphagia can generally be observed, often in
association with multi-infarct encephalopathy, likely
due to small ischemic lesions leading to chronic hypoperfusion of subcortical regions and periventricular white
[13,46]
matter
. In addition, it should not be overlooked that
HCV infection may increase the risk of atherosclerosis
and earlier stroke through predisposition to such
metabolic diseases as type 2 diabetes, prevalently by
[18,25,47]
inducing insulin-resistance
. Indeed, HCV has been
shown to affect glucose-insulin homeostasis as well as
lipid metabolism and lipid synthesis in an atherogenic
[3,48]
fashion
.
Recently, all of the known HCV receptor molecules
(LDLR, CD81, claudin-1, occludin, and scavenger
receptor-B1) have been reported to be expressed on
the surface of blood-brain barrier endothelial cells;
within these cells, HCV replication has also been do
[49]
cumented . Based on these observations, HCV can
theoretically cause obstructive vascular disorders per
se, i.e., by direct involvement of brain vessels through
chronic inflammation.

HCV infection and CNS inflammatory disorders

CNS involvement in chronic HCV infection may also
result from encephalic and/or meningeal inflammation.
Cases of leukoencephalitis associated with HCV
[50,51]
infection have been reported
. Different clinical
patterns have been described, ranging from a rapidly
evolving form with perivascular T cells infiltrates and
microglial nodules to progressive encephalomyelitis
associated with neuronal loss and perivascular lym
phocyte infiltrates. Spastic quadriparesis, sphincter
dysfunction, and sensory loss have been reported to
[51]
dominate the clinical scenario . As HCV genome in
brain tissue has been reportedly detected at postmortem evaluation, a possible correlation may be
theorized.
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Evidence of an association between HCV and tran
sverse myelitis, with attending motor, sensitive, and
[52-55]
autonomic dysfunction has been reported
. Acute
demyelination, with parenchymal and perivascular T
cell infiltration, has been described on pathological
analysis of spinal cord biopsy. Disease onset may be
characterized by symptoms indicative of transverse
myelitis or acute partial transverse myelopathy, or else
by spastic paraplegia or sensory ataxia. A recurrent
course and multisegmental spinal involvement have
been frequently reported. Since these cases tested
positive for anti-HCV antibodies in the liquor, with
no evidence of virus in tissue biopsies, an immunemediated pathogenesis was hypothesized to explain
disease pathogenesis.
Acute disseminated encephalomyelitis has also been
[56,57]
reported in association with hepatitis C infection
.
magnetic resonance imaging findings included multiple
foci of CNS damage, prevalently, but not exclusively,
in the cerebral and cerebellar white matter. Clinically,
alterations of consciousness, psychomotor agitation,
hemiparesis, hemianopsia, urinary retention, and
other focal neurological defects have been described.
HCV has been suggested to trigger demyelination
through immune-mediated mechanisms, as also
inferred by the beneficial effect of steroid therapy.
These observations suggest that in patients with acute
disseminated encephalomyelitis the possibility of HCV
infection should not be overlooked.

and uninfected matched pairs were enrolled. During a
follow-up period of 533861 person-years the incidence
rates of dementia was for HCV and non-HCV of 56.0
and 47.7 cases per 10000 person-years, respectively
(p < 0.05) and the adjusted HR was 1.36 (95%CI:
1.27-1.42) for HCV patients. The results indicate that
HCV might increase the risk for dementia; however,
the data, although obtained in a large cohort, need to
be confirmed in different population settings.
Despite the large body of evidence on the possible
relationship between HCV infection and neurologic
disorders, studies not confirming such an association
[59]
also exist. Hilsabeck et al
did not find a different
pattern of cognitive deficits between patients with
chronic hepatitis C and those with chronic liver disease
of different etiology. In spite of some degree of quality
[65]
of life impairment, Córdoba et al
recorded normal
neuropsychiatric performance in 40 non-cirrhotic HCVpositive patients, when compared with healthy sub
[69]
jects. Similarly, Abrantes et al
found no evidence of
an association between HCV infection and cognitive
impairment. However, the small number of subjects
examined in the above studies may have affected
result interpretation.

HCV infection and peripheral neuropathy disorders

In contrast to the brain, there is currently no evi
dence for peripheral nerves as permissive sites for
HCV replication; however, a wide variety of motor,
sensory or sensorimotor mono- or polyneuropathies
has been described during chronic HCV infection.
Most peripheral neuropathies have been reported in
patients with HCV-related mixed cryoglobulinemia,
[70]
with prevalence up to 86% of cases . In particular,
a sensory motor peripheral neuropathy has been
found in up to 30% of HCV-positive cryoglobulinemic
[71-73]
patients
. Such neuropathy is the consequence
of ischemic nerve changes, secondary to smallvessel vasculitis or necrotizing arteritis of medium[74]
sized vessels . Frequently, the clinical onset is subacute as a distal, symmetric, sensory or sensorimotor
polyneuropathy, although asymmetrical sensory
[75,76]
impairment has also been reported
. Small fiber
sensory polyneuropathy (SFSN), a painful condition
mainly characterized by burning feet and tingling, is
the most frequent neuropathy observed in patients
with mild cryoglobulinemia syndrome, whereas the so
called large fiber sensory neuropathy (LFSN) has been
[77]
described less frequently . HCV-associated restless
legs syndrome has also been reported as expression
[78,79]
of SFSN
. SFSN may later evolve in LFSN. LFSN
symptoms include sensory loss, paresthesias, num
[80]
bness, and cramps .
As mentioned above, the pathogenesis of cryo
globulinemia-related neuropathy is likely due to
nerve ischemia secondary to occlusion or vasculitis of
[74,81]
the vasa nervorum
, causing fascicular ischemia
[82-84]
and axonal degeneration
. T cell dependent

HCV infection and cognitive disorders

Several studies have reported heterogeneous neu
ropsychological deficits in chronic HCV infected
patients, including inadequate concentration and
working memory speed, impaired ability of sustained
[58-61]
attention, decreased psychomotor speed
. Nearly
one-third of HCV-positive patients can be diagnosed
with cognitive disorders, generally of mild degree.
Individuals with poor cognitive reserve appear to be
particularly susceptible to virus-induced neurocognitive
[62]
impairment . Failure in domains depending upon
[63]
front striatal systems, including fine motor speed ,
[64]
[59]
learning
and information processing efficiency ,
may underlie neurocognitive disorders. An association
between HCV and impairment of a range of executive
functions, including reasoning, abstraction, mental
[62,63]
[65,66]
flexibility
and verbal response inhibition
has
[67]
also been described. Fontana et al
mainly reported
alterations in verbal recall and working memory in
33% of HCV-positive patients with advanced fibrosis.
Depression scores were predictive of cognitive im
[67]
pairment . In addition, using neurophysiological tests,
like P300 event-related potentials, delayed latency
peaks and reduced amplitudes have been disclosed in
[61]
cognitively impaired HCV-positive individuals .
A recent population-based cohort study was con
ducted to investigate the risk of dementia in chronic
[68]
HCV-infected patients . A total of 58570 HCV-infected
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mechanisms have been documented to be responsible
[85]
for epineural inflammation . Thus, HCV-related
peripheral neuropathy seems to be the result of virus[86,87]
triggered immune-mediated mechanisms
. It
remains unclear whether deposition of cryoglobulin
plays a direct pathogenic role during damage of the
vasa nervorum or whether it simply represents an
epiphenomenon of the immune response.
Neuropathy has also been reported in HCV pa
[88,89]
tients without cryoglobulinemia
, although with
a lower prevalence (9% vs 45%, without and with
[71,84]
cryoglobulinemia, respectively) and less severity
.
Likewise, immune-mediated mechanisms have been
proposed to explain vascular and perivascular infla
mmation leading to ischemia and fascicular axonal
[90,91]
loss
.
Unusual forms of neuropathy have also been reported,
such as mononeuritis multiplex with necrotizing vasculitis
[92]
[93]
of medium sized vessels , motor polyneuropathies ,
[94]
and autonomic neuropathy . In addition, sporadic
cases of HCV-related demyelinating peripheral neu
ropathy have been reported, displaying clinically
[95]
heterogeneous features, including sensory ataxia ,
[96]
Lewis-Sumner syndrome , and chronic inflammatory
[97,98]
demyelinating polyradiculoneuropathy
.

HCV infection. Old age, female gender, and single
status have been found to be predictive of fatigue in
[111,114]
HCV patients
. Metabolic and neurotransmitter
alterations in the ascending reticular activating system,
limbic system, globus pallidus, and putamen have
been hypothesized to play a role in the development of
[13]
chronic fatigue syndrome .
Depression and/or anxiety have been reported
in about one third of HCV-infected patients; brief,
recurrent episodes of depression or anxiety have
[115]
been recorded in nearly 15% of patients . Navinés
[116]
et al
reported an 18.2% overall prevalence of
depressive disorders, as diagnosed according to DSMIV criteria, in a series of 500 HCV-positive patients.
Specifically, major depressive disorder, generalized
anxiety, and panic were present in 6.4%, 7.0%, and
5.8% of the patients, respectively.
One report suggested that HCV genotype 3 infected
[111]
patients might be at increased risk of depression
.
However, it should be remembered that such patients
are often drug users, which itself puts them at risk of
depression. Moreover, depression was independently
associated with perceived barriers to accessing HCV
[117]
care, thus creating a vicious circle .

HCV infection and pathogenic mechanisms of
neurotoxicity

HCV infection and psychiatric disorders

Psychiatric symptoms such as “brain fog”, fatigue,
weakness, depression, and anxiety have been reported
with high frequency in patients with chronic HCV
infection, causing interference with patient ability to
perform daily activities and impairment of quality of
[99-107]
life
. Mere knowledge of HCV serological status
is itself an important reason for poor health-related
[108,109]
quality of life
, due to impairment of intimate and
family relationships, changes in dietary habits, reduced
sense of well-being because of fear of contagion and
prognosis, social marginalization, fatigue, anger,
[110]
hopelessness, depression, and stigma
. Moreover,
the possible relation between HCV and psychiatric
disorders is further strengthened by the results
of studies comparing health-related quality of life
between HBV and HCV patients. Specifically, a strong
relationship between HCV infection and impaired
[111]
physical health
, as well as an inverse correlation
between levels of brain-derived neurotrophic factor
and physical health, has been documented in patients
[112]
with HCV but not in those with HBV infection .
The most frequent psychiatric symptom reported in
[100]
chronic HCV infection is fatigue , mainly manifesting
as physical and mental exhaustion, often in association
with attention deficit and word-finding difficulty,
depression, headache, osteoarticular pain, and sleep
disturbances. Although insomnia has been reported
in up to 60% of cases, it can also be dependent on
other psychiatric comorbidities, such as depression,
or on such medical conditions as anemia and hy
[113]
pothyroidism
, frequently associated with chronic
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Several mechanisms have been proposed to explain
the pathogenesis of neuropsychiatric disorders ob
served in chronic HCV infection.

HCV and direct neuroinvasion

Although HCV is primarily a hepatotropic virus, HCV
RNA has also been detected in peripheral mononuclear
[118]
blood cells
and in the brain of chronically infected
patients with neuropathologic abnormalities. Evidence
[15,119,120]
of HCV neuroinvasion is now accumulating
.
[50]
Seifert et al
found the viral genome in the brain
tissue of a young woman with encephalitis; likewise,
[121]
Vargas et al
identified HCV RNA negative strands,
i.e., viral replicative forms, in the subcortical white
matter and cerebral cortex from two patients.
[122]
Similarly, Wilkinson et al
detected HCV RNA in
CD68-positive cells of CNS (macrophages/microglia)
from 8 patients; HCV RNA negative strands were
found in three patients. Microglial cells, a resident CNS
macrophage population, have been hypothesized to
[123]
be the main targets for HCV entry into the CNS
.
Specifically, macrophages may warrant virus access
into the CNS through a ‘Trojan horse’ mechanism, in
a process similar to that hypothesized for HIV. CNS
infection may follow HCV virus replication in peripheral
blood mononuclear cells, which are able to cross
the blood brain barrier and to serve as precursors
[17,122,124]
of CNS microglial cells
. Moreover, tumor
necrosis factor-α (TNF-α) and interleukin 8 (IL-8),
which are associated with neuropsychiatric disorders,
have been found to be secreted by HCV-infected
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microglial cells. A close relationship between HCV RNA
sequences detected in the brain and cerebrospinal
fluid and those found in lymph nodes and peripheral
blood mononuclear cells comes in support of this
[125]
hypothesis
. Conversely, the diversity of viral
quasispecies between the CNS and liver supports the
notion of independent viral evolution in the two sites
[15]
of replication . Evidence suggests that brain-specific
viral variants may favor HCV latency in the CNS,
possibly because of mutations in the viral gene IRES,
which is known to drive the initial translocation of viral
[16,17]
polyproteins
.
Since HCV core and non-structural NS3 and NS5A
proteins have been found to activate macrophages/
microglia as well as astrocytes of infected patients,
HCV proteins have been hypothesized to have a role in
[119,126]
inducing neurotoxicity
. HCV core protein has been
described to mediate neuronal injury by suppression of
[127]
neuronal autophagy and through immune activation .
Specifically, HCV core protein has been demonstrated
to activate both toll-like receptor 2 (TLR2) signaling and
extracellular signal-related kinase (ERK); neurotoxicity
has been described to result from prolonged TLR2[128]
mediated activation of ERK .
Brain microvascular endothelial cells have been
recently demonstrated to support HCV tropism and
[49]
replication . HCV has been shown to induce apoptosis
in these cells, leading to changes in the permeability
of the blood brain barrier, microglia activation, and
diffusion of pro-inflammatory cytokines into the CNS.
However, evidence for an association between
HCV neuroinvasion and neuropsychiatric disorders is
currently scarce; indeed, replication of quasispecies
occurs at a very low level within the CNS and HCV
[129]
RNA is almost undetectable in cerebrospinal fluid
;
finally, a poor correlation between viral load and clinical
[130]
manifestations has been reported .

marker of functional integrity of nervous cells and
pathways; low levels are indeed associated with
[64]
[130]
memory deficiency . Weissenborn et al
showed
a significantly decreased NAA/creatine ratio in the
cerebral cortex, but not changes in the choline/creatine
ratio, in chronic HCV infected patients with cognitive
impairment, anxiety, and depression, with respect to
healthy controls; EEG was slowed in 25% of cases.
In a study involving 53 HCV-positive patients with
[135]
neuropsychiatric symptoms, Bokemeyer et al
found increased choline and myo-inositol levels in
basal ganglia and white matter as well as altered
concentrations of creatine and NAA in basal ganglia,
indicative of glial activation and macrophage infil
tration. These findings were in support of HCV-induced
neuro-inflammation and brain dysfunction.
Changes in neurotransmission have also been
hypothesized in HCV infected patients with psychia
[130]
tric disorders. In this context, Weissenborn et al
reported increased anxiety and depression in parallel
with changes in both the midbrain serotoninergic and
striatal dopaminergic systems, irrespective of HCV
viremia and liver disease severity. Ondansetron, a
competitive antagonist of serotonin receptors, has
been shown to be effective in reducing HCV-related
[136]
fatigue and depression
, thus corroborating the
suggestion of serotoninergic pathway dysfunction.
Moreover, decreased serum tryptophan levels and
serotonin synthesis has been documented in HCV
[137,138]
patients
. However, since ondansetron treatment
has been associated with clinical benefit in only a third
[136]
of cases
, additional factors are probably involved
[139]
in HCV-related cognitive impairment. Heeren et al
reported reduced brain dopamine availability in 15
HCV-positive patients with neuropsychiatric symptoms,
thus underscoring the prominent role of defective
dopaminergic transmission in determining cognitive
impairment in HCV patients.

HCV and changes in metabolic pathways

HCV and cerebral and systemic inflammation

On proton magnetic resonance spectroscopy, metabolic
abnormalities of choline/creatine ratio in basal ganglia
and white matter have been detected in patients with
histologically proven mild hepatitis C with respect
to both healthy volunteers and chronic hepatitis B
[131]
patients , suggesting a role for HCV itself in affecting
cerebral functions. Moreover, significant correlations
have been reported between cognitive dysfunction and
HCV replication and between degree of impairment
and the choline/creatine ratio in the basal ganglia
[58]
and white matter ; in contrast to what is commonly
observed in hepatic encephalopathy, a higher content
in cerebral choline has been recorded in these pa
[132]
tients
. Although the exact significance of elevated
choline in the white matter remains uncertain, it may
be implicated in glial activation secondary to oxidative
stress; a similar mechanism has been suggested for
[133,134]
chronic fatigue syndrome in HIV infection
.
N-acetyl aspartate (NAA) is considered to be a
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As discussed above, chronic HCV infection is associated
[12]
with systemic and local inflammation
that may play
a role in the pathogenesis of neuropsychiatric disorders
[140]
as well. Huckans et al
identified a proinflammatory
profile in HCV-positive patients, significantly correlated
with neuropsychiatric symptoms. In HCV infected
patients, a local inflammatory response mediated
by IL-8 and TNF-α derived from HCV-infected brain
[126]
macrophages/microglia has been described
.
Chronic activation of the immune system results in
the production of such cytokines as IL-1, IL-6, IL-4,
and TNF-α, which are responsible for the neuronal
[124]
changes underlying neurological impairment
.
Peripheral proinflammatory cytokines, like IL-1 and
IL-6, can interfere with neurotransmitter systems thus
predisposing to neuropsychiatric disorders; indeed,
increased levels of IL-6 have been reported to be
associated with impairment of memory and spatial
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[140-142]

learning in chronic HCV infection
; moreover, an
inverse correlation between plasma levels of IL-6 and
both cognitive performance and executive function has
[143]
been described .
In summary, despite a consistent number of
studies, the pathogenic mechanisms of HCV-induced
neurotoxicity remain still unclear. A complex inte
raction among different HCV-driven derangements
may be hypothesized to contribute to neurologic
impairment. Further studies are ongoing and will
hopefully shed light on the complex mechanisms of
interaction between HCV and the nervous system.
Recently, even the endocannabinoid system has been
suggested to play a role in liver disease. Specifically,
CB1 seems to be upregulated in patients with
[144]
chronic hepatitis C
, while CB1 receptor has been
found in high concentrations in the brain. Coppola
[145]
et al
demonstrated an association between a
genetic polymorphism, i.e., CB2-63 QQ variant, and
more severe hepatic inflammation in HCV-positive
patients, supporting a role for CB2 receptor in HCVassociated inflammation and cellular proliferation.
Thus, the role of the endocannabinoid system in HCVrelated neuropsychiatric disorders deserves further
investigations, particularly in light of the possibility of
[12]
being therapeutically targeted .

studies, since patient satisfaction due to awareness
of being healed from hepatitis C may potentially bias
[90]
interpretation of study results . Recently, patients
achieving a SVR have been shown to display reduced
brain inflammation and improved neuropsychological
functions, including verbal learning, memory, and
visual-spatial memory, when compared to interferon
[151]
nonresponders
; moreover, significantly reduced
choline/creatine and myo-inositol/creatine ratios have
been detected in the basal ganglia of SVR patients, in
contrast to nonresponders or relapsing patients.
Importantly, obtaining a SVR following interferon
treatment has been reported to even reduce the risk
of stroke in chronic HCV infected patients. Specifically,
[24]
Hsu et al
calculated a 61% reduction in the longterm stroke risk after adjusting for known prognostic
factors.
Overall, the studies performed thus far, albeit with
limitations due to the small number of patients, seem
to indicate a beneficial effect of interferon-induced
SVR on both neurological and psychiatric disorders;
however, further ad hoc trials are needed to confirm
these results.
Since HCV-related cryoglobulinemia has been
associated with impaired neurological and cognitive
functions, treatment of cryoglobulinemia should
theoretically lead to improvement of neuropsychiatric
symptoms. The standard of care for HCV-related mixed
cryoglobulinemia is based on the association pegylated
[152]
interferon plus ribavirin
. In HCV cryoglobulinemic
patients, a gradual improvement in neurological
symptoms has been observed after plasmapheresis
[153]
and immunosuppressant therapy .

Impact of HCV treatment on neuropsychiatric disorders:
present and perspectives

Standard of care for HCV treatment is based on a
regimen including pegylated interferon plus ribavirin.
An improvement in response rates has been obtained
with addition of viral protease inhibitors, namely,
boceprevir and telaprevir, to standard of care; recently,
new oral drugs, sofosbuvir and simeprevir, have
been approved for use. These drugs warrant even
higher response rates and can also be used without
interferon. Obviously, data are lacking on the impact
of these new drugs on neuropsychiatric disorders
in chronic hepatitis C patients, whereas evidence is
available with regard to the effects of interferon-based
therapy.
While interferon-α treatment itself is known to
possibly determine neuropsychiatric side effects,
on the other hand, the drug ability to improve
neurological and psychiatric symptoms in HCV patients
achieving a sustained virologic response (SVR) has
[146]
been frequently reported in the literature
. In
particular, subjects obtaining a SVR experienced
an improvement in quality of life independently of
[105,146-149]
liver disease severity
. Moreover, SVR has
also been associated with improvement in cognitive
[150]
function
, irrespective of outcome of quality of life.
Vitality, social and work functioning, productivity,
health distress, HCV-specific distress, and fatigue all
have been recorded to ameliorate following response
[92]
to interferon therapy . However, caution should be
exercised when considering the conclusions of these
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CONCLUSION
At the end of this overview, some considerations
are due. Interpretation of study results should be
done with a note of caution, because of the nonconfirmatory nature of some reports, the structure of
the studies, and the criteria used for study inclusion.
Case-control and longitudinal studies relying on
neurocognitive tests, quality-of-life questionnaires,
and/or magnetic resonance spectroscopy imaging
have been carried out to investigate HCV-related
neuropsychiatric features. Several issues may be
questioned, including the characteristics of HCVnegative controls used for comparisons and the
heterogeneity of HCV-positive populations enrolled
in the studies, due to coexistence of potentially
confounding factors, namely, comorbidities, addictive
behavior, and different stages of liver disease,
particularly presence of cirrhosis. All these factors have
not always been taken into due consideration. Despite
these limitations, HCV seems to play an important
role in the development of both cerebrovascular
events and peripheral neuropathy. In addition, a
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higher prevalence of fatigue, depression, and cognitive
impairment has also been reported. However, the
majority of HCV-associated neuropsychiatric disorders
are mild and not generalizable to the whole HCV
population. Indeed, a significant number of infected
patients are highly fruitful individuals; besides, neu
ropsychiatric symptoms are potentially reversible
following therapeutic HCV clearance. Further studies
are necessary for a better elucidation of the role
played by HCV in neuropsychiatric disorders and to
specifically institute effective treatments. At present,
in the diagnostic work-up of a patient with the above
reported neuropsychiatric disorders, clinicians should
also consider to screen for HCV infection.
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Pancreatic ductal adenocarcinoma (PDAC) is the fourth
leading cause of cancer-related death in the industria
lized world. Despite progress in the understanding of
the molecular and genetic basis of this disease, the
5-year survival rate has remained low and usually does
not exceed 5%. Only 20%-25% of patients present
with potentially resectable disease and surgery repre
sents the only chance for a cure. After decades of
gemcitabine hegemony and limited therapeutic options,
more active chemotherapies are emerging in advanced
PDAC, like 5-Fluorouracil, folinic acid, irinotecan and
oxaliplatin and nab-paclitaxel plus gemcitabine, that
have profoundly impacted therapeutic possibilities.
PDAC is considered a systemic disease because of the
high rate of relapse after curative surgery in patients
with resectable disease at diagnosis. Neoadjuvant
strategies in resectable, borderline resectable, or locally
advanced pancreatic cancer may improve outcomes.
Incorporation of tissue biomarker testing and imaging
techniques into preoperative strategies should allow
clinicians to identify patients who may ultimately achieve
curative benefit from surgery. This review summarizes
current knowledge of adjuvant and neoadjuvant
treatment for PDAC and discusses the rationale for
moving from adjuvant to preoperative and perioperative
therapeutic strategies in the current era of more active
chemotherapies and personalized medicine. We also
discuss the integration of good specimen collection,
tissue biomarkers, and imaging tools into newly de
signed preoperative and perioperative strategies.
Key words: Neoadjuvant chemotherapy; Biomarkers;
Preoperative strategies; Pancreatic ductal adenocarcinoma;
Personalized medicine
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.
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management of pancreatic ductal adenocarcinoma has the
potential to increase resection rates and reduce relapse
rates by targeting residual tumor cells and micrometastases
early. The use of new, more active chemotherapy
regimens such as 5-Fluorouracil, folinic acid, irinotecan
and oxaliplatin and nab-paclitaxel plus gemcitabine in
the neoadjuvant setting may offer an opportunity to
downstage patients with borderline resectable or locally
advanced disease to true curative intent R0 resection
candidates. A more personalized approach in the setting of
a neoadjuvant research platform, using tissue biomarkers
and advanced imaging techniques to monitor treatment
response could help improve our understanding of tumor
biology and ultimately identify patients who could benefit
from curative surgery.

initial evaluation in order to avoid unnecessary and
ineffective surgery in patients with rapidly evolving
metastatic disease and to focus efforts on increasing
the rate of true R0 resection with effective preoperative
therapy. In addition, moving toward preoperative
treatment in PDAC could offer a unique opportunity
to study the effects of interventional therapies on
tumor biology and response and may represent the
best approach for improving the prognoses in this
devastating disease.
This review aims to provide an overview of the
current knowledge and available data on adjuvant and
neoadjuvant treatment in PDAC and to discuss the
basic and clinical rationale for moving to preoperative
and perioperative therapeutic strategies in the current
era of more active chemotherapies and personalized
medicine. We will also discuss new challenges in this
setting with a special emphasis on new strategies
and trials that integrate translational biomarker and
imaging research.

Puleo F, Maréchal R, Demetter P, Bali MA, Calomme A, Closset
J, Bachet JB, Deviere J, Van Laethem JL. New challenges
in perioperative management of pancreatic cancer. World J
Gastroenterol 2015; 21(8): 2281-2293 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i8/2281.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i8.2281

Definition and staging of
resectable, borderline
resectable, and locally
advanced disease

INTRODUCTION
Clinical landscape of pancreatic cancer and the
challenges facing clinicians and researchers

Definitions used in the literature have often been hete
rogenous or difficult to interpret, making data comparisons
between trials challenging. It is thus essential to carefully
define these three entities for the purposes of this
discussion.
Multidetector computed tomography (CT) with
three-dimensional (3-D) reconstruction is the modality
of choice for preoperative staging of pancreatic cancer.
The American Joint Committee on Cancer (AJCC)
staging system for PDAC defines criteria for resectability
on the basis of radiographic findings, the presence/
absence of metastases, and the tumor’s association
with blood vessels. PDAC is defined as resectable if
tumor extension to the celiac and superior mesenteric
artery is absent, superior mesenteric and portal veins
[7]
are patent, and there are no distant metastases .
However, with the development of more sophisticated
imaging tools and surgical techniques, more patients
have been included in a growing category of borderline
[8,9]
resectable disease . A universally accepted set of
criteria to define borderline resectable disease does
not exist. Efforts to standardize the definition of border
line resectability were undertaken by the American
Hepato-Pancreato-Biliary Association (AHPBA) in 2009.
At this consensus conference, expert participants
expanded the venous involvement criteria to allow
tumor abutment of the superior mesenteric vein/por
tal vein with or without impingement and narrowing
of the lumen (in addition to venous encasement or
[10]
short segment occlusion) . This definition has been
adopted into the National Comprehensive Cancer

Pancreatic ductal adenocarcinoma (PDAC) is one of
the most lethal and aggressive malignancies and
is the fourth leading cause of cancer-related death
[1]
in industrialized countries . Despite progress in our
understanding of the molecular and genetic basis of
this disease, 5-year survival rates have remained low
and usually do not exceed 5%. This is due to the fact
that PDAC presents as locally advanced or metastatic
disease in most patients and only 20%-25% present
with potentially resectable disease. However, even in
these patients, the 5-year survival rate after a curative
[2]
intent resection (R0) is approximately 15%-20% .
Survival rates for patients who undergo a marginpositive resection (R1 or R2) are similar to those with
[3-5]
locally advanced disease .
Most drugs and other therapeutic strategies have
shown little impact on disease course and prognosis
in PDAC. This is likely due to a combination of late
diagnosis, complex tumor biology, genetic heterogeneity,
and the active role that the stroma appears to play in
[6]
precluding intratumoral drug delivery . Surgery still
remains the only curative option and there has been no
clear impact of perioperative strategies on outcomes.
Moreover, clinical trials in PDAC, built too often around
the empiric assessment of only one target or one
drug in large phase Ⅲ studies, could also explain, in
part, why the prognosis for PDAC patients has not
dramatically changed as it has for other cancers.
When presented with localized disease, it is es
sential to clearly establish resectability at the time of
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Table 1 Comparison of American Hepatopancretobiliary Association/Society for Surgery of the Alimentary Tract/Society of
Surgical Oncology, MD Anderson Cancer Center, and National Comprehensive Cancer Network definitions of borderline resectable
pancreatic cancer
AHPBA/SSO/SAT
SMV-PV
SMA
CHA
Celiac trunk

MDACC

Abutment, encasement or occlusion
Short segment occlusion
Abutment
Abutment
Abutment or short segment encasement Abutment or short segment encasement
No abutment or encasement
Abutment

NCCN 2012
Abutment with impingement or narrowing
Abutment
Abutment or short segment encasement
No abutment or encasement

AHPBA/SSO/SSAT: American Hepatopancretobiliary Association/Society of Surgical Oncology/Society for Surgery of the Alimentary Tract; MDACC:
MD Anderson Cancer Center; NCCN: National Comprehensive Cancer Network; SMV: Superior mesenteric vein; PV: Portal vein; SMA: Superior
mesenteric artery; CHA: Common hepatic artery; Abutment: tumor-vessel interface less than 180° of vascular circumference; Encasement: tumor-vessel
interface at least 180° of vascular circumference.

Table 2 Major phase Ⅲ trials of adjuvant therapy for resected Pancreatic ductal adenocarcinoma
Ref.

year

n

Treatment arms

OS (mo)

GITSG[15]

1985

EORTC[16]

1999

ESPAC-1[18]

2004

CONKO-001[14]

2007

RTOG 97-04[22]
(pancreatic head only)
ESPAC-3[21]

2008

21
22
60
54
145
144
179
175
187
194
551
537

CRT1/5-FU then 5-FU maintenance for 2 yr
Observation
2
CRT/5-FU
Observation
1
CRT/5-FU +/- 5-FU/FA bolus for 6 cycles
No CRT
Gem 6 cycles
Observation
Gem 3 wk, CRT/5-FU, Gem 3 mo
5-FU 3 wk, CRT/5-FU, 5-FU 3 mo
5-FU/FA for 6 cycles
Gem for 6 cycles

20.0
10.9
17.1
12.6
15.9
17.9
22.8
20.2
20.5
17.1
23.0
23.6

2010

P value

5-yr OS (%)

0.035

19
5
20
10
10
20
20.7
10.4
22
18
NA
NA

0.09
0.05
0.005
0.09
0.53

1

CRT:20 Gy + 5-FU bolus days 1-3 x 2; 220 Gy + 5-FU continous infusion x 2. CRT: Chemoradiotherapy; 5-FU: 5-Fluorouracil; FA: Folinic acid; Gem:
Gemcitabine; OS: Overall survival; NA: Not available.
[11]

[13,14]

Network (NCCN) guidelines . Another commonly
cited definition is that proposed by the MD Anderson
Cancer Center. They expanded the concept of
borderline resectability, taking into consideration tumor
biology and the patient’s general condition, defining 3
subgroups: type A patients with anatomically-defined
borderline resectability; type B patients with findings
suspicious of extra-pancreatic involvement; type C
patients with contraindication to major abdominal
[8]
surgery . Table 1 shows existing criteria for borderline
resectable pancreatic cancer.
Good preoperative staging is essential because of
the poor prognosis associated with pancreatic cancer
with involved or resected vessels. In a systematic
review and meta-analysis on arterial resection (AR)
[12]
during pancreatectomy by Mollberg et al , AR was
associated with poor short- and long-term outcomes.
However, pancreatectomy with AR may be justified in
highly selected patients taking into account the potential
survival benefit compared to patients without resection.
These patients should be treated and prospectively
included in clinical trials to assess outcomes after AR in
the era of modern pancreatic surgery and multimodal
therapy.

and local relapse after tumor resection
, surgery
alone is inadequate as the only therapeutic option
in resectable PDAC. Several randomized trials have
investigated adjuvant treatment in PDAC patients.
Major adjuvant approaches include: systemic che
motherapy, fluorouracil-based chemoradiation,
and chemoradiation plus chemotherapy. Table 2
summarizes the major reported adjuvant Phase Ⅲ
trials and Table 3 summarizes the ongoing phase Ⅲ
trials.
In 1985, the Gastrointestinal Tumor Study Group
(GITSG) reported increased survival among patients
treated with 5-fluorouracil (5-FU) bolus with concurrent
5-FU and a split course of radiotherapy followed by
maintenance 5-FU weekly for 2 years or until tumor
[15]
recurrence as compared with observation . Although
the GITSG study was considered the pivotal study
justifying the use of adjuvant chemoradiotherapy
(CRT) as the standard of care, the patient numbers
for a phase Ⅲ study were small by current standards
(n = 49) and the benefit may have been derived from
the systemic therapy and not from the CRT. Despite
these important limitations, this study has led to the
adoption of CRT as the main adjuvant treatment in
resected PDAC in the United States. The utility of
radiotherapy has never been addressed in any of
the United States trials conducted since the GITSG
trial while these findings were not confirmed in the

Adjuvant therapy
Due to high rates of up to 80%-85% for metastasis
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Table 3 Major phase Ⅲ ongoing adjuvant/neoadjuvant trials
Sponsor/study name
Unicancer
Celgene corporation
Radiation therapy
Oncology group
National cancer institute
EORTC trial 40084 - 22084
CONKO 005

Treatment arms

Primary outcome Clinicaltrial.gov No. EudraCT number

Gemcitabine vs folfirinox
Nab-paclitaxel + gem vs gem
Pre and post CRT 5-FU vs pre and post CRT gem

DFS
OS
OS, DFS

NCT01526135
NCT01964430
NCT00003216

Gem vs gem + erlotinib, followed by CT vs CRT with
capecitabine or 5-FU
Gem vs gem + erlotinib followed or not by CRT with
capecitabine or 5-FU
Gem vs gem + erlotinib

OS

NCT01013649

OS

2011-000618-20

DFS

2007-003813-15

Folfirinox: 5-Fluorouracil, folinic acid, irinotecan and oxaliplatin; 5-FU: 5-Fluorouracil; FA: Folinic acid; Gem: Gemcitabine; OS: Overall survival; DFS:
Disease free survival.

European Organisation for Research and Treatment of
Cancer (EORTC-40891) and European Study Group for
Pancreatic Cancer (ESPAC-1) trials in Europe.
The EORTC conducted a multicenter prospective
randomized phase 3 trial of adjuvant CRT vs ob
servation. No difference was found in overall median
survival between the CRT group and the observation
[16]
group . A recent report on the long-term outcome
of patients from this trial reaffirmed no difference in
[17]
overall survival (OS) .
In the ESPAC-1 trial, patients were randomized
after resection to one of four treatment arms: ad
juvant chemotherapy with 5-FU and folinic acid (FA),
CRT, a sequence of CRT and chemotherapy, and
observation. Authors pooled patients who received
CRT according to GITSG regimen or a sequence of CRT
plus chemotherapy and compared them with patients
not assigned to CRT. Patients receiving CRT had a
[18]
significantly worse outcome .
This trial has been criticized for methodological
and statistical issues. Only 88% of patients in the CRT
group actually received radiation therapy and only
70% of patients received the planned 40 Gy radiation.
In addition, the present standards for radiation therapy
have changed from the original GITSG protocol which
used a split-course of radiation and a bolus application
of 5-FU. Considering modern radiation techniques and
application of 5-FU by continous infusion, a different
[19]
outcome might be achieved today .
[14]
From 1998 to 2004, Oettle et al conducted a large
multicenter phase 3 randomized trial to determine the
influence of adjuvant gemcitabine chemotherapy after
resection of pancreatic cancer on disease-free survival
(CONKO-001). Significantly longer disease-free survival
(DFS) and OS were reported in patients receiving
gemcitabine compared to observation. A recent re
port on long-term outcomes of the CONKO-001 trial
confirmed the benefit of adjuvant gemcitabine for 6 mo
[20]
vs observation .
The ESPAC-1 and CONKO-001 trials established
the survival advantage of adjuvant chemotherapy
with 5-FU plus FA or gemcitabine as compared to no
chemotherapy.
The international multicenter phase 3 ESPAC-3 trial

WJG|www.wjgnet.com

compared 5-FU plus FA vs gemcitabine in the adjuvant
setting. A total of 1088 patients were randomly
assigned to receive 6 cycles of 5-FU/FA or gemcitabine.
No differences were found between groups in median
survival time, progression-free survival (PFS) or quality
of life. However, gemcitabine was associated with
[21]
significantly fewer serious adverse events .
To date, the use of adjuvant CRT (intended to
reduce local recurrence by administering radiation
to the pancreatic bed with concomitant 5-FU) is still
a matter of debate. While it is the standard of care
in the United States, this adjuvant strategy is not
[22,23]
recommended in Europe as a standard of care
.
This recommendation is supported by the results
of a recent Bayesian network meta-analysis of 9
randomized controlled trials that compared treatments
[24]
in terms of overall survival and grade 3-4 toxicity .
After adjusting for positive lymph node status, results
suggest that adjuvant chemotherapy with 5-FU [hazard
ratio (HR) = 0.65] or gemcitabine (HR = 0.59) provides
an overall survival advantage over observation or
chemoradiation, whereas chemoradiation is associated
with poorer overall survival compared with 5-FU (HR =
1.69) and gemcitabine (HR = 1.86). Chemoradiation
plus chemotherapy with 5-FU or gemcitabine did not
provide a survival benefit but increased grade 3-4
toxicity. In this meta-analysis, adjuvant chemotherapy
reduced mortality after resection of PDAC by about
one-third and prolonged overall survival with a better
toxicity profile.

rationale for moving from
adjuvant to neoadjuvant
treatment in PDAC
Recent reports of the high revisitation rates associated
with true R1 resections after standardized inking of the
resected specimen should prompt us to change the
way we treat pancreatic cancer even if the disease is
[25]
judged resectable by high-quality imaging . Vascular
involvement or a clear circumferential margin less than
1.5 mm dramatically impacts survival and preoperative
therapy may be indicated in this case to reduce the
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influence of these factors.

therefore, avoid unnecessary surgery. Pre-operative
chemotherapy may also potentially enhance the true
R0 resection rate, especially in patients with borderline
resectable disease and vascular involvement, and may
improve survival which is dramatically reduced when
retroperitoneal margins are < 1.5 mm.

definition of neoadjuvant vs induction therapy and the
rationale for pre-operative therapy

Neoadjuvant treatment is by definition intended to
be administered to patients with resectable disease.
However, patients with borderline resectable and
locally advanced disease have often been included in
neoadjuvant trials. Neoadjuvant treatment in these
settings has the intent of tumor downstaging to
improve both resection and true R0 resection rates.
While patients with borderline resectable PDAC still
have the option to undergo resection, those with locally
advanced pancreatic cancer (LAPC) in the strictest
sense do not have the option of upfront surgery. In
the case of LAPC, neoadjuvant chemotherapy is thus
intended as an induction therapy to downstage the
disease, allowing for the possibility of resection in the
event of tumor shrinkage. In the literature, the term
neoadjuvant has been widely applied to patients with
LAPC. For this reason, in this review we will always
specify the stage of the disease after using the term
neoadjuvant.
Several clinical arguments have been proposed
that justify and advocate the use of chemotherapy
or chemoradiation before curative intent surgery.
Furthermore, the latest basic and genomic research in
PDAC biology has provided further rationale to support
clinical arguments and justify the use of upfront che
motherapy.

Basic/genomic rationale

Recent genomic analyses have suggested that pa
tients with very small or clinically undetectable pri
mary tumors still have a high risk of developing me
[31-33]
tastases
. Using a mathematical modeling approach
with radiological and pathological data from pancreatic
cancer patients who underwent autopsy, Haeno et
[31]
al
proposed that PDAC grows in an exponential
manner. Researchers were able to predict that even a
patient with a tumor of 1 cm in diameter had a 28%
probability of harbouring microscopic metastases at
presentation. The probability of metastasis increased
to 94% for a tumor size of 3 cm in diameter at pre
sentation. They added a genomic rationale in favour
of upfront systemic chemotherapy that may provide
improved outcomes for patients who present with
such ‘‘early stage’’ disease. The autopsy series also
revealed that only a few patients (14/101) died with
non-metastatic disease, suggesting that there may
be some patients who lack pro-metastatic factors
and who carry non-metastatic genomic features, or
have good responses to systemic therapies. Findings
from this study suggest that targeting tumour cells
as they are growing rapidly is crucial, and the need to
avoid any delay in chemotherapy could outweigh the
benefit of surgically removing the primary tumour.
Rapid administration of systemic treatment might,
therefore, result in a survival benefit by reducing the
number of exponentially growing cancer cells, whereas
interventions that postpone chemotherapy (such as
[34]
surgery or radiotherapy) could be detrimental .
Recent findings on the multiple crucial roles of
the stroma also support comprehensive neoadjuvant
approaches. Anti-stromal drugs such nab-paclitaxel
may be combined with chemotherapy and radiation
therapy to potentiate their effects on cancer cells
[35,36]
after stromal reduction
. Other mediators, like
chemokines, that play a role in the enrichment of
cancer stem cells can also be targeted in future peri
operative strategies.

Clinical rationale

PDAC should, in most cases, be considered a systemic/
generalized disease due to the high frequency of
micro-metastatic disease in lymph nodes and other
organs. These micro-metastases are involved in early
relapse (local or metastatic) after curative resection.
The administration of pre-operative chemotherapy
can target occult disease and avoid the delay between
diagnosis, surgery, and adjuvant chemotherapy.
This delay, which is generally at least 2 mo, usually
occurs due to surgical waiting lists and the need for
[26]
postoperative patient recovery . The initiation of
adjuvant chemotherapy is frequently delayed due to
surgical complications, comorbidity, and prolonged
recovery after pancreaticoduodenectomy, and delay
[16,27]
occurs in up to one-fourth of eligible patients
.
Therefore, a higher proportion of patients may receive
pre-operative treatment compared to treatment in the
adjuvant setting, and pre-operative treatment may be
better tolerated, resulting in higher rates of treatment
[28-30]
compliance
. In addition, pre-operative treatment
strategies may reduce intraoperative peritoneal tumor
seeding, potentially reducing the risk of early local
relapse.
Pre-operative therapies also provide a time-window
in which patients who progress or develop distant
metastases during treatment can be identified and,
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Preoperative therapy: current
situation and issues
Resectable disease

Several phase Ⅱ neoadjuvant trials in resectable
pancreatic cancer have been published during the
past two decades, but, to date, there has been no
completed randomized trial that directly compared
neoadjuvant treatment followed by surgery vs up-front
surgery. One such trial is ongoing, and is comparing
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4 cycles of gemcitabine plus oxaliplatin (GEMOX)
chemotherapy vs upfront surgery (NEOPAC study,
NCT01314027).
Chemoradiation is the most frequently used mo
dality in these phase Ⅱ PDAC trials and different
administration schemes and doses of radiation and
chemotherapy have been used. In all the trials pub
lished, the definition of resectable disease remained
[37-41]
constant
. Overall, these trials showed that patients
whose disease did not progress at re-staging after
neoadjuvant chemoradiation had higher R0 resection
rates, lower local recurrence rates, and increased
survival rates compare to historical data. Most im
portantly, response to neoadjuvant chemoradiation
helped to select patients who were unlikely to benefit
from upfront surgery. Up to 26% of initially resectable
patients could not be resected 4-6 wk after completion
[42]
of their neoadjuvant chemotherapy treatment .
However, as we are currently lacking valid prognostic
biomarkers, the testing of which should be integrated
into future trials, we do not know if this percentage of
patients with progressive disease despite neoadjuvant
treatment is representative of those patients who
would not have benefited from upfront surgery. In two
meta-analyses on neoadjuvant treatment, resection
rates and survival outcome following neoadjuvant
therapy were similar in patients with initially resectable
tumors compared to those patients with primarily
[42,43]
resected tumors followed by adjuvant therapy
.
However, these meta-analyses suffered from a number
of limitations in the available literature on neoadjuvant
treatment in pancreatic cancer: (1) the definition of
resectability varied widely between studies; (2) there
was heterogeneity in treatment regimens, often with
old drugs or obsolete radiotherapy regimens; and
(3) patient inclusion in these trials was challenging
because of the need for histologic proof of pancreatic
cancer, which is sometimes difficult to obtain for small
pancreatic lesions.
Despite the theoretical advantages that it potentially
offers, there is no current evidence to support the
routine clinical use of neoadjuvant therapy in resectable
[11,44]
PDAC outside of a clinical trial
.

patients, R0 resection rates were high, ranging from
87% to 100%.
[9]
Katz et al retrospectively assessed the benefit of
neoadjuvant chemotherapy in patients with borderline
resectable disease at MD Anderson Cancer Center. In
this study, 160 (7%) of 2,454 patients were classified
as borderline resectable and 125 (78%) completed a
course of preoperative therapy and were re-staged.
Sixty-three percent (79 of 125) of patients proceeded
to surgery and 53% (66 of 125) of patients underwent
pancreatectomy. Vascular resection was required in
18 (27%) of 66 patients, and 62 (94%) underwent a
margin-negative pancreatectomy. Of all 160 patients
with borderline resectable disease, the median survival
was 18 mo and 5-year survival was 18%. Median
survival was 40 mo for the 66 patients who completed
all therapy and 13 mo for the 94 patients who did not
[9]
undergo pancreatectomy (p < 0.001) .
In addition, results of systematic reviews and metaanalyses suggest that neoadjuvant treatment appears
to have some activity in patients with borderline
resectable/unresectable PDAC. Nearly one-third of
tumors considered marginal for resection at initial
evaluation were ultimately resected after neoadjuvant
[42,43]
treatment
.
As in the case of borderline resectable disease, the
aim of upfront treatment in LAPC may be to convert
the tumor to resectability. As mentioned before, a
more appropriate definition of this strategy should be
“induction” therapy.
Studies over the past three decades have assessed
[49-54]
this strategy in the locally advanced setting
. In
a systematic review and meta-analysis of response
and resection rates after preoperative/neoadjuvant
[43]
therapy , a total of 111 trials (n = 4394) were
analyzed. Studies were subdivided into group 1
(initially resectable tumors) and group 2 (initially nonresectable: both borderline resectable/unresectable).
Neoadjuvant therapy included chemotherapy in 96%
and radiation therapy in 94% of studies. In group 1,
estimated resectability was 73.6% compared to only
33.2% in group 2. Furthermore, higher resectionassociated morbidity and mortality rates were ob
served in group 2 vs group 1 (26.7% vs 39.1%;
and 3.9% vs 7.1%). Combination chemotherapies
resulted in higher estimated response and resection
probabilities for patients with initially non-resectable
tumors compared to monotherapy. Estimated median
survival following resection was 23.3 mo for group 1
and 20.5 mo for group 2 patients.
In conclusion, while for those patients with initially
resectable tumors, resection frequencies and survival
after neoadjuvant therapy are similar to those for
patients with primarily resected tumors and adjuvant
therapy, one-third of initially staged non-resectable
tumor patients would be expected to have resectable
tumors following preoperative therapy, with overall

Borderline resectable and locally advanced disease

Patients with borderline resectable disease repre
sent a subset of patients with a low probability of
R0 resection if immediate surgery is performed. Pre
operative therapy in this setting has the theoretical
potential to downstage the disease and increase the
chance of achieving an R0 resection. However, the
available literature does not allow for formation of a
definitive conclusion because of the heterogeneity of
resectability definitions and therapeutic regimens, and
the low number of patients included in the reported
[45-48]
studies
. The number of patients included in these
heterogenous trials who underwent surgical resection
ranged from 33% to 64% and in these selected
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[45,56]

survival comparable to what was observed in primarily
resected PDAC patients. Thus, patients with locally
non-resectable tumors should be included in welldefined induction protocols and subsequently reevaluated for resection.

in these settings
. Table 4 summarizes a nonexhaustive list of ongoing neoadjuvant/preoperative
trials registered at clinicaltrials.gov before January
2014.

Integrating biomarker and
imaging tools into newly
designed preoperative and
perioperative strategies and
research platforms

Use of new active chemotherapies for downstaging
PDAC

Most of the previous studies reported the use of
5-FU- or gemcitabine-based chemoradiation or che
motherapy combinations with limited activity. Recently,
combination therapies with FOLFIRINOX (5-FU, leu
covorin, irinotecan, oxaliplatin) or gemcitabine plus
nab-paclitaxel have been shown to significantly in
crease median OS and tumor response rates (11.1 mo
vs 6.8 mo, P < 0.001; 8.5% vs 6.7%, P < 0.0001)
[45,56]
in metastatic disease
. These regimens, providing
higher objective response rates of 31% and 29%
(67% of metabolic response), respectively, may
be applied as a neoadjuvant/induction treatment.
The Medical College of Wisconsin Pancreatic Cancer
Program group first reported its initial experience of
induction chemotherapy with FOLFIRINOX followed
by chemoradiation in 18 patients with borderline
[55]
resectable PDAC . This report suggests very high
adherence to therapy, a higher resection rate (67%),
and longer survival in patients who underwent surgery.
However, the apparent safety of FOLFIRINOX followed
by chemoradiation and the high resection rate (with
vascular resection and reconstruction in 83% of
patients) in this report may not be transferable to
centers with limited experience in the management
of patients with PDAC. A prospective trial is ongoing
(ALLIANCE).
Similarly, preliminary data exploring preoperative
gemcitabine and nab-paclitaxel administration have
shown tumoral response and downstaging associated
[35]
with stromal reduction .
Today, the available literature does not support
any particular treatment strategy over another, and
prospective trials based on well-standardized definitions
of resectability and evaluation of feasibility of different
strategies with clearly established end-points are
highly desirable. The aim of the newly designed
ESPAC-5 trial is to assess the feasibility of randomizing
patients to a neo-adjuvant trial as previous trials
have failed to recruit. This trial will compare upfront
surgery followed by adjuvant chemotherapy with
3 different neoadjuvant regimens: gemcitabinecapecitabine chemotherapy vs FOLFIRINOX vs ca
pecitabine-based chemoradiation prior to surgery.
Combination chemotherapies seem to be associated
with higher response and resection probability. The
efficacy of new, more active combination regimens like
FOLFIRINOX or gemcitabine plus nab-paclitaxel, which
are increasingly used since they have been proved to
be highly effective in the metastatic setting, remain to
be investigated in controlled trials specifically designed

WJG|www.wjgnet.com

Developing perioperative strategies is of the utmost
interest for curative management of pancreatic
cancer. Recent progress made in the understanding
of the complex biology and molecular heterogeneity
of PDAC offers opportunities to identify new targets,
explore relevant pathways involved in pancreatic
carcinogenesis, and find predictive/prognostic bio
markers. In addition, during the time interval between
diagnosis and planned surgery, the administration of
a neoadjuvant therapy could allow early evaluation of
treatment effects by dynamic imaging such as dynamic
contrast-enhanced/diffusion weighted-magnetic
resonance imaging (DCE/DW-MRI) or positron emi
ssion tomography-computed tomography (PET-CT)
and may constitute a relevant test for subsequent
adjuvant chemotherapy benefit.

Tissue biomarkers and preoperative tissue sampling

To date, no predictive biomarkers for treatment response
in PDAC have entered into clinical practice. However,
great progress has been made in understanding the
genetic complexity of PDAC. With “OMICS” techniques
becoming more and more available and cheaper, it will
hopefully soon be possible to predict which therapies
[56]
will benefit each individual patient .
The one predictive biomarker in PDAC that is
supported by evidence in the literature is the human
equilibrative nucleotide transporter 1 (hENT1), the
major mediator of gemcitabine uptake in pancreatic
[57-59]
cancer cells
. Data from multiple retrospective
studies have shown that only patients with high
expression of hENT1 seem to benefit from adjuvant
gemcitabine chemotherapy after curative intent
[60-63]
resection
.
Although these results have not been validated
in a prospective trial, they might be transferable in
neoadjuvant settings to guide the choice of gem
citabine-based chemotherapy vs other drugs.
In an autopsy study, the loss of SMAD/DPC4
expression was observed in only 22% of LAPC pa
tients, compared with 73% of patients with me
[64]
tastatic disease . SMAD4 gene inactivation was also
associated with poorer prognosis in patients with
[65]
surgically-resected adenocarcinoma of the pancreas
and correlated with a local pattern of disease pro
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Table 4 Selected ongoing neoadjuvant/preoperative trials registered at clinicaltrial.gov before January 2014
Type of cancer

Intervention

Design

Primary outcome

Biomarker

NCT01771146

Clinicaltrial.gov No.

Locally advanced

FOLFIRINOX

PFS

No

NCT01458717

Borderline resectable

2-yr OS

No

NCT01065870

Locally advanced

2-yr OS

No

NCT01314027

Resectable

PFS

No

NCT01521702

Resectable

PFS

No

NCT00536874

Resectable

Gemcitabine and CRT vs uprfont
surgery
gemcitabine, capecitabine and
docetaxel +/- RT with gemcitabine
and capecitabine
Neoadjuvant gemcitabine/
oxaliplatin vs adjuvant CT with
gemcitabine
Neoadjuvant gemcitabine/
oxaliplatine vs surgery and
adjuvant gemcitabine
Gemcitabine and oxaliplatine

Phase Ⅱ
Single arm
Phase Ⅱ/Ⅲ
Randomized trial
Phase Ⅱ/Ⅲ
Non randomized

OS 18 mo

NCT01661088

Borderline resectable

R0 resection rate

Yes (proteomic profiling,
laboratory biomarker
analysis)
No

NCT00609336

Resectable

OS

No

NCT00869258

Locally advanced

Conversion rate

No

NCT00557492

Resectable

FOLFIRINOX, gemcitabine during
and after radiation therapy
Gemcitabine, docetaxel,
capecitabine, RT and surgery
Gemcitabine, docetaxel and
capecitabine followed by RT with
gemcitabine
Bevacizumab with gemcitabine and
radiation therapy
Gemcitabine and nab-paclitaxel

Phase Ⅲ
randomized
multicenter trial
Phase Ⅲ
Randomized
Multicenter trial
Phase Ⅱ
Single arm
Phase Ⅱ
Single arm
Phase Ⅱ
Single arm
Phase Ⅱ
Single arm

Phase Ⅱ
R0 resection rate
Yes (not specified)
Single arm
Resectable
Phase Ⅱ
Histological response Yes (SPARC expression in the
Single arm
tumor)
Borderline resectable
FOLFIRINOX
Phase Ⅰ
R0 resection rate
No
Single arm
Locally advanced
Resectable
Nab-paclitaxel and gemcitabine
Phase Ⅱ
Biochemical and
Yes (biochemical
Borderline resectable
Nab-paclitaxel and gemcitabine
Not randomized pathologic response rate radiographic, and pathologic
with CT
R0 resection rate
factors)
Resectable
Capecitabine, Hydroxychloroquine
Phase Ⅱ
PFS
Yes (autophagy)
and proton RT
Single arm
Resectable
Gemcitabine and erlotinib
Phase Ⅱ
OS
Yes (gene expression,
Single arm
polymorphism and
laboratory biomarker
analysis)
Resectable
Targeted CT prior and after surgery
Phase Ⅱ
R0 resection rate
Yes (see: www.mcw.
Borderline resectable
guided by molecular profiling
Single arm
edu/surgery/patientinfo/
CRT before surgery
Pancreatic-Cancer-Trial.htm)
Resectable
Adjuvant vs neoadjuvant
Phase Ⅱ/Ⅲ
Event-free survival at
No
Capecitabine, cisplatine, epirubicine
Multicenter
1 yr
and gemcitabine
randomized trial

NCT01298011
NCT01359007
NCT01470417

NCT01494155
NCT00733746

NCT01726582

NCT01150630

FOLFIRINOX: 5-Fluorouracil, folinic acid, irinotecan and oxaliplatin; CRT: Chemoradiation therapy; CT: Chemotherapy; RT: Radiation therapy; PFS:
Progression free survival; OS: Overall survival.

[66]

gression
while loss of SMAD4 expression was not
correlated with recurrence pattern but was shown to
be predictive for adjuvant chemotherapy benefit in
[67]
another large study . A subclassification of PDAC into
three subtypes (classical, quasi-mesenchymal, and
exocrine-like) based on gene expression profiling has
been proposed with evidence of a differing response to
chemotherapy in cell lines with the same expression
[68]
profile .
Prospective validation of these data in larger
cohorts of resectable and unresectable patients is
needed as well as their integration into neoadjuvant
trials. In this setting, obtaining pre-therapeutic tissue
represents a key step in such protocols by adequately
using endoscopic ultrasound fine needle aspiration
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(EUS-FNA) sampling not only for diagnosis of PDAC
but also for molecular staging and characterization.
Therefore, effort should be focused on good preoperative tissue acquisition and on addressing
standard protocols for molecular biology. On the other
hand, the use of liquid biopsies from circulating tumor
DNA to characterize mutational panels and monitor
[69,70]
response seems to be very promising
.

Imaging tools to monitor treatment response and tumor
downstaging

The most important issues in preoperative strategy
are (1) the evaluation of treatment efficacy and
tumor response, preferably as early as possible to
adapt therapy; and (2) the re-staging of the tumor in
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Disease progression

Resectable

1

Surgery
for R0 resection

2

Neoadjuvant CT/CRT

Borderline
1
resectable

Surgical
exploration

2

Neoadjuvant CT/CRT

Resectability?

Locally advanced

1

2

Induction CT/CRT

Continue CT or 2°
line CT

Disease progression

Pre-treatment tissue and
blood samples acquisition for
translational studies

Post treatment tissue and
blood samples acquisition for
translational studies

Time

Figure 1 Proposed pre-operative strategies to integrate biomarkers into clinical trials. 1Patients’ selection based on predictive and prognostic biomarker;
2
Functional imaging assessment. CT: computed tomography; CRT: Chemoradiotherapy.

terms of resectability. One limitation is the difficulty
associated with evaluating morphologic response in a
pancreatic tumour mass. Some authors have shown
that response of borderline resectable pancreatic
cancer to preoperative therapy is rare and is not
[71]
reflected by radiographic indicators . Therefore,
RECIST criteria are probably inadequate for detection
of tumoral changes and objective response may not
be an effective treatment endpoint for patients with
borderline resectable pancreatic cancer. Detecting
differences between fibrotic and neoplastic tissue is
virtually impossible with classic abdominal imaging and
the additional value of dynamic imaging like DW/DCEMRI or metabolic PET-CT imaging should be evaluated
for identifying responders vs non-responders.
DCE-MRI provides a quantitative estimation of
physiologic parameters related to perfusion and/or
permeability in vivo. Previous publications have
reported that quantitative DCE-MRI parameters are
correlated with fibrosis and microvascular density
in pancreatic tumoral and non-tumoral lesions and
its utility in monitoring treatment response in non[72-74]
resectable PDAC
.
A recent study assessed PET scan response in
advanced PDAC patients treated with gemcitabine plus
nab-paclitaxel for the first time. Results showed that
18
a complete loss of F-fluorodeoxyglucose uptake was
[36]
associated with improved overall survival .
There is a need for further validation of these
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promising functional imaging techniques for the eva
luation of early tumor response.

Perspectives toward a
personalized approach in PDAC
In Figure 1, we propose pre-operative strategies to
integrate translational research into clinical trials with
particular emphasis on biobanking and imaging tools
to monitor response. New strategies should initially
stage and categorize tumor and patients, not only
clinically but also based on specific biomarkers that
are capable of predicting tumor behavior and response
to selected therapies. Moreover, one of the most
attractive therapeutic strategies is to target the stroma
and microenvironment of the tumor to decrease the
desmoplastic resistant compartment and to increase
intratumoral delivery of cytotoxics. Hopefully, with the
use of new, more active regimens like combinations
+/of gemcitabine plus nab-paclitaxel, and FOLFIRINOX
new therapies in borderline resectable or locally
advanced pancreatic cancer, we may improve the
percentage of patients who could benefit from curative
R0 resection, thus improving PDAC management and
outcomes. This underlines the importance of response
monitoring and iterative tumor re-staging in the
preoperative period.
Future research and trials should therefore focus
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Screening period:
Clinic, biologic, radiologic
(EUS-FNA) assessment

Neoadjuvant
treatment
for 4 wk

J0 Inclusion

Surgery

Pre-operative evaluation:
Clinic, biologic, radiologic

Evaluation of pretherapeutic biomarkers

Evaluation of posttherapeutic biomarkers

Diffusion MRI

Figure 2 Proposed “neoadjuvant short window protocol” integrating tissue biomarker and dynamic imaging to monitor early response. EUS-FNA:
endoscopic ultrasound fine needle aspiration; MRI: magnetic resonance imaging.

on exploratory early proof-of-concept studies based on
predictions of response derived from dynamic imaging
and molecular tools. This will permit the selection
of the most active drugs and the best therapeutic
approaches to move forward into phase Ⅲ trials where
survival benefit will remain the final judge. Thus, a
short window neoadjuvant protocol could represent
an excellent in vivo model to understand and monitor
treatment effects on the tumor and to determine
predictive tools and markers for treatment-derived
survival benefit without delaying surgical resection
(Figure 2).
The list of ongoing neoadjuvant protocols shown
in Table 4, although not exhaustive, deserves some
remarks. There are a lot of phase Ⅱ studies and only a
few phase Ⅲ studies in the list. This, together with the
fact that several studies have been withdrawn due to
lack of recruitment, reflects the difficulties, especially for
monocentric studies, in enrolling well-selected patients.
Some trials are still mixing resectable/borderline
resectable/LAPC, underlining the need for a wellstandardized and universally-accepted definition for
these three entities for future clinical trials. In addition,
there is too much heterogeneity in primary outcomes,
ranging from R0 resection rate to DFS/PFS, or OS.
This underlines the need for good selection of clear
primary endpoints to address clinical questions and
allow comparisons between studies. Finally, only a few
studies incorporate translational biomarkers research
into the trial design. This reflects difficulties in tissue
acquisition especially in the setting of non-resectable
pancreatic cancer and should prompt us to push efforts
in standardization of tissue sampling and processing.

or locally advanced pancreatic cancer may improve
outcomes and there is an emerging and recent trend
toward a neoadjuvant approach in potentially resectable
PDAC. After decades of gemcitabine hegemony, more
active chemotherapies like FOLFIRINOX and nabpaclitaxel plus gemcitabine have emerged and have
shown survival advantage in metastatic settings.
Incorporation of tissue biomarker testing and imaging
techniques into preoperative strategies should allow
clinicians to identify patients who may ultimately
achieve curative benefit from surgery. Neoadjuvant
strategies can provide the best model to monitor
molecular changes and early response to allow for
better selection of patient treatments.
Molecular studies may transform the way that
we think about pancreatic cancer and provide the
opportunity to refocus and prioritize our efforts toward
a more personalized approach in order to improve
outcomes. This is the great challenge of the modern
oncologic approach to pancreatic cancer.
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There are no indications for induction or maintenance
therapies in locally advanced tumors. Many novel
strategies, such as targeted therapies, vaccination,
immunotherapy and photodynamic therapy are in
clinical trials for the treatment of AC, with promising
results in some indications.
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Core tip: This paper will be the newest study with the
most recent updates in the treatment of anal cancer.
After a brief review of different treatment of localized
and metastatic anal cancer, the current options as well
as novel therapies and approaches in future.
Ghosn M, Kourie HR, Abdayem P, Antoun J, Nasr D. Anal
cancer treatment: Current status and future perspectives. World
J Gastroenterol 2015; 21(8): 2294-2302 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i8/2294.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i8.2294

INTRODUCTION

Abstract

Anal cancers (AC) are relatively rare malignancies,
representing less than 2.5% of all gastrointestinal
[1]
(GI) cancers . When localized, they usually have
an acceptable prognosis, with a five-year survival of
[2]
80% .
The incidence of AC is currently increasing in men
and women, particularly in men who have sex with
other men, due to infection by human papilloma virus
[3]
(HPV) . Anal cancer is typically preceded by high[4]
grade anal intraepithelial neoplasia (AIN grade 2 or 3) .

Anal cancers (AC) are relatively rare tumors. Their
incidence is increasing, particularly among men who
have sex with other men due to widespread infection
by human papilloma virus. The majority of anal cancers
are squamous cell carcinomas, and they are treated
according to stage. In local and locally advanced
AC, concomitant chemoradiation therapy based on
mitomycin C and 5-Fluorouracil (5-FU) is the current
best treatment, while metastatic AC, chemotherapy
with 5-FU and cisplatin remains the gold standard.

WJG|www.wjgnet.com

2294

February 28, 2015|Volume 21|Issue 8|

Ghosn M et al . Current status and future perspectives of anal cancer treatment
Factors reflecting a poor prognosis in AC include male
sex, positive lymph nodes and a tumor size exceeding
[5]
5 cm .
According to the WHO classification, ACs are di
vided into lesions arising either from the anal canal
(predominant squamous epithelium) or the anal margin
(lined with skin). Given that the majority of anal cancers
have a squamous histology, this paper focuses solely
on squamous cell cancers of the anal canal.
The treatment of AC depends on the staging of
the tumor and is based on radiation therapy (RT),
chemotherapy (CT) and surgery. Local and locally
advanced anal canal tumors are managed with a
combination of CT and RT, whereas chemoherapy
alone is generally used to treat metastatic disease.
Surgery remains the standard of care for recurrent and
residual disease.
This paper reports the latest updates on AC tr
eatment present in the literature. It summarizes all of
the important studies and trials concerning possible
treatments in AC, highlights the currently approved
treatment options and discusses novel approaches and
therapies.

and both trials showed a significantly lower rate of
locoregional failure in patients who received concurrent
chemoradiation therapy. Overall survival was not
significantly different between the groups in either trial.
Fifteen of the 585 patients included in the UKCCCR
trial had metastatic disease, and more patients in the
CRT arm had T4 lesions or palpable nodes. CRT is
therefore significantly superior to RT alone in terms of
disease-free survival (DFS), local relapse, and CFS, but
whether these benefits apply to early stage disease
[27,28]
(T1-2, N0) remainsunclear
.
In the Radiation Therapy Oncology Group (RTOG)
87-04 trial, which was conducted after the observation
of increased hematologic toxicities with the use of
MMC, significantly lower colostomy and local failure
rates at 4 years were shown in patients who received
the combination of radiotherapy with 5-FU plus MMC
compared with those who received radiotherapy with
5-FU alone. Although the OS did not significantly differ
between the groups, DFS was superior in the 5-FU and
[29]
MMC group (73% vs 51% at 4 years; P = 0.0003) .
For the extremely elderly population with T1N0
tumors or those with significant comorbidities, the
administration of 5-FU without MMC during RT may be
[27]
considered .
[30]
In 2009, James et al
suggested that cisplatin
might replace MMC in the treatment of non-metastatic
anal cancer, with less hematologic toxicities and
comparable response rates (RR), progression free
survival (PFS), CFS, OS, and non-hematologic to
xicities. However, these findings were not supported
by the US intergroup RTOG 98-11 phase Ⅲ trial, which
showed significant differences favoring the combination
of 5-FU and MMC in five-year DFS (68% vs 58%, P =
0.006) and OS (78% vs 71%, P = 0.026) after long[31,32]
[33]
term follow-up
. Moreover, in 2013, James et al
published the results of a randomized, phase Ⅲ, open
label, 2 × 2 factorial, ACT Ⅱ trial, which included 940
patients with non-metastatic SCAC and compared
MMC and cisplatin CRT with or without maintenance
chemotherapy. No evidence of any improvement in the
complete response (CR) rate or three-year PFS was
observed, and similar acute grade 3 and 4 toxic effects
were reported when fluorouracil plus cisplatin CRT was
compared with fluorouracil plus mitomycin CRT.
[33]
However, James et al
also showed that the
three-year PFS, colostomy rate and OS were similar
in the groups that did or did not receive maintenance
chemotherapy with FU and cisplatin(P = 0.7).
Patients with T3/4 primary tumors or N2/3 disease
are also managed with RT plus concomitant 5-FU and
[34]
MMC, reaching cure rates of 50% to 60% . With
radiotherapy alone, approximately 70% of inguinal
nodes are controlled, whereas 90% of synchronous
inguinal nodes are controlled with the addition of
[26,35]
chemotherapy
. Other treatment options are listed
in Table 2.
In 2005, in a population-based series of 308 pa
[36]
tients, Nilsson et al
showed a significant benefit of

EVOLUTION OF TREATMENT
MODALITIES
Local and locally advanced AC

Initially, non-metastatic tumors of the anal canal were
treated with abdominoperineal resection (APR) and
permanent colostomy, with a five-year survival of 40%
[6-13]
to 70% and a perioperative mortality of 3%
. In
[14]
1974, Nigro et al
achieved complete pathological
response in 3 patients using a combination of radiation
therapy (30 Gy) and chemotherapy that included
mitomycin C (MMC) and 5-fluorouracil (5-FU). Based on
the findings of several studies and despite the absence
of randomized trials comparing APR with radiation
or chemoradiation (CRT), the use of concurrent RT
with infusional 5-FU and MMC became the standard
of care for patients with squamous cell anal cancer
(SCAC), even those with T1-2 N0 disease. This
treatment yielded five-year survival rates of 72% to
[15-21]
89%
. This combination has had a statistically
significant impact on overall survival (OS), colostomy[22]
free survival (CFS) and nodal relapse risk reduction .
Conversely, wide local excision can be a less morbid
option for the management ofwell-differentiated T0
and early T1 tumors, if follow-up can be undertaken
[23-25]
reliably
, with cure rates reaching 60% at 5 years
[13,25,26]
and local recurrences of approximately 40%
.
The United Kingdom Coordinating Committee for
Cancer Research (UKCCCR) and the European Or
ganization for Research and Treatment of Cancer
(EORTC) have conducted randomized controlled trials
to compare concurrent radiotherapy plus 5-FU and
MMC with radiotherapy alone (Table 1). The EORTC
trial reported a significantly lower colostomy rate,
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Table 1 Results of different treatment modalities in localized squamous cell anal cancer
Protocol

CR

CFS

OS

DFS

A

RT

54%[29]

14% higher death rate than C[27]

B
C

RT + 5-FU
RT + 5-FU + Mitomycin

No significant difference from C
78.3% at 5 yr[32,33]

D

RT + 5-FU + Cisplatin

NA
80%[29]
89.6% at 26 wk[34]
90.5% at 26 wk[34]

32% lower colostomy-free rate
than C[28]
71%[29]
59%[28]
NA

70.7% at 5 yr[31,32]

12.9% higher death and relapse
rates at 5 yr than C[27]
51%[29]
67.8%[29,30]
to 73%[29]
57.8%[31,32]

NA: Not availiable; RT: Radiation therapy; 5-FU: 5-Fluorouracil; CR: Complete response; CFS: Colostomy-free survival; OS: Overall survival; DFS: Disease
free survival.

Table 2 Studies evaluating recent treatment options in locally advanced anal cancer
Patients, n

Study

Protocol

[36]

Induction
Nilsson et al , 2005
308 invasive SCAC - Arm A: Neoadjuvant platinum CT
chemotherapy Population-based series
followed by RT alone
142 locally advanced -Arm B: RT with or without Bleomycin
in LAAC
Meropol et al[37], 20081
Phase Ⅱ

45

Peiffert et al[38], 20122
Phase Ⅲ RCT

283

Combination Crehange et al[39], 2007
of MMC and Phase Ⅱ
cisplatin in
Matzinger et al[40], 20093
LAAC
Phase Ⅱ

Targeted
therapy in
LAAC
Cisplatin in
LAAC

Olivatto et al[48], 2013
Phase I
Deutsch et al[49], 2013
Phase Ⅱ
Eng et al[50], 20134
Retrospective single
institution analysis

21

80

RR

OS

DFS

CFS

CR: 92%

63%

NA

NA

CR: 76%
P < 0.01
CR: 82%

Induction: 2 28-d cycles (FU + cisplatin)
followed by 2 28-d cycles (FU + mitomycin)
with concurrent split-course radiation
-Arm A: 2 ICT cycles (5-FU + cisplatin) then
NA
RCT and standard dose boost (SD: 15 Gy)
-Arm B: 2 ICT, RCT and high dose boost
(HD: 20-25 Gy)
-Arm C: RCT and SD boost
-Arm D: RCT and HD boost
1st sequence:RT 36 Gy over 4 wk
CR: 90.5%
2nd sequence: 23.4 Gy over 2.5 wk, gap 16 d
MMC and CDDP
RT: 36Gy + 2 wk gap + 23.4 Gy
-Arm A: MMC + Cisplatin + RT
RR: 91.9%

21

-Arm B: MMC + 5-FU + RT
Cetuximab + RT + 5-FU + cisplatin

RR: 79.5%
pCR: 95%

16

Cetuximab + RT + 5-FU + cisplatin

CR: 55%
PR: 45%
CR: 94%

197 (41% stage Ⅱ,
46% stage Ⅲ, 24%
N2-N3)

Weekly (20 mg/m2) or daily (4 mg/m2)
cisplatin with 5-FU and RT

44%
P < 0.05
68% at 4 yr 61% at 4 yr

NA

NA

50%

69.6%
82.4%

NA

NA

77.1%
72.7%
NA

NA

NA

NA

NA

NA

NA

92% at 1 yr

NA

67% at 1
yr
86% at 5 yr 81% at 5 yr 88% at 5
yr

1

After induction, 8 CR and 21 PR. A third cycle of FU and cisplatin with radiation boost was given to patients with persistent primary site disease or bulky
N2 or N3 disease at presentation; 2Considering the 2 × 2 factorial analysis, the 5-year CFS was 76.5% vs 75% in groups A and B vs C and D, respectively
(ICT effect; P = 0.37), and 73.7% vs 77.8% in groups A and C vs B and D, respectively (RT-dose effect; P = 0.067); 3In the first arm, 9 patients discontinued
treatment, with 9 grade 3 hematologic effects. In the second arm, 2 discontinued treatment, and no grade 3 hematologic effects were reported; 4The local
recurrence rate was 11% after the median follow-up of 8.6 yr, and 8% of the patients developed distal metastases. LAAC: Locally advanced anal cancer;
MMC: Mitomycin C; RR: Response rate; NA: Not availiable; RT: Radiation therapy; 5-FU: 5-Fluorouracil; CR: Complete response; CFS: Colostomy-free
survival; OS: Overall survival; DFS: Disease free survival; RT: Radiation therapy.

and Matzinger et al . Phase Ⅲ studies are needed.
Epidermal growth factor receptor (EGFR) is expressed
[41-43]
in 80% to 90% of cases of SCAC
. In addition,
KRAS mutations, which confer resistance to anti-EGFR
[41-44]
drugs, are almost absent in these tumors
. Clinical
response to anti-EGFR drugs has been observed
[45,46]
in single patients
and in small case series of
[47]
patients , suggesting their potential effectiveness in
this type of cancer. A phase Ⅰ and a phase Ⅱ studies
of cetuximab in combination with 5-FU, cisplatin
and RT in locally advanced SCAC were closed early
[48,49]
due to serious adverse effects
. Further studies
[40]

platinum-based neoadjuvant chemotherapy in locally
advanced anal cancer (LAAC). Induction chemotherapy
with FU and cisplatin resulted in 8 CR and 21 partial
responses (PR) in a phase Ⅱ study by Meropol et
[37]
al . After induction and treatment with FU, MMC and
RT, CR was achieved in 37 of the 45 patients (82%).
However, neither the ACCORD 03 trial nor the RTOG
98-11 trial showed a benefit from the addition of
[32,38]
induction chemotherapy to concurrent CRT
.
The combination of radiation with MMC and cisplatin
in LAAC was feasible, with an overall acceptable toxicity
[39]
profile, according to 2 studies by Crehange et al
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are therefore needed to identify acceptable doses of
chemotherapy and radiotherapy in the neoadjuvant
[49]
setting to reduce the risk of severe side-effects .
Although it has also been hypothesized that cetuximab
could benefit patients with recurrent disease after
chemoradiotherapy, few studies have been carried out
in this area.

Taxanes have established clinical activity in squa
mous cell cancer of the head and neck and in cervical
cancer, both of which are strongly associated with
[67]
HPV infection . The study of their efficacy in SCAC is
[67]
therefore interesting. In 2011, Golub et al
reported
the results of the use of paclitaxel, ifosfamide and
platinum in 3 patients with recurrent metastatic anal
cancer who were previously treated with FU and
cisplatin. They concluded that this regimen is highly
active in this setting and, hopefully, in the treatment
of selected high-risk patients with localized and
potentially curable disease and that further studies
[68]
should be conducted. Khawandanah et al
treated
one metastatic anal cancer patient with paclitaxel,
ifosfamide and cisplatin, achieving minimal residual
disease. On progression five months after finishing
therapy, the patient received mitomycin and cetuxi
mab with mixed response after two cycles. Weekly
paclitaxel was also used in 7 patients with metastatic
SCAC after progression on FU and cisplatin,resulting
[70]
in four objective responses and 1 stable disease .
[70]
In 2013, Kim et al obtained 4 CR in 8 patients with
recurrent advanced (metastatic) SCAC following the
use of docetaxel, cisplatin and FU chemotherapy.
Interestingly, all patients in CR had HPV-16-positive
SCAC, whereas HPV could only be detected among
50% of the non-responding patients.
Chemotherapy regimens for GI cancers were
also used in a few case reports. One patient with
liver metastases and wild type KRAS treated with
FOLFIRI and cetuximab had a PR after 6 cycles and
[45]
an OS of 21 mo . In another case report, the use
of the FOLFOX regimen in a single patient, followed
by FOLFOX and panitumumab, then by FOLFIRI and
panitumumab, markedly reduced the primary tumor
[46]
with disappearance of the metastasis in the lung .

Recurrent and residual disease

A salvage APR is required in approximately 30% of
cases, due to either primary non-response or the
[51]
recurrence of anal cancer . Tumors invading local
structures often require multivisceral resection.
Although the prognosis is poor overall, APR offers the
[52-57]
[58]
potential for long-term survival
. Mullen et al
reported an overall actuarial survival rate of 64% in
31 patients with either persistent or recurrent SCAC
treated with radical salvage surgery after a median
follow-up of 29 mo. Important prognostic factors
following resection include the presence of lymph node
metastasis, treatment with a radiation dose of less
than 55 Gy, status of the margins, a tumor size greater
than 5 cm, adjacent organ involvement, male gender,
and associated comorbidities. The use of intraoperative
radiotherapy or brachytherapy may improve the local
recurrence rates following radical resection when there
is concern regarding an incomplete resection or close
resection margins. In a study of 32 patients between
[59]
1993 and 2012, Hallemeier et al
showed that
multimodality therapy, including salvage surgery and
intraoperative radiotherapy, was associated with longterm survival (5-year OS: 23%, DFS: 17%) in heavily
pretreated patients with recurrent or residual anal
[57-59]
[29]
cancer
. Flam et al suggested the use of salvage
CRT (9 Gy along with 5-FU and cisplatin) in cases
with residual disease following definitive CRT before a
radical surgical approach, with an approximate 50%
salvage rate in patients with biopsy-proven evidence of
residual malignancy 4 to 6 wk after the completion of
CRT.

CURRENT TREATMENT OPTIONS
The standard of care in localized and locally advanced
tumors of the anal canal remains concomitant radio
therapy and chemotherapy based on a continuous
2
infusion of 1000 mg/m /d of 5-FU (day 1 to 4 and
2
29 to 32), 10 mg/m of MMC (days 1 and 29) and a
total radiation dose of 45 Gy divided into 22 sessions
that includes the initial tumor and the inguinal lymph
[31]
nodes . There are no indications for induction or for
[30,32]
maintenance chemotherapy
.
Chemotherapy is the gold standard in treating
metastatic AC and is based on the association of a
2
continuous infusion of 5-FU (1000 mg/m /d, day 1 to 4)
2
[60]
and cisplatin (100 mg/m , day 2) every 4 wk .
HIV-positive patients should be treated similarly
to non-HIV-positive individuals. Ideally, the viral load
should be below 10000, and the CD4 count should
[73-80]
be above 200
. Dosage adjustment and/or the
omission of MMC can be considered in patients with
active HIV/AIDS-related complications or a history of
[81-84]
complications
.

Metastatic disease

Data concerning the treatment of metastatic anal
cancer aresparse in the literature due to the rarity of
metastatic forms. The liver is the most common site
of metastatic disease. The combination of cisplatin
and 5-FU is considered the standard of care and the
first-line regimen in metastatic disease, with overall
response rates (ORR) of approximately 60%, most
of which are partial responses, and a median survival
[60-64]
of approximately 12 mo
. Other single agent or
combination regimens used in this setting are listed
in Table 3. Most of the data come from case reports
using treatment regimens that are effective in other
related malignancies, such as head and neck SCC,
cervical cancer and GI cancers. Surgery has also been
successfully used for extrapelvic metastases of SCAC,
[65,66]
such as solitary brain and hepatic metastases
.
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Table 3 Recent case reports and case series evaluating treatment in metastatic anal cancer
n

Study
Jhawer et al[71], 2006

Characteristics of patients

20
Phase
Ⅱ

Golub et al[67], 2011

3

Previously treated with
5-FU and cisplatin

P1
P2
P3
Abbas et al[69], 2011

7

Kim et al[70], 2013

8

Khawandanah et al[68],
2014

1

Barmettler et al[45], 2012

1

Bamba et al[46], 2012

1

Lukan et al[47], 2009
Case report

7

First or subsequent
treatment line

Nitori et al[72], 2011

1

58-yr-old female

Prior progression on
cisplatin and 5-FU
Advanced recurrent

Skin and perianal
metastasis

Regimen

Response

Survival

MMC, adriamycin, cisplatin followed by
bleomycin-CCNU upon progression of
disease
Paclitaxel 175 mg/m2 on D1
Ifosfamide 1 g/m2 D1 to D4
Cisplatin 75 mg/m2 on D1
Every 3 wk

60% PR
0% CR

15 mo

CR in 3 patients
Response duration

Survival since
recurrence

6 mo
2.5 yr
4 mo

14 mo
30 mo
17 mo (patient still
alive)
12-14 mo1

Weekly paclitaxel
Docetaxel 75 mg/m2 day 1, CDDP 75
mg/m2 day 1 and 5-FU at 750 mg/m(2)/
day for 5 d every 3 wk
(1) Paclitaxel, ifosfamide, cisplatin (4
cycles) followed by
(2) Mitomycin, cetuximab (2 cycles)

Liver metastasis, KRAS FOLFIRI + cetuximab
wild type and EGFR 2 +
Lung metastasis
3 FOLFOX→3 courses of FOLFOX +
panitumumab→5 courses of FOLFIRI +
panitumumab

1 CR, 3PR,
1 SD
CR: 50%

(1) Minimal residual
disease
(2) Mixed response

OS 62.5% at 12 mo

(1) Progression 5 mo
after the end of therapy
(2) OS 24 mo; 16 mo
after paclitaxel was
started
21 mo

Partial response after 6
cycles
Marked reduction
The patient underwent
of primary tumor,
low anterior resection.
disappearance of lung
No recurrence after 5
metastasis.
mo
Cetuximab alone or with irinotecan first
PR 3
NA
or subsequent line. KRAS mutated in
MR 1
2/7
PD 2 (Mutated kras)
SD 1
Oral S-1 (120 mg/body; day 1-21) + low CR of the primary lesion
16 mo
dose cisplatin (10 mg/body; day 1-5,
and PR for the metastatic
8-12) + RT for 2 cycles then rest for 4 wk
lesions

1

Duration of clinical benefit in SD and PR after the initiation of Paclitaxel: 4-6 mo. PD: Progressive disease; PR: Partial response; MR: Minor response; SD:
Stable disease; NA: Not availiable.

The combination of radiotherapy and chemotherapy
in SCAC induces significant acute toxicities, with high
rates of dermatitis and GI adverse effects. Subsequent
effects include sexual dysfunction, lower limb venous
thrombosis, proctitis, tenesmus, anal stenosis and
[85]
bladder dysfunction . These adverse effects usually
require treatment breaks, which decrease the efficacy
of radiation. Recent radiation techniques, such as
intensity-modulated radiotherapy, minimize such
adverse effects by decreasing the dose of radiation
[86]
received by the normal surrounding structures .

ligand of c-Met) and AEE788 (TKI of ErbB and VEGF
pathways).
[44]
Casadei Gardini et al
analyzed the KRAS, BRAF
and PIK3CA status in 50 patients with squamous cell
anal carcinoma treated with concomitant CRT. Though
the KRAS and BRAF genes were wild-type in all cases,
the PIK3CA gene was mutated in 11 (22%) cases,
suggesting that PIK3CA mutation may be involved
in the process of carcinogenesis in some cases of
SCAC and that this pathway may be used for targeted
therapy against anal carcinoma. In another cohort
[88]
study of 84 patients affected by SCAC, Martin et al
identified PIK3CA gene mutations in 16% of the cases.
No mutations were found in the BRAF gene.
Rapamycin, an mTOR pathway inhibitor, was found
to significantly slow, if not stop, the growth of anal
cancer in two preclinical mouse models. The mTOR
pathway is indeed activated in human squamous cell
carcinomas, including those arising in the cervix and
head/neck region, wherein HPV can be an etiological
[89]
factor .
HPV causes 90% of squamous cell tumors of the
[90,91]
[92]
anal canal
. In 2011, Palefsky et al
showed in a
randomized controlled trial of healthy men who had

NOVEL APPROACHES AND THERAPIES
In 2008, in a series of 118 HPV-positive patients with
[87]
AIN or anal cancer, Walker et al
confirmed that
human epidermal growth factor receptor 2 (HER2)
is absent and that 96% of invasive carcinomas
simultaneously expressed EGFR, c-Met, VEGFR1
and p16. These results are promising because they
introduce potential new agents for the treatment
of metastatic anal cancer, such as tyrosine kinase
inhibitors (TKIs), anti-EGFR monoclonal antibodies,
AMG102 (monoclonal antibody against HGF, sole
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sex with men between 16 and 26 years of age that
a reduction in HPV 16/18 associated premalignant
lesions (AIN 2/3) occurred with vaccination, without
any vaccine-related serious adverse events. The
efficacy of the vaccine at preventing anal dysplasia was
higher in the per-protocol population (77.5%), which
was HPV and dysplasia free (i.e., prophylactic use)
at the time of vaccination, than the intention-to-treat
population (50.3%), which had active dysplasia or HPV
infection, or had incident disease prior to completing
the series. Vaccination might play a role in preventing
reinfection if the natural clearance of HPV has
[93,94]
occurred. Further studies on this topic are needed
.
Per the Advisory Committee on Immunization Practices
guidelines, the universal HPV vaccination of boys and
girls at 11-12 years of age remains the most effective
way to prevent future HPV-associated disease. The
vaccine should also be offered to HIV-positive patients
younger than 27 years of age and to older HIV-positive
patients if they can afford it.
Photodynamic therapy (PDT), which consists of an
infusion of Photofrin followed 48 h later by red light
[95]
illumination, was suggested by Allison et al
in 2010
for the treatment of early anal cancer in select patients
and of local failures. In their study, all 6 enrolled
patients completed PDT without adverse effects and
maintained local control of disease in the anal region
for the length of follow up (18-48 mo).
Immunotherapy against the viral oncogenes, E6
and E7, of high-risk HPV subtypes, such as HPV-16
and HPV-18, is currently being studied. The use of an
agent containing a segment of HPV-16 E7 protein for
inducing an immune response against E7 appears to
[96]
be both clinically feasible and safe . A recombinant
vaccine consisting of vaccinia virus MVA E2 induced a
significant regression of high-grade cancer lesions in
a phase Ⅱ clinical trial. Other chimeric vaccines, such
as VLP and L2, E7, E6 vaccines, are being also studied,
[97]
and have yielded promising results .

3

4

5

6
7
8
9

10
11

12
13

14
15

CONCLUSION
The current treatment options in AC are well defined in
locally advanced and metastatic disease with acceptable
results. Many new strategies are being studied in these
tumors, from targeted therapies to immunotherapy and
photodynamic therapy. Vaccination, as a prevention
strategy, might be the ideal means to decrease the
incidence of anal cancer.
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REVIEW

Succinate dehydrogenase-deficient gastrointestinal stromal
tumors
Ya-Mei Wang, Meng-Li Gu, Feng Ji
represent specific examples of SDH-deficient GISTs.
SDH-deficient GISTs locate exclusively in the stomach,
showing predilection for children and young adults
with female preponderance. The tumor generally
pursues an indolent course and exhibits primary
resistance to imatinib therapy in most cases. Loss of
succinate dehydrogenase subunit B expression and
overexpression of insulin-like growth factor 1 receptor
(IGF1R) are common features of SDH-deficient GISTs.
In WT GISTs without succinate dehydrogenase activity,
upregulation of hypoxia-inducible factor 1α may lead
to increased growth signaling through IGF1R and
vascular endothelial growth factor receptor (VEGFR).
As a result, IGF1R and VEGFR are promising to be the
novel therapeutic targets of GISTs. This review will
update the current knowledge on characteristics of
SDH-deficient GISTs and further discuss the possible
mechanisms of tumorigenesis and clinical management
of SDH-deficient GISTs.
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Core tip: Succinate dehydrogenase (SDH) deficiency
occurs in about 5%-7.5% of gastrointestinal stromal
tumors (GISTs). These so-called SDH-deficient GISTs
lack KIT and PDGFRA mutations. Such type of GISTs
has its own clinical, morphological and molecular
characteristics. The accumulation of hypoxia-inducible
factor 1α and the upregulation of its downstream
molecules, such as insulin-like growth factor 1 and
vascular endothelial growth factor receptor, may play
important roles in the tumorigenesis of SDH-deficient
GISTs. They are promising to be the novel therapeutic
targets of GISTs.

Abstract
Most gastrointestinal stromal tumors (GISTs) are
characterized by KIT or platelet-derived growth factor
alpha (PDGFRA) activating mutations. However, there
are still 10%-15% of GISTs lacking KIT and PDGFRA
mutations, called wild-type GISTs (WT GISTs). Among
these so-called WT GISTs, a small subset is associated
with succinate dehydrogenase (SDH) deficiency,
known as SDH-deficient GISTs. In addition, GISTs that
occur in Carney triad and Carney-Stratakis syndrome
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group of renal cell carcinomas, a subset of Leigh
syndrome, infantile leukoencephalopathy and a certain
type of GISTs. In 2006, one study reported a family
with multiple paragangliomas (including a patient
with GIST) that carried a germline SDHB mutation;
the authors proposed the relationship between GISTs
[20]
and SDH mutations for the first time . A year later,
[21]
McWhinney et al
identified six germline SDHB,
SDHC, and SDHD mutations in GIST patients with
the Carney-Stratakis syndrome. Then, numerous
studies confirmed the SDHA, SDHB, SDHC, and SDHD
[22-26]
mutations in GIST patients
.
The insulin-like growth factor (IGF) system, which
is composed of IGF ligands (IGF1 and IGF2), receptors
(IGFR and the insulin receptor) and six regulatory
IGF-binding proteins (IGFBP1-6), plays a critical role
in the growth and development of many tissues and
[27]
regulates overall cell growth . The IGF1 receptor
(IGF1R) is a transmembrane receptor that interacts
with both IGF1 and IGF2, and has been proven to be
[28-30]
necessary for transforming several oncogenes
.
It has also been reported that IGF1 has the potential
[31]
to stimulate the proliferation of tumor cells in vitro .
Genetic manipulations that reduced IGF signaling,
such as by IGF1 gene knockout or by growth hormone
(GH) antagonist transgene, can lead to decreased
[32,33]
tumor growth in mouse models
. In addition, epi
demiological evidence indicates that the IGF1 levels
[34,35]
influence cancer risk and/or cancer prognosis
. We
will now summarize the clinical traits and biological
events contributing to the tumorigenesis of SDHdeficient GISTs and the rationale for antineoplastic
agents.

Wang YM, Gu ML, Ji F. Succinate dehydrogenase-deficient
gastrointestinal stromal tumors. World J Gastroenterol 2015;
21(8): 2303-2314 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i8/2303.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i8.2303

INTRODUCTION
Gastrointestinal stromal tumors (GISTs) are the most
common mesenchymal tumors of the gastrointestinal
tract. They are most common in the stomach
(50%-60%) and small intestine (30%-35%) and are
less frequent in the colon and rectum (5%) and the
[1]
esophagus (< 1%) . Furthermore, GISTs are able
to grow within the abdominal cavity, usually in the
omentum, mesentery or the retroperitoneum (< 5% of
[2]
all GISTs) . Most GISTs are driven by gain-of-function
[3-6]
mutations in KIT (75%-80%) or PDGFRA (10%) . In
addition, 10%-15% of GISTs do not have detectable
KIT or PDGFRA mutations and are called KIT/PDGFRA
wild-type GISTs. It has been reported that succinate
dehydrogenase subunit (SDHA, SDHB, SDHC and
SDHD) mutations, neurofibromatosis 1 (NF1) gene
mutations, retrovirus-associated DNA sequences (RAS)
family mutations (HRAS, NRAS, KRAS) and BRAF
mutations may contribute to these so-called “wild[7-10]
type” tumors
. Among these, SDH-deficient GISTs
account for between 5% and 7.5% of all unselected
apparently sporadic gastric GISTs, including the
majority of pediatric GISTs (<18 years old) and a
small proportion of young adult GISTs (18-30 years
[11,12]
old)
. The GISTs that occur in Carney triad (the
non-familial association of gastric GISTs, pulmonary
chondroma and extra-adrenal paraganglioma) and
Carney-Stratakis syndrome (the familial association of
GISTs and paraganglioma) represent specific examples
[11-15]
of SDH-deficient GISTs
.
Succinate dehydrogenase (succinate-coenzyme
Q reductase or mitochondrial complex Ⅱ) consists
of four subunit proteins (SDHA, SDHB, SDHC and
SDHD) and two succinate dehydrogenase assembly
[16]
factors (SDHAF1 and SDHAF2) . SDHA and SDHB
comprise the catalytic component of the succinatecoenzyme Q reductase, whereas SDHC and SDHD
comprise the anchoring component which attaches
the complex to the inner mitochondrial membrane.
SDHAF1 may be associated with SDHB and may be
involved in the insertion or retention of the complex
Ⅱ Fe-S center; SDHAF2 is required for insertion of
[16,17]
the FAD co-factor into SDHA
. The SDH localized
in the inner mitochondrial membrane plays an integral
role in cellular metabolism. This complex acts at
the interphase of the tricarboxylic acid cycle and
electron transport chain and catalyzes the oxidation of
[18,19]
succinate to fumarate
. Deficiencies of complex Ⅱ
are responsible for many diseases, including hereditary
paragangliomas and pheochromocytomas, a specific
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CLINICAL AND MORPHOLOGICAL
FEATURES OF SDH-DEFICIENT GISTS
SDH-deficient GISTs account for 5% to 7.5% of all
[11,12]
unselected GISTs
. These tumors have a tendency
to appear in children and young adults. Nearly all
gastric GISTs patients < 18 years old and a substantial
percentage of patients < 30 years old belonged to
this group. However, the older adult patients rarely
displayed an SDH-deficient pattern. Additionally, there
was a female predominance greater than 2:1, although
the gender distribution was equal in age groups > 30
[36]
years .
SDH-deficient GISTs occur exclusively in the stomach,
and although any part of the stomach can be involved,
there is some predilection to the distal stomach and
antrum. Common clinical manifestations of SDHdeficient GISTs are similar to other gastric tumors,
including gastrointestinal bleeding and epigastric
discomfort. Occasional patients who were diagnosed
with SDH-deficient GISTs showed symptoms related
[37]
to metastatic tumors in the abdomen or liver . In
general, these tumors pursue an indolent course and
may sometimes be fatal. Given their lack of oncogenic
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Figure 1 Histological features of succinate dehydrogenase-deficient gastrointestinal stromal tumors. A: Multinodular architecture; B: Lymphovascular
invasion; C: Lymph node metastasis; D: Liver metastasis with a multinodular/lobulated architecture similar to that seen in gastric primary SDH-deficient tumors. Data
adapted from Barletta et al[50].

activating tyrosine kinase mutations, SDH-deficient
GISTs show consistent primary resistance to imatinib
[11-14,38,39]
therapy
.
Carney’s triad, which is commonly found in girls
and young women, is a rare non-heritable syndrome
consisting of gastric GIST, paraganglioma, and
[39-41]
pulmonary chondroma
. KIT or PDGFRA mutations
were undetectable in GISTs associated with Carney’
s triad, although the loss of expression of SDHB can
[14,42]
be observed within the tumors
. Carney-Stratakis
syndrome is characterized by the development of
gastric GISTs and paragangliomas. Unlike Carney’
s triad, it is inherited in an autosomal dominant
[43]
manner and affects both men and women . These
tumors also lack KIT and PDGFRA mutations and
have been proven to be SDH-deficient, according to
immunohistochemical staining results, which indicates
[13,22]
defects in SDHB
. Moreover, in a series of 11
patients with Carney-Stratakis syndrome, eight were
found to harbor germline mutations in SDH genes (5
[22]
SDHB, 2 SDHC, and 1 SDHD) , whereas GISTs of
Carney triad do not harbor SDHA, SDHB, SDHC, or
[42,44]
SDHD mutations
. Pediatric GISTs, which account
for 1% to 2% of GISTs, often occur in young girls. The
majority of pediatric GISTs, despite showing strong
KIT immunoreactivity, lack KIT and PDGFRA mutations
and display a characteristic similar to GISTs associated
with Carney triad and Carney-Stratakis syndrome
[45]
patients . Recently, it was recognized that occasional
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GISTs in adults, so-called “pediatric-type” GISTs,
show virtually identical features to those observed in
[38,46]
pediatric patients
. Thus, the clinical features of
Carney triad, Carney-Stratakis syndrome, pediatric
GISTs, and adult pediatric-type GISTs are strikingly
similar. Therefore, we can reason that these GISTs are
similar because they are all SDH-deficient.
As for morphological traits, SDH-deficient GISTs
are typically described as multinodular or, sometimes,
bilobed masses, often divided by apparent fibrous
septa. Ulceration was frequently found in such GISTs.
Multifocal disease, lymphovascular invasion around the
tumor nodules and lymph node metastases are also
common, whereas these features are extraordinarily
rare in conventional KIT-mutant GISTs (Figure 1). In
contrast to pure spindle cells in adult mutant GISTs,
SDH-deficient GISTs are often composed of epithelioid
[12,17,25,47,48]
or mixed epithelioid and spindled cells
(Figure
2).

MOLECULAR CHARACTERISTICS OF
SDH-DEFICIENT GISTS
Loss of SDHB expression is a consistent feature of SDHdeficient GISTs, whereas SDHB expression is intact in
[11,12,49]
KIT-mutant GISTs
. As mentioned above, most
pediatric GISTs, as well as a small proportion of young
adult GISTs, and GISTs in patients with Carney triad
or Carney-Stratakis syndrome, have been found to
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Figure 2 Morphological features of succinate dehydrogenase-deficient gastrointestinal stromal tumor cells. A: Epithelioid gastrointestinal stromal tumor (GIST)
cells (HE staining); B: Loss of expression of succinate dehydrogenase subunit B (SDHB, immunohistochemistry); C: Mixed epithelioid and spindle GIST cells (HE
staining); D: Loss of expression of SDHB (immunohistochemistry). Data adapted from Wagner et al[25].
[11,13,14]

be SDHB deficient
. Succinate dehydrogenase
consists of four subunit proteins (SDHA, SDHB, SDHC
and SDHD). Lack of any component of the mito
chondrial complex Ⅱ will result in the instability of
the entire complex and the degradation of the SDHB
subunit. Therefore, immunohistochemistry for SDHB
becomes negative whenever there is a mutation/
inactivation of SDHA, SDHB, SDHC or SDHD; negative
staining for SDHB is now validated as a highly sensitive
marker for germline mutations of any of the SDH
[11,14,48,50,51]
subunits
.
[52]
In 2012, Chou et al
proposed that IGF1R over
expression is a feature of SDH-deficient GISTs. They asse
ssed SDHB and IGF1R expression by immunohistoche
mistry in eight confirmed SDH-deficient GISTs, three
GISTs arising in the setting of neurofibromatosis type
1 syndrome and 40 unselected GISTs. Selected KIT
and PDGFRA exons were amplified and sequenced.
All eight SDH-deficient tumors were wild-type for KIT
and PDGFRA, SDHB negative and demonstrated IGF1R
overexpression. The three neurofibromatosis-relat
ed tumors were SDHB positive and IGF1R negative.
Of the 40 unselected GISTs, five were wild-type for
KIT and PDGFRA in the selected exons. Two of the
wild-type GISTs were SDHB negative and showed
IGF1R overexpression; three were SDHB positive and
IGF1R negative. There are still some shortcomings in
their study; for example, the exon 12 and exon 14
of PDGFRA were not sequenced, and their sample
[53]
size is very small. However, when Corless et al
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sequenced 1105 GISTs, only 11 (1%) were found
to harbor PDGFRA exon 12 mutations, and only 3
[53]
(0.3%) were found to harbor exon 14 mutations .
Therefore, the results are unlikely to affect their basic
conclusion that IGF1R overexpression is a feature
of SDH-deficient GISTs. The limited sample size
was corrected by a study carried out by Lasota et
[54]
al ; in their study, IGF1R expression was examined
immunohistochemically in 1078 well-characterized
GISTs representing different clinicogenetic categories
and 103 non-GIST gastrointestinal tumors. IGF1R
expression was detected in 71/80 (89%) of SDHdeficient GISTs (SDHB-negative GISTs), but only
in 9/625 (1%) of the SDHB-positive gastric GISTs.
In addition, several studies support this conclusion,
showing that IGF1R is highly expressed in wild-type
[55-57]
GISTs and pediatric GISTs
. However, there are
still some differences in these studies; the study by
[56]
Pantaleo MA and colleagues
showed that wild-type
GISTs have a higher level of amplification of the IGF1R
gene compared with mutants and that there are no
mutations in the IGF1R gene in wild-type GISTs.
[57]
However, another study by Janeway et al
indicated
that IGF1R gene amplification was not detected in
pediatric wild-type GISTs. Two immunohistochemical
[58]
[59]
studies by Rios-Moreno et al
and Braconi et al
are discordant with the former findings. In RiosMoreno’s study, among the 22 IGF1R-positive samples
examined, 82% (18/22) had a KIT mutation, 14%
(3/22) had a PDGFRA mutation, and only 4% (1/22)
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were wild-type KIT/PDGFRA. In Braconi’s study, im
munohistochemistry was performed on 13 wild-type
GISTs and 81 mutant GISTs to detect the expression
of IGF1R. They found that IGF1R was strongly ex
pressed in the cytoplasm of all GISTs. However, both
of the studies used a polyclonal anti-IGF1R antibody
for immunohistochemistry. This polyclonal anti-IGF1R
antibody has now been shown to lack specificity for
this receptor. For example, it can produce multiple
non-specific bands on Western blot and stain positively
[60]
in cell lines derived from IGF1R knockout mice .
Therefore, it is likely that the non-specific (falsepositive) staining of the polyclonal anti-IGF1R antibody
used in the previous two studies accounts for the
[61]
apparent discrepancy. Recently, Nannini et al
found
that IGF1R was upregulated in all patients harboring
SDH mutations or displaying SDH dysfunction, with
respect to KIT/PDGFRA wild-type GISTs without
SDH mutations. This report confirmed that IGF1R
overexpression in KIT/PDGFRA wild-type GISTs
could be driven by the loss of function of the SDH
mitochondrial complex.
[59]
Braconi et al investigated the immunohistochemical
expression of IGF1 and IGF2 in 94 samples of GISTs
and found that strong IGF expression significantly
correlated with a higher mitotic index, larger tumor
size, a higher risk for metastases and relapsed GISTs.
[62]
Another study by Gu et al
showed similar results.
Although the samples of these two studies were
unselected GISTs rather than SDH-deficient GISTs,
they are able to clarify the important role of IGF in
GIST development. Consequently, the IGF family
(IGF and its receptors) provides valuable clues for the
treatment of GISTs.
[63]
As early as 2004, Antonescu et al
determined
the variation of gene expression in 28 GIST samples
from 24 patients and showed that gene expression
was different between wild-type and mutant GISTs.
Strong gene expression of vascular endothelial growth
factor (VEGF), macrophage colony stimulating factor,
and BCL2 was found in the wild-type group while
overexpression of these genes was not observed
in mutant GISTs. Variations in gene expression be
tween spindle and epithelioid GIST cells also follow a
similar pattern. Most of the gastric epithelioid GISTs
lack KIT mutations, whereas genes associated with
the epithelial cell phenotype (TP73L and Keratin1)
were detectable. Compared with the spindle cells,
genes involved in apoptosis (BCL2 and Caspase 10),
angiogenesis (VEGF) and proliferation (PDGF1) were
up-regulated in the epithelioid GIST cells. In addition,
there was a remarkable difference in gene expression
between stomach and small bowel GISTs. A number of
genes involved in muscle contraction and development
were found to be differentially expressed in these two
anatomical sites. Because SDH-deficient GISTs were
not well recognized at that time, we can speculate
that these differences are most likely caused by SDH
dysfunction.
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Additionally, positive KIT, DOG1/Ano1 and CD34
were observed in the majority of SDH-deficient GISTs
by immunohistochemistry while muscle markers (SMA
and desmin) were rarely detected. None of the tumors
[12]
were S100 protein positive .

POSSIBLE MECHANISM OF SDH
DEFICIENCY
Although the etiology of SDH deficiency in these
tumors remains unclear, the relationship between
SDH deficiency and SDH gene mutation is well known.
Many studies have identified the germline mutations of
SDHB (IVS1+1 G→T or c.72+1G>T; IVS4+1G>C or
c.423+1G>C; c.423+1 G→C; c.45_46insCC), SDHC
(c.43+1 C→T; IVS5+1 G→A), and SDHD (c.57delG)
[21,22]
in patients with Carney-Stratakis syndrome
. It is
worth noting that these patients did not have KIT or
PDGFRA mutations. Recently, despite the complexity
of its locus (15 exons) and the presence of three
pseudogenes, SDHA was analyzed and the nonsense
or missense mutations in exon 2 (c.91C>T), exon
5 (c.553C>T), exon 8 (c.1043-1055del; c.688delG;
c.985C4T), exon 9 (c.1151C>G), exon 11 (c.1534C4T)
and exon 13 (c.1765C>T) were found in KIT/PDGFRA
[23,25]
WT GIST patients
.
[64]
Celestino et al
studied a series of 25 apparently
sporadic primary KIT/PDGFRA/BRAF wild-type GISTs
occurring in patients without personal or familial
history of paragangliomas (PGLs), finding that SDHB
expression was absent in 20% of wild-type GISTs
while SDHB germline mutations were detected in
12% of wild-type GISTs. The type of SDHB germline
mutations includes promoter region or exon 1 deletion
and point mutation. However, there are still many
SDH-deficient GISTs that have no mutations in the
gene coding for SDH subunits. To explore additional
pathogenetic mechanisms in these GISTs, Kelly et
[65]
al
investigated the post-transcriptional regulation
of these tumors by conducting microRNA (miRNA)
profiling of a mixed cohort of 73 cases, which included
18 gastric pediatric wild-type GISTs, 25 (20 gastric,
4 small bowel and 1 retroperitoneal) adult wild-type
GISTs and 30 gastric adult mutant GISTs. Using this
approach, they identified a cluster of miRNAs on
14q32 that show significantly different expression
patterns among GISTs, which appears to be explained
at least in part by differential allelic methylation of this
imprinted region. Interestingly, some wild-type GISTs
lack SDH gene mutations but show either a marked
reduction or an absence of SDHB protein expression
by immunohistochemistry and a corresponding loss
of respiratory chain complex Ⅱ enzymatic activity.
Furthermore, SDHB, SDHC and SDHD mRNA levels in
these GISTs are comparable with those in KIT-mutant
GISTs, which suggests that SDHB downregulation
[4,62]
occurs at the level of protein translation
. In addition,
other possible mechanisms, including deficiency or
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[68]

alterations in proteins involved in stabilization of the
SDH complex, should be considered. For example,
loss of function mutations in SDHAF2 can also result
in the destabilization of the SDH complex and a loss of
[66,67]
complex Ⅱ activity
.

converts a ketoglutarate to succinate . Because the
activity of PHD is oxygen dependent, hypoxia leads
to decreased activity of PHD, which, in turn, results
in reducing the hydroxylation of HIF1α, a lack of VHLmediated ubiquitination of HIF1α, and ultimately
[72]
stabilization (and hence accumulation) of HIF1α .
When HIF1α accumulates, it migrates to the nucleus
where it dimerizes with HIF1β to form an active
transcription factor that induces expression of genes
involved in glycolysis and angiogenesis (including IGF
[73,74]
and VEGF)
, thereby promoting the adaptation
of cells to low oxygen by inducing neovascularization
and glycolysis. The dysfunction of SDH leads to the
accumulation of succinate, which in turn inhibits PHD
activity, induces a pseudohypoxia phenomenon and
promotes downstream gene expression (Figure 3).
Consistent with the previous findings, HIF1α and
VEGF expression is higher in wild-type GISTs and
[75-77]
SDH-deficient tumors than in KIT-mutant GISTs
.
Therefore, the upregulation of HIF1α may lead
to enhanced growth signaling by increasing the
combination of IGF and VEGF with their receptors
[2,68,78]
(IGF1R and VEGFR) in SDH-deficient GISTs
.
In addition, other factors may contribute to the
development of SDH-deﬁcient tumors. For example,
SDH mutations may result in redox stress due to
the increased production of reactive oxygen species,
which is considered the oncogenic trigger of many

ROLE OF SDH DEFICIENCY IN THE
TUMORIGENESIS OF SDH-DEFICIENT
GISTS
Succinate dehydrogenase is localized in the inner
mitochondrial membrane and consists of four
[16]
subunit proteins (SDHA, SDHB, SDHC and SDHD) .
The function of SDH is to act at the interphase of
the tricarboxylic acid cycle and electron transport
chain and catalyze the oxidation of succinate to
[18,19]
fumarate
. This complex is an important regulator
of hypoxia-inducible factor 1α (HIF1α), a subunit of
HIF1. HIF1, a heterodimer of HIF1α and HIF1β, is a
[68,69]
transcriptional activator of IGF2 and VEGF
. In
normoxic conditions, HIF1α undergoes proteasomal
degradation after ubiquitination by a ubiquitin ligase
[70]
complex targeted at HIF1α by the VHL protein .
Binding of VHL to HIF1α requires hydroxylation of
proline residues in HIF1α, which is mediated by the
oxygen-dependent activity of a prolyl hydroxylase[71]
domain (PHD) protein , an enzyme that also
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[76,79,80]

tumors

.

Because IGF1R overexpression is a feature of SDHdeficient GISTs, it seems to be a promising target
for anticancer therapy. Currently, it is increasingly
acknowledged that IGF1R is able to serve as a
potential target for the treatment of various tumors.
There are three target strategies: anti-receptor
antibodies, anti-ligand antibodies and small-molecule
receptor kinase inhibitors. All of these strategies have
been used to target the IGF1R family, and certain
drug candidates from each of classes were considered
promising enough in preclinical models to be taken
[97,98]
forwards to clinical trials
.
All of the anti-receptor antibodies were designed to
spare the insulin receptors because they all interfere
with ligand binding to the IGFR. Although they lack
interference with insulin binding, the use of these
antibodies is associated with dangerous side effects,
[97]
such as hyperglycaemia and hyperinsulinaemia .
Furthermore, because the pituitary attempts to
compensate for the perceived lack of IGF biological
activity, the use of these agents results in a remarkable
increase in growth hormone (GH) secretion. This
leads not only to increases in circulating IGF levels
but also to insulin resistance induced by GH, which
is responsible for the observed hyperglycaemia and
[97]
hyperinsulinaemia in treated patients . In addition,
IGF (both IGF1 and IGF2) has been shown to increase
[99]
islet growth . When IGF1R is blocked, this effect is
enhanced by the increased free IGF. It is also reported
[100]
that IGF1 and GH could induce β-cell proliferation .
Similarly, the blockade of IGF1R is likely to promote
β-cell proliferation. Thus, these mechanisms may
further contribute to the side effects when using antireceptor antibodies.
Anti-ligand antibodies have a high affinity against
both IGF1 and IGF2. Consequently, ligand-antibody
complexes would replace ligand-binding protein
complexes in circulation (IGFBPs normally bind greater
than 90% of circulating IGFs), resulting in high levels
of free IGFBPs. There is evidence that free IGFBPs have
antiproliferative activity that is independent of their
[101]
IGF-binding capacity
. In addition, the autocrine
loop of IGF2 cannot be interrupted by IGFIR-specific
antibodies but could be inhibited by ligand-specific
antibodies, leading to the reduction of the secretion
of IGF. The small-molecule tyrosine kinase inhibitors
tend to inhibit all members of the IGF1R family in vivo.
However, such agents do not cause severe metabolic
toxicity. At the dosages used, insulin receptor signaling
is incompletely inactivated. Additionally, it seems that
the drug concentrations in muscle are fairly low, which
is a major insulin-stimulated glucose disposition site.
Therefore, the function of the insulin receptor is fairly
intact, leading to a modest, rather than a severe effect
of these small-molecule kinase inhibitors on systemic
glucose metabolism.
However, several studies suggest that these anti
neoplastic strategies did not work in all GISTs patients.
Although several early phase clinical trials of the use

POSSIBLE MECHANISM OF
TUMORIGENESIS IN SDH-DEFICIENT
GISTS DRIVEN BY IGF1R
Previous studies have demonstrated that wild-type
GISTs are characterized by IGF1R overexpression at
both the mRNA and protein levels without genomic
[55-57]
amplification
. It has been reported that SDH
dysfunction may be related to tumorigenesis in
GISTs via induction of a pseudohypoxic pathway
involving HIF1α, which exerts its proliferative effects
by activating key receptor tyrosine kinases such as
[68,81-84]
IGF1R
. Therefore, it would be reasonable to
speculate that the overexpression of IGF1R in SDHdeficient tumors occurs as a consequence of HIF1α
[61]
activation induced by SDH dysfunction .
IGF1R is a transmembrane receptor that is activated
through autophosphorylation once ligands (IGF1 or
IGF2) bind, thereby leading to the activation of the
phosphatidylinositol 3-kinase (PI3K) and mitogenactivated protein kinase (MAPK) cascades. In the PI3K
pathway, AKT is phosphorylated by PI3K indirectly,
which can promote cell survival via multiple effectors.
AKT effectors that regulate growth include mammalian
target of rapamycin (mTOR) within a complex, which
enhances the translation of proteins involved in
proliferation. Meanwhile, in a parallel pathway, the
sequential activation of RAS, RAF, and MAPK isoforms
ERKs, results in the transcription of genes that drive
[85,86]
growth
(Figure 3). The overexpression of IGF1R
has been identified in several tumor types and because
of its role in cancer cell metabolism and the potential
relevance to the survival of malignant cells, IGF1R
[87-89]
has become a target for anticancer therapy
. In
addition to IGF1R overexpression, IGF2 can exert its
mitogenic and anti-apoptotic effects by binding to
the IGF1R and the insulin receptor (IR) isoform A. In
addition, there is evidence that IGF2 can lead to an
[90-93]
autocrine stimulation loop in several tumor types
.
[94]
Moreover, Rikhof et al proved that IGF2 is commonly
expressed in GISTs, suggesting that secreted IGF2 is
involved in the pathogenesis of GISTs by providing a
pro-survival signal in an autocrine manner.

TREATMENT OF SDH-DEFICIENT
GISTS
GISTs are resistant to traditional chemotherapy
but are responsive to the tyrosine kinase inhibitor
[95,96]
imatinib
. However, GISTs that are deficient in
succinate dehydrogenase generally respond poorly to
imatinib because of a lack of activating tyrosine kinase
[7,95]
mutations
. Consequently, it is of great importance
to develop new therapeutic targets and novel specific
drugs.
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of IGF1R-specific antibodies for cancer treatment
raised enthusiasm, the results of the initial phase Ⅲ
[102]
in unselected patients have proven disappointing
.
Therefore, comprehensive clinical trials and reasonable
therapeutic targets for IGF1R remain to be carried out
in vivo in the future.
Additionally, there is evidence that the PI3KmTOR signaling pathway is one of the most important
[103]
pathways in the growth of GIST cells
. Multiple
medications targeting this pathway, such as Perifosine
[104]
and Everolimus, are in clinical development
.
However, as described in previous reviews, these
targets are downstream not only of the IGF receptor
[102]
but also of other receptor tyrosine kinases
. Thus,
targeting these signaling nodes has the potential to not
only inactivate certain important parts of the signaling
networks downstream of the IGF family but also to
decrease pivotal, proliferative survival signals that are
initiated by other receptor tyrosine kinases. However,
no drug candidates are expected to be tumor-specific,
and all of them tend to inhibit downstream signaling
of IGF family members in normal tissues. PI3K or
AKT inhibition would be expected to lead to initial
hyperglycemia and, secondarily, to compensatory
hyperinsulinaemia. Metformin, a biguanide that is
commonly used in the treatment of type 2 diabetes,
can lower blood glucose by inhibiting gluconeogenesis
and, secondarily, can reduce hyperinsulinaemia.
In addition to the treatment of hyperglycemia and
hyperinsulinaemia that are associated with IGF1Rtargeting agents or PI3K inhibitors, metformin could
also exert antineoplastic effects toward some tumors.
Several experimental studies have demonstrated
that metformin can reduce insulin-stimulated tumor
growth in vivo. On one hand, it can reduce insulin
levels and insulin receptor activation; on the other
hand, it can decrease the effect of a high-energy diet
on phosphorylation of AKT and the expression of fatty
[105,106]
acid synthase
. Consequently, combining PI3K
pathway inactivators or IGF family specific inhibitors
with metformin seems to be a promising strategy for
antineoplastic therapy, resulting in better treatment
and fewer adverse effects.
Moreover, VEGFR targeted drugs, such as sunitinib,
motesanib, sorafenib, regorafenib, vatalanib, pazopanib
and the monoclonal antibody bevacizumab, have the
potential to decrease tumor growth by inhibition of
[4]
angiogenesis . Sunitinib maleate (sunitinib malate;
SU11248; SUTENT) is a small-molecule inhibitor of
multiple receptor tyrosine kinases involved in cancer,
[107]
including VEGFR, PDGFR and the KIT receptor
. It
was approved by the US Food and Drug Administration
for the treatment of GISTs after disease progression or
intolerant to imatinib mesylate and advanced renal-cell
carcinoma in January 2006. In addition, many studies
have shown that for patients with imatinib-resistant/
intolerant GIST, continuous daily sunitinib dosing
appears to be an active alternative dosing strategy
[108]
with acceptable safety .
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CONCLUSION
SDH-deficient GISTs have gained increasing attention
in recent years, but minimal molecular insight into
its tumorigenesis and target therapy exists. In this
review, we identified the features of SDH-deficient
GISTs and further illustrated the possible mechanisms
of tumorigenesis and clinical treatment of such GISTs.
In SDH-deficient GISTs, SDH inactivation leads to the
accumulation of HIF-1α, which dimerizes with HIF1β in cell nuclei to form an intact HIF. HIF, acting as
an active transcription factor, induces the expression
of downstream genes, including IGF and VEGF. When
these ligands combined with their receptors, a number
of signaling pathways were activated and, finally,
resulted in growth promotion and apoptosis inhibition
of the tumor cells. Because of the important roles of
IGF and VEGF in SDH-deficient GISTs, these molecules
and their receptors have become potential therapeutic
targets. However, many unknowns remain about such
GISTs, including the reason why patients with SDHdeficient GISTs show differences in age, sex, position,
phenotype, metastasis and pathological pattern
compared with those with mutant GISTs. Moreover,
the expression of IGF in SDH-deficient GISTs needs
to be further studied. In addition, effective drugs and
targeted therapy with better efficiency and fewer
side effects need to be introduced via clinical trials.
Finally, there certainly remains much to look forward
to learning about this fascinating, newly recognized
family of tumors.
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MINIREVIEWS

Treatment of irritable bowel syndrome in China: A review
Chun-Yan Li, Shu-Chuen Li
management to maintain everyday functioning and to
improve quality of life for patients with IBS. However,
prescribed medications often result in significant side
effects, and many IBS sufferers (particularly Chinese) do
not improve. Instead of taking a variety of conventional
medications, many have turned to taking traditional
Chinese medicine or integrated Chinese and Western
medicine for remedy. A number of clinical trials have
shown that Chinese herbal, acupuncture or integrative
therapies presented improved treatment outcomes and
reduced side effects in IBS patients. The purpose of this
review article is to examine the treatment approaches
of IBS that have been published in recent years,
especially in China, to assess the possible differences
in treating IBS between China and other countries.
This would provide some useful information of unique
treatment approach in clinical practice for physicians in
the management of IBS in China, thus offering more
treatment options for IBS patients with potentially
better treatment outcomes while reducing the medical
cost burden.

Chun-Yan Li, Department of Gastroenterology, the First
Affiliated Hospital of Dalian Medical University, Dalian 116011,
Liaoning Province, China
Shu-Chuen Li, Discipline of Pharmacy and Experimental
Pharmacology, School of Biomedical Sciences and Pharmacy,
University of Newcastle, Callaghan, NSW 2308, Australia
Author contributions: Li CY was responsible for the review of
the literature and initial preparation of the paper; Li SC conceived
the study and edited the manuscript.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/
Correspondence to: Shu-Chuen Li, Professor, Discipline
of Pharmacy and Experimental Pharmacology, School of
Biomedical Sciences and Pharmacy, University of Newcastle,
University Drive, Callaghan, NSW 2308,
Australia. shuchuen.li@newcastle.edu.au
Telephone: +61-2-49215921
Fax: +61-2-49217903
Received: July 24, 2014
Peer-review started: July 25, 2014
First decision: September 27, 2014
Revised: October 24, 2014
Accepted: December 16, 2014
Article in press: December 16, 2014
Published online: February 28, 2015

Key words: Irritable bowel syndrome; Integrated
treatment; Traditional Chinese medicine; China
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Irritable bowel syndrome (IBS) is a common,
chronic, functional gastrointestinal disorder highly
prevalent in the general population, and it is common
among Chinese population. The current review examines
the differences between IBS treatment approaches
in China and Western countries. The review reveals
more treatment options in China in using traditional
Chinese medicine (TCM) alone or in conjunction with
conventional treatments, with the integration of TCM
with Western medicine showing rather promising
results. Besides providing extra treatment options,
this information would foster future research for more
effective treatment to provide IBS patients with better
outcomes while reducing the financial burden.

Abstract
Irritable bowel syndrome (IBS) is a common, chronic,
functional gastrointestinal disorder with a high incidence
rate in the general population, and it is common among
the Chinese population. The pathophysiology, etiology
and pathogenesis of IBS are poorly understood, with
no evidence of inflammatory, anatomic, metabolic,
or neoplastic factors to explain the symptoms. Tr
eatment approaches are mainly focused on symptom
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for IBS treatment using TCM or integrative therapies
are little known in other countries.
This review will examine the differences between IBS
treatment approaches in China and Western countries,
with special attention to clinical research carried out
in China, in order to provide alternative treatment
options in clinical practice for physicians who manage
IBS. Furthermore, we believe that this assessment
would also foster and facilitate potential areas of future
research for more effective treatment models, thus
providing IBS patients with better treatment outcomes
while reducing the medical cost burden.

Li CY, Li SC. Treatment of irritable bowel syndrome in China: A
review. World J Gastroenterol 2015; 21(8): 2315-2322 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v21/i8/2315.
htm DOI: http://dx.doi.org/10.3748/wjg.v21.i8.2315

INTRODUCTION
Irritable bowel syndrome (IBS) is a common, functional
gastrointestinal disorder that is highly prevalent in
the general population. Depending on the diagnostic
criteria used to define the condition, it is reported
to affect approximately 5%-20% of the general
[1,2]
population worldwide . Two large population surveys
performed in China reported that the prevalence of
IBS was estimated to be 7.26% (Manning criteria) or
[3]
0.82% (Rome criteria) in Beijing and 11.5% (Manning
[4]
criteria) or 5.67% (Rome criteria) in Guangdong .
IBS is characterized by recurrent abdominal pain
and discomfort associated with alterations in the frequen
cy or consistency of stool, that present as diarrhea
or constipation. Based on the Rome Ⅲ diagnostic
criteria, which classify IBS according to different bowel
behaviors, there are four subtypes: IBS-D (diarrheapredominant), IBS-C (constipation-predominant), IBS-M
[1,5]
(mixed), and unspecified IBS (IBS-U) . Clinically,
the complexity and diversity of IBS presentation make
treatment difficult. In practice, clinicians generally
make treatment decisions for symptom reduction in
IBS according to the type and severity of the sym
ptoms. However, many pharmacological treatment
approaches are associated with side effects that
result in a decreased benefit to the patient in terms of
[1]
treatment outcomes . Hence, IBS sufferers often have
absenteeism, reduced health-related quality of life and
multiple healthcare-seeking behaviors, leading to great
[6,7]
social and economic burdens .
In terms of health care delivery, China has a unique
cultural background in developing traditional Chinese
medicine (TCM) as well as an extensive experience
in its implementation. In fact, as opposed to other
countries, TCM is practiced alongside conventional
Western medicine in China. This is reflected by the
substantial number of Chinese proprietary herbal
medicines included in the National Essential Medicines
List in China. Chinese physicians are often trained
in both Western and Chinese medicine techniques
and often use combined TCM and conventional
Western medicine to manage different diseases and
disorders. In recent years, due to dissatisfaction with
conventional treatments, many IBS suffers have
turned to alternative medicine, particularly TCM or
integrated Chinese and Western medicine for remedy.
A number of clinical trials have shown that TCM
therapies alone or combined with Western medicine
produced improved treatment outcomes in IBS pa
[8-19]
tients
. However, as most of these studies were
published in China, the results and potential benefits
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CURRENT TREATMENT APPROACHES
FOR IBS
Although IBS is a highly prevalent disease, there is still
no universally accepted satisfactory treatment. As in
[1]
Western countries , treatment approaches in China
are also mainly focused on symptom management
through lifestyle modification, psychotherapy and
pharmacotherapy. The treatment objective is to
maintain everyday functioning and improve quality
of life. For clinical research, most of the performed
clinical trials focused on the comparison between
complementary and alternative medicines and on
standard care with pharmacological therapies in treating
[11,20]
IBS symptoms
. In the following sections, we will
provide a brief description of treatment approaches
commonly used in China to treat IBS.

Lifestyle modification

The first treatment option normally adopted is lifestyle
modification. Common lifestyle modifications include
encouraging regular exercise, sharp reductions in
drinking, dietary changes, abstinence from alcohol and
coffee, and developing regular sleeping habits. Physical
activity is frequently used as a primary treatment
modality in IBS. This is based on the results of many
published studies showing the benefits of physical
activity for IBS. A recently published randomized
controlled trial (RCT) involving 102 patients with IBS
showed that those who were randomized to physical
activity group had fewer IBS symptoms compared
[21]
with the control group . Other studies also indicated
that physical activity can improve patients’ moods
and symptoms of fatigue, bloating and abdominal
discomfort; regular physical activity can improve
defecation patterns and colonic transit times in patients
[11,22,23]
complaining of chronic constipation
.
Regarding dietary changes, one Chinese research
group reported that certain foods could contribute to
IBS symptom onset. After eliminating certain specific
food from the diet, the symptoms were alleviated to
[24]
some extent in IBS patients . Other Chinese clinical
researchers have also linked the causation of IBS to
food through a number of mechanisms, such as an
[25,26]
allergy or intolerance to a particular food
, which
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Table 1 Conventional pharmacological treatments for irritable bowel syndrome
Drug category
Antispasmodics
Antidiarrheals
Laxatives
Bulking agents
Receptor targeted
Probiotics
Psychiatrics
Antibiotics

Drug functions

Examples

Antagonists of muscarinic receptors and calcium channels of smooth muscle Pinaverium bromide, mebeverine, trimebutine maleate
Loperamide
μ-opioid receptors agonists
Osmotic, stimulant
Bisacodyl, polyethylene glycol, lactulose
Water binding to increase stool bulk
Methylcellulose, psyllium
5-HT3 receptor antagonists
Alosetron, cilansetron
5-HT4 receptor agonists
Metoclopramide, domperidone
To balance intestinal flora
Lactobacilli, bifidobacteriae
Tricyclic antidepressants
Amitriptyline, doxepin
Selective serotonin reuptake inhibitors
Citalopram, fluoxetine
To inhibit gut microorganisms
Neomycin, rifaximin

[26]

is similar to results from a Western study by Brandt et
[1]
al . Patients with IBS are advised to avoid fatty foods,
beans and gas-producing foods that may contribute
to symptoms of diarrhea, bloating and distension.
For some patients with IBS-C, increasing the intake
of foods high in soluble fiber can improve symptoms.
Individual diet health management plans can be
[27]
advocated .
If such non-pharmacological measures are unsuccessful,
pharmacologic interventions are then recommended.

and overall quality of life

Pharmacotherapy

The available pharmacological approaches are mainly
targeted at symptom reduction, as there is a wide
range of the symptoms that may be experienced.
These conventional pharmacological treatments include
[31,32]
[1,33]
antispasmodics
, antidiarrheals
, laxatives or
[1,5]
bulking agents , 5-hydroxytryptamine-3 (5-HT3)
[34]
receptor antagonists, 5-HT4 receptor agonists ,
[35]
[36]
probiotics , tricyclic antidepressants , selective
[37]
[38]
serotonin reuptake inhibitors , and antibiotics .
Antispasmodics plus stool consistency modifiers are
usually the first-line drug treatment options to treat
the major symptoms and defecation. Antidepressants
are also commonly used for all subtypes of IBS.
As gastrointestinal microbiota are thought to be
involved in the pathogenesis of IBS, probiotics, when
administered in adequate amounts, can sometimes be
[39]
beneficial for the patient . Table 1 summarizes the
conventional pharmacological treatments for IBS in
[32]
Western medicine .
These pharmacotherapeutic treatments are widely
used in China, as in Western countries. However, the
use of these medications has been limited by side
effects, expensive drug costs, and high recurrence
rates. In order to reduce symptoms of IBS and
improve the quality of life of patients, other more
effective therapies with fewer side effects, such as
TCM, should be considered.

Psychotherapy

Psychological factors, such as certain depressive and
anxiety disorders, play a role in the pathophysiology
of IBS. Patients with IBS are more likely to have
depression and “abnormal” behavior patterns, including
[28]
anxiety and somatization symptoms . In IBS patients,
feelings of frustration, inadequacy and powerlessness
in dealing with medically unexplained symptoms can
also adversely affect both medical decision making and
the physician-patient relationship.
Psychotherapies have been evaluated for their
potential application in IBS. Patients, once diagnosed,
should be educated and reassured about the non[14]
life-threatening nature of the disease . Mind-body
therapies, such as hypnotherapy and cognitivebehavioral therapy, are effective in managing IBS
[22]
symptoms . Many Chinese clinical researchers are
also focusing on psychological disturbances observed
[14]
[29]
in IBS patients . A study by Tang et al
found that
most IBS patients complained of nonspecific somatic
symptoms, such as dizziness, insomnia and fatigue.
A further study by the same group reported that
in young and middle-aged patients (18-57 years),
quality of life was negatively correlated with anxiety
and depression, but it was not associated with the
[30]
severity of abdominal pain/discomfort . The use of
non-drug treatments for IBS is popular with patients
who are disappointed by their lack of response to
standard drug treatment or concerned about its
potential side effects. Therefore, only improving
gastrointestinal symptoms may not improve quality
[30]
of life . Clinical evidence has demonstrated that the
use of psychological interventions in conjunction with
conventional treatment can improve IBS symptoms
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.

USE OF TCM FOR IBS IN CHINA
As a therapeutic discipline, TCM was derived and
developed after many centuries of clinical practice and
experience of traditional Chinese physicians. In China,
many physicians consider TCM superior to the use of
[10,19]
conventional Western medicine for IBS treatment
.
Long-term clinical practice has accumulated rich
experience and has perfected methods of employing
[19]
TCM to treat the main symptoms of IBS . Clinical
evidence also shows that a combination of phar
macotherapy with TCM treatments provides the best
symptom relief and highest quality of life for IBS
[11,20]
patients
. According to the consensus of Chinese
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Patient presents with IBS symptoms and meets Rome Ⅲ criteria

Diarrhea-predominant IBS

Constipation-predominant IBS

Patient education, Reassurance to calm the nervous patients, Encourage
relaxation, Remove the cause if possible

Mild

Moderate

Severe

Eliminating the specific food
(coffee, lactose, beans, fatty food)

High-fiber diet, regular exercise,
drinking more water

Antispasmodics, Loperamide,
Probiotics, TCM (Chinese herbal
medicines, proprietary medicines,
acupuncture)

Antispasmodics, Prokinetics,
Laxatives, Probiotics, TCM (Chinese
herbal medicines, proprietary
medicines, acupuncture)

Antidepressants, Psychotherapy, Behavioral therapy, TCM (Chinese herbal
medicines, proprietary medicines, acupuncture)

Figure 1 Flow diagram of the treatment of irritable bowel syndrome in China. IBS: Irritable bowel syndrome; TCM: Traditional Chinese medicine.

Society of Gastroenterology and the China Association
[40,41]
of Integrative Medicine
, the recommended pro
cedure to treat IBS in China is shown in Figure 1.

according to traditional Chinese medicine diagnostic
patterns. Hence, using Chinese herbal medicine is a
strategy that provides the patient with individualized
[19]
and comprehensive treatments .
Clinical studies by Chinese researchers have been
performed on a number of herbal products either as
single herbs or as combined products in managing IBS.
The trials showed a significant reduction in abdominal
pain and severity compared to placebo, and the herbs
[42,43]
appeared to be safe
. Studies also confirmed that
Chinese Shugan Jianpi Granules, when compared with
Western medicine, showed better efficacy in treating
[12,44]
patients with IBS-D
. Another study demonstrated
the beneficial effects of herbal Tongxie Yaofang (TXYF)
Granules in alleviating abdominal pain and distention,
restoring normal stool consistency, reducing the
frequency of defecation, and improving mental tension
[8]
and depression in IBS-D patients . Furthermore,
another Chinese group had performed a systematic
review about the effectiveness of TXYF alone and with
different Chinese herbal additions (e.g., TXYF-A) in
the management of IBS. They found that in the nine
included studies, the TXYF-A group had better results
[9]
than did the control group . The evidence suggested
that TXYF-A was useful and effective for IBS treatment.
Another group retrieved literature from CNKI and
screened effective medical records to establish a
database using a structural electronic medical case

Chinese herbal medicines and proprietary medicines

Unique Chinese herbal mixtures and proprietary me
dicines have been used in China for a long time. Based
on low levels of satisfaction with pharmacotherapy in the
management of IBS, an increasing number of patients
and practitioners have turned to herbal therapies for
symptomatic relief. In recent years, the study of Chinese
herbal medicines in managing IBS has gained much
[13]
progress in China . Chinese proprietary medicines,
usually formulated as tablets or capsules for convenient
administration, are frequently used for patients with
special syndromes. TCM represents one aspect of the
Chinese medical philosophy, which is characterized
by its emphasis on maintaining and restoring balance
in the human body. When used appropriately, herbal
medicine may provide benefits in relieving symptoms
[14]
and reducing their recurrence . According to the
symptoms assessment in TCM, patients might be
diagnosed to have the nature of “cold” or “heat”, and
whether this nature is “in deficiency” or “in excess”. The
syndrome differentiation can then effectively guide the
[19]
clinical treatment of the individuals with TCM . Chinese
herbal medicines can then be prescribed for different
individuals based on the differentiation of symptoms
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collecting system. The methods of Chinese physicians
to diagnose and treat IBS were then analyzed. They
found that liver depression and spleen deficiency were
the main diagnoses of pathogenesis for IBS. Hence,
diagnosis and treatment of IBS should be performed
clinically according to this pathogenesis, with TXYF
used as the basic prescription with modification
[10]
according to syndrome differentiation . According to
the results of these studies, Chinese herbal formulas
may offer improvements of IBS symptoms globally.
Although treating IBS with TCM appears to be
effective, safety is certainly another concern with the
use of herbal medicines, as TCM is not without adverse
[45]
effects. Shi et al
reviewed RCTs in the literature on
IBS treatment with and without herbal medicine and
found that herbal medicines had a therapeutic benefit
in IBS with few adverse events. However, it is possible
that because of the lack of rigorous monitoring,
adverse effects including serious events may be underreported. Hence, the side effects of Chinese herbal
medicine such as liver toxicity and renal damage must
be monitored. In addition, the long-term therapeutic
effect as well as toxicity should be further observed
[46]
through well-designed studies with larger samples .
Like using any therapy, clinicians should weigh the
potential benefits and uncertainties when advising
patients about using herbal medicines.

improvement in IBS symptoms, electro-acupuncture
[52]
had better long-term therapeutic effects . Likewise,
[51]
a study by Li et al
compared the therapeutic effects
of acupuncture with Western medication on IBS-D
symptom severity scores and quality of life scores
and found a significant improvement in both scores
over the course of four weeks as well as a remarkable
reduction of the recurrence rate at 12 wk.
There were also meta-analyses evaluating the
efficacy of acupuncture in managing IBS. A metaanalysis of 11 clinical RCTs with 969 patients through
retrieval from CNKI and VIP showed the effective rate of
acupuncture and moxibustion superior to conventional
[53]
Western medication treatment . Another meta-analysis
of six RCTs also confirmed that acupuncture improved
the symptoms of IBS, including abdominal pain and
distension, sensations of incomplete defecation, times
[54]
of defecation per day, and consistency of stool .
All these Chinese clinical trials and systemic reviews
showed that acupuncture is beneficial and can achieve
an improvement in quality of life for IBS patients.
Furthermore, no serious adverse events associated
with acupuncture were reported.
Acupuncture has gained increasing acceptance
in Western medicine over the past few decades and
is therefore an attractive treatment option for IBS.
However, the efficiency of acupuncture in IBS is still
inconclusive. Although Chinese trials reported greater
benefits from acupuncture than from pharmacological
therapies, other investigators from Western countries
showed no significant differences after treatment
with true or sham acupuncture. A recently published
systematic review and meta-analysis of randomized
controlled trials to estimate the effects of acupuncture
for treating IBS found no benefits of acupuncture
relative to a credible sham acupuncture control on
[55]
IBS symptom severity or IBS-related quality of life .
Due to the conflicting conclusions between the metaanalyses conducted in China and in Western countries,
further research is required to more accurately assess
the efficacy and mechanism of action of acupuncture for
IBS treatment. Future trials may help to clarify whether
these reportedly greater benefits of acupuncture
relative to pharmacological therapies are due entirely
to patients’ preferences for acupuncture or to patients’
greater expectations of improvement with acupuncture
[55]
relative to drugs .

Acupuncture

Acupuncture, a well-known old therapeutic modality
anchored in TCM, has been used to treat several
gastrointestinal symptoms in functional and organic
diseases in China for centuries. Acupuncture can
regulate visceral reflex activity, gastric emptying, and
acid secretion through affecting various endogenous
neurotransmitter systems. Studies have shown that
the application of acupuncture targeting serotonergic,
cholinergic, and glutamatergic pathways in IBS
patients can increase the concentration of endogenous
opioids, which in turn reduces visceral and global pain
[47-49]
perception
.
A number of clinical trials investigating the effect of
acupuncture on symptom relief in IBS patients have
[50-52]
recently been conducted in China
. One clinical
study on acupuncture to treat IBS-D patients with
liver-stagnation and spleen-deficiency syndrome found
that the clinical symptoms were improved after one
week of treatment in the acupuncture group, which
had a faster onset of effects than did the medicine
treatment group. At the same time, the total effective
rate was 90.48% in the acupuncture group compared
[50]
with 78.95% in the medicine treatment group .
Another clinical study compared the therapeutic effects
of electro-acupuncture with probiotics combined with
Deanxit in treating IBS-D. The results indicated that
both electro-acupuncture and Western medication
could effectively treat IBS-D accompanied with anxiety
and/or depression. However, while both groups showed
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Integrated traditional Chinese and Western medicine

In recent years, clinical investigators have paid more
attention to integrated traditional Chinese and Western
medicine. According to Chinese experts’ opinion, the
integration of conventional pharmacological therapy
and TCM treatment may provide long-term symptom
alleviation and highest quality of life to IBS patients.
In fact, the combination of TCM with Western
medicine has been used for a long time by Chinese
[10]
practitioners to treat IBS . A number of clinical trials

2319

February 28, 2015|Volume 21|Issue 8|

Li CY et al . Treatment of IBS
as well as systematic reviews conducted and published
in China have shown that the integrated approach is
[11,16-18,20,56]
superior to either treatment alone
. These
trials compared use of the combination of Chinese
herbal medicines with Western medicine with use
of Western medicine alone, and they used global
improvement of symptoms as the main outcomes.
[18]
A clinical study by Sun et al
reported that TXYF
combined with Trimebutine and Bifid Lriple Viable
[16]
capsules were effective in treating IBS-D. Wu et al
showed a statistically significant beneficial effect of
using a Chinese medication called Anshen Ningchang
Tang in combination with Trimebutine over Trimebutine
treatment alone. A RCT study showed that Shugan
Jianpi Granules, a Chinese herbal medication, reduced
the number of gut mucosal serotonin-positive cells in
patients with IBS-D, and its effect was enhanced when
used in combination with conventional recognitionbehavior therapy and symptomatic treatment by
[44]
Western medicine . Another Chinese study also
reported a better efficacy of the combination use of
[57]
psychotherapy and TXYF over TXYF alone . All these
studies provided evidence to support the efficacy of
the combination of TCM with Western medicine in
managing IBS. Conceptually, the use of combination
therapy with TCM and Western medicine for IBS is
in line with recommendation of using combination
therapy by America College of Gastroenterology and
[1]
the British Society for Gastroenterology .
Recently, our research group evaluated the clinical
efficacy of the combination of TCM and Western
medicine in the treatment of IBS via a series of metaanalyses. Compared to the Western medicine treatment
alone, our results showed that TCM combined with
Western pharmacological interventions significantly
improved global symptoms of IBS (RR = 1.21; 95%CI:
1.18-1.24). Moreover, the relapse rate was lower, and
no serious adverse events were reported. These results
would provide further evidence indicating that treating
IBS with integrated traditional Chinese medicine with
Western medicine showed better efficacy than treating
with conventional Western medicine alone.

the best symptom relief and highest quality of life to
IBS patients. Among these, the integration of Chinese
herbal medicine with conventional Western medicine
appears rather promising.
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Silencing profilin-1 inhibits gastric cancer progression via
integrin β1/focal adhesion kinase pathway modulation
Ya-Jun Cheng, Zhen-Xin Zhu, Jian-Sheng Zhou, Zun-Qi Hu, Jian-Peng Zhang, Qing-Ping Cai, Liang-Hua Wang
titative real-time polymerase chain reaction (qRTPCR) and Western blot were performed to detect PFN1
expression in clinical gastric carcinoma and adjacent
tissues, and the association of PFN1 expression
with patient clinicopathological characteristics was
analyzed. PFN1 was knocked down to investigate the
role of this protein in cell proliferation and metastasis
in the SGC-7901 cell line. To explore the underlying
mechanisms, the expression of integrin β1 and
the activity of focal adhesion kinase (FAK) and the
downstream proteins extracellular-regulated kinase
(ERK)1/2, P38 mitogen-activated protein kinase
(MAPK), phosphatidylinositol 3-kinase (PI3K), AKT
and mammalian target of rapamycin (mTOR) were
measured through Western blot or qRT-PCR analysis.
Fibronectin (FN), a ligand of integrin β1, was used
to verify the correlation between alterations in the
integrin β1/FAK pathway and changes in tumor cell
aggressiveness upon PFN1 perturbation.
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RESULTS: Immunohistochemical, Western blot and
qRT-PCR analyses revealed that PFN1 expression was
higher at both the protein and mRNA levels in gastric
carcinoma tissues compared with the adjacent tissues.
In addition, high PFN1 expression (53/75, 70.4%)
was correlated with tumor infiltration, lymph node
metastasis and TNM stage in gastric cancer, but not
with gender, age, location, tumor size, or histological
differentiation. In vitro experiments showed that PFN1
knockdown inhibited the proliferation of SGC-7901
cells through the induction G 0/G 1 arrest. Silencing
PFN1 inhibited cell migration and invasion and downregulated the expression of matrix metalloproteinase
(MMP)-2 and MMP9. Moreover, silencing PFN1 reduced
the expression of integrin β1 at the protein level and
inhibited the activity of FAK, and the downstream
effectors ERK1/2, P38MAPK, PI3K, AKT and mTOR.
FN-promoted cell proliferation and metastasis via the
integrin β1/FAK pathway was ameliorated by PFN1
silencing.

Abstract
AIM: To investigate the role of profilin-1 (PFN1) in
gastric cancer and the underlying mechanisms.
METHODS: Immunohistochemical analysis, quan
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CONCLUSION: These findings suggest that PFN1 plays
a critical role in gastric carcinoma progression, and
these effects are likely mediated through the integrin
β1/FAK pathway.

such as breast, pancreas, and liver carcinomas,
while the overexpression of this protein can inhibit
proliferation and migration of these cancer cells,
suggesting that PFN1 might be a tumor suppressor
[6-8]
protein
. In contrast, some reports have shown
PFN1 overexpression in other cancers, such as renal
[9-16]
cell carcinoma and laryngeal carcinoma
. These
differences suggest that PFN1 might be involved in
different tumorigenic mechanisms in different tissue
types. However, few studies have demonstrated a role
for PFN1 in gastric cancer.
Integrins are heterodimeric cell-surface molecul
es that associate the actin cytoskeleton to the cell
membrane on one side and mediate cell-matrix in
[11]
teractions on the other side . Actin-binding proteins
mediate the adhesion of cells to extracellular matrices
and cell survival through the association of integrins
[12]
with the cortical actin cytoskeleton . Recently, studies
have reported that PFN1 facilitates staurosporinetriggered apoptosis through the regulation of the
concentration of integrin β1 associated with the
[13]
cytoskeleton on the cell surface . However, the
contribution of the integrin β1 downstream signaling
pathway to the biological role of PFN1 has not been
clarified.
In the present study, we examined PFN1 expression
in gastric cancer tissues and gastric cancer cell lines
and analyzed the influence of PFN1 expression on
patient clinicopathological characteristics. Furthermore,
PFN1 was knocked down to determine the role of this
protein in the proliferation and metastasis of SGC-7901
cells. To explore the underlying mechanisms, the
expression of integrin β1 and the activity of focal
adhesion kinase (FAK) and downstream proteins
extracellular-regulated kinase (ERK)1/2, P38 mitogenactivated protein kinase (MAPK), phosphatidylinositol
3-kinase (PI3K), AKT and mammalian target of
rapamycin (mTOR) were measured through Western
blot or quantitative real-time polymerase chain
reaction (qRT-PCR). Moreover, fibronectin (FN), a
ligand of integrin β1, was used to verify the association
between alterations in the integrin β1/FAK pathway
and changes in tumor cell aggressiveness upon PFN1
perturbation.

Key words: Gastric cancer; Profilin-1; Integrin β1; Focal
adhesion kinase; Fibronectin
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The expression of profilin-1 (PFN1) has been
detected in many types of human cancers and has
also been associated with tumor malignancy. However,
the role of PFN1 in gastric carcinoma is unclear. The
results of the present study suggest an important
role for PFN1 in gastric cancer. PFN1 is overexpressed
in gastric cancer, associated with tumor infiltration,
lymph node metastasis and TNM stage. Furthermore,
we demonstrated that PFN1 silencing inhibits gastric
cancer cell proliferation, migration and invasion through
the integrin β1/focal adhesion kinase pathway.
Cheng YJ, Zhu ZX, Zhou JS, Hu ZQ, Zhang JP, Cai QP, Wang
LH. Silencing profilin-1 inhibits gastric cancer progression via
integrin β1/focal adhesion kinase pathway modulation. World
J Gastroenterol 2015; 21(8): 2323-2335 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i8/2323.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i8.2323

INTRODUCTION
Gastric cancer is the second most common cause
[1]
of cancer deaths worldwide . Traditional therapies
for gastric cancer include surgical resection and
chemotherapy, but these therapies are non-curative
for patients diagnosed with advanced gastric cancer.
Therefore, more effective treatments are urgently
needed for this aggressive malignancy. The molecular
mechanisms of gastric cancer progression should be
clarified to identify potential therapeutic markers. The
dysregulation of the actin cytoskeleton is a hallmark
of tumor transformation, which is controlled through
actin-binding proteins that regulate the nucleation,
branching, elongation, bundling, severing, and capping
[2,3]
of the actin filament . Thus, identifying actin-binding
proteins might facilitate the discovery of novel targets
for gastric cancer therapies.
Profilin-1 (PFN1), an important actin-binding
protein, was first identified more than 30 years ago
[4]
in the calf thymus . A biological role for PFN1 in
cancer has recently emerged, and this protein has
been implicated in almost every cellular function,
including proliferation, survival, motility, endocytosis
and membrane trafficking, mRNA splicing and gene
[5]
transcription . It has been recently shown that PFN1
is underexpressed in some human solid cancers,
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MATERIALS AND METHODS
Ethics statement

This study was approved by the Ethics Committee of
the Scientific and Ethical Committee of Second Military
Medical University, and informed consent form was
obtained from all participants.

Patient specimens

All tissue specimens, including 75 gastric cancer
tissues and the corresponding non-plastic gastric
mucosal tissues for immunohistochemistry and
another 30 frozen gastric cancer and paired adjacent
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normal tissues (not included in immunohistochemistry
tissues) for qRT-PCR and Western blot, were obtained
from patients during surgery at Shanghai Changzheng
Hospital. All noncancerous human gastric tissue sam
ples were obtained from gastrectomies of adjacent
gastric cancer margins greater than 5 cm. All patients
underwent surgical resection and were not treated
with neoadjuvant chemotherapy or radiotherapy.

Lipofectamine 2000 (Invitrogen, Gaithersburg, MD).
5
Briefly, before transfection, 2.0 × 10 cells were grown
to 30%-50% confluence in 2 mL of growth medium
without antibiotics. The Lipofectamine 2000, diluted in
Opti-MEM I Reduced Serum medium (Gibco), was used
to supplement the dsRNA mixture, and the mixture
was incubated for 25 min. Subsequently, 6 μL of 20
μmol/L dsRNA formulated with 8 μL of Lipofectamine
2000 was added to a final volume of 2 mL Opti-MEM I
Reduced Serum medium. The cells were incubated at
37 ℃ in a CO2 incubator for 24-48 h. The medium was
changed after 6 h.

Immunostaining and evaluation

Immunohistochemical staining was performed using
the EnVision system (Dako Carpinteria, CA, United
States). TMA sections were submerged in citrate
buffer (pH 6.0) and microwaved at 99 ℃ for 10
min for antigenic retrieval. PFN1 expression was
detected using a primary antibody against PFN1
(1:200, ab133529, Epitomics, United States), and
the immunostaining was evaluated as previously
[14]
described . Two pathologists blinded to the findings
of the other researcher independently analyzed the
immunohistochemical staining. A semiquantitative
estimation of the staining was conducted using a
composite score obtained from the product of the
staining intensity and relative abundance of positive
cells. The intensity was graded as 0 (no staining), 1
(weak staining), 2 (moderate staining), or 3 (strong
staining). The abundance of positive cells was graded
from 0 to 4 (0, < 5% positive cells; 1, 5%-25%;
2, 26%-50%; 3, 51%-75%; and 4, > 75%). A
composite score in cancer tissues greater than that in
normal tissues was considered high expression, and a
composite score in cancer tissues less than or equal to
that in normal tissues was considered low expression.

Western blot analysis

The harvested cells and human tissue specimens
were lysed in a buffer containing 50 mmol/L TrisHCl (pH 6.8), 2% SDS, 10% glycerol, phosphatase
inhibitors (100 mmol/L Na3VO4, 10 mmol/L NaF) and
protease inhibitor (1 mmol/L phenyl methylsulphonyl
fluoride) to obtain whole cell lysates. The insoluble
tissue debris was removed through centrifugation at
13000 × g at 4 ℃ for 15 min. The supernatant was
collected, and the protein concentration was quantified
using a protein assay reagent (BCA, Beyotime,
Shanghai). The proteins were separated through
SDS-PAGE, transferred to a nitrocellulose membrane
and incubated with antibodies against total and
phosphorylated FAK (pY397; Cell Signaling Technology,
United States), total and phosphorylated AKT (Ser473;
Cell Signaling Technology), total and phosphorylated
mTOR (Ser2448; Cell Signaling Technology), total
and phosphorylated PI3K (Tyr485 and Tyr199; Cell
Signaling Technology), total and phosphorylated
ERK1/2 (Thr202,Thr204; Cell Signaling Technology),
PFN1 (Abcam, Cambridge, United Kingdom), matrix
metalloproteinase (MMP)-2 (Abcam), MMP9 (Abcam),
and integrin β1 (Abcam) at 4 ℃ overnight. The
immunocomplexes were visualized using a horseradish
peroxidase conjugated antibody followed by incubation
with a chemiluminescence reagent (Millipore, Billerica,
MA, United States) and exposure to a photographic
film. The Western blot was quantified and analyzed
using Quantity One software.

Cell lines and cell culture

The following human gastric carcinoma cell lines
were used: AGS purchased from the American Type
Culture Collection; SH-10-TC obtained from the Riken
Bio Resource Center; MKN28, SGC-7901, BGC-803,
BGC-823, N87 and gastric epithelial cells (GES)
provided by the Institute of Biochemistry and Cell
Biology of the Chinese Academy of Science. All cells
were maintained in RPMI 1640 (Biowest) medium
supplemented with 10% fetal bovine serum (FBS;
Biowest), 100 U/mL penicillin, 100 μg/mL streptomycin
sulfate, 1 mmol/L sodium pyruvate, with or without 10
μg/mL FN (Sigma) at 37 ℃ in 5% CO2. The cells were
passaged using trypsin-EDTA (0.05% trypsin and 0.53
mmol/L tetrasodium EDTA).

qRT-PCR analysis

Total RNA was isolated from frozen tissues, and the
cells were treated with TRIzol (Takara, Dalian, China).
The RNA quality (A260/A280 ratio) and quantity were
determined using a standard spectrophotometer. One
microgram of total RNA was used for cDNA synthesis
TM
using the RevertAid First Strand cDNA Synthesis Kit
1622 (Fermentas, Vilnius, Lithuania) according to the
manufacturer’s instructions. Appropriate forward and
reverse primers were used in the reverse transcrip
tion-polymerase chain reactions (RT-PCRs) for cDNA
amplification to detect the transcripts of interest. The
primer sequences for GAPDH, PFN1 and integrin β1
[13,16]
have been previously described
. The following PCR

Small interfering RNA (siRNA) preparation and cell
transfection

The siRNAs against human PFN1 were chemically
synthesized at Shanghai GenePharma Co., Ltd.
The siRNA sequences for the indicated genes were
[16]
designed as previously described . According to
the manufacturer’s specifications, the cells were
transfected with siRNA-PFN1 in 6-well plates using
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placed in the upper chamber, and the lower chamber
was loaded with 0.8 mL of medium containing 20%
FBS. After 24 h, the cells on the upper surface of
the well were removed, and the cells on the lower
surface were fixed in cold methanol and stained with
0.4% crystal violet. For each experiment, the number
of transmigrated cells in five random fields on the
underside of the filter were counted and photographed,
and three filters were independently analyzed.

conditions were used for the amplification: 94 ℃ for 10
min, followed by 40 cycles of 94 ℃ for 30 s, 55-58 ℃
for 30 s, and 72 ℃ for 45 s, and a final cycle at 72 ℃
for 10 min. qRT-PCR was conducted using a 7300
Real-time PCR System (Applied Biosystems). Standard
curves were plotted for each optimized assay, to
generate a linear plot of the threshold cycle (Ct) aga
inst log (dilution). The concentration of each target
was quantified based on the concentration obtained
from the standard curve and presented in arbitrary
units. The quantity of each target was normalized
against the quantity of glyceraldehyde-3-phosphate
dehydrogenase (GAPDH).

Statistical analysis

Data are expressed as mean ± SD. Statistical analyses
were performed using Student’s t-test and analysis of
2
variance. Pearson’s χ test was applied to examine the
relationships between different variables. A P-value
less than 0.05 was considered statistically significant.

Cell proliferation assay
4

The cells (1 × 10 /mL) were plated onto 96-well
plates. At 24, 48 and 72 h post-transfection with
PFN1 siRNA, cell viability was determined using the
cell counting kit-8 (CCK-8) assay (RS Biotechnology,
Shanghai) according to the manufacturer’s protocol.
The experiments were performed in triplicate.

RESULTS
PFN1 expression in gastric cancer

All tissue microarray block sections used in this study
contained both normal and malignant epithelium.
Figure 1A shows representative images of PFN1
immunostaining in gastric cancer tissue samples. A
semiquantitative estimation of the staining was re
presented as a composite score obtained from the
product of the staining intensity and relative abundance
of positive cells. Among the 75 paired gastric cancer
samples, 53 (70.4%) cancer tissue samples showed
higher PFN1 expression than the matched adjacent
normal tissues. Moreover, the staining score (P <
0.01) showed that PFN1 expression was higher in
gastric cancer tissues than in the adjacent normal
tissues (Figure 1B). These results were consistent with
those obtained from the qRT-PCR and Western blot
analyses using another 30 tissue sample pairs (Figure
1C, D). Furthermore, the associations between PFN1
expression and the clinicopathological factors of gastric
cancer are shown in Table 1. High PFN1 expression
was associated with tumor infiltration (P < 0.05),
lymph node metastasis (P < 0.05) and TNM stage (P <
0.05), but not with gender, age, location, tumor size,
or histological differentiation (P > 0.05).

Colony formation assay

Colony formation assays were performed as previously
[15]
described . Briefly, the cells (500 per well) were
cultured in 6 well plates for 2 wk. The colonies were
counted and photographed using Quantity One
software. All experiments were performed in triplicate.

Cell cycle analysis

SGC-7901 cells were transfected with PFN1 siRNA, NC
and controls and harvested at 48 h post-transfection.
The collected cells were fixed in 70% ethanol at 4 ℃
overnight. The cells were subsequently labeled with
propidium iodide (PI) in the presence of RNase A. The
fractions of cells in the G0/G1, S and G2/M phases were
analyzed using flow cytometry. The experiments were
performed in triplicate.

Transwell assay

Transwell assays were performed using polycarbonate
transwell filters (Corning, 8 μm) placed over the
bottom chambers, which were filled with culture
5
medium containing 20% FBS. Briefly, 1 × 10 cells
in 0.5 mL of serum-free RPMI 1640 medium were
placed in the upper chamber, and the lower chamber
was loaded with 0.8 mL of medium containing 20%
FBS. After 24 h, the cells on the upper surface of
the well were removed, and the cells on the lower
surface were fixed in cold methanol and stained with
0.4% crystal violet. For each experiment, the number
of transmigrated cells in five random fields on the
underside of the filter were counted and photographed,
and three filters were independently analyzed.

PFN1 expression in gastric cancer epithelial cell lines

The expression of PFN1 in the gastric cancer epithelial
cell lines AGS, MKN28, SGC-7901, BGC-823, N87, SH10-TC, BGC-803 and GES was determined by Western
blot and qRT-PCR. Among these cell lines, the gastric
cancer epithelial cells exhibited relatively higher levels
of PFN1 expression than the gastric epithelial cell lines
(Figure 2). These results indicated that the expression
of PFN1 in gastric cancer cells was relatively high,
consistent with the levels detected in tissues.

Knockdown of PFN1 inhibits gastric cancer cell
proliferation

Invasion assay

The invasion assays were performed using BD Matrigel
5
invasion chambers (BD, 8 μm). Briefly, 1 × 10 cells
in 0.5 mL of serum-free RPMI 1640 medium were
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To address the potential role of PFN1 in the tu
morigenesis of gastric cancer, SGC-7901 cells with
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Figure 1 Analysis of profilin-1 expression in human gastric cancer and adjacent normal tissues. A: Immunohistochemical staining for profilin-1 (PFN1) in
human gastric cancer and adjacent normal tissues; B: The PFN1 staining score in human gastric cancer and adjacent normal tissues; C and D: Quantitative real-time
polymerase chain reaction (C) and Western blot analyses (D) of PFN1 expression in another set of gastric cancer tumor tissues compared with paired adjacent normal
tissues (n = 30) assessed. T: Tumor tissues; N: Adjacent normal tissues. aP < 0.05, bP < 0.01 vs paired adjacent normal tissues. GAPDH: Glyceraldehyde-3-phosphate
dehydrogenase.

relatively higher PFN1 expression were transfected
with PFN1-siRNA. The down-regulated express
ion of PFN1 was evidenced through Western blot
(Figure 3A). The effects of PFN1 knockdown on
the proliferation of SGC-7901 cells were evaluated
using CCK-8 kit. As shown in Figure 3B, silencing
PFN1 significantly inhibited cell growth in PFN1siRNA transfected cells relative to control and vector
transfectants at 48 and 72 h (P < 0.05). However,
significant differences were not observed at 24
h (P > 0.05). In addition, the colony formation
assay revealed that the PFN1-siRNA transfected
cells exhibited a significantly lower colony-forming
efficiency (P < 0.05) (Figure 3C). Moreover, cell
apoptosis and the cell cycle were assessed using flow
cytometry to determine the mechanisms underlying
the observed tumor suppression in response to PFN1
silencing. PFN1 silencing resulted in higher G0/G1
phase populations compared with the untreated
control and NC-transfectants (Figure 3D), but no
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influence on cell apoptosis was observed (data not
shown). Taken together, these results indicate that
silencing PFN1 inhibits proliferation through the
induction of G0/G1 arrest in SGC-7901 cells.

Knockdown of PFN1 inhibits gastric cancer cell
migration

The migration of SGC-7901 cells was assessed using
transwell migration assays. The micrographs ob
tained from a typical transwell experiment (Figure
4A) indicated that fewer cells transmigrated in the
PFN1 siRNA-treated group compared with those in
the untreated control and NC-transfected groups.
Because MMPs are important mediators of tumor
cell invasiveness and metastasis, we investigated
the impact of gene silencing on MMP expression.
The knockdown of PFN1 reduced MMP2 and MMP9
expression (Figure 4B). These results suggested that
PFN1 meditates gastric cancer cell migration and
invasion.
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Figure 2 Analysis of profilin-1expression in human gastric cancer cell
lines. Western blot (A) and quantitative real-time polymerase chain reaction
analyses (B) revealed the expression of profilin-1 (PFN1) in gastric cancer
epithelial cell lines. GAPDH: Glyceraldehyde-3-phosphate dehydrogenase.

(Figure 6A). Moreover, the effect of FN on the cell
proliferation, migration and invasion was ameliorated
after PFN1 silencing (Figure 6B and C).

PFN1: Profilin-1; TNM: Tumor-node-metastasis.

PFN1 silencing decreases the expression of integrin β 1
and inhibits the FAK signaling pathway

DISCUSSION

To elucidate the molecular mechanisms underlying
tumor inhibition in response to PFN1 silencing, we
assessed integrin β1 expression using Western blot
and qRT-PCR. The results showed that PFN1 silencing
did not affect the integrin β1 mRNA level (Figure 5B),
but led to the down-regulation of integrin β1 protein
expression (Figure 5A). The FAK signaling pathway
plays an important role in the response to integrinmediated cell proliferation, cell motility and migration.
The expression of phospho-FAK and the downstream
effectors phospho-ERK1/2, phospho-P38, phosphoPI3K and phospho-AKT were down-regulated after
PFN1 silencing (Figure 5C). Because mTOR is a direct
target of AKT, mTOR expression was also examined
using Western blot, and the results showed that
activities of these proteins were inhibited through PFN1
silencing (Figure 5C).

PFN1 is a 12-15 kDa protein that plays important roles
in cellular functions. This protein regulates signalingdependent actin polymerization via actin monomer
binding at a ratio of 1:1 to form the profiling-actin
complex, which participates in a variety of cellular
functions, including growth and division, cell adhesion
and motility, signal transduction and formation, and
the maintenance of actin-binding protein-dependent
[17,18]
cell morphology
. The results of the present study
suggest that increased PFN1 expression promotes
gastric cancer progression through stabilizing integrin
β1 via changes in the FAK pathway.
The immunohistochemistry data revealed that
PFN1 expression significantly increased from normal
tissues to primary tumors. This result was also verified
by qRT-PCR and Western blot in another set of paired
gastric cancer tissues. We demonstrated that PFN1 is
dysregulated in gastric cancer and gastric cancer cell
lines, which is consistent with the findings of Tanaka
[19]
et al . In addition, the high expression of PFN1
was associated with tumor infiltration, lymph node
metastasis and TNM stage. These results indicate
that PFN1 plays an important role in gastric cancer
progression.
To determine the biological function of this protein
in gastric cancer, SGC-7901 cells with high PFN1

Effect of FN is ameliorated through PFN1 silencing

FN, an integrin β1 ligand, was used to verify the
association between alterations in the integrin β1/FAK
pathway and changes in tumor cell aggressiveness
through PFN1 silencing. The activation of the FAK
signaling pathway through FN via integrin β1 binding
promoted cell proliferation, migration, and invasion
in different cell types. The induction of FAK activity
through FN was ameliorated after PFN1 silencing
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[22]

expression were subjected to PFN1 knockdown. The
results of the cell proliferation and colony formation
assays demonstrated that PFN1 silencing significantly
inhibited cell growth. This result is consistent with
association of PFN1 overexpression with TNM stage.
In addition, PFN1 silencing also reduced cellular
proliferation in other cancer cell lines, such as MCF7,
[20]
HeLa, and SKOV3 . To further examine the function
of this protein in gastric cancer, the effects of PFN1 on
cell apoptosis and cell cycle distribution were analyzed
using flow cytometry. The results showed that PFN1
silencing reduced the number of S- and G2-phase
cells and increased the number of G0/G1-phase cells,
indicating a G0/G1 arrest. However, cell apoptosis was
not affected after PFN1 silencing (data not shown).
These results suggest that PFN1 silencing inhibits
the proliferation of gastric cancer cells through the
induction of G0/G1 arrest.
In addition, PFN1 silencing significantly decreased
gastric cancer cell migration and invasion. Consistently,
blocking PFN1 decreased bladder cancer cell motility
[21]
through reduced actin (F-actin) polymerization .
Furthermore, we observed that PFN1 silencing re
duced the cellular expression of MMP2 and MMP9,
two key enzymes involved in the degradation of the
extracellular matrix (ECM). Because the ECM exerts
biochemical and mechanical barriers to cell movement,
the degradation of this scaffold is an important process
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in cancer cell metastasis . The data presented here
support these observations, suggesting that high PFN1
expression plays an essential role in the gastric cancer
progression.
Indeed, the results of the present study showed
that PFN1 silencing decreased integrin β1 at the
protein level. A recent study suggested that PFN1
contributes to the quantity of integrin β1 linked to the
cytoskeleton on the cell surface by promoting actin
[13]
polymerization to increase the amount of F-actin .
Therefore, the alterations in integrin β1 expression at
the protein level may reflect a decrease in the F-actin
concentration after PFN1 silencing. Integrins including
integrin β1 are non-kinase receptors, and their binding
to the ECM and subsequent activation require kinases
to initiate signal transduction. Integrin β1 signaling
occurs primarily through the recruitment and activation
of the tyrosine protein kinase FAK, and FAK promotes
cancer cell proliferation and metastasis upon integrin
β1 binding, which consequently results in the activation
[23,24]
and auto-phosphorylation of FAK
. In the present
study, we revealed that PFN1 silencing might inhibit
the activation of FAK by down-regulating integrin β1
expression.
Activating FAK ensures successive signaling events,
as this protein binds to the SH2 domain of PI3K,
thereby transporting the catalytic subunit of PI3K to
the membrane, where it catalyzes the phosphorylation
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[25]

of AKT . mTOR is a direct target of AKT oncogenic
signaling, involved in cell growth, tumorigenesis, and
cell invasion in various types of cancers, including
[26]
gastric cancer . In addition, it can also activate the
ERK1/2/P38MAPK signaling pathway by binding to
[27]
ERK1/2 with a specific sequence . Moreover, FAK
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inactivity leads to the inhibition of ERK1/2, P38MAPK,
PI3K and AKT activity. Therefore, we examined
changes in the expression of these molecules, and
the results showed that the activity of the enzymes
[28]
was inhibited after PFN1 silencing . Previous studies
have indicated that FAK/PI3K/AKT and FAK/MAPK
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are involved in the regulation of MMP2 and MMP9
[29]
activities in different cell types . Consistently, MMP2
and MMP9 expression was down-regulated after PFN1
depletion. Taken together, these results suggest that
PFN1 silencing might inhibit gastric cancer progression
through the integrin β1/FAK signaling pathway.
Moreover, FN, an integrin β1 ligand, was used
to verify the association between alterations in the
integrin β1/FAK pathway and changes in tumor cell
aggressiveness upon PFN1 perturbation. The integrin
β1/FAK signaling pathway, activated through FN
binding to integrin β1, promotes cell proliferation,
[30,31]
migration, and invasion
, and this effect can be
ameliorated through the inhibition of the FAK pathway
[31,32]
using an integrin β1 neutralizing antibody
. In the
present study, this effect was also ameliorated through
the down-regulation of integrin β1 protein expression
via PFN1 silencing. Integrin β1 is a non-kinase receptor,
and the subsequent activation of this receptor requires
FAK to initiate signal transduction. In addition, the
FN-mediated activation of FAK is ameliorated after
PFN1 silencing through down-regulation of integrin β1
expression. Thus, the effect of FN on cell proliferation,
migration and invasion could be ameliorated through
PFN1 silencing via the integrin β1/FAK pathway. These
results suggest that PFN1 silencing inhibits gastric
cancer progression through the integrin β1/FAK pa
thway (Figure 7).
Traditionally, PFN1 has been considered indis
pensable for the pro-proliferation and pro-migration
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of cells through actin cytoskeleton remodeling via
[32,33]
actin polymerization
. The data in present study
are consistent with this role for PFN1; however, th
ese results are different from those in other studies
[34]
[35]
concerning cancers, such as breast , pancreas , and
[8]
liver cancers . These differences suggest that PFN1
might be involved in different tumorigenic mechanisms
in different tissue types. In addition, the recent study
reported that PFN1 had contrasting effects on early vs
late steps of breast cancer metastasis, and the loss of
PFN1 significantly inhibited the metastatic outgrowth
of disseminated breast cancer cells, which had a
completely different tumor microenvironment than the
[2]
primary tumor . These results suggested that this
contradiction was critically influenced through signaling
from the tumor microenvironment. Meditated through
PFN1 and the ECM of tumor microenvironment, integrin
β1 acts as a bridge connecting the actin cytoskeleton,
and this interaction might play an important role in the
tumor cell response to the loss of PFN1 expression.
Consistently, blocking integrin signaling significantly
inhibits metastatic outgrowth of breast cancer
[2]
cells . Therefore, profilin-1 silencing inhibits gastric
cancer progression through integrin β1/FAK pathway
modulation.
In conclusion, the present study underscores
an important role for PFN1 in gastric cancer. PFN1
overexpression in gastric cancer is associated with
tumor infiltration, lymph node metastasis and TNM
stage. Furthermore, we demonstrated that PFN1
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silencing inhibits gastric cancer progression through
the integrin β1/FAK pathway.
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Abstract
AIM: To determine the mechanism of the radiation125
induced biological effects of I seeds on pancreatic
carcinoma cells in vitro .
METHODS: SW1990 and PANC-1 pancreatic cancer cell
lines were cultured in DMEM in a suitable environment.
125
Gray’s model of iodine-125 ( I) seed irradiation was
used. In vitro , exponential phase SW1990, and PANC-1
125
cells were exposed to 0, 2, 4, 6, and 8 Gy using I
radioactive seeds, with an initial dose rate of 12.13
cGy/h. A clonogenic survival experiment was performed
to observe the ability of the cells to maintain their
clonogenic capacity and to form colonies. Cell-cycle
and apoptosis analyses were conducted to detect the
apoptosis percentage in the SW1990 and PANC-1 cells.
DNA synthesis was measured via a tritiated thymidine
3
( H-TdR) incorporation experiment. After continuous
125
low-dose-rate irradiation with I radioactive seeds,
the survival fractions at 2 Gy (SF2), percentage ap
optosis, and cell cycle phases of the SW1990 and
PANC-1 pancreatic cancer cell lines were calculated and
compared.
RESULTS: The survival fractions of the PANC-1 and
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125

SW1990 cells irradiated with
I seeds decreased
exponentially as the dose increased. No significant
difference in SF2 was observed between SW1990 and
PANC-1 cells (0.766 ± 0.063 vs 0.729 ± 0.045, P < 0.05).
125
The I seeds induced a higher percentage of apoptosis
than that observed in the control in both the SW1990
and PANC-1 cells. The rate of apoptosis increased
with increasing radiation dosage. The percentage
of apoptosis was slightly higher in the SW1990 cells
than in the PANC-1 cells. Dose-dependent G2/M cell125
cycle arrest was observed after I seed irradiation,
with a peak value at 6 Gy. As the dose increased,
the percentage of G2/M cell cycle arrest increased in
both cell lines, whereas the rate of DNA incorporation
3
decreased. In the H-TdR incorporation experiment,
the dosimetry results of both the SW1990 and PANC-1
cells decreased as the radiation dose increased, with a
minimum at 6 Gy. There were no significant differences
in the dosimetry results of the two cell lines when they
were exposed to the same dose of radiation.

distant metastasis of the tumor occurs rapidly in most
patients. Patients are usually diagnosed at an advanced
stage, with the effectiveness of chemotherapy being
very limited for such patients. Interstitial brachytherapy
is an ideal treatment that can prevent recurrence,
prolong life expectancy, and improve the quality of
[2]
life in advanced patients . The most commonly used
131
radioactive seeds for interstitial brachytherapy are Cs
103
and Pd, among others. As reported that the relative
103
biological effectiveness of Pd vs 250 kVp X-rays and
125
60
iodine-125 ( I) vs Co X-rays are 1.24 and 1.39,
[3-5] 125
respectively . I emits 27.4 keV X-rays and 35.5
keV γ-rays, which increase the radiosensitivity of the
[6-8] 125
tumor . I has a T1/2 of 60.1 d and can therefore
provide continuous irradiation for nearly 200 d. The
125
advantages of I have led to its widespread application
[9-11]
in China
. There are various pancreatic cancer cell
lines available, including PANC-1, SW1990, P3, Capan-1,
Capan-2, AsPC-1, and Hs766T. Among them, PANC-1
[12-15]
and SW1990 are used most often in experiments
.
According to the American Type Culture Collection, the
SW1990 line was established from a spleen metastasis
of a grade Ⅱ pancreatic adenocarcinoma derived from
the exocrine pancreas, and PANC-1 originated from
the epithelium of the pancreas duct. The difference
125
between the radiobiological effects induced by I seeds
on SW1990 and PANC-1 cells has not been described
in the literature. In this study, we compared the
radiobiological effects observed in SW1990 and PANC-1
125
cells after irradiation using I seeds through clonogenic
3
cell survival assay and tritiated thymidine ( H-TdR)
incorporation experiment.

CONCLUSION: The pancreatic cancer cell-killing
125
effects induced by
I radioactive seeds mainly
occurred via apoptosis and G2/M cell cycle arrest.
Key words: 125I radioactive seeds; Biological effects;
Pancreatic cancer; SW1990; PANC-1
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We compared the radiobiological effects
observed in SW1990 and PANC-1 pancreatic cancer
125
cell lines after irradiation with I seeds through a
3
clonogenic cell survival assay and H-TdR incorporation
experiment. Continuous low-dose-rate irradiation with
125
I seeds was found to induce apoptosis and G2/M cell
cycle arrest.

MATERIALS AND METHODS
Cell lines and cell culture

Cells from the SW1990 and PANC-1 pancreatic cancer
cell lines (kindly provided by the Chinese Academy of
Sciences Shanghai cell library) were cultured in DMEM
supplemented with 100 IU/mL penicillin, 100 mg/mL
streptomycin, and 10% heat-inactivated fetal bovine
serum (Biotrom Company, Germany) in a humidified
atmosphere of 95% air and 5% CO2 at 37  ℃.

Wang ZM, Lu J, Zhang LY, Lin XZ, Chen KM, Chen ZJ, Liu FJ,
Yan FH, Teng GJ, Mao AW. Biological effects of low-dose-rate
irradiation of pancreatic carcinoma cells in vitro using 125I seeds.
World J Gastroenterol 2015; 21(8): 2336-2342 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v21/i8/2336.htm
DOI: http://dx.doi.org/10.3748/wjg.v21.i8.2336

125
125

INTRODUCTION
Pancreatic cancer is a fatal disease that is a serious
health problem worldwide; the overall five-year survival
rate for patients with this disease is approximately 5%.
Risk factors for pancreatic cancer include smoking,
family history of chronic pancreatitis, advancing age,
[1]
vitamin D deficiency, and occupational exposure . In
[1]
general, mortality is nearly the same as morbidity .
Due to the absence of a capsule, the tumor can easily
infiltrate the surrounding tissue; local invasion and
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I seeds

I radioactive seeds (BT-125-I) were purchased from
the Shanghai Xinke Limited Corporation. We used Gray’
125
[16,17]
s model of I seed irradiation
, as shown in Figure 1.
The model consists of a lower seed plaque layer and an
upper cell culture plaque layer. In the seed plaque, 14
seeds with the same activity were equally spaced within
recesses located around a 35 mm circumference. In the
cell culture plaque, identical recesses were created, also
around a 35 mm circumference. The absorbed dose and
the exposure time could be calculated. The initial dose
rate was 12.13 cGy/h and the accumulated doses were
2, 4, 6, and 8 Gy. The entire model was housed in an
incubator throughout the study.
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Figure 1 Appliance used for irradiation with 125I radioactive seeds.

Cell irradiation

during cell proliferation to mark the TdR with the
3
radioactive nuclide H and to introduce the resulting
3
H-TdR into the culture system, where it could be
incorporated into DNA molecules. The same amounts
5
(about 1 × 10 ) of SW1990 and PANC-1 cells were
125
plated and irradiated with I seeds at doses of 2, 4,
3
6, and 8 Gy. A volume of 10 μL of H-TdR was injected
into each culture system after irradiation. A liquid
scintillation counter was used to estimate the relative
dosimetry for each group, with the value corresponding
to the control group set to 1. After 24 h of culture, the
3
amounts of H-TdR that had been incorporated were
estimated and compared between the control group
and treated groups for both cell lines.

SW1990 and PANC-1 cells in the exponential phase of
growth were irradiated in a tissue culture flask (35 mm
in diameter) using the model described above. After
irradiation, the cells were incubated for a further 21 d
at constant temperature and humidity.

Clonogenic survival experiment

Clonogenic survival is defined as the ability of cells
to maintain their clonogenic capacity and to form
[18]
colonies . Cells in the control and irradiation groups
were briefly exposed to various radiation dosages
(0, 2, 4, 6, and 8 Gy). After incubation for 14 d, the
colonies were stained and manually counted. Colonies
that contained more than 50 cells were regarded as
survivors. The plating efficiency (PE) and survival
fraction (SF) were calculated as follows: PE = (number
of colonies/number of inoculating cells) × 100% and
SF = PE (tested group)/PE (0 Gy group) × 100%.
The dose-survival curves were fitted using the linear
-αD-βD^2
quadratic model SF = e
. A dose-survival curve
was obtained for each experiment and the values
of SF2 (the fitted SF value at 2 Gy) were calculated
based on the dose-survival curves of the PANC-1 and
125
SW1990 cells in the presence of I seeds.

Statistical analysis

The data were plotted as the mean ± standard
deviation, with P < 0.05 being considered significant.
SAS 9.1 (NC, USA) software was used to acquire the
cell survival curves.

RESULTS
Clonogenic survival rates

PANC-1 and SW1990 cells were irradiated using
125
I seeds at doses of up to 8 Gy and their survival
fractions were measured based on colony formation.
Figure 2 presents the dose–response curves for the
125
cell-killing effects of irradiation with I seeds on these
2 human pancreatic cancer cell lines. The survival
fractions of the PANC-1 and SW1990 cells that were
125
irradiated with
I seeds decreased exponentially
with an increasing dose of radiation. The SF2 value
for SW1990 was 0.766 ± 0.063 and the SF2 value for
PANC-1 was 0.729 ± 0.045. No significant differences
between the two cell lines were observed.

Cell cycle and apoptosis analysis

An annexin-V/propidium iodide (PI) apoptosis kit was
purchased from Invitrogen Corporation. The cells of
the control group and the CLDR treated groups were
exposed to various radiation dosages (0, 2, 4, 6, and
8 Gy). The cells were collected 48 h after irradiation.
For the detection of apoptotic cells, the cells were
trypsinized, stained with acridine orange, and observed
under a fluorescence microscope. At the same time,
the cells were counted. The cells used for the apoptosis
analysis were stained with PI and annexin V. The cells
used for cell cycle analysis were stained with PI after
ethanol fixation. Each analysis was performed 3 times.
3

H-TdR incorporation experiment

The apoptosis rates of SW1990 and PANC-1 cells

The results indicated that for a higher absorbed
125
dose, the
I seeds induced a higher percentage of
apoptosis in both the SW1990 and PANC-1 cells (Figure
3). The percentage of apoptosis was slightly higher
in the SW1990 cells than in the PANC-1 cells, but the

3

DNA synthesis was measured via a H-TdR incorporation
experiment. Thymidine phosphorylase was added

WJG|www.wjgnet.com
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Figure 3 Apoptosis rates of PANC-1 and SW1990 cells after irradiation
with 125I seeds at various doses.

Figure 4 The cell cycle phases of PANC-1 and SW1990 cells after irradiation
with 125I seeds at various doses.

difference was not significant.

especially for the SW1990 cells (Figure 5).

Cell cycle analysis of SW1990 and PANC-1 cells

DISCUSSION

The results of cell cycle analysis performed via flow
cytometry are presented in Table 1 and Figure 4. The
results indicated that dose-dependent G2/M cell-cycle
125
arrest occurred after irradiation with I seeds, with a
peak value at 6 Gy.
3

Interstitial brachytherapy with radioactive seeds has a
125
103
history spanning more than 100 years. I, Pd, and
131
Cs are the most commonly used types of radioactive
seeds. The advantages of interstitial brachytherapy
using radioactive seeds are the low dose rates and
[19,20]
conformal irradiation
, which increases the dose
applied within the target area, thereby decreasing the
incidental radiation injury to normal tissues and the
[21,22]
[23]
attendant complications
. Hennequin et al
have
demonstrated that low-dose-rate brachytherapy offers
certain radiobiological advantages compared with
external beam radiotherapy: subtle damage repair
during irradiation, leading to the relative protection of
healthy tissues; lack of tumor cell repopulation; cell
cycle redistribution; and a low oxygen enhancement
ratio. Radioactive seeds were first used for the
treatment of prostate cancer and demonstrated high
[24,25]
efficacy
. Irradiation therapy may encourage tumor
cells to remain in the sensitive resting period, thereby
resulting in tumor cell apoptosis, and cause damage
to their DNA, thereby killing the cancer cells. In this
125
study, we assessed the radiobiological effects of I

H-TdR incorporation experiment
3

In the H-TdR incorporation experiment, the dosime
try results for both the SW1990 and PANC-1 cells
decreased as the radiation dose increased, with
the lowest dosimetry readings at 6 Gy. There were
no significant differences in the dosimetry results
between the two cell lines at the same radiation dose.
Additionally, the dosimetry readings at 2 Gy exhibited
no significant difference compared with the control
group. This result suggested that a cumulative dose
of 2 Gy may not have been sufficient to suppress DNA
synthesis. The dosimetry readings at 4 Gy were higher
than those at 6 Gy and 8 Gy for both cell lines (P < 0.05)
and there were no significant differences between
the readings at 8 Gy and 6 Gy (P > 0.05). However,
the dosimetry readings for the SW1990 and PANC-1
cells at 8 Gy were slightly higher than those at 6 Gy,
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Table 1 Percentage of PANC-1 and SW1990 cells in each phase of the cell cycle after irradiation with

PANC-1

SW1990

n

G1 (%)

S (%)

G2/M (%)

G2/G1 (%)

0
2
4
6
8
0
2
4
6
8

3
3
3
3
3
3
3
3
3
3

49.22 ± 3.92
51.34 ± 4.14
52.94 ± 3.83
55.83 ± 4.28
54.03 ± 3.21
43.79 ± 4.52
42.47 ± 3.27
40.98 ± 3.94
41.99 ± 4.39
52.08 ± 3.80

25.38 ± 1.8
26.63 ± 3.9
28.12 ± 1.2
30.82 ± 2.2
27.83 ± 3.5
37.31 ± 2.8
36.03 ± 4.2
38.42 ± 3.2
30.82 ± 2.2
32.83 ± 3.5

21.31 ± 1.91
22.48 ± 2.13
26.24 ± 2.15
33.21 ± 2.21
28.14 ± 3.81
19.08 ± 1.36
20.08 ± 1.72
24.36 ± 1.18
31.99 ± 3.29
27.63 ± 2.94

1.94 ± 0.16
1.95 ± 0.12
1.98 ± 0.19
1.99 ± 0.15
1.99 ± 0.13
1.93 ± 0.14
1.94 ± 0.09
1.96 ± 0.12
1.98 ± 0.19
1.97 ± 0.20

treatment of pancreatic cancer.
As suggested by the data obtained in our cell cycle
125
analysis, continuous low-energy I irradiation causes
the arrest of both SW1990 and PANC-1 cells in the G2/
M phase. It is well known that progression through the
various phases of the cell cycle is a tightly regulated
process that involves the activities of various cyclins
and cyclin-dependent kinases, which are specific to
[30]
different cell cycle phases . Our results indicate that
125
dose-dependent G2/M cell cycle arrest occurs after I
seed irradiation, with a peak value at 6 Gy.
Previous studies have shown that apoptosis and
G2/M cell-cycle arrest are the predominant mech
[31-33]
anisms involved in the inhibition of tumor growth
.
[34]
Several studies that have focused on the operational
125
mechanism of I radioactive seeds in the treatment of
prostate cancer have demonstrated that this inhibition
is achieved through the down-regulation of BCL-2 and
[35,36]
certain influences on caspase. Some scholars
believe that a change in DNA methyltransferase is
also a key element. The results of our study were
consistent with those of previous studies. In our study,
the percentages of apoptosis and G2/M cell cycle arrest
3
increased with increasing irradiation dose. Our H-TdR
phosphorylase incorporation experiment explored the
decrease in DNA synthesis after irradiation. We found
that continuous low-dose-rate irradiation at 6 Gy using
125
I seeds is effective for tumor inhibition in vitro.
Although many issues remain to be addressed, we
believe that with further developments in fundamental
125
research, the applications of
I radioactive seed
implantation in clinical practice will continue to be
explored.
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Figure 5 The DNA incorporation rates of PANC-1 and SW1990 cells after
irradiation with 125I seeds at various doses.

seeds on human pancreatic cancer cells in vitro.
Clonogenic survival experiments can reflect the
[26]
ability of cells to proliferate in vitro . The clonogenic
survival experiment performed in this study revealed
similar SF2 values between the two investigated
pancreatic cancer cell lines after irradiation at doses
125
of 0, 2, 4, 6, and 8 Gy using I radioactive seeds.
This result indicated that the cellular radiosensitivity
of the two pancreatic cancer cell lines to continuous
125
low-dose-rate irradiation produced by I seeds was
similar.
Our results demonstrated that a higher absorbed
125
dose of I induced a higher percentage of apoptosis
in both the SW1990 and PANC-1 cells. This finding
indicated that apoptosis may play an important role
in the therapeutic effects exerted by the application of
125
continuous low-energy I irradiation to SW1990 and
[27]
PANC-1 cells. A study by Jian et al also demonstrated
125
that cell apoptosis was the key factor in
I seed
brachytherapy in a pancreatic carcinoma xenograft.
Organisms exposed to ionizing radiation (IR) exhibit
increased production of reactive oxygen species (ROS),
which are determining factors in the induction of
[28]
apoptosis . ROS damage critical cellular components
such as DNA, proteins, and lipids, eventually causing
[29]
cellular apoptosis . Therefore, the apoptosis induced
125
by I irradiation is a key mechanism underlying the
125
therapeutic effects of
I seed implantation in the
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CONCLUSION
We demonstrated that two human pancreatic cancer
cell lines (PANC-1 and SW1990) exhibited similar
radiosensitivity to continuous low-dose-rate irradiation
125
with I seeds and that a dose of 6 Gy is effective for
tumor inhibition in vitro. The radiobiological effects
induced by continuous low-dose-rate irradiation with
125
I seeds were most likely due to apoptosis and G2/M
cell-cycle arrest.
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Abstract
AIM: To find potential mutable sites by detecting
mutations of the candidate gene in a kindred with
polycystic liver disease (PCLD).
METHODS: First, we chose a kindred with PCLD and
obtained five venous blood samples of this kindred after
the family members signed the informed consent form.
In the kindred two cases were diagnosed with PCLD,
and the left three cases were normal individuals. All
the blood samples were preserved at -85 ℃. Second,
we extracted the genomic DNA from the venous blood
samples of the kindred using a QIAamp DNA Mini Kit
and then performed long-range polymerase chain
reaction (PCR) with different primers. The exons of
PKD1 were all sequenced with the forward and reverse
primers to ensure the accuracy of the results. Next,
we purified the PCR products and directly sequenced
them using Big Dye Terminator Chemistry version 3.1.
The sequencing reaction was conducted with BiomekFX
(Beckman). Finally, we analyzed the results.
RESULTS: A total of 42 normal exons were identified in
detecting mutations of the PKD1 gene. A synonymous
mutation occurred in exon 5. The mutation was
a homozygous T in the proband and was C in the
reference sequence. This mutation was located in
the third codon and did not change the amino acid
encoded by the codon. Missense mutations occurred in
exons 11 and 35. These mutations were located in the
second codon; they changed the amino acid sequence
and existed in the dbSNP library. A nonsense mutation
occurred in exon 15. The mutation was a heterozyg
ous CT in the proband and was C in the reference
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sequence. This mutation was located in the first codon
and resulted in a termination codon. This mutation
had an obvious influence on the encoded protein and
changed the length of the protein from 4303 to 2246
amino acids. This was a new mutation that was not
present in the dbSNP library.
CONCLUSION: The nonsense mutation of exon 15
existed in the proband and in the third individual.
Additionally, the proband was heterozygous for this
mutation, so the mutable site was a pathogenic mutation.

with polycystic liver disease associated with ADPKD
often have kidney damage. Renal complications are
important factors that cause the death of patients. In
the present study, we used long-range polymerase
chain reaction (PCR) and direct sequencing with di
fferent sequencing primers for screening mutations
in a kindred with polycystic liver disease, with aims to
provide a theoretical basis to conduct genetic research
of polycystic liver disease, assist in prenatal diagnosis
in the future and clarify the patterns and characteristics
of polycystic liver disease gene mutations.

Key words: Gene mutation; Polycystic liver disease;
Kindred

MATERIALS AND METHODS
Ethics statement

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

This study was approved by the medical Ethics Com
mittee of the Shandong Cancer Hospital. We collected
clinical data from the members of the polycystic liver
disease pedigrees after they signed the informed
consent form. Among 5 peripheral blood samples
obtained, 2 were collected from patients (Ⅲ1, Ⅳ3)
diagnosed with polycystic liver disease and 3 from
healthy subjects (Ⅲ2, Ⅳ4, Ⅳ5). We stored the blood
samples at -85 ℃ in an ultra-low temperature freezer.

Core tip: This study explored the mutable sites in
the PKD1 gene and found the potential mutable
sites by detecting mutations of the candidate gene
in a kindred with polycystic liver disease (PCLD). We
analysed five blood samples obtained from the kindred
by using long-range polymerase chain reaction and
direct sequencing with different primers. We found
synonymous mutations in exons 5, 11, 15, and 35 of
the PKD1 gene. Only the mutation in exon 15 was not
in the dbSNP library, and it was a heterozygous CT in
the proband and was C in the reference sequence. This
mutation was located in the first codon and resulted in
a termination codon. This nonsense mutation existed
also in the third individual, so the mutable site was a
pathogenic mutation.

Clinical data

The clinical data of three generations of a kindred with
polycystic liver disease are shown in Figure 1. The
proband (Ⅲ1) was a 44-year-old woman who was
diagnosed with polycystic liver disease associated with
ADPKD and had undergone an operation (Figures 2-4).
Case Ⅲ2 was the husband of the proband who was 46
years old and did not have the disease. Case Ⅳ3 was
the older daughter of the proband who was 24 years
old and also had polycystic liver disease. Case Ⅳ4 was
the youngest daughter of the proband who did not
have the disease. Case Ⅳ5 was the proband’s nephew
who did not have the disease. The proband’s mother
died from polycystic liver disease, and her two uncles
both died from polycystic kidney disease.

Jin S, Cui K, Sun ZQ, Shen YY, Li P, Wang ZD, Li FF, Gong
KN, Li S. Screening analysis of candidate gene mutations in
a kindred with polycystic liver disease. World J Gastroenterol
2015; 21(8): 2343-2351 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i8/2343.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i8.2343

DNA extraction

We extracted the genomic DNA using the QIAamp
DNA Extraction Kit (QIAGEN) from the peripheral
venous blood samples of the members of the AKPLD
kindred. The QIAamp DNA technique allows to extract
genomic, mitochondrial, bacterial, parasitic and viral
DNA from human tissue samples and can be used
directly for PCR and marker detection. The method
ensures obtaining highly purified DNA.

INTRODUCTION
Polycystic liver disease is a type of autosomal do
minant polycystic liver disease. It can be divided into
polycystic liver disease associated with autosomal
dominant polycystic kidney disease (ADPKD) and the
independent type of polycystic liver disease. Currently,
four genes have been identified to be associated
with the onset of this disease: the polycystic kidney
disease genes PKD1 and PKD2 and the independenttype polycystic liver genes PRKCSH and SEC63.
Polycystic liver disease often has a familial history.
Simple polycystic liver disease is rare, and patients
with polycystic liver disease account for more than
half of the cases of ADPKD. The disease is common in
women over 40 years old, and cysts can grow during
pregnancy or from taking estrogen drugs. The patients

WJG|www.wjgnet.com

Primer design

The PKD1 gene contains 46 exons, but the first
30 exons have repeat regions in the genome. The
traditional method in which a single exon is amplified
and sequenced cannot separate true genetic regions
and repeat sequences. Therefore, the repeat regions
were amplified twice by using nested PCR, but this was
too troublesome. We used the method proposed by
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Figure 1 Diagram showing the members of the kindred with polycystic liver disease. PCLD: Polycystic liver disease.

A

B

Figure 2 Images showing the proband.

Figure 3 Computed tomography images.

PCR amplification

Ying-Cai Tan to synthesize all the PKD1 amplification
[1]
and sequencing primers (Tables 1 and 2) . The
bidirectional sequencing of the PKD1 exons ensured
the accuracy of the results.

WJG|www.wjgnet.com

The PCR reaction setup is shown in Table 3. Because
the amplified products were too long, we added
dimethyl sulfoxide (DMSO) in the system to improve
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A

B

Figure 4 Images showing the findings in the operation.

Table 1 Primers for amplification of PKD1 b long-range polymerase chain reaction
Fragment

Size Exon
(bp)

Exon 1
Exons 2-7
Exons 8-12
Exons 13-15
Exons 15-21
Exons 22-26
Exons 27-34
Exons 35-41
Exons 42-46

2278
4041
3893
4391
5253
3276
3916
2632
2370

Forward primer

Reverse primer

1
5’-CGCAGCCTTACCATCCACCT-3’
5’-TCATCGCCCCTTCCTAAGCA-3’
2-7 5’-CCCCGAGTAGCTGGAACTACAGTTACACACT-3’
5’-CGTCCTGCTGTGCCAGAGGCG-3’
8-12
5’-ACGTCTGCGAGCTGCAGCCC-3’
5’-CTGCAGGGACAGGCGTCAGTGA-3’
13-15
5’-TGGAGGGAGGGACGCCAATC-3’
5’-GTCAACGTGGGCCTCCAAGT-3’
15-21
5’-ATCCCTGGGGGTCCTACCATCTCTTA-3’
5’-ACACAGGACAGAACGGCTGAGGCTA-3’
22-26 5’-ATGCTTAGTGAGGAGGCTGTGGGGGTCCA-3’
5’-GCTTAAAGGGGAATGGCTTAAACCCG-3’
27-34
5’-CGGGTCACCGGTTGTGGCA-3’
5’-ATGAGGCTCTTTCCACAGACAACAGAGGTT-3’
35-41
5’-CAAGAGGCTCAAGAAACTGCCCG-3’
5’-GGGCTGTGGAAGCCGCCTA-3’
42-46
5’-GAGTAGTTCTCCAGGAGTGCCG-3’
5’-ATTCTGCCTGGCCCTCGGCCTT-3’

the efficiency. The PCR conditions were as follows:
(1) fragment one: 94 ℃ for 4 min; followed by 35
cycles of 94 ℃ for 40 s, 62 ℃ for 1 min, and 65 ℃ for
150 s, with a final extension step at 65 ℃ for 10 min;
(2) fragments two and three: Touchdown protocol
composed of an initial step of 94 ℃ for 2 min; followed
by 14 cycles of 94 ℃ for 30 s, 74 ℃ for 60 s, with
a decrease of 0.5 ℃ per cycle, and 65 ℃ for 4 min;
followed by 30 cycles of 94 ℃ for 30 s, 65 ℃ for 60
s, and 65 ℃ for 4 min, with a final extension step of
65 ℃ for 10 min; (3) fragment four: 94 ℃ for 2 min,
followed by 35 cycles of 94 ℃ for 20 s and 65 ℃ for 5.5
min, with a final extension step at 65 ℃ for 10 min; (4)
fragment five: 94 ℃ for 2 min, followed by 35 cycles
of 94 ℃ for 30 s, 68 ℃ for 30 s, and 65 ℃ for 5 min,
with a final extension step at 65 ℃ for 10 min; and (5)
fragments six to nine: 94 ℃ for 2 min; followed by 14
cycles of 94 ℃ for 30 s, 66 ℃ for 30 s with a decrease
of 0.5 ℃ per cycle, and 65 ℃ for 3.5 min; followed by
30 cycles of 94 ℃ for 30 s, 59 ℃ for 30 s, and 65 ℃
for 3.5 min, with a final extension step of 65 ℃ for 10
min.
The long-range PCR amplification products were
analyzed by 2% agarose gel electrophoresis. In Figure
5, PCR amplification products for fragments 1 to 9 are
shown from the left to the right. The number and size
of the fragments are shown in Table 1.

64
70
70
65
68
70
70
68
63

quencing method using a Biomek FX Beckman fluid
moving workstation. We purified the PCR amplification
products using the Zymoclean Gel DNA Recovery Kit
(D4001), quantified the DNA with a NanoDrop 8000
spectrophotometer and sequenced the DNA with an
ABI 3730XL automated DNA sequencer.
A total of 42 normal exons were identified in
detecting mutations of the PKD1 gene. A synonymous
mutation occurred in exon 5. The mutation was a
homozygous T in the proband, which was C in the
reference sequence. It was located in the third codon
and did not change the amino acid encoded by the
codon. Missense mutations occurred in exons 11 and
35. These mutations were located in the second codon;
they changed the amino acid sequence and existed
in the dbSNP library. A nonsense mutation occurred
in exon 15. This mutation was a heterozygous CT in
the proband, which was C in the reference sequence.
It was located in the first codon and resulted in a
termination codon. This was a new mutation that was
not deposited in the dbSNP library.

DISCUSSION
Polycystic liver disease can be divided into two types
according to its clinical manifestations: polycystic
liver disease related to polycystic kidney disease and
[2]
the independent type of polycystic liver disease . At
present, etiological studies have delved deep into the
levels of molecules and genes, and four genes have

DNA sequencing

The DNA was sequenced by the DNA dideoxy se
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Temperature
(℃)
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Table 2 Primers for sequencing of PKD1 exons
Primer name
PKD1-exon1-F
PKD1-exon1-R
PKD1-exon2-3-F
PKD1-exon2-3-R
PKD1-exon4-F
PKD1-exon4-R
PKD1-exon5A-F
PKD1-exon5A-R
PKD1-exon5B-F
PKD1-exon5B-R
PKD1-exon6-F
PKD1-exon6-R
PKD1-exon7-F
PKD1-exon7-R
PKD1-exon8-F
PKD1-exon8-R
PKD1-exon9-F
PKD1-exon9-R
PKD1-exon10-F
PKD1-exon10-R
PKD1-exon11A-F
PKD1-exon11A-R
PKD1-exon11B-F
PKD1-exon11B-R
PKD1-exon12-F
PKD1-exon12-R
PKD1-exon13-14-F
PKD1-exon13-14-R
PKD1-exon15A-F
PKD1-exon15A-R
PKD1-exon15B-F
PKD1-exon15B-R
PKD1-exon15C-F
PKD1-exon15C-R
PKD1-exon15D-F
PKD1-exon15D-R
PKD1-exon15E-F
PKD1-exon15E-R
PKD1-exon15F-F
PKD1-exon15F-R
PKD1-exon15G-F
PKD1-exon15G-R
PKD1-exon15H-F
PKD1-exon15H-R
PKD1-exon15I-F
PKD1-exon15I-R
PKD1-exon16-F
PKD1-exon16-R
PKD1-exon17-18-F
PKD1-exon17-18-R
PKD1-exon19-20-F
PKD1-exon19-20-R
PKD1-exon21-F
PKD1-exon21-R
PKD1-exon22-F
PKD1-exon22-R
PKD1-exon23A-F
PKD1-exon23A-R
PKD1-exon23B-F
PKD1-exon23B-R
PKD1-exon24-F
PKD1-exon24-R
PKD1-exon25-26-F
PKD1-exon25-26-R
PKD1-exon27-28-F
PKD1-exon27-28-R

Sequence

Genomic position
(starting from the 5’ end)

Distance to exon-intron
junction

Exons
covered

5’-GCGTCGCTCAGCAGCAGGT-3’
5’-GCCCGCGTCCTGCTTCCC-3’
5’-GGGATGCTGGCAATGTGTGGGAT-3’
5’-GGACCAACTGGGAGGGCAGAA-3’
5’-GGCGGTGCTGTCAGGGTG-3’
5’-CCAGAGAGGCCTTCCTGAGC-3’
5’-GAACAGCATGGGAGCCTGTGAGT-3’
5’-AGCCGGCCCAGCGGCATC-3’
5’-GCCTGTCCCTCTGCTCCG-3’
5’-GTGTCAACGGTCAGTGTGGGC-3’
5’-GTGTCTGCTGCCCACTCCC-3’
5’-CTCCTTCCTCCTGAGACTCCC-3’
5’-GCTGCTGTGAGGGTGGGAGGA-3’
5’-TCCACCGCGGGCGCTCGGCA-3’
5’-CTGGGCTGAGGAGGAGGG-3’
5’-GGGCACAAGCAACATTAAGGCCC-3’
5’-CCTCTTCCTGGGAAGTTCGGGT-3’
5’-ACTCTGGTGGCCACAGGACCA-3’
5’-GCAGGCAGTTGGGCATCTCTG-3’
5’-GACCCTGGGCAGCAGACAG-3’
5’-GTGTGGCTGACGAAGCGGG-3’
5’-CCGTGGCGTTGGCACCAG-3’
5’-CGCTATGAGGTCCGGGCAG-3’
5’-CCCTCACTGGGAAGCCAGG-3’
5’-GGACTCTCCAGCCCGACG-3’
5’-GCAGAGGTGAAGGTGGAGC-3’
5’-GTGGAGGGAGGGACGCCAA-3’
5’-GTCACAGTGAGGGCTGTTGGG-3’
5’-TTCTGCCGAGCGGGTGGG-3’
5’-CATGTCGAAGGTCCACGTGATGT-3’
5’-GACATGAGCCTGGCCGTGG-3’
5’-CCACCTCTGGCTCCACGCA-3’
5’-CACGCGGAGCGGCACGTT-3’
5’-GGTGACCTCCGGACCCTC-3’
5’-TCTGCTGTGGGCCGTGGG-3’
5’-CTGTACCGTGTGGTTGGTGGG-3’
5’-ACAGCATCTTCGTCTATGTCCTG-3’
5’-GGTTCCCTGCCGTCATGGTG-3’
5’-GGGCTGAGCTGGGAGACCT-3’
5’-GACAGCTGAGCCGGCAGC-3’
5’-CTGTGGGCCAGCAGCAAGGT-3’
5’-CGTGCGGTTCTCACTGCCCA-3’
5’-GACGTCACCTACACGCCCG-3’
5’-CCTCCCAGCGGTACTCAGTCT-3’
5’-GATGCGGCGATCACAGCGCA-3’
5’-GGCCAGCCCTGGTGGCAA-3’
5’-GGCCCGTCCTCAGTGCCT-3’
5’-GCGGCCTCCACCAGCACTA-3’
5’-GAAACCTGGAGTTTGGGAGCAGC-3’
5’-TGACGTCACAGAGTCGGG-3’
5’-GCACGGGTGAGTGCAGGC-3’
5’-CCGGGATGAGCCCTCTGCAA-3’
5’-AGTCGTGGGCATCTGCTGGC-3’
5’-CAAGCTGCCCGTCTGCCCT-3’
5’-CAGGTGAGGACCCGTGTAGAGA-3’
5’-GGGAGGAGGGAGGCAGAG-3’
5’-GCACCTCGCTCTCTGCCC-3’
5’-GCCACCTTGGTGGAGACGG-3’
5’-GGCTGCCACTTCTCCATCCC-3’
5’-GACACCCATGGAAGCCCTACG-3’
5’-CGTGGCAGAGGGTGGGCT-3’
5’-CTCGCTGCCTGCCGTCCC-3’
5’-GGCTCTGAGACTGCGACATCCAA-3’
5’-CTTGTTCTGACGCCTGCGACG-3’
5’-GCTGAGATGACTTGCCTGGGATG-3’
5’-ACTGCAGGAGGCCACGGG-3’

2185830
2185383
2169468
2169038
2168948
2168582
2168561
2168033
2168262
2167696
2167787
2167397
2167120
2166763
2166760
2166413
2166206
2165895
2165697
2165309
2165035
2164455
2164641
2164077
2163387
2163088
2163037
2162230
2161938
2161427
2161516
2161027
2161121
2160626
2160706
2160215
2160303
2159812
2159899
2159417
2159494
2159012
2159095
2158603
2158688
2158164
2158167
2157790
2157047
2156344
2156404
2155768
2155550
2155240
2154725
2154431
2154024
2153512
2153651
2153183
2153064
2152721
2152702
2151964
2150644
2150094

-140 Ex1
93 Ex1
-89 Ex2
77 Ex3
-102 Ex4
95 Ex4
-98 Ex5
Within an exon
Within an exon
96 Ex5
-124 Ex6
93 Ex6
-66 Ex7
71 Ex7
-115 Ex8
117 Ex8
-87 Ex9
98 Ex9
-71 Ex10
70 Ex10
-109 Ex11
Within an exon
Within an exon
93 Ex11
-94 Ex12
74 Ex12
-73 Ex13
111 Ex14
-64 Ex15
Within an exon
Within an exon
Within an exon
Within an exon
Within an exon
Within an exon
Within an exon
Within an exon
Within an exon
Within an exon
Within an exon
Within an exon
Within an exon
Within an exon
Within an exon
Within an exon
89 Ex15
-134 Ex16
94 Ex16
-98 Ex17
55 Ex18
-99 Ex19
98 Ex20
-75 Ex21
83 Ex21
-82 Ex22
68 Ex22
-128 Ex23
Within an exon
Within an exon
84 Ex23
-93 Ex24
94 Ex24
-68 Ex25
98 Ex26
-77 Ex27
73 Ex28

1
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2-3
4
5
5
6
7
8
9
10
11
11
12
13-14
15
15
15
15
15
15
15
15
15
16
17-18
19-20
21
22
23
23
24
25-26
27-28
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PKD1-exon29-30-F
PKD1-exon29-30-R
PKD1-exon31-32F
PKD1-exon31-32R
PKD1-exon33-34-F
PKD1-exon33-34-R
PKD1-exon35-F
PKD1-exon36-R
PKD1-exon37-F
PKD1-exon37-R
PKD1-exon38-F
PKD1-exon38-R
PKD1-exon39-F
PKD1-exon39-R
PKD1-exon40-F
PKD1-exon41-R
PKD1-exon42-F
PKD1-exon42-R
PKD1-exon43-F
PKD1-exon44-R
PKD1-exon45-F
PKD1-exon45-R
PKD1-exon46-F
PKD1-exon46-R

5’-CTCCGTGGGAGGTTGGGCA-3’
5’-CGCCTTTCCCTCTGGCTGC-3’
5’-CGGGCTCTGTCCTGTCTGC-3’
5’-CCCAGCAAGGACACGCAGC-3’
5’-GGAAGCCCAGGGTGTCCGT-3’
5’-CAGCCCTGCCCTGGCACC-3’
5’-CAAGAGGCTCAAGAAACTGCCCG-3’
5’-GAGAAGTACAGGGCTTCCAGCAA-3’
5’-CTCGGCTGGGAGCCACTG-3’
5’-GCCTTCTGAGGTGAGGAAAGGG-3’
5’-CCACACCTGCCGCAGCCAT-3’
5’-CAAAGGTATCTACACATGTCCAC-3’
5’-GCCAGCAGGGCAGTGGGA-3’
5’-CAGCTAGGGAGCAGGGCTGA-3’
5’-GTGGCGCCGAACCAGAGC-3’
5’-GGGCTGTGGAAGCCGCCTA-3’
5’-CCTCAGCCACGCCTGCACT-3’
5’-GGGTGAGACGCTGCCGGG-3’
5’-CAGCGTCCCTCCCGCCCT-3’
5’-CAGGAAGACACGAGCTGCGG-3’
5’-GCTGGCCATCCTGGTAGGTGA-3’
5’-GGACTTTGTGGCGGAACTGGG-3’
5’-GGAGAGGGACACGCCCTG-3’
5’-ATTCTGCCTGGCCCTCGGCCTT-3’

2150142
2149542
2148079
2147642
2147595
2147034
2144309
2143714
2143832
2143439
2143190
2142856
2142698
2142385
2142289
2141678
2141678
2141338
2141213
2140578
2140687
2140180
2140264
2139635

-70 Ex29
103 Ex30
-94 Ex31
87 Ex32
-91 Ex33
115 Ex34
-98 Ex35
98 Ex36
-93 Ex37
106 Ex37
-96 Ex38
99 Ex38
-105 Ex39
96 Ex39
-100 Ex40
104 Ex41
-80 Ex42
86 Ex42
-38 Ex43
97 Ex44
-96 Ex45
106 Ex45
-69 Ex46
Within 3’UTR

29-30
31-32
33-34
35-36
37
38
39
40-41
42
43-44
45
46

The genomic primer positions were according to the February 2009 human reference sequence (GRCh37/hg19). Ex: Exon; F: Forward; R: Reverse; UTR:
Untranslated region.

M

Table 3 Polymerase chain reaction reaction system setup
Polymerase chain reaction reaction system
®

LongAmp Taq DNA polymerase
LongAmp Taq reaction buffer
Deoxynucleotide solution mix
Dimethyl sulfoxide
Forward primer (10 µmol/L)
Reverse primer (10 µmol/L)
DNA template
H 2O
Total volume

2

3

4

5

6

7

8

9

Kb

Volume (µL)

5.0
4.0
3.0
2.0
1.5

1
5
3
1.25
1
1
1
11.75
25

1.0

0.5

Figure 5 Images showing long-range polymerase chain reaction
amplification.

been found to be clearly associated with the onset
of this disease: PKD1 and PKD2 in polycystic kidney
[3-6]
disease and PRKCSH and SEC63
in the independent
type of polycystic liver disease. PKD1 is located on
[7]
the short arm of chromosome 16 (16p13.3) , and
PKD2 is located on the long arm of chromosome
[8]
4 ; the incidence rate of mutations in these genes
is approximately 1/500. The PKD1 gene contains
46 exons, is transcribed into an mRNA of 14.1 kb
in length and encodes a protein consisting of 4303
amino acids; this protein is a membrane protein of
the receptor type. The PKD2 gene contains 15 exons,
is transcribed into an mRNA of 5.3 kb in length, and
encodes a protein containing 968 amino acids. In total,
85% of the patients with polycystic kidney disease
have the PKD1 mutation(s), and 15% have the PKD2
mutation(s). The mutations are evenly distributed in
the two genes; there is no hotspot region of mutation.
Some studies have shown that the location of the
mutations may affect the severity of the clinical
phenotype. Because the PKD1 gene is larger and there
are homologous regions in the genome, genetic testing
can be troublesome. The main tool for detection is

WJG|www.wjgnet.com

1

based on PCR amplification, followed by sequencing
of the corresponding exon region. The non-repetitive
regions of the PKD2 and PKD1 genes can be directly
amplified and sequenced, but amplification of the
repetitive regions of PKD1 require nested PCR: primers
for long-range PCR should be designed in the location
where the homology of repetitive regions is not high so
that a single exon could be amplified and sequenced.
However, this method is not only cumbersome but also
expensive. In this study, we used a method according
to an article published this year that omitted the nested
PCR step; thus, PKD1 can be effectively detected.
Independent polycystic liver disease is caused by a
mutation of the PRKCSH gene on chromosome 19
[9]
(19p13.2-13.1) or the SEC63 gene on chromosome
[10]
[11]
contains 18 exons, is
6 (6q21-q23) . PRKCSH
transcribed into a 1.6 kb mRNA molecule and encodes
a protein containing 527 amino acids; this protein is
an endoplasmic reticulum protein. The SEC63 gene
has 21 exons, is transcribed into an mRNA of 3.4 kb
in length and encodes a protein containing 760 amino
acids. Mutations of these two genes may affect the
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Figure 6 Sequencing peak chart of exon 15 from 5 individuals.

integrity of the membrane protein.
The possible pathogenic mechanisms of the mutations
may be as follows: (1) Primary cilia are a core part of
the signal transduction system. If there are mutations
in the genes encoding the cilial proteins, this will
change the cilial structure and disorder the reaction
and transmission. These mutations will reduce the
2+
internal flow of Ca and increase the concentration
[12]
of cAMP , resulting in the hyperplasia of bile duct
[13]
epithelial cells and the formation of a cyst ; (2) Liver
cyst Sec proteins are involved in the synthesis of new
proteins in the endoplasmic reticulum. The transport
of translated and synthesized new proteins and the
modification of the N-terminal glycosylation are mainly
related to glucosidase Ⅱ. Mutated liver cyst proteins
cannot be bound to glucosidase, which results in
[14]
mature defects of newly synthesized proteins ; (3)
The further expansion after the formation of small
[15]
cysts may be related to the following factors : the
pressure of the cystic cavity, the reconstruction of
the surrounding matrix, the formation of new blood
vessels, regulating factors, and so on. In the epithelial
cyst model, when the secretion of cystic fluid and
intracapsular pressure increase, the proliferation of
[16]
epithelial cells is significantly sped up . After the
surrounding tissue is invaded by hyperplastic epithelial
cells, metalloproteinases can remodel the matrix.
At present, the enzyme has been separated from
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the epithelial cells of patients with the independent
type of polycystic liver disease. The formation of new
blood vessels can maintain the development of the
[17]
epithelium and endothelium of the cyst . The factor
produced by the liver cyst epithelium can activate
the vascular endothelial growth factor signaling
pathway and lead to endothelial cell proliferation and
differentiation. After estrogen stimulation, insulinlike growth factor I acts on the intrahepatic bile
duct epithelium, and the bile duct epithelial cells
[18]
proliferate rapidly . A clinical investigation showed
that multiparas were more likely to have a liver cyst;
the patients who had used oral contraceptives or
postmenopausal hormone replacement therapy may
[19-22]
have had more and larger liver cysts
; and (4) The
[23]
“two hit” theory : in animal models, obvious cystic
degeneration was present only when the animals
had damage to both PKD alleles. This showed that
cyst phenotypic development required the “two hit”
condition. The first hit was the bud mutation of the
initiative PKD1 or PKD2. The second hit was a single
somatic mutation which caused the hyperplasia of
luminal epithelial cells. At present, this theory has
been confirmed in polycystic liver disease related to
polycystic kidney disease but not in the independent
type of polycystic liver disease.
The main surgical treatment methods for poly
cystic liver disease are: (1) percutaneous liver cyst
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for hereditary diseases in theory. So the research of pathogenic genes provides
a theoretical basis for the gene therapy.

puncture drainage and/or anhydrous alcohol injec
tion treatment; (2) liver cyst opening the window to
the top decompression; (3) liver resection or liver
resection combined with cyst fenestration; (4) hepatic
artery interventional embolization; and (5) liver
transplantation. In recent years, the study of gene
therapy has made remarkable achievements, especially
in the treatment of genetic diseases. However, poly
cystic liver disease gene therapy research currently
focuses on the in vitro study of cysts of liver cells;
studies have not reported on these genes in vivo. At
[24-27]
present, gene therapy is not yet fully mature
.
According to the detection results, we found
[3]
that the mutation in exon 15 of the proband was
a heterozygous CT mutation in the polycystic liver
disease kindred. Through PCR amplification and DNA
sequencing of this site in other individuals with this
kindred, we found that the third individual with AKPKD
also carried this nonsense mutation, which was not
present in the remaining healthy individuals (Figure 6).
The mutation was not included in the dbSNP library,
but we discovered a record of it in the PKD mutation
database. This mutation was located at the first position
of the codon and changed the encoded amino acid
into a termination codon; this obviously influenced the
encoded protein. Therefore, the mutation was genetic
with the disease in the kindred and was considered a
pathogenic mutation. In the future, we can carry out an
experiment to confirm the above results by developing
an animal model. In addition, the characteristics of the
clinical phenotype in this kindred showed that renal
involvement mainly occurred in male patients, and
female patients usually had the disease manifestation in
the liver and kidney but primarily the liver. The results
showed that hormones had a certain influence on the
clinical phenotype, but the mechanism was not clear
and requires further study. This study provided a new
idea for investigating molecular genetic principles and
mechanisms in polycystic liver disease and for operating
polycystic liver disease screening, diagnosis and
treatment in the future.

Innovations and breakthroughs

The authors extracted the genomic DNA by using QIAamp DNA Extraction
Kit from the peripheral venous blood samples of the members of the AKPLD
family. The technique of QIAamp DNA can extract the genomic, mitochondrial,
bacterial, parasitic and viral DNA from the human tissue samples and can be
directly used for PCR and marker detection. The method can ensure obtaining
high purity DNA. The five blood samples obtained from the family were
analysed by using long-range polymerase chain reaction and direct sequencing
with different primers.

Applications

A total of 42 normal exons were identified in detecting mutations of the PKD1
gene. The synonymous mutation occurred in the exon 5. The mutation was
homozygous T in the proband and was C in the reference sequence. It was
located at the third codon and did not change the amino acid coded by this
codon. The missense mutation occurred in the exons 11 and 35. They were
located at the second codon, changed amino acid sequence and exited in the
dbSNP library. The nonsense mutation occurred in the exon 15. The mutation
was CT heterozygous in the proband and was C in the reference sequence. It
was located at the first codon and resulted in a termination codon. It was a new
mutation and was not deposited in the dbSNP library.

Terminology

Autosomal dominant inheritable disease is that the pathogenic genes are
located in autosomes and a single gene mutation can cause the disease. The
nonsense mutation is that the code which the base stands for becomes a
termination codon due to the change of the base, and makes the peptide chain
stop synthesis ahead of time.

Peer-review

This is a good retrospective study in which the authors analyzed the mutable
sites in the polycystic liver disease gene and found the potential mutable sites
by detecting mutations of the candidate gene in a family with PCLD. In the
detection of the PCLD gene mutations, only 2158432(hg19) of the exon 15
was not in the dbSNP library and the proband was the heterozygosis. All were
accord with the dominant mode of inheritance. By detecting other individuals’
the same mutable sites. We found the third individual also have it. So the
mutable site was a pathogenic mutations and was genetic.

REFERENCES
1

2

3

ACKNOWLEDGMENTS
The authors thank the patient for her permission to
report this case.

4

COMMENTS
COMMENTS
Background

5

Polycystic liver disease (PCLD) is an autosomal dominant polycystic liver
disease. It can be divided into polycystic liver disease associated with polycystic
kidney and the independent type polycystic liver disease. Now four genes
have been found to be associated with the onset of this disease and there are
polycystic kidney disease genes PKD1 and PKD2 and the independent type
polycystic liver genes PRKCSH and SEC63. There have been many studies on
the biological and gene therapy of PCLD recently.

6

7

Research frontiers

Recently the authors have made great achievements in the research of the
genetic treatment, especially in the treatment of hereditary diseases. It has
been a hotspot in the medical research. The gene therapy is the best treatment

WJG|www.wjgnet.com

8

2350

Tan YC, Michaeel A, Blumenfeld J, Donahue S, Parker T, Levine
D, Rennert H. A novel long-range PCR sequencing method for
genetic analysis of the entire PKD1 gene. J Mol Diagn 2012; 14:
305-313 [PMID: 22608885 DOI: 10.1016/j.jmoldx.2012.02.007]
Everson GT, Taylor MR. Management of polycystic liver disease.
Curr Gastroenterol Rep 2005; 7: 19-25 [PMID: 15701294 DOI:
10.1007/s11894-005-0061-6]
Reynolds DM, Falk CT, Li A, King BF, Kamath PS, Huston J,
Shub C, Iglesias DM, Martin RS, Pirson Y, Torres VE, Somlo S.
Identification of a locus for autosomal dominant polycystic liver
disease, on chromosome 19p13.2-13.1. Am J Hum Genet 2000; 67:
1598-1604 [PMID: 11047756 DOI: 10.1086/316904]
Tahvanainen P, Tahvanainen E, Reijonen H, Halme L, Kääriäinen
H, Höckerstedt K. Polycystic liver disease is genetically
heterogeneous: clinical and linkage studies in eight Finnish
families. J Hepatol 2003; 38: 39-43 [PMID: 12480558 DOI:
10.1016/S0168-8278(02)00348-3]
Praetorius HA, Spring KR. The renal cell primary cilium functions
as a flow sensor. Curr Opin Nephrol Hypertens 2003; 12: 517-520
[PMID: 12920399 DOI: 10.1097/00041552-200309000-00006]
Everson GT, Taylor MR, Doctor RB. Polycystic disease of the
liver. Hepatology 2004; 40: 774-782 [PMID: 15382167 DOI:
10.1038/317542a0]
Reeders ST, Breuning MH, Davies KE, Nicholls RD, Jarman AP,
Higgs DR, Pearson PL, Weatherall DJ. A highly polymorphic DNA
marker linked to adult polycystic kidney disease on chromosome
16. Nature 1985; 317: 542-544 [PMID: 2995836]
Gabow PA. Autosomal dominant polycystic kidney disease. N
Engl J Med 1993; 329: 332-342 [PMID: 8321262 DOI: 10.1056/

February 28, 2015|Volume 21|Issue 8|

Jin S et al . A kindred with polycystic liver disease

9

10
11

12
13

14

15

16

17

NEJM199307293290508]
Tanner GA, McQuillan PF, Maxwell MR, Keck JK, McAteer JA.
An in vitro test of the cell stretch-proliferation hypothesis of renal
cyst enlargement. J Am Soc Nephrol 1995; 6: 1230-1241 [PMID:
8589291]
Saggar-Malik AK, Jeffery S, Patton MA. Autosomal dominant
polycystic kidney disease. BMJ 1994; 308: 1183-1184 [PMID:
8180531 DOI: 10.1136/bmj.308.6938.1183]
Perrone RD, Grubman SA, Rogers LC, Lee DW, Moy E, Murray
SL, Torres VE, Jefferson DM. Continuous epithelial cell lines
from ADPKD liver cysts exhibit characteristics of intrahepatic
biliary epithelium. Am J Physiol 1995; 269: G335-G345 [PMID:
7573443]
Pei Y. A “two-hit” model of cystogenesis in autosomal dominant
polycystic kidney disease? Trends Mol Med 2001; 7: 151-156
[PMID: 11286938 DOI: 10.1016/S1471-4914(01)01953-0]
Drenth JP, Martina JA, Te Morsche RH, Jansen JB, Bonifacino
JS. Molecular characterization of hepatocystin, the protein that
is defective in autosomal dominant polycystic liver disease.
Gastroenterology 2004; 126: 1819-1827 [PMID: 15188177 DOI:
10.1053/j.gastro.2004.02.023]
Drenth JP, Tahvanainen E, te Morsche RH, Tahvanainen P,
Kääriäinen H, Höckerstedt K, van de Kamp JM, Breuning MH,
Jansen JB. Abnormal hepatocystin caused by truncating PRKCSH
mutations leads to autosomal dominant polycystic liver disease.
Hepatology 2004; 39: 924-931 [PMID: 15057895 DOI: 10.1002/
hep.20141]
Davila S, Furu L, Gharavi AG, Tian X, Onoe T, Qian Q, Li A, Cai
Y, Kamath PS, King BF, Azurmendi PJ, Tahvanainen P, Kääriäinen
H, Höckerstedt K, Devuyst O, Pirson Y, Martin RS, Lifton RP,
Tahvanainen E, Torres VE, Somlo S. Mutations in SEC63 cause
autosomal dominant polycystic liver disease. Nat Genet 2004; 36:
575-577 [PMID: 15133510 DOI: 10.1038/ng1357]
Li A, Davila S, Furu L, Qian Q, Tian X, Kamath PS, King BF,
Torres VE, Somlo S. Mutations in PRKCSH cause isolated
autosomal dominant polycystic liver disease. Am J Hum Genet
2003; 72: 691-703 [PMID: 12529853 DOI: 10.1086/368295]
Li TJ, Zhang HB, Lu JH, Zhao J, Yang N, Yang GS. Treatment
of polycystic liver disease with resection-fenestration and a new
classification. World J Gastroenterol 2008; 14: 5066-5072 [PMID:

18
19

20
21
22

23

24

25

26

27

18763291 DOI: 10.3748/wjg.14.5066]
Dan AA, Younossi ZM. Quality of life and liver transplantation
in patients with polycystic liver disease. Liver Transpl 2006; 12:
1184-1185 [PMID: 16868956 DOI: 10.1002/lt.20796]
Martin IJ, McKinley AJ, Currie EJ, Holmes P, Garden OJ.
Tailoring the management of nonparasitic liver cysts. Ann Surg
1998; 228: 167-172 [PMID: 9712560 DOI: 10.1097/00000658-199
808000-00004]
Everson GT, Helmke SM, Doctor B. Advances in management of
polycystic liver disease. Expert Rev Gastroenterol Hepatol 2008; 2:
563-576 [PMID: 19072404 DOI: 10.1586/17474124.2.4.563]
Torres VE, Harris PC. Autosomal dominant polycystic kidney
disease: the last 3 years. Kidney Int 2009; 76: 149-168 [PMID:
19455193 DOI: 10.1038/ki.2009.128]
Masyuk T, Masyuk A, LaRusso N. Cholangiociliopathies:
genetics, molecular mechanisms and potential therapies. Curr Opin
Gastroenterol 2009; 25: 265-271 [PMID: 19349863 DOI: 10.1097/
MOG.0b013e328328f4ff]
Spirli C, Okolicsanyi S, Fiorotto R, Fabris L, Cadamuro M,
Lecchi S, Tian X, Somlo S, Strazzabosco M. ERK1/2-dependent
vascular endothelial growth factor signaling sustains cyst growth in
polycystin-2 defective mice. Gastroenterology 2010; 138: 360-371.
e7 [PMID: 19766642 DOI: 10.1053/j.gastro.2009.09.005]
Torrice A, Cardinale V, Gatto M, Semeraro R, Napoli C, Onori P,
Alpini G, Gaudio E, Alvaro D. Polycystins play a key role in the
modulation of cholangiocyte proliferation. Dig Liver Dis 2010; 42:
377-385 [PMID: 19897428 DOI: 10.1016/j.dld.2009.09.008]
Drenth JP, Martina JA, van de Kerkhof R, Bonifacino JS, Jansen
JB. Polycystic liver disease is a disorder of cotranslational protein
processing. Trends Mol Med 2005; 11: 37-42 [PMID: 15649821
DOI: 10.1016/j.molmed.2004.11.004]
Nauli SM, Alenghat FJ, Luo Y, Williams E, Vassilev P, Li X, Elia
AE, Lu W, Brown EM, Quinn SJ, Ingber DE, Zhou J. Polycystins
1 and 2 mediate mechanosensation in the primary cilium of kidney
cells. Nat Genet 2003; 33: 129-137 [PMID: 12514735 DOI:
10.1038/ng1076]
Drenth JP, te Morsche RH, Smink R, Bonifacino JS, Jansen JB.
Germline mutations in PRKCSH are associated with autosomal
dominant polycystic liver disease. Nat Genet 2003; 33: 345-347
[PMID: 12577059 DOI: 10.1038/ng1104]
P- Reviewer: Celikbilek M, Sazci A S- Editor: Qi Y
L- Editor: Wang TQ E- Editor: Zhang DN

WJG|www.wjgnet.com

2351

February 28, 2015|Volume 21|Issue 8|

World J Gastroenterol 2015 February 28; 21(8): 2352-2357
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v21.i8.2352

© 2015 Baishideng Publishing Group Inc. All rights reserved.

ORIGINAL ARTICLE
Case Control Study

Detection of human papillomavirus DNA in esophageal
carcinoma in Greece
Georgios Georgantis, Theodoros Syrakos, Theodoros Agorastos, Spiridon Miliaras, Asterios Gagalis,
Georgios Tsoulfas, Konstantinos Spanos, Georgios Marakis
esophageal mucosa and the possible relationship with
esophageal cancer in Greece.

Georgios Georgantis, Theodoros Syrakos, Spiridon Miliaras,
Georgios Tsoulfas, Konstantinos Spanos, Georgios Marakis,
1st Surgical Clinic of the Aristotle University of Thessaloniki,
Papageorgiou General Hospital, 56403 Thessaloniki, Greece
th
Theodoros Agorastos, 4 Department of Gynecology and
Obstetrics of the Aristotle University of Thessaloniki, Ippokrateio
Hospital, 54642 Thessaloniki, Greece
Asterios Gagalis, Department of Endoscopy, Papageorgiou
Hospital, 56403 Thessaloniki, Greece
Author contributions: Georgantis G, Syrakos T, Agorastos T
and Miliaras S designed the research; Georgantis G and Gagalis
A performed the research; Tsoulfas G and Georgantis G wrote the
paper; Spanos K analyzed the data; and Marakis G reviewed the
manuscript and made a substantial contribution to the final version.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/
Correspondence to: Georgios Georgantis, General Surgeon
st
Scientific Collaborator, 1 Surgical Clinic of the Aristotle
University of Thessaloniki, Papageorgiou General Hospital, D
Gounari 8, 56403 Thessaloniki,
Greece. geogeorgantis@gmail.com
Telephone: +30-231-3323684
Fax: +30-231-0991581
Received: August 8, 2014
Peer-review started: August 9, 2014
First decision: August 27, 2014
Revised: September 15, 2014
Accepted: November 19, 2014
Article in press: November 19, 2014
Published online: February 28, 2015

METHODS: Forty-nine patients underwent esophago
gastroduodenoscopy (EGD) and esophageal biopsy at
a university hospital that acts as a referral center for
Northern Greece. Nineteen of these patients (14 male
and 5 female) had esophageal squamous cell carcinoma
(ESCC) and 30 (15 male and 15 female) did not have
any reported esophageal malignancy. Histopathological
assessment was followed by polymerase chain reaction
analysis of all the samples. Patient demographic data
(age, sex, and place of birth) and information regarding
smoking habits, alcohol consumption or sexual habits
were collected. A method of statistical interference,
verification of hypotheses based on homogeneity and
2
independent χ test, was used.
RESULTS: From the 49 patients that underwent EGD
and biopsy, 19 had ESCC and 30 had normal esophageal
mucosa, with a mean age of 65.2 years. Regarding the
prevalence of oncogenic risk factors for esophageal
carcinoma, an interesting conclusion was that 78% of
the patients used tobacco and almost one-third had
multiple sexual partners, whereas only 20% of the
patients consumed alcohol, which was not statistically
significant, when compared to the control group. In
the ESCC group, the only two positive samples were
among the male patients (2/14 male patients with ESCC,
14.5%). No HPV was identified in the control group. The
predominant HPV types identified were 11 and 31, which
have a low malignancy potential. The presence of HPV
DNA in the ESCC group was not statistically significant,
2
95% confidence interval (χ = 3.292, P = 0.07).
CONCLUSION: This is the first relevant study in Greece,
and despite the lack of statistical significance, the
issue of HPV infection and ESCC does merit further
investigation.

Abstract
AIM: To detect human papillomavirus (HPV) in the
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Key words: Esophageal cancer; Esophageal squamous
cell carcinoma; Human papilloma virus; Polymerase
chain reaction

reflection of the exposure to specific environmental,
dietary and cultural factors, which may not have
[8-11]
been fully investigated
. In China, India, Central
Asia and South Africa, ESCC predominates, with the
highest incidence and mortality reported in the Kazakh
[12,13]
populations, especially in Xinjiang, China
. Even in
low-risk areas, such as Europe and North America, the
[14]
incidence of esophageal cancer is increasing . Similar
to the case of ESCC, data regarding the relation of
esophageal adenocarcinoma (EA) and HPV remain
[15]
limited . These findings have led the International
Agency on Research in Cancer not to make any con
clusive statements about the relationship between
ESCC and EA and HPV, in contrast to other types of
cancer, such as oropharyngeal cancer.
The situation is similar in Greece, because there is
not sufficient data to determine the possibility of an
etiological role for HPV in esophageal carcinogenesis.
As a result, we have decided to investigate the de
tection of HPV in esophageal mucosa, in patients
with and without esophageal malignancy, in order
to determine the possible existence of a relationship
between esophageal cancer and HPV in our geo
graphical region.

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: A similarity between the esophagus and cervix is
the presence of squamous cells at the gastroesophageal
junction. This has led to the hypothesis that at the lower
esophagus there may be a transformation zone where
insults, such as human papillomavirus (HPV) infection,
can have a carcinogenic effect (similar to HPV in cervical
cancer). The relationship between esophageal carcinoma
and HPV was investigated by polymerase chain reaction
analysis of esophageal biopsies in a case-control study.
Although there was a non-significant correlation between
esophageal squamous cell carcinoma and HPV, the issue
merits further attention.
Georgantis G, Syrakos T, Agorastos T, Miliaras S, Gagalis
A, Tsoulfas G, Spanos K, Marakis G. Detection of human
papillomavirus DNA in esophageal carcinoma in Greece. World
J Gastroenterol 2015; 21(8): 2352-2357 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i8/2352.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i8.2352

MATERIALS AND METHODS
Patients and tissues

Between 2010 and 2012, upper gastrointestinal endos
copy was performed in 49 patients: 19 with esophageal
cancer and 30 patients with no reported esophageal
malignancy, and biopsies were taken in all of them. For
the control group, biopsies were taken from healthy
tissue in the middle of the esophagus, from patients
undergoing upper gastrointestinal endoscopy for rea
sons other than esophageal malignancy and with no
microscopic or gross esophageal pathology. In the
protocol used, the esophagogastroduodenoscopies and
the esophageal biopsies were performed by specialized
gastroenterologists, who had performed at least 500
esophageal biopsies each. Areas that were considered
suitable for biopsy were those that had erythema or
a nodular appearance or friable tissue or ulcerations,
scars or neoepithelialization. The endoscope provided
a high-definition picture and could also be used for
therapeutic purposes, if the need arose. Special
biopsy forceps (called jumboforceps) were used for
the esophageal biopsies, which can take a significant
amount of tissue both in terms of volume, as well
as depth from areas with noted pathology. From
each region, four random samples surrounding the
lesion were taken in a radius of 1-2 cm. The study
was conducted at the University Hospital (Aristotle
University of Thessaloniki) and the patients came from
Northern Greece, because the hospital is a referral
center for the whole of Northern Greece, and thus a
significant part of the population. Patient demographic
data (age, sex and place of birth) and information

INTRODUCTION
Esophageal cancer is the eighth most common cancer
[1]
worldwide, with an estimated 500000 deaths yearly .
Esophageal squamous cell carcinoma (ESCC) is the
most common histological type, although in the past
three decades there has been an increase in the in
[2]
cidence of adenocarcinoma . Additionally, there are
many histological similarities between the esophagus
and the cervix, especially at the gastroesophageal
junction, with the mucosa in both organs populated by
squamous cells. As a result, it is possible to identify at
the lower esophagus a zone of transformation, similar
to that in the cervix. This has led some to suggest that
similar pathological events can occur in the esophagus
and the cervix, with human papillomavirus (HPV)
[3]
infection being a likely explanation . The etiology
of HPV infection is thought to be multifactorial, in
cluding tobacco and alcohol use, leading to a per
sistent mucosal injury due to bacteria or chemicals,
and raising the possibility of HPV acting as a car
[4]
cinogen . Although many studies have examined
the potential causal role of HPV regarding its effect
on the squamous cell epithelium and the malignant
transformation of the esophageal mucosa, the evi
[3,5]
dence is not conclusive . This is an active debate,
because there have been meta-analyses showing that
HPV may play a role in carcinogenesis in some regions,
[6,7]
especially in ESCC . The high geographical variation
in ESCC incidence observed worldwide may be a
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used. The statistical analyses were performed using
SPSS.

Table 1 Clinical and demographic characteristics and risk
factors of the patients n (%)

Age (yr)
mean ± SD
Sex
Male
Female
Smoking
Current
Never smoked
Alcohol use
Current
Never used alcohol
Sexual partners
Multiple
Single

ESCC

Normal

68.1 ± 8.7

64.2 ± 11.2

14 (73)
5 (26)

15 (50)
15 (50)

15 (78)
5 (26)

13 (43)
17 (56)

4 (20)
15 (78)

7 (23)
23 (77)

6 (31)
13 (68)

9 (30)
21 (70)

Ethics

The study was approved by the Ethics Committee of
Aristotle University and written informed consent was
obtained from all the patients.

RESULTS
Patient characteristics

The 49 patients that were examined were divided into
two groups: the study group, which was the patients
with the esophageal carcinoma; and the control group,
which was the patients without esophageal malignancy.
In the control group there were 30 patients, whereas
in the study group there were 19 patients. From the 19
patients with esophageal cancer, 14 were male with a
mean age of 66.9 years and five were female with a
mean age of 69.6 years. The control group consisted
of 30 patients (15 male with a mean age of 63.2 years
and 15 female with a mean age of 65.2 years).

ESCC: Esophageal squamous cell carcinoma.

regarding smoking habits, alcohol consumption or
sexual habits were collected. Histopathological
assessment of all samples was carried out by the
Department of Histopathology.

Histology

DNA extraction and polymerase chain reaction

All specimens underwent histopathological examination
at the Department of Pathology of the University
Hospital, which confirmed the diagnosis of ESCC in
the 19 patients. The biopsies were multiple and were
taken from the lesion, as well as the adjacent areas,
according to the standard protocol. The histological
report classified the specimens into high differentiation
(6/19, 31%), mid differentiation (8/19, 42%) and
low differentiation (5/19, 26%). The 30 specimens in
the control group were obtained from patients with
benign disease, including dyspepsia (20/30, 66%)
and gastroesophageal reflux (10/30, 33%) (Table 1).
The specimens were obtained from different parts of
the esophagus and usually from the middle and lower
third. The biopsies taken from the esophagus revealed
no malignancy in any of the specimens, and there was
normal tissue in any of them.

After the biopsies were taken, the DNA was extracted
using the Qiagen QIAamp DNA Mini Kit (Qiagen,
Netherlands) according to manufacturer’s instructions.
DNA was extracted using careful measures to avoid
contamination of the samples and false-positive
results. DNA quantification and purity were deter
mined by optical density in a spectrophotometer.
We amplified the human conserved genes GAPGDH,
G3PDH and β-globin, whose presence indicated that
the sample was appropriate for DNA analysis. The
sequences of the HPV L1 gene were amplified by
nested-PCR using two general primer sets: MY09/MY11
(MY09: 5’-GTCCMARRGGAWACTGATC-3’, MY11:5’
GCMCAGGGWCATAAYAATGG-3’) in the amplification
step to produce a 450-bp fragment. Final volume of
PCR was 50 µl, including 5.0 µL of the genome from
the extracted DNA sample, 5.0 µL 10× PCR buffer,
5.0 µL dNTP (2.5 mmol/L), 1.2 µL MgCl2 (50 mmol/L),
0.5 µL Taq DNA polymerase and 0.2 µL (500 pmol/
µL) MY09 and MY11 primers. The PCR mixture was
subjected to 40 amplification cycles, each consisting of
an initial denaturation step at 94 ℃ for 30 s, anneal at
56 ℃ for 1 min and extension at 72 ℃ for 1 min. The
PCR products were separated by electrophoresis on 2%
agarose gel and visualized by staining with ethidium
bromide.

PCR analysis

The average DNA concentration in the samples
was 192 ng/µL. PCR products were run in agarose
electrophoresis gel and visualized with ethidium
bromide by electrophoresis. Results were analyzed,
confirming the presence of the product. The quantity of
the samples was adequate, so as to draw conclusions.
In the ESCC group, the only two samples positive for
HPV were from men (2/14, 14.5%), and that reached
statistical significance, when compared to the number
of negative samples in the same population, that is
male patients with ESCC (2/14 vs 0/5). No HPV was
identified in the control group, including none of the
high-risk types (HPV 16 and 18). The predominant
HPV types identified were 11 and 31, which have a
2
low malignancy potential. According to the χ analysis

Statistical analysis

From the statistical analysis of the results obtained
from HPV (+) and HPV (-) patients, correlation tables
containing structure indices were compiled. A method
of statistical interference, verification of hypotheses
2
based on homogeneity and independent χ test, was
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used, the correlation came close to reaching statistical
significance one more positive sample was needed to
2
meet criteria, 95% confidence interval (χ = 3.292, ρ
= 0.07).

existence of multiple sexual partners, correlated well
with the established theory of the causal relationship
between tobacco use and ESCC, through the epithelial
damage exposing basic cells to the virus, and allowing
the integration of the virus into the DNA, which can
lead to carcinogenesis. Additionally, the high number
of sexual partners, further increases the possibility of
oncogenesis, especially through oral sex that would
affect the esophageal mucosa. Although the use of
alcohol was not found to have a statistically significant
association, this could be a matter of not incorporating
the increased use of alcohol in more recent years.
Another factor that could explain the discrepancy
seen between the various studies worldwide are the
different identification techniques used. In our study
the primers set that was used was MY09-MY11, which
amplified a wide spectrum of HPV genotypes. Studies
using this primer set have been mainly from North
[22-24]
America, with a solid evidence basis
. The MY11MY09 primer is capable of detecting multiple HPV
types within a given sample, even in small quantities
[25]
of tissue involved . Furthermore, even though these
specific primers have a low sensitivity for certain
HPV types, such as 35, these are not known to be
oncogenic, and have limited clinical significance.
Finally, these specific primers are easy to replicate
between different laboratories with similar results, thus
[26]
increasing their credibility .
Despite the significant limitation of a small sample
size, this is the first study of its kind in our region,
and although it does not show a relation between
HPV infection and ESCC, the issue does merit further
investigation, given the fact that there are common
contributing factors, such as tobacco use, and thus
a synergistic effect cannot be excluded. The latter
may take many years to appear, given the chronic
[20]
nature of the mucosal injury . Finally, although there
may not be a relation between HPV infection and
ESCC, the possibility of a relation with esophageal
adenocarcinoma, should be further investigated. It
is important to realize that the ideal way to reach a
conclusion, or at least a more satisfactory result, on this
issue, is the use of meta-analysis. However, the limited
number of studies, in addition to the significant variation
between studies and the factor of the geographical
variability, make their use rather difficult.

Risk factors

We have also studied the prevalence of oncogenic risk
factors for esophageal carcinoma, such as tobacco
and alcohol use and a history of multiple sexual
partners. One interesting conclusion is that 78% of
the patients used tobacco, and almost one-third had
multiple sexual partners, whereas only 20% of the
patients consumed alcohol, which was not statistically
significant, when compared to the control group.

DISCUSSION
HPV is a double-stranded DNA virus with tropism for the
squamous epithelium, and with oral sex as a possible
[16,17]
mode of infection in the case of the esophagus
.
There are > 150 subtypes of the virus, with HPV
16 and 18 linked to the highest risk of malignancy,
whereas in the case of the esophagus, many other
types have been investigated such as HPV 11 and
31. On the one hand, there have been studies reve
aling a possible role for HPV in the early stages of
carcinogenesis for ESCC, such as a review and a metaanalysis from Australia and China that demonstrated
a threefold increase in the risk for esophageal
[7,18,19]
cancer after HPV infection
. On the other hand,
reports from other countries have questioned these
[14,15,20]
data
. These findings make it difficult to draw any
firm conclusions, with one of the reasons being the
different methods used to identify specificity. Another
possibility is that the global geographical spread of HPV
may be contributing to these contradictory results,
given that there are endemic regions with an increased
incidence of HPV infection, as well as other regions
[6]
with increased incidence of esophageal cancer .
Our data have shown that Greece is a low-risk
region for HPV-related cancer of the esophagus. The
virus does not appear to be a significant etiological
factor for ESCC, at least in the Greek population. With
the limitation of a small sample, the incidence of HPV
infection in patients with ESCC was not significantly
higher, compared to the control group with the normal
esophageal mucosa. Another limitation is the fact that,
even though the University Hospital is a referral center
for the whole of Northern Greece, and that Greece is a
relatively homogeneous country, it does represent only
part of the country and so a sampling issue could be
raised. Additionally, HPV types that were detected in
our study are known to be of low oncogenic potential.
On another note, men are known to have a higher
incidence of esophageal cancer compared to women,
which coincides with the finding in our study of all
positive samples (2/19) having been identified in male
[3,21]
patients
. The data regarding the prevalence of
risk factors, such as tobacco and alcohol use and the
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Research frontiers
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The relation between HPV infection and esophageal carcinoma has received
a lot of attention, especially given the success of the HPV vaccine in the fight
against cervical cancer.

11

Innovations and breakthroughs

The goal of this study was to investigate the relation between HPV infection and
esophageal carcinoma, by analyzing esophageal biopsies for the presence of
HPV from patients with esophageal carcinoma, as well as patients without any
cancer who are serving as controls. The importance of this study is that it is the
first of its kind for Greece and essentially for the whole region of the Balkans.

12

Applications

13

Identifying whether there is a relationship between HPV infection and
esophageal carcinoma would be important, because it would provide a target
for cancer prevention. Given the aggressive nature of esophageal carcinoma, it
is obvious that any advantage that we can achieve is welcome.

14

Terminology

HPV is a DNA virus from the papilloma virus family. Although most infections by
HPV are subclinical, it has been linked to cervical cancer, becoming a critical
risk factor. One way to look for HPV DNA is through the use of polymerase
chain reaction (PCR), which is a technique in molecular biology used to amplify
a single copy or a few copies of a piece of DNA, in order to generate thousands
to millions of copies, thus allowing its identification.

15

Peer-review

In this work, the authors investigated the detection of human papillomavirus in
19 patients with ESCC and in 30 individuals without esophageal pathology in
their geographical location of Northern Greece. The aim was to investigate the
possible relationship between esophageal cancer and HPV in their geographical
region. The authors used PCR to detect viral genome which is the most reliable
method of investigation. This is an interesting topic because of the unproven
role of HPV infection and ESCC in regions with low incidence of HPV infection
and ESCC such as Greece.
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Case Control Study

Synchronous splenectomy and hepatectomy for patients
with hepatocellular carcinoma and hypersplenism: A casecontrol study
Xiao-Yun Zhang, Chuan Li, Tian-Fu Wen, Lu-Nan Yan, Bo Li, Jia-Yin Yang, Wen-Tao Wang, Li Jiang
hepatectomy and splenectomy (HS) is more effective
than hepatectomy alone (HA) for patients with
hepatocellular carcinoma (HCC) and hypersplenism.
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METHODS: From January 2007 to March 2013, 84
consecutive patients with HCC and hypersplenism who
underwent synchronous hepatectomy and splenecto
my in our center were compared with 84 well-matched
patients from a pool of 268 patients who underw
ent hepatectomy alone. The short-term and longterm outcomes of the two groups were analyzed and
compared.
RESULTS: The mean time to recurrence was 21.11 ±
12.04 mo in the HS group and 11.23 ± 8.73 mo in the
HA group, and these values were significantly different
(P = 0.001). The 1-, 3-, 5-, and 7-year disease-free
survival rates for the patients in the HS group and the
HA group were 86.7%, 70.9%, 52.7%, and 45.9%
and 88.1%, 59.4%, 43.3%, and 39.5%, respectively
(P = 0.008). Platelet and white blood cell counts in the
HS group were significantly increased compared with
the HA group one day, one week, one month and one
year postoperatively (P < 0.001). Splenectomy and
micro-vascular invasion were significant independent
prognostic factors for disease-free survival. Gender,
tumor number, and recurrence were independent
prognostic factors for overall survival.
CONCLUSION: Synchronous hepatectomy and hepa
tectomy potentially improves disease-free survival rates
and alleviates hypersplenism without increasing the
surgical risks for patients with HCC and hypersplenism.

Abstract

Key words: Hepatocellular carcinoma; Hypersplenism;
Splenectomy; Hepatectomy; Case-control study

AIM: To investigate whether the use of synchronous
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Table 1 Demographic data of the hepatectomy and splenectomy
group and the hepatectomy alone group

Core tip: The optimal approach for treating patients
suffering from hepatocellular carcinoma (HCC) and
hypersplenism is not well established. In the present
study, synchronous hepatectomy and hepatectomy
improved disease-free survival rates and alleviated
hypersplenism without increasing the surgical risk for
patients with HCC and hypersplenism.

Variable

Number of patients (n)
84
Age (yr)
49.32 ± 10.485
Gender (M/F)
69:15
HBsAg (positive/negative)
71:13
AFP (ng/mL)
≤ 400
54
> 400
30
White blood cell count (109/L)
3.96 ± 4.11
Platelet count (109/L)
61.43 ± 42.113
Splenomegaly
12:46:36
(mild/moderate/severe)
Chlid-Pugh class (A)
84
Number of tumors
Single
11
Multiple
73
Diameter of tumor (cm)
Mean
4.18 ± 2.134
≤5
13
>5
71
Micro-vascular invasion
Yes
20
No
64

Zhang XY, Li C, Wen TF, Yan LN, Li B, Yang JY, Wang WT,
Jiang L. Synchronous splenectomy and hepatectomy for patients
with hepatocellular carcinoma and hypersplenism: A case-control
study. World J Gastroenterol 2015; 21(8): 2358-2366 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v21/i8/2358.
htm DOI: http://dx.doi.org/10.3748/wjg.v21.i8.2358

INTRODUCTION
Hypersplenism, secondary to portal hypertension,
is commonly associated with hepatocellular carcino
ma (HCC) in cirrhotic patients, resulting in anemia,
[1-3]
leucopenia, and thrombocytopenia
. Given the
poor preoperative situation, increased surgical
risks and poor long-term survival, hypersplenism
is considered a contraindication for HCC patients
[4-6]
undergoing liver resection . The guidelines of the
American Association for the Study of Liver Disease
recommended that splenectomy be performed in
[7]
cirrhotic patients with preserved liver function .
However, splenic immune function decreases with
[8]
[9]
the development of HCC . Nomura et al reported
that splenectomy improved liver fibrosis and led to
beneficial immunological changes in cirrhotic patients
with hepatitis, and splenectomy was also suggested
to improve antitumor responses. In addition, sple
nectomy is advocated as an effective treatment for
hypersplenism and portal hypertension, as this pro
cedure improves low white blood cell (WBC) and
[1,10,11]
platelet counts and reduce portal vein pressure
.
The selection criteria and surgical techniques have
been refined, and the outcome of patients undergoing
[12-14]
liver resection has improved
, with 5-year survival
[7,15-18]
rates after resection reported to exceed 50%
.
However, the best method for treating patients su
ffering from HCC and hypersplenism is currently not
well established.
We carefully performed synchronous hepatectomy
and splenectomy (HS) in patients with HCC and
hypersplenism with preserved liver function. The aim
of this case-control study was to investigate whether
the use of synchronous hepatectomy and splenectomy
was better than hepatectomy alone (HA) for patients
with HCC and hypersplenism.

WJG|www.wjgnet.com

HS group

HA group
84
51.01 ± 10.830
69:15
72:12
51
33
4.60 ± 4.41
68.93 ± 17.677
14:53:27

P value
0.306
1.000
0.828
0.633

0.332
0.134
0.380

84
11
73

1.000

4.26 ± 1.996
18
66

0.809
0.320

22
62

0.722

HS: Hepatectomy and splenectomy; HA: Hepatectomy alone; AFP: Alphafetoprotein; HBsAg: Hepatitis B surface antigen.

MATERIALS AND METHODS
Case-control study

From January 2007 to March 2013, 84 consecutive
patients with HCC and hypersplenism who underwent
hepatectomy and splenectomy (the HS group) in the
Department of Liver Surgery and Liver Transplantation
Center of the West China Hospital of Sichuan University
were retrospectively enrolled.
The HA group consisted of 84 patients selected
from a pool of 268 patients who underwent HA for HCC
and hypersplenism during the same period and met
the selection criteria for hepatectomy and splenectomy.
The cases and controls were well matched at a 1:1
ratio between the HS group and the HA group for the
following variables: age, gender, hepatitis B surface
antigen (HBsAg), alpha-fetoprotein (AFP), WBC
and platelet (PLT) counts, splenomegaly, number
of tumors, tumor size and micro-vascular invasion
(MVI). To reduce bias, contemporary case controls
were selected in a consecutive manner, and patients
who received splenectomy after primary hepatectomy
were excluded from the case-control study. The mean
duration of follow-up was 35.87 ± 16.16 mo in the HS
group and 33.45 ± 17.94 mo in the HA group. All of
the enrolled patients were categorized as having ChildPugh A liver function. The demographic data of the two
patient groups are presented in Table 1.
The following data were collected for all cases and
controls: length of hospital stay, follow-up time, minor
[19]
and major complications (Dindo et al
classification
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types of radiological examination, such as ultrasound,
contrast-enhanced ultrasound, contrast-enhanced
computed tomography (CT), and magnetic resonance
imaging, were chosen based on the specific situation.
Tumor recurrence was diagnosed based on the
identification of a new lesion in at least two radiological
examinations and increased AFP levels. The final
follow-up visit occurred at the end of July 2014, unless
the patient had died prior to that time. The overall
median follow-up time was 33 mo (5-86 mo).

Table 2 Other clinical data and complication classification of
the two groups
Variable

HS group
(n = 84)

HA group
(n = 84)

P value

Hospital stays (d)
9.71 ± 3.514
9.57 ± 5.267
0.899
Type of resection1
20:64
32:52
0.066
(major/minor)
Intraoperative bleeding (mL) 553.57 ± 281.316 498.21 ± 220.094 0.157
Transfusion (Y/N)
11/73
8/76
0.627
Recurrence
35
48
0.045
Time to recurrence (mo)
Mean time
21.11 ± 12.04
11.23 ± 8.73
0.001
≤ 12 mo
8
31
< 0.001
> 12 mo
27
17
Follow-up time (mo)
35.87 ± 16.16
33.45 ± 17.94
0.360
Upper gastrointestinal
4
7
0.349
hemorrhage after operation

Statistical analysis

Continuous variables are expressed as mean ± st
andard deviation and were compared between groups
using the t-test or Mann-Whitney U test for variables
with an abnormal distribution. Categorical data were
2
compared using the χ test or Fisher’s exact test. The
overall survival rates were analyzed using the KaplanMeier method, and the differences were analyzed using
the log-rank test. The Cox proportional hazard model
was used for univariate and multivariate analyses of
prognostic factors after surgery. Two-tailed P values
≤ 0.05 were considered statistically significant.
Calculations were performed using the SPSS package
(SPSS, Inc. 1989-1995, Chicago, IL).

1

Major resection = Resection of three or more segments; Minor resection =
Resection of two or fewer segments. HS: Hepatectomy and splenectomy;
HA: Hepatectomy alone.

of surgical complications), type of liver resection
(major vs minor), intraoperative bleeding, number of
transfusions and time to recurrence. Data regarding
total bilirubin (TBIL), alanine aminotransferase (ALT),
aspartate aminotransferase (AST), and WBC and PLT
counts were collected one day, one week, one month,
and one year after the operation. The short- and longterm outcomes of the two groups were analyzed and
compared.
All study subjects were informed of the benefits
and risks of surgery in detail. Written informed consent
for patient information to be stored in the hospital
database and used for research was obtained from all
patients.

RESULTS
According to the case-match design, age, gender,
HBsAg, AFP, WBC and PLT counts, splenomegaly,
tumor number, tumor size and MVI were similar
between the two groups of patients (Table 1). A total
of 33 patients died in the HA group, whereas 26
patients died in the HS group. The length of hospital
stay, follow-up time, type of liver resection (major
vs minor), intraoperative bleeding, and number of
transfusions during the perioperative period did not
significantly differ between the two groups (Table
2). The mean time to recurrence was 21.11 ± 12.04
mo in the HS group and 11.23 ± 8.73 mo in the HA
group, and these values were significantly different (P
= 0.001). Subgroup analyses indicated that 8 of 35
patients suffered early recurrence (time to recurrence
less than 12 mo) in the HA group, whereas 31 of 48
patients in the HA group experienced early recurrence
(P < 0.001).

Indications for splenectomy

Hypersplenism was defined as: (1) the portal vein
greater than or equal to 1.0 cm in diameter; (2) the
presence of hepatic cirrhosis and splenic thickness
greater than or equal to 4.0 cm, as measured by
radiographic examination; and (3) PLT and WBC counts
9
9
less than 80 × 10 /L and 3.0 × 10 /L, respectively,
obtained the week prior to surgery. Patients who
suffered from splenomegaly with hypersplenism and/
or splenomegaly that was classified as greater than
class Ⅰ (spleen enlarged beyond left subcostal margin
and palpable) were treated by splenectomy.

Surgical complications

Patient follow-up

No treatment-related mortality was noted in either
group (Table 3). Complications above grade II were
defined as severe complications and were analyzed. In
the HS group, two patients developed pleural effusion
and received pleurocentesis. In addition, two patients
were diagnosed with intra-abdominal bleeding and
underwent re-laparotomy. As a result of hypotension
and shock, two patients were resuscitated and required
ICU management. In the HA group, one patient de

All of the patients received follow-up monitoring 1
mo after the operation, every 3 mo thereafter during
the first 3 years and then every 6 mo in subsequent
years. All enrolled patients received regular followup monitoring until death or termination of the study.
Disease status was assessed according to serum liver
biochemistries, AFP levels, hepatitis B virus (HBV)DNA levels and radiological examination. One or two
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Treatment

1.0

Table 3 Surgical complications classified by Clavien classification
for the two groups

Hepatectomy alone
Hepatectomy and splenectomy

0.8
Grade Ⅰ
(fever/pain/vomit/
wound infection/ ascites/
hypokalemia)
Grade Ⅱ
(transfusion/infection/
coagulopathy/liver failure)
Grade Ⅲa
Grade Ⅲb
Grade Ⅵ
Grade Ⅴ
Total

HS group

HA group

P value

Disease-free survival

Clavien classification

21
22
(9/4/2/1/4/1) (5/4/5/1/4/3)

6
(5/1/0/0)
1

2
22
23
33

10
(2/5/2/1)

0.6
0.4
0.2

4

1
0
35
36

0.0
0

20

80

100

0.532

Figure 1 Disease-free survival rates of patients in the two groups. The
1-, 3-, 5-, and 7-year disease-free survival rates for the hepatectomy and
splenectomy group were 86.7%, 70.9%, 52.7%, and 45.9%, respectively. The 1-,
3-, 5-, and 7-year disease-free survival rates for the hepatectomy alone group
were 88.1%, 59.4%, 43.3%, and 39.5%, respectively (P = 0.008).

Two patients had pleural effusion and received pleurocentesis; 2Two
patients were diagnosed with intra-abdominal bleeding and underwent relaparotomy; 3Two patients were resuscitated and needed ICU management
due to the hypotension and shock; 4One patient had pleural effusion and
received pleurocentesis; 5Two patients suffered type Ⅰ respiratory failure
and 1 patient suffered hypotension and shock, all of whom needed ICU
management. HS: Hepatectomy and splenectomy; HA: Hepatectomy
alone.
1

Treatment

1.0

Hepatectomy alone
Hepatectomy and splenectomy

0.8
Overall survival

veloped pleural effusion and received pleurocentesis.
Two patients suffered type Ⅰ respiratory failure, and
one patient suffered hypotension and shock; all of
these conditions required ICU management. However,
no significant difference in the incidence rate or
classification of complications was noted between the
two groups (P = 0.532).

0.6
0.4
0.2
0.0

Survival rate

0

Disease-free survival rate: The 1-, 3-, 5-, and
7-year disease-free survival rates for patients in the
HS group and HA group were 86.7%, 70.9%, 52.7%,
and 45.9% and 88.1%, 59.4%, 43.3%, and 39.5%,
respectively. Disease-free survival was enhanced in
the HS group compared with the HA group (P = 0.008;
Figure 1).

20

40
60
Months after operation

80

100

Figure 2 Overall survival rates of patients in the two groups. The 1-, 3-, 5-,
and 7-year overall survival rates for the hepatectomy and splenectomy group
were 90.4%, 77.9%, 65.9%, and 45.2%, respectively. The 1-, 3-, 5-, and 7-year
overall survival rates for the hepatectomy alone group were 85.7%, 70.0%,
58.3%, and 54.7%, respectively (P = 0.187).

the serum AST levels did not differ between the two
groups in the short-term or long-term period after
surgery (P > 0.05).

Overall survival rate: The 1-, 3-, 5-, and 7-year
overall survival rates for patients in the HS group and
HA group were 90.4%, 77.9%, 65.9%, and 45.2%
and 85.7%, 70.0%, 58.3%, and 54.7%, respectively.
No significant difference in overall survival was noted
between the groups (P = 0.187) (Figure 2).

Prognostic factors for patients with HCC and
hypersplenism

Disease-free survival: Splenectomy (HR = 0.531;
95%CI: 0.341-0.828; P = 0.005) and MVI (HR = 2.642,
95%CI: 1.685-4.143; P < 0.001) were identified as
significant independent prognostic factors for diseasefree survival using univariate and multivariate analyses
(Table 5).

Laboratory tests after surgery

Total bilirubin, ALT, AST, and PLT and WBC counts were
similar in both groups prior to surgery (Table 4). After
surgery, the PLT and WBC counts in the HS group were
significantly increased compared with the HA group (P
< 0.001) (Figure 3A and B). The levels of TBIL and ALT
were significantly increased in the HA group compared
with the HS group on postoperative day one (P < 0.05)
but then decreased to levels similar to those observed
in the HS group at one week, one month and one year
after the operation (Figure 3C and D). In addition,
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40
60
Months after operation

Overall survival: Univariate analysis indicated that
the following four variables were statistically significant
prognostic factors associated with overall survival in
patients with HCC and hypersplenism: gender (female,
P = 0.020), tumor number (multiple, P = 0.041),
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16.62 ± 6.63
39.24 ± 14,54
47.16 ± 27.63
68.93 ± 17.68
4.60 ± 4.41

HA

Pre-operation

17.94 ± 7.34
35.90 ± 16.89
39.92 ± 15.69
61.43 ± 42.11
3.96 ± 4.11

HS

0.415
0.519
0.162
0.134
0.332

P value
22.34 ± 8.52
213.85 ± 187.27
244.49 ± 186.49
98.54 ± 33.27
16.30 ± 5.38

HS

HA

P value

32.72 ± 27.14
0.026
348.00 ± 342.49
0.036
321.81 ± 314.90
0.194
67.11 ± 21.67 < 0.001
11.79 ± 4.07
< 0.001

1d
HA

1 wk

P value

24.04 ± 10.90
34.06 ± 48.89
0.216
112.00 ± 101.69 169.57 ± 154.49
0.058
80.64 ± 77.53
64.19 ± 37.23
0.246
230.95 ± 114.95 74.65 ± 26.05 < 0.001
10.93 ± 4.27
6.14 ± 2.74
< 0.001

HS
15.12 ± 5.28
43.49 ± 23.78
49.41 ± 21.62
214.18 ± 102.03
6.48 ± 1.71

HS

P value
HS

15.87 ± 6.70
0.858 17.20 ± 6.21
49.41 ± 21.62 0.860 39.82 ± 17.85
44.22 ± 22.31 0.306 47.69 ± 27.73
73.24 ± 24.12 < 0.001 199.97 ± 58.19
4.25 ± 1.41 < 0.001
5.96 ± 1.46

HA

1 mo

P value

18.61 ± 5.82
0.314
41.11 ± 34.53
0.838
48.00 ± 48.75
0.973
68.08 ± 36.52 < 0.001
4.48 ± 2.02 < 0.001

HA

1 yr
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[4,5,7]

Perioperative bleeding control and postoperative liver failure are the major concerns for cirrhotic patients with HCC and hypersplenism
. However, splenectomy
[1,11]
has been suggested as a method to overcome these problems, as this procedure can reduce serum bilirubin levels and improve liver function
. In addition, PLT
[20,21]
counts increase immediately after splenectomy, thereby potentially reducing intraoperative bleeding and surgical risk
. In the present case-control study, TBIL and
ALT levels were reduced at one day and one week postoperatively in patients undergoing synchronous hepatectomy and splenectomy compared to those treated by
hepatectomy alone. In addition, intraoperative bleeding and severe surgical complications were similar between the two groups. Furthermore, the disease-free survival
was significantly increased in the HS group compared with the HA group, suggesting that synchronous hepatectomy and splenectomy are safe and beneficial for
patients with HCC and hypersplenism.
[22]
The immunophysiology of the spleen in cirrhotic patients and the long-term outcomes of such patients after splenectomy are not fully understood. Aoe et al
reported that a large number of activated macrophages accumulated in the spleens of tumor-bearing hosts, which led to an abnormal T cell receptor-CD3 complex
[23]
and suppressed the immune function of T cells. In addition, Ugel et al
recently reported that the spleen was fundamentally important for tumor-induced tolerance.
int
Chi
Splenic CD11b+Gr-1 Ly6 cells, which are mostly composed of proliferating CCR2+ inflammatory monocytes with myeloid progenitor features, expand in the marginal
[23]
zone of the spleen, where these cells alter the normal tissue cytoarchitecture and cross-present tumor antigens to memory CD8+ T cells, resulting in tolerization .
[11]
Accordingly, splenectomy was shown to restore lymphocyte function and induce tumor regression when coupled with immunotherapy. Shimada et al and Karakantza
[24]
et al reported that splenectomy increased the number of natural killer (NK) cells. In addition, the immune response against cancer is altered after splenectomy due
[9,25,26]
to the modulation of CD4+ and CD8+ T cells
. Splenectomy results in a reduction of transforming growth factor (TGF)-β1, which is produced and secreted by the
[27-29]
spleen, thereby significantly improving liver regeneration and ameliorating liver cirrhosis
. Thus, we hypothesized that splenectomy may play a prophylactic role
against HCC recurrence after liver resection, and our results showed that disease-free survival and the time interval before recurrence were enhanced in the HS group
[26]
compared with the HA group, which is consistent with a previous study .
Interestingly, synchronous hepatectomy and splenectomy decreased tumor recurrence and prolonged the interval to recurrence; however, this technique was not
beneficial to the overall survival of patients with HCC and hypersplenism. The reduction of TGF-β levels after splenectomy was shown to lead to decreased recruitment
[30,31]
of T regulatory (Treg) cells via the TGF-β-miRNA-34a-CCL22 pathway
, which may reduce the ability of HCC cells to evade immune defenses and inhibit tumor

DISCUSSION

tumor size (> 5 cm, P = 0.027) and recurrence (P < 0.001). Furthermore, based on the multivariate analysis, gender (HR = 0.774; 95%CI: 1.164-4.041; P = 0.015),
tumor number (HR = 0.801; 95%CI: 1.071-4.633; P = 0.032), and recurrence (HR = 2.344; 95%CI: 4.961-21.882; P < 0.001) were independent prognostic factors
for long-term survival in patients with HCC and hypersplenism (Table 6).

Both PLT and WBC counts in the HS group were alleviated and were significantly higher when compared to those in the HA group at one day, one week, one month and one year postoperatively (P < 0.001) (Figure 3A and B).
While levels of the TBIL and ALT were much higher in the HA group than in the HS group on postoperative day one (P < 0.05), and then descended as similar as the HS group (Figure 3C and D). The level of AST did not differ
between the two groups. TBIL: Total bilirubin; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; PLT: Platelet; WBC: White blood cell.

TBIL (μmol/L)
ALT (IU/L)
AST (IU/L)
PLT count (109/L)
WBC count (109/L)

Variable

Table 4 Laboratory tests of the two groups after surgery

Zhang XY et al . Synchronous splenectomy and hepatectomy for HCC
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A

400

P < 0.05

HS group
HA group

B

9

WBC (10 /L)

9

200

15
10

100

0

Preop

1d
1 wk
1 mo
Time after operation

50

0

1 yr

HS group
HA group

D

P < 0.05

40

Preop

1d
1 wk
1 mo
Time after operation

1 yr

500

HS group
HA group

P < 0.05
400

30
20

300
200
100

10
0

E

5

ALT (IU/L)

Total bilirubin (mmol/L)

C

HS group
HA group

P < 0.05

20

300
PLT (10 /L)

25

Preop

1d
1 wk
1 mo
Time after operation

400

0

1 yr

Preop

1d
1 wk
1 mo
Time after operation

1 yr

HS group
HA group

9

AST (10 /L)

300

200

100

0

Preop

1d
1 wk
1 mo
Time after operation

1 yr

Figure 3 Changes in laboratory test results between the two groups. The platelet and white blood cell counts in the HS group were significantly increased
compared with the HA group one day, one week, one month and one year postoperatively (P < 0.001) (A and B); Total bilirubin and ALT levels were significantly
increased in the HA group compared with the HS group on postoperative day one (P < 0.05) and then decreased to levels similar to those observed in the HS group
(C and D); E: The AST levels did not differ between the two groups. HS: Hepatectomy and splenectomy; HA: Hepatectomy alone; ALT: Alanine aminotransferase; AST:
Aspartate aminotransferase; PLT: Platelet; WBC: White blood cell.

metastasis. Intricate immunosuppressive me
chanisms, such as abnormal T cell receptor-CD3
[22]
[23]
complex , tumor-induced tolerance , suppression
[11,24]
of NK cells
, and impaired T cell function, may
also be altered by splenectomy, thereby temporarily
inducing tumor regression. However, sustained
hepatitis viral infection results in inflammation and
inflammatory microenvironments that promote fib
rosis, cirrhosis and even permanent oncogenesis. As
demonstrated in the present study, most patients
were characterized as hepatitis b antigen-positive;
thus, the outcomes of the case-control groups were
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not significantly different (P = 0.187).
In addition, numerous reports suggest that pa
tients can significantly benefit from splenectomy.
Hepatic resection increases portal hypertension, which
is potentially associated with upper gastrointestinal
[32]
hemorrhage . Splenectomy reduces 20%-30% of the
portal vein inflow, thereby greatly decreasing portal
[33,34]
hypertension
. A total of four patients in the HS
group experienced an episode of upper gastrointestinal
hemorrhage after liver resection, whereas seven
patients in the HA group experienced hemorrhage.
In addition, WBC and PLT counts were significantly
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Table 5 Univariate and multivariate analyses of prognostic factors for disease-free survival
Variable

Univariate analysis

Splenectomy
Gender, F
Age, > 60 yr
HBsAg, positive
AFP, > 400 ng/mL
Platelet count
White blood cell count
Tumor number, multiple
Tumor size, > 5 cm
Micro-vascular invasion

Multivariate analysis

HR (95%CI)

P value

HR (95%CI)

P value

0.498 (0.314-0.792)
0.873 (0.476-1.601)
0.836 (0.395-1.769)
1.634 (0.716-3.727)
1.386 (0.881-2.180)
0.994 (0.985-1.003)
1.037 (0.993-1.083)
1.668 (0.862-3.226)
0.785 (0.446-1.381)
2.766 (1.700-4.498)

0.003
0.661
0.639
0.243
0.158
0.221
0.1
0.129
0.401
<0.001

0.531 (0.341-0.828)

0.005

2.642 (1.685-4.143)

< 0.001

HBsAg: Hepatitis B surface antigen; AFP: Alpha-fetoprotein.

Table 6 Univariate and multivariate analyses of prognostic factors for overall survival
Variable

Univariate analysis

Splenectomy
Gender, F
Age, > 60 yr
HBsAg, positive
AFP, > 400 ng/mL
Platelet count
White blood cell count
Tumor number, multiple
Tumor size, > 5 cm
Micro-vascular invasion
Recurrence

Multivariate analysis

HR (95%CI)

P value

0.862 (0.497-1.492)
0.466 (1.125-4.083)
0.876 (0.384-1.998)
0.552 (0.259-1.176)
0.986 (0.563-1.728)
1.004 (0.995-1.013)
0.975 (0.901-1.055)
2.216 (1.033-4.752)
2.067 (1.087-3.930)
0.624 (0.329-1.182)
14.376 (6.233-33.160)

0.595
0.020
0.752
0.124
0.962
0.397
0.533
0.041
0.027
0.148
< 0.001

HR (95%CI)

P value

0.774 (1.164-4.041)

0.015

0.801 (1.071-4.633)
0.572 (0.991-3.169)

0.032
0.054

2.344 (4.961-21.882)

< 0.001

HBsAg: Hepatitis B surface antigen; AFP: Alpha-fetoprotein.

to investigate whether the use of synchronous hepatectomy and splenectomy
was better than hepatectomy alone for patients with HCC and hypersplenism.

elevated after splenectomy. Thus, it was possible to
administer adjuvant chemotherapy, which may prevent
[26,35,36]
HCC recurrence
.
This study had several limitations. First, given that
it was not a randomized study, selection bias may be
inherent to the study. To reduce this bias, we selected
contemporary case controls in a consecutive manner
and excluded patients who received splenectomy after
primary hepatectomy. Second, the number of subjects
was relatively small. A large randomized control study
is thus needed to confirm the role of HS in improving
disease-free survival for patients with HCC and hy
persplenism.
In conclusion, our results suggest that synchronous
hepatectomy and hepatectomy may improve diseasefree survival rates and alleviate hypersplenism without
an increased surgical risk for patients with HCC and
hypersplenism.

Research frontiers

The immunophysiology of the spleen in cirrhotic patients has not been fully
characterized. Splenectomy potentially restores lymphocyte function and
induces tumor regression when coupled with immunotherapy.

Innovations and breakthroughs

Synchronous splenectomy may play a prophylactic role against hepatocellular
carcinoma recurrence after liver resection.

Applications

The use of synchronous hepatectomy and splenectomy may improve diseasefree survival and alleviate hypersplenism without increasing the surgical risk for
patients with HCC and hypersplenism.

Terminology

The immunosuppressive mechanisms of HCC, including defective antigen
presentation, tumor-induced tolerance, impaired CD4 + T cell function,
suppression of natural killer cells, recruitment of immunosuppressive myeloid
and lymphoid cell populations and the up-regulation of immune checkpoint
pathways, are intricate and further interfere with the development of a
meaningful anti-tumor response.

Peer review

This is an interesting study that aims to determine the role of splenectomy and
hepatectomy for patients with hepatocellular carcinoma and hypersplenism.
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Diagnosis of ectopic pancreas by endoscopic ultrasound
with fine-needle aspiration
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at an academic referral center including two hospitals.
Institutional review board approval was obtained.
Patients referred to the University Hospital or Denver
Health Medical Center Gastrointestinal Endoscopy
Lab for gastroduodenal subepithelial lesions (SEL)
with a final diagnosis of EP between January 2009
and December 2013 were identified. Patients in this
group were selected for the study if they underwent
endoscopic ultrasound (EUS) with fine-needle aspiration
(FNA) or deep biopsy. A review of the medical record
was performed specifically to review the following
information: presenting symptoms, endoscopic and EUS
findings, computed tomography or magnetic resonance
imaging findings, pathology results, procedure-related
adverse events, and subsequent treatments after EUSFNA. EUS with FNA or deep submucosal biopsy was
performed in all patients on an outpatient basais by
one of two physicians (Attwell A, Fukami N). Review of
all subsequent clinic notes and operative reports was
performed in order to determine follow-up and final
diagnoses.
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RESULTS: Between July 2009 and December 2013, 10
patients [3 males, 7 females, median age 52 (26-64)
years] underwent EUS for a gastroduodenal SEL and
were diagnosed with EP. One patient was symptomatic.
Six (60%) lesions were in the antrum, 3 (30%) in the
body, and 1 (10%) in the duodenum. A mucosal dimple
was noted in 6 (60%). Mean lesion size was 17 (8-25)
mm. Gastrointestinal wall involvement: muscularis
mucosae, 10%; submucosa, 70%; muscularis propria,
60%; and serosa, 10%. Nine (90%) lesions were
hypoechoic and 5 (50%) were homogenous. A duct
was seen in 5 (50%). FNA was attempted in 9 (90%)
and successful in 8 (80%) patients after 4 (2-6)
passes. Cytology showed acini or ducts in 7 of 8 (88%).
Superficial biopsies in 7 patients (70%) showed normal
gastric mucosa. Deep endoscopic biopsies were taken
in 2 patients and diagnostic in one. One patient (10%)
developed pancreatitis after EUS-FNA. Two patients

Abstract
AIM: To study the clinical, endoscopic, sonographic,
and cytologic features of ectopic pancreas (EP).
METHODS: This was a retrospective study performed
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(20%) underwent surgery to relieve symptoms or
confirm the diagnosis. The main limitation of the study
was the fact that it was retrospective and performed at
a single medical center.

EP would be helpful to stratify patients for surgical
resection.
Cross sectional imaging and EGD with standard
forceps biopsies do not diagnose most EP lesions, and
more aggressive maneuvers such as snare resection,
tunneling deep biopsies, or surgical resection carry
appreciable risks. Thus, sensitive yet safe and accurate
diagnostic tests for EP are desired. EUS can effectively
characterize SELs and determine the organ or layer of
[2]
origin, resectability, and lymph node status . EUS has
been used to evaluate EP in several studies, and the
sonographic features can differentiate EP from other
[2-10]
SELs
. However, the available literature on EUS
with fine-needle aspiration (EUS-FNA) for EP is small
[11-13]
and essentially limited to case reports from Asia
.
Herein we describe our experience with EUS-FNA in the
diagnosis of EP at a large, tertiary referral center in the
United States. Our objective is to review the clinical,
endoscopic, sonographic, and cytologic features of EP
and to describe any treatments undertaken.

CONCLUSION: EUS features of EP include antral lo
cation, mucosal dimple, location in layers 3-4, and lesio
nal duct, and FNA or biopsy is accurate and effective.
Key words: Endoscopic ultrasound; Pancreatitis; Ectopic
pancreas; Endoscopy; Subepithelial mass
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Subepithelial lesions (SEL) of the upper
gastrointestinal (GI) tract are common incidental
findings during GI endoscopy. Ectopic pancreas (EP)
is an uncommon yet innocent SEL that should be
differentiated from premalignant lesions such as
gastrointestinal stromal tumors or neuroendocrine
tumors. Noninvasive studies such as computed tomo
graphy, magnetic resonance imaging, or standard
mucosal biopsies cannot reliably diagnose EP, so the
role of endoscopic ultrasound-fine-needle aspiration
(EUS-FNA) was studied. Herein the endoscopic,
endosonographic, cytologic, and histologic features
of EP are presented along with a summary of the
pertinent, existing literature. Our data support the
conclusion that EUS-FNA is a safe and effective
diagnostic tool for EP.

MATERIALS AND METHODS
This was a retrospective study based on chart review.
A search was made through the hospital’s Pathology
records and endoscopy database (Provation, Min
neapolis, MN) for patients with a diagnosis of EP based
on fine-needle aspirate, endoscopic biopsy, or surgical
excision. Patients found to have incidental EP during
surgery were excluded. All patients who underwent
+/EUS FNA and who were ultimately diagnosed with EP
based on pathology were included in the analysis. The
Colorado Multiple Institutional Review Board reviewed
and approved the study.
Presenting symptoms, endoscopic and EUS findings,
pathology results, complications, and subsequent
treatments were retrieved from the electronic medical
record. Follow-up was obtained by chart review. In
cases where symptoms or procedural complications
were questionable, the patient was contacted directly
by telephone or seen in clinic.
Patients were directly referred for EUS from an
outside institution or the hospitals’ GI clinics. EUS was
performed on an outpatient basis at the University of
Colorado Hospital or Denver Health Medical Center
by one of 2 dedicated endoscopists (Attwell A,
Fukami N) with patients in the left lateral decubitus
position. Patients were given moderate sedation using
intravenous midazolam and fentanyl or monitored
anesthesia care using intravenous propofol, depending
on the patient’s characteristics. EGD with a standard
gastroscope was performed initially. Standard mucosal
biopsies were typically not performed at the time
of EUS. A curvilinear array or radial echoendoscope
(Olympus America, Melville, NY or Pentax Medical
Co., Montvale, NJ) or 20 mHz ultrasound probe (Olym
pus) though the gastroscope was used to survey
the lesion and the surrounding structures. The size,
appearance, and extent of the lesion was assessed and

Attwell A, Sams S, Fukami N. Diagnosis of ectopic pancreas
by endoscopic ultrasound with fine-needle aspiration. World J
Gastroenterol 2015; 21(8): 2367-2373 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i8/2367.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i8.2367

INTRODUCTION
Ectopic pancreas (EP), also known as pancreatic rest
or aberrant pancreas, is defined as pancreatic tissue
residing outside the normal pancreas and containing
its own duct and vascular supply. EP has a world
prevalence of 1%-13% but is infrequently diagnosed
because the vast majority of cases are asymptomatic.
Most cases are found incidentally during endoscopy,
[1]
surgery or autopsy . The classic presentation to
gastroenterologists is an incidental, small, < 2 cm,
subepithelial lesion (SEL) in the gastric antrum seen
during esophagogastroduodenoscopy (EGD) in a
middle-aged patient. Other lesions can have a similar
appearance and presentation, including gastrointestinal
stromal tumors (GISTs), which have a small but real
risk of malignant transformation. EP, on the other
hand, does not require treatment unless symptomatic,
and can almost always be dismissed in the absence
of symptoms. Hence, confirming the diagnosis of
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Table 1 Summary of data
n
10

Size

Location

17 mm (8-25 mm) Body/antrum (90%)

Mucosal dimple

GI layer

EUS appearance

Duct seen

FNA success

FNA accuracy

Yes (60%)

Submucosa (70%)

Hypoechoic (90%)

Yes (50%)

80%

88%

GI: Gastrointestinal; EUS: Endoscopic ultrasound; FNA: Fine-needle aspiration.

was diagnosed during EGD performed for unrelated
indications such as chronic gastroesophageal reflux,
Barrett’s esophagus, or suspected GI bleeding. Three
(30%) lesions were visible on contrast computed
tomography (CT) of the abdomen. All patients had
previously undergone EGD revealing a SEL. Superficial
mucosal biopsies had been performed in 7 patients
(70%) and were non-diagnostic in all cases.
The endoscopic and endosonographic findings are
summarized in Table 1. EGD immediately before EUS
revealed a single SEL in each patient. Six (60%) were
located in the antrum, 3 (30%) in the body, and 1
(10%) in the duodenal bulb. An overlying mucosal
dimple was noted in 6 (60%) patients (Figure 1A).
EUS was performed with a curvilinear array (n =
10), radial (n = 7), or probe (n = 1) echoendoscope. By
EUS, the mean lesion size was 17 (8-25) mm. The GI
wall layer involvement was as follows: 7 lesions (70%)
involved the submucosa; 6 lesions (60%) involved
the muscularis propria; 1 lesion (10%) involved the
muscularis mucosae; 1 lesion (10%) involved the
subserosa. Five lesions (50%) involved more than 1
layer. Nine (90%) lesions were hypoechoic and 1 (10%)
was isoechoic. Five lesions (50%) were homogenous
and 5 (50%) were heterogenous, independent of the
presence of a ductal stricture, which was seen in 5
lesions (50%) (Figure 1B).
FNA was attempted in 9 (90%) with a 22G (n =
6) or 19G (n = 1) needle or both (n = 2), or with a
(19G) core biopsy needle (n = 1) (Figure 2A). FNA
was deferred in one case in favor of deep, direct
biopsy. Aspiration of cellular material was successful in
8 (89%) of the 9 patients after a mean 4 (2-6) passes.
Cytology showed acini in 7 of the 8 (88%) patients
with adequate cytology (Figure 2B) and occasionally
ductal structures (n = 3). In one non-diagnostic case,
FNA showed only acute inflammatory cells. Acute
ectopic pancreatitis was diagnosed in 2 patients based
on labs, imaging, and EGD findings.
Deep, tunneling biopsies were taken after EUS in
2 patients (Figure 2C), in 1 case because of a paucicellular FNA aspirate and in the other case when FNA
was deferred because of the small size and difficult
location of the SEL. Deep biopsy was diagnostic in 1
of these 2 cases. One case was diagnosed only after
surgical resection. This was a 26-year-old female with
recurrent epigastric pain over 3 mo. CT showed a 2
cm mass in the antrum with surrounding inflammatory
changes (Figure 3B), and EGD showed a SEL with
edema and erythema (Figure 3A), both suggestive of
acute ectopic pancreatitis. She underwent definitive
wedge resection of the mass after resolution of the

A

B

Figure 1 Esophagogastroduodenoscopy and endoscopic ultrasound
evaluation of gastric ectopic pancreas. A: Esophagogastroduodenoscopy
image showing subepithelial lesions (SEL) in the antrum with overlying dimple
(arrow); B: Endoscopic ultrasound image showing gastric SEL with intra-lesional
duct (arrow).

documented.
FNA was performed using a 19- or 22-gauge needle
through the linear scope under endosonographic
guidance. An on-site cytopathologist was available
in all cases and reviewed the aspirate on a slide. In
select cases where FNA was technically challenging
due to the location or the aspirate showed paucicellular specimen, a deep tunneling-type biopsy was
performed using jumbo-capacity forceps approximately
5-8 mm into the lesion depending on its size.

RESULTS
Between July 2009 and April 2014, 10 patients un
derwent EUS for further evaluation of gastroduodenal
SELs and were ultimately diagnosed with EP. The
median age was 52 (26-64) years and 7 were females.
Median follow-up was 21 mo (range, 8-60 mo).
One patient presented with recurrent epigastric
pain and presumed ectopic pancreatitis; all others
were asymptomatic. In asymptomatic patients, EP
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One other patient underwent wedge resection of EP to
relieve symptoms and to make a definitive diagnosis,
as described above. Her surgery was uneventful and
the epigastric pain resolved after surgery. No other
adverse events occurred during this study.

A

DISCUSSION
First described in the ileum in 1727, EP now carries
a prevalence of 1%-13% by autopsy and 0.5% by
[14,15]
laparotomy
. Its pathogenesis presumably relates
to faulty migration of the ventral or dorsal pancreatic
[16]
buds during the foregut rotation of embryogenesis .
The stomach is the most common site, followed by
duodenum, jejunum, ileum, and peritoneum.
The incidence of SELs may be increasing because of
improvement and liberal use of noninvasive imaging,
[17]
endoscopy, and EUS . In one study, the incidence
of SELs was 0.36% in 15104 patients undergoing
[18]
routine EGD . Approximately 5%-9% of submucosal
gastrointestinal lesions evaluated by EUS may be
[2,10]
attributed to EP
.
The diagnosis of intraluminal EP can be challenging,
but it is important. When EP can be differentiated from
a GIST or neuroendocrine tumor, aggressive maneuvers
such as unroofing, biopsy, endoscopic resection, or
surgery can be avoided in the asymptomatic patient.
Noninvasive imaging studies such as CT and magnetic
resonance imaging may show nonspecific enhancing
thickening in the stomach or bowel, but many lesions
[19]
are missed . Endoscopy typically reveals a SEL with
bland, normal overlying mucosa. The greater curve
of the gastric antrum is the most common location,
followed by gastric body, duodenal bulb, fundus,
[20]
descending duodenum, and cardia . A central
umbilication, which is attributed to a duct orifice, is
[7,9]
seen over the lesion in 35%-90% of cases . Because
of the subepithelial nature of the EP, conventional
[7]
biopsies are only helpful in 10% of cases .
Though relatively invasive, EUS is suited for assessing
[2]
SELs and is more accurate than EGD alone . In
numerous studies it has proven to be safe and effective for
[2-10]
examining EPs and defining its characteristic features
.
Sonographically, EP is typically hypoechoic and arises
rd
from the submucosa (3 layer), but approximately
17% and 10% may involve the muscularis propria and
[21]
serosa, respectively . Nonspecific thickening of the
muscularis around the lesion may also occur. In over
half of cases, an anechoic ductal structure is seen within
[9]
the lesion .
Pathologic confirmation of EP requires deep forceps
biopsy, EUS with FNA or core biopsy, or surgical biopsy.
In one study of SE masses that included 10 patients
with EP, the accuracy of EUS criteria alone for making
[3]
a diagnosis was only 50% . Previous case reports
suggest that EUS-FNA can diagnose EP accurately and
[9,12-13,22]
safely during the first attempt
.
In our study, which is the largest American series of
EP patients undergoing EUS, the location, endoscopic

B

C

Figure 2 Endoscopic ultrasound-guided tissue acquisitions for ectopic
pancreas. A: Endoscopic ultrasound-fine-needle aspiration (EUS-FNA) of
gastric ectopic pancreas (EP) lesion; B: Cell block cytology image showing
classic cytologic features of EP including pancreatic acini, magnification × 20; C:
Endoscopic deep biopsy of EP lesion.

pancreatitis. Final pathology of EP was confirmed for
each patient. Asymptomatic patients were reassured
and no further imaging studies were planned.
One patient (10%) developed mild acute ectopic
pancreatitis after EUS-FNA. This was a 30-year-old
female with metastatic neuroendocrine tumor and an
incidental SEL in the stomach detected with staging CT
scan. She developed epigastric pain, elevated serum
lipase, and radiographic evidence of ectopic pancreatitis
24 h after EUS-FNA. She was treated supportively
and eventually underwent wedge resection of the EP
at the time of surgery for her neuroendocrine tumors.
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whenever possible.
A core needle biopsy was successful in one of our
cases, but this practice has not been well established
in SELs due to size and location, and the tissue yield
has not been shown to exceed that of FNA in EP. In
a series of 65 patients with SELs, which included
predominantly smooth muscle tumors but also 5
cases of EP, this technique led to a diagnosis in 18 of
65 patients (28%) but technical failure occurred in
[24]
43% . Given the small size of most EP lesions and
the added stiffness of core biopsy needles, we would
not recommend this practice routinely.
In order to obtain sufficient tissue, various en
doscopic “unroofing” techniques for SELs have also
been described with large forceps, snare, or needle[25,26]
knife
. Alternatively, SELs may be completely or
partially resected with or without the use of saline
injection, banding, or detachable loop beneath the
[27-29]
lesion
. The diagnostic accuracy exceeds 90%
and lesions including EPs can be entirely removed
with these methods. However, immediate bleeding
requiring hospitalization or endotherapy may occur
[26,27]
in 11%-56% of cases
and chest or abdominal
[27,29]
pain in 2%-12%
. Unlike other SELs, the benign
nature of EP should not warrant the risks of such an
aggressive approach. The accuracy of FNA in our study
(7 of 9, 78%) was less than ideal, but it was similar
[30]
to that of GISTs from other studies . Other modes
of tissue acquisition should be considered when EUSFNA is non-diagnostic. We favor initial evaluation with
EUS-FNA, then proceeding with a deep, tunneling-type
(unroofing) forceps biopsy when FNA is technically
difficult or non-diagnostic.
One patient in our cohort presented with acute
ectopic pancreatitis (AEP) and another developed
pancreatitis following EUS-FNA, and both underwent
resection. The latter was recently published as the
[22]
first such case reported in the literature . Excluding
these cases, the low incidence of complicated EP in our
cohort (20%) is consistent with the existing literature,
where most patients with EP are asymptomatic.
Approximately 100 cases of EP-related adverse events
have been published including AEP, pseudocyst, a
palpable abdominal mass, gastrointestinal hemorrhage,
[14,23,31-38]
gastric outlet obstruction, and adenocarcinoma
.
For such cases, resection is advocated to relieve and/or
prevent symptoms, or when the diagnosis is uncertain.
Malignancy within EP has been reported and was
even found to develop in 12.7% of cases in 1 surgical
[20,35-36,39]
series
. However, the overall risk of cancer in
incidental EP is estimated to be very small and does
not warrant prophylactic resection. Resection typically
involves a surgical approach, but endoscopic mucosal
resection and endoscopic submucosal dissection for EP
[40,41]
have also been described
.
We recognize some limitations in this study. Due
to its retrospective nature, patients with a SEL and
non-diagnostic EUS-FNA who were subsequently
observed may have been missed. However, because

A

B

Figure 3 Exam findings consistent with acute ectopic pancreatitis
in a 26 year-old female with recurrent epigastric pain. A: Esophago
gastroduodenoscopy image showing subepithelial lesions (SEL) in antrum with
overlying erythema and edema; B: Computed tomography scan image showing
SEL in antrum of stomach with localized inflammatory reaction (arrow).

appearance, and sonographic features of the lesions
were typical for EPs described in other studies. EPs
were predominantly hypoechoic, homogenous, and
rd
arising from the submucosa (3 ) layer in the gastric
body or antrum. An intra-lesional duct structure,
overlying mucosal dimple, or both was present in
approximately half of the cases. EUS-FNA confirmed
the diagnosis in 7 patients with a cellular aspirate,
including one case using a core biopsy needle. In
these 7 patients, cytologic analysis showed acinar
structures, and ductal epithelium was also seen in 3
of the 7 cases. Islet cells were not seen cytologically,
an expected finding since EP typically only contain
[23]
acini and ducts . In 2 cases, a deep tunneling-type
biopsy was performed, and in one case the diagnosis
was confirmed after surgical resection. Thus, EUS
with various endoscopic methods eventually led to the
diagnosis in 90% of patients with EP at our institution.
Moreover, patients could be discharged without addi
tional surveillance.
One could argue that the diagnosis of EP can be
made based on endoscopic and sonographic criteria
alone in some cases, for example a classic hypoechoic
lesion in the antrum with mucosal dimple and visible
duct on EUS. However other SELs including GISTs may
contain hypoechoic spaces, and since the diagnostic
accuracy of EUS or imaging alone is undefined, we
feel that FNA or deep biopsy should be performed
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organ, most commonly in the stomach. EUS is an endoscopic procedure
whereby a lighted camera tube (endoscope) containing an ultrasound probe is
inserted through the mouth and into the GI tract, where it is used to take images
of the GI lumen and surrounding organs. Endoscopic ultrasound may be used
to guide a needle into selected organs, where cells can be aspirated and sent
to Cytology for review. This is called endoscopic-guided ultrasound or EUSFNA. A SEL in the GI tract is a mass or other lesion that arises from beneath
the surface epithelial layer of the gut. A GIST is a type of SEL of mesenchymal
origin with malignant potential that most commonly occurs in the stomach.

we generally investigate SELs until a diagnosis is
established or patient declines further testing, this
effect should be minimal. Similarly, post-procedure
complications or symptoms could be missed in patients
who returned to their referring institution. However,
any patients contacted or seen by the referring
physician in this study were asked specifically about
complications. Finally, EUS is highly subjective and
FNA of EP may be difficult because of their small size
or location along the greater curve; thus, the study’s
findings may be less applicable to centers with lower
volume or experience.
In conclusion, EP is typically an incidental and
benign entity, but confirming the diagnosis with EUSFNA is appropriate, safe, and effective. Common
endoscopic and sonographic features of EP include a
location in the gastric antrum, a mucosal umbilication,
involvement of GI wall layers 3 or 4, and the presence
of an intra-lesional duct. FNA confirms the diagnosis
and subsequently allows for safe observation in the
vast majority of patients. Acute ectopic pancreatitis is
rare but should be noted as a potential complication of
EUS-FNA.

Peer-review

This is a small but strong retrospective study evaluating the role of EUS-FNA or
deep biopsy in the diagnosis of EP lesions. The authors nicely summarize the
endoscopic, sonographic, cytologic, and histologic features of EP lesions in 10
patients encountered in routine clinical practice at 2 institutions in an academic
tertiary referral center.
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METHODS: All lower gastrointestinal endoscopic proce
dures performed between January 2006 and December
2011 at a gastroenterology clinic in Harare, Zimbabwe
were reviewed. The demographic characteristics, clinical
indications, differences in bowel preparation and the
endoscopic and histological diagnoses were compared
between different ethnic groups with emphasis on
colorectal cancer. The clinical and demographic
characteristics and the endoscopic findings were
2
compared using the student t -test and the χ test, while
the clinical indications associated with a diagnosis of
colorectal cancer were determined by logistic regression.
RESULTS: All colonoscopies and sigmoidoscopies
performed in 1236 Caucasians, 460 black Africans
and 109 Asians were analysed. Colorectal cancer
was diagnosed more frequently in the black African
patients compared to Caucasians or Asians (10% vs
3%, 10% vs 2%, P < 0.001). However, polyps were
less common among black Africans (5%) compared
to both Caucasians (8%) and Asians (9%) (P = 0.03).
Among patients with colorectal cancer, black Africans
tended to be younger than Caucasians, who were overrepresented in the oldest age category; 32 % vs 2%
were less than 50 years and 41% vs 78% were older
than 60 years (P < 0.001). Anaemia and weight loss
were associated with colorectal cancer in both black
African [odds ratio (OR): 2.73 (95%CI: 1.33-5.61) and
3.09 (1.35-7.07)] and Caucasian patients [OR: 6.65
(95%CI: 2.93-15.09) and 3.47 (1.52-7.94)].
CONCLUSION: The likelihood of diagnosing colorectal
cancer in patients referred for colonoscopy in Zimbabwe
is at least as likely among black Africans as it is among
Caucasians.

Abstract

Key words: Colorectal cancer; Africa; Epidemiology; Colo
noscopy; Adenomatous polyps; Diverticulosis; Colitis

AIM: To compare differences in the frequency of
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comprehensive health services. The apparent rarity
could then reflect a reduced capacity to ascertain the
diagnosis among black Zimbabweans. This would
be consistent with isolated reports suggesting that
colorectal cancer occurs more frequently among blacks
[7,8]
in Africa than commonly assumed . However, the
[9,10]
prevailing opinion is that it is a rarity
.
The apparent rarity of colorectal cancer in Africa
has been attributed to either protective dietary factors
such as a high fibre diet or the absence of known risk
factors such as dietary animal protein and fat but the
[11,12]
specific influences are subject to debate
. African
communities are gradually adopting lifestyles that
are similar to those of more affluent societies, which
[13]
report a much higher incidence of colorectal cancer .
If these lifestyles are aetiologic, then one would expect
a rising incidence of colorectal cancer in parts of
Africa. Moreover, colorectal cancer is a leading cause
of cancer-related deaths among African-Americans,
who share some genetic characteristics with African
[14]
communities . It is therefore reasonable to expect
a higher prevalence of colorectal cancer in Africa than
previously reported.
A demonstration that colorectal cancer is more
frequent than commonly assumed might lead to a
reappraisal of clinical practice, medical priorities and
resource allocation. Zimbabwe has different racial
groups, which have differences in the risk factors
associated with colorectal cancer. The incidence of
colorectal cancer is different between the various racial
groups, being regarded as much more common among
Caucasians. This study compared the frequency and
the clinical features of colorectal cancer between
different racial groups presenting for colonic evaluation
at a gastroenterology unit in Harare, Zimbabwe.
Secondly, the study also sought to identify common
conditions diagnosed on colonoscopy or sigmoidoscopy
in patients presenting for these procedures in different
racial groups.

Core tip: Colorectal cancer is traditionally regarded as
rare in Africa. Consequently, the index of suspicion
among medical practitioners is low, potentially re
sulting in delayed or missed diagnoses. This article
demonstrates that colorectal cancer is as frequent
a finding in Africans presenting for colonoscopy in
Zimbabwe as it is among Caucasians. These African
patients are often younger, implying that investigations
for colorectal cancer among should be instituted in all
patients in the right clinical context regardless of age.
The decision to investigate should not be influenced by
ethnicity or age in this population.
Katsidzira L, Gangaidzo IT, Mapingure MP, Matenga JA.
Retrospective study of colorectal cancer in Zimbabwe:
Colonoscopic and clinical correlates. World J Gastroenterol
2015; 21(8): 2374-2380 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i8/2374.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i8.2374

INTRODUCTION
Traditionally, colorectal cancer was regarded as an
unimportant problem in Africa, even though the
[1]
condition is associated with a high mortality rate . The
5-year survival rate among Ugandan and Zimbabwean
patients diagnosed between 1993 and 1997 was
[2]
[3]
8.3% and 17.4% respectively. This is worse than
the 5-year survival rate in England and Wales in
1971-1975 which was 22.0%, and which is currently
[4]
54.4% . Survival is even better in the United States
[5]
at 64% . The poorer outcome of patients with
gastrointestinal cancers in Africa is partly due to delays
[2]
in presentation and diagnosis . Furthermore, many
patients do not receive appropriate treatment even
after diagnosis due to limited resources, whilst others
prefer traditional or faith-based remedies. These
delays probably result from the perception by clinicians
that colorectal cancer is a rare condition, coupled with
lack of awareness by the populace.
Available evidence from cancer registries supports
[1]
the perception that colorectal cancer is rare in Africa .
The age standardised incidence per 100000 ranges
from as low as 1.5 in males and 2.5 in females in
the Gambia to 8.5 in males and 7.1 in females in
[1]
Zimbabwe . In contrast, the age-standardised
incidence rate per 100000 among Caucasians in
Zimbabwe is much higher at 49.8 and 35.5 in males
[1]
and females respectively . This is comparable to
the average age-standardised incidence rate in the
[6]
developed world of 37.6 .
Part of the difference in incidence between Cau
casians and black Zimbabweans may be explained by
differences in health seeking behaviour and access to
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MATERIALS AND METHODS
Patients and setting

All lower gastrointestinal endoscopic procedures
(colonoscopy and sigmoidoscopy) performed between
January 2006 and December 2011 at an endoscopic
unit in Harare, Zimbabwe were reviewed. The unit
performs between 200 and 600 lower gastrointestinal
procedures annually. It was the only unit in Zimbabwe
offering a regular colonoscopy service for most of the
period under review. The patients were referred from
primary care physicians, various clinical specialties,
and both public and private hospitals. All patients
older than 16 years of age who had a colonoscopy or
sigmoidoscopy within the period were eligible for the
review. Repeat procedures within the study period
were excluded, unless if there was an important new
finding or if the procedure was repeated because the
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initial evaluation was inadequate. In the later scenario,
the initial inadequate evaluation was excluded from
the review.

Table 1 Patient demographics, differences in bowel preparation
and extent of examination n (%)
Variable

Procedures

Sex
Male
Female
Age (yr)
mean ± SD
Bowel preparation
regimen
Mannitol 20%
Fleet phosphosoda
Coloprep
Result of bowel
preparation
Poor
Good
Excellent

A manual search of the records of all lower gastro
intestinal procedures was carried out after approval
from the institutional ethics review committee. All
procedures had been performed by one of the authors
(Gangaidzo IT) using Olympus CIF30L fibroscopes
or EV206 videoscopes. Informed written consent for
the procedures had been obtained as per standard
clinical practice. The patient details, clinical indications,
procedures and findings were recorded onto a
standard report form. One of three methods of bowel
cleaning was used, namely oral mannitol 20% solution,
or either of two proprietary sodium phosphate-based
preparations, Fleet Phosphosoda® or Coloprep®. All
three methods involved high fluid intake of at least 4
litres. A split-dose regimen was utilised, commencing
on the day before the procedure and concluding on
the morning of the procedure. Patients with a poor
bowel preparation proceeded to full examination with
the aid of colonic irrigation. In a very small proportion,
this proved inadequate and the procedure was rescheduled following a repeat bowel preparation.
All patients were examined under conscious sedation
following the administration of variable amounts of
midazolam and pethidine. No patient was examined
whilst fully awake or under general anaesthesia.
Intubation of the caecum was the primary objective
during colonoscopy, but ileal intubation was attempted
where clinically indicated. Abnormalities were regarded
as significant if they led to further specific investigations
or treatment. A biopsy was taken if there were
macroscopic abnormalities, or if there was a clinical
indication. A polypectomy using snare diathermy was
undertaken when indicated. All histological evaluations
were done by one of three experienced pathologists.
The patients were usually discharged on the same day,
a few hours after recovery.

242 (53)
218 (47)

605 (49)
631 (51)

51 (47)
58 (53)

0.332

55 (16)

60 (13)

58 (15)

< 0.001

161 (37)
255 (59)
16 (4)

516 (42)
687 (56)
30 (2)

516 (42)
682 (56)
30 (2)

0.314

84 (18)
200 (44)
176 (38)

134 (11)
520 (42)
588 (47)

14 (13)
40 (37)
55 (50)

< 0.001

in blacks Africans and Caucasians. The dependent
variable was colorectal cancer and the independent
variables were the indications for the procedures
including routine screening, haematochezia, anaemia,
change in bowel habit, loss of weight, abdominal pain
and a family history of colorectal cancer.

RESULTS
A total of 1866 colonoscopies and 32 sigmoidoscopies
performed in the 6-year period ending December 2011
were considered for analysis. Of these, 93 were repeat
examinations within the period and were excluded
from analysis. As a result, 1805 procedures were
analysed.
Table 1 shows the patient demographics and de
tails of the procedures. There were 1236 Caucasian
patients, 460 black African patients and 109 patients
of Asian origin. The mean age at colonoscopy was
significantly lower in black patients (Table 1) compared
to both Caucasians and Asians (P < 0.001). There
were no differences in the bowel preparation regimens
used across the three groups, but the resulting quality
of bowel preparation was worse among black Africans
compared to other ethnic groups (P < 0.001).

Statistical analysis

Demographic data, indications for the procedure,
family history of bowel cancer, method of bowel
preparation, the extent of the procedure and the
endoscopic findings were abstracted from the reports.
Pathology reports generated by one of two laboratories
were obtained from patient files. Statistical analy
ses were performed using STATA/MP version 12.0
(College Station, Texas, United States). Demographic
characteristics, details of the procedures, indications
and findings were compared between racial groups
2
using the χ test for categorical variables and the
Student t-test for continuous variables. A P value of
less than 0.05 was considered significant. Multivariate
logistic regression was performed to determine the
clinical features associated with colorectal cancer
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Black Africans Caucasians Asians/other P value
n = 460
n = 1236 n = 109

Indications for lower GI endoscopy

Some patients had more than one indication or sym
ptom on presenting for a colonic procedure (Table
2). The most common indications were a change in
bowel habit (43%), abdominal pain (26%) and rectal
bleeding (24%). Rectal bleeding was more common as
a reason for undergoing colonoscopy in black African
patients (38%) than in Caucasians (19%) and Asians
(20%). Anaemia was a more common indication for
colonoscopy among black Africans (15%) and Asians
(16%) than among Caucasians (4%). Conversely,
black African patients were less likely to present for
mere screening in the absence of symptoms. Of the 31
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Table 2 Indications for colonoscopy n (%)

Table 4 The endoscopic and histological diagnoses in symp
tomatic patients only n (%)

Black Africans Caucasians Asians/other P value
n = 460
n = 1236 n = 109

Indication
Routine screening,
asymptomatic
Previous lesion1
Haematochezia
Anaemia
Altered bowel habit
Loss of weight
Abdominal pain
Family history of
bowel cancer

31 (7)
16 (3)
174 (38)
68 (15)
201 (44)
43 (9)
149 (32)
15 (3)

331 (27)
66 (5)
234 (19)
47 (4)
543 (44)
72 (6)
286 (23)
184 (15)

25 (23)
6 (6)
22 (20)
17 (16)
37 (34)
6 (6)
32 (29)
11 (10)

Primary finding

< 0.001
0.273
< 0.001
< 0.001
0.126
0.037
< 0.001
< 0.001

Normal
Polyps
Adenocarcinoma
Other tumours1
Diverticulosis
Colitis
Haemorrhoids
Others

Black Africans
n = 413

Caucasians
n = 839

205 (50)
17 (4)
41 (10)
2
27 (7)
34 (8)
64 (16)
23 (6)

337 (40)
70 (8)
37 (4)
1
245 (29)
26 (3)
112 (13)
11 (1)

Asians/other P value
n = 78
42 (54)
8 (10)
2 (3)

0.001
0.013
< 0.001

14 (18)
1 (1)
9 (12)
2 (3)

< 0.001
< 0.001
0.483
< 0.001

1

One black patient had Kaposi’s sarcoma and one had non-Hodgkin’s
lymphoma. There was one Caucasian patient with a mucosa-associated
lymphoid tissue lymphoma.

1

Previous adenomatous polyps, colon carcinoma or inflammatory bowel
disease. Some patients had more than one indication, thus the summation
of the percentages may be more 100%.

Table 5 Differences in the age distribution of patients with
colorectal cancer between black Africans and Caucasians n (%)

Table 3 The endoscopic and histological diagnosis in both
symptomatic patients and those referred for a screening proce
dure n (%)
Primary finding
Normal
Polyps
Colorectal cancer
Other tumours1
Diverticulosis
Colitis
Haemorrhoids
Others

Black Africans Caucasians
n = 460
n = 1236
240 (52)
21 (5)
44 (10)
2
28 (6)
34 (7)
65 (14)
26 (6)

Age group (yr)
≤ 40

Asians/other P value
n = 109

577 (47)
100 (8)
41 (3)
1
351 (28)
29 (2)
124 (10)
13 (1)

63 (58)
10 (9)
2 (2)

0.020
0.033
< 0.001

21 (19)
2 (2)
9 (8)
2 (2)

< 0.001
< 0.001
0.036
< 0.001

41-50
51-60
> 60

4 (9)
10 (23)
18 (27)
18 (41)

0 (0)
1 (2)
8 (20)
32 (78)

P value

< 0.001

Fisher’s exact test. Asians were excluded from this comparison because
the number with colorectal cancer (2) was too small.

41% were older than 60 years (P < 0.001).
The tumour was proximal to the splenic flexure
in 39% of black patients compared to 27% of
Caucasian patients, but this difference was not
statistically significant. Polyps were uncommon
among black African patients examined (4%), even
though colorectal cancer was frequently diagnosed
in this ethnic group. The other tumours diagnosed
at colonoscopy were a B-cell lymphoma of the MALT
type in a Caucasian patient and a diffuse large B-cell
lymphoma and Kaposi sarcoma in two black African
patients.
Colitis was also diagnosed in a greater proportion
of black African patients compared to Caucasians (7%
vs 2%, P < 0.001). The underlying causes of colitis
included inflammatory bowel disease, infections,
irradiation, non-specific colitis and microscopic colitis.
There was one black patient with tuberculosis of the
caecum and terminal ileum. Inflammatory bowel
disease was diagnosed in 9 (1%) Caucasian patients,
8 (2%) black African patients and 1 Asian patient.
Diverticular disease was less common among black
Africans compared to Caucasians (6% vs 28%, P <
0.001). There was no change in these results when
asymptomatic patients, who had presented for a
screening colonoscopy, were excluded from analysis.

1

One black patient had Kaposi’s sarcoma and one had non-Hodgkin’s
lymphoma. There was one Caucasian patient with a mucosa-associated
lymphoid tissue lymphoma.

black African patients who presented for a screening
colonoscopy, 6 had a family history of bowel cancer.
In contrast, 331 (27%) Caucasian patients had a
screening colonoscopy, 40% of whom reported a
family history of bowel cancer.

Endoscopic and histological diagnoses

Tables 3 and 4 show the diagnosis following
colonoscopy or sigmoidoscopy in different races.
Colorectal cancer was found in a greater proportion
of black African patients compared to Caucasian and
Asian patients (10% vs 3%, 10% vs 2%, P < 0.001).
Moreover, colorectal cancer occurred at an earlier age
among the black African patients (Table 5). Four black
African patients with colorectal cancer were below
40 years of age; the youngest was 19. These four all
had tumours distal to the splenic flexure. Of these
four tumours, 2 were adenocarcinomas, one a signet
ring cell carcinoma and the other one a mucinous
adenocarcinoma. Thirteen (30%) of the black patients
with colorectal cancer were below 50 years of age. In
contrast, the youngest Caucasian patient was 50 years
old. Caucasian patients with colorectal cancer tended
to be much older than black African patients - 78% vs
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Blacks (n = 44) Whites (n = 41)

Associations of colorectal cancer

Certain indications for the procedure were more
likely to be associated with a subsequent diagnosis
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screening were excluded from analysis.
The high colorectal cancer burden in the black
African patients in our study is consistent with the few
reports suggesting that that colorectal cancer is on
[8,15,16]
the rise in Africa
. There was a 3-fold increase
in the number of patients diagnosed with colorectal
cancer at a single referral unit in Kenya between the
[15]
periods 1993-1998 and 1999-2005 . Recent data
from the Zimbabwean cancer registry suggested that
the incidence of colorectal cancer in Harare has been
[16]
rising between 1991 and 2010 . Furthermore, the
incidence of colorectal cancer among Africans appears
to be higher in Zimbabwe and South Africa compared
[17]
to other sub-Saharan African countries . This is likely
to be due to differences in health systems and the
capacity to report cases adequately rather than a truly
higher incidence of colorectal cancer.
The results also demonstrate the occurrence of
colorectal cancer at an earlier age among Africans
compared to Caucasians. It can be argued that this is
a result of different population age structures between
the major ethnic groups in this study. However an
earlier age of onset has been demonstrated not only
[8,18,19]
in other African studies
, but also among African[20,21]
Americans
. It is plausible that the young African
patients have an underlying genetic predilection,
and that colorectal cancer develops in these patients
through unique pathways. Conversely, it is possible that
these young patients may have been exposed to unique
occupational and other environmental carcinogens,
since they comprise the working population.
The low prevalence of polyps among Africans
despite a high frequency of colorectal cancer in this
cohort is also a possible pointer towards the existence
of such pathways. Adenomatous polyps have been
reported to be rare among Africans, and hitherto,
this has been assumed to reflect the low background
[22]
prevalence of colorectal cancer . The low rate of
polyps among black Africans in our study could reflect
an alternative mode of carcinogenesis other than the
traditional adenoma-carcinoma sequence. Alternatively
this could also be simply a consequence of the younger
age of black Africans presenting for colonoscopy, along
with the poorer bowel preparation.
Another intriguing finding of our study was that
diverticular disease, though less common than in
Caucasians, was present at a higher than expected
frequency among black African patients. Like colorectal
cancer, diverticular disease is considered rare in
[23]
Africa . This observation formed the basis of the
theory that a high-fibre diet, as traditionally consumed
in Africa, reduces the risk of large bowel diseases,
[24]
including diverticular disease and colorectal cancer .
If this is correct, then the relatively higher than
expected frequency of diverticular disease could reflect
a change in the epidemiology of large bowel diseases
in Zimbabwe, possibly as a result of changes in dietary
habits. However, it can also be argued that the poorer
quality of bowel preparation in black Africans in our

Table 6 Predictors of colorectal cancer
Adenocarcinoma (n = 44) OR (95%CI)

Symptoms

Haematochezia
Change in bowel habit
Abdominal pain
Anaemia
Loss of weight
Family history1

Black Africans
(n = 413)

Caucasians
(n = 831)

1.69 (0.89-3.24)
0.83 (0.43-1.58)
0.87 (0.45-1.75)
2.73 (1.33-5.61)
3.09 (1.35-7.07)
3.13 (0.61-16.03)

2.44 (1.26-4.75)
0.93 (0.47-1.82)
0.71 (0.33-1.54)
6.65 (2.93-15.09)
3.47 (1.52-7.94)
1.12 (0.26-4.82)

1

Multivariate analysis of clinical predictors of colorectal cancer.

of colorectal cancer (Table 6). Anaemia and loss of
weight were highly associated with colorectal cancer
in both black African [odds ratio (OR): 2.73 (95%CI:
1.33-5.61) and 3.09 (1.35-7.07)] and Caucasian
patients [OR: 6.65 (95%CI: 2.93-15.09) and 3.47
(1.52-7.94)]. Rectal bleeding was associated with
colorectal cancer in Caucasians [OR: 2.44 (95%CI:
1.26-4.75)] but not in black Africans [OR: 1.69
(95%CI: 0.89-3.24)]. We found no statistically
significant association between a family history of
bowel cancer and a diagnosis of colorectal cancer in
black Africans [OR: 3.13 (95%CI: 0.61-16.03)] or
Caucasians [OR: 1.12 (95%CI: 0.26-4.82)].

DISCUSSION
This study demonstrated that the likelihood of diag
nosing colorectal cancer in patients referred for colo
noscopy is, at the very least, as likely among black
Africans as it is among Caucasians. Indeed, colorectal
cancer was diagnosed more frequently among black
African patients compared to Caucasians, who would
be expected to have a higher burden of the disease.
However, adenomatous polyps were found more
frequently in Caucasian patients. Various forms of
colitis were also diagnosed more frequently among
black Africans than both Caucasian and Asian patients.
A higher than expected proportion of black African
patients (7%) had diverticular disease, even though
this was still considerably lower than in Caucasian
patients (29%).
These results are a striking departure from the
traditional thinking that colorectal cancer is a rarity
in Africa. Admittedly, the motivation for seeking
a colonoscopy was different between the groups.
A higher proportion of black Africans (38%) were
referred for evaluation of haematochezia compared
to Caucasians (19%) and Asians (20%). Similarly a
higher proportion of Africans (15%) were referred
because of anaemia compared to Caucasians (4%)
although not when compared to Asians (16%).
Conversely, a higher proportion of Caucasians were
referred for a screening colonoscopy. However, the
impact of these differences on the results is minimal,
since colorectal cancer remained more frequent
among black Africans when all patients who came for
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study could reflect consumption of a high-fibre highresidue diet, implying that current dietary patterns
are still substantially “traditional” and presumably
“protective”. The differences in quality of bowel
preparation could also be due to cultural differences in
how instructions for bowel preparation are perceived
and followed.
While this study has some limitations, it is a
reflection of clinical practice in Zimbabwe. Inferences
to the general population should be drawn cautiously,
given that these patients had clinical indications for
colonoscopy in most instances. It can also be argued
that proximal lesions could have been missed in
the few patients who had flexible sigmoidoscopy.
However this is unlikely as sigmoidoscopy was
usually performed only when the clinical picture was
overwhelmingly suggestive of an accessible distal
lesion. There were also differences in the indications
for colonoscopy and access to the procedures
was potentially limited by user fees. This could
have introduced selection bias, as patients from a
higher socio-economic stratum could have been
over-represented. However, colorectal cancer has
hitherto been considered rare in blacks in Africa,
even the affluent, thus this does not really affect the
implications of these results. Moreover, the patients
in this study came from a wide-spectrum of the
populace, including public hospitals, therefore diluting
potential selection bias. While it was not possible
to obtain precise measures of incidence among the
different groups from the data, the results provide a
unique perspective regarding the relative frequency
of colorectal cancer in a sub-Saharan African country.
Although this was a single centre study, it
accounted for more than 60% of all colonoscopic
examinations performed during the period under
review. Thus the study is fairly representative of the
Zimbabwean population undergoing colonoscopy.
Moreover, all the procedures were done by an ex
perienced gastroenterologist. The caecal intubation
rate averaged 88.3%, but this is a crude estimate
which includes instances where the examination was
not completed because of poor preparation, colonic
stenosis from tumours and other patient factors.
Similarly, the overall adenoma detection rate was lower
than recommended, but this is probably because our
calculations included patients younger than 50 years.
In any case, even if one were to assume that some
lesions were missed, this should not differ between
races. If at all some lesions were missed, it would be
more likely to be in the black Africans who tended to
have poorer bowel preparation. In this case, then our
findings would represent the tip of the iceberg, with
many more adenomas among black Africans going
undiagnosed.
In conclusion, colorectal cancer is an emerging
challenge among black Zimbabweans, and should be
considered as part of the differential diagnosis in all
patients with large bowel symptoms. Extra attention
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should be given to those patients with anaemia and
loss of weight in the appropriate clinical context. The
disease can present at a relatively young age, and thus
young patients with the right clinical picture should
be investigated just as thoroughly as older patients.
The study also provides a baseline for prospective,
hypothesis driven studies, particularly among these
young patients.
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RESULTS: SPLS for SV was successful in all 10 patients
(4, resection and primary anastomosis; 6, Hartmann’s
procedure). The median operative time and postoperative
hospitalization period were 168 (range, 85-315) min
and 6.5 (range, 4-29) d, respectively. No intraoperative
complications were noted; there were 2 postoperative
complications, including 1 anastomotic leak.
CONCLUSION: SPLS was a safe and feasible therapeutic
approach for SV, when performed by a surgeon expe
rienced in conventional laparoscopic surgery.
Key words: Sigmoid volvulus; Laparoscopy; Single-port;
Anastomosis; Hartmann procedure
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This paper describes our novel approach to
single port laparoscopic surgery (SPLS) in patients
with sigmoid volvulus (SV). Ever since minimally
invasive surgery was pioneered, few reports have
mentioned laparoscopic management of SV, and to our
knowledge, reports on the management of SV using
SPLS are even less common. Minimally invasive surgery
is ideally suited for SV patients who, in developed
nations, are typically elderly individuals with significant
comorbidities. Despite the study limitations, our results
provide support for the use of SPLS in SV patients.

Abstract

Choi BJ, Jeong WJ, Kim SJ, Lee SC. Single-port laparoscopic
surgery for sigmoid volvulus. World J Gastroenterol 2015;
21(8): 2381-2386 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i8/2381.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i8.2381

AIM: To report our experience with single-port lapa
roscopic surgery (SPLS) for sigmoid volvulus (SV).
METHODS: Between October 2009 and April 2013, 10
patients underwent SPLS for SV. SPLS was performed
transumbilically or through a predetermined stoma
site. Conventional straight and rigid-type laparoscopic
instruments were used. After intracorporeal, segmental
resection of the affected sigmoid colon, the specimen
was extracted through the single-incision site. Patient
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INTRODUCTION
In developing countries, sigmoid volvulus (SV) is a
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[1]

common cause of colon obstruction , but it is relatively
rare in North America and Western Europe where it
[2]
most commonly affects elderly patients . Treatment
typically involves appropriate resuscitation and nonoperative decompression. In most cases, elective
sigmoid resection follows because of the extremely
high recurrence rate. The laparoscopic treatment of SV
seems to be an attractive option because such minimal
access surgery reduces surgical stress in elderly and
frail patients. Additionally, the elongated colon and
mesentery require little mobilization, allowing easy
accomplishment of resection with primary anastomosis
(RPA). However, since laparoscopic sigmoidectomy for
SV was introduced in 1992, only a few publications
have reported the feasibility and efficacy of this
[3-8]
laparoscopic treatment for SV . Recently, single-port
laparoscopic surgery (SPLS) has emerged as a subtype
of laparoscopy, maximizing the benefits of laparoscopic
surgery. Since its introduction for the treatment of
[9,10]
appendicitis and cholecystitis
, SPLS has been
widely used in various surgical cases. However, to our
knowledge, reports on the management of SV using
SPLS are rare. In this report, we have reviewed our
experience with SPLS for the treatment of SV patients,
and assessed the feasibility and efficacy of this tech
nique.

Figure 1 Delivery of the resected bowel loop. A: Pull-through pattern via the
umbilical incision; B: Enveloped in a Lap-bag and removed through the incision site.

MATERIALS AND METHODS

were evaluated.

A

B

Patients

Surgical technique

Between August 2009 and August 2013, 11 SV pa
tients underwent surgical treatment at Daejeon St.
Mary Hospital, Daejeon, Korea. SPLS was performed
by one surgeon in 10 consecutive SV patients; the
current study retrospectively analyzed the data
collected from these patients. The patients provided
written informed consent prior to undergoing SPLS.
The study was approved by the Institutional Review
Board of Daejeon St. Mary’s Hospital (IRB code:
DC14RISI0036). All patients were diagnosed with SV
based on their medical history and plain abdominal
radiographs, and the diagnoses were confirmed using
computed tomography.
Patients with emergent conditions such as fail
ed colonoscopic decompression or ischemic bowel
were included. However, we excluded patients with
evidence of bowel perforation or hemodynamic
instability. Sigmoidoscopic detorsioning and rectal
tube decompression were initially performed for all
patients. The patients undergoing SPLS included 4
elective cases and 4 recurrent cases, after colono
scopic decompression, and 2 patients with failed
decompression, including 1 with ischemic changes.
Patient-controlled analgesia (PCA) was used during the
immediate postoperative period. If needed, additional
analgesics were also administered intravenously. One
patient had a history of abdominal surgery (laparoscopic
anterior resection due to sigmoid colon cancer). Patient
demographics, perioperative outcomes, and morbidities
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For the elective operations, a 2.5-3.0 cm, vertical
incision was made at the umbilicus. When a Hartmann’s
procedure was planned, an approximately 3.0 cm, left
lower quadrant transverse incision was made at the
selected colostomy site to introduce a single port. The
abdomen was penetrated under direct vision using the
Hansson technique. We used a homemade glove port,
comprising an ALEXIS wound retractor and a surgical
glove. Next, a commercial single-port (Octo port;
Dalim, Seoul, Korea) was utilized. Pneumoperitoneum
was established by insufflating the abdominal cavity
to a pressure of 12 mmHg. A rigid laparoscope and
instruments were used.
In cases of RPA, a surgical procedure similar to
a multi-port laparoscopic sigmoid colectomy was
performed. The redundant sigmoid colon, with its
long, narrow-based mesentery, was mobilized using a
medial approach. The inferior mesenteric vessels were
dissected and ligated using a 5-mm Hemolock. The
upper rectum was mobilized and transected using a
linear stapler. The divided sigmoid loop was delivered
using a pull-through pattern via the umbilical incision;
the redundant part was resected (Figure 1A). The
anvil of a circular stapler was secured to the proximal
end of the bowel, the prepared colon was returned to
the abdominal cavity, and the peritoneal cavity was
re-insufflated. An end-to-end anastomosis was then
performed through the anus.
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Table 1 Demographics of patients and operative methods undergoing single-port laparoscopic treatment for sigmoid volvulus
Patient

Age
(yr)

Sex

BMI
2
(kg/m )

Comorbidity

Mobility status

Endoscopic
decompression

Operative method

1
2
3
4
5

52
59
21
36
70

M
M
M
F
F

20.4
24.3
25.6
24.2
22.2

Institutionalized
Institutionalized
Institutionalized
Bedbound

Success
Success
Fair
Success
Recurrence × 2

Elective RPA
Elective RPA
Hartmann’s procedure
Semi-elective RPA
Hartmann’s procedure

6
7
8
9
10

60
86
76
43
72

M
M
M
F
M

21.3
18.2
25.4
20.3
26.1

Chronic alcoholic
Visual disability
Intellectual disability
Schizophrenia
History of CVA, diabetes
mellitus, Hypertension
History of CVA, Hypertension
Schizophrenia
Parkinson’s disease, asthma

Wheelchair-bound
Institutionalized
Wheelchair-bound

Success
Fair
Recurrence × 3
Recurrence ≥ 4
Recurrence ≥ 4

Elective PRA
Hartmann’s procedure
Hartmann’s procedure
Hartmann’s procedure
Hartmann’s procedure

BMI: Body mass index; RPA: Resection and primary anastomosis; CVA: Cerebrovascular accident.

patients. The median operative time and postoperative
hospitalization period were 168 (range, 85-315) min
and 6.5 (range, 4-29) d, respectively. The median time
between surgery and the resumption of oral intake
was 2.5 (range, 1-6) d. PCA was administered in all
cases, with only 1 patient requiring additional analgesia.
None of the patients demonstrated intraoperative
complications. There was one postoperative anasto
motic leak that was treated using single-port lapa
roscopic peritoneal lavage and Hartmann’s colostomy
on postoperative day 3. The patient showed ileus and
delayed recovery, but was finally discharged 26 d after
the reoperation in good condition.
During the median follow-up period of 17.5 (range,
8-55) mo, there were no recurrences or mortalities.
Five of the 7 patients undergoing Hartmann’s pro
cedure also underwent reversal of colostomy after
a median period of 5 (range, 3-8) mo. We did not
perform reversal of colostomy in 2 patients after
consultation with their families; 1 patient was be
dridden due to a cerebrovascular accident and had
a percutaneous endoscopic gastrostomy and tra
cheostomy tube, and the other required a wheel chair
for mobility due to Parkinson disease, and refused a
colostomy closure operation. There were no stomarelated complications. Anastomosis site leakage
occurred after stoma closure in 1 patient, who was
subsequently treated by resection and re-anastomosis
without fecal diversion, and discharged 7 d after
the reoperation. Additionally, there were 2 wound
infections after the stoma closure, but these were
conservatively managed.

Figure 2 Laparoscopic view showing the distended sigmoid colon.

In patients undergoing Hartmann’s procedure, the
distended sigmoid colon and long loop were visualized
laparoscopically (Figure 2), and the distended bowel
was decompressed using a trans-anal rectal tube
or anal trocar insertion, or relieved by endo-needle
puncture aspiration. After untwisting the rotated
sigmoid loop, mobilization and dissection of the sigmoid
mesocolon were performed in a manner similar to an
RPA. However, unlike RPA, proximal colon resection was
performed intracorporeally using another linear stapler,
and the resected bowel loop was enveloped in a Lapbag (Sejong Medical, Paju, Korea) and removed through
the incision site (Figure 1B). The proximal stump was
pulled out laparoscopically via the single-port site and
an end-colostomy was established with maturation.
Thus, in cases involving Hartmann’s procedure, no
incision scar remained besides the colostomy site
(Figure 3A).

DISCUSSION

RESULTS

SV is the wrapping of the sigmoid colon around it
[2]
self and its mesentery . Factors associated with an
increased risk include a redundant and mobile sigmoid
colon with a narrow base at the mesenteric root,
chronic constipation, advanced age, and institutionalized
neuropsychiatric patients taking antipsychotic or
[11,12]
anti-Parkinson drugs
. SV management involves

The patient demographics and operative methods
are shown in Table 1. The study included 7 men
and 3 women, with a median age of 59.5 (range,
21-86) years and a median body mass index of 23.2
2
(range, 18.2-26.1) kg/m . The perioperative data are
shown in Table 2; SPLS for SV was successful in all
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Table 2 Operative and post-operative data of patients undergoing single-port laparoscopic treatment for sigmoid volvulus
Patient
1
2
3
4
5
6
7
8
9
10

Operative method

Operative time
(min)

Time to oral
intake (d)

Postoperative
length of stay (d)

Postoperative complications

Elective RPA
Elective RPA
Hartmann’s procedure
Semi-elective RPA
Hartmann’s procedure
Elective PRA
Hartmann’s procedure
Hartmann’s procedure
Hartmann’s procedure
Hartmann’s procedure

170
225
315
90
120
250
220
105
85
165

3
2
3
3
3
6
2
1
1
1

7
6
10
6
8
29
8
4
4
4

Postoperative ileus
Anastomotic leakage, postoperative ileus
-

RPA: Resection and primary anastomosis.

A

B

C

Figure 3 Post-operative abdominal views. A: Hartmann’s procedure; B: Resection and primary anastomosis; C: Reversal of Hartmann's procedure.

endoscopic obstruction relief, rectal tube decom
pression, and prevention of recurrence through
[13]
resection of the sigmoid colon . Several studies
[13-15]
have reported the surgical treatment of SV
,
and recently, laparoscopic attempts to minimize the
surgical trauma and facilitate patient recovery have
[5,7,16]
[17]
been occasionally reported
. Matsuoka et al
reported using reduced-port laparoscopic surgery in
SV patients, and recommended that such minimal
surgery be considered for elderly patients having high
preoperative risks. Single-port laparoscopic sigmoid
colectomy is not a new technique, with consistent
reporting of the technique being used in patients with
malignancies or benign conditions, such as rectal
[18]
prolapse . We have experience conducting singleport laparoscopic sigmoid colectomy for malignancies
and using SPLS for dilated bowels caused by small
[19,20]
bowel obstructions
. Therefore, we expected that
SPLS could be safely and effectively performed in
SV patients. In the current study, we evaluated 10
consecutive patients who underwent SPLS for SV and
who obtained acceptable results.
As expected, the difficulties encountered during the
initial stages of SPLS in the present patients included
limited working space and manipulation of the long,
dilated sigmoid colon. Intraoperative decompression
of the dilated colon and the preparations for mesen
teric dissection were elaborate and time-consuming.

WJG|www.wjgnet.com

However, once the colon was decompressed, sig
moid resection was performed relatively easily. As
[5]
mentioned by Liang et al , the medial to lateral
approach was efficient for dissecting the sigmoid
colon. Additionally, since SV is a benign disease, there
was no need to mobilize the colon.
In this study, nonoperative decompression was
successful in 8 of the 10 patients. However, 4 of the 8
patients who refused the subsequent surgical procedure,
and were discharged, developed recurrent disease; 3
of the 4 patients with recurrence later underwent semielective surgery and 1 required emergent surgery after
repeated colonoscopic decompressions. We performed
Hartmann’s procedure in the 3 patients with recurrence
who underwent semi-elective surgery and who had
viable colons. These 3 patients had ambulatory disorders
as well as serious co-morbidities, leading to the decision
to perform the 2-stage operation, after discussion with
the patients and their families. The patients undergoing
Hartmann’s procedure actually had a shorter median
operative time and shorter hospitalization period than
those undergoing RPA (197.5 min vs 142.5 min and 6.5
d vs 6 d, respectively). One of the reasons for selecting
Hartmann’s procedure in patients with recurrent SV
was the large differences in the diameters of proximal
and distal ends of the colon; anastomotic safety may
decrease in patients with significantly different colon
[15]
end diameters . Additionally, a sigmoid resection
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performed through a left lower quadrant single incision
at the proposed colostomy site was previously reported
as an innovative minimal access technique for treating
[21]
SV in debilitated patients with fecal incontinence .
SPLS was successfully completed in all patients;
none required conversion to open laparotomy or
switching to a multiport laparoscopic surgery. In two
other series of 9 and 14 SV patients who underwent
laparoscopic sigmoidectomy, the operative times were
115 (range, 45-145) min and 194.6 ± 32.4 min,
[5,7]
respectively . Our operative time (median, 168 min;
range 85-315 min) was comparable. Our patients
also demonstrated good postoperative recovery. With
respect to analgesia, lengths of stay, and time to
postoperative oral intake, the patients in our series
did not demonstrate an improvement compared with
patients in studies using conventional laparoscopic SV
[5,7,22]
treatment
. Additionally, we did not experience
any intraoperative complications such as bowel injuries
or uncontrollable bleeding; only 2 postoperative
complications were observed. One patient developed
postoperative ileus, which was released after
nasogastric tube drainage for 3 d. Anastomotic leakage
occurred in one patient. Ironically, this patient was 1
of the 2 who did not have any comorbidities and 1 of
3 with normal mobility. The only suspicious risk factor
for anastomotic dehiscence in this patient was the
relatively large difference between the diameters and
wall thicknesses of the proximal and distal colon ends.
The reoperation was performed using SPLS through
the present colostomy site, and the patient recovered
well. None of the patients developed a wound infection,
which is the most common postoperative complication
[22,23]
after laparotomy for SV management
. However,
wound infections occurred in 2 of the 5 patients who
underwent colostomy closures. We performed the
colostomy closures using SPLS, with the colostomy
site acting as the single-port site. Thus, although
there was a high rate of wound infections after
colostomy closure, the wound problems associated
with these small stoma site closures were milder and
easier to manage than those occurring in the larger
wound incisions associated with laparotomies. The
vertical incision over the umbilicus or transverse scar
after reversal of Hartmann’s procedure also showed
excellent cosmetic benefits (Figure 3).
We acknowledge several study limitations, inclu
ding the retrospective nature of the study, limited
sample size, and patient selection bias. The patients
had low body mass indexes, and only 1 patient had
a history of abdominal surgery. However, SV is a
rare disease, and we performed SPLS for all our
consecutive SV patients. Thus, these data will be
useful for experienced surgeons who plan single-port
laparoscopic colectomies in various practice settings.
In conclusion, SPLS for SV management was
safe and feasible in terms of minimal surgical com
plications and rapid recovery. In addition to the
cosmetic advantages, the decrease in the incision
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numbers and lengths showed the technique’s potential
for reducing postoperative pain and decreasing the
incidence of postoperative wound infections among
elderly and chronically ill patients. SPLS appears to
be a reasonable option for the treatment of SV when
performed by an experienced SPLS surgeon. Thus,
more experience and prospective studies are required
to confirm the utility of this technique.
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RESULTS: Of 161 patients, 21 (13%) were classified
as severe AP, and 3 (1.9%) died. Statistically significant
cutoff values for prediction of severe AP were Ranson
≥ 3, BISAP ≥ 2, APACHE-Ⅱ ≥ 8, CTSI ≥ 3, and
CRP24 ≥ 21.4. AUCs for Ranson, BISAP, APACHE-Ⅱ,
CTSI, and CRP24 in predicting severe AP were 0.69
(95%ci: 0.62-0.76), 0.74 (95%ci: 0.66-0.80), 0.78
(95%ci: 0.70-0.84), 0.69 (95%ci: 0.61-0.76), and
0.68 (95%ci: 0.57-0.78), respectively. APACHE-Ⅱ
demonstrated the highest accuracy for prediction of
severe AP, however, no statistically significant pairwise
differences were observed between APACHE-Ⅱ and the
other scoring systems, including CRP24.
CONCLUSION: Various scoring systems showed similar
predictive accuracy for severity of AP. Unique models
are needed in order to achieve further improvement of
prognostic accuracy.
Key words: Severity; Scoring systems; Predictors; Acute
pancreatitis; Severe acute pancreatitis

Abstract
AIM: To investigate the prognostic usefulness of several
existing scoring systems in predicting the severity of
acute pancreatitis (AP).

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Only a few studies have evaluated the com
parison of various scoring systems including bedside
index for severity in acute pancreatitis in predicting
the severity of acute pancreatitis (AP) according to the

METHODS: We retrospectively analyzed the pro
spectively collected clinical database from consecutive
patients with AP in our institution between January 2011
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revised Atlanta Classification. Based on our study, Acute
Physiology and Chronic Health Evaluation (APACHE)-Ⅱ
score appeared to have highest accuracy for prediction
of severe AP, although the predictive accuracy of
APACHE-Ⅱ was not significantly different compared to
that of the other scoring systems, including C-reactive
protein. Various scoring systems most widely used
for early prediction of severity of AP showed similar
predictive accuracy for severity of AP, and unique
models are needed in order to achieve further impro
vement of predictive accuracy.

Pancreatitis (BISAP), has recently been proposed as
an accurate and simple method for early identification
[11,12]
of patients at risk of in-hospital mortality
. There
have been a few studies concerning the comparison of
various scoring systems including BISAP in predicting
the severity of AP based on the revised Atlanta
[9,13]
Classification
.
This study was conducted for assessment and
comparison of the early predictability of various
parameters most widely used in AP, such as multifactorial scoring systems (Ranson, APACHE-Ⅱ, and
BISAP), CTSI and one single laboratory parameter
[C-reactive protein (CRP)] in a tertiary care center.

Cho JH, Kim TN, Chung HH, Kim KH. Comparison of scoring
systems in predicting the severity of acute pancreatitis. World J
Gastroenterol 2015; 21(8): 2387-2394 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i8/2387.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i8.2387

MATERIALS AND METHODS
Demographic, radiographic, and laboratory data from
161 consecutive patients with AP who were admitted
or transferred to our institution were prospectively
collected during a two-year-period between January
2011 and December 2012. Analysis of this clinical
database was performed retrospectively. The mean
age of a total of 161 patients was 62.3 ± 16.1 years
and 102 patients (63%) were male. Sixteen patients
(10%) had a history of previous pancreatitis attack.
Causes of AP included biliary (54%), alcohol (22%),
idiopathic (21%), and others (3%). Twenty one
patients (13%) developed persistent organ failure
for more than 48 h and were classified as severe
AP according to the Atlanta Classification. Thirteen
patients (8%) were classified as moderately severe AP
and 127 patients (79%) as mild AP.
Laboratory tests were performed upon arrival at
the hospital and at 48 h after admission. Computed
tomography (CT) scan was performed in all patients
within 48 h after arrival at the hospital for detection
of the development of fluid collections, the extent
of inflammation, and necrotic changes. Oral feed
ing was permitted when abdominal pain subsided
and patients felt hunger sensation. When patients
remained asymptomatic with oral intake, patients were
discharged or underwent cholecystectomy if indicated.
The following parameters for each episode of AP
were collected: length of hospital stay, in-hospital
mortality, duration of nil per os (NPO), presence of organ
failure and local complications such as peripancreatic fluid
collections, pseudocyst and necrosis. APACHE-Ⅱ and
BISAP scores were calculated using data from the first
24 h after admission and the Ranson score using data
from the first 48 h. Serum CRP levels were measured
at admission (CRPi) and after 24 h (CRP24). CTSI
was calculated in patients who underwent contrastenhanced computed tomography (CECT) within 48
h after admission. All CT scans were reviewed by
radiologists, who were blinded to laboratory data and
clinical course.
This study was approved by the Institutional Review
Board of Yeungnam University Hospital.

INTRODUCTION
Acute pancreatitis (AP) is an inflammatory process
with a highly variable clinical course. Most patients with
AP have a mild disease that resolves spontaneously
without sequelae, however, 10%-20% of patients
experience a severe attack with high mortality up
[1,2]
to 30%
. This high risk group of patients may
benefit from aggressive fluid resuscitation, close
monitoring for development of organ failure, proper
administration of antibiotics and specific therapeutic
procedures, such as endoscopic sphincterotomy and
[3]
radiologic intervention . Therefore, early assessment
of the severity and identification of patients at risk
is important for early intensive therapy and timely
intervention, and has been shown to improve prognosis
and survival.
The Atlanta Classification has been considered
the global standard tool for the assessment of AP
[4]
severity since its establishment in 1992 . However,
as time goes on, some of the definitions in the original
Atlanta Classification has been proved to be confusing,
especially its definition of “severity”. In 2012, the
Atlanta classification was revised with an emphasis on
[5]
persistent organ failure .
Multi-factorial scoring systems, including Ranson
[6]
et al and Acute Physiology and Chronic Health
[7]
Evaluation (APACHE)-Ⅱ scores have been used
since the 1970s for assessment of the severity of
AP. Balthazar computed tomography severity index
[8]
(CTSI) was developed in 1990. These predictive
methods have been established as an important tool
for assessment of the severity of AP. However, these
multi-factorial scoring systems, which are complex and
difficult to use in clinical bases, have been shown to
perform with high negative predictive value but only
[3,9,10]
moderate overall sensitivity
. A new prognostic
scoring system, the Bedside Index for Severity in Acute
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Definitions

area under the receiver-operating curve (AUC) with
standard error and 95% confidence intervals (CIs). A P
value of < 0.05 was considered statistically significant.

The diagnosis of AP was based on the presence of
two or more of the following three features: (1)
abdominal pain consistent with AP (acute onset of a
persistent and severe epigastric pain often radiating
to the back); (2) elevation of serum amylase and/or
lipase levels three or more times of the upper limit
of normal; and (3) characteristic findings of AP on
[5]
CECT . Pancreatic fluid collections and pseudocysts
were defined according to the Atlanta Classification.
Alcoholic AP was defined when patients had a history
of alcohol consumption within 48 h before symptom
onset with no signs of other possible causes. Biliary
pancreatitis was defined when there was a gallstone
or biliary sludge on ultrasonogram or CT. The etiology
was considered to be idiopathic when causative factors
could not be identified from a detailed clinical and drug
history or after initial investigations.
Severity of AP was determined according to the
most recently revised Atlanta Classification. Mild AP
was defined by the absence of organ failure and the
absence of local or systemic complications. Moderately
severe AP was defined by the presence of transient
organ failure, local complications, or exacerbation
of co-morbid diseases. Severe AP was defined by
persistent organ failure for more than 48 h. Organ
failure was defined as a score of 2 or more for one of
the three systems (respiratory, cardiovascular, and
[14]
renal) using the modified Marshall scoring system .
The major difference between the new and former
definition of clinical severity is that the presence of
local complications or transient organ failure is no
longer regarded as clinically severe disease, unless
organ failure exceeds 48 h in duration.

RESULTS
Patient characteristics

Age and BMI did not differ significantly between the
mild to moderately severe AP group and the severe
AP group (P = 0.968, and P = 0.607, respectively).
The number of males was significantly higher in
patients with severe AP compared to patients with
mild to moderately severe AP (P = 0.023). Among the
etiologies of AP, alcohol showed significant association
with patients with severe AP (P = 0.030). Initial
laboratory findings of blood urea nitrogen (BUN) and
creatinine were significantly higher in patients with
severe AP compared to those with mild to moderately
severe AP (P = 0.031, and P = 0.003, respectively).
Significantly longer duration of NPO and length of
hospital stay were observed for patients with severe
AP compared to patients with mild to moderately
severe AP (6.9 ± 5.1 vs 4.3 ± 2.2, P = 0.038 and 11.7
± 6.2 vs 8.4 ± 4.8, P = 0.008, respectively). There
were three mortalities (1.9%) during hospitalization.
Two mortality patients were diagnosed with persistent
organ failure for more than 48 h in the early days of
hospitalization. The other one mortality patient had
pancreatic necrosis (CTSI 6) without organ failure
at the time of admission, however, developed organ
failure during treatment.
Ranson, BISAP, and APACHE-Ⅱ scores, and CTSI
were significantly higher in the severe AP group,
compared with the mild to moderately severe AP group
(3.7 ± 1.4 vs 2.7 ± 1.4, P = 0.005; 1.9 ± 0.9 vs 1.0
± 0.8, P < 0.001; 10.8 ± 4.8 vs 6.5 ± 3.5, P < 0.001;
and 3.5 ± 2.2 vs 2.2 ± 1.4, P < 0.001; respectively).
Significantly higher serum CRP24 level was observed in
patients with severe AP (P = 0.026). Serum CRPi level
did not differ significantly between the two groups (P
= 0.259) (Table 1). The highest score of each scoring
system of the mortality patients was Ranson of 6,
BISAP of 3, APACHE-Ⅱ of 17 and CTSI of 6.

Statistical analysis

Data were collected prospectively in a Microsoft Excel
database. After completion of data collection, the
database was imported into SPSS for Windows (20.0,
SPSS, Chicago, IL, United States). Continuous baseline
descriptive variables were expressed as mean with
standard deviation (SD) and were compared using
the Mann-Whitney test. Categorical variables were
expressed as absolute numbers and proportions.
Bivariate relationship for categorical variables was
assessed using odds ratio (OR) calculated based on
2
Pearson’s χ test or Fisher’s exact test. Spearman
rank correlation analysis was used for evaluation of
the correlation between each pair of scoring systems,
and between each scoring system and length of
hospital stay. Sensitivity, specificity, positive predictive
value (PPV), and negative predictive value (NPV)
were calculated for individual scoring systems and
biochemical markers (CRPi, CRP24). Receiver-operating
characteristic (ROC) curves for severe AP were cal
culated for Ranson, BISAP, APACHE-Ⅱ scores, CTSI,
CRPi, and CRP24 using cutoff values, and the predictive
accuracy of each scoring system was measured by the
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Correlation of various scoring systems

According to Spearman ranked correlations, Ranson,
BISAP, and APACHE-Ⅱ scores, and CRPi, and CRP24
levels showed positive correlation with each pair of
them, whereas CTSI showed positive correlation with
CRP24 level (correlation coefficient; 0.44, P < 0.001)
but not with other scores (Table 2). Ranson, BISAP,
and APACHE-Ⅱ scores, and CTSI showed significant
correlation with length of hospital stay (correlation
coefficients; 0.21 (P = 0.008), 0.17 (P = 0.037), 0.23
(P = 0.003) and 0.26 (P = 0.001), respectively). CRPi
and CRP24 levels did not show correlation with length of
hospital stay (correlation coefficients: 0.01 (P = 0.925)
and 0.07 (P = 0.056), respectively).
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systems and CRP24 were found to be reliable in pre
diction of severe AP, except CRPi. The sensitivity,
specificity, PPV, and NPV of different scoring systems
and CRP in prediction of severe AP using cutoff values
of Ranson ≥ 3, BISAP ≥ 2, APACHE-Ⅱ ≥ 8, CTSI ≥
3, and CRP24 ≥ 21.4 are shown in Table 4. APACHE-Ⅱ
score demonstrated the highest accuracy for prediction
of severe AP (AUC = 0.78), however, no statistically
significant pairwise differences were observed between
APACHE-Ⅱ and the other score systems, including
CRP24.

Table 1 Characteristics of patients with severe acute pan
creatitis n (%)

Age, yr
Male
BMI (kg/m2)
Hospital visit from
symptom onset (d)
Etiology
Biliary
Alcoholic
Idiopathic
Others
Laboratory finding (initial)
Hematocrit (%)
Amylase (IU/L)
Lipase (IU/L)
AST (IU/L)
ALT (IU/L)
BUN (mg/dL)
Creatinine (mg/dL)
CRPi (mg/dL)
CRP24 (mg/dL)
Peripancreatic fluid
collection
Duration of NPO (d)
Hospital stay (d)
Scoring systems
Ranson
BISAP
APACHE-Ⅱ
CTSI
Mortality

Mild to
moderately severe
AP (n = 140)

Severe AP
(n = 21)

P value

62.2 ± 16.5
84 (60.0)
23.4 ± 4.4
5.7 ± 12.8

63.4 ± 13.1
18 (85.7)
23.9 ± 4.1
3.3 ± 6.9

0.968
0.023
0.607
0.388

78 (55.7)
26 (18.6)
33 (23.6)
3 (2.1)

9 (42.8)
10 (47.6)
1 (4.8)
1 (4.8)

0.270
0.030
0.130
0.472

39.1 ± 6.2
1687.9 ± 1415.4
1949.7 ± 1951.3
203.2 ± 240.4
155.6 ± 182.1
14.5 ± 8.6
1.0 ± 0.5
4.4 ± 6.8
9.0 ± 7.9
46 (32.9)

40.3 ± 7.4
1668.2 ± 1668.8
2108.2 ± 2750.3
362.6 ± 618.4
184.7 ± 275.9
31.2 ± 32.9
2.2 ± 1.6
6.9 ± 10.4
17.4 ± 12.7
10 (47.6)

0.422
0.954
0.744
0.256
0.645
0.031
0.003
0.259
0.026
0.158

4.3 ± 2.2
8.4 ± 4.8

6.9 ± 5.1
11.7 ± 6.2

0.038
0.008

2.7 ± 1.4
1.0 ± 0.8
6.5 ± 3.5
2.2 ± 1.4
1 (0.7)

3.7 ± 1.4
1.9 ± 0.9
10.8 ± 4.8
3.5 ± 2.2
2 (9.5)

0.005
< 0.001
< 0.001
< 0.001
0.005

DISCUSSION
AP is a disease with variable severity and an evolving
process that may involve multiple organ systems.
Although approximately 80% of patients have
mild disease that resolves spontaneously with little
morbidity, the remaining 20% suffer from severe
[1,2]
attack with mortality rates as high as 30% . In this
study, 21 patients (13%) were classified as severe
AP, and two (10%) of these patients died during
hospitalization. Some studies have reported that the
[15-17]
cause of AP was not related to disease severity
.
However, in this study, among the etiologies of AP,
alcohol showed a significant association with patients
with severe AP (P = 0.030). Severe AP is usually
observed at the initial stage of AP and slow progression
[4,18]
from mild to severe disease is uncommon
.
Therefore, early evaluation of its severity is considered
to be a critical concern in the prognosis and mana
gement of AP. Since the 1970s, many studies for
development of a widely available prognostic scoring
system in AP for prediction of which patients are at
the highest risk of developing clinically severe AP and
[19]
require aggressive therapy have been reported .
An ideal prognostic scoring system should be simple,
noninvasive, accurate, and quantitative, and the
assessment methods should be easily applicable at the
time of diagnosis.
Early in the course of AP, systemic inflammatory
response syndrome or organ failure suggests potentially
[5]
severe disease and poor prognosis . Morbidity and
mortality in the earlier stage of AP are associated with
the systemic inflammatory response and persistent
[20]
organ failure rather than local complications , and
are the most common cause of death within the first
[21]
two weeks of disease onset . In 2012, the Atlanta
Classification was revised with an emphasis on
[5]
persistent organ failure . In this study, the severity of
AP was determined according to this revised Atlanta
Classification.
The Ranson score represented a major advancement
in evaluation of disease severity in AP and has been
[6,22]
used clinically for more than three decades
. Since
its development, several other scoring systems, such
[23-25]
[7,26]
as the Glasgow criteria
, APACHE-Ⅱ score
,
[11]
[8]
BISAP , and CTSI , have been developed. These

Values are expressed as the mean ± SD. AP: Acute pancreatitis; BMI:
Body mass index; AST: Aspartate aminotransferase; ALT: Alanine
aminotransferase; CRPi: C-reactive protein measured at admission; CRP24:
C-reactive protein measured after 24 h; NPO: Nil per os; BISAP: Bedside
Index for Severity in Acute Pancreatitis; APACHE-Ⅱ: Acute Physiology
and Chronic Health Evaluation-Ⅱ; CTSI: Computed tomography severity
index.

Comparison of scoring systems in prediction of severe
AP

On the basis of the highest sensitivity and specificity
values generated from the ROC curves, the following
cutoffs were selected for prediction of severe AP:
Ranson ≥ 3, BISAP ≥ 2, APACHE-Ⅱ ≥ 8, CTSI ≥ 3,
and CRP24 ≥ 21.4. The observed incidences of severe
AP when above cutoff value of each scoring system
was applied along with the corresponding ORs are
2
shown in Table 3. On χ test, patients with APACHEⅡ of 8 or greater and CRP24 of 21.4 or greater had a
8 times and 22 times higher likelihood of developing
severe AP (OR = 8.2 and 22.0), respectively.
Figure 1 shows the comparisons of ROC curves for
severe AP among all scoring systems and CRP. AUCs
for Ranson, BISAP, APACHE-Ⅱ, CTSI, CRPi, and CRP24
in predicting severe AP were 0.69 (95%CI: 0.62-0.76),
0.74 (95%CI: 0.66-0.80), 0.78 (95%CI: 0.70-0.84),
0.69 (95%CI: 0.61-0.76), 0.52 (95%CI: 0.33-0.70),
and 0.68 (95%CI: 0.57-0.78), respectively. All scoring
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Table 2 Correlation analysis of various scoring systems

Ranson
BISAP
APACHE-Ⅱ
CTSI
CRPi
CRP24

Ranson

BISAP

APACHE-Ⅱ

CTSI

CRPi

CRP24

1

0.58
< 0.001
1

0.60
< 0.001
0.54
< 0.001
1

-0.03
0.693
-0.05
0.498
-0.01
0.905
1

0.28
0.001
0.33
< 0.001
0.32
< 0.001
0.07
0.427
1

0.22
0.045
0.28
0.009
0.37
< 0.001
0.44
< 0.001
0.59
< 0.001
1

r
P-value
r
P-value
r
P-value
r
P-value
r
P-value
r
P-value

BISAP: Bedside Index for Severity in Acute Pancreatitis; APACHE-Ⅱ: Acute Physiology and Chronic Health Evaluation-Ⅱ; CTSI: Computed tomography
severity index; CRPi: C-reactive protein measured at admission; CRP24: C-reactive protein measured after 24 h.

1.0

Table 3 Incidence of severe acute pancreatitis stratified
according to bedside index for severity in acute pancreatitis,
Ranson, Acute Physiology and Chronic Health Evaluation-Ⅱ,
computed tomography severity index, and C-reactive protein
with corresponding odds ratio n (%)

Ranson
<2
≥3
OR (95%CI)
BISAP
<1
≥2
OR (95%CI)
APACHE-Ⅱ
<7
≥8
OR (95%CI)
CTSI
<2
≥3
OR(95%CI)
CRP24
< 21.4
≥ 21.4
OR (95%CI)

65 (40.4)
96 (59.6)

Sensitivity

patients

0.8

Severe AP
3 (4.6)
18 (18.8)
4.8 (1.3-16.9)

109 (67.7)
52 (22.3)

8 (7.3)
13 (25.0)
4.2 (1.6-10.9)

65 (40.4)
96 (59.6)

4 (6.2)
17 (17.7)
8.2 (2.6-25.6)

101 (62.7)
60 (37.3)

7 (6.9)
14 (23.3)
4.1 (1.5-10.8)

72 (85.7)
12 (14.3)

6 (8.3)
8 (66.7)
22.0 (5.1-95.0)

Ranson
BISAP
APACHE
CTSI
CRPi
CRP24

0.4

0.2

0.0

0.0

0.2

0.4
0.6
1-Specificity

0.8

1.0

Figure 1 Receiver-operating characteristic curves of different scoring
systems and C-reactive protein in prediction of severe acute pancreatitis.
BISAP: Bedside Index for Severity in Acute Pancreatitis; APACHE: Acute
Physiology and Chronic Health Examination; CTSI: computed tomography
severity index; CRPi: C-reactive protein measured at admission; CRP 24:
C-reactive protein measured after 24 h.
[27]

the length of hospital stay and Ranson score . Results
of this study demonstrated significant correlation of
Ranson, BISAP, and APACHE-Ⅱ scores, and CTSI with
the length of hospital stay, however, CRPi and CRP24 did
not show correlation with the length of hospital stay.
In this study, correlations of different scoring systems
were evaluated. The Ranson, BISAP, and APACHEⅡ scores showed positive correlation with each pair
of them, whereas CTSI did not show correlation with
any scoring system. These results may be related to
the fact that pancreatic parenchymal necrosis on CECT
[28]
may not appear within 48 h .
Serum CRP (after 48 h) was reported to be a pre
[10]
dictor of severe AP . Despite the simplicity and easy
availability of CRP in clinical practice, many studies
have described limitation of clinical utility of CRP in
the early phase of AP, and revealed that usage of CRP
alone was potentially failing to detect severe cases of
[27,29-31]
AP at an earlier stage
. In this study, the CRP24
was significantly higher in severe AP compared to

AP: Acute pancreatitis; BISAP: Bedside Index for Severity in Acute
Pancreatitis; APACHE- Ⅱ : Acute Physiology and Chronic Health
Evaluation- Ⅱ ; CTSI: Computed tomography severity index; CRP 24:
C-reactive protein measured after 24 h.

scoring systems incorporate physiologic, laboratory,
and radiographic parameters using cut-off values and
converting continuous variables into binary values.
Because of their complexity, attention has also focused
on the role of individual laboratory parameters, such as
CRP, hematocrit, BUN, and creatinine, in assessment of
disease severity. In this study, accuracy of three clinical
scoring systems and CTSI, including CRP, in prediction
of severe AP, were compared.
In the previous study, the degree of correlation
between the length of hospital stay and APACHE-Ⅱ and
modified Glasgow scores was larger than that between
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Table 4 Sensitivity, specificity, positive predictive value, and negative predictive value of different scoring systems in prediction of
severe acute pancreatitis
Sensitivity (95%CI)

Specificity (95%CI)

PPV (95%CI)

NPV (95%CI)

85.7 (63.7-97.0)
61.9 (38.4-81.9)
81.0 (58.1-94.6)
66.7 (43.0-85.4)
53.3 (26.6-78.7)

44.3 (35.9-52.9)
72.1 (63.9-79.4)
65.7 (57.2-73.5)
67.1 (58.7-74.8)
94.3 (86.0-98.4)

18.8 (11.5-28.0)
25.0 (14.0-38.9)
26.2 (16.0-38.5)
23.3 (13.4-36.0)
66.7 (34.9-90.1)

95.3 (87.1-99.0)
92.7 (86.0-96.8)
95.8 (89.7-98.9)
93.1 (86.2-97.2)
90.4 (81.2-96.1)

Ranson
BISAP
APACHE-Ⅱ
CTSI
CRP24

AP: Acute pancreatitis; PPV: Positive predictive value; NPV: Negative predictive value; BISAP: Bedside Index for Severity in Acute Pancreatitis; APACHE-Ⅱ:
Acute Physiology and Chronic Health Evaluation-Ⅱ; CTSI: Computed tomography severity index; CRP24: C-reactive protein measured after 24 h.

mild to moderately severe AP; however CRPi did not
differ significantly between the two groups. This study
again demonstrated that CRP showed significantly
higher value in severe AP at a later stage, however, it
has limitations in prediction of the severity of AP at an
earlier stage.
In one meta-analysis, including 1300 patients
with AP, Ranson score had an overall sensitivity of
75%, specificity of 77%, PPV of 49%, and NPV of
[3]
91% . In this study, sensitivity and NPV of Ranson
score was 85.7% and 95.3%, respectively, however,
specificity and PPV were low (44.4% and 18.8%,
respectively). Based on this result, there was a high
false positive rate of severe AP with Ranson score, and
approximately 80% of patients with a Ranson score of
more than 3 were not severe AP actually.
BISAP, a recently developed prognostic scoring
system, has been proposed as a simple method
for prediction of severe AP compared to traditional
scoring systems. Results of this study demonstrated
that predictive accuracy of severe AP was similar to
that of the other scoring systems, however, against
expectations, the process of calculation of the BISAP
score was not simple compared to Ranson and CTSI.
The CTSI was reported to be useful in identification
of patients with severe AP and poor prognosis in
[8]
selected patients in 1990 . However, only a few
studies have investigated whether CTSI is superior to
the APACHE-Ⅱ or Ranson score in prediction of severe
[32]
AP . Although pancreatic parenchymal necrosis
has been shown to correlate with development of
organ failure and local complications that require
[20,33,34]
intervention
, major limitation of CTSI is that
pancreatic parenchymal necrosis may be unrecognized
on an early CT performed within 24 h after admission
and development of local complications, such as
abscess or hemorrhage, usually occur late in the
[35]
course of AP . The results of CTSI for prediction
of mortality and prognosis in patients with AP were
different from those of other studies and the cut off
[4,36,37]
values were variable greatly
. In this study, when
CTSI ≥ 3 was selected for prediction of severe AP,
sensitivity and specificity were 66.7% and 67.1%,
respectively.
In this study, APACHE-Ⅱ score appeared to be
a more influential tool than other scoring systems,
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including CRP, although no statistically significant
pairwise differences were observed between APACHE-Ⅱ
and other scoring systems. The AUCs of Ranson, BISAP,
and APACHE-Ⅱ scores, and CTSI and CRP24 were
0.69 (95%CI: 0.62-0.76), 0.74 (95%CI: 0.66-0.80),
0.78 (95%CI: 0.70-0.84), 0.69 (95%CI: 0.61-0.76),
and 0.68 (95%CI: 0.57-0.78), respectively. Current
practice guidelines have suggested that APACHEⅡ score was the most helpful test at admission in
distinguishing severe from mild AP, and, according
to recommendation, it should be generated during
[1]
the first three days of hospitalization . Although the
process of calculating APACHE-Ⅱ score was complex, it
might be easier in the era of computerized calculation
systems.
There were some limitations in this study. Although the
data used in this study were collected prospectively,
some clinical data, including CRP, were missing due to
lack of availability. In this study, the number of cases
of severe AP and mortalities was lower compared to
other large scale clinical studies; therefore, comparison
of prognostic value of various scoring systems was
somewhat difficult. Nevertheless, this study was one of
the few studies to compare different prognostic scoring
systems including BISAP on the basis that severe AP
was defined by persistent organ failure for more than
48 h, especially in a non-Western area. In addition,
in this study, the prevalence of mild and severe cases
(87% and 13%, respectively) was similar to the
prevalence of clinical severity of AP commonly reported
in the literature.
If the pathophysiologic mechanism of organ failure in
severe AP and factors play a key role in development,
and the course of AP is clearly identified in the near
future, appropriate and specific therapy for severe
AP will be developed. At this time, development of a
simple predictive method for accurate identification
of individual patients who develop clinically severe
disease will become the main issue in AP.
In conclusion, results of this study demonstrate
that the APACHE-Ⅱ scoring system seems to have
the highest accuracy in assessment of the severity
and outcome of AP, although the predictive accuracy
of APACHE-Ⅱ was not significantly different compared
to that of the other scoring systems, including CRP. No
simple scoring system capable of reaching maximal
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utility is available, and unique models are needed in
order to achieve further improvement of predictive
accuracy.
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Background

Severe acute pancreatitis (AP) usually discloses itself just after the onset of
the disease and slow progression from mild to severe disease is uncommon.
Therefore, early assessment of its severity is crucial for the prognosis and
management of AP. In 2012, the Atlanta classification was revised with an
emphasis on persistent organ failure. The major difference between the
new and former definition of clinical severity is that the presence of local
complications or transient organ failure is no longer regarded as clinically
severe disease, and severe AP was defined by persistent organ failure for more
than 48 h.
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Research frontiers

Recently, bedside index for severity in acute pancreatitis (BISAP) has been
proposed as an accurate and simple method for prediction of severe AP.
Several studies demonstrated that the accuracy of BISAP in predicting severe
AP and death was similar to that of the other scoring systems, including Ranson
and Acute Physiology and Chronic Health Evaluation (APACHE)-Ⅱ.
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Innovations and breakthroughs

Based on this study, APACHE-Ⅱ score appeared to have highest accuracy for
prediction of severe AP, although the predictive accuracy of APACHE-Ⅱ score
was not significantly different compared to that of the other scoring systems.
Various existing scoring systems most widely used including BISAP, showed
similar predictive accuracy for severity of AP and against expectations, the
process of calculation of the BISAP score was not simple compared to Ranson
and CTSI.
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Applications
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No simple scoring system capable of reaching maximal utility for prediction of
severe AP is available. If the pathophysiologic mechanism of organ failure in
severe AP and factors play a key role in development, and the course of AP is
clearly identified in the near future, appropriate and specific therapy for severe
AP will be developed. At this time, development of a simple predictive method
for accurate identification of individual patients who develop clinically severe
disease will become the main issue in AP.
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Abstract
AIM: To investigate the efficacy and safety of tran
sarterial chemoembolization (TACE)-based multimodal
treatment in patients with large hepatocellular carcinoma
(HCC).
METHODS: A total of 146 consecutive patients were
included in the analysis, and their medical records and
radiological data were reviewed retrospectively.
RESULTS: In total, 119 patients received TACE-based
multi-modal treatments, and the remaining 27 received
conservative management. Overall survival (P <
0.001) and objective tumor response (P = 0.003) were
significantly better in the treatment group than in the
conservative group. After subgroup analysis, survival
benefits were observed not only in the multi-modal
treatment group compared with the TACE-only group
(P = 0.002) but also in the surgical treatment group
compared with the loco-regional treatment-only group (P
< 0.001). Multivariate analysis identified tumor stage (P
< 0.001) and tumor type (P = 0.009) as two independent
pre-treatment factors for survival. After adjusting for
significant pre-treatment prognostic factors, objective
response (P < 0.001), surgical treatment (P = 0.009),
and multi-modal treatment (P = 0.002) were identified
as independent post-treatment prognostic factors.
CONCLUSION: TACE-based multi-modal treatments were
safe and more beneficial than conservative management.
Salvage surgery after successful downstaging resulted
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in long-term survival in patients with large, unresectable
HCC.

be tailored to each patient’s individual needs using
a multidisciplinary approach, particularly in cases of
unresectable, large HCC.
The most widely used loco-regional therapies for
the treatment of intermediate stage HCC involve
TACE. In early 2000, two randomized controlled
trials (RCTs) and systematic reviews reported that
TACE improves the survival of patients with un
resectable HCC compared with those who receive
[4-7]
supportive treatment . Although TACE is typically
contraindicated in advanced HCC patients with portal
vein (PV) invasion because of the potential risk of
hepatic insufficiency, it has been suggested that
TACE can be safely performed, even in those patients
[8]
with PV invasion . Therefore, it has also been used
in patients with advanced HCC with PV invasion
as a palliative treatment, and several studies have
reported that it confers a survival benefit to these
[9-11]
advanced patients
. However, limited studies have
evaluated the proper treatment and the efficacy of
TACE in cases of large HCCs (> 10 cm) with or without
vascular invasion, which are frequently observed in
clinical practice. The aim of this study was to evaluate
the efficacy and safety of TACE-based multimodal
treatment in patients with unresectable, large HCC.

Key words: Hepatocellular carcinoma; Multimodal treat
ment; Transarterial chemoembolization; Salvage surgery
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The aim of this study was to investigate the
efficacy of transarterial chemoembolization (TACE)based multimodal treatment in patients with large
hepatocellular carcinoma. The primary findings of
this study were as follows: (1) The overall survival
was significantly longer in the treatment group than
in the conservative group; (2) Survival benefits were
observed not only in the surgical treatment group
(TACE + resection or transplantation) compared with
the localized treatment group (TACE + ablation/
radiotherapy) but also in the combination treatment
group compared with the TACE-only group; and (3)
objective response, surgical treatment, and multimodality were independent factors for survival.
Song DS, Nam SW, Bae SH, Kim JD, Jang JW, Song MJ, Lee
SW, Kim HY, Lee YJ, Chun HJ, You YK, Choi JY, Yoon SK.
Outcome of transarterial chemoembolization-based multi-modal
treatment in patients with unresectable hepatocellular carcinoma.
World J Gastroenterol 2015; 21(8): 2395-2404 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v21/i8/2395.htm
DOI: http://dx.doi.org/10.3748/wjg.v21.i8.2395

MATERIALS AND METHODS
Patients

This was a retrospective study aimed at evaluating
the therapeutic efficacy of combination therapy with
TACE and other treatment modalities for large HCC in
comparison with that of optimal supportive treatment.
The HCC database at our center was retrospectively
reviewed between June 1995 and December 2007.
The inclusion criteria for eligibility in this study were
as follows: (1) treatment-naïve adult patients who
were newly diagnosed with HCC at our center; (2)
HCC of over 10 cm in size; (3) Eastern Cooperative
Oncology Group performance status of 0-2; and (4)
Child-Turcotte-Pugh functional class of A (score of 5 or
6). Patients with distant extrahepatic metastasis and
severe comorbidity and those who were transferred
to another center without receiving treatment were
excluded. This study was approved by the local ethics
committee.
The diagnosis of HCC was made either patho
logically or based upon elevated serum alpha-fet
oprotein levels (> 200 ng/mL) with typical radiological
findings (arterial hypervascularity and venous/latephase washout). All patients were staged according
to the modified Union for International Cancer Control
[12]
staging system . The gross type of HCC was defined
based on the extent of demarcation, as described in a
[10]
previous study .

INTRODUCTION
Hepatocellular carcinoma (HCC) is the sixth mostcommon cancer worldwide and the third most[1]
common cause of cancer mortality . In clinical practice,
the majority of HCC patients are diagnosed at an
inoperable stage, and prognosis is assumed to be
poor. The recent guidelines issued by the European
Association for the Study of the Liver (EASL) and
American Association for the Study of Liver Disease
(AASLD) endorse the Barcelona Clinic Liver Cancer
[2,3]
(BCLC) staging system . BCLC guidelines have the
advantage of combining performance status, liver
function, and tumor extent to classify patients into
early (A), intermediate (B), advanced (C), and terminal
(D) stages, and it links staging with treatment modali
ties and with an estimation of life expectancy. This
guideline recommends transarterial chemoembolization
(TACE) in BCLC-B and sorafenib in BCLC-C as standard
treatments. Although BCLC guidelines have been
extensively validated, a heterogeneous population
of patients with intermediate-stage HCC or with
advanced-stage HCC has consistently raised issues in
clinical practice. Because multiple variables affect the
clinical course of HCC, no single treatment strategy can
be applied to all patients. Therefore, therapy should
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Therapeutic modalities including TACE

Almost all therapeutic approaches were selected
by the HCC tumor board team, which consisted of
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All patients (n = 146)

TACE-based treatment group (n = 119)

Conservative group (n = 27)

Monomodality group (n = 48, TACE-only)
Combination treatment group (n = 71, ≥ 2 modalities)

TACE + surgical treatment group (n = 17)
- surgery (resection, transplantation) after downstaging
TACE ± localized treatment group (n = 102)
- TACE only, RFA, PEI, radiotherapy, etc .

Figure 1 Treatment protocol. TACE: Transarterial chemoembolization; RFA: Radiofrequency ablation; PEI: Percutaneous ethanol injection.

hepatologists, surgeons, interventional radiologists,
medical oncologists and radiation oncologists. All patients
in the treatment group underwent a transarterial infusion
2
2
of epirubicin (50 mg/m ) and cisplatin (60 mg/m )
®
in a mixture of 5-10 mL Lipiodol (Guerbet, AulnaySous-Bois, France) via femoral approach, which was
accompanied by embolization using gelfoam in selected
cases. The patients received an additional systemic
2
infusion of 5-fluorouracil (5-FU) (200 mg/m ) for 12 h
[10]
after completing the transarterial procedure . Unless
there was a contraindication, the TACE sessions were
repeated every 4-6 wk, and other additional therapies
were performed as necessary for the downstaging of
the tumor. Additional therapeutic modalities included
radiofrequency ablation (RFA), percutaneous ethanol
injection (PEI), radiation therapy and systemic che
motherapy with the ECF regimen (epirubicin + cisplatin
+ 5-FU). Surgical resection or transplantation was
considered for those patients who were downstaged
following local therapy. Before surgical resection or
transplantation, chest computed tomography (CT) and
positron emission tomography (PET) CT scans were
performed to exclude the presence of extra-hepatic
metastasis. Liver transplantations were performed in
the patients who met the University of California, San
Francisco (UCSF) criteria (Figure 1).
All patients who met the inclusion criteria were
recommended to receive the treatment that had
been determined by the tumor board. The patients
who refused HCC treatment against medical advice,
with the exception of those receiving symptomatic
support, were classified as the conservative care group.
Sorafenib could not be administered to the treatment
group and conservative group because it was not
available during the study period.

resonance imaging (MRI), and the best response
during serial TACE was taken as the overall response.
Tumor response was evaluated according to the
modified Response Evaluation Criteria in Solid Tumors
[13]
(RECIST) . A complete response (CR) was defined
as the disappearance of any intra-tumoral arterial
enhancement, a partial response (PR) was defined
as a ≥ 30% decrease in the sum of the diameters of
viable lesions, progressive disease (PD) was defined
as a ≥ 20% increase in the sum of the diameters of
viable lesions, and stable disease (SD) was defined as
any case that did not qualify as either PR or PD.
The primary endpoint of this study was overall
survival (OS), and the secondary endpoint was
objective response (OR). OS was defined as the time
from the first session of TACE to death, and OR was
defined as the sum of the complete response and
partial response. The treatment-related adverse events
were assessed for 1-2 wk after each treatment using
the National Cancer Institute Common Toxicity Criteria
v3.0, and grade 3 or 4 toxicities were noted.

Statistical analysis

Statistical analyses were performed using the Statistical
Package for Social Science software (SPSS 14.0 for
Windows; SPSS, Inc., Chicago, IL). The results are
presented as the number (%) or median (range), as
appropriate. The Mann-Whitney test and Fisher’s exact
2
test or the χ test were used for comparisons between
the treatment group and the conservative group.
Categorical variables were evaluated using Fisher’s
exact test or the chi-square test. Cumulative survival
rates were estimated using the Kaplan-Meier method,
and differences were analyzed using the log-rank
test. To identify the independent factors for survival
among pre-treatment variables and treatment-related
variables, we used Cox proportional hazard regression
models with backward elimination. In the multivariate
analysis using treatment-related variables, hazard

Assessment of treatment response and adverse effects

Treatment response was assessed after every TACE
session using dynamic enhanced CT or magnetic
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Table 1 Baseline characteristics of the patients n (%)
All (n = 146)

Variables
Age (yr)
Gender, male
Etiologies, n
HBV/HCV/Alcohol/others
AFP (ng/mL)
Maximal tumor size (cm)
Tumor type
Well-demarcated
Poorly-demarcated
Location of main tumor
Left
Right
PVT
Present
Absent
Stage, modified UICC
Stage Ⅲ
Stage Ⅳ-A

Treatment group (n = 119) Conservative group (n = 27)

52 (30-79)
130 (89.0)

52 (30-77)
111 (93.3)

58 (41-79)
19 (70.4)

115/7/8/16
546.7 (0.7-5719.0)
12.0 (10.0-20.0)

95/4/7/13
471.2 (0.7-5719.0)
12.0 (10.0-20.0)

20/3/1/3
1210.0 (3.1-2613.0)
11.2 (10.0-17.0)

99 (67.8)
47 (32.2)

82 (68.9)
37 (31.1)

17 (63.0)
10 (37.0)

24 (16.4)
122 (83.6)

18 (15.1)
101 (84.9)

6 (22.2)
21 (77.8)

108 (74.0)
38 (26.0)

89 (74.8)
30 (25.2)

19 (70.4)
8 (29.6)

67 (45.9)
79 (54.1)

53 (44.5)
66 (55.5)

14 (51.9)
13 (48.1)

P value
0.014
0.002
0.385
0.652
0.459
0.551

0.369

0.637

0.491

HBV: Hepatitis B virus; HCV: Hepatitis C virus; AFP: Alpha-fetoprotein; PVT: Portal vein thrombosis; UICC: Union for International Cancer Control.

119 patients received combination therapy. As for
treatment modality, a median of 2 methods (range: 1-5
methods) was administered. Systemic chemotherapy
was administered in 46 patients, radiotherapy in 25,
ablation therapy, such as RFA or PEI, in 21, surgical
resection in 13, and liver transplantation in 4 patients.
Tumor responses were assessable in 122 of
146 patients (83.6%), while 24 (16.4%) were not
assessable due to poor patient condition or loss to
follow-up. The intent-to-treat analysis revealed that
14 of 102 patients (13.7%) experienced complete
remission (CR), 15 (14.7%) experienced partial
remission (PR), 31 (30.4%) experienced stable disease
(SD), and 42 (41.2%) developed progressive disease
(PD) in the treatment group. Therefore, the objective
response rate was 28.4%, and 60 patients (58.8%)
achieved successful disease control (CR + PR + SD)
in the treatment group. In the conservative group, SD
and PD were observed in 3 (15.0%) and 17 patients
(85.0%), respectively, and there was no CR and PR.
The objective response rate of the treatment group
was significantly higher than that of the conservative
group (28.4% vs 0.0%, P = 0.003). The disease
control rate was also better in the treatment group
than in the conservative group (58.8% vs 15.0%, P <
0.001) (Table 2).

ratios were adjusted for significant variables in the
multivariate analysis of pre-treatment variables due to
the possibility of multi-collinearity. The variables that
showed significant or marginal association (P < 0.1)
by univariate analysis were subsequently included in
multivariate analysis. A P value of less than 0.05 was
considered statistically significant.

RESULTS
Patient characteristics

Using the aforementioned selection criteria, a total
of 146 consecutive patients were enrolled in this
study. The baseline characteristics of the patients
are summarized in Table 1. A total of 119 patients
(81.5%) were treated with the TACE-based multimodal
procedure, and 27 (18.5%) received supportive
treatment. One hundred and thirty patients (89.0%)
were male, and the median age of the 146 patients
was 52 years (range, 30-79 years). The etiology of the
underlying liver disease was hepatitis B virus in 115
(78.8%), hepatitis C virus in 7 (4.8%), and alcoholism
in 8 patients (5.5%). One hundred and eight patients
(74.0%) had evidence of PV thrombosis (PVT) at
baseline. There was no significant difference between
the two groups in terms of the etiology of underlying
disease, serum alpha-fetoprotein (AFP) level, maximal
tumor size, tumor type, proportion of PVT, and stage.
The median age of patients in the treatment group was
lower than that of patients in the conservative group
(P = 0.014), and male patients were more common in
the treatment group (P = 0.002).

Survival and prognostic factors

The median follow-up period was 8.5 mo (range:
0.8-129.4 mo), and the median overall survival (OS)
in this study was 8.7 mo (95%CI: 7.0-10.4 mo). OS
was significantly longer in the treatment group than in
the conservative group (median of 10.3 mo vs 4.0 mo,
P < 0.001) (Figure 2A). Following subgroup analysis,
survival benefits were observed not only in the surgical
treatment group (TACE + resection or transplantation)
compared with the localized treatment group (TACE +

Treatment response

In the treatment group, a total of 513 TACE sessions
were performed with a median of 3 sessions per
patient (range: 1-17). In total, 71 (59.7%) out of
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A

Table 2 Objective response and disease control rate n (%)
Nonresponse

Disease
control

29 (28.4)

73 (71.6)

60 (58.8)

20 (100)

3 (15)

0 (0)
0.003

42 (41.2)
17 (85)

< 0.001

Evaluation of tumor response was not possible in 17 (14.3% within treatment
group) and 7 (25.9%, within conservative group) out of 146 patients.

12 mo

18 mo

24 mo

43.0%
76.5%
37.3%
3.7%
< 0.001

28.2%
64.7%
22.0%
0%
< 0.001

23.5%
64.7%
16.4%
0%
< 0.001

B

0.2

0.0

2.0

119
27

24
0

4.0 6.0 8.0 10.0 12.0
Survival time (yr)
9
9

4
0

3
0

1
0

1.0
Surgical treatment
Loco-regional treatment
Conservative treatment

0.8

RFA, PEI or radiotherapy) (median of 31.6 mo vs 9.1
mo, P < 0.001) (Figure 2B) but also in the combination
treatment group (TACE + other modalities) compared
with the TACE-only group (median of 12.8 mo vs 8.1
mo, P = 0.002) (Figure 2C). The estimated survival
rates at 6, 12, 18, and 24 mo were 72.0%, 43.0%,
28.2%, and 23.5%, respectively, for the treatment
group, whereas the estimated 6- and 12-mo survival
rates were 18.5% and 3.7% for the conservative
group (Table 3).
Univariate analysis revealed the following 4 pot
ential prognostic factors related to survival among
the baseline characteristics in the treatment group:
age (P = 0.062), tumor type (P < 0.001), portal vein
thrombosis (P < 0.001), and tumor stage (P < 0.001).
Upon multivariate analysis, tumor type [hazard ratio
(HR) = 1.849; 95%CI: 1.165-2.934, P = 0.009]
and stage (HR = 2.828; 95%CI: 1.740-4.595, P <
0.001) were identified as independent factors for
survival (Table 4). Multivariate analysis for identifying
the influences of treatment response and treatment
modality revealed that objective response (HR = 2.870;
95%CI: 1.678 - 4.910, P < 0.001), surgical treatment
(HR = 2.301; 95%CI: 1.227-4.317, P = 0.009), and
multi-modality (HR = 1.835; 95%CI: 1.242-2.714, P
= 0.002) were also independent factors for survival
(Table 5).

P < 0.001

0.6
0.4
0.2
0.0

No. at risk
Surgical
Loco-regional
Conservative

C

0.0

2.0

17
102
27

10
24
0

4.0 6.0 8.0 10.0 12.0
Survival time (yr)
3
6
0

3
1
0

3
0
0

1
0
0

1.0
Multimodality group
Single modality group

Cumulative survival rate

0.8

P = 0.002

0.6
0.4
0.2
0.0

No. at risk
Multimodality
Single modality

0.0

2.0

71
48

16
8

4.0 6.0 8.0 10.0 12.0
Survival time (yr)
7
2

4
0

3
0

1
0

Figure 2 Overall survival according to the Kaplan-Meier method. Significantly
better overall survival rates were observed in the treatment group compared with
the conservative group (P < 0.001) (A), in the surgical treatment group compared
with the loco-regional treatment group (P < 0.001) (B), and in the multi-modal
treatment group compared with the single modality group (P = 0.002) (C).

Subgroup analysis of baseline characteristics in the
treatment group

Because the surgical treatment significantly influ
enced patient survival, we compared the baseline
characteristics between the surgical treatment group
and non-surgical treatment group (Table 6). There
were no statistically significant differences between two
groups. However, the surgical treatment group tended

WJG|www.wjgnet.com

0.4

No. at risk
Treatment
Conservative

Cumulative survival rate

6 mo

P < 0.001

0.6

0.0

Table 3 Estimated 6-, 12-, 18- and 24-mo survival rate

Treatment group, total (n = 119) 72.0%
Surgical treatment (n = 17)
88.2%
Localized treatment (n = 102)
69.3%
Conservative group (n = 27)
18.5%
P value
< 0.001

Treatment group
Conservative group

0.8

Progressive
disease

Cumulative survival rate

Treatment group
(n = 102)
Conservative
group (n = 20)
P value

Objective
response

1.0

to have more favorable prognostic factors, such as welldemarcated tumors, no PVT, and lower tumor stage (P
= 0.051, P = 0.094, and P = 0.071, respectively).
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Table 4 Pre-treatment prognostic factors for survival in the treatment group
Factors

Univariate analysis

Age (< 60 yr vs ≥ 60 yr)
Gender (female vs male)
Child-Turcotte-Pugh score (5 vs 6)
AFP (< 1000 ng/mL vs ≥ 1000 ng/mL)
Maximal tumor size (< 15 cm vs ≥ 15 cm)
Tumor type (well-demarcated vs poorly-demarcated)
Portal vein thrombosis (absent vs present)
Stage (Ⅲ vs Ⅳ-A)

Multivariate analysis

HR

95%CI

P value

0.634
0.768
1.292
1.346
1.342
2.689
2.430
3.344

0.393-1.023
0.373-1.584
0.839-1.990
0.914-1.982
0.842-2.140
1.721-4.203
1.519-3.888
2.108-5.304

0.062
0.475
0.245
0.132
0.216
< 0.001
< 0.001
< 0.001

P value

HR

95%CI

1.849

1.165-2.934

0.009

2.828

1.740-4.595

< 0.001

AFP: Alpha-fetoprotein.

Table 5 Treatment-related prognostic factors in the treatment group
Factors

Univariate analysis
HR

Objective response (present vs absent)
Surgical treatment (yes vs no)
Multimodality (yes vs no)

3.591
2.9
1.743

Multivariate analysis
1

95%CI

P value

HR

2.129-6.056
1.634-5.147
1.198-2.536

< 0.001
< 0.001
0.004

2.87
2.301
1.835

95%CI

P value2

1.678-4.910
1.227-4.317
1.242-2.714

< 0.001
0.009
0.002

1

Adjusted HR for tumor type and stage; 2P for adjusted hazard ratio.

Table 6 Comparison of baseline characteristics between the surgical treatment group and the non-surgical treatment group n (%)
Variables
Age (yr)
Gender, male
Etiologies (n)
HBV/HCV/Alcohol/others
AFP (ng/mL)
Maximal tumor size (cm)
Tumor type
Well-demarcated
Poorly-demarcated
Location of main tumor
Left
Right
PVT
Present
Absent
Stage, modified UICC
Stage Ⅲ
Stage Ⅳ-A

All (n = 119)

Surgical treatment group
(n = 17)

Non-surgical treatment group
(n = 102)

P value

52 (30-77)
111 (93.3)

52 (30-74)
15 (88.2)

51.5 (32-77)
96 (94.1)

0.814
0.320
0.704

95/4/7/13
471.2 (0.7-5719.0)
12 (10.0-20.0)

12/1/1/3
261.8 (0.7-5719.0)
12(10.0-16.0)

83/3/6/10
603.6 (1.9-5102.0)
12 (10.0-20.0)

82 (68.9)
37 (31.1)

15 (88.2)
2 (11.8)

67 (65.7)
35 (34.3)

18 (15.1)
101 (84.9)

5 (29.4)
12 (70.6)

13 (12.7)
89 (87.3)

89 (74.8)
30 (25.2)

10 (58.8)
7 (41.2)

79 (77.5)
23 (22.5)

53 (44.5)
66 (55.5)

11 (64.7)
6 (35.3)

42 (41.2)
60 (58.8)

0.879
0.904
0.051

0.085

0.094

0.071

HBV: Hepatitis B virus; HCV: Hepatitis C virus; AFP: Alpha-fetoprotein; PVT: Portal vein thrombosis; UICC: Union for International Cancer Control.

Treatment-related toxicity

DISCUSSION

Grade 3 and grade 4 treatment-related toxicities
were investigated in the treatment group. The most
common G3-4 toxicities were serum transaminase
elevation (45.4%) and gastrointestinal toxicity, such
as nausea, vomiting and anorexia (29.4%), jaundice
(26.9%), neutropenia (23.5%), thrombocytopenia
(16.0%), and anemia (14.3%). However, the toxicities
were transient and successfully managed using
conservative treatment. In addition, there were no
significant life-threatening adverse effects related to
the treatment.

WJG|www.wjgnet.com

Although the surveillance program for high-risk pa
tients has improved the early detection of HCC and
[14]
decreased tumor-related mortality , a substantial
proportion of patients present with a large HCC (≥ 10
[6]
cm diameter) . The prognosis of large HCC is very
poor because tumor size is a significant risk factor
for vascular invasion and intra- and extra-hepatic
[15-17]
spreading
. In patients with large HCC, surgical
resection or TACE are the generally accepted treatment
options. The BCLC guidelines recommend sorafenib
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for the treatment of advanced HCC patients with PVT.
However, despite recent advances in treatment, it is
unclear which option is the optimal treatment modality
for these patients. In this study, we showed that TACEbased treatments confer survival benefits to patients
with large HCC (P < 0.001). Moreover, combination
therapy with TACE and an additional treatment was
associated with a better outcome than that of TACE
alone, especially in cases of curative resection or liver
transplantation (P < 0.001).
The BCLC staging system includes multiple va
riables affecting the course of HCC and treatment
response, including liver function, performance status,
[2,3]
cancer-related symptoms and tumor stage
. In
addition, it assigns each stage with a survival rate and
a treatment algorithm. However, this staging system
not only fails to suggest an appropriate combination
treatment strategy but also does not provide sug
gestions on salvage therapy, because it only reco
mmends a single treatment option as the first line of
therapy at each stage. Because of the heterogeneity
in presentation and diversity of patient responses to
therapy, no single treatment strategy can be applied
to all patients, and multimodal treatment is required
to manage HCC patients in clinical practice. Many
studies supporting a multimodal treatment approach
for HCC have been performed, particularly with TACE.
The combination therapy with TACE and percutaneous
ablation, such as PEI or RFA, has been shown to
be superior to TACE alone or percutaneous ablation
[18-20]
therapy alone
. Some studies have also shown
that combination therapy with TACE and radiotherapy
improves patient survival, compared with TACE
[21,22]
alone
. Recently, substantial numbers of clinical
trials assessing the efficacy of sorafenib in combination
with TACE have been completed or are currently
[23-25]
underway
. However, it is still unclear whether
multimodal treatments provide better outcomes in
patients with large HCC because few studies have
been performed on this group, and no randomized
controlled studies have been conducted. In this study,
we showed that TACE-based therapy improved patient
survival compared with supportive care in patients
with large HCC (P < 0.001), and combination therapy
with TACE and an additional treatment modality
prolonged overall survival compared with that of TACE
alone (P < 0.001) (Figure 2). In addition, multi-modal
treatment was identified as a significant prognostic
factor by multivariate analysis (P = 0.002) (Table
5). Although TACE procedure has the risk of severe
complications, such as hepatic arterial occlusion, liver
[26]
abscess, and spontaneous rupture of tumor , there
were no serious complications observed in this study.
These results suggest that TACE-based treatment may
be safe and effective and that multimodal treatment is
associated with better prognosis in patients with large
HCC and preserved liver function.
Surgical resection is the mainstay of treatment for
[27]
resectable tumors. Recently, Min et al
reported that
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surgical resection is associated with better outcomes
than TACE in patients with large HCC (≥ 10 cm).
However, a substantial proportion of large HCC are
unresectable because of intrahepatic or extrahepatic
metastasis or the risk of post-operative hepatic
dysfunction. The treatment of these unresectable
HCCs is mainly palliative, aiming to relieve symptoms,
and if possible, prolong survival. With improvements in
regional and systemic therapies, some treatments that
originally aim at palliation can downstage tumors from
unresectable to resectable. Although the downstaging
of HCC prior to hepatic resection has not been widely
investigated, some previous studies have shown
that successful downstaging can improve patient
[28-30]
prognosis
. The tumor downstaging strategy has
been studied more frequently in association with liver
transplantation than resection. The use of successful
downstaging therapy in patients with HCC exceeding
the accepted transplant criteria has revealed excellent
[31-33]
post-transplant results
. In addition, patients who
received surgical treatment after downstaging using
TACE had significantly longer survival than those
who received TACE with loco-regional treatment in
this study (P < 0.001), and surgical treatment was
an independent prognostic factor for survival (P =
0.009). In practice, multimodal treatment including
surgical treatment prolonged the survival time over 10
years in a representative example (Figure 3). These
results suggest that salvage surgery after successful
downstaging leads to better outcomes in patients with
large, unresectable HCC. Therefore, clinicians should
attempt downstaging in these cases using aggressive
treatment and a multimodal strategy and consider
surgical treatment, such as resection or transplant, as
an option if downstaging is successful.
As HCC treatments have been developed, novel
transarterial approaches, such as TACE with drugeluting beads (DEB) or transarterial radioembolization
(TARE), have been introduced. Recent studies have
reported that the use of TACE with DEB leads to better
outcomes compared with conventional TACE in the
[34,35]
treatment of patients with advanced HCC
. In
addition, TARE appears to be safe in the treatment of
more advanced disease, including portal vein invasion
[36,37]
and large HCC
. These modalities were not included
as a treatment option in this study. However, considering
the advantages of these transarterial treatments,
multimodal strategies using these approaches are
also expected to provide benefits to patients with
unresectable HCC, and further prospective studies are
necessary.
This study had some limitations. First, a retro
spective design was used, which could have led to
selection bias. However, we consecutively enrolled
patients during the study period, and there were no
significant differences between the treatment group
and conservative group. Second, the combination
therapies used in the TACE-based treatment group
included heterogeneous modalities, such as sys
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A

B

C

D

E

Figure 3 Representative example of multi-modal treatment. A: A 46-year-old male patient had a large hepatocellular carcinoma measuring 11 cm in diameter in
the right hepatic lobe; B: TACE was performed; C: After 6 sessions of TACE, 7 sessions of PEI, 6 cycles of systemic chemotherapy, and external radiation therapy, the
tumor mass was remarkably reduced; D: After right hepatectomy, 2 cycles of adjuvant chemotherapy were administered. However, two metastatic nodules occurred,
one in each lung without hepatic recurrence at 5 mo after right hepatectomy (arrow); E: Wedge resection for metastatic lung nodules was performed, and no hepatic
and pulmonary recurrences were observed until 12 years after hepatectomy and metastasectomy (arrow). TACE: Transarterial chemoembolization; PEI: Percutaneous
ethanol injection.

temic chemotherapy, RFA, PEI, and radiation th
erapy. Moreover, some patients who achieved
successful downstaging received surgical resection or
transplantation. Although these additional treatments
used in combination with TACE resulted in better
outcomes, this study may have been inherently
biased due to the heterogeneous treatments. Thus,
prospective studies are necessary to resolve this issue.
Third, patients who were treated with sorafenib, which
is a molecular-targeted agent, were not included
in this study. We included a substantial number of
patients with advanced HCC (BCLC stage C). In the
BCLC staging system, sorafenib is recommended as a
[2,3]
first-line option in advanced stage HCC . However,
it was not available during the study period in Korea,
and consequently, it could not be used as a treatment
option in this study. Although sorafenib has been
proven to improve survival in randomized controlled
[38,39]
trials, its therapeutic advantages are modest
.
Thus, many clinical trials of combined loco-regional
treatment and sorafenib have recently been conducted
[25,40]
to improve patient outcome
.
In conclusion, TACE-based treatment in com
bination with other modalities was shown to be safe
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and more beneficial compared with conservative
management in patients with large HCC and preserved
hepatic function. Multimodal treatment was more
effective than that of TACE only, and salvage surgery
after successful downstaging achieved promising
long-term results, suggesting that it is valuable in
the treatment of patients with large, unresectable
HCC. These results should be investigated further by
prospective randomized controlled trials.
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COMMENTS
Background

Hepatocellular carcinoma (HCC) is the sixth most common cancer worldwide
and the third most common cause of cancer mortality. Although the Barcelona
Clinic Liver Cancer staging system has been validated extensively, a
heterogeneous population of patients with intermediate or advanced stage HCC
has consistently raised issues in clinical practice. In addition, because multiple
variables affect the clinical course of HCC, no single treatment strategy can be
applied to all patients.

Research frontiers

Transarterial chemoembolization (TACE) is known to improve the survival of
patients with unresectable HCC, compared to those who receive supportive
treatment. Although TACE is typically contraindicated in advanced HCC patients
with portal vein invasion (PV), it has been suggested that TACE can be safely
performed even in those patients with PV invasion. Therefore, it has been
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used in patients with advanced HCC with PV invasion as a palliative treatment.
However, only a limited number of studies have evaluated the proper treatment
and the efficacy of TACE in cases of large HCCs (> 10 cm).

10

Innovations and breakthroughs

The authors revealed that overall survival and objective tumor response were
significantly better in the TACE-based treatment group than in the conservative
group. After subgroup analysis, survival benefits were observed not only in
the multi-modal treatment group compared with the TACE-only group but also
in the surgical treatment group compared with the loco-regional treatmentonly group. Tumor stage and tumor type were two independent pre-treatment
factors for survival. After adjusting for significant pre-treatment prognostic
factors, objective response, surgical treatment, and multi-modal treatment were
independent post-treatment prognostic factors.

11

12

Applications

In cases of advanced HCC, clinicians should attempt downstaging using
aggressive treatment and a multimodal strategy and consider surgical
treatment, such as resection or transplant, as an option if downstaging is
successful.

Terminology

13

Multimodal treatment is a treatment strategy that combines various techniques,
either as the first-line therapy or as a second-line approach after the failure of a
monotherapy.

14

Peer-review

The authors present an important, retrospective study on the outcome of
TACE in 146 patients with large HCC, defined as > 10 cm tumor diameter.
Most patients underwent multimodal treatment, and a small subgroup could be
downstaged to receive salvage surgery or transplantation.
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METHODS: Fresh-frozen malignant and normal tissues
from 82 Chinese patients with CRC were analyzed for
PUFA composition using gas-liquid chromatography.
The levels of vascular endothelial growth factor
(VEGF), cyclooxygenase-2 (COX-2), prostaglandin
E2 and platelet-derived growth factor (PDGF) were
measured by enzyme-linked immunosorbent assay, and
the levels of VEGF, p53 and Ki-67 were measured by
immunohistochemistry.
RESULTS: In malignant tissue, compared with normal
tissue, the levels of total ω-6 PUFAs (24.64% ± 3.41%
vs 26.77% ± 3.37%, P = 0.00) and linoleic acid (LA)
(15.46% ± 3.51% vs 18.30% ± 2.83%, P < 0.01)
were lower, whereas the levels of total ω-3 PUFAs
(1.58% ± 0.74% vs 1.35% ± 0.60%, P < 0.01) and
dihomo-gamma-linolenic acid (DGLA) (1.32% ± 0.69%
vs 0.85% ± 0.29%, P < 0.01) were signiﬁcantly higher.
The ratios of arachidonic acid (AA)/LA (0.53 ± 0.22 vs
0.42 ± 0.19, P < 0.01) and AA/total ω-6 PUFAs (0.31 ±
0.09 vs 0.27 ± 0.10, P < 0.01) were also signiﬁcantly
higher in malignant tissue. The levels of PDGF (353.10
± 148.85 pg/mL vs 286.09 ± 104.91 pg/mL, P < 0.01),
COX-2 (125.21 ± 70.29 ng/mL vs 67.06 ± 42.22 ng/
mL, P < 0.01) and VEGF (357.11 ± 128.76 pg/mL vs
211.38 ± 99.47 pg/mL, P < 0.01) were also higher in
malignant tissue compared to normal tissue. COX-2
was inversely correlated with LA (R = -0.3244, P <
0.05) and positively correlated with AA/total ω-6 PUFAs
(R = 0.3083, P < 0.05) and AA/LA (R = 0.3001, P
< 0.05). The tissue level of LA was highest in poorly
differentiated tumors (19.9% ± 6.3%, P < 0.05), while
the ratio of AA/ω-3 PUFAs was lowest in these tumors
(10.8 ± 2.6, P < 0.05). In VEGF-positive tumors, the
level of LA was higher (16.2% ± 3.7% vs 13.9% ±
2.7%, P < 0.01), while the AA/ω-3PUFA, AA/ω-6 PUFA,
and AA/LA ratios were lower than in VEGF-negative
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AIM: To investigate the relationship between the
metabolism of polyunsaturated fatty acids (PUFAs) and

WJG|www.wjgnet.com

2405

February 28, 2015|Volume 21|Issue 8|

Yang K et al . Expression profile of PUFAs in CRC

tumors (5.0 ± 1.8 vs 6.7 ± 3.3, 0.30 ± 0.09 vs 0.34 ±
0.09, 0.50 ± 0.21 vs 0.61 ± 0.21, P < 0.01).

have anti-inflammatory and anticarcinogenic effects
on the colon, whereas ω-6 PUFAs [linoleic acid (LA)
and arachidonic acid (AA)], which are found in
commercially popular oils and animal products, have
[7,9,10]
adverse effects
.
We investigated the metabolism of PUFAs and the
correlation with tumor-associated factors in colorectal
tissue and normal tissue obtained from the same CRC
patient. In particular, we investigated the relationship
between PUFA tissue levels and clinicopathologic
parameters of CRC and evaluated their significance
in predicting the outcome of CRC. The identification
of modifiable risk factors for CRC is needed to
develop effective interventions and to expand our
understanding of the disease.

CONCLUSION: The metabolism of PUFAs may play
an important role in the evolution of inflammationdriven tumorigenesis in CRC and may be considered a
potential marker for prognosis.
Key words: Fatty acids; unsaturated; Clinicopathologic;
Colorectal neoplasms; Carcinogenesis
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Colorectal cancer (CRC) is the third most
lethal malignancy worldwide. Both ω-3 and ω-6
polyunsaturated fatty acids (PUFAs) are important
constituents of cell membranes. In this study, we
investigated the relationship between the metabolism of
PUFAs and tumor-associated factors for predicting the
outcome of CRC in Chinese patients. The identification
of modifiable risk factors for CRC is needed to develop
interventions and to expand our understanding of this
disease. This research shows that the metabolism of
PUFAs may play an important role in the evolution of
inflammation-driven tumorigenesis in CRC.

MATERIALS AND METHODS
Subjects

Between September 2010 and September 2011,
radical CRC specimens were obtained from 82 patients.
The study protocol was approved by the Medical Ethical
Committee of Chinese PLA General Hospital. Written
informed consent was obtained from each subject
before inclusion in this study. Patients were eligible
for the study if they had CRC that was histologically
proven, newly diagnosed, and untreated. Exclusion
criteria included a previous history of malignant
disease, previous anti-cancer treatment, and the
presence of diabetes, which was defined as treatment
with insulin, oral antidiabetics, or a special diet. At
the time of the study, patients were hospitalized for
medical tests or to receive anti-cancer treatment such
as surgery, chemotherapy or radiation. Mean alcohol
consumption and smoking behavior over the previous
6 mo were recorded using a questionnaire. Overall, 82
patients were diagnosed with CRC. Of these patients,
31 were female and 51 were male (average age,
60 years; range, 29 to 83 years). This research was
approved and supported by the Chinese PLA General
Hospital and presented no ethical conflicts.

Yang K, Li H, Dong J, Dong Y, Wang CZ. Expression profile
of polyunsaturated fatty acids in colorectal cancer. World J
Gastroenterol 2015; 21(8): 2405-2412 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i8/2405.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i8.2405

INTRODUCTION
Colorectal cancer (CRC), one of the most common
causes of cancer-related deaths in industrialized
countries, is highly correlated with a Western-style
diet characterized by a lower intake of vitamins and
fiber and a higher intake of meats, fats, and ω-6
polyunsaturated fatty acids (PUFAs) relative to ω-3
[1-3]
PUFAs
. PUFAs are of particular interest due to
their potential roles in inflammation-driven colorectal
[4]
carcinogenesis .
Mammals are unable to synthesize ω-3 and ω-6
PUFAs, thus they must be obtained through the diet.
These PUFAs are vital constituents of cell membranes.
The cell membrane fatty acid compositions of both
normal and neoplastic tissues are affected by the
[5]
fatty acid content of the diet , which may affect
membrane properties, such as permeability or lipid
packing, gene expression, transcription factor acti
vity, signal transduction, and the activity of specific
proteins, such as protein kinase C and ornithine
[6-8]
decarboxylase . ω-3 PUFAs [eicosapentaenoic acid
(EPA), docosahexaenoic acid (DHA), and α-linolenic
acid (ALA)], which are found in fish and seed oils,

WJG|www.wjgnet.com

Sample collection

All CRC specimens were macroscopically assessed
from suspected benign and malignant areas. A
scraped cytology specimen was taken for conﬁr
mation of either benign or malignant histology in
each specimen. Colorectal tissue, which otherwise
would have been discarded, was obtained after
surgical resection of the colorectum. Cancerous and
corresponding adjacent normal tissues (at least 5 cm
away from the malignant site) were dissected from
full-thickness colorectal samples weighing 2.0-3.0 g.
Each sample was divided into three parts. One part
was subjected to routine histopathological evaluation,
and the others were immediately frozen in liquid
nitrogen after surgical resection and maintained at
-70 ℃ until ﬁnal analysis.

2406

February 28, 2015|Volume 21|Issue 8|

Yang K et al . Expression profile of PUFAs in CRC
Table 1 Antibodies, working dilutions and sources
Antibody
VEGF
Ki-67
p53

Dilution

Source

1:40
1:100
1:160

Santa Cruz Biotechnology, Inc.
Dako North America. Inc.
Santa Cruz Biotechnology, Inc.

Table 2 Demographic and clinical characteristics of the study
subjects
Clinicopathologic parameter
Sex
Male
Female
Age (yr)
< 60
≥ 60
Location
Colon
Rectum
Tumor size (cm)
<5
≥5
Differentiation degree
High
Middle
Low
Clinicopathological stage
Ⅰ+Ⅱ
Ⅲ+Ⅳ
Lymph node metastasis
Negative
Positive

VEGF: Vascular endothelial growth factor.

Gas-liquid chromatography

Fatty acid methyl esters were prepared according to
[11]
a previously described method . An aliquot of tissue
homogenate (< 50 µL) in a glass methylation tube
was mixed with 1 mL of hexane and 1 mL of 14%
BF3/MeOH reagent. After the sample was blanketed
with nitrogen, the mixture was heated at 100 ℃ for
1 h, cooled to room temperature and methyl esters
extracted in the hexane phase following the addition
of 1 mL of H2O. The samples were centrifuged for
1 min, and the upper hexane layer was removed
and concentrated under nitrogen. Fatty acid methyl
esters were analyzed by gas chromatography using a
fully automated GC-2010 Plus Gas Chromatography
analyzer (SHIMADZU Corporation, Kyoto, Japan). The
chromatography utilized an Omegawax 250 capillary
column (30 m × 0.25 mm I.D.). Peaks were identified
by comparison with fatty acid standards (Nu-chekPrep, Elysian, MN, United States), and the area and
percentage for each resolved peak were analyzed
using a Perkin-Elmer M1 integrator.
The PUFA composition in these tissues was deter
mined by gas-liquid chromatography on a capillary
column. The relative amount of each PUFA (% of total
fatty acids) was quantiﬁed by integrating the area
under the peak and dividing the result by the total
area of all fatty acids.

51
31
38
44
44
38
42
40
24
53
5
35
47
40
42

2%-50%, 3 = 51%-75%, 4 ≥ 75%) in high-power
fields in series from each slice.

Statistical analysis

Descriptive statistics are provided in the cross table.
Significant differences were calculated using Student’s
t-test and the non-parametric t-test. A P value < 0.05
was considered statistically signiﬁcant. The data were
analyzed using the SPSS 17 Software package (SPSS
Inc., Chicago, IL, United States).

RESULTS

Enzyme-linked immunosorbent assay

The demographic and clinical characteristics of the
study subjects are presented in Table 2.

Tissue samples were analyzed for vascular endothe
lial growth factor (VEGF), cyclooxygenase-2 (COX-2),
prostaglandin E2 (PGE-2) and platelet-derived growth
factor (PDGF) expression by enzyme-linked immuno
sorbent assay (MULTISKAN EX PRIMARY EIA V. 2.3)
according to the manufacturer’s instructions.

Characterization of fatty acid distribution in CRC
specimens

The examination of adjacent normal tissue and ca
ncerous tissue from the same subject offers the
possibility of investigating fatty acid distribution within
the same nutritional status. LA is a type of ω-6 PUFA
[12]
that can be converted into AA . Our results show
that cancerous tissue samples, compared with normal
tissue, showed lower levels of total ω-6 PUFAs (24.64%
± 3.41% vs 26.77% ± 3.37%, P < 0.01) and LA
(15.46% ± 3.51% vs 18.30% ± 2.83%, P < 0.01). In
contrast, the ratios of AA/LA (0.53 ± 0.22 vs 0.42 ±
0.19, P < 0.01) and AA/total ω-6 PUFAs (0.31 ± 0.09
vs 0.27 ± 0.10, P < 0.01) were signiﬁcantly higher in
cancerous tissue samples (Table 3), which indicated
that a large amount of LA was converted to AA. AA
consumption is part of an appropriate inflammatory
defense reaction, the goal of which is the restoration

Immunohistochemistry

Immunohistochemistry was performed to study the
expression of VEGF, Ki67 (a well-recognized nuclear
antigen-specific marker of cellular proliferation which
is mainly used to evaluate proliferation activity),
and p53. Immunohistochemistry was carried out
using a streptavidin-labeled peroxidase (SP) kit in
accordance with the manufacturer’s instructions. The
working dilutions and sources are shown in Table 1.
Immunoreactivity was scored based on chromatosis
intensity (0 = no pigmentation, 1 = light yellow, 2 =
buffy, 3 = brown) and distribution, i.e., the percentage
of cell staining (0 = 0%-5%, 1 = 5%-25%, 2 =
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Table 3 Fatty acid composition (by percentage) in colorectal
carcinoma cancerous tissue and adjacent normal tissue
Fatty acid

Adjacent normal Cancerous tissue
tissue

LA (%)
DGLA (%)
AA (%)
Total ω-6 PUFAs (%)
ALA (%)
EPA (%)
DPA (%)
DHA (%)
Total ω-3 PUFAs (%)
ω-6/ω-3PUFAs
AA/LA
AA/ω-6 PUFAs

18.30 ± 2.83
0.85 ± 0.29
7.32 ± 2.73
26.77 ± 3.37
0.09 ± 0.12
0.25 ± 0.17
0.43 ± 0.20
1.11 ± 0.50
1.35 ± 0.60
3.88 ± 0.43
0.42 ± 0.19
0.27 ± 0.10

15.46 ± 3.51
1.32 ± 0.69
7.62 ± 2.48
24.64 ± 3.41
0.10 ± 0.13
0.24 ± 0.18
0.49 ± 0.25
1.33 ± 0.63
1.58 ± 0.74
4.94 ± 0.55
0.53 ± 0.22
0.31 ± 0.09

Table 5 Relationships between fatty acid composition and
tumor-associated factors in colorectal carcinoma tissue

P value
R
P value
AA
R
P value
AA/LA
R
P value
R
ω-6 PUFAs
P value
AA/ω-6
R
PUFAs
P value
LA

0.00
0.00
0.41
0.00
0.32
0.72
0.02
0.00
0.00
0.02
0.00
0.00

Cancerous tissue

P value

PGE2 (pg/mL)
PDGF (pg/mL)
VEGF (pg/mL)
COX-2 (ng/mL)

221.40 ± 100.35
286.09 ± 104.91
211.38 ± 99.47
67.06 ± 42.22

265.93 ± 162.22
353.10 ± 148.85
357.11 ± 128.76
125.21 ± 70.29

0.12
0.01
0.00
0.00

PGE-2: Prostaglandin E2; PDGF: Platelet-derived growth factor; VEGF:
Vascular endothelial growth factor; COX-2: Cyclooxygenase-2.

of a perturbed condition. The present study provides
valuable clues to potential biochemical target sites of
fatty acid distribution in human CRC.

VEGF

-0.3244
0.0316
0.2101
0.1711
0.3001
0.0478
-0.2121
0.1670
0.3083
0.0418

-0.1310
0.3966
0.2663
0.0806
0.1855
0.2280
0.1661
0.2813
0.2007
0.1915

-0.2758
0.0700
0.1299
0.4009
0.1900
0.2167
-0.2373
0.1209
0.2251
0.1418

-0.1495
0.3327
0.2448
0.1093
0.1892
0.2188
0.0394
0.7995
0.2098
0.1717

DISCUSSION

Tumor-associated factors in CRC tissue and
relationships with fatty acids

This study is the first to show that fatty acid profiles
differ between benign and cancerous tissues within
the same CRC patient. In particular, our data show a
relationship between the metabolism of PUFAs and
tumor-associated factors in Chinese CRC patients. We
observed a higher proportion of ω-6 PUFAs (DGLA and
AA), higher levels of PDGF, COX-2 and VEGF, and an
increased ω-6/ω-3 fatty acid ratio in cancerous tissues
compared to adjacent normal tissues. This report may
provide a useful foundation for characterizing PUFA
metabolism in cancerous tissue.
Nutrition plays a significant role in carcinogenesis
and has been recognized as an important environmental
factor. The effects of certain dietary components on
cancer led to the term “chemoprevention,” introduced
[13]
by Sporn et al
in the 1970s to describe the
pharmacologic ability of dietary factors to either inhibit
or promote the development of cancer.
As seen in our results, an increase in LA content
in colorectal tissue was associated with poorly
differentiated tumors (19.9% ± 6.3%, P < 0.05).

As seen in our results, cancerous tissue samples
showed signiﬁcantly higher levels of PDGF (353.10 ±
148.85 pg/mL vs 286.09 ± 104.91 pg/mL, P < 0.01),
COX-2 (125.21 ± 70.29 ng/mL vs 67.06 ± 42.22 ng/
mL, P < 0.01) and VEGF (357.11 ± 128.76 pg/mL vs
211.38 ± 99.47 pg/mL, P < 0.01) than normal tissue
samples (Table 4). COX-2 was inversely correlated with
LA and positively correlated with the ratios of AA/ω-6
PUFA and AA/LA (Table 5).

relationship between PUFA tissue levels and
clinicopathologic parameters in CRC

Tissue levels of AA in patients who were older than 60
years were signiﬁcantly lower than those in younger
patients (0.17% ± 0.09% vs 0.12% ± 0.06%, P =
0.045). In patients with a tumor size < 5 cm, the tissue
level of EPA was signiﬁcantly higher (0.29% ± 0.13%
vs 0.20% ± 0.14%, P = 0.030), whereas the ω-6/ω-3
PUFA ratio was lower (10.8 ± 2.6 vs 13.2 ± 6.4, P =
0.031). In addition, the levels of tissue LA and the ratio
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PDGF

of AA/ω-3 PUFAs differed with the degree of tumor
differentiation (P = 0.013, P = 0.027, respectively);
tissue LA was highest in poorly differentiated tumors
(19.9% ± 6.3%, P < 0.05), while the AA/ω-3 PUFA
ratio was lowest in these tumors (10.8 ± 2.6, P < 0.05).
Tissue LA levels were also higher in VEGF-positive than
VEGF-negative tumors (16.2% ± 3.7% vs 13.9% ±
2.7%, P = 0.009), while the ratios of AA/ω-3PUFA,
AA/ω-6 PUFA, and AA/LA in VEGF-positive tumors
were lower than those in VEGF-negative tumors (5.0
± 1.8 vs 6.7 ± 3.3, P = 0.004; 0.30 ± 0.09 vs 0.34 ±
0.09, P = 0.038; and 0.50 ± 0.21 vs 0.61 ± 0.21, P =
0.030, respectively). In Ki-67-negative tumors, the LA
level was highest (22.5% ± 10.1%, P = 0.048). There
were no significant differences in the levels of PUFAs
according to sex, clinicopathologic stage, lymph node
metastasis or expression of p53 (Table 6).

Table 4 Tumor-associated factors in colorectal carcinoma
cancerous tissue and adjacent normal tissue
Adjacent normal
tissue

PGE2

LA: Linoleic acid; AA: Arachidonic acid; PUFAs: Polyunsaturated fatty
acids; PGE-2: Prostaglandin E2; PDGF: Platelet-derived growth factor;
VEGF: Vascular endothelial growth factor; COX-2: Cyclooxygenase-2.

LA: Linoleic acid; AA: Arachidonic acid; ALA: α-linolenic acid; EPA:
Eicosapentaenoic acid; DHA: Docosahexaenoic acid; PUFAs: Polyunsaturated
fatty acids; DGLA: Dihomo-gamma-linolenic acid.

Tumor-associated
factors

COX2
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1.37 ± 0.78
1.27 ± 0.60

1.18 ± 0.43
1.41 ± 0.78
1.09 ± 0.60

15.3 ± 3.3
15.9 ± 3.8

15.5 ± 4.1
15.6 ± 2.8

15.6 ± 2.6a
15.1 ± 3.3a
19.9 ± 6.3a

44
38

42
40

24
53
5

1.32 ± 0.67
1.33 ± 0.79

0.92 ± 0.82
1.50 ± 0.31
1.93 ± 1.51
1.34 ± 0.56
1.23 ± 0.60

14.9 ± 3.1
16.2 ± 3.8

16.2 ± 3.7a,b
13.9 ± 2.7a,b

22.5 ± 10.1a
15.8 ± 2.7a
16.3 ± 4.5a
15.9 ± 3.1a
15.0 ± 3.1a

15.6 ± 3.7
15.2 ± 4.2
15.2 ± 3.3

40
42

57
23

2
4
6
23
46

32
7
28

1.40 ± 0.84
1.70 ± 0.86
1.27 ± 0.55

1.37 ± 0.83
1.27 ± 0.54

14.9 ± 3.0
16.1 ± 3.8

35
47

1.46 ± 0.85
1.22 ± 0.53

1.30 ± 0.57
1.34 ± 0.82

1.38 ± 0.80
1.27 ± 0.59

15.8 ± 3.4
15.4 ± 3.6

38
44

1.37 ± 0.65
1.24 ± 0.77

DGLA (%)

15.3 ± 2.8
16.1 ± 4.5

LA (%)

51
31

The number
of cases

0.15 ± 0.09
0.18 ± 0.11
0.17 ± 0.11

0.04 ± 0.02
0.19 ± 0.07
0.20 ± 0.11
0.12 ± 0.06
0.15 ± 0.07

0.15 ± 0.07
0.11 ± 0.05

0.13 ± 0.10
0.15 ± 0.09

0.15 ± 0.09
0.14 ± 0.10

0.14 ± 0.06
0.15 ± 0.07
0.15 ± 0.04

0.15 ± 0.07
0.14 ± 0.06

0.25 ± 0.13
0.23 ± 0.12
0.28 ± 0.14

1.02 ± 0.55
0.17 ± 0.07
0.30 ± 0.07
0.28 ± 0.08
0.25 ± 0.16

0.30 ± 0.14
0.23 ± 0.12

0.21 ± 0.13
0.34 ± 0.14

0.21 ± 0.13
0.33 ± 0.18

0.26 ± 0.12
0.26 ± 0.14
0.58 ± 0.20

0.31 ± 0.13
0.24 ± 0.12

0.26 ± 0.15
0.30 ± 0.12

0.23 ± 0.12
0.32 ± 0.16

0.17 ± 0.09a
0.12 ± 0.06a
0.14 ± 0.07
0.15 ± 0.06

0.23 ± 0.13
0.35 ± 0.18

ALA (%)

0.15 ± 0.08
0.13 ± 0.07

AA (%)

0.22 ± 0.13
0.24 ± 0.09
0.26 ± 0.11

0.25 ± 0.11a,b
0.26 ± 0.11a,b
0.36 ± 0.17a,b
0.29 ± 0.13a,b
0.21 ± 0.12a,b

0.26 ± 0.13
0.22 ± 0.11

0.24 ± 0.14
0.25 ± 0.13

0.25 ± 0.13
0.24 ± 0.14

0.55 ± 0.22
0.58 ± 0.27
0.50 ± 0.24

0.31 ± 0.02
0.55 ± 0.16
0.55 ± 0.23
0.50 ± 0.31
0.48 ± 0.23

0.48 ± 0.23
0.52 ± 0.30

0.47 ± 0.25
0.51 ± 0.25

0.52 ± 0.22
0.47 ± 0.27

0.46 ± 0.24
0.51 ± 0.26
0.46 ± 0.14

0.50 ± 0.21
0.48 ± 0.29

0.29 ± 0.13a
0.20 ± 0.14a

0.22 ± 0.12
0.26 ± 0.14
0.23 ± 0.12

0.50 ± 0.29
0.48 ± 0.17

0.50 ± 0.19
0.48 ± 0.24

0.51 ± 0.18
0.47 ± 0.27

DPA (%)

0.23 ± 0.14
0.26 ± 0.15

0.23 ± 0.11
0.25 ± 0.16

0.24 ± 0.11
0.25 ± 0.14

EPA (%)

1.46 ± 0.68
1.32 ± 0.32
1.32 ± 0.67

1.25 ± 0.85
1.79 ± 0.51
1.26 ± 0.89
1.33 ± 0.68
1.32 ± 0.58

1.34 ± 0.53
1.33 ± 0.65

1.32 ± 0.58
1.35 ± 0.69

1.42 ± 0.55
1.27 ± 0.69

1.28 ± 0.72
1.37 ± 0.61
1.24 ± 0.54

1.32 ± 0.49
1.34 ± 0.76

1.37 ± 0.72
1.28 ± 0.53

1.34 ± 0.55
1.33 ± 0.71

1.32 ± 0.56
1.35 ± 0.74

DHA (%)

1.68 ± 0.79
1.56 ± 0.41
1.58 ± 0.82

1.49 ± 1.41
2.04 ± 0.63
1.62 ± 0.97
1.62 ± 0.78
1.53 ± 0.70

1.60 ± 0.64
1.54 ± 0.98

1.55 ± 0.66
1.60 ± 0.82

1.67 ± 0.64
1.51 ± 0.81

1.49 ± 0.80
1.62 ± 0.73
1.47 ± 0.67

1.61 ± 0.59
1.54 ± 0.88

1.61 ± 0.82
1.56 ± 0.65

1.57 ± 0.63
1.58 ± 0.83

1.56 ± 0.65
1.59 ± 0.48

ω-3PUFA
(%)

11.9 ± 6.5
10.8 ± 2.4
11.6 ± 3.9

10.6 ± 1.3
9.9 ± 2.6
12.4 ± 6.2
11.7 ± 3.4
12.1 ± 5.6

11.6 ± 3.7
12.6 ± 7.1

12.5 ± 5.0
11.5 ± 3.6

11.2 ± 3.7
12.6 ± 5.6

13.5 ± 4.9
11.4 ± 3.9
11.4 ± 2.4

10.8 ± 2.6a
13.2 ± 6.4a

12.3 ± 5.9
11.6 ± 3.6

12.0 ± 4.0
11.9 ± 5.7

12.2 ± 5.5
11.6 ± 3.8

ω-6/ω-3
PUFA

5.5 ± 2.7
4.9 ± 1.3
5.4 ± 2.3

3.1 ± 2.5
4.5 ± 1.1
5.3 ± 2.3
5.5 ± 2.5
5.7 ± 2.5

5.0 ± 1.8b
6.7 ± 3.3b

5.7 ± 2.6
5.4 ± 2.2

5.1 ± 1.9
5.8 ± 2.7

6.6 ± 3.2a
5.2 ± 1.9a
4.1 ± 2.0a

5.0 ± 2.0
6.0 ± 2.8

5.6 ± 2.5
5.4 ± 2.4

5.6 ± 2.5
5.5 ± 2.4

5.9 ± 2.7
4.9 ± 1.8

AA/ω-3
PUFA

25.2 ± 2.8
24.6 ± 3.0
24.2 ± 4.3

29.9 ± 1.2
26.2 ± 2.3
25.5 ± 2.2
25.3 ± 2.7
24.1 ± 3.6

25.2 ± 3.0
23.7 ± 3.9

24.3 ± 2.9
25.3 ± 3.6

24.5 ± 3.1
25.0 ± 3.5

25.0 ± 3.0
24.4 ± 3.4
27.9 ± 2.4

24.9 ± 3.5
24.7 ± 3.0

24.6 ± 3.4
25.0 ± 3.1

25.3 ± 2.9
24.4 ± 3.5

24.9 ± 3.0
24.7 ± 3.8

ω-6 PUFA
(%)

0.32 ± 0.09
0.31 ± 0.09
0.30 ± 0.07

0.22 ± 0.28
0.33 ± 0.04
0.28 ± 0.08
0.31 ± 0.09
0.31 ± 0.08

0.30 ± 0.09a
0.34 ± 0.09a

0.32 ± 0.08
0.30 ± 0.09

0.32 ± 0.08
0.30 ± 0.10

0.31 ± 0.09
0.31 ± 0.08
0.25 ± 0.15

0.31 ± 0.10
0.31 ± 0.08

0.32 ± 0.09
0.30 ± 0.09

0.31 ± 0.08
0.31 ± 0.10

0.32 ± 0.10
0.29 ± 0.10

AA/ω-6
PUFA

0.55 ± 0.22
0.55 ± 0.25
0.50 ± 0.19

0.41 ± 0.25
0.56 ± 0.12
0.49 ± 0.28
0.54 ± 0.23
0.53 ± 0.20

0.50 ± 0.21a
0.61 ± 0.21a

0.56 ± 0.23
0.50 ± 0.21

0.56 ± 0.22
0.50 ± 0.22

0.53 ± 0.22
0.54 ± 0.20
0.41 ± 0.32

0.54 ± 0.23
0.51 ± 0.20

0.54 ± 0.22
0.51 ± 0.21

0.53 ± 0.20
0.52 ± 0.23

0.55 ± 0.21
0.49 ± 0.23

AA/LA

P < 0.05, bP < 0.01 between groups. LA: Linoleic acid; AA: Arachidonic acid; ALA: α-linolenic acid; EPA: Eicosapentaenoic acid; DHA: Docosahexaenoic acid; PUFAs: Polyunsaturated fatty acids; VEGF: Vascular endothelial

a

Sex
Male
Female
Age (yr)
< 60
≥ 60
Location
Colon
Rectum
Tumor size (cm)
<5
≥5
Differentiation
degree
High
Middle
Low
Clinicopathologic
stage
Ⅰ+Ⅱ
Ⅲ+Ⅳ
Lymph node
metastasis
Negative
Positive
VEGF
Positive
Negative
Ki-67
+
++
+++
++++
p53
+
++
+++

Clinicopathologic
parameter

Table 6 Relationships between polyunsaturated fatty acid tissue levels and clinicopathologic parameters in colorectal carcinoma
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One explanation for this result is that LA influences
cell cycle progression and cancer-related gene
[14,15]
expression
. Indeed, there are several potential
mechanisms by which fatty acid metabolism may
affect CRC risk.
Three fatty acids comprise the ω-3 PUFAs: ALA,
which is found in vegetables, and EPA and DHA, which
are found mainly in fish oils. The ability of humans to
convert dietary ALA to EPA and DHA is limited and is
[16]
also influenced by the dietary ω-6/ω-3 PUFA ratio .
Lowering the ω-6/ω-3 PUFA ratio is hypothesized
to reduce the risk of CRC, as ω-3 fatty acids inhibit
the production of proinflammatory, ω-6-derived
[7,17-19]
eicosanoids via the cyclooxygenase-2 enzyme
.
Some short-term clinical trials and prospective studies
have shown that ω-3 fatty acids, particularly DHA and
[20-22]
EPA, decrease the levels of both inflammation
[9,10,23]
and rectal cell proliferation biomarkers
. ω-3
PUFAs reduce the risk of colorectal neoplasia through
the modulation of similar mechanisms such as
nonsteroidal anti-inflammatory drugs, which are
[24-26]
strong cyclooxygenase inhibitors
. Our study
demonstrated a higher proportion of ω-6 PUFAs
(DGLA and AA), along with an increased ω-6/ω-3 fatty
acid ratio, in cancerous tissues compared to normal
tissues. According to these results and previous
results, the ratio of ω-6/ω-3 PUFAs may be useful for
the characterization of PUFA metabolism in cancerous
tissue.
Numerous mechanisms have been proposed for
the role of fatty acids in carcinogenesis and include
[7,19]
modulation of inflammation and cell signaling
. Fatty
acid synthase (FASN), a key enzyme in the saturated
fatty acid synthesis pathway, plays an important
role in cancer growth and survival as a metabolic
oncogene, and its overexpression is common in many
[27-29]
cancers
. In terms of fatty acids in tissues, PUFA
compositions are important determinants of the bio
physical properties of cell membranes. In addition, a
large prospective study reported that PUFAs inhibit
[30-32]
some steps in colorectal carcinogenesis
.
AA is the substrate for prostaglandin production
mediated by COX activity. Prostaglandins and COX-2
may facilitate colon cancer progression by stimulating
cell proliferation and survival, tumor cell invasiveness,
[33,34]
and the production of angiogenic agents
. In
colorectal tissue, overexpression of COX-2 is associated
with both the invasiveness and the proliferation of
[35]
malignant cells . VEGF is an essential regulator
of normal and abnormal blood vessel growth; this
factor regulates both vascular proliferation and per
meability and functions as an antiapoptotic factor
for newly formed blood vessels, and its expression
is associated with poor prognosis in several types
of cancer. The function of VEGF in vessel formation
is complemented by PDGF, which also indirectly
[36]
regulates angiogenesis . Clinical and pharmacologic
studies have highlighted the importance of eicosanoids
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and their roles in the occurrence of many cancers ,
and the biosynthesis of eicosanoids depends on the
availability of free AA.
There are some limitations in the current study. The
primary limitation of this study was that the number
of subjects was relatively small. Thus, care must be
exercised in the extrapolation of our findings to larger
populations of CRC patients. Therefore, further studies
with larger samples are needed on this subject.
Our work revealed fatty acid profile differences
between cancerous tissues and adjacent normal tissues,
which suggests that the fatty acid profile of colorectal
tissue is linked to the development of inflammationdriven tumorigenesis and the clinicopathologic para
meters of CRC. Therefore, this study may serve as a
reference to evaluate the prognosis of CRC through
the measurement of PUFAs. These findings provide
additional evidence that dietary fat is associated with
colorectal tumor carcinogenesis.

COMMENTS
COMMENTS
Background

Colorectal cancer (CRC), one of the most common causes of cancer-related
deaths in industrialized countries, is highly correlated with a Western-style diet.
Nutrition plays a significant role in carcinogenesis and has been recognized as
an important environmental factor. Among the studies on environmental factors,
recent reports have focused on dietary factors, such as fatty acid levels, and
their role in CRC. This study stimulates increased interest in the diet as a
modifiable risk factor for cancer. Polyunsaturated fatty acids (PUFAs) are of
particular interest due to their potential role in inflammation-driven colorectal
carcinogenesis.

Research frontiers

Mammals are unable to synthesize ω-3 and ω-6 PUFAs; thus, these PUFAs
must be obtained from the diet. Both ω-3 and ω-6 PUFAs are important
constituents of cell membranes, and the cell membrane fatty acid compositions
of both normal and neoplastic tissues are affected by the fatty acid content of
the diet.

Innovations and breakthroughs

We investigated the metabolism of PUFAs and its correlation with tumorassociated factors in colorectal tissues compared to normal tissues from the
same CRC specimens. In particular, we assessed the relationship between
PUFA tissue levels and clinicopathologic parameters of CRC and evaluated
their significance in terms of patient prognosis. The identification of modifiable
risk factors for CRC is needed to develop effective interventions and to expand
our understanding of the disease.

Applications

These study results suggest that PUFA levels differ between malignant and
benign portions of human radical CRC samples, thus supporting the assumption
that PUFAs are involved in colorectal carcinogenesis.

Terminology

PUFAs: Fatty acids are carbon chains with a methyl group at one end and a
carboxyl group at the other. Saturated fatty acids contain only carbon-carbon
single bonds, whereas unsaturated fatty acids contain one (monounsaturated)
or more (polyunsaturated) carbon-carbon double bonds. The dietary PUFAs
of interest are the ω-3 and ω-6 PUFAs, so named by the position of the first
double bond at the third and sixth carbon from the methyl (u) end, respectively.
PUFAs are biologically important, with roles in phospholipid membrane
structure and function, as well as cellular signaling and lipid metabolism.
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This study investigates the concentration of PUFA in colorectal cancer
specimens. The findings are potentially interesting, but the authors should
significantly improve the writing.
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AIM: To evaluate the feasibility of transjugular intrahepatic
portosystemic shunt (TIPS) for severe jaundice secondary
to acute Budd-Chiari syndrome (BCS).
METHODS: From February 2009 to March 2013, 37
patients with severe jaundice secondary to acute BCS
were treated. Sixteen patients without hepatic venule,
hepatic veins (HV) obstruction underwent percutaneous
angioplasty of the inferior vena cava (IVC) and/or HVs.
Twenty-one patients with HV occlusion underwent
TIPS. Serum bilirubin, liver function, demographic data
and operative data of the two groups of patients were
analyzed.
RESULTS: Twenty-one patients underwent TIPS
and the technical success rate was 100%, with no
technical complications. Sixteen patients underwent
recanalization of the IVC and/or HVs and the technical
success rate was 100%. The mean procedure time
for TIPS was 84.0 ± 12.11 min and angioplasty was
44.11 ± 5.12 min (P < 0.01). The mean portosystemic
pressure in the TIPS group decreased significantly
from 40.50 ± 4.32 to 16.05 ± 3.50 mmHg (P < 0.01).
The mean portosystemic pressure gradient decreased
significantly from 33.60 ± 2.62 to 7.30 ± 2.21 mmHg
(P < 0.01). At 8 wk after the procedures, in the TIPS
group, total bilirubin (TBIL) decreased significantly
from 266.24 ± 122.03 before surgery to 40.11 ± 3.52
μmol/L (P < 0.01) and direct bilirubin (DBIL) decreased
significantly from 194.22 ± 69.82 μmol/L to 29.82
± 3.10 μmol/L (P < 0.01). In the angioplasty group,
bilirubin returned to the normal range, with TBIL
decreased significantly from 258.22 ± 72.71 μmol/L
to 13.33 ± 3.54 μmol/L (P < 0.01) and DBIL from
175.08 ± 39.27 to 4.03 ± 1.74 μmol/L (P < 0.01). Liver
function improved faster than TBIL. After 2 wk, in the
TIPS group, alanine aminotransferase (ALT) decreased
significantly from 50.33 ± 40.61 U/L to 28.67 ± 7.02
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U/L (P < 0.01) and aspartate aminotransferase (AST)
from 49.46 ± 34.33 U/L to 26.89 ± 8.68 U/L (P < 0.01).
In the angioplasty group, ALT decreased significantly
from 51.56 ± 27.90 to 14.22 ± 2.59 μmol/L (P < 0.01)
and AST from 60.66 ± 39.89 μmol/L to 8.18 ± 1.89
μmol/L (P < 0.01). After mean follow-up of 12.6 mo,
there was no recurrence of jaundice in either group.

contraindication for TIPS in patients with liver cirrhosis
[1]
or end-stage liver diseases . However, from February
2009 to March 2013, 21 patients in our single center
underwent TIPS for severe jaundice secondary to acute
BCS and good clinical outcomes were achieved.
Here, we retrospectively review these patients and
compare them with patients with jaundice secondary
to acute BCS that was relieved by percutaneous
angioplasty of the HV and/or IVC during the same
period. We present a single center clinical experience
and discuss the feasibility and effectiveness of treating
severe jaundice secondary to acute BCS with TIPS.

CONCLUSION: Severe jaundice is not a contraindication
for TIPS in patients with acute BCS and TIPS is
appropriate for severe jaundice due to BCS.
Key words: Budd-Chiari syndrome; Jaundice; Transjugular
intrahepatic portosystemic shunt; Interventional therapy;
Percutaneous angioplasty

MATERIALS AND METHODS
Patient data

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Between February 2009 and March 2013, 37 patients
(22 female, 15 male; all from China) were referred to
the Department of Interventional Therapy of Beijing
Shijitan Hospital due to jaundice symptoms, including
severe yellow sclera and film, pruritus, abdominal
discomfort and other features. Three patients also had
massive ascites. All the patients were diagnosed with
acute BCS in the local hospital. The mean age was
39.67 ± 2.74 years. Duration of symptoms ranged
from 5 to 42 d (mean 14.5 ± 7.89 d).
After administration, abdominal computed tomogra
phy (CT), a magnetic resonance imaging of the por
tal vein (Figure 1) and vena cava angiography were
performed on each patient. Occlusion of the IVC or
HVs was confirmed for each patient. Percutaneous
angioplasty of the IVC and/or HVs was performed on
16 (10 female, 6 male) patients without hepatic venule
obstruction. TIPS was performed on the other 21 (12
female, 9 male) patients (2 also had massive ascites)
with occluded hepatic venules (Figure 2). Laboratory
tests, including TBIL, alanine aminotransferase (ALT),
aspartate aminotransferase (AST) and blood ammonia,
were recorded for each patient before the proced
ures. The two groups of patients were compared with
regard to operative and postoperative data. Anti-coa
gulation treatment with warfarin was administered
to both groups of patients after the procedures and
low-molecular-weight heparin was given before the
international normalized ratio reached 2-3.

Core tip: Jaundice with bilirubin > 51.3 μmol/L (3
mg/dL) is a contraindication for transjugular intrahepatic
portosystemic shunt (TIPS) in patients with liver cirrhosis
or end-stage liver disease. However, 21 patients in our
single center underwent TIPS due to severe jaundice
secondary to acute Budd-Chiari syndrome (BCS) and
good clinical outcomes were achieved. We present
a single center clinical experience and discuss the
feasibility and effectiveness of treating severe jaundice
secondary to acute BCS with TIPS.
He FL, Wang L, Zhao HW, Fan ZH, Zhao MF, Dai S, Yue ZD,
Liu FQ. Transjugular intrahepatic portosystemic shunt for severe
jaundice in patients with acute Budd-Chiari syndrome. World J
Gastroenterol 2015; 21(8): 2413-2418 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i8/2413.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i8.2413

INTRODUCTION
Budd-Chiari syndrome (BCS) is a group of disorders
resulting from hepatic venous obstruction at the level
of the hepatic vein (HV), the inferior vena cava (IVC)
or the hepatic venules. The clinical features include
jaundice, digestive discomfort, abdominal distention,
abdominal pain, refractory ascites, hepatosplenomegaly,
portal hypertension, gastrointestinal bleeding, liver
cirrhosis and even liver failure. Patients with acute
BCS rarely benefit from conservative treatment. The
major interventional treatment for BCS is percutaneous
angioplasty of outflow vessels, including the IVC and
HV; however, when all the hepatic venules are occluded,
recanalization of the IVC and HVs did not relieve the
symptoms. Transjugular intrahepatic portosystemic
shunt (TIPS) has been performed since 1992 and good
outcomes have been achieved. Jaundice of acute BCS
is caused by HV occlusion. In the past, jaundice with
total bilirubin (TBIL) > 51.3 μmol/L (3 mg/dL) was a
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TIPS placement technique

The TIPS procedures were performed under local
anesthesia in the Interventional Radiology Suite of
Shijitan Hospital of Capital Medical University. The
Rösch-Uchida Transjugular Liver Access Set (Cook) was
used for each patient. After right jugular venous access
was gained with a 10 F sheath, a 5 F multipurpose
catheter was inserted into the hepatic vein and
angiography was performed. As already stated, 21
patients had occlusion of the hepatic venules. TIPS
was then performed. A TIPS needle was advanced
into the portal vein through the liver parenchyma from
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were summarized as frequencies and continuous
variables as ± standard deviation. P < 0.05 was
considered to be statistically significant.

A

RESULTS
Technique success and hemodynamic changes

In the TIPS group, the procedures were successful
in all 21 patients, with no technical complications. In
the percutaneous angioplasty group, recanalization of
the IVC and/or HVs was successful in all 16 patients.
In the TIPS group, 42 covered stents were deployed
in the patients and four bare stents were used in four
patients to extend the shunt in the portal vein. The
mean operation time of the TIPS group was 84.0
± 12.11 min and the mean procedure time of the
angioplasty group was 44.11 ± 5.12 min (P < 0.01).
Portal vein hypertension was found in all patients and
was improved after TIPS. The mean portosystemic
pressure prior to TIPS placement was 40.50 ± 4.32
mmHg, which decreased significantly to 16.05 ± 3.50
mmHg after the shunt was established (P < 0.01).
The mean PSG prior to TIPS was 33.60 ± 2.62 mmHg
and decreased significantly to 7.30 ± 2.21 mmHg
after the procedure (P < 0.01). Mild-to-moderate
gastroesophageal varices were found in two patients
in TIPS group and were embolized with coils after the
TIPS shunt was formed.

B

Figure 1 Abdominal computed tomography. A and B: Enlargement,
congestion and geographic change of the liver were noted.

the vena cava and the guide wire was placed into the
portal vein through the sheath. Subsequently, the
shunt was dilated with an angioplasty balloon of 8 mm
diameter and a covered stent with a diameter of 8
mm was deployed. If the stent was not long enough,
one or two additional stents were utilized to extend
the length. Portal vein angiography and pressure
measurements were repeated.

Clinical effects

Clinical improvement was seen in both groups of
patients. In the TIPS group, jaundice symptoms were
relieved within 2-8 wk and in the angioplasty group,
the symptoms were relieved within 1-4 wk. Ascites
decreased obviously in both groups of patients within
1-2 wk after the procedure (Figure 3).
At 8 wk after TIPS, TBIL decreased significantly
from 266.24 ± 122.03 μmol/L before surgery to 40.11
± 3.52 μmol/L (P < 0.01) and direct bilirubin (DBIL)
dropped significantly from 194.22 ± 69.82 μmol/L
to 29.82 ± 3.10 μmol/L (P < 0.01). At 8 wk after
angioplasty, bilirubin level returned to normal, with
TBIL decreasing significantly from 258.22 ± 72.71
μmol/L to 13.33 ± 3.54 μmol/L (P < 0.01) and DBIL
from 175.08 ± 39.27 μmol/L to 4.03 ± 1.74 μmol/L (P
< 0.01) (Table 1).
Before the procedures, liver function was abnormal
in 28 patients (18 in the TIPS group and 10 in the
angioplasty group). After the procedures, liver function
improved faster than TBIL. ALT and AST improved
significantly within 1 wk after the procedures and
returned to normal within 2 wk in both groups. At 2
wk after TIPS, ALT decreased significantly from 50.33
± 40.61 U/L to 28.67 ± 7.02 U/L (P < 0.01) and AST
from 49.46 ± 34.33 U/L to 26.89 ± 8.68 U/L (P <
0.01). Two weeks after angioplasty, ALT decreased
significantly from 51.56 ± 27.90 μmol/L to 14.22 ±
2.59 μmol/L (P < 0.01) and AST from 60.66 ± 39.89

Clinical observations

All the patients were under close monitoring during
the perioperative period. Reduction of jaundice was
recorded and laboratory tests were repeated. Com
plications, including abdominal cavity hemorrhage,
acute hepatic failure and hepatic encephalopathy (HE),
were observed during the perioperative period.

Follow-up

Monthly follow-up was planned during the first 6
mo after the procedure and then at 6 mo intervals
thereafter. Clinical observations included reduction of
jaundice, hepatic failure and HE. Abdominal CT was
repeated at each point. Laboratory investigations,
including TBIL, ALT, AST and ammonia, were also
checked at each follow-up point.

Statistical analysis

SPSS for Windows version 17.0 was utilized for data
processing. Statistical analysis with paired sample t
test was used for measurement data. Numerical data
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A

A

B
B

C
C

Figure 2 Transjugular intrahepatic portosystemic shunt. A: Angiography
revealed occluded hepatic venules; B: A guide wire was placed into the
portal vein from the inferior vena cava and the varicose gastric coronary vein
was noted by angiography of the portal vein; C: Transjugular intrahepatic
portosystemic shunt was formed and the gastric coronary vein was embolized.

Figure 3 Coronal scans of magnetic resonance imaging of the portal
vein and abdominal computed tomography of the same patient. A and
B: Magnetic resonance imaging of the portal vein and abdominal computed
tomography revealed liver congestion and massive ascites before transjugular
intrahepatic portosystemic shunt; C: Liver congestion and ascites disappeared
4 wk after the procedure.

to 8.18 ± 1.89 μmol/L (P < 0.01).
Although ammonia level was abnormal in 17
patients (10 in the TIPS group and 7 in the angioplasty
group), no patient had HE after TIPS or percutaneous
angioplasty of the IVC and/or HV. Mean ammonia level
decreased significantly from 50.21 ± 21.17 μmol/L
before the procedures to 39.09 ± 9.90 μmol/L 2 wk
after TIPS (P < 0.01) and from 56.78 ± 18.90 μmol/L
to 26.38 ± 5.19 μmol/L in the angioplasty group (P <
0.01).

follow-up. In the TIPS group, TBIL, ALT, AST and
ammonia were 37.23 ± 3.24 μmol/L, 25.66 ± 4.51 U/L,
22.87 ± 5.15 U/L and 41.56 ± 2.42 μmol/L at 6 mo
follow-up, respectively. In the angioplasty group, TBIL,
ALT, AST and ammonia were 14.55 ± 3.21 μmol/L,
12.64 ± 1.12 U/L, 6.62 ± 2.73 U/L and 18.52 ± 4.91
μmol/L at 6 mo follow-up, respectively. Before surgery,
abdominal CT showed hepatomegaly but the liver
returned to its normal size at 6 mo follow-up.

Follow-up

DISCUSSION

The patients underwent a mean follow-up of 12.6 mo
without loss. No recurrence of jaundice was observed
during follow-up and no stenosis of the recanalization
or TIPS shunt was found. No patients had HE during
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BCS is a group of disorders caused by occlusion
of hepatic venules, HVs and/or conterminous IVC
affecting younger to middle-aged patients (median
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Table 1 Comparison of transjugular intrahepatic portosystemic shunt and angioplasty groups
TIPS group
Before (mean ± SD) After (mean ± SD)
TBIL (μmol/L)
DBIL (μmol/L)
ALT (U/L)
AST (U/L)
Ammonia (μmol/L)

266.24 ± 122.03
194.22 ± 69.82
50.33 ± 40.61
49.46 ± 34.33
50.21 ± 21.17

40.11 ± 3.52
29.82 ± 3.10
28.67 ± 7.02
26.89 ± 8.68
39.09 ± 9.90

Angioplasty group

P value
< 0.01
< 0.01
< 0.01
< 0.01
< 0.01

Before (mean ± SD) After (mean ± SD)
258.22 ± 72.71
175.08 ± 39.27
51.56 ± 27.90
60.66 ± 39.89
56.78 ± 18.90

13.33 ± 3.54
4.03 ± 1.74
14.22 ± 2.59
8.18 ± 1.89
26.38 ± 5.19

P value

P value1

< 0.01
< 0.01
< 0.01
< 0.01
< 0.01

< 0.01
< 0.01
< 0.01
< 0.01
< 0.01

1

Comparison of data after the procedures. ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; DBIL: Direct bilirubin; TBIL: Total bilirubin;
TIPS: Transjugular intrahepatic portosystemic shunt.

age 40 years). The average age of the 21 patients in
our study was 42.64 ± 2.13 years, which was similar
to a previously reported series. The symptoms of BCS
include abdominal pain, jaundice, hepatosplenomegaly,
HE and ascites or gastrointestinal bleeding caused by
portal hypertension, and hepatic failure and cirrhosis
are often also observed. The natural course of BCS
with symptoms is progressive, while congestion caused
by total occlusion of HVs leads to fulminant jaundice,
ascites, hepatic failure and cirrhosis without proper
treatment. In our study, the symptoms of jaundice
progressed rapidly within a few weeks.
Randomized clinical trials of treatment for BCS
are still lacking. Anti-coagulation therapy has been
proved to be sufficient in controlling the liver disease in
cases of mild BCS and is recommended by British and
[2,3]
American guidelines at diagnosis . In the present
study, both groups of patients received anti-coagulation
therapy after the procedures and no internal bleeding
was seen in the perioperative or follow-up periods.
Acute BCS treated with catheter-directed thrombolysis
might be effective for hyperacute thrombosis within 3 d.
Once thrombolytic therapy is given, no interventional
measures should be performed until the drug is
metabolized completely.
Interventional management of patients with BCS
focuses on the relief of hepatic venous outflow tract
obstruction. About 30% of BCS patients present with
stenosis or occlusion of IVC and/or HVs. The efficacy
of percutaneous angioplasty for these patients has
been confirmed. In a retrospective study of one si
[4]
ngle center in China that involved 177 patients ,
the survival rates at 1, 5 and 10 years after the
procedures were 96%, 83% and 73%, respectively.
Active searching for such stenosis or occlusion
following angioplasty is recommended in patients with
symptomatic BCS. Patients with occlusion of both
IVC and HVs require recanalization of both segments.
Stents may be placed when necessary. Transjugular
and transfemoral routes are used in these patients
and in some cases a combined jugular and femoral
approach is utilized. Percutaneous angioplasty of IVC
and/or HVs is frequently practiced in our institute and
the prognosis is favorable. In the present study, the
jaundice decreased significantly in the angioplasty
group and liver function recovered to normal within
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a few weeks after the procedures. Good clinical
outcomes have also been achieved in patients with
other symptoms, including abdominal pain, ascites and
hepatosplenomegaly, after percutaneous angioplasty
of IVC and/or HVs. In patients with asymptomatic
BCS, aggressive management of IVC and/or HVs is still
[1]
debated .
When BCS symptoms cannot be controlled by
angioplasty of the IVC and/or HVs, the next step
should be TIPS. With a relatively good midterm
prognosis, TIPS is now the preferred treatment for
BCS. A 90% of 5-year and 80% of 10-year survival
[5]
can now be achieved after TIPS . The transcaval
approach performed by an experienced doctor is
technically and clinically successful in most patients. In
our single center, > 200 TIPS procedures have been
performed annually since 2009 and the success rate is
> 95%. Meanwhile, with covered stent grafts routinely
applied in TIPS procedures, the patency rates have
clearly increased and in the present study, no stenosis
of the TIPS shunt was found during follow-up.
When dealing with patients with end-stage liv
er disease or advanced cirrhosis, severe jaundice
with bilirubin > 3 mg/dL is a contraindication for
TIPS. Furthermore, pre-TIPS bilirubin level is an in
dependent predictor of 30-d mortality of TIPS and a
1-mg/dL increase above 3.0 mg/dL leads to a 40%
[6]
increased risk of death . Patients with MELD (Model
for End-Stage Liver Disease) score > 18 have a
significantly higher mortality than patients with scores
[7,8]
of ≤ 18
and MELD score is better in predicting
3-mo survival of patients undergoing TIPS than ChildPugh score.
However, patients in the present study had acute
or sub-acute BCS, with mildly abnormal liver function.
Portal hypertension was observed in all patients, with
mild-to-moderate gastroesophageal varices in two
patients, and no advanced cirrhosis was observed.
Although the mean bilirubin of the TIPS group was >
3 mg/dL, a good clinical outcome was achieved. In
other words, severe jaundice with bilirubin > 3 mg/dL
is not a contraindication for TIPS in patients with acute
or sub-acute BCS. In the present study, there was a
significant difference in postprocedural data between
the TIPS and angioplasty groups. However, the data
were close to normal and improved greatly compared
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contraindication for TIPS in patients with acute BCS and TIPS is an appropriate
option for severe jaundice due to BCS. The idea is very interesting and the
article is of great value.

with before TIPS. Thus, we suggest that severe jaundice
due to BCS is an indication for TIPS after unsuccessful
angioplasty of IVC and/or HVs.
The utilization of covered stent grafts has greatly
increased the patency rates after TIPS in patients
with cirrhosis, yet the risk of HE has increased. The
incidence of HE is between 33% and 48% in patients
[9]
with liver cirrhosis at 6 mo after TIPS . Some risk
factors for HE after TIPS have already been mentioned:
age > 60 years, female sex, previous history of HE,
hypoproteinemia, final pressure gradient, basal disease
[10]
severity and shunt diameter . In our previous study
on parallel TIPS shunting in patients with hepatitis
B virus cirrhosis, HE was the major complication
[11]
after the second shunt was established . However,
according to the literature, the risk of HE is relatively
[12]
low after TIPS for BCS, with an incidence of 0-25% .
In the present study, no patient had HE after TIPS.
Nevertheless, we still suggest that treatment for HE
should be given before and after TIPS.
In conclusion, severe jaundice due to acute BCS
can be relieved by TIPS when hepatic venules are
occluded, leading to a satisfactory clinical outcome.
Severe jaundice with bilirubin > 3 mg/dL is not a
contraindication for TIPS in patients with acute BCS.
On the contrary, TIPS is an appropriate option for
severe jaundice due to BCS.
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METHODS: A total of 3769 subjects in Jilin Province
Northeast China were stratified to determine the
potential factors affecting serum ALT and AST levels.
The upper cut-off values of serum ALT and AST
in these subjects were determined using receiver
operating characteristic analysis and their sensitivity
and specificity were evaluated.
RESULTS: Stratification analysis revealed that serum
ALT and AST levels were associated with gender,
alcohol consumption, serum cholesterol and triglyceride
levels, and body mass index. The upper cut-off values
of serum ALT and AST were 22.15 U/L and 25.35 U/
L for healthy men and 22.40 U/L and 24.25 U/L for
healthy women, respectively. The new cut-off values
had a higher sensitivity, but a slightly lower specificity
than the current standards.
CONCLUSION: Our results indicate that the new upper
cut-off values of serum ALT and AST are markedly lower
than current standards and may be valuable for the
evaluation of liver function.
Key words: Alanine aminotransferase; Aspartate ami
notransferase; Upper cut-off value; Northern Chinese
population; Serum alanine aminotransferase and as
partate aminotransferase
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This study examined the potential factors
affecting serum alanine aminotransferase (ALT) and
aspartate aminotransferase (AST) levels in a Chinese
population and determined the upper cut-off values of
serum ALT and AST in these subjects. Serum ALT and
AST levels were found to be associated with gender,

Abstract
AIM: To determine the upper cut-off values of serum
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alcohol consumption, serum cholesterol and triglyceride
levels, and body mass index. The upper cut-off values
of serum ALT and AST were 22.15 U/L and 25.35 U/
L for healthy men and 22.40 U/L and 24.25 U/L for
healthy women, respectively, which are markedly lower
than current standards.

virus (HBV) and hepatitis C virus (HCV) infection are
highly prevalent in China, which can progress to CHB
and CHC, respectively, or even to liver cirrhosis and
hepatocellular carcinoma (HCC). Therefore, it is critical
to re-evaluate the upper cut-off values for the levels
of serum ALT and AST in Chinese for the early and
accurate diagnosis of liver diseases.
In the present study, we evaluated the upper cutoff values of the levels of serum ALT and AST in a
Northeast Chinese population and identified potential
risk factors that affected the values of serum ALT and
AST levels in the diagnosis of liver diseases.

Zhang P, Wang CY, Li YX, Pan Y, Niu JQ, He SM. Determination
of the upper cut-off values of serum alanine aminotransferase
and aspartate aminotransferase in Chinese. World J Gastroenterol
2015; 21(8): 2419-2424 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i8/2419.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i8.2419

MATERIALS AND METHODS
Study population

Data were collected from an epidemiological study
of chronic diseases in Jilin, China from September
2007 to October 2007. The questionnaire-based
study was supervised and assisted by the National
Bureau of Statistics of China. This study questionnaire
was approved by the Ethics Committee of the First
Hospital of Jilin University. A total of 6043 subjects
from local rural and urban areas were included in
the study, of whom 3769 (1798 men and 1971
women) received physical examinations (including
height, body weight, waist circumference, and blood
pressure), B-mode ultrasonography, and blood tests
(liver function tests, routine blood tests, and antihepatitis C virus antibodies (HBsAg, HBsAb, HBeAg,
HBeAb, and HBcAb). The study population had an
average age of 45.0 ± 19.0 years and consisted
predominantly of Han Chinese (n = 3749, 99.5%).
The exclusion criteria included: subjects with hepatic
steatosis; liver cirrhosis; liver enlargement; a history
of HBV or HCV infection; current administration of
medicine and a history of ALT and/or AST levels > 60
U/L; triglyceride (TG) ≥ 1.7 mmol/L; cholesterol ≥ 6.0
mmol/L; low density lipoprotein (LDL) ≥ 4.3 mmol/
L; high density lipoprotein (HDL) < 1.04 mmol/L in
men or < 1.3 mmol/L in women; BMI ≥ 23; alcohol
consumption > 40 g/mo; daily cigarette consumption
> 30. According to the assay results, we excluded
1632 individuals with factors affecting serum ALT and
AST levels. The upper cut-off values of ALT and AST
were evaluated in the remaining 2137 individuals.

INTRODUCTION
Serum alanine aminotransferase (ALT) and aspartate
aminotransferase (AST) levels are two biomarkers
frequently used for the assessment of hepatic diseases.
ALT is predominantly expressed by hepatocytes, while
AST is mainly expressed by both myocardial cells and
hepatocytes. An increase in the levels of serum ALT
and AST usually reflects various degrees of hepatic
injury. As a result, changes in the levels of serum
ALT and AST are useful serological markers for the
diagnosis of hepatic diseases and for the evaluation
of therapeutic efficacy and adverse hepatic effects
[1]
of drug treatment . Therefore, the application of an
optimal upper cut-off value for serum ALT and AST
levels is of particular significance due to their high
clinical relevance.
The levels of serum ALT and AST can be affected
by age, gender, alcohol consumption, body mass
index (BMI), fasting blood glucose, strenuous physical
exercise, dietary and living habits, nutrition, metabolic
[2-5]
status, and drug treatment
. During the past
few decades, social, economic and people’s health
conditions in China have notably changed. However,
since their introduction in the 1950s, the old upper cutoff values for the levels of serum ALT (40 U/L) and AST
(50 U/L) have been used in China without substantial
[1,6-8]
modification
. Due to limited knowledge, the upper
cut-off values for the levels of serum ALT and AST
were established without consideration of various
risk factors. Whether the current upper cut-off values
can accurately reflect healthy liver function in the
Chinese population is questionable. Indeed, these
upper cut-off values have recently been challenged
[3,9,10]
in other countries
. Previous studies have found
that some patients with chronic hepatitis B (CHB) or
chronic hepatitis C (CHC) have persistently normal
levels of serum ALT, but many of them display severe
liver inflammation and fibrosis, as evidenced by
[10,11]
histological examination of biopsied specimens
.
Apparently, the upper cut-off values for the levels of
serum ALT and AST may underestimate the prevalence
of chronic liver diseases. In addition, hepatitis B

WJG|www.wjgnet.com

Methods

Individuals were fasted overnight and their blood
samples were collected, followed by centrifugation to
prepare serum samples. The levels of fasting blood
glucose, serum ALT and AST levels were measured
using specific kits, according to the manufacturers’
instructions (Kehua Bio-Engineering, Shanghai, China).
The levels of serum anti-hepatitis C virus antibodies,
HBsAg, HBsAb, HBeAg, HBeAb, and HBcAb were
determined by ELISA using assay kits from Abbott
(Illinois, United States). Blood cell counts were
performed using an automatic biochemical analyzer
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Table 1 Potential factors affecting the levels of serum alanine aminotransferase and aspartate aminotransferase
Factors

ALT

Gender
Male
Female
Age1
Drinking
No
Previous
Current
Smoking
No
Smoker
HBV
Negative
Positive
HCV
Negative
Positive
BMI
Cholesterol1
LDL1
HDL1
Triglyceride1

Normal
n = 3361

Abnormal
n = 408

OR (95%CI)

1506 (44.8)
1855 (55.2)
46 ± 19

292 (71.6)
116 (28.4)
43 ± 16

1.0
0.32 (0.26- 0.40)
0.98 (0.98-0.99)

2220 (66.1)
53 (1.6)
1088 (32.4)

198 (48.5)
13 (3.2)
197 (48.3)

1.0
2.75 (1.47-5.13)
2.03 (1.65-2.51)

2120 (63.1)
1241 (36.9)

238 (58.3)
170 (41.7)

3234 (96.2)
127 (3.8)
3330 (99.1)
31 (0.9)
22.2 ± 3.91
4.23 ± 1.2
2.90 ± 0.90
1.30 ± 0.40
1.17 ± 0.97

AST
Regression P value
coefficients
2
or χ value

Normal
n = 3677

Abnormal
n = 92

OR (95%CI)

Regression
coefficients
2
or χ value

P value

1739 (47.3)
1938 (52.7)
45 ± 19

59 (64.1)
33 (35.9)
45 ± 16

1.0
0.50 (0.33-0.77)
1.00 (0.98-1.02)

192.1106

< 0.0001

0.03095

0.0891

2371 (64.5)
65 (1.8)
1241 (33.8)

47 (51.1)
1 (1.1)
44 (47.8)

1.0
0.78 (0.11-5.71)
1.79 (1.18-2.71)

120.0163

< 0.0001

342.1254

< 0.0001

-0.09070

0.0017

182.001

< 0.0001

1.0
1.22 (0.99-1.50)

29.8714

< 0.0001

2295 (62.4)
1382 (37.6)

63 (68.5)
29 (31.5)

1.0
0.76 (0.49-1.19)

9.9796

< 0.0001

365 (89.5)
43 (10.5)

1.0
3.00 (2.09-4.31)

55.4066

< 0.0001

3527 (95.9)
150 (4.1)

72 (78.3)
20 (21.7)

1.0
6.53 (3.88-11.01)

62.2821

< 0.0001

399 (97.8)
9 (2.2)
23.67 ± 4.47
4.57 ± 1.22
3.20 ± 0.90
1.30 ± 0.45
1.76 ± 1.66

1.0
2.42 (1.15-5.13)
1.16 (1.13-1.20)
1.42 (1.28-1.56)
1.37 (1.23-1.52)
1.06 (0.90-1.25)
1.24 (1.17-1.30)

10.4863

0.0012

13.3629

0.0003

1.17256
3.01080
2.56544
-0.36483
2.03651

< 0.0001
< 0.0001
< 0.0001
0.5918
< 0.0001

1.0
9.10 (3.91-21.14)
1.07 (1.00-1.14)
1.42 (1.19-1.70)
1.23 (1.05-1.45)
1.24 (1.03- 1.50)
1.14 (1.07-1.22)

0.25393
1.37468
1.16700
1.47788
0.93710

0.0008
< 0.0001
< 0.0001
0.0005
< 0.0001

3644 (99.1)
85 (92.4)
33 (0.9)
7 (7.6)
22.49 ± 3.70 22.81 ± 4.33
4.26 ± 1.20 4.50 ± 1.42
3.00 ± 0.90 3.10 ± 1.10
1.30 ± 0.40 1.40 ± 0.60
1.21 ± 1.05 1.51 ± 1.63

1

Data were expressed as median ± interquartile range in years; HBV positive was defined as HBsAg positive. ALT: Alanine aminotransferase; AST:
Aspartate aminotransferase; BMI: Body mass index.

(7600-010, Hitachi, Tokyo, Japan).

for HBV positive subjects were 25.3% and 11.8%,
respectively; for HBV negative subjects were 10.1%
and 2.0%, respectively; for HCV positive subjects were
22.5% and 17.5% respectively; for HCV negative
subjects were 10.7% and 2.3%, respectively. As
shown in Table 1, serum cholesterol, TG, LDL, BMI,
alcohol consumption, smoking, gender, and hepatic
diseases were associated with the serum levels of
ALT and AST in this population. Furthermore, HDL
levels were positively correlated with serum AST
levels, and serum cholesterol, LDL and TG levels were
positively correlated with serum ALT levels in this
population. In addition, a higher level of serum HDL
was the strongest factor associated with abnormal
levels of serum AST, followed by higher levels of
serum cholesterol, and LDL. Moreover, regular alcohol
consumption was strongly associated with abnormal
levels of serum ALT and AST in this population.

Statistical analysis

Statistical analysis was performed with SPSS 17.0 for
Windows. All data were tested for their distribution.
Normally distributed data are presented as mean ±
standard derivation (SD), and non-normally distributed
data are presented as median ± interquartile range
(IQR). The association between the levels of serum
ALT and AST levels and factors, including gender,
age, alcohol intake, exercise, smoking, cholesterol,
TG, LDL, blood glucose, and BMI, was analyzed using
the Kruskal-Wallis test for categorical data and linear
regression analysis for continuous data. The upper
cut-off values of serum ALT and AST levels were
determined using the ROC curve. The old and new
upper cut-off values of ALT and AST levels in this
2
population were analyzed using the χ test. A P value
less than 0.05 was considered statistically significant.

Results in men

Upper normal limits for the levels of serum ALT and
AST in men: The areas under the receiver operating
characteristic (ROC) curve of ALT and AST were 0.94
and 0.80, respectively (Figure 1, Table 2), which were
statistically different from A = 0.5 (ALT: P < 0.05;
AST: P < 0.05). The upper normal limit for the level
of serum ALT was 22.15 U/L with a sensitivity of 0.89
and a specificity of 0.86. The upper normal limit for the
level of serum AST was 25.35 U/L with a sensitivity of
0.85 and a specificity of 0.81 (Table 3).

RESULTS
Potential factors affecting serum ALT and AST levels

In this study, abnormal rates of serum ALT and AST
levels in males were 16% and 3.3%, respectively.
The abnormal rates in females were 5.9% and 1.7%,
respectively; the rates of ALT and AST abnormalities
in drinkers (alcohol consumption > 40 g/mo) were
15.3% and 3.4%, respectively. The abnormal rates
in non-drinkers were 8.2% and 1.9%, respectively;
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1.00

Table 3 Upper normal limits of the levels of serum alanine
aminotransferase and aspartate aminotransferase

Sensitivity

0.75

Source of the
curve

0.25

Area

Men

0.94 0.01 < 0.05
0.80 0.01 < 0.05
0.90 0.006 < 0.05
0.84 0.008 < 0.05

ALT
AST
Women ALT
AST

0.50

SE

P

Gender

Sensitivity Specificity
0.89
0.85
0.90
0.85

Upper
normal limit

0.86
0.81
0.82
0.80

22.15
25.35
22.40
24.25

ALT: Alanine aminotransferase; AST: Aspartate aminotransferase.

Reference line
AST

1.00

ALT

0.00
0.00

0.25

0.50
0.75
1.00
1-Specificity
Diagonal segments are produced by ties

0.75

Sensitivity

Figure 1 Receiver operating characteristic curve of the levels of alanine
aminotransferase and aspartate aminotransferase in men. ROC: Receiver
operating characteristic; ALT: Alanine aminotransferase; AST: Aspartate
aminotransferase.

0.50
Source of the
curve

0.25

Reference line

Table 2 Comparison between the new cut-off values and the
old standards in men

ALT

AST

Standard

Sensitivity (%)

Specificity (%)

P

Old

42.23

94.52

< 0.01

New

88.76

84.55

< 0.01

Old

40.21

95.53

< 0.01

New

84.32

82.15

< 0.01

AST
ALT

0.00
0.00

0.25

0.50
0.75
1.00
1-Specificity
Diagonal segments are produced by ties

Figure 2 Receiver operating characteristic curve of the levels of alanine
aminotransferase and aspartate aminotransferase in women. ROC:
Receiver operating characteristic; ALT: Alanine aminotransferase; AST:
Aspartate aminotransferase.

ALT: Alanine aminotransferase; AST: Aspartate aminotransferase.

DISCUSSION

Comparison of the new cut-off values with the
current standards for the levels of serum ALT
and AST in men: The new cut-off values for the levels
of serum ALT and AST had slightly lower specificity, but
much higher sensitivity than that of current standards
(Table 2).

The levels of serum ALT and AST are the most co
mmonly used serological markers for the evaluation of
hepatic diseases. However, a number of recent studies
have challenged the currently used cut-off values for
the levels of serum ALT and AST due to the presence
of normal or near normal levels of serum ALT and
[3,9,10,12]
AST in patients with chronic liver diseases
. The
goal of CHB treatment is to reduce viral replication,
subsequently decrease liver inflammation, fibrosis, and
the risk of developing cirrhosis and HCC. Treatment
guidelines for initiating treatment are based on the
presence of active liver inflammation or elevated
[13,14]
serum levels of liver transaminases
. According
to the current upper normal limits for the levels of
serum ALT, although 40% of HBeAg-positive patients
had persistently normal serum ALT levels they had
[15]
significant liver fibrosis on liver biopsy . In another
study, 35% of adult (> 35 years) HBeAg-positive
patients had normal levels of serum ALT, but they
[16]
already had advanced liver fibrosis . Therefore, disease
activity in patients during the immune tolerance phase
may be erroneously judged by assessing HBV DNA and
[15,17]
serum ALT levels alone
. In a retrospective study
of 192 CHB patients, it was found that 37% of patients
with significant hepatic fibrosis and inflammation had

Results in women

Upper normal limits for the levels of serum ALT
and AST in women: The areas under the ROC curve
of the levels of serum ALT and AST in women were
0.90 and 0.84, respectively (Figure 2), which were
statistically different from A = 0.5 (ALT: P < 0.05; AST:
P < 0.05). The upper normal limit of the level of serum
ALT was 22.4 U/L with a sensitivity of 0.90 and a
specificity of 0.82. The upper normal limit of the level
of serum AST was 24.25 U/L with a sensitivity of 0.85
and a specificity of 0.80 (Table 3).
Comparison of the new cut-off values with the
current standards for the levels of serum ALT
and AST in women: The new cut-off values for
the levels of serum ALT and AST had slightly lower
specificity, but much higher sensitivity than that of
current standards (Table 4).
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ALT and AST were 22.4 U/L and 24.25 U/L for women
and 22.15 U/L and 25.35 U/L for men, respectively.
The marked discrepancies between the currently used
upper normal limits of the levels of serum ALT and AST
and the new values we described may be explained by
the fact that many “healthy” individuals in the initial
ALT studies may have had abnormal liver function,
such as alcohol-related liver disease or nonalcoholic
[20]
fatty liver disease . Our findings support the notion
that high levels of plasma TGs and cholesterol, high
BMI, and regular alcohol consumption were associated
with increased levels of serum ALT and that the former
three are associated with the development of nonalcoholic liver diseases.
We found that the levels of serum TGs were corre
lated with the levels of serum ALT and AST. These
findings were consistent with previous studies showing
that higher levels of serum ALT and AST are associated
[2,4,5,12,21]
with the development of metabolic syndrome
.
For example, in a recent Chinese study, which evaluated
the relationship between the levels of serum ALT and
metabolic syndrome (MS) in patients with nonalcoholic
fatty liver disease, a strong association between serum
ALT levels and MS was identified and the cluster of MS
components was suggested to be the predictor for ALT
[21]
elevations .
However, we recognize that our study had limi
tations. First, this study did not consider the potential
effects of occupation and environment on the reference
values for the levels of serum ALT and AST. Second,
it is possible that some subjects with liver diseases
were not identified using B-mode ultrasonography on
physical examination. Moreover, information regarding
family and medical histories of individual subjects
was simply obtained from the questionnaires, and
accordingly, might not be accurate.
In summary, our data showed that the upper
normal limits for the levels of serum ALT and AST were
significantly lower than the currently used values.
Further studies are necessary for the establishment of
new reference ranges of the levels of serum ALT and
AST for the evaluation of liver function in the clinic.
In addition, given the strong gender effect on
the levels of serum ALT and AST, we suggest that
new upper normal limits of ALT and AST need to
be determined for both men and women. In our
future study, we will increase the sample size and
include cohorts from different geographical areas,
to ensure that our results are more reliable and will
provide important evidence for the prevention and
management of liver disorders.

Table 4 Comparison between the new cut-off values and the
old standards in women

ALT
AST

Standard

Sensitivity (%)

Specificity (%)

P

Old
New
Old
New

58.12
92.45
49.15
84.62

96.52
85.25
92.75
80.34

< 0.01
< 0.01
< 0.01
< 0.01

ALT: Alanine aminotransferase; AST: Aspartate aminotransferase.

persistently normal levels of serum ALT and these
patients with higher than normal levels of serum ALT (>
[18]
25 U/L) had been recommended for a liver biopsy .
A large prospective study of 142055 subjects in South
Korea showed that the mortality rate of patients with
ALT levels close to the normal upper limit (30-39 IU/L)
was higher than those with lower ALT levels (20-29 IU/
[9]
L) . This finding suggests that the normal upper limit
of the levels of serum ALT should be reduced by 25%.
Establishment of new criteria for determination of the
upper normal limits for serum ALT and AST levels may
increase the sensitivity for the evaluation of chronic
hepatitis, and help evaluate disease progression. It will
also help patients receive anti-viral therapy at an early
stage, reduce the needs for unnecessary liver biopsy,
decrease diagnostic risks and costs, and increase
patients’ tolerance.
Similarly, a recent Israeli study also showed that
the levels of serum ALT in healthy subjects were lower
[4]
than those commonly used . In addition, an Iranian
study assessing the upper normal limit of the levels of
serum ALT in 1928 randomly recruited subjects found
that individuals with normal body weight and without
diabetes had significantly lower levels of serum ALT
than those in the whole study population, suggesting
a new cut-off value for the level of serum ALT to truly
distinguish healthy subjects from those with abnormal
[6]
liver function . Likewise, another study in Brazil
recommended that the normal upper limit of the level
of serum ALT should be reduced to half the present
standard for hepatitis C patients in need of chronic
[19]
hemodialysis .
In agreement with the previous findings, our study
of 2137 healthy subjects found that the upper normal
limits of the levels of serum ALT and AST were markedly
lower than the current standards after adjusting for
potential confounders.
Further analysis revealed that the specificities of
the cut-off values for the levels of serum ALT and
AST were slightly lower than those of the current
standards, but the sensitivities of the new cut-off
values were significantly higher than those of the
current standards. Therefore, the new cut-off values
were better than the current standards.
Our study also found that abnormal levels of serum
ALT and AST commonly occurred in men. We stratified
the healthy subjects according to gender and found
that the upper normal limits of the levels of serum

WJG|www.wjgnet.com
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AIM: To report the incidence and potential risk factors
of small-volume chylous ascites (SVCA) following
laparoscopic radical gastrectomy (LAG).
METHODS: A total of 1366 consecutive gastric cancer
patients who underwent LAG from January 2008 to
June 2011 were enrolled in this study. We analyzed the
patients based on the presence or absence of SVCA.
RESULTS: SVCA was detected in 57 (4.17%) patients,
as determined by the small-volume drainage (range,
30-100 mL/24 h) of triglyceride-rich fluid. Both uni
variate and multivariate analyses revealed that the total
number of resected lymph nodes (LNs), No. 8 or No.
9 LN metastasis and N stage were independent risk
factors for SVCA following LAG (P < 0.05). Regarding
hospital stay, there was a significant difference
between the groups with and without SVCA (P < 0.001).
The 3-year disease-free and overall survival rates
of the patients with SVCA were 47.4% and 56.1%,
respectively, which were similar to those of the patients
without SVCA (P > 0.05).
CONCLUSION: SVCA following LAG developed
significantly more frequently in the patients with ≥ 32
harvested LNs, ≥ 3 metastatic LNs, or No. 8 or No. 9
LN metastasis. SVCA, which was successfully treated
with conservative management, was associated with a
prolonged hospital stay but was not associated with the
prognosis.
Key words: Gastric cancer; Laparoscopic gastrectomy;
Small volume; Chylous ascites
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a result of the low incidence of CA, as well as the lack
of a clear definition of CA following LAG. To date, little
is known about the incidence, clinical symptoms or risk
factors of atraumatic CA following this particular type
of surgical intervention.
We observed that most cases of abdominal chylous
leakage following LAG ranged from 30 to 100 mL/d.
Thus, for the first time, we defined these cases as
“small-volume chylous ascites (SVCA)”. The occurrence
of postoperative SVCA can cause fever, abdominal
pain, abdominal distension, abnormal white blood
cell (WBC) count and delay in the withdrawal of the
abdominal drainage tube. Even more serious, improper
treatment will lead to celiac infection and abdominal
bleeding, which results in prolonged hospitalization and
increased costs. Therefore, we conducted the current
study to evaluate SVCA following LAG in a large
population, with the aim of detecting its incidence and
identifying the potential risk factors for its onset and
determining the appropriate treatment.

Core tip: Postoperative chylous ascites (CA) following
abdominal surgery is uncommon. Laparoscopic radical
gastrectomy (LAG) has been increasingly used as a
promising approach to manage gastric cancer. However,
in the field of LAG surgery, no large studies have been
conducted focusing on postoperative CA. Therefore, we
conducted the current study to evaluate the incidence,
management, and predisposing factors of CA, as well
as the impact of CA on outcomes after LAG. This is
the first study to evaluate SVCA after LAG in a large
population with the aim of identifying the potential risk
factors for its onset and determining the appropriate
treatment.
Lu J, Wei ZQ, Huang CM, Zheng CH, Li P, Xie JW, Wang JB,
Lin JX, Chen QY, Cao LL, Lin M. Small-volume chylous ascites
after laparoscopic radical gastrectomy for gastric cancer: Results
from a large population-based sample. World J Gastroenterol
2015; 21(8): 2425-2432 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i8/2425.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i8.2425

MATERIALS AND METHODS
Patients

One group of surgeons performed 1366 LAG proce
dures at the Fujian Medical University Union Hospi
tal between January 2008 and June 2011. All data
were prospectively collected in a database and retro
spectively analyzed. The pathological tumor depth,
nodal status, and curability of surgery were assigned
according to the American Joint Committee on Cancer
[11]
(AJCC) classification system . The histological type
was classified according to the Japanese Gastric Cancer
[12]
Association (JGCA) classification system , in which
tubular adenocarcinoma and papillary adenocarcinoma
are defined as differentiated adenocarcinoma, and
poorly differentiated adenocarcinoma, signet-ring cell
carcinoma, and mucinous adenocarcinoma are defined
[13]
as undifferentiated adenocarcinoma . The median
number of resected LNs was 32 per patient.
The patient characteristics and the pathological
and surgical findings were collected from our data
base records and individual patient electronic medical
records. Data collection and analysis were approved
by the Institutional Review Board of the Fujian Medical
University Union Hospital. The clinical and pathological
data of the SVCA and non-SVCA groups are summarized
in Table 1.

INTRODUCTION
Chylous ascites (CA), which was first reported by
[1]
Morton in 1694 , is a rare form of ascites characterized
by a milky fluid that contains high levels of trig
lycerides. In a cohort of 1103 patients undergoing
abdominal surgery, the incidence of postoperative CA
[2]
was only 1.1% . In addition to oncologic abdominal
[2]
surgery ,CA can also occur following abdominal
[3]
[4]
aortic surgery and donor nephrectomy . Following
retroperitoneal lymphadenectomy for testicular cancer,
[5]
the incidence was reported to be as high as 7% .
Because chyle consists of lymphatic fluid enriched
with triglycerides, lymphocytes and immunoglobulins,
CA presents challenges for treatment and can have
metabolic consequences; massive and prolonged
chyle leaks may induce infection, malnutrition and
[6]
immunodeficiency .
Gastric cancer is one of the most common mali
gnant tumors worldwide, particularly in Asia, including
[7]
[8]
China . Since 1991 , laparoscopic radical gastrectomy
(LAG) has been increasingly used as a promising
approach to manage gastric cancer because of its
minimal invasiveness and its potential to successfully
[9,10]
treat patients with lymph node (LN) metastasis
.
Although LAG has recently been accepted as a safe
and effective surgical treatment for gastric cancer, no
report has focused on CA after LAG. The aim of this
study was to determine the incidence, risk factors and
management of CA following LAG. The lack of data is

WJG|www.wjgnet.com

Operation

All patients voluntarily chose laparoscopic surgery
and underwent a D2 lymphadenectomy, as described
[12]
by the JGCA . All operations were completed by
the same experienced group of surgeons (i.e., they
have successfully performed more than 500 LAG
procedures).
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RESULTS

Table 1 Clinical manifestations of small-volume chylous
ascites following laparoscopic radical gastrectomy

Incidence

During the study period, 1366 patients underwent
LAG, and 57 patients developed SVCA (4.17%). In the
SVCA group, 43 patients (75.4%) were male, and 14
patients (24.6%) were female. The average age of the
SVCA patients was 63.60 ± 9.344 years (range, 12-80
years). SVCA was diagnosed at a median of 5 d (range,
3-9 d). The median volume of drain output of CA was
60 mL/d (range, 30 -100 mL/d).

n (%)

Symptom
Abnormal blood leukocyte increase
Abdominal pain
Fever
Abdominal distension
Abdominal bleeding

54 (94.7)
40 (70.1)
20 (35.1)
19 (33.3)
2 (3.51)

Definition

CA is defined as the extravasation of milky or creamy,
triglyceride-rich peritoneal fluid from the thoracic or
[6,14]
intestinal lymphatic vessels in the abdominal cavity
.
There has been no unified standard for CA following
[15-17]
gastrectomy to date
. In this study, we additionally
defined SVCA as follows：(1) a drain output with milky
appearance that is concurrent with the initiation of
enteral feeding, with a long-chain triglyceride (TG)
[18]
concentration > 1.2 mmol/L ; (2) a range of CA
drainage equal to 30-100 mL/d; and (3) pancreatic
and anastomotic leakages were excluded. The time to
onset was the interval between the completion of the
operation and the appearance of SVCA, as confirmed
by clinical detection. SVCA was determined to have
resolved when a patient no longer required active
treatment for CA and tolerated a regular diet without
abdominal distention or pain related to abdominal
distension, and the abdominal drainage was removed.

Clinical symptoms and treatments

An abnormal blood leukocyte increase and abdominal
pain were the most common clinical manifestations,
as shown in Table 1. The treatment of SVCA is pri
marily conservative: (1) an unobstructed abdominal
drainage tube should be maintained. If the drainage
tube has been removed prior to the occurrence of
SVCA, the tube should be repositioned; if the SVCA
originates from the abdominal compartment, CTguided paracentesis and tube insertion should be
performed; (2) a high-protein, low-fat diet containing
medium-chain triglycerides is recommended; (3) total
parenteral nutrition may be appropriate if the patient
is unable to tolerate the diet; and (4) somatostatin is
another useful form of conservative management. The
average hospital stay of the SVCA patients was 25.14
± 15.69 d (range, 13-40). The cure rate was 100%.
There were no perioperative deaths (algorithm shown
in Figure 1).

Follow-up

The patients were followed from the date of surgery
until June 30, 2014 or until death, with the exception
of 132 patients who had their final follow-ups between
September 31, 2008 and July 30, 2013 and were
censored on the last day of the follow-up. The followup period for survivors ranged from 1 to 80 mo, with a
median of 41 mo.

Statistical analysis

Univariate analysis of risk factors for SVCA

As shown in Table 2, the univariate analysis reve
aled that preoperative anemia, preoperative hypoa
lbuminemia, N stage and the number of resected
LNs were associated with the development of SVCA
following LAG. However, the baseline characteristics
(age, gender), tumor size, tumor location, depth of
tumor invasion, histological classification, type of
surgery and operative time were not significantly
different between the groups (P > 0.05).

2

All data were analyzed using χ and Student’s t-tests.
All statistically significant variables identified in the
univariate analysis were included in the multivariate
survival analysis using a Logistic hazards model.
The 3-year overall survival rate, 3-year disease-free
survival rate and 95% confidence intervals (CIs)
were calculated using the Kaplan-Meier method.
Deaths from any other causes and the patients’
lost to follow-up were treated as censored data for
the survival analysis. The log-rank test was used to
detect the differences in the survival curves of the
different subgroups. For all analyses, the P values
were two-sided, and only P < 0.05 was considered to
be significant. All statistical analyses were performed
using the SPSS software (the Statistical Package for
the Social Sciences, Version 17.0, SPSS Inc., Chicago,
IL, United States).
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Relationship between SVCA and the status of regional
LNs

The No. 8 and No. 9 LN metastasis rates of the SVCA
group were significantly higher compared with the
non-SVCA group, regardless of the surgical style (P
< 0.05). However, no significant differences were
observed in the rates of No. 1, No. 2, No. 3, No. 4, No. 5,
No. 6, No. 7, No. 10, No. 11 or No. 12a LN metastasis
in the SVCA and non-SVCA groups (P > 0.05) (Table 3).

Multivariable analysis of risk factors for SVCA

Multivariable regression analysis demonstrated that
No. 8 and No. 9 LN metastasis, N stage and the
number of resected LNs were independently associated

2427

February 28, 2015|Volume 21|Issue 8|

Lu J et al . SVCA after laparoscopic gastrectomy
Milky appearance of
peritoneal fluid,30-100 mL/d
Measure TG level in ascites
TG ≥ 1.2 mmol/L

SVCA
> 50 mL/d

≤ 50 mL/d

Octreotide, abdominal
drains, MCT, low-fat diet

Abdominal drains,
MCT, low-fat diet

Repeat
≤ 10 mL/d

≤ 50 mL/d or
> 50 mL/d + TG < 1.2

> 50 mL/d + TG ≥ 1.2

Normal diet
Removal of drain

Once the patient has fever or abdominal pain, angiography or CT should be
conducted timely; if necessary, antibiotics or paracentesis is administered

Figure 1 Algorithm for the treatment of small-volume chylous ascites after laparoscopic radical gastrectomy. TG: Triglycerides; MCT: Medium-chain
triglyceride; SVCA: Small-volume chylous ascites; LAG: Laparoscopic radical gastrectomy.
Total gastrectomy
Lymph node status
N0
N1
N2
N3
Resected LNs (n)
Operative time (min)

Table 2 Comparison of the variables of patients with and
without small-volume chylous ascites, according to a univariate
analysis
Characteristic

SVCA
(n = 57)

Gender
Male
43
Female
14
Age (yr)
63.60 ± 9.344
Preoperative anemia
Present
26
Absent
31
Preoperative hypoproteinemia
Present
22
Absent
35
Tumor size (cm)
≥5
26
<5
31
Tumor location
Upper
12
Middle
18
Lower
20
Diffuse
7
Histology
Differentiated
24
Undifferentiated
33
Tumor depth
T1
15
T2
6
T3
13
T4
23
Surgical management
Distal gastrectomy
28

WJG|www.wjgnet.com

No SVCA
(n = 1309)

P value
0.963

991
318
61.18 ± 11.346

29

706
0.004

12
480
9
195
16
201
20
433
35.12 ± 13.691 31.35 ± 11.494
201.12 ± 66.076 192.24 ± 84.062

0.045
0.430

SVCA: Small-volume chylous ascites.

0.091
0.013

with SVCA following LAG (P < 0.05, Table 4).

395
914
0.012

Postoperative recovery

314
995

There were no significant differences in the post
operative anal exhaust time, postoperative first feed
ing time, or white blood cell (WBC) count on the first
postoperative day and discharge day in the patients with
SVCA compared with the patients without SVCA (P >
0.05). Overall, the hospital stay was significantly longer
for the patients with SVCA (P < 0.05). In addition, the
WBC counts on postoperative days 3, 5, and 7 in the
SVCA group were significantly higher compared with
the non-SVCA group (P < 0.05) (Table 5).

0.735
627
682
0.179
303
283
609
114
0.911
599
710
0.690

Prognostic analysis

319
147
388
455

Of the 1366 patients, 1234 (90.3%) were followed.
The median follow-up period was 41 mo (range, 1-80
mo). The 3-year overall survival rates for the patients
with or without SVCA were 56.1% and 60.8%, res

0.481
603
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Table 3 Correlation between small-volume chylous ascites
and perigastric lymph nodes metastasis (n )
P value

LADG
SVCA
No. 1
+
No. 2
+
No. 3
+
No. 4
+
No. 5
+
No. 6
+
No. 7
+
No. 8
+
No. 9
+
No. 10
+
No. 11
+
No. 12a
+
-

No SVCA

LATG
SVCA

31
581
/
/

221
391

6
13

168
444

4
15

91
521

5
33

138
559

8
30

153
544

/

0.115
18
20

420
277

15
23

201
496

1
37

79
618

0.161

0.458

0.093

0.353
190
422

1
18

67
545

7
12

96
516

6
13

78
534

/
/

/
/

2
17

59
553

15
4

450
162

Resected LNs (n)
(≥ 32 vs < 32)
No. 8 metastasis
(positive vs negative)
No. 9 metastasis
(positive vs negative)
Preoperative anemia
(present vs absent)
Preoperative hypoproteinemia
(present vs absent)
N stage
N1 vs N0
N2 vs N0
N3 vs N0

0.896

0.692

4
15

Factor

0.314

0.948
7
12

P value

No SVCA

0.969
1
18
/
/

Table 4 Multivariable analysis of the factors associated with
the development of small-volume chylous ascites

119
578

9
29

200
497

9
29

285
412

32
6

240
457

5
33

167
530

5
33

165
532

21
17

459
238

0.431

2.069

1.187

3.605

0.039

2.102

1.037

4.261

0.000

4.019

2.011

8.030

0.486

1.247

0.67

2.321

0.076

0.566

0.302

1.062

0.000
0.053
0.000
0.000

1.519
5.194
7.342

0.688
2.244
2.774

7.426
12.021
19.431

0.035

0.017

Factor
0.000

/

0.134

0.579

SVCA
(n = 57)

Postoperative anal exhaust (d)
Postoperative food intake (d)
Postoperative hospital stay (d)
WBC count (POD1, × 109/L)
WBC count (POD3, × 109/L)
WBC count (POD5, × 109/L)
WBC count (POD7, × 109/L)
WBC count (discharge)

0.126

0.898

0.182

3.54 ± 1.283
4.19 ± 2.326
25.14 ± 15.693
12.5 ± 3.8
15.2 ± 2.4
17.6 ± 4.7
16.2 ± 5.8
8.1 ± 1.5

No SVCA
P value
(n = 1309)
3.54 ± 1.343
0.963
4.62 ± 1.772
0.078
13.11 ± 5.894 < 0.001
13.1 ± 4.8
0.376
12.2 ± 3.6
0.023
11.6 ± 2.2
0.018
10.9 ± 3.1
0.013
7.3 ± 2.2
0.541

POD: Postoperative day; SVCA: Small-volume chylous ascites.

the diagnostic criteria, epidemiology, onset features,
treatment strategies and prognostic impact of CA
following LAG remain unclear. To the best of our
knowledge, this study is the first to examine the
risk factors for CA in gastric cancer following LAG,
and it provides the first indication of the incidence
of this condition. Our data indicated that the volume
of CA following LAG ranged from 30 to 100 mL per
day, which was defined as SVCA. In this study, the
incidence of SVCA was 4.17%.
In most patients, the symptoms of postoperative
CA develop a few days to 1 mo following surgery
[9]
but most commonly after approximately 1 wk . The
clinical presentation and findings from the physical
examination of CA are frequently nonspecific and
include abdominal distention, indigestion, nausea, and
[22,23]
vomiting
. However, other authors have suggested
that CA can lead to life-threatening conditions, such
[24]
as sepsis, severe respiratory distress and death . In
our patients, SVCA developed on day 1 or 2 following
the initiation of oral food intake; these symptoms
were mild and may have resolved without surgical
treatment. The most common clinical manifestations of
SVCA include an abnormal WBC count and abdominal

LADG: Laparoscopic-assisted distal gastrectomy; SVCA: Small-volume
chylous ascites; +: Positive; -: Negative.

pectively (P > 0.05, Figure 2A). The 3-year diseasefree survival rates were 47.4% and 51.4% in the SVCA
and no-SVCA patients, respectively, and this difference
was also not significant (P > 0.05, Figure 2B).

DISCUSSION
CA is an infrequent postoperative complication
that has been described in reports of abdominal
and retroperitoneal surgeries. The incidence of CA
following abdominal surgery ranges from 0.17% to
[19,20]
1.1%
. The reported incidence of CA following
[19,20]
liver transplantation varies from 0.6% to 4.7%
.
Following retroperitoneal, esophageal, or cytoreductive
surgery, the postoperative incidence is even higher
[5,19,21]
(7%-7.4%)
. Unfortunately, it is difficult to deter
mine the true incidence of CA following radical surgery
for gastric cancer secondary to other gastrectomy
procedures because the research groups at most
[16,17]
centers have reported only isolated cases
. Thus,
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0.010

95%CI

Table 5 Comparison of postoperative recovery between the
small-volume chylous ascites and non-small-volume chylous
ascites groups

0.505

0.014

OR

LNs: Lymph nodes.

0.837
6
32

P value
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B

Overall survival

Disease survival

1.0

1.0

0.8

0.8

0.6
0.4
Non-CA-group
SVCA-group

0.2
0.0

Survival probability

Survival probability

A

0.6
0.4
Non-CA-group
SVCA-group

0.2
0.0

0

10
20
30
Time after surgery (mo)

40

0

10
20
30
Time after surgery (mo)

40

Figure 2 Overall (A) and disease-free (B) survival curves for patients with and without small-volume chylous ascites. There was no difference in overall
survival between the groups (log-rank test, A: P = 0.601; B: P = 0.646).

pain and can also include serious postoperative
complications, such as abdominal bleeding; these
findings are inconsistent with previous reports of
traditional CA, as shown in Table 2. Thus, although the
amount of SVCA is small and may not be severe in
most patients, the accumulation of ascites fluid may
[25]
cause gastrointestinal symptoms ; early diagnosis
and management aid in the postoperative recovery.
In our study, SVCA was resolved successfully with
conservative management, which included dietary
restriction with a high-protein, low-fat diet that
contains medium-chain triglycerides, somatostatin
therapy, paracentesis, or continuous drainage. The aim
is to decrease intestinal lymph flow and triglyceride
transport and, thus, to prevent lymph accumulation.
Fatty meal ingestion may increase chyle flow from
a fasting baseline < 1 mL/min to > 200 mL/min,
whereas bowel rest and a low-fat diet decrease lymph
[5,15]
flow
. Dietary restriction with a high-protein, lowfat diet that contains medium-chain triglycerides can
reduce lymph flow. Somatostatin reduces the output
[26]
of lymphatic leakage in 24 to 72 h . In addition,
SVCA induced by LAG may require more serious
forms of medical management, such as a policies
on the use of abdominal drains and paracentesis. In
[27,28]
most reported series
, the use of a surgical drain
was not specifically described; however, without the
use of a drain, SVCA may be misdiagnosed because
only a minority of patients will develop the signs and
symptoms that prompt specific investigations. We
acknowledge that closed-suction drains, which may
reveal cases of subclinical SVCA, can also prevent
abdominal infection and abdominal bleeding caused
by SVCA. Thus, an abdominal drainage tube can
be a simple and effective approach and should be
considered in treating SVCA. At our center, we typically
leave a drain following gastric LN dissection, which is
useful for diagnosing postoperative chylous fistulas and
monitoring their resolution. For patients with effusion
in the peritoneal compartment, paracentesis becomes
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paramount not only to reach a diagnosis and to relieve
[23]
abdominal distension
but also to reduce the risk
of infection, which can cause abdominal bleeding.
Computed tomography, radiography and antibiotic
treatment are often performed if the patient has a
fever or abdominal pain. From our experience with
these 57 cases and a review of patient management
in other reports, we devised the treatment algorithm
shown in Figure 1.
There are multiple causes of CA. Some researchers
[29]
believe that
the occurrence of postoperative CA
should meet two criteria: (1) the destruction or inter
ruption of the lymphatic circulation pathway; and (2)
lymphatic fluid pressure greater than the pressure of
[30]
the body cavity or tissue fluid. Kuboki et al
deter
mined that the manipulation of the para-aortic area,
retroperitoneal invasion and early enteral feeding
following operation were independent risk factors
[31]
associated with CA. Assumpcao et al analyzed 3532
cases of patients who underwent pancreatic surgery
and determined that as the number of resected LNs
increased, the incidence of postoperative CA also
increased. Therefore, the number of resected LNs is
an independent risk factor for CA following pancreatic
surgery. This study demonstrated that preoperative
anemia, preoperative hypoalbuminemia, N stage,
total number of harvested LNs, and No. 8 or No. 9 LN
metastasis are closely associated with SVCA following
LAG. In our patients, we suggest four potential ty
pes of lymphatic injury that may cause SVCA. First,
SVCA may be related to coagulation of the major
lymphatic vessels by ultrasonically activated shears
during laparoscopic lymphadenectomy. LN metastasis
leads to flow obstruction, thus further increasing the
pressure within the lymph duct stump, which does
not completely close with an ultrasonic scalpel, and
resulting in chylous leakage. Second, the gastric
peripheral lymphoid pathway is intricate. Radical LN
dissection for gastric cancer in retroperitoneal tissue
is one of the most densely clustered areas of the
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lymphatic trunk and its major tributaries; thus, it is
conceivable that removing the No. 8 or No. 9 LNs
during laparoscopy could cause a tear in the lymphatic
channels. Third, injured lymphatic channels can result
in self-healing closure with solidified lymphatic fluid or
[32]
wound inflammation . However, these SVCA patients
have an increased incidence of preoperative anemia
or hypoalbuminemia, which indicates poor nutritional
status and a poor lymphatic repair ability. Fourth, the
greater the number of LNs harvested is, the greater
the probability of lymphatic channel injury.
Despite evidence that most SVCA can be cured by
non-surgical treatment, it can lead to fever, abdominal
pain, abdominal distention, an abnormal WBC count,
prolonged drain maintenance, and even abdominal
bleeding, thereby prolonging the hospitalization time
and increasing the treatment costs. Therefore, we
should take measures to reduce the incidence of
SVCA following LAG. Our data demonstrated that
the total number of harvested LNs, the total number
of metastatic LNs, and No. 8 or No. 9 LN metastasis
were independent risk factors for postoperative SVCA.
Thus, if during the operation we determine that the
LNs around the celiac artery are large, we should be
aware of the possible occurrence of postoperative
SVCA. To prospectively prevent this complication, the
surgeon should be familiar with the gastric vessels and
anatomy of the fascia and be able to differentiate the
lymphoid tissues in the correct anatomical plane to
ensure the complete resection of LNs. Furthermore,
surgeons addressing the retroperitoneum should have
a firm understanding of the lymphatic network in this
region, and they should control the major lymphatics
by suture ligation or using hemoclips during surgery.
Meticulous and extensive clipping remains the safest
approach to securing the lymphatic channels within the
dissection area, particularly around the celiac artery.
At the end of the LN dissection, the surgeon should
carefully determine whether exudate or a coarse nonvascular tissue cord stump is present in the operative
area.
In addition, the results of this study indicate that
SVCA alone is not an unfavorable prognostic factor for
gastric cancer. However, SVCA patients are more likely
to present with advanced N stage and poor prognosis.
Further studies of larger series are needed to clarify
our findings.
In conclusion, SVCA is an important complication
following LAG. Conservative management may be
a reasonable treatment option because many cases
may resolve with nonsurgical intervention. However,
it is also our opinion that more controlled studies are
needed to verify the efficacy and propriety of the
recommended treatment.
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Abstract
AIM: To investigate whether MYC and BCL-2 coexpression
has prognostic significance in primary gastrointestinal
diffuse large B-cell lymphoma (PGI-DLBCL) patients,
and explore its associations with patients’ clinical
parameters.
METHODS: Fresh and paraffin-embedded tumor
tissue samples from 60 PGI-DLBCL patients who had
undergone surgery at the Tianjin Medical University
Cancer Institute and Hospital from January 2005 to
May 2010 were obtained, and 30 lymphoid tissue
samples from reactive lymph nodes of age- and sexmatched patients represented control samples. Staging
and diagnostic procedures were conducted according
to the Lugano staging system. All patients had been
treated with three therapeutic modalities: surgery,
chemotherapy, or radiotherapy. Expression of MYC and
BCL-2 were detected at both protein and mRNA levels
by immunohistochemistry and real-time RT-PCR.
RESULTS: Positive expression levels of MYC and BCL-2
proteins were detected in 35% and 45% of patients,
+
+
respectively. MYC /BCL-2 protein was present in
30% of patients. MYC and BCL-2 protein levels were
correlated with high MYC and BCL -2 mRNA expression,
respectively (both P < 0.05). We found that advancedstage disease (at ⅡE-Ⅳ) was associated with MYC
and BCL-2 coexpression levels (P < 0.05). In addition,
+
+
MYC /BCL-2 patients had more difficulty in achieving
complete remission than others (P < 0.05). Presence
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of MYC protein expression only affected overall survival
and progression-free survival (PFS) when BCL-2 protein
was coexpressed. The adverse prognostic impact of
+
+
MYC /BCL-2 protein on PFS remained significant (P
< 0.05) even after adjusting for age, Lugano stage,
international prognostic index, and BCL-2 protein
expression in a multivariable model.

lymphoma patients. PGI-DLBCL is a relatively rare
disease, comprising only 1%-4% of those with
gastrointestinal malignancies. Given the location of the
GI tract and GI lymphoma association with infections
such as H. pylori infection, celiac disease, inflammatory
bowel disease and autoimmune diseases, we consider
PGI-DLBCL as a distinct disease since their evaluation,
diagnosis, management and prognosis are different
from DLBCL of lymph node origin. Thus, our study here
is focused on primary gastrointestinal DLBCL. MYC,
an oncogenic transcription factor, has been recognized
as one of the most frequently affected genes in
human malignancies, with about 70% of all human
[4]
malignancies showing overexpression of MYC . MYC
is also a critical player during lymphoma development,
and its potential role in oncogenesis of hematopoietic
cells was first demonstrated during the mid-1980s.
Burkitt lymphoma is the first known example of MYC[4]
induced lymphomagenesis . In the past decade, our
understanding of MYC-induced lymphomagenesis has
been greatly improved.
BCL-2, an anti-apoptotic gene, has been implicated
in conferring chemotherapy resistance in non-Hodgkin’
s lymphoma and has been extensively studied as a
[5]
prognostic biomarker in DLBCL . It was found to have
an adverse effect on the prognosis of a subgroup of
patients with germinal center B-cell-like (GCB) DLBCL
who had been treated with CHOP-like therapy and
[6]
rituximab .
MYC translocations, with or without BCL-2 tr
anslocations, have been associated with inferior
prognosis in DLBCL. We, in this study, focus on
examining MYC and BCL2 protein expression by
using recently developed and commercially available
monoclonal antibodies. The MYC antibody targets the
N-terminus of the MYC protein and has been shown to
predict MYC rearrangements and has been validated
for use in FFPE tissues. We believe that molecular
confirmation of the immunohistochemistry for MYC
and BCL-2 is more practical, relevant and closely
representative. This is based on the concept that, in
addition to translocations, MYC can also be deregulated
by amplifications, mutations, or by microRNA-de
pendent mechanisms. Although MYC translocations
can be detected by karyotype and fluorescence in
situ hybridization (FISH), FISH fails to detect MYC
deregulation caused by mechanisms other than
translocation. This suggests that mechanisms other
than gene rearrangements are responsible for elevated
protein expression in a considerable proportion of
DLBCL cases.
DLBCL patients with both MYC and BCL-2 protein
coexpression have shown inferior overall survival (OS)
[7]
and progression-free survival (PFS) . This concurrent
expression of MYC and BCL-2 proteins in patients with
PGI-DLBCL has thus far not been clearly understood.
In the present study, we used real-time quantitative
PCR to measure expression levels of MYC and BCL-2
mRNA and used our results to investigate whether

CONCLUSION: MYC +/BCL-2 + patients have worse
chemotherapy response and poorer prognosis than
patients who only express one of the two proteins,
suggesting that assessment of MYC and BCL-2 expression
by immunohistochemistry has clinical significance in
predicting clinical outcomes of PGI-DLBCL patients.
Key words: MYC; BCL-2; Survival; Primary gastrointestinal
diffuse large B-cell lymphoma; Prognosis
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We investigated MYC and BCL-2 coexpression
in primary gastrointestinal diffuse large B-cell lymph
oma (PGI-DLBCL) and explored its associations with
patients’ clinical parameters. In contrast to previously
published results about MYC /BCL-2 coexpression in
DLBCL, this study focused on PGI-DLBCL. Although
PGI-DLBCL is rare, we had a large collection of 60 PGIDLBCL cases to test the protein and mRNA levels of
+
+
MYC and BCL-2. We found that MYC /BCL-2 patients
have worse chemotherapy response and poorer
prognosis than patients who only express one of the
two proteins, suggesting that assessment of MYC and
BCL-2 expression has clinical significance in predicting
clinical outcomes of PGI-DLBCL patients.
Xia B, Zhang L, Guo SQ, Li XW, Qu FL, Zhao HF, Zhang LY,
Sun BC, You J, Zhang YZ. Coexpression of MYC and BCL-2
predicts prognosis in primary gastrointestinal diffuse large B-cell
lymphoma. World J Gastroenterol 2015; 21(8): 2433-2442
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i8/2433.htm DOI: http://dx.doi.org/10.3748/wjg.v21.i8.2433

INTRODUCTION
Primary gastrointestinal (PGI) lymphoma is the most
common type of extranodal lymphoma, comprising
about 30%-40% of all extranodal lymphomas, but
only accounts for 1%-8% of all gastrointestinal (GI)
[1]
malignancies . The most frequent pathological type
is mucosa-associated lymphoid tissue lymphoma and
[2]
diffuse large B-cell lymphoma (DLBCL) . The most
common primary site is the stomach (60%-70%),
followed by the small bowel (20%-30%), colorectum
[2,3]
(5%-10%), and esophagus (< 1%)
. In China,
DLBCL is the most common type of lymphoma as
well as a highly heterogeneous disease, comprising
approximately 30%-40% of adult non-Hodgkin
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the coexpression of MYC and BCL-2 proteins has
prognostic significance in patients with PGI-DLBCL.
Furthermore, we explored associations among these
coexpression levels and patients’ clinical parameters.

determined by 260 nm/280 nm absorbance using
®
a Nanodrop ND-1000 spectrophotometer (Thermo
Scientific). The reverse transcription reaction for the
mRNA of MYC and BCL-2 was done using Takara Kit
(TaKaRa Bio Inc.) according to the manufacturer’s
protocol. cDNA were stored at -20℃ until use (Table 1).

MATERIALS AND METHODS
Patients

Quantitative real-time PCR

We obtained fresh and paraffin-embedded tumor
tissue samples from 60 PGI-DLBCL patients who had
undergone surgery at the Tianjin Medical University
Cancer Institute and Hospital from January 2005 to
May 2010. In addition, our study included 30 lym
phoid tissue samples from reactive lymph nodes of
age- and sex-matched patients, which represented
control samples. This study was approved by the
hospital-based ethics committee. The diagnoses of all
patients were reevaluated by at least two experienced
hematopathologists. Patients provided informed consent
to allow complete clinical information and follow-up data
to be obtained.

Amplification for the cDNA of MYC and BCL-2 was
performed in a total volume of 20 μL containing 10
®
μL of kit-supplied QuantiTect™ SYBR Green RT-PCR
Master mix (Applied-Biosystems), 0.4 μL of each
primer (Table 1), 2 μL of cDNA, and 7.2 μL ddH2O.
The PCR cycling parameters were set as follows:
95 ℃ for 30 s followed by 40 cycles of PCR reaction
at 95 ℃ for 5 s and 60 ℃ for 34 s. The reactions were
performed in the Bio-Rad CM9600 real-time PCR
detection system (Bio-Rad, Hercules, CA). β-Actin was
chosen as an internal standard. All PCR reactions were
repeated 3 times. The relative amount of the mRNA
was calculated by subtracting the average Ct value
of the internal standard from the average Ct value of
the target mRNA, yielding a ∆Ct value. The ∆∆Ct value
was then calculated by subtracting the average ∆Ct
value of the controls from the respective ∆Ct values of
each patient sample. Relative expression levels were
-∆∆Ct
expressed as 2 .

Staging and diagnostic procedures

All patients were staged according to the Lugano
[8]
staging system , which is modified from the Ann
Arbor criteria for primary gastrointestinal non-Hodgkin’
s lymphoma. The staging system included the patients’
history, physical examination, chest X-ray, gastro
intestinal endoscopy, abdominal ultrasound, bone
marrow aspiration, biopsy, and computed tomography
(CT) scans of the neck, chest, abdomen, and pelvis.
Routine laboratory tests included the measurement of
hemoglobin and serum lactate dehydrogenase (LDH)
levels. Low hemoglobin was defined as < 120 g/L in
men and < 110 g/L in women. High LDH was defined
as > 245 U/L.

Immunohistochemistry

All tissue biopsies were fixed in 10% buffered formalin,
embedded in paraffin, and cut into 4-μm sections.
After deparaffinization, heat-induced antigen retrieval
techniques were used. Endogenous peroxidase activity
was then blocked with 0.5% H2O2. After being washed
in phosphate-buffered saline, the sections were
stained for the following antibodies: MYC (ab51154,
Abcam), BCL-2 (ZM0010, ZSGB-BIO), CD10 (ZM0283,
ZSGB-BIO), BCL-6 (ZM-0011,ZSGB-BIO), and MUM-1
(ZA-0583, ZSGB-BIO), CD5 (ZM0283, ZSGB-BIO),
CD20 (ZM0039，ZSGB-BIO). The reaction was carried
out at 4 ℃ overnight. After the sections were washed
in phosphate-buffered saline again, the secondary
antibodies (PV6000, ZSGB-BIO) were dropped. The
cell nucleus was restained with hematoxylin after
diaminobenzidine showed color, the results were
judged as positive if 30% or more were stained.

Treatment and response assessment

All patients had been treated with three therapeutic
modalities: surgery, chemotherapy, or radiotherapy.
All patients had been suspected as having other
gastrointestinal malignancies but were diagnosed with
PGI-DLBCL by postoperative pathology. None of the
patients had preoperative chemotherapy, radiotherapy,
or other treatment history, and all patients received at
least four cycles of a standard-dose R-CHOP (rituximab,
cyclophosphamide, doxorubicin, vincristine, and pre
dnisone)-like regimen. The status of chemotherapy
response was evaluated by Cheson’s standard criteria.

Statistical analysis

SPSS 17.0 was used for statistical analysis. The results
of MYC and BCL-2 mRNA expression are presented as
mean ± SD. The relative expression levels between
patients with PGI-DLBCL and healthy controls were
analyzed by the nonparametric Mann-Whitney U-test.
2
Fisher’s exact test and χ test were used to determine
differences in proportions regarding different clinical
characteristics of the same groups. Unpaired t-test was
used to find statistical significances between the PGIDLBCL group and the normal control group. Univariate

RNA and cDNA preparation

The fresh tissue specimens had been immediately
frozen in liquid nitrogen until use. Approximately 25 mg
of fresh tissue was used for RNA extraction, pulverized
under liquid nitrogen with a pestle and mortar. Total
RNA was isolated from tissue samples using RNeasy
(Qiagen, Valencia, CA) following the manufacturer’
s instructions (Qiagen), and the concentration was
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Table 1 Primer sequences
Genes

Forward sequence (5’→3’)

Reverse sequence (5’→3’)

MYC
BCL-2
β-actin

CCTCCACTCGGAAGGACTATC
GTGGATGACTGAGTACCTGAACC
CCTGGCACCCAGCACAAT

TGTTCGCCTCTTGACATTCTC
AGACAGCCAGGAGAAATCAAAC
GGGCCGGACTCGTCATAC

until date of last follow-up or death. The significant
factors (P < 0.05) of univariate analysis were inclu
ded into the Cox regression model for multivariate
analysis, in order to decide which factor could be the
independent prognostic factor for survival. P < 0.05
was judged as statistically significant.

Table 2 Clinical characteristics of primary gastrointestinal
diffuse large B-cell lymphoma patients
Clinical characteristics

n

DP

Non-DP

Patients
Age (yr)
≤ 60
> 60
Gender
Male
Female
Primary site
Stomach
Intestinal
Lugano staging system
Ⅰ-Ⅱ2
ⅡE-Ⅳ
LDH
Normal
Elevated
B symptoms
Positive
Negative
IPI
0-2
3-5
Pathological type
Non-GCB
GCB
CD10 status
Positive
Negative/NA
CD5 status
Positive
Negative/NA
CD20 status
Positive
Negative/NA
Anemia
Present
Absent
Treatment
ST + CT
ST + CT + RT
Therapeutic evaluation
CR
PR/SD/PD

60

18

42

34
26

13
5

21
21

32
28

10
8

22
20

36
24

11
7

25
17

36
24

2
16

34
8

34
26

11
7

23
19

7
53

1
17

6
36

50
10

13
5

37
5

48
12

17
1

31
11

36
24

117

25
17

49
11

13
5

36
6

34
26

11
7

23
19

33
27

10
8

23
19

51
9

13
5

38
4

48
12

9
9

39
3

χ2

P

2.534

0.111

0.051

0.821

0.013

0.908

RESULTS
Clinical characteristics

Patients had a median age of 57 years (range: 23-79
years), with similar distribution of both sexes (32
males and 28 females; ratio = 1.1). Using the Lugano
staging system, 36 patients (60%) presented with
stage Ⅰ-Ⅱ2 and 24 patients (40%) presented with
stage ⅡE-Ⅳ (advanced stage). Patients were divided
into subgroups according to clinical parameters,
such as age, primary site, LDH level, Lugano staging
system, international prognostic index (IPI) score,
anemia, and DLBCL pathological type. Table 2 shows
the clinical characteristics of the 60 patients with PGIDLBCL.

22.781 < 0.0001

0.207

0.649

0.277

0.599

2.286

0.131

2.188

0.139

0.013

0.908

2.265

0.127

0.207

0.649

0.003

0.955

2.017

0.156

11.910

0.001

Concurrent expression of MYC and BCL-2 proteins in
patients with PGI-DLBCL

In our patient group, 21 (35%) samples were positive
for MYC and 27 (45%) samples were positive for BCL-2
(Figure 1). Concurrent expression of MYC and BCL-2
proteins was present in 18 (30%) patients. When we
grouped patients according to the clinical characteristics,
concurrent expression of MYC and BCL-2 proteins was
significantly closely related to Lugano staging system,
with a higher proportion of patients with stage ⅡE-Ⅳ
showing both MYC and BCL-2 expression (P < 0.05;
Table 2). No significant differences were observed in
other clinical characteristic subgroups. Distribution
by gender, age, origin, LDH, B symptoms, IPI, and
anemia was similar among the MYC and BCL-2 protein
coexpression group, as well as for the other expression
groups (P > 0.05; Table 2). When we grouped patients
into germinal center B-cell-like (GCB) DLBCL and nonGCB DLBCL groups based on the immunophenotypic
profile, we found that the proportion of GCB and nonGCB did not differ significantly (P > 0.05).

DP: MYC/BCL-2 protein double positive; Non-DP: Non-MYC/BCL-2 protein
double positive; NA: Not available; ST: Surgery; CT: Chemotherapy; RT:
Radiotherapy; CR: Complete remission; PR: Partial remission; SD: Stable
disease; PD: Progressive disease.

Treatment outcomes

analysis of survival was done with the Kaplan-Meier
method, which was carried out on PFS times and OS
times. PFS was measured from the time of diagnosis
to the date of treatment failure, clinical relapse,
metastasis, disease progression, or death due to any
cause. OS was calculated from the date of diagnosis
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All patients had been treated with surgery and che
motherapy with or without radiotherapy. After the initial
chemotherapy, 48 (80%) patients achieved complete
remission (CR), with 12 (20%) patients not achieving
CR or partial remission (PR), stable disease (SD), and
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A

× 400

C-MYC

MYC relative mRNA expression

× 200

1.5

P = 0.0003
1.0

0.5

0.0

BCL-2

BCL-2 relative mRNA expression

B

Figure 1 MYC and BCL-2 expression in primary gastrointestinal diffuse
large B-cell lymphoma by immunohistochemistry (magnification × 200
and × 400, respectively).

P = 0.0004

1.0

0.5

Patients

Healthy controls

Figure 2 mRNA expression of MYC and BCL-2 in primary gastrointestinal
diffuse large B-cell lymphoma patients.

advanced-stage disease (ⅡE-Ⅳ), IPI (3-5), BCL-2
protein expression, and coexpression of MYC and
BCL-2 proteins were all associated with inferior OS,
whereas age (> 60 years), advanced-stage disease
(ⅡE-Ⅳ), IPI (3-5), BCL-2 protein expression, and
coexpression of MYC and BCL-2 proteins adversely
affected PFS. However, radiotherapy could improve
PFS significantly (Figure 4, Table 5). Gender, primary
site, LDH, B symptoms, pathological type, anemia,
and MYC protein expression did not significantly affect
prognosis (P > 0.05; Table 5). Presence of MYC protein
expression only affected OS and PFS when BCL-2
protein was coexpressed; the negative prognostic
impact of MYC and BCL-2 was amplified when both
variables were present (Figure 5). Prognosis for
coexpression of MYC and BCL-2 proteins was worse
+
than for the MYC /BCL-2 group and MYC /BCL-2
group. In addition, in the Cox multivariant model, the
adverse prognostic impact of concurrent expression of
MYC/BCL-2 protein and IPI on PFS existed even after
adjusting for age, Lugano stage, IPI, and BCL-2 protein
expression, whereas IPI was the only impact factor for
OS (Table 6).

mRNA levels of MYC and BCL-2 in patients with PGIDLBCL

The results of real-time PCR in patient groups showed
that the expression level of MYC mRNA was 0.97 ±
0.72 and BCL-2 mRNA was 1.10 ± 0.98, with both
significantly higher than those shown in normal
controls (P < 0.05) (Figure 2). We also observed a
significant correlation between BCL-2 mRNA and BCL-2
protein expression in PGI-DLBCL as a group (Spearman
correlation of 0.64, P < 0.05; Table 3). MYC protein
was also correlated with presence of high MYC mRNA
(Spearman correlation of 0.43, P < 0.05; Table 4).

Prognostic analysis

The median follow-up time was 48 mo (range: 6-109
mo). The median PFS was 44.5 mo (95%CI: 63.4-86.8,
range: 1-109 mo), and the median OS was 49 mo
(95%CI: 83.4-101.2, range: 6-109 mo). The 5-year
PFS and OS estimates for all patients were 65% and
82%, respectively (Figure 3). In univariate analysis,
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Healthy controls

1.5

0.0

progressive disease (PD). The distribution of patients
treated with or without radiotherapy was similar in the
MYC and BCL-2 protein coexpression group and in all
other groups (P > 0.05, Table 2). In addition, we found
that MYC and BCL-2 coexpression was associated with
inferior chemotherapy response in patients with PGIDLBCL. Patients who had coexpression of MYC and
BCL-2 were less likely to achieve CR than other patient
groups, with the difference being statistically significant
(P < 0.05; Table 2).

Patients

DISCUSSION
PGI-DLBCL is an aggressive lymphoma that may arise
de novo or transform from other lymphoma, mostly
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A

Table 3 Associations between BCL-2 mRNA and BCL-2
protein expression

100

Positive
Negative

BCL-2 mRNA
High

Low

18
2

9
31

r

P

0.640

< 0.0001

Percent survival

80
BCL-2

60
40
20

Table 4 Associations between MYC mRNA and MYC protein
expression
MYC
Positive
Negative

MYC mRNA
High

Low

17
14

4
25

r

P

0.430

0.0001

0

0

50

100

150

100

150

PFS (mo)

B

100

Percent survival

80

transforming from MALT lymphoma. It most commonly
occurs in men with a median age of 50-60 years
[9]
old . The International Prognostic Index (IPI), which
incorporates 5 clinical parameters (age 60 years or
older, disease stage Ⅲ/Ⅳ, high LDH level, 2 or more
extranodal sites of disease, and an Eastern Cooperative
Oncology Group performance status of 2 or more), is
recognized as the gold standard for predicting prognosis
in patients with DLBCL. However, the IPI evaluation
system only integrates some clinical characteristics,
and the molecular biology of cancer is not included.
Research on gene expression profiling has shown the
presence of DLBCL subtypes associated with different
[10,11]
cells of origin and clinical outcomes
. This implies
that potential prognostic biomarkers and different
pathogenetic pathways may exist among the subtypes.
The proto-oncogene MYC is a member of common
abnormalities in human malignancies and is a critical
[12-15]
player in the development of lymphomas
. BCL-2
is an important anti-apoptotic gene that inhibits
apoptosis by encoding a mitochondrial protein. In
addition, in vitro studies suggest that BCL-2 has a role
[16,17]
in drug resistance
. MYC aberrations in DLBCL are
usually concurrent with other genetic lesions, such
as rearrangements of BCL-2 and/or BCL-6. Patients
with these tumors, named as double-hit or triplehit lymphomas, have an extremely poor prognosis,
[18-22]
generally with survival of only 6 mo
. Moreover,
many recent studies have suggested that the co
expression of MYC and BCL-2 proteins contributes to
[7,23,24]
the inferior survival of DLBCL patients
. DLBCL
patients with concurrent expression of MYC and
BCL-2 proteins have been reported to have a poor
prognosis, no matter whether the MYC or BCL-2 gene
[7,25,26]
is rearranged or not
.
[7]
Johnson et al reported a study using c-Myc
antibody in combination with an antibody for BCL-2
in a training cohort of 167 and a validation set of
another 140 patients with DLBCL. They found MYC
translocations, high MYC mRNA, and MYC protein
expression in 11%, 11%, and 33% of the samples,
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Figure 3 Survival curves for the entire population of patients with primary
gastrointestinal diffuse large B-cell lymphoma. A: Progression-free survival
(PFS); B: Overall survival (OS).

respectively. MYC protein expression was associated
with an inferior progression-free and overall survival
only when BCL-2 protein was coexpressed. MYC/BCL-2
protein coexpression was observed in 21% of the
DLBCL cases, and the negative impact on prognosis
remained significant after adjusting for the presence
of high-risk features in a multivariable model that
included elevated IPI score. Here, we observed the
+
+
rate of concurrent expression (MYC /BCL-2 ) is higher
in PGI-DLBCL than in all of DLBCL (30% vs 21%),
suggesting that concurrent expression of MYC and
BCL-2 is more frequently in PGI-DLBCL. Moreover,
+
+
our study showed that MYC /BCL-2 patients had
more difficulty in achieving complete remission than
others (P < 0.05). Presence of MYC protein expression
only affected OS and PFS when BCL-2 protein was
+
coexpressed. The adverse prognostic impact of MYC /
+
BCL-2 protein on PFS remained significant (P < 0.05)
even after adjusting for age, Lugano stage, IPI, and
BCL-2 protein expression in a multivariable model.
+
+
MYC /BCL-2 patients have worse chemotherapy
response and poorer prognosis than patients who
only express one of the two proteins, suggesting
that assessment of MYC and BCL-2 expression by
immunohistochemistry has clinical significance in
predicting prognosis clinical outcomes of PGI-DLBCL
patients. Therefore, we speculated that MYC and
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0

0
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0
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0
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100
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100
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0
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0

50

100
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ST + CT

100

Ⅰ-Ⅱ2

ST + CT + RT
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80
Percent survival

Percent survival

60
40

60
40
20
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P = 0.0093
0

P = 0.0003
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0
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0
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H
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-
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+
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Percent survival
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Percent survival
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20

60
40
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P < 0.0001
0

+
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G

BCL-2
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0

-
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P < 0.0001
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BCL-2
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Figure 4 Survival analysis of primary gastrointestinal diffuse large B-cell lymphoma. The effects of age (A), Lugano stage (B), IPI score (C), the expression
of BCL-2 protein (D), and treatment (E) on progression-free survival (PFS); And the effects of Lugano stage (F), IPI score (G) and BCL-2 protein expression (H) on
overall survival (OS). ST: Surgery; CT: Chemotherapy; RT: Radiotherapy; IPI: International prognostic index.
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A

Table 5 Univariate analysis of prognostic factors for
progression-free survival and overall survival in patients with
primary gastrointestinal diffuse large B-cell lymphoma
OS

Percent survival

Age (yr)
≤ 60
> 60
Gender
Male
Female
Primary site
Stomach
Intestinal
Lugano staging system
Ⅰ-Ⅱ2
ⅡE-Ⅳ
LDH
Normal
Elevated
B symptoms
Positive
Negative
IPI
0-2
3-5
Pathological type
Non-GCB
GCB
Anemia
Present
Absent
Treatment
ST + CT
ST + CT + RT
MYC protein expression
MYC+
MYCBCL-2 protein expression
BCL-2+
BCL-2MYC/BCL-2
coexpression
MYC+/BCL-2+
All others

n

PFS

χ2

P

χ2

P

0.376

0.540

7.377

0.007

0.059

0.808

0.189

0.664

+

MYC BCL-2

34
26

+

-

-

-

+

MYC BCL-2

80

MYC BCL-2

60
40
20

32
28

P = 0.032
0.132

0.717

1.211

0

0.271

0

50

100

150

OS (mo)

36
24
13.355

< 0.0001

17.581 < 0.0001

B

36
24
0.029

0.864

0.118

0.731

1.667

0.197

0.787

0.375

27.098

< 0.0001

+

MYC BCL-2

100

+

MYC BCL-2

34
26
7
53
39.737 < 0.0001

50
10

+

-

-

-

+

MYC BCL-2

80
Percent survival

Prognostic factors

+

MYC BCL-2

100

MYC BCL-2

60
40
20

0.033

0.856

0.020

0.888

0.526

0.468

0.101

0.751

0.249

0.618

6.758

0.0093

0.347

0.556

0.078

0.780

10.701

0.001

19.463 < 0.0001

10.956

0.001

15.198 < 0.0001

P = 0.0001
0

48
12

50

100

150

PFS (mo)

33
27

Figure 5 Kaplan-Meier curves represent overall survival (OS) (A) and
progression-free survival (B) according to presence of MYC and BCL-2
protein expression. OS: Overall survival; PFS: Progression-free survival.

51
9
21
39

Table 6 Factors retaining prognostic significance for
progression-free survival and overall survival with multivariate
and Cox proportional hazards analysis

27
33

Prognostic
factors

18
42

Age
Lugano
staging
system
IPI
Treatment
BCL-2 protein
expression
MYC/BCL-2
coexpression

OS: Overall survival; PFS: Progression-free survival; ST: Surgery;
CT: Chemotherapy; RT: Radiotherapy; CR: Complete remission; IPI:
International prognostic index; PR: Partial remission; SD: Stable disease;
PD: Progressive disease.

-

BCL-2 expression, particularly MYC /BCL-2 protein
coexpression, may play a role in the aggressive
pathogenesis of PGI-DLBCL.
[24]
Hu et al reported that MYC/BCL-2 protein coex
pression in DLBCL associated with poor prognosis
occurred more frequently in the ABC subgroup.
They further confirmed that, after excluding patients
with MYC/BCL-2 coexpression, the clinical outcome
of patients with ABC-DLBCL was similar to that of
patients with GCB subgroup. Their results suggested
MYC/BCL-2 coexpression appears to account for the
inferior prognosis of patients with ABC-DLBCL, and
MYC/BCL-2 coexpression may be a better predictor of
prognosis than the cell-of-origin classification.
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0

OS
HR

95%CI

PFS

P

HR

1.570 0.384-6.430 0.530 0.403
0.253 0.009-6.990 0.417 1.091

95%CI

P

0.132-1.224
0.243-4.893

0.109
0.910

13.246 2.929-59.903 0.001 15.302 4.119-56.845 < 0.0001
1.374 0.247-7.625 0.717 1.542 0.522-4.555
0.434
1.056 0.029-37.972 0.976 1.773 0.154-20.434 0.646
4.435 0.728-26.994 0.106 11.371 1.264-102.295

0.030

OS: Overall survival; PFS: Progression-free survival; IPI: International
prognostic index.

In summary, our results suggested that PGI-DLBCL
with concurrent expression of MYC and BCL-2 proteins
characterizes a subset of PGI-DLBCL patients with
poor prognosis. Previous reports have suggested that
chemotherapy regimens that include BCL-2-targeted
drugs, such as BH3 mimetics, have shown efficacy in
+
+
[27-29]
murine MYC /BCL-2 lymphomas
. BCL-2-targeted
therapy may represent a promising new apoptosis-
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+

for MYC+/BCL-2+ patients with PGI-DLBCL.

+

modulating strategy for MYC /BCL-2 patients with
PGI-DLBCL.

Terminology

MYC/BCL-2 double-hit lymphoma: Lymphomas with recurrent chromosomal
breakpoints activating multiple oncogenes, including MYC and BCL-2 are often
referred to as “Dual Hit” or “Double Hit” lymphomas (DHL). PGI-DLBCL: Primary
gastrointestinal lymphoma is the most common type of extranodal lymphoma,
comprising about 30%-40% of all extranodal lymphomas, but only accounts
for 1%-8% of all gastrointestinal malignancies. The most frequent pathological
type is mucosa-associated lymphoid tissue lymphoma and diffuse large B-cell
lymphoma.
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Background

Primary gastrointestinal (PGI) lymphoma is the most common type of
extranodal lymphoma, comprising about 30%-40% of all extranodal lymphomas.
The most frequent pathological type is mucosa-associated lymphoid tissue
lymphoma and diffuse large B-cell lymphoma (DLBCL). In China, DLBCL is the
most common type of lymphoma as well as a highly heterogeneous disease,
comprising approximately 30%-40% of adult non-Hodgkin lymphoma patients.
PGI-DLBCL is a relatively rare disease, comprising only 1%-4% of those with
gastrointestinal (GI) malignancies. We consider PGI-DLBCL as a distinct
disease, since their evaluation, diagnosis, management and prognosis are
different from DLBCL of lymph node origin. Thus, this study here is focused
on PGI-DLBCL. MYC, an oncogenic transcription factor, has been recognized
as one of the most frequently affected genes in human malignancies, with
about 70% of all human malignancies showing overexpression of MYC. BCL-2,
an anti-apoptotic gene, has been implicated in conferring chemotherapy
resistance in non-Hodgkin’s lymphoma and has been extensively studied as
a prognostic biomarker in DLBCL. DLBCL patients with both MYC and BCL-2
protein coexpression have shown inferior overall survival (OS) and progressionfree survival (PFS). This concurrent expression of MYC and BCL-2 proteins in
patients with PGI-DLBCL has thus far not been clearly understood.
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ORIGINAL ARTICLE
Clinical Trials Study

Nasobiliary drainage after endoscopic papillary balloon
dilatation may prevent postoperative pancreatitis
Xiao-Dan Xu, Jian-Jun Dai, Jian-Qing Qian, Wei-Jun Wang
into three groups: G1a patients received an endoscopic
papillary balloon dilatation (EPBD), G1b patients received
an endoscopic sphincterotomy (EST), and G1c patients
received neither. Group 2 (non-ENBD group) patients
were also subdivided into three groups (G2a, G2b, and
G2c), similar to Group 1. The maximum CBD diameter,
the time for C-reactive protein (CRP) to normalize,
levels of serum amylase, total serum bilirubin (TB) and
alanine aminotransferase (ALT), and postoperative
hospitalization duration (PHD) were measured.
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RESULTS: A total of 218 patients (139 males, 79
females), with an average age of 60.1 ± 10.8 years, were
enrolled in this study. One hundred and thirteen patients
who received ENBD were included in Group 1, and 105
patients who did not receive ENBD were included in
Group 2. The baseline clinical characteristics were similar
in both groups. There were no significant differences in
post-endoscopic retrograde cholangiopancreatography
(ERCP)-related complications when Groups 1 and 2 were
compared. Seventy-seven patients underwent EPBD, and
41 received an ENBD tube (G1a) and 36 did not (G2a).
Seventy-three patients underwent EST, and 34 patients
received an ENBD tube (G1b) and 39 did not (G2b).
The remaining 68 patients underwent neither EPBD
nor EST; of these patients, 38 received an ENBD tube
(G1c) and 30 did not (G2c). For each of the three pairs
of subgroups (G1a vs G2a, G1b vs G2b, G1c vs G2c),
there were no significant differences detected in the PHD
or the time to normalization of CRP, TB and ALT. In the
EPBD group, the incidence of post-ERCP pancreatitis,
hyperamylasemia and overall patient complications was
significantly higher for G2a (post-ERCP pancreatitis: 6/36
vs 0/41, P = 0.0217; hyperamylasemia: 11/36 vs 4/41, P
= 0.0215; overall patient complications: 18/36 vs 7/41, P
= 0.0029).

Abstract
AIM: To evaluate the necessity of endoscopic nasobiliary
drainage (ENBD) catheter placement after clearance of
common bile duct (CBD) stones.
METHODS: Patients enrolled in this study were ran
domly divided into two groups, according to whether
or not they received ENBD after the removal of CBD
stones. Group 1 (ENBD group) was then subdivided
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CONCLUSION: After successful CBD stone clearance,
ENBD is only beneficial when an EPBD procedure has
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been performed.

examining the necessity of ENBD tube placement after
clearance of CBD stones. The aim of this prospective,
randomized trial was to determine whether there were
additional clinical outcome benefits in patients with
CBD stone extraction if an ENBD catheter was inserted
routinely, and which patients would be most likely to
benefit from it.

Key words: Endoscopic papillary balloon dilatation;
Endoscopic nasobiliary drainage; Post-endoscopic retro
grade cholangiopancreatography pancreatitis; Hypera
mylasemia
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

MATERIALS AND METHODS

Core tip: Several studies have compared the efficacy
of temporary insertion of an endoscopic nasobiliary
drainage (ENBD) tube to a biliary stent until clearance of
stones from the common bile duct (CBD) is confirmed.
However, few studies have evaluated the benefits
in clinical outcomes of ENBD tube placement after
clearance of CBD stones. In this study, we found that
ENBD is only beneficial when an endoscopic papillary
balloon dilatation procedure has been performed.

Patients

The ethics committee of Changshu Hospital, a Suzhou
University affiliate, approved this study. All patients
provided informed consent prior to study enrollment.
The presence of CBD stones was confirmed using
64-channel spiral abdominal computed tomography
or magnetic resonance cholangiopancreatography.
The following exclusion criteria were applied: (1)
patients with acute cholangitis (fever, leukocytosis,
jaundice, hyperbilirubinemia, or abdominal pain)
or acute pancreatitis pre-ERCP; (2) patients that
previously underwent EST or patients who were
scheduled to receive percutaneous transhepatic biliary
drainage or underwent a subtotal gastrectomy; (3)
patients suspected of having an intrahepatic duct
stone or a malignant biliary obstruction upon imaging;
(4) patients who received an emergency ERCP for
any reason; and (5) patients who needed a precut
sphincterotomy or needle knife sphincterotomy for
CBD cannulation or those who were confirmed to have
postoperative residual stones or debris by imaging.

Xu XD, Dai JJ, Qian JQ, Wang WJ. Nasobiliary drainage after
endoscopic papillary balloon dilatation may prevent postoperative
pancreatitis. World J Gastroenterol 2015; 21(8): 2443-2449
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i8/2443.htm DOI: http://dx.doi.org/10.3748/wjg.v21.i8.2443

INTRODUCTION
[1]

Cotton et al were the first to use an endoscopic
nasobiliary drainage (ENBD) catheter for several
days in the common bile duct (CBD) after endoscopic
sphincterotomy (EST). ENBD placement provides
reliable biliary drainage and perfusion, and allows
for cholangiography. ENBD also reduces the need
for instrumental stone extraction and repeated
endoscopy and cholangiography to assess whether
the stones have been fully cleared by transnasal
[2]
[3-7]
cholangiograms . In further studies , it was found
that EST or endoscopic papillary balloon dilatation
(EPBD) followed by ENBD reduced the incidence of
post-endoscopic retrograde cholangiopancreatogra
phy (ERCP) complications, such as pancreatitis and
cholangitis, particularly in patients with persistent
stones, infected bile or blood clots in the biliary tree.
There are two endoscopic drainage methods currently
in use: external drainage (by ENBD) or internal endo
scopic biliary drainage (via plastic endoscopic biliary
stent). Most endoscopists prefer the routine insertion
of an ENDB catheter after the stones have been
removed, as the use of a plastic endoscopic biliary
stent requires a second endoscopic procedure.
There are caveats to the ENBD technique. The
catheter may become dislodged, kinked, blocked
or pulled out by a poorly compliant patient due to
discomfort related to the catheter’s exit from the
nostril. To date, there have been relatively few studies
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Endoscopic procedures

All ERCP-related procedures, including EST, ENBD or
EPBD, were performed by three endoscopists (each
with over 10 years ERCP experience) according to
a standardized protocol. Patients were sedated by
intravenous administration of midazolam (0.08 mg/
kg) and meperidine (10 mg). Duodenal atony was
induced by intravenous administration of hyoscine
butylbromide (10 mg). All ERCPs were performed
using a therapeutic duodenoscope (TJF-260; Olympus
Optical Co., Ltd., Tokyo, Japan) equipped with a large
accessory channel. Using a cholangiography catheter
(ERCP cannula; Boston Scientific Co., Marlborough,
MA, United States), guide wire-assisted selective
cannulation of the CBD was performed. Confirmation
of correct catheter localization in the CBD was
performed using fluoroscopic imaging. After injection
of a contrast agent, patients with a CBD stone > 10
mm were randomly assigned to receive either an EPBD
or EST.
For EPBD, a guide wire was first placed into the
CBD. Then, a 5.8 F balloon catheter (Boston Scientific
Co.) was passed over the guide wire and inserted
into the papilla for papilla dilation. The balloon was
inflated to a diameter of 10 mm under endoscopic
and fluoroscopic control. When the sphincter was
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adequately dilated, the fully inflated balloon was
maintained in that position for 60 s prior to stone
extraction. For EST, a papillary incision was made
using a pull-type, 25 mm cutting wire sphincterotome
(Fusion; Wilson-Cook Medical Inc., Winston Salem,
NC, United States). CBD stones were then extracted
using a Dormia basket catheter and a balloon
extractor. Stones > 1 cm in diameter were fragmented
by mechanical lithotripsy prior to extraction. An ENBD
catheter (7.5 F; Boston Scientific Co.) was placed
into the CBD after stone extraction. Clearance of CBD
stones was confirmed by cholangiography.

biliary origin. PEB was defined as the need for a blood
transfusion, a decrease in hemoglobin level of > 2 g/
dL, or hematochezia, melena or hematemesis within
[10]
24 h after the procedure .

Statistical analysis

All statistical analyses were performed using SPSS
13.0 software (SPSS Inc., Chicago, IL, United States).
Statistical analyses were performed on an intention-to2
treat basis. For analysis of categorical data, a χ test
with the Yates correction, or Fisher’s exact test (twotailed) was used. For continuous data, a normality
test was applied to ensure that a t-test was the
most appropriate test, otherwise the Mann–Whitney
U-test was used for a skewed distribution. All patient
characteristics are expressed as the mean ± SD or as
percentages when appropriate. All statistical tests were
two-tailed and the threshold for statistical significance
was set as P < 0.05.

Randomization and subgroup assignments

The assignment of EPBD or EST, and whether or not
they were followed by an ENBD, was randomized using
computer-generated numbers in sealed envelopes. A
nurse who did not take part in evaluation of the study
outcome opened the envelopes just after guide wireassisted selective cannulation of the CBD.
Patients were randomly divided into two groups
according to whether or not they received an ENBD
tube after clearance of CBD stones. Group 1, the ENBD
group, was then subdivided into G1a, G1b, and G1c.
Patients in G1a underwent EPBD, while patients in G1b
underwent EST, and patients who received neither
were assigned to G1c. Group 2, the non-ENBD group,
was also subdivided into three groups (G2a, G2b, and
G2c) just as Group 1.

RESULTS
From April 2011 through March 2014, 350 patients
with CBD stones were admitted to Changshu Affiliated
Hospital of Suzhou University. Of the 350 patients
initially admitted, the following patients were excluded:
17 patients with acute suppurative cholangitis who
underwent an emergency ERCP, 14 patients with acute
pancreatitis prior to ERCP, 23 patients who previously
underwent EST, 7 patients who underwent a subtotal
gastrectomy, 21 patients with intrahepatic duct
stones, 5 patients with malignant biliary obstruction,
26 patients who required a precut sphincterotomy
or needle knife sphincterotomy for CBD cannulation,
and 19 patients with confirmed postoperative residual
stones or debris by imaging. After applying the
exclusion criteria, a total of 218 patients (139 males,
79 females), with an average age of 60.1 ± 10.8
years, were enrolled in the study. One hundred and
thirteen patients with ENBD were included in Group
1 and the remaining 105 patients did not receive an
ENBD tube and were placed in Group 2. When the
two groups were compared, there were no statistical
differences in the baseline characteristics or laboratory
findings (Table 1).

Evaluation parameters and early complications

Each patient completed a preoperative questionnaire,
and the patient’s age, sex, presence of gallstones,
and history of cholecystectomy were recorded.
Total leukocyte count, C-reactive protein (CRP),
levels of serum amylase, total serum bilirubin (TB),
alanine aminotransferase (ALT) and aspartate ami
notransferase, and the results from a coagulation
screening (prothrombin time and platelet count) were
measured 24 h before ERCP. These measurements
were repeated once every 24 h after ERCP until they
returned to normal. We also measured the maximum
diameter of the CBD, the time it took for CRP, TB
and ALT levels to normalize, and the postoperative
hospitalization duration (PHD).
Early complications related to ERCP, such as postERCP pancreatitis (PEP), post-ERCP cholangitis (PEC),
post-ERCP bleeding (PEB), hyperamylasemia and
perforation, were evaluated during hospitalization.
PEP was defined as abdominal pain, with at least a
3-fold elevation of serum amylase more than 24 h
after the procedure, and requiring treatment for more
[8]
than two days . The PEP severity was scored as mild,
[9]
moderate, or severe . Hyperamylasemia was defined
as a blood amylase concentration above the normal
range of 180 Somogyi U/L. PEC was characterized
by a fever, leukocytosis, jaundice, hyperbilirubinemia
and abdominal pain that were thought to have a
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Outcomes comparing the ENBD and non-ENBD groups

No patients pulled out their nasobiliary catheter and
there were no incidences of perforations or catheters
blocked by bile in either group. When the two groups
were compared, the length of PHD was similar (5.7
± 1.4 d for Group 1 and 5.9 ± 1.5 d for Group 2,
P = 0.3098). In addition, there were no significant
differences in the time it took for laboratory values to
normalize (CRP: 3.3 ± 0.9 d vs 3.5 ± 1.0 d, P = 0.1216;
TB: 4.1 ± 1.1 d vs 4.3 ± 1.2 d, P = 0.2006; ALT: 5.1 ±
0.8 d vs 4.9 ± 0.8 d, P = 0.0651). The rates of overall
patient complications (OPC) were 26.5% in Group 1
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that insertion of an ENBD catheter in patients with
acute cholangitis undergoing primary endoscopic
CBD stone removal did not have an improved clinical
course if CDB clearance was achieved. Moreover, the
process elongated the procedure time and contributed
to increased patient discomfort. However, Yang et
[15]
al reviewed 191 patients who underwent EST with
repeated stone extraction between January 2010 and
May 2012 and found that EST followed by ENBD is a
simple, safe and effective technique that should be
considered in the management of CBD stones.
In this randomized trial, there were no additional
benefits in clinical outcomes identified when ENBD
patients and non-ENBD patients were compared.
However, when patients underwent an EPBD procedure,
we found that placement of an ENBD catheter after
the procedure decreased the incidence of PEP, hype
ramylasemia and OPC. EPBD is a technique designed to
facilitate the removal of bile duct stones by dilating the
biliary sphincter. Due to the frequency of complications
including pancreatitis and cholangitis, EBPD has not
become a standard procedure in the United States
[16]
[17]
or Europe . Baron and Harewood
analyzed eight
published prospective, randomized trials and found no
differences in the outcome of successful stone removal
(94.3% vs 96.5%) or OPC (10.5% vs 10.3%) when
EPBD was compared with EST. Post-ERCP pancreatitis,
however, occurred more frequently in the EPBD group
(7.4% vs 4.3%, P = 0.05). The main cause of postEPBD pancreatitis is thought to be due to impaired
pancreatic drainage caused by papillary edema or
[18,19]
residual stones trapped in the papilla
. A Japanese
[7]
study reported similar findings, and the authors
speculated that ENBD itself may prevent pancreatic
duct obstruction caused by residual stones or papillary
edema. We hypothesize that the mechanism of ENBD
for prevention of hyperamylasemia and pancreatitis is
as follows: an ENBD catheter prevents CBD obstruction
caused by papillary edema, which alleviates CBD
pressure elevation, decreases the risk of bile entering
the pancreatic duct and ultimately prevents the
occurrence of acute pancreatitis.
EST is the most frequently used technique, with
[20,21]
a success rate of > 90%
. However, in addition
to bleeding, perforation, infection and dysfunction of
the papillary sphincter, pancreatitis, which occurs in
up to 5% of patients, is the most frequent and most
[22]
significant complication of EST . Perforation can be
a fatal complication, but we did not encounter this in
any group within our study, which was similar to the
[23]
[2]
findings in previous studies . Ricci et al analyzed
a retrospective study of 850 patients who underwent
EST and concluded that routine prophylactic nasobiliary
drainage following EST was strongly recommended to
prevent post-operative complications. These results,
however, are controversial. In our study, regardless
of whether an ENBD catheter was placed, the

Table 1 Baseline characteristics and results
Variable

Group 1
(n = 113)

Age (yr)
60.1 ± 9.7
Sex, male/female
68/45
Presence of gallstones (n)
13
History of cholecystectomy (n)
7
Total leukocyte count (× 109/L)
5.8 ± 1.8
Amylase (U/L)
88.5 ± 22.3
TB (mg/dL)
4.6 ± 1.1
ALT (IU/L)
124.8 ± 33.6
Aspartate aminotransferase (IU/L) 98.6 ± 26.7
Prothrombin time (s)
11.2 ± 2.1
Platelet count (× 106/L)
145.2 ± 33.1
Maximum diameter of CBD (mm)
12.5 ± 2.6

Group 2
P value
(n = 105)
57.9 ± 10.3
71/34
9
9
6.1 ± 2.1
91.2 ± 24.5
4.5 ± 1.0
115.6 ± 36.1
102.6 ± 33.4
11.1 ± 2.7
151.1 ± 31.2
13.1 ± 2.7

0.105
0.253
0.473
0.501
0.259
0.396
0.482
0.052
0.088
0.761
0.176
0.095

Data are expressed as mean ± SD. TB: Total serum bilirubin; ALT: Alanine
aminotransferase; CBD: Common bile duct.

and 33.1% in Group 2 (P = 0.2739). There were no
significant differences in ERCP-related complications
when Group 1 was compared to Group 2 (PEP: 6.2%
vs 10.5%, P = 0.4215; hyperamylasemia: 15.0% vs
18.1%, P = 0.6726; PEC: 4.4% vs 7.6%, P = 0.3197;
PEB, 3.5% vs 2.9%, P = 0.7751).

Outcomes of subgroup patients

As shown in Table 2, 77 patients underwent EPBD, and
of them, 41 patients were then randomly selected to
receive ENBD (G1a) and 36 patients were not (G2a).
Seventy-three patients underwent EST, with 34 in the
ENBD group (G1b) and 39 in the non-ENBD group
(G2b). The remaining 68 patients underwent neither
EPBD nor EST, with 38 patients in the ENBD group
(G1c) and 30 patients in the non-ENBD group (G2c).
There were no statistical differences in the baseline
characteristics or laboratory findings when the three
subgroups were compared (G1a vs G2a, G1b vs G2b,
G1c vs G2c). Moreover, no significant differences were
detected in the PHD or the time to normalization for
CRP, TB and ALT when the subgroups were compared.
In the EPBD group, six patients developed PEP and
all six were in the non-ENBD group (G2a). The
incidence of PEP was significantly higher in G2a than
in G1a. In the EPBD group, more patients developed
hyperamylasemia in the non-ENBD group than the
ENBD group. The OPC rate was significantly lower in
G1a than in G2a. In the other two pairs of subgroups,
ERCP-related complications were similar (Table 3).

DISCUSSION
Although recent British and Japanese guidelines
have outlined the management of CBD stones and
acute cholangitis in detail, they have not specifically
addressed whether a routine drainage procedure
should be mandatory after endoscopic clearance of
[11-13]
[14]
the CBD is achieved
. Lee et al
demonstrated
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Table 2 Baseline characteristics of the subgroups
EPBD (n = 77)

Variable

EST (n = 73)

Neither EPBD nor EST (n = 68)

G1a (n = 41) G2a (n = 36) P value G1b (n = 34) G2b (n = 39) P value G1c (n = 38) G2c (n = 30) P value
Age (yr)
Sex, male/female
Presence of gallstones (n)
History of cholecystectomy (n)
Total leukocyte count (× 109/L)
Amylase (U/L)
TB (mg/dL)
ALT (IU/L)
AST (IU/L)
Prothrombin time (s)
Platelet count (× 106/L)
Maximum diameter of CBD (mm)

59.6 ± 9.7
21/20
4
3
5.9 ± 1.9
84.5 ± 23.4
4.7 ± 1.1
127.4 ± 35.1
100.6 ± 29.3
12.3 ± 1.9
139.2 ± 44.1
11.5 ± 2.3

59.3 ± 10.4
24/12
2
3
6.0 ± 2.2
89.2 ± 24.7
4.6 ± 0.9
118.9 ± 33.4
101.6 ± 24.1
11.9 ± 2.3
142.1 ± 38.4
12.1 ± 2.1

0.8963
0.1700
0.7948
0.7948
0.8321
0.3932
0.6736
0.2766
0.8716
0.4093
0.7577
0.2316

58.4 ± 10.1
23/11
5
2
5.4 ± 2.3
89.1 ± 25.6
4.1 ± 0.7
123.1 ± 33.1
97.9 ± 24.3
10.3 ± 1.7
143.5 ± 40.1
12.3 ± 2.0

59.9 ± 10.9
25/14
4
4
5.9 ± 2.1
87.1 ± 27.2
3.9 ± 0.9
125.1 ± 37.4
100.7 ± 24.9
10.9 ± 2.0
146.1 ± 41.3
12.9 ± 1.9

0.5419
0.7502
0.8259
0.8013
0.3347
0.7464
0.2863
0.8085
0.6273
0.1659
0.7852
0.1907

61.4 ± 9.9
24/14
4
2
5.8 ± 1.7
87.3 ± 26.2
3.6 ± 0.9
117.9 ± 31.4
98.1 ± 21.3
11.3 ± 1.8
147.5 ± 39.1
11.7 ± 1.8

56.9 ± 10.1
22/8
3
2
6.1 ± 2.4
92.0 ± 27.2
3.7 ± 1.0
113.9 ± 32.7
103.7 ± 24.1
11.6 ± 1.7
153.5 ± 42.1
12.5 ± 2.1

0.0559
0.3732
0.7407
0.7835
0.5304
0.4526
0.6465
0.5943
0.2919
0.4661
0.5280
0.0797

EPBD: Endoscopic papillary balloon dilatation; EST: Endoscopic sphincterotomy; TB: Total serum bilirubin; ALT: Alanine aminotransferase; AST: Aspartate
aminotransferase; CBD: Common bile duct.

Table 3 Outcomes of the subgroup patients
EPBD (n = 77)

Variable

Time to
normalization
(d)
PHD (d)
ERCP-related
complications

OPC

TB
ALT
CRP
PEP
Hyperamylasemia
PEC
PEB

EST (n = 73)

Neither EPBD nor EST (n = 68)

G1a
(n = 41)

G2a
(n = 36)

P value

G1b
(n = 34)

G2b
(n = 39)

P value

G1c
(n = 38)

G2c
(n = 30)

P value

4.3 ± 0.9
4.8 ± 0.9
4.3 ± 0.9
6.5 ± 1.1
0
4 (9.8)
1 (2.4)
2 (4.8)
7 (17.1)

4.1 ± 1.2
5.1 ± 1.2
4.8 ± 1.1
7.0 ± 1.4
6 (16.7)
11 (30.6)
3 (8.3)
0
18 (50.0)

0.4133
0.2197
0.0834
0.0844
0.0217
0.0215
0.5168
0.5321
0.0046

3.9 ± 1.0
5.5 ± 0.9
3.9 ± 0.9
5.6 ± 1.1
2 (5.9)
5 (14.7)
1 (2.9)
2 (5.9)
9 (26.5)

4.2 ± 1.2
5.9 ± 1.1
4.1 ± 1.1
5.7 ± 1.3
3 (7.7)
6 (15.4)
2 (5.1)
1 (2.6)
10 (25.6)

0.2441
0.0876
0.3931
0.7219
0.8736
0.8048
0.9033
0.4762
0.9358

4.0 ± 1.1
4.7 ± 1.0
3.3 ± 1.0
4.1 ± 1.3
5 (13.2)
8 (21.1)
3 (7.9)
0
14 (50.0)

4.3 ± 0.9
4.8 ± 1.1
3.7 ± 0.9
4.5 ± 1.4
2 (6.7)
2 (6.7)
3 (10)
2 (6.7)
7 (23.3)

0.2269
0.6985
0.0832
0.2274
0.6364
0.1874
0.8992
0.3720
0.3509

Data are expressed as absolute n (%) or mean ± SD. EPBD: Endoscopic papillary balloon dilatation; EST: Endoscopic sphincterotomy; TB: Total serum
bilirubin; ALT: Alanine aminotransferase; CRP: C-reactive protein; PHD: Postoperative hospitalization duration; PEP: Post-endoscopic retrograde
cholangiopancreatography (ERCP) pancreatitis; PEC: Post-ERCP cholangitis; PEB: Post-ERCP bleeding; OPC: Overall patient complications.

early outcomes, and the later complications (e.g., CBD
stone recurrence) relating to the presence or absence
of an ENBD catheter are unknown; a long-term followup study is currently being implemented. Third, more
studies are required to evaluate the contribution of
the number of stones and maximal stone size on the
efficacy of ENBD.
In conclusion, this prospective randomized study
demonstrates that not all patients benefit from the
placement of an ENBD catheter after clearance of CBD
stones. We recommend ENBD placement only when an
EPBD procedure has been performed to prevent PEP
occurrence. Long-term follow-up for late complications
should be performed to investigate clinical outcomes.

patients who underwent an EST procedure showed
no differences in ERCP-related complications. We
hypothesize that this was because most of the patients
enrolled in our study were in fairly good health at the
time of the procedure. Patients with complications
such as acute suppurative cholangitis requiring an
emergency ERCP or patients who underwent a subtotal
gastrectomy were excluded from the study.
Placement of an ENBD catheter may cause discomfort,
trigger a compression ulcer, or the catheter may be
[5,13,14,21]
pulled out by a poorly compliant patient
. Thus,
it remains controversial whether an ENBD catheter
should be used following endoscopic clearance of CBD
[14,15]
stones
. According to the results of this study, we
do not recommend routine placement of an ENBD
catheter after endoscopic clearance of CBD stones.
This procedure is recommended for patients who have
undergone EPBD to prevent the occurrence of PEP.
There are some limitations to this study. First,
the current study was a single center study, and
independent external validation in other patient
populations is required. Second, we only observed
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There have been few studies evaluating the necessity of endoscopic nasobiliary
drainage (ENBD) catheter placement after clearance of common bile duct (CBD)
stones. The benefits of an ENBD catheter are currently controversial among
endoscopists.
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Research frontiers

British and Japanese guidelines have been published to outline, in detail, the
management of CBD stones and acute cholangitis. These guidelines, however,
do not address the specific issue of whether a routine drainage procedure
should be mandatory after successful endoscopic clearance of the CBD.

9

Innovations and breakthroughs

Endoscopic papillary balloon dilatation (EPBD) is not a standard procedure
in the United States or Europe due to the frequency of complications such as
pancreatitis and cholangitis. In patients who underwent EPBD procedures in our
study, it was found that subsequent placement of an ENBD catheter decreased
the incidence of post-endoscopic retrograde cholangiopancreatography (ERCP)
pancreatitis, hyperamylasemia, and overall patient complications.

10

Applications

11

In this study, it was found that an ENBD catheter was only beneficial in patients
who underwent EPBD with complete removal of CBD stones.

Terminology

During an ENBD procedure, endoscopists insert a nasobiliary drainage catheter
for several days into the CBD for biliary drainage, drug perfusion, and to allow
for cholangiography. EPBD is a technique used to remove CBD stones by
dilating the biliary sphincter.

12

Peer-review

This paper focuses on an important surgical issue in the treatment of
CBD stones. CBD stones are found in 10%-15% of patients suffering from
gallbladder stones, and treatment represents a challenge. This study evaluates
the clinical outcome benefits of ENBD catheter placement and is well designed
with a large patient cohort. Although EPBD is rarely performed in the United
States or Europe, it is used in Asian countries such as Japan and China for
the treatment of CBD stones. The authors identify that ENBD placement after
EPBD is beneficial in reducing post-ERCP pancreatitis, hyperamylasemia, and
overall patient complications. This manuscript is clinically relevant and may
inform future treatment of CBD stones.
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Abstract
AIM: To evaluate systemic treatment choices in un
resectable metastatic well-differentiated pancreatic
neuroendocrine tumors (PNETs) and provide consensus
treatment recommendations.
METHODS: Systemic treatment options for pancreatic
neuroendocrine tumors have expanded in recent
years to include somatostatin analogs, angiogenesis
inhibitors, inhibitors of mammalian target of rapamycin
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and cytotoxic agents. At this time, there is little data to
guide treatment selection and sequence. We therefore
assembled a panel of expert physicians to evaluate
systemic treatment choices and provide consensus
treatment recommendations. Treatment appropriateness
ratings were collected using the RAND/UCLA modified
Delphi process. After studying the literature, a multi
disciplinary panel of 10 physicians assessed the appro
priateness of various medical treatment scenarios on
a 1-9 scale. Ratings were done both before and after
an extended discussion of the evidence. Quantitative
measurements of agreement were made and consensus
statements developed from the second round ratings.

symptoms, octreotide-LAR can be titrated up to 60 mg/4
wk or up to 40 mg/3 or 4 wk.
Strosberg JR, Fisher GA, Benson AB, Anthony LB, Arslan
B, Gibbs JF, Greeno E, Iyer RV, Kim MK, Maples WJ, Philip
PA, Wolin EM, Cherepanov D, Broder MS. Appropriateness
of systemic treatments in unresectable metastatic welldifferentiated pancreatic neuroendocrine tumors. World J
Gastroenterol 2015; 21(8): 2450-2459 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i8/2450.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i8.2450

RESULTS: Specialties represented were medical
and surgical oncology, interventional radiology, and
gastroenterology. Panelists had practiced for a mean of
15.5 years (range: 6-33). Among 202 rated scenarios,
disagreement decreased from 13.2% (26 scenarios)
before the face-to-face discussion of evidence to 1% (2)
after. In the final ratings, 46.5% (94 scenarios) were
rated inappropriate, 21.8% (44) were uncertain, and
30.7% (62) were appropriate. Consensus statements
from the scenarios included: (1) it is appropriate
to use somatostatin analogs as first line therapy in
patients with hormonally functional tumors and may
be appropriate in patients who are asymptomatic;
(2) it is appropriate to use everolimus, sunitinib, or
cytotoxic chemotherapy therapy as first line therapy in
patients with symptomatic or progressive tumors; and
(3) beyond first line, these same agents can be used.
In patients with uncontrolled secretory symptoms,
octreotide LAR doses can be titrated up to 60 mg every
4 wk or up to 40 mg every 3 or 4 wk.

INTRODUCTION
Pancreatic neuroendocrine tumors (PNETs) represent
[1,2]
approximately 3% of primary pancreatic malignancies .
Their incidence has increased significantly in recent
decades, partially due to incidental detection on
imaging studies. PNETs can secrete a variety of peptide
hormones including insulin, gastrin, glucagon, and
vasoactive intestinal peptide (VIP). In contemporary
series, most PNETs are not associated with a hormonal
[3,4]
syndrome and are therefore termed “nonfunctional” .
Prognosis depends on tumor stage as well as tumor
differentiation and proliferative activity. Patients who
present with hepatic metastases from PNETs have a
worse survival than those with midgut neuroendocrine
[5]
carcinomas . In one large institutional series, the
median overall survival was 69 mo for patients with
distant metastases (stage Ⅳ disease). Five-year
survival rates ranged from 7% for high-grade tumors
[6]
to 75% for low-grade tumors .
The somatostatin analogs (SA), octreotide and
lanreotide, have had a profound impact on patients with
certain rare hormonally-functioning tumors. Patients
with VIPoma and glucagonoma syndromes experience
[7,8]
significant palliative benefit from SA therapy . The
role of SA as antiproliferative agents in nonfunctional
tumors has been controversial: phase Ⅱ studies and
retrospective series have demonstrated a high-rate
of disease stability among patients treated with SA
[9-11]
but randomized data was lacking until this year
.
The CLARINET trial recently confirmed the superio
rity of lanreotide compared to placebo in extending
progression free survival (PFS) in nonfunctional gas
[12]
troenteropancreatic NETs . However, these data were
not available at the time of the Delphi consensus panel
meeting.
In recent years, a number of novel targeted agents
have emerged to provide new treatment options for
[13]
patients with NETs . Inhibitors of mammalian target
of rapamycin (mTOR) are among the most promising
of such therapeutic options. Approximately 15% of
patients with pancreatic NETs have somatic mutations
[14]
in enzymes associated with the mTOR pathway .
In the randomized RADIANT 3 trial, everolimus, an

CONCLUSION: Using the Delphi process allowed
physician experts to systematically obtain a consensus
on the appropriateness of a variety of medical therapies
in patients with PNETs.
Key words: Unresectable; Neuroendocrine carcinomas;
Neuroendocrine tumors; Well-differentiated; Grade 1;
Grade 2; Low tumors; Intermediate tumors; Pancreatic
neoplasms; Treatment; Consensus; Delphi technique;
Expert testimony
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Using the RAND/UCLA modified Delphi process,
physician experts obtained consensus on the appropriateness
of various medical therapies in unresectable metastatic
well-differentiated pancreatic neuroendocrine tumors.
Consensus statements were: (1) it is appropriate to use
somatostatin analogs as first-line therapy in patients with
hormonally-functional tumors and may be appropriate
in asymptomatic patients; (2) it is appropriate to use
everolimus, sunitinib, or cytotoxic chemotherapy as firstline therapy in patients with symptomatic or progressive
tumors; and (3) beyond first-line, these same agents
can be used. In patients with uncontrolled secretory
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oral mTOR inhibitor, was compared to placebo in 410
patients with advanced low and intermediate-grade
[15]
PNETS . Crossover was permitted upon disease
progression. The trial demonstrated an improvement
in median progression-free survival from 4.6 mo on
the placebo arm to 11 mo on the everolimus arm, thus
meeting its primary endpoint. Objective response rates
on the everolimus arm were 5%. No improvement
in overall survival was observed, possibly due to the
crossover design.
PNETs are highly vascular tumors, which frequently
overexpress the vascular endothelial growth factor
[16]
(VEGF) ligand and receptor . Tumor angiogenesis is
therefore proving to be a promising treatment target
in patients with advanced PNETs. Sunitinib, an oral
tyrosine kinase inhibitor, which targets VEGFR-1, -2,
and -3 among other receptors, was compared to
placebo in a multinational phase Ⅲ study of low and
[17]
intermediate-grade PNETs . The trial was terminated
at midpoint, after accrual of 171 patients, due to
improved outcomes on the treatment arm. Median
progression free survival increased from 5.5 mo on
the placebo arm to 11.4 mo on the sunitinib arm (P <
0.001). Response rates on the sunitinib arm were 9.3
percent. There was a trend towards improved overall
survival, which was not statistically significant.
Cytotoxic chemotherapy remains an important
treatment modality for patients with advanced,
progressive PNETs. Streptozocin (STZ) was, for many
years, the only agent approved by the Food and Drug
Administration for this diagnosis. A randomized trial
conducted by the Eastern Cooperative Oncology Group
in the 1970s reported response rates of 63% with STZ
[18]
plus 5-fluorouracil (5-FU) vs 36% STZ monotherapy .
Another trial, conducted a decade later, reported a
response rate of 69% with STZ plus doxorubicin versus
[19]
45% with STZ plus 5-FU . These high response rates
have been subsequently questioned due to the partial
reliance on non-radiographic response criteria. A more
recent retrospective study evaluating the combination
of STZ, doxorubicin and 5-FU reported a response rate
[20]
of 39% using modern radiographic response criteria .
The clinical use of STZ-based regimens has been
limited by toxicity concerns. In recent years, the oral
nitrosourea temozolomide has emerged as an active
agent. A phase Ⅱ study investigating the combination
of temozolomide and thalidomide demonstrated an
objective response rate of 45% among 11 patients with
[21]
PNETs . Another study investigating temozolomide
combined with bevacizumab reported a response rate
[22]
of 33% in this subset . A retrospective study of 30
chemotherapy-naïve patients evaluated the combina
tion of temozolomide and the oral fluoropyrimidine
[23]
capecitabine . The study reported a response rate of
70% with a median PFS of 18 mo. Recent data suggests
that tumoral expression of O-6-methylguanine-DNAmethyltransferase (MGMT) may predict response to
[24]
temozolomide-based chemotherapy .
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Although treatment options available to patients
with NETs have expanded with the emergence of new
therapies, clinicians are faced with the necessity of
generating treatment recommendations in the absence
of high quality data. The lack of data comparing
the effectiveness of the various treatment options
in patients with NETs leads to many management
decisions being based on physician experience and
expert recommendations. Treatment guidelines in
[25-30]
NETs have been previously published
.
Strosberg et al (2013) have used a systematic
methodology for group-decision making involving a
RAND/University of California-Los Angeles (UCLA)
[31-33]
modified Delphi process
for evaluation of the
appropriateness of various systemic treatments in
unresectable metastatic well-differentiated carcinoid
tumors. The present study has applied this modified
Delphi methodology for evaluation of appropriateness
of various treatment regimens for PNET medical
management.
The RAND/UCLA modified Delphi process is a valid
method for assessing the appropriateness of medical
[31-34]
interventions using expert input
. Our objective was
to use this process to develop consensus on the use of
systemic treatments for unresectable, metastatic, welldifferentiated (grade 1-2) pancreatic neuroendocrine
tumors.

MATERIALS AND METHODS
Panelists

A steering committee, consisting of 3 medical oncolo
gists with experience in treating PNETs (Strosberg
JR, Fisher GA, Benson AB), developed an a priori list
of panelists’ attributes aimed at achieving a range of
panelist experience, a key feature of the Delphi process.
The panelists were selected to include physicians from
a variety of geographic regions, practice settings,
and clinical specialties. It was a priority to include the
specialties of medical and surgical oncology, interventional
radiology, gastroenterology, endocrinology, and palliative
care. The steering committee identified a group of
physicians meeting the various criteria and invited them
to participate. This panel was joined by 2 of the steering
committee members (Strosberg JR and Fisher GA).

RAND/UCLA modified delphi panel method
[31-34]

Key features of the method include
: (1) quantitative
ratings: presented with a scenario, each panelist rates a
given therapy’s appropriateness anonymously, preventing
a single individual’s opinions from dominating the
group; (2) controlled feedback: once first round ratings
are submitted by the whole panel, panelists hold an
in-person meeting to review all ratings and work out
disagreements; (3) iteration: further ratings are given,
so panelists may make any changes following the group
discussion; and (4) statistical group response: the
degree to which panelists agreed is determined through
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Table 1 Variables used to construct clinical patient scenarios in unresectable metastatic well-differentiated pancreatic neuroendocrine
tumors
Variable

Range of values

Anatomic site
Line of treatment
Patient’s primary problem
Postmarker and postscan testing
status
Frequency of testing a patient with
markers and scans
Cytoreductive surgery
Systemic therapy
Response to lower octreotide LAR
dose
Octreotide LAR frequency
Octreotide LAR dosing

Pancreatic neuroendocrine tumors
Observation; first-line treatment; second-line treatment; third-line treatment
Uncontrolled secretory symptoms; uncontrolled tumor-related symptoms; rapid radiographic progression; nonrapid
radiographic progression; no symptoms and no radiographic progression; no symptoms
No progression from prior marker and scan; progression after prior marker and scan
Every 3 mo; every 6 mo; every 9 mo; every 12 mo
Optimal cytoreductive surgery; suboptimal cytoreductive surgery; not a candidate for surgery
Somatostatin analog; everolimus; sunitinib; cytotoxic chemotherapy; interferon-α; temozolomide-containing regimen; streptozotocin-containing regimen
Previously responded to a lower dose or frequency; previously did not respond to a lower dose or frequency
Every 2 wk; every 3 wk; every 4 wk
30 mg; 40 mg; 60 mg; 90 mg; 120 mg

statistical analysis.

October 2011, and the panelists met face-to-face
on October 18, 2011 in Minneapolis, Minnesota. At
this meeting, panelists reviewed the initial survey
results then participated in a moderated discussion
to determine areas of agreement or disagreement.
During the discussion, panelists added 5 additional
unique patient scenarios for the second round of
ratings. After the discussion, panelists rated the
appropriateness of clinical management options for
each patient scenario a second time. The second round
results were summarized, and the steering committee
compiled the data into consensus statements about
systemic treatments for patients with PNETs.

Development of patient scenarios

A summary of published evidence about PNETs was
collected by the moderator, steering committee, and
researchers trained in the Delphi method (Cherepanov
D, Broder MS) and provided to the panelists. The
intent was to consider both medical and liver directed
therapies, but the limited time available for the inperson meeting led to a focus on only medical therapy.
A set of variables was developed by the steering
committee, which represented the range of patient
presentations in clinical practice (e.g., anatomic site,
line of treatment, presence or absence of secretory
symptoms) (Table 1). A list of 197 patient scenarios
was developed from these variables. Each patient scena
rio described the clinical circumstances of a patient
with PNET (e.g., a patient whose primary problem is
uncontrolled secretory symptoms who has had subo
ptimal cytoreductive surgery) and gave choices for
medical treatment (e.g., SA, everolimus, no treatment).
The scenarios were reviewed and refined iteratively with
the steering committee.

Statistical analysis

The median of the 10 panelists’ ratings and the absolute
deviation from each panelist’s rating to the median were
calculated for every patient scenario. For both the premeeting and final surveys, median and mean distance
from the median were calculated for each scenario.
Median was used to measure central tendency because
the responses are ordinal and the distance between
points on the scale is not fixed (e.g., 8 and 9 might
be closer together than 4 and 5). Average distance
from the median was used to measure dispersion.
Whether respondents agreed or disagreed on each
item was reported, with disagreement defined as > 2
ratings from 1 to 3 and > 2 from 7 to 9 on the same
item. Statistics summarizing appropriateness and
agreement over the entire survey were also calculated.
Clinical management for each scenario was catego
rized as appropriate (a median rating of 7-9 with no
disagreement), inappropriate (a median rating of 1-3
with no disagreement), and uncertain (a median rating
of 4-6 with no disagreement). All data and statistical
®
analyses were performed using SAS version 9.2 (SAS
Institute, Cary, NC).

Rating of patient scenarios and development of
consensus statements

Panelists ranked (on a 1-9 scale) the appropriateness
of multiple treatment options for each patient scenario,
using the definition that an appropriate treatment is
one for which the expected health benefit outweighs
the expected detriment by a wide enough margin
[33]
that it is worth doing, without consideration of cost .
A rating of 1 indicated an inappropriate treatment,
meaning one for which the expected harms greatly
outweighed the expected benefits; a rating of 9
indicated an appropriate treatment for which expected
benefits greatly outweighed expected harms; a 5
indicated either an equal tradeoff between harms and
benefits or that the scenario could not be rated for
appropriateness.
The first round of ratings was completed in early
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Blinding and role of the funder

Novartis selected the research company that organized
the meeting and determined the topic of the Delphi
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Table 2 Number of indications scored as ”inappropriate”, ”uncertain”, ”appropriate”, or as ”disagreement” in unresectable
metastatic well-differentiated pancreatic neuroendocrine tumors
First Round Results
Agreement

Frequency

Inappropriate
Uncertain
Appropriate
Disagreement

Percent

73
39
59
26

37.1
19.8
29.9
13.2

Second Round Results

Cumulative

Cumulative

Frequency

Percent

73
112
171
197

37.1
56.9
86.8
100.0

Frequency
94
44
62
2

Percent

Cumulative

Cumulative

Frequency

Percent

94
138
200
202

46.5
68.3
99.0
100.0

46.5
21.8
30.7
1.0

Table 3 Average panel median rating and absolute deviation for clinical scenarios in patients with unresectable metastatic welldifferentiated pancreatic neuroendocrine tumors
First round results
Variable
Median
Absolute deviation

Second round results

Number of
Scenarios

Mean

SD

Minimum

Maximum

Number of
Scenarios

Mean

SD

Minimum

Maximum

197
197

4.3
1.6

2.6
0.5

1.0
0.1

9.0
2.7

202
202

4.1
0.8

2.9
0.6

1
0

9.0
2.2

panel. A steering committee, which did not know the
funding source, consisted of 3 medical oncologists
experienced in treating PNETs (Strosberg JR, Fisher GA,
Benson AB). At no point were potential panelists told
the funder, nor asked their views of drugs marketed
by the funder. Although Novartis saw the final list of
panelists, all selections were made independently by
the steering committee. An independent moderator
who was experienced in the Delphi method and did
not know the funding source was selected. The funder
paid travel and honoraria for the panel members and
the moderator, but did not discuss the panel content
with panelists or the moderator before, during, or after
the meeting. During the meeting, Novartis had no
representation. Novartis read the panel results, but did
not direct or modify these analyses. Results were also
shared with the panelists. Until the manuscript was
fully drafted, the moderator, steering committee, and
panelists all remained blinded to the funder. Novartis
reviewed the manuscript prior to submission but did
not edit or amend or make suggestions that resulted
in changes to the manuscript.

with the development of other NET treatment guidelines
[e.g., North America Neuroendocrine Tumor Society and
National Comprehensive Cancer Network (NCCN)].

Consensus results

Among 197 patient scenarios rated in the first round,
37.1% (73 scenarios) were rated as inappropriate,
19.8% (39) were uncertain, and 29.9% (59) were
appropriate (Table 2). In the second round of ratings,
46.5% (94 scenarios) were rated inappropriate,
21.8% (44) were uncertain, and 30.7% (62) were
appropriate. The proportion for which there was
disagreement decreased from 13.2% (26 scenarios)
before the meeting to 1.0% (2 scenarios) after.
Average median rating was 4.1 (range: 1-9) and
average distance from median was 0.8 (range: 0-2.2)
nd
in the 2 round (Table 3). A summary of interventions
rated “appropriate” in the management of pancreatic
NETs is as follows:
Observation without treatment (Tables 4 and 5):
Observation may be appropriate for patients with no
symptoms and low-volume radiographically-stable
disease. For patients with no progression from prior
tests, markers and scans may be obtained every 3-12
mo; for patients with progression after prior tests, an
appropriate interval is 3-6 mo.
First-line medical treatment (Table 6): Somatostatin
analogs (SA) are appropriate in hormonally functional
tumors (particularly VIPomas and glucagonomas). SA
may also be appropriate in patients with nonfunctional
tumors; however, there have been limited data to
support their use as antiproliferative agents in pancreatic
NETs. Everolimus is an appropriate agent in patients
with symptomatic or progressive tumors. Sunitinib
is an appropriate agent in patients with symptomatic
or progressive tumors. Cytotoxic chemotherapy (i.e.,
streptozocin or temozolomide-based regimens as
recommended by NCCN) is appropriate, particularly in

RESULTS
Panelist demographics

The 10 panelists had a mean age of 50.4 years and
included members from the Northeast, Midwest, South,
and West regions of the United States. Specialties
represented included medical and surgical oncology,
interventional radiology, and gastroenterology. The
panel’s single selected endocrinologist could not attend
the meeting. Panelists had practiced for a mean of
15.5 years (range: 6-33 years) and an average of
49% of their time was spent seeing patients (range:
15%-60%), with 30%-100% of that time spent caring
for NET patients. All panelists were part of academic
practices. Five of the panelists were previously involved
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Table 4 Observation in patients with unresectable metastatic well-differentiated pancreatic neuroendocrine tumors
Rate the
appropriateness of
observation without
regional or medical
therapy

In a patient whose primary problem is:
Uncontrolled secretory
symptoms

Uncontrolled tumorrelated symptoms

Rapid radiographic
progression

Nonrapid radiographic
progression

No symptoms and no
radiographic progression

1.01 (0.0)

1.01 (0.0)

1.01 (0.0)

4.32 (1.2)

8.03 (1.3)

The medians of ratings represents the type of panel consensus that was reached for the particular patient scenario (cell). 1Median rating 1-3 and no
disagreement4 = “inappropriate”; 2Median rating 4-6 and no disagreement4 = “uncertain”; and 3Median rating 7-9 and no disagreement4 = “appropriate”; 4 >
2 responses in the range 1-3 and > 2 responses in the range 7-9 = “disagreement”.

Table 5 Observation in patients with unresectable metastatic well-differentiated pancreatic neuroendocrine tumors
Rate the appropriateness of the frequency of testing in an
asymptomatic patient

Markers and scans
Every 3 mo

Every 6 mo

Every 9 mo

Every 12 mo

7.03 (1.5)
9.03 (0.2)

6.53 (1.8)
6.53 (1.6)

5.02 (1.5)
2.01 (1.0)

3.52 (1.7)
1.01 (0.5)

Who has had
A. No progression from prior marker and scan
B. Progression after prior marker and scan

The medians of ratings represents the type of panel consensus that was reached for the particular patient scenario (cell): 1Median rating 1-3 and no
disagreement4 = “inappropriate”; 2Median rating 4-6 and no disagreement4 = “uncertain”; and 3Median rating 7-9 and no disagreement4 = “appropriate”; 4 >
2 responses in the range 1-3 and > 2 responses in the range 7-9 = “disagreement”.

Table 6 First-Line treatment in patients with unresectable metastatic well-differentiated pancreatic neuroendocrine tumors
Rate the appropriateness of the following
initial treatment options
No systemic therapy
Somatostatin analogue
Everolimus
Sunitinib
Cytotoxic chemotherapy
No systemic therapy
Somatostatin analogue
Everolimus
Sunitinib
Cytotoxic chemotherapy
No systemic therapy
Somatostatin analogue
Everolimus
Sunitinib
Cytotoxic chemotherapy

In a patient whose primary problem is:
Uncontrolled secretory
symptoms

Uncontrolled tumor-related
symptoms

No symptoms

1.01 (0.0)
9.03 (0.0)
7.03 (0.5)
7.03 (0.7)
5.02 (1.2)
1.01 (0.0)
9.03 (0.0)
7.03 (0.4)
7.03 (0.5)
7.03 (1.0)
1.01 (0.0)
9.03 (0.0)
7.03 (0.6)
7.03 (0.8)
6.53 (1.1)

1.01 (0.0)
7.03 (1.1)
7.03 (0.9)
7.03 (0.9)
7.54 (2.2)
1.01 (0.0)
6.02 (1.7)
7.03 (0.6)
7.03 (0.5)
7.03 (0.9)
1.01 (0.0)
5.02 (1.5)
8.03 (0.6)
8.03 (0.4)
9.03 (0.8)

8.53 (1.5)
5.02 (0.7)
1.01 (0.4)
1.01 (0.3)
1.01 (0.2)
5.02 (1.2)
5.02 (0.3)
5.02 (1.1)
5.02 (1.2)
2.01 (1.2)
5.02 (0.3)
6.53 (1.2)
5.02 (1.1)
5.02 (1.2)
5.02 (1.5)

Following optimal cytoreductive surgery

Who had suboptimal
cytoreductive surgery

Who is not a candidate
for surgery

The medians of ratings represents the type of panel consensus that was reached for the particular patient scenario (cell): 1Median rating 1-3 and no
disagreement4 = “inappropriate”; 2Median rating 4-6 and no disagreement4 = “uncertain”; and 3Median rating 7-9 and no disagreement4 = “appropriate”; 4 >
2 responses in the range 1-3 and > 2 responses in the range 7-9 = “disagreement”.

patients with rapidly progressive tumors, or in cases
where tumor burden is high. There were no significant
differences in ratings between sunitinib, everolimus
and cytotoxic chemotherapy for most scenarios. The
exception was for patients with non-rapidly progressive
tumors where cytotoxic chemotherapy was rated as less
appropriate than either sunitinib or everolimus.
Second-line therapy and beyond (Tables 7-9):
Everolimus, sunitinib, and cytotoxic chemotherapy
(temozolomide or streptozocin-based regimens) are
appropriate in the refractory setting. However, there
are no studies guiding the appropriate sequence of
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treatments. There were no significant differences in
the appropriateness ratings of sunitinib, everolimus
and cytotoxic chemotherapy for most scenarios. The
exception was for patients with non-rapidly progressive
tumors where cytotoxic chemotherapy was rated as
less appropriate than either sunitinib or everolimus.
In patients with uncontrolled secretory symptoms,
increasing the dose/frequency of SA is appropriate,
particularly among patients who had previously
responded to lower dose. The panel considered dose
escalations of octreotide LAR up to 60 mg every 3 or
4 wk regardless of previous response to somatostatin
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Table 7 Second-line treatment in patients with unresectable metastatic well-differentiated pancreatic neuroendocrine tumors
Rate the appropriateness of the following as a secondline medical treatment in a patient who has had an
initial adequate trial of a somatostatin analogue

Higher dose/frequency of somatostatin analogue (e.g., >
30 mg dose or < 4 wk dosing of octreotide LAR)
Everolimus
Sunitinib
Cytotoxic chemotherapy
Interferon

In a patient whose primary problem is:
Uncontrolled
secretory symptoms

Uncontrolled
tumor-related
symptoms

Rapid
radiographic
progression

Nonrapid
radiographic
progression

No symptoms and
no radiographic
progression

9.03 (0.2)

3.01 (0.8)

2.01 (0.8)

5.02 (1.4)

1.01 (1.0)

8.03 (0.4)
8.03 (0.7)
7.03 (0.8)
5.02 (1.1)

9.03 (0.4)
8.53 (0.8)
8.53 (0.8)
4.02 (0.9)

8.03 (0.5)
7.53 (0.7)
7.53 (1.4)
4.02 (1.3)

8.03 (0.6)
7.03 (0.7)
6.02 (1.0)
3.52 (1.7)

1.51 (1.1)
1.51 (1.0)
1.01 (0.8)
1.01 (0.3)

The medians of ratings represents the type of panel consensus that was reached for the particular patient scenario (cell): 1Median rating 1-3 and no
disagreement4 = “inappropriate”; 2Median rating 4-6 and no disagreement4 = “uncertain”; and 3Median rating 7-9 and no disagreement4 = “appropriate”; 4 >
2 responses in the range 1-3 and > 2 responses in the range 7-9 = “disagreement”.

Table 8 Second-line treatment in patients with unresectable metastatic well-differentiated pancreatic neuroendocrine tumors
Every 4 wk

Rate the
appropriateness
of increasing the
dose or frequency
of octreotide lar
beyond 30 mg every
4 wk
In a patient whose
primary problem is:
Uncontrolled
secretory
symptoms
Uncontrolled
tumorrelated
symptoms
Radiographic
progression
Uncontrolled
secretory
symptoms
Uncontrolled
tumorrelated
symptoms
Radiographic
progression

40 mg

60 mg

90 mg 120 mg 30 mg

Every 3 wk

40 mg

60 mg

Every 2 wk

90 mg 120 mg 30 mg

40 mg

60 mg

90 mg 120 mg

Who
9.03 (0.7) 7.03 (0.7) 1.01 (0.5) 1.01 (0.3) 8.03 (0.8) 7.03 (0.6) 5.52 (1.5) 1.01 (0.6) 1.01 (0.4) 5.02 (2.0) 4.52 (2.2) 3.01 (1.9) 1.01 (0.1) 1.01 (0.1)
previously
responded
to a lower
dose or
2
2
1
1
2
2
2
1
1
1
1
1
1
1
frequency 6.0 (1.7) 5.0 (1.8) 1.0 (0.4) 1.0 (0.3) 5.5 (2.0) 4.5 (1.9) 3.5 (1.8) 1.0 (0.5) 1.0 (0.4) 1.0 (1.5) 1.0 (1.4) 1.0 (0.6) 1.0 (0.1) 1.0 (0.1)

5.02 (1.1) 4.52 (1.6) 1.01 (0.3) 1.01 (0.3) 5.04 (2.2) 4.02 (1.9) 2.51 (1.8) 1.01 (0.5) 1.01 (0.5) 1.01 (1.7) 1.01 (1.6) 1.01 (0.5) 1.01 (0.1) 1.01 (0.1)

Who
7.03 (0.9) 7.03 (0.9) 1.01 (0.5) 1.01 (0.3) 6.02 (1.1) 6.02 (0.9) 3.52 (1.6) 1.01 (0.4) 1.01 (0.5) 3.01 (2.0) 2.51 (1.6) 2.01 (0.8) 1.01 (0.1) 1.01 (0.1)
previously
did not
respond
to a lower
3.52 (1.4) 3.01 (1.5) 1.01 (0.3) 1.01 (0.2) 2.51 (1.0) 3.01 (1.0) 1.51 (0.5) 1.01 (0.2) 1.01 (0.2) 1.01 (0.7) 1.01 (0.4) 1.01 (0.3) 1.01 (0.1) 1.01 (0.1)
dose or
frequency

3.01 (1.4) 3.01 (1.5) 1.01 (0.2) 1.01 (0.2) 2.01 (0.7) 2.51 (1.1) 1.01 (0.6) 1.01 (0.3) 1.01 (0.3) 1.01 (0.6) 1.01 (0.4) 1.01 (0.2) 1.01 (0.1) 1.01 (0.1)

The medians of ratings represents the type of panel consensus that was reached for the particular patient scenario (cell): 1Median rating 1-3 and no
disagreement4 = “inappropriate”; 2Median rating 4-6 and no disagreement4 = “uncertain”; and 3Median rating 7-9 and no disagreement4 = “appropriate”; 4 >
2 responses in the range 1-3 and > 2 responses in the range 7-9 = “disagreement”.
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Table 9 Third-line treatment in patients with unresectable metastatic well-differentiated pancreatic neuroendocrine tumors
Rate the appropriateness of the following as a third-line
medical treatment in a patient who has had an adequate
trial of two agents, one of which was a somatostatin Uncontrolled
secretory
analogue. Assume for each question that the agent being
symptoms
rated was not previously used
Higher dose/frequency of somatostatin analogue (e.g., >
30 mg dose or < 4 wk dosing of octreotide LAR)
Everolimus
Sunitinib
Interferon
Temozolomide-containing regimen
Streptozotocin-containing regimen
Cytotoxic Chemotherapy

In a patient whose primary problem is:
Uncontrolled
tumor-related
symptoms

Rapid
radiographic
progression

Nonrapid
radiographic
progression

No symptoms and no
radiographic progression

9.03 (0.4)

3.01 (1.6)

2.51 (1.0)

4.52 (1.8)

1.01 (0.4)

9.03 (0.7)
8.53 (0.7)
5.02 (0.9)
7.53 (1.4)
5.52 (1.3)
6.53 (1.3)

9.03 (0.7)
9.03 (0.7)
4.52 (1.3)
7.53 (1.2)
7.03 (1.4)
8.03 (1.1)

8.03 (0.8)
8.03 (0.8)
4.02 (1.0)
7.53 (1.5)
6.53 (1.2)
8.03 (1.2)

7.03 (0.6)
7.03 (0.7)
3.01 (1.7)
5.02 (1.3)
4.52 (1.6)
5.52 (1.5)

1.01 (0.7)
1.01 (0.7)
1.01 (0.4)
1.01 (0.6)
1.01 (0.4)
1.01 (0.9)

The medians of ratings represents the type of panel consensus that was reached for the particular patient scenario (cell): 1Median rating 1-3 and no
disagreement4 = “inappropriate”; 2Median rating 4-6 and no disagreement4 = “uncertain”; and 3Median rating 7-9 and no disagreement4 = “appropriate”; 4 >
2 responses in the range 1-3 and > 2 responses in the range 7-9 = “disagreement”.

analog or up to 40 mg every 2 wk in those who pre
viously responded to a lower dose to be reasonable
adjustments. The hormonal syndromes most likely to
respond to SA therapy are associated with secretion
of glucagon and VIP. Caution should be used in ad
ministration of SA in patients with insulinoma, which
may result in worsening of hypoglycemia.

tumors; use of SAs in patients with certain hormonally
functional tumors; and use of everolimus, sunitinib and
streptozocin or temozolomide-based chemotherapy in
patients with progressive tumors. Appropriateness levels
were similar for sunitinib and everolimus in all scenarios,
reflecting the similarity of outcomes when these agents
were compared to placebo in phase Ⅲ studies. Cytotoxic
drugs were considered less appropriate than targeted
agents for patients with slowly progressive tumors.
A limitation of this consensus is that the panel convened
prior to the report of the CLARINET trial, which confirmed
the superiority of lanreotide compared to placebo in
extending PFS in nonfunctional gastroenteropancreatic
[12]
NETs . Additionally, therapeutic use of somatostatin
analogues linked to radioactive isotopes, known as
peptide receptor radiation therapy, is approved for
use in Europe but is not available in the United States.
Though it is clear that such treatment can be effective
in PNETs, the fact that it is simply unavailable in this
country is the reason it was omitted as an option in this
analysis. Overall, consensus statements developed by
the panel are consistent with the NCCN guidelines, and
further complement the guidelines by adding clarity on
sequencing of available systemic treatment options,
given the lack of RCTs based on clinical experience and
incorporation of eligibility used in trials. Future research
should consider collecting treatment appropriateness
ratings from physician experts on additional unique
PNET patient scenarios not considered in this study,
such as patient scenarios with moderately differentiated
(intermediate grade or G2) PNETs and poorly differentiated
[35,36]
(high grade or G3) PNETs
.
In conclusion, bringing together an expert physicians
panel as described by the RAND/UCLA modified Delphi
process allowed us to obtain appropriateness ratings of
a variety of medical therapies in PNETs. In the absence
of high-quality RCTs, the consensus process can help
clinicians choose the most appropriate therapy for
patients with this rare condition.

DISCUSSION
While the data surrounding the management of un
resectable metastatic PNETs is limited, this study was
able to systematically derive specific and actionable
consensus statements for management using the expert
panel methodology. In distinction to other approaches
[25-30]
for eliciting treatment recommendations
, the Delphi
process combines literature review, multiple rounds of
quantitative ratings of specific clinical scenarios, and
[31-34]
face-to-face discussions
. Moreover, this process
allows for a statistical summary of the resultant body
of evidence rather than a qualitative extrapolation of
a literature review alone. The Delphi process enables
elicitation of the collective opinion of experts, rather
than forcing a consensus. The results include de
tailed statements that can inform the development of
treatment guidelines and may also guide clinicians in
their clinical care.
A limitation of this approach is that the information
is aggregated across data sources rather than relying
solely on data from randomized controlled trials (RCTs),
and panelists must make a decision about each
treatment scenario, even in the absence of high quality
evidence. Clinical practice requires similar decisionmaking and the results of the panel may therefore be
of particular interest to practicing clinicians.
The panel developed a number of consensus sta
tements with very low levels of disagreement. These
included statements regarding the appropriateness
of observation of patients with stable, asymptomatic
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Treatment options available to patients with pancreatic neuroendocrine tumors
(NETs) have expanded with the emergence of new therapies, yet clinicians
are faced with the necessity of generating treatment recommendations in
the absence of high quality data. Treatment guidelines in NETs have been
previously published[25-30] but the lack of data comparing the effectiveness of the
various treatment options in patients with NETs leads to many management
decisions being based on physician experience and expert recommendations.
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Research frontiers

In the absence of high-quality RCTs, this consensus process can help clinicians
choose the most appropriate therapy for patients with this rare condition. The
detailed consensus statements resulting from this process can also inform the
development of new treatment guidelines.
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Innovations and breakthroughs

The RAND/UCLA modified Delphi process is a valid method for assessing the
appropriateness of medical interventions using expert input[31-34]. Present study
used this process to develop consensus on the use of systemic treatments
for unresectable, metastatic, well-differentiated (grade 1-2) pancreatic
neuroendocrine tumors.
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Applications

The expert panel reached consensus on appropriateness of a variety of medical
therapies in PNETs, which included the following consensus statements: (1)
it is appropriate to use somatostatin analogs as first line therapy in patients
with hormonally functional tumors and may be appropriate in patients who are
asymptomatic; (2) it is appropriate to use everolimus, sunitinib, or cytotoxic
chemotherapy therapy as first line therapy in patients with symptomatic or
progressive tumors; and (3) beyond first line, these same agents can be used.
In patients with uncontrolled secretory symptoms, octreotide LAR doses can be
titrated up to 60 mg every 4 wk or up to 40 mg every 3 or 4 wk. The consensus
statements developed by the panel are consistent with the NCCN guidelines,
and further complement the guidelines by adding clarity on sequencing of
available systemic treatment options.
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This study is meaningful and innovative in applying the RAND/UCLA modified
Delphi process to assist NET physician experts in obtaining consensus on the
appropriateness of various medical therapies in unresectable metastatic welldifferentiated PNETs under varied clinical scenarios.
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Abstract
AIM: To investigate mortality reduction from gastric
cancer based on the results of endoscopic screening.
METHODS: The study population consisted of par
ticipants of gastric cancer screening by endoscopy,
regular radiography, and photofluorography at Niigata
city in 2005. The observed numbers of cumulative
deaths from gastric cancers and other cancers were
accumulated by linkage with the Niigata Prefectural
Cancer Registry. The standardized mortality ratio
(SMR) of gastric cancer and other cancer deaths in
each screening group was calculated by applying the
mortality rate of the reference population.
RESULTS: Based on the results calculated from the
mortality rate of the population of Niigata city, the SMRs
of gastric cancer death were 0.43 (95%CI: 0.30-0.57)
for the endoscopic screening group, 0.68 (95%CI:
0.55-0.79) for the regular radiographic screening group,
and 0.85 (95%CI: 0.71-0.94) for the photofluorography
screening group. The mortality reduction from gastric
cancer was higher in the endoscopic screening group
than in the regular radiographic screening group
despite the nearly equal mortality rates of all cancers
except gastric cancer.
CONCLUSION: The 57% mortality reduction from
gastric cancer might indicate the effectiveness of
endoscopic screening for gastric cancer. Further studies
and prudent interpretation of results are needed.
Key words: Gastric cancer screening; Mortality; Upper
gastrointestinal endoscopy; Upper gastrointestinal
radiography; Standardized mortality ratio
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can detect the early stage of gastric cancer, its
introduction into communities for gastric cancer
screening has been highly anticipated. To effectively
introduce new techniques for population-based
screening, mortality reduction should be evaluated.
Except for radiographic screening, other methods have
not been evaluated in terms of reduction of mortality
from gastric cancer. Various screening methods for
gastric cancer have been developed. In particular, the
evaluation method used for radiographic screening
was not randomized controlled studies but was limited
to observational studies. Although several studies
have reported the possibility of reducing mortality by
[7-10]
endoscopic screening
, definitive evidence remains
to be established.
Serologic testing, including serum pepsinogen
and Helicobacter pylori antibody testing, has also
been used for targeting the high-risk group for gastric
cancer; however, the effectiveness of these screening
[2,4]
methods has not been fully clarified . In this study,
we investigated mortality reduction from gastric cancer
on the basis of the results of gastric cancer screening
by endoscopy and radiography in Niigata city, Japan.

Core tip: We investigated mortality reduction from
gastric cancer on the basis of results of endoscopic
screening. The standardized mortality ratio (SMR) of
gastric cancer and other cancer deaths in each screening
group was calculated by applying the mortality rate
of the reference population. Based on the results
calculated from the mortality rate of the population
of Niigata city, the SMRs of gastric cancer death were
0.43 (95%CI: 0.30-0.57) for the endoscopic screening
group. The 57% mortality reduction from gastric
cancer might indicate the effectiveness of endoscopic
screening for gastric cancer.
Hamashima C, Ogoshi K, Narisawa R, Kishi T, Kato T, Fujita
K, Sano M, Tsukioka S. Impact of endoscopic screening on
mortality reduction from gastric cancer. World J Gastroenterol
2015; 21(8): 2460-2466 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i8/2460.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i8.2460

MATERIALS AND METHODS

INTRODUCTION

Ethics

Despite the recent decline in the incidence and
mortality of gastric cancer worldwide, gastric cancer
remains to be the third leading cause of cancer
[1]
mortality worldwide . Moreover, the burden of gas
tric cancer still remains in Asia and East European
countries. In most countries, gastric cancer screening
has not been commonly carried out. However, in
some Asian countries, gastric cancer screening using
endoscopy has been performed as opportunistic
[2]
screening . Endoscopy, which is commonly used
in clinical practice, is anticipated to be a promising
screening method for gastric cancer. Although gastric
cancer screening has been actively performed in South
[2-4]
Korea and Japan , endoscopic screening has been
carried out as a national program only in Korea.
Gastric cancer screening using the upper gas
trointestinal series (UGI) (i.e., radiographic screening)
is recommended in the Japanese guidelines for gas
[5]
tric cancer screening . In particular, radiographic
screening for gastric cancer was initiated in Japan
[6]
in the 1960s . The UGI with double-contrast study
was originally adopted for radiographic screening.
Photofluorography is one of the radiographic methods
and it can be performed on board a vehicle because
the equipment used is small compared with the regular
radiographic equipment. In Japan, photofluorography
was originally performed on a mobile car and has been
used in communities. Regular radiographic screening
has also been performed in clinical settings.
On the other hand, endoscopic examination has
been widely used in clinical settings, but rarely for
population-based screening programs. Since endoscopy
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This study was approved by the Institutional Review
Board of National Cancer Center, Japan.

Screening program

Gastric cancer screening has been conducted and
supported by the Health Service Law for the Aged since
1983 and it has been offered by local governments.
Since 2003, endoscopic examination has been added
to the screening programs for gastric cancer in
[10]
Niigata city . Both photofluorography and regular
radiographic screening for the UGI have also been
continued. Photofluorography has been performed as
a mass screening program using mobile cars mainly
in local areas. On the other hand, as endoscopic and
regular radiographic screenings have been performed
in clinical settings, individuals who visited regularly for
any disease treatment were often recommended to
undergo cancer screening by their own primary care
physicians. The target populations of these screening
programs vary as follows: individuals aged 40, 45, and
50 years or over can undergo endoscopic and regular
radiographic screenings; individuals aged more than
40 years can undergo photofluorography. Individu
als could choose any screening method based on
their own preference. There is no upper age limit and
the screening interval is every year for all screening
methods. Although the participation rate in gastric
cancer screening has increased since the introduction
of endoscopic screening, the screening rate has
[10]
remained at approximately 25% .
Physicians who perform endoscopic screening for
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Enrolled
(Participants of gastric cancer screening in 2005)
n = 54264

Participants aged
80 years and over
n = 3743

Target population for analysis
40-79 years age group
n = 50521

Endoscopy group
n = 16373

Regular radiography group
n = 18221

Photofluorography group
n = 15927

Death from gastric cancer
n = 24
Death from all cancers
n = 240

Death from gastric cancer
n = 43
Death from all cancers
n = 309

Death from gastric cancer
n = 38
Death from all cancers
n = 246

Figure 1 Flowchart for the selection of the target population. The target population consisted of participants of gastric cancer screening by endoscopy, regular
radiography, and photofluorography at Niigata city, in 2005. The total number of participants of the gastric cancer screening in 2005 was 54264. The target population
of this study was defined as individuals whose ages ranged from 40 years to 79 years; individuals belonging to the age group of 80 years and over were excluded
from the study. The final numbers of subjects for the defined age group were 16373 for the endoscopic screening, 18221 for the regular radiographic screening, and
15927 for the photofluorography screening.

gastric cancer in Niigata city have been approved
by the local committee for gastric cancer screening
[10]
based on certain requirements . Although these
endoscopic screenings have been performed in clinical
settings, the results have been evaluated on the basis
of a monitor screen review by the local committee,
including experienced endoscopists.

mortality and immigration rates of the screening
group were assumed to be equal to those of the
whole population of Niigata city. Based on a 5-year
immigration rate in the National Population Survey,
our calculated annual immigration rates per 1000
individuals from Niigata city were as follows; for men:
19.2 (aged 40-44 years), 16.4 (45-49 years), 13.3
(50-54 years), 9.2 (55-59 years), 5.0 (60-64 years),
2.7 (65-69 years), 1.6 (70-74 years), and 1.5 (75-79
years); for women: 13.3 (aged 40-44 years), 6.8
(45-49 years), 4.5 (50-54 years), 3.2 (55-59 years),
2.6 (60-64 years), 2.0 (65-69 years), 1.4 (70-74
years), and 1.7 (75-79 years). The immigration rates
and all-causes mortality were adopted for calculating
the number of the study population of the 3 different
screening groups within 5 years of follow-up (Table 1).

Study population

The study population consisted of 54264 participants
of gastric cancer screening by endoscopy, regular
radiography, and photofluorography at Niigata city
in 2005. The target population of this study was
defined as individuals whose age was from 40 years
to 79 years at the screening date in 2005. Individuals
belonging to the age group of 80 years and over
were excluded from the study. A flowchart showing
the selection process for the study populations is
shown in Figure 1. After the selection process, the
total numbers of subjects for each screening group
were 16373 for the endoscopic screening, 18221 for
the regular radiographic screening, and 15927 for the
photofluorography screening.
Since we could not obtain data regarding im
migration rates and deceased cases except for cases
of cancers, the number of all-cause mortality was
[11]
estimated from the population data of Niigata city .
The immigration rates were calculated from the
[12]
National Population Survey in 2010 . The all-causes
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Statistical analysis

The follow-up period was defined as 5 years from the
index date of the screening in 2005. The observed
numbers of cumulative death cases from gastric
cancers and other cancers in each screening group
were ascertained by linkage with the Niigata Pre
fectural Cancer Registry.
The expected numbers of gastric cancer death for
the 5-year follow-up were calculated on the basis of a
5-year age group interval from 40 years to 79 years in
both men and women by applying the mortality rate of
[11]
[12]
the population of Niigata city , Niigata prefecture ,
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Table 1 Target population of the follow-up study
Screening method
Endoscopy
Regular radiography
Photofluorography

Sex

Participants in
2005 (n )

2006

2007

2008

2009

2010

6476
9897
7019
11202
5188
10739

6314
9797
6841
11087
5056
10638

6170
9707
6683
10985
4939
10545

6029
9615
6548
10879
4824
10450

5897
9525
6384
10775
4717
10357

5771
9442
6246
10682
4614
10270

Men
Women
Men
Women
Men
Women

Follow-up

The SMRs were calculated on the basis of the death
rates of the 3 different reference populations (Table
4). Based on the results calculated for the population
of Niigata city, the SMRs of gastric cancer death
were 0.43 (95%CI: 0.30-0.57) for the endoscopic
screening group, 0.68 (95%CI: 0.55-0.79) for the
regular radiographic screening group and 0.85 (95%CI:
0.71-0.94) for the photofluorography screening group.
The SMRs of all cancer deaths except gastric cancer
deaths were 0.62 (95%CI: 0.57-0.67) for the en
doscopic screening group, 0.68 (95%CI: 0.63-0.73)
for the regular radiographic screening group, and
0.74 (95%CI: 0.68-0.79) for the photofluorography
screening group. The mortality reduction from gastric
cancer was higher in the endoscopic screening group
than in the regular radiographic screening group
despite the nearly equal mortality rates of all cancers
except gastric cancer. The same results were obtained
even if the reference population were changed to
the population of Niigata prefecture and Japan. The
SMRs for the endoscopic screening was 0.41 (95%CI:
0.29-0.55) in reference to the population of Niigata
prefecture and 0.45 (95%CI: 0.31-0.59) in reference
to the population of Japan. The same results for each
screening group were obtained in both men and
women. These results suggested mortality reduction
from gastric cancer by endoscopic screening.

Table 2 Characteristics of the screening groups n (%)

Age group
40-49 yr
50-59 yr
60-69 yr
70-79 yr
Sex
Men
Women

Endoscopy

Regular
radiography

Photofluorography

229 (1.40)
2033 (12.42)
7880 (48.13)
6231 (38.06)

216 (1.19)
2087 (11.45)
8568 (47.02)
7350 (40.34)

1836 (11.53)
3521 (22.11)
5830 (36.60)
4740 (29.76)

6476 (39.55)
9897 (60.45)

7019 (38.52)
11202 (61.48)

5188 (32.57)
10739 (67.43)

[13,14]

and Japan
. The standardized mortality ratios
(SMRs) and 95%CIs were also determined. The
SMRs of gastric cancer death were the ratios in which
the numerator represented the number of observed
cancer and the denominator indicated the number of
expected cancer in a reference population. The SMRs
of all cancer deaths except gastric cancer deaths were
also calculated using the same methods. Statistical
analyses were carried out using STATA 11.0 (STATA,
College Station, TX, United States).

RESULTS
The study population was divided into 3 screening
groups on the basis of their participation in the
screening programs in 2005. The total number of
the study population was 50521 individuals and
the number for each program was as follows:
16373 for the endoscopic screening, 18221 for the
regular radiographic screening and 15927 for the
photofluorography screening. Table 2 shows the basic
characteristics of the 3 different screening groups. The
participants in the photofluorography screening were
younger than those in the endoscopic screening and
regular radiographic screening. The number of female
participants was higher in all the 3 screening groups.
The cancer detection rate was higher in the endoscopic
screening group than in the regular radiographic and
photofluorography screening groups (Table 3). The
total numbers of death from gastric cancer for 5 years
after the index date of the screening in 2005 were 24
for the endoscopic screening group, 43 for the regular
radiography group, and 38 for the photofluorography
screening group.

WJG|www.wjgnet.com

DISCUSSION
We assessed the SMRs of gastric cancer deaths in
endoscopic screening and 2 radiographic screening
procedures at the community level. The risk of gastric
cancer death for the participants in the endoscopic
screening was reduced by 57% compared with
the risk for the reference population of Niigata city,
Niigata prefecture, and Japan. Even if the reference
population was changed, the SMRs of the endoscopic
screening group were similar. The SMRs of all cancer
deaths except gastric cancer deaths were nearly
equal among the endoscopic screening group and the
regular radiographic screening group, suggesting that
the participants in the screening groups had a similar
risk for gastric cancer. Even if the participants were
a healthy population, morality reduction from gastric
cancer was consistently higher in the endoscopic
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Table 3 Results of gastric cancer screening
Sex

All
Men
Women
All
Men
Women
All
Men
Women

Total number of
participants

Cancer detection
rate (/1000)

Detected cancers
(n )

16373
6476
9897
18221
7019
11202
15927
5188
10739

6.29
11.12
3.13
4.28
6.70
2.77
0.75
1.93
0.19

103
72
31
78
47
31
12
10
2

Deaths from gastric
Deaths from all
cancer (n )
cancers except gastric
cancer (n )
24
18
6
43
29
14
38
31
7

216
154
62
266
173
93
208
130
78

Screening group

Endoscopy

Regular radiography

Photofluorography

Table 4 Comparison of standardized mortality ratio among the screening groups
Reference
population

Niigata city

Group

Endoscopy

Regular radiography

Photofluorography

Niigata
prefecture

Endoscopy

Regular radiography

Photofluorography

Japan

Endoscopy

Regular radiography

Photofluorography

Gastric cancer deaths

All cancer deaths except
gastric cancer deaths

Observed
number

Expected
number

SMR (95%CI)

Observed
number

Expected
number

SMR (95%CI)

Total
Men
Women
Total
Men
Women
Total
Men
Women
Total

24
18
6
43
29
14
38
31
7
24

56
37
20
63
40
23
45
27
17
58

0.43 (0.30-0.57)
0.49 (0.32-0.66)
0.31 (0.12-0.54)
0.68 (0.55-0.79)
0.72 (0.56-0.85)
0.62 (0.39-0.80)
0.85 (0.71-0.94)
1.13 (1.04-1.43)
0.41 (0.18-0.67)
0.41 (0.29-0.55)

216
154
62
266
173
93
208
130
78
216

349
220
129
393
244
149
281
169
112
329

0.62 (0.57-0.67)
0.7 (0.64-0.76)
0.48 (0.39-0.57)
0.68 (0.63-0.73)
0.71 (0.65-0.77)
0.62 (0.53-0.70)
0.74 (0.68-0.79)
0.77 (0.70-0.83)
0.69 (0.59-0.77)
0.66 (0.61-0.71)

Men
Women
Total
Men
Women
Total
Men
Women
Total
Men
Women
Total
Men
Women
Total
Men
Women

18
6
43
29
14
38
31
7
24
18
6
43
29
14
38
31
7

39
20
66
43
23
46
29
17
54
36
18
60
40
21
42
27
15

0.47 (0.30-0.63)
0.3 (0.12-0.54)
0.66 (0.52-0.76)
0.68 (0.44-0.75)
0.61 (0.39-0.80)
0.83 (0.69-0.92)
1.08 (1.01-1.27)
0.41 (0.18-0.67)
0.45 (0.31-0.59)
0.5 (0.33-0.67)
0.34 (0.13-0.59)
0.71 (0.59-0.83)
0.73 (0.56-0.85)
0.68 (0.43-0.85)
0.9 (0.77-0.97)
1.15 (1.04-1.43)
0.46 (0.21-0.73)

154
62
266
173
93
208
130
78
216
154
62
266
173
93
208
130
78

204
125
371
227
144
264
157
108
357
214
143
403
238
165
287
164
123

0.75(0.68-0.81)
0.5 (0.41-0.59)
0.72 (0.67-0.76)
0.76 (0.70-0.82)
0.64 (0.56-0.72)
0.79 (0.74-0.84)
0.83 (0.76-0.88)
0.72 (0.63-0.80)
0.6 (0.55-0.65)
0.72 (0.65-0.78)
0.43 (0.34-0.51)
0.66 (0.61-0.71)
0.73 (0.67-0.79)
0.56 (0.48-0.63)
0.73 (0.68-0.78)
0.79 (0.72-0.85)
0.64 (0.53-0.71)

SMR: Standardized mortality ratio.

screening group than in the regular radiographic scr
eening group.
Several studies have reported the possibility of
reducing mortality from gastric cancer by endoscopic
[7-10]
[8]
screening
. In particular, Matsumoto et al showed
that the SMRs of gastric cancer death decreased after
the introduction of endoscopic screening in a small
island as follows: 0.71 (95%CI: 0.33-1.10) for men
and 0.62 (95%CI: 0.19-1.05) for women. However, an
immediate decrease might be dependent on the longterm effects of radiographic screening. Since these
previous reports were all observational studies and
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that their qualities were insufficient, the effectiveness
of endoscopic screening for gastric cancer has re
mained unclear. Recently, 2 case-control studies
have shown mortality reduction from gastric cancer
[15,16]
by endoscopic screening
. A larger case-control
study has suggested a 30% mortality reduction from
gastric cancer by endoscopic screening compared with
no screening, but a significant mortality reduction
[16]
could not be obtained by radiographic screening .
Compared with previous studies, the present study
showed the huge impact of endoscopic screening on
mortality reduction from gastric cancer.

2464

February 28, 2015|Volume 21|Issue 8|

Hamashima C et al . Effectiveness of endoscopic gastric cancer screening
SMRs are commonly used for evaluating the eff
[8,17-20]
ectiveness of cancer screening
. The resulting
SMRs readily demonstrate the impact of cancer
screening in communities. However, it is also possible
to overestimate the impact of cancer screening on
mortality reduction from cancers. Since the reference
population included patients who could not participate
in cancer screening, the mortality rate was higher
than the healthy general population. Death cases
from the general population included individuals
whose diagnosis was made before the index date of
the screening in 2005. Although the obtained impact
of endoscopic screening on mortality reduction from
gastric cancer in this study was considerably high at
approximately 57%, careful interpretation of this result
is also needed.
This study has several limitations which may
result in an overestimation of the impact of gastric
cancer screening on mortality reduction. First, there
is possible self-selection bias in the screening groups.
The participants in the screening groups were healthier
than the general population and they could continue
undergoing the screening. The backgrounds of the
screening groups were not similar to those of the
general population. Since details of the background
information, including the smoking and family history,
were not obtained, no adjustments could be made for
[21]
the background differences. Fukao et al
reported
differences in the smoking and family history between
the participants and non-participants of gastric cancer
screening.
Second, there were background differences even
in the screening groups. Individuals can choose any
screening method based on their preference. The
age distribution of the participants was also different
among the 3 screening groups. Since most of the older
people have their own primary care doctor, screening
could be offered easily at their clinic. The participants
of the photofluorography screening program were
younger than those of the other screening programs.
This was because photofluorography screening was
mainly provided as a mass screening program which
was often participated in by individuals who had no
primary care doctor.
Third, the screening history before the index date
of the screening in 2005 was ignored. Radiographic
screening was performed before the introduction of
endoscopic screening. Some participants changed
their subsequent screening program from radiographic
screening to endoscopic screening. The rate of
participants who had no screening history within 2
years from the index date of the screening in 2005
was 15.5% for the endoscopic screening and 5.7% for
the regular radiographic screening.
Fourth, the sample size was small because of the
low participation rate in gastric cancer screening.
Although the participation rate in gastric cancer
screening has increased since the introduction of
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endoscopic screening, the screening rate has remained
[10]
at approximately 25% .
Finally, the follow-up period was limited to 5
years. Thus, the full impact of the screening program
may not have been realized as the screening effect
cannot be expected within a short period of time
but within several years after the introduction of a
[22]
new screening program . Since more early-stage
cancer was detected by endoscopic screening than by
radiographic screening, there may be a difference in
the preclinical phase between endoscopic screening
and radiographic screening. A longer preclinical phase
should be assessed, because most cancers detected by
endoscopy were early-stage and slow-growing cancers.
A longer follow-up is needed to comprehensively
evaluate the effectiveness of endoscopic screening.
In conclusion, the present findings suggest that
endoscopic screening might maximally reduce mor
tality from gastric cancer by 57%. Although such
reduction rate suggests the effectiveness of endoscopic
screening for gastric cancer, prudent interpretation of
this result is needed considering the above-mentioned
limitations of the present study. Additional evidence
supporting mortality reduction from gastric cancer
by endoscopic screening is desired to realize the
introduction of endoscopic screening in communities.
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METHODS: A prospective analysis of the clinical data
of 52 MSBO patients undergoing percutaneous needle
decompression was performed.
RESULTS: Percutaneous needle decompression was
successful in all 52 patients. Statistically significant
differences were observed in symptoms such as vo
miting, abdominal distension and abdominal pain before
and after treatment (81.6% vs 26.5%, 100% vs 8.2%,
and 85.7% vs 46.9%, respectively; all P < 0.05). The
overall significantly improved rate was 19.2% (11/52)
and the response rate was 94.2% (49/52) using
decompression combined with nasal tube placement,
local arterial infusion of chemotherapy and nutritional
support. During the one-month follow-up period,
puncture-related complications were acceptable.
CONCLUSION: Percutaneous needle intestinal decom
pression is a safe and effective palliative treatment for
MSBO.
Key words: Arterial infusion chemotherapy; Malignant
small bowel obstruction; Nasal intestinal decompression
tube; Percutaneous needle decompression; Palliative
treatment
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Malignant small bowel obstruction (MSBO) is a
common complication in patients with advanced cancer.
In this study, we prospectively analyzed MSBO patients
undergoing percutaneous needle decompression in our
hospital over the past few years to identify the value
of this technique in the palliative treatment of MSBO.
We concluded that percutaneous needle intestinal
decompression is a safe and effective palliative treatment

Abstract
AIM: To investigate the efficacy and safety of per
cutaneous needle decompression in the treatment of
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for MSBO. When combined with local arterial infusion of
chemotherapy and nasal intestinal decompression tube
placement, percutaneous needle decompression can
further improve the clinical remission.

years (median age 62 years), undergoing percutaneous
needle decompression for SBO secondary to moderateto-advanced malignancies in our hospital from June
2004 to August 2010 were enrolled.

Clinical manifestations

Jiang TH, Sun XJ, Chen Y, Cheng HQ, Fang SM, Jiang HS, Cao Y,
Liu BY, Wu SQ, Mao AW. Percutaneous needle decompression
in treatment of malignant small bowel obstruction. World J
Gastroenterol 2015; 21(8): 2467-2474 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i8/2467.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i8.2467

The patients were unable to eat, had obvious abdominal
distention, abdominal pain, and had ceased anal flatus
and defecation. Some patients experienced nausea
and vomiting. Abdominal distension was found, with
drum sound in percussion. Abdominal computed
tomography (CT) imaging showed significantly dilated
intestines.

Inclusion criteria

INTRODUCTION

Criteria for study inclusion were: (1) patients with SBO
confirmed by CT imaging and pathologically or clinically
diagnosed as having malignancies; (2) patients with
SBO unresponsive to conservative medical treatment
and cannot tolerate surgery because of closed-loop
or multiple-sites obstruction for which the placement
of nasal intestinal decompression tubes or stents had
failed, or had been unable to effectively relieve the
obstructive symptoms; (3) patients with clinically
significant abdominal distention, abdominal pain, and
intestinal patterns with radiographic implication of
serious dilation, inflation, or effusions of the intestines
with a high risk of rupture; and (4) patients who
were willing to participate in the study voluntarily
with signed informed consent, were cooperative and
compliant, and could be followed-up.

Malignant small bowel obstruction (MSBO) is a common
complication in patients with advanced cancer, with
a reported incidence of approximately 3%-6% in
[1]
advanced malignancies . Statistics show that in some
European countries, the hospitalization cost of patients
with small bowel obstruction (SBO) exceeded that of
patients with gastric cancer, and was comparable to
[2,3]
that for colon cancer . Unfortunately, the incidence
and natural course of SBO has not reduced in recent
years, nor has any improvement in the prevention
and management been reported. The treatment
of SBO should be based on the specific conditions
of the patients and should be individualized and
comprehensive. Surgery is still a good treatment choice
for SBO. Other available options include minimally
invasive treatment (such as laparoscopic surgery,
endoscopic balloon dilatation, stent placement, and local
perfusion of chemotherapy for tumors) and conservative
treatment (such as nasal bowel decompression, watersoluble hyperosmolar contrast agents, and nutritional
[4-9]
support) . As MSBO is mainly found in patients with
advanced cancer, surgery is not tolerable, and the
presence of closed-loop obstruction or multiple sites in
some patients with severe obstruction even precludes
the possibility of nasal intestinal decompression tube
placement and stent usage, or makes treatment futile.
Significantly dilated bowels, abdominal distension,
abdominal pain, vomiting, and other progressive
obstructive symptoms seriously affect the quality
[10]
of life and survival of such patients . For patients
with advanced diseases, instant relief from intestinal
pressure may reduce the obstructive symptoms, and
in turn improve the quality of life, or even provide the
opportunity for further treatment. In the present study,
we prospectively analyzed MSBO patients undergoing
percutaneous needle decompression in our hospital
over the past few years to identify the value of this
technique in the palliative treatment of MSBO.

Exclusion criteria

Criteria for exclusion from the study were: (1) patients
with SBO caused by mesenteric artery embolization or
mesenteric vein thrombosis; (2) patients with severe
9
coagulopathy, platelets < 30 × 10 /L, prothrombin
time > 30 s, prothrombin activity < 40%, which
were not improved by blood transfusion, hemostatic
therapy, or other treatments; (3) patients with portal
hypertension and severe esophageal and gastric
varices with bleeding episodes; (4) patients with
intestinal necrosis, or bowel obstruction complicated by
intra-abdominal infections and abscesses; (5) patients
with severe heart and lung failure; and (6) patients
who failed to complete the treatment for subjective or
objective reasons, making it difficult or impossible to
evaluate the efficacy because of insufficient data.

Methods of operation

All treatments were approved by the Ethics Committee
of our hospital. Informed consent was obtained
from all patients before the initiation of treatment,
and all operations were conducted by at least two
interventional radiologists. Enhanced CT scans were
performed one week before the procedure to identify
the location and number of obstruction sites.
Patients were placed in the supine position. The
procedure was performed under ultrasonic monitoring

MATERIALS AND METHODS
Clinical data

Fifty-two patients, 18 men and 34 women aged 27-86
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The following parameters were observed: (1) tumor
location, nature, stage, presence or absence of pe
ritoneal metastases, previous anti-cancer treatment;
(2) clinical signs and symptoms; (3) sites and nature
of obstruction as shown on CT imaging one week
before the procedure, and if ascites was present
(amount, nature, and other aspects of ascites); (4)
weight loss in the past 3 mo; and (5) serum albumin,
hemoglobin, and potassium levels.
Responses following decompression were recorded
on a daily basis, including: (1) obstruction remission;
(2) improvement in abdominal distention, abdominal
pain, nausea, vomiting, eating, flatus and defecation;
(3) subsequent possibility of further treatment and
implementation; and (4) occurrence of complications,
including death, peritonitis, and bleeding.

Table 1 Patient and tumor characteristics n (%)
Characteristic
Age (yr), median (range)
Gender (male/female)
Weight loss > 5 kg in 90 d
ECOG status, median ± SD
Albumin (g/L), median ± SD
Hemoglobin (g/L), median ± SD
Bloody ascites
Alimentary system malignancy (n = 27)
Gastric
Colorectal
Pancreas
Small bowel carcinoma
Hepatic
Gynecologic malignancy (n = 21)
Ovarian
Uterine and cervical
Lymphoma
Peritoneal metastatic carcinoma of unknown
primary origin
Prior therapy
Chemotherapy
Radiotherapy
Surgery

Value
62 (27-86)
18 (34.6)/34 (65.4)
37 (71.2)
2.84 ± 0.91
30.24 ± 4.96
90.01 ± 22.99
11 (21.1)
13
9
2
1
2
14
7
1
3

Statistical analysis

The statistical analysis was carried out using SPSS 17.0
software (SPSS Inc., Chicago, IL, United States). Quali
2
tative data were compared using the χ tests, and qu
antitative data were compared using Student’s t tests. A
P value < 0.05 was considered statistically significant.

39 (75.0)
20 (38.5)
37 (71.2)

ECOG: The Eastern Cooperative Oncology Group; SD: Standard deviation.

RESULTS

to avoid vital abdominal organs and large blood ve
ssels. Lidocaine infiltration anesthesia was delivered
layer by layer from the abdominal wall where bowel
gas accumulation was identified from ultrasonography.
A gauge-6 needle or pericardial puncture needle
contained in a syringe was used to puncture the dilated
intestinal cavity under ultrasonic guidance. After
puncture, gas and liquid was continuously withdrawn
from the intestines until a significant reduction in
gas was observed and the intestines returned to
normal widths under ultrasonography. Complete
decompression of the intestines was determined
by complete removal of gas and liquid. In the case
of multiple closed-loop obstructions, aspiration was
conducted section by section until all dilated intestines
were relieved and the patient reported significant
improvement of abdominal distention and pain.
After removal of the needle, patients were in
structed to remain supine for two hours. Convention
al antibiotic treatment was administered after the
procedure. Somatostatin was injected to reduce
intestinal fluid secretion. Multiple courses of intestinal
needle decompression were performed if necessary.
Nasal intestinal tube placement and local arterial
infusion of chemotherapy treatments were delivered
based on the remission status and physical conditions
of the patient after decompression. All patients
were administered subsequent nutritional support
treatment.

General condition of patients

Baseline patient and tumor characteristics are pre
sented in Table 1. Among the 52 patients, there
were 27 cases of gastrointestinal cancer, 21 cases of
gynecologic tumors, 1 case of lymphoma, and 3 cases
of metastatic peritoneal cancer (of unknown sources).
Thirty-seven patients had a weight loss > 5 kg in the
past three months with dyscrasia; 11 patients had
bloody ascites in diagnostic paracentesis. Thirty-nine
patients had a previous history of chemotherapy;
20 had a previous history of radiotherapy (seven of
which also had a previous history of intraperitoneal
chemotherapy), 37 had previous abdominal surgery.

CT imaging findings in patients with obstruction

All 52 patients underwent contrast-enhanced CT
scans one week before decompression. CT imaging
suggested the presence of dilated intestines in all
patients with varying degrees of small intestinal fluid
levels (Table 2). Some had effusions as the primary
findings, and others had inflation. Fifteen patients
showed bowel wall thickening, suggesting the presence
of primary or metastatic tumors, 28 patients had
peritoneal nodules, suggesting peritoneal metastases,
and 6 had bowel and abdominal wall adhesions (large
masses) (Figure 1 and Table 2).

Treatment outcomes

In terms of symptoms, typical cases had obvious
abdominal pain, abdominal distension and skin tension
before decompression, which returned to normal
following extraction of large amounts of gas and liquid

Outcome measures

Relevant medical history was recorded in all 52
patients before treatment who met the study criteria.
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A

B

C

Figure 1 Computed tomography findings of small bowel obstruction before the procedure. A: Significantly dilated intestines with local wall thickening; B:
Accumulated gas in the dilated intestinal cavity, with visible fluid level; C: Local intestinal dilatation, partial bowel and abdominal wall adhesions, and a substantial
mass is visible.

A

C

B

D

Figure 2 Procedural images involving a 75-year-old man with recurrent gastric cancer. A: Preoperative abdominal distension and skin tension; B and C: A large
amount of liquid was extracted intraoperatively (700 mL gas and liquid 2800 mL liquid); D: Abdomen returned to normal and the skin was relaxed.

intraoperative ultrasonic guidance. Most abdominal
blood vessels and nerves were located close to the
posterior abdominal wall. The average number of
punctures per patient was 3.5 (range: 1-12), with a
median of 4.6 d (range: 2-15 d) between punctures.
Vomiting, distention, and abdominal pain improved
significantly after decompression compared with
2
baseline symptoms (all P < 0.05 by χ test) (Table
3). The average time to symptom improvement
after needle decompression alone was 3.7 d. Four
patients (4/52; 7.7%) had complete remission and
began eating after decompression, and 8/52 (15.4%)
patients had partial remission and successful nasal
intestinal decompression tube placement, although

(Figure 2). Radiologic findings confirmed that a large
amount of gas and a large number of effusions in the
intestines were removed (Figure 3).
To evaluate the efficacy of this treatment, the
patients were followed-up for one month. Remission
of obstructive symptoms was considered effective
treatment, and resumption of eating was considered
complete remission. In this study, percutaneous
needle decompression was successful in all 52 pa
tients. No failures such as unintended penetration
were observed, as it was not difficult to puncture the
highly dilated intestines under imaging guidance. The
operations were mainly completed in the anterior
abdominal cavity based on previous CT findings and
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A

B

C

D

E

F

Figure 3 Computed tomography findings in a 75-year-old man with recurrent gastric cancer. A: Preoperative computed tomography (CT) showed significant
dilation with visible gas and effusions; B-D: Anteroposterior radiographs during the percutaneous procedure and suction under imaging guidance; E: At the end of
aspiration, gas and effusions were significantly reduced; F: Postoperative CT showed that the intestine had returned to normal.

Table 2 Computed tomography imaging n (%)

Table 3 Relief of symptoms after needle decompression n (%)
n (%)

Findings
Dilation of the small intestine
Small intestinal fluid level
Wall thickening
Mesenteric edema and congestion
Ascites
Closed loop
Extensive adhesions
Large masses
Peritoneal metastasis
Intestinal fecal signs
Multiple small bowel obstructions

Symptom

52 (100.0)
52 (100.0)
15 (28.8)
36 (69.2)
19 (36.5)
28 (53.8)
14 (26.9)
6 (11.5)
28 (53.8)
7 (13.5)
39 (75.0)

Vomiting
Abdominal distention
Abdominal pain
Inability to eat

After treatment
(n = 49)

40 (81.6)
49 (100)
42 (85.7)
49 (100)

13 (26.5)a
4 (8.2)a
23 (46.9)a
45 (91.8)a

a

P < 0.05 vs before.

overall significantly improved rate of 19.2% (11/52)
and a response rate of 94.2% (49/52) were observed
following decompression combined with nasal tube
placement, local arterial infusion of chemotherapy, and
subsequent nutritional support treatment.

one patient (1.9%) did not show significant relief of
obstructive symptoms after tube placement. This pa
tient underwent multiple decompression procedures,
and the intestinal obstruction symptoms resolved.
Partial remission after needle decompression was
achieved following arterial infusion of chemotherapy in
5/52 (9.6%) patients, the obstructions resolved and
the patients resumed eating; 6/52 (11.5%) patients
were regarded as having a partial remission after
decompression followed by local arterial chemotherapy,
and underwent successful placement of nasal intestinal
decompression tubes. Obstructions resolved in 2/52
(2.8%) patients after local arterial chemotherapy
following decompression with nasal intestinal tube
placement, and the patients resumed eating. An

WJG|www.wjgnet.com

Before treatment
(n = 49)

Occurrence of complications after needle
decompression

Of the 52 patients included in the study, 13.4%
(7/52) experienced puncture-related complications
during the observation period, the main complicat
ion was intestinal contents leak and sepsis, but if
decompression is thorough and successful, the in
testinal pinholes will heal naturally and avoid fistulas.
Other complications including abdominal infections
due to spontaneous peritonitis, and puncture site
metastases due to extensive abdominal metastasis.
Other complications such as abdominal pain and ascites
extravasation through puncture sites were all resolved
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Table 4 Complications after percutaneous intestinal puncture in seven patients
Patient
No.

Primary
malignancy

Complication

Postoperative
time to
complication
(d)

1
2

Pancreas
Gastric

Death
Peritonitis

5
3

3

Ovarian

4

Gastric

5

Ovarian

Abdominal pain,
intestinal contents
leak
Puncture site
metastases
Intestinal contents
leak, sepsis

6

Ovarian

Ascites extravasation

<1

7

Cervical

Exudates at puncture
sites

<1

Outcome

Died of tumor progression, no autopsy was performed
Intravenous systemic antibiotics therapy, ascites culture found growing Klebsiella
pneumoniae; discharged 3 wk after surgery, palliative care was continued
Intraoperative Anti-analgesic treatment, complete extraction of the intestinal contents, abdominal flush
with metronidazole; after 14 d, patient was voluntarily discharged
17
<1

No obvious symptoms at metastatic sites, postoperative local arterial infusion of
chemotherapy was delivered; discharged after 4 wk for palliative care
Persistent abdominal flush with metronidazole and abdominal percutaneous catheter
drainage, systemic antibiotics, nasal intestinal drainage tube was placed postoperatively;
discharged after 1 wk for rehabilitation
Closed drainage with abdominal decompression, ascites smears showed tumor cells;
discharged after 28 d following peritoneal local chemotherapy
Exudates disappeared following local pressure dressing, intravenous albumin and
intensified nutrition therapy for 2 d; discharged 10 d after surgery

by symptomatic treatment. One patient died five days
after surgery due to tumor progression (Table 4).

However, in cases with serious narrowing due to
obstruction, it is extremely difficult or even impossible
to introduce the enteroscope or guidewire. In addition,
they are not sufficiently effective in patients with
multiple obstructions, and have limited success rates
[12,16]
due to their technical difficulties
. As there is still no
effective treatment for such patients in clinical settings,
their quality of life is severely affected by the condition.
Intestinal puncture is mostly used for percutaneous
intestinal ostomy, which is mainly conducted under
ultrasonic guidance to provide a long-term enteral
[17-19]
nutrition supply to patients who cannot eat
.
[20]
Direct intestinal puncture has also been reported .
Clinical studies have shown that these patients often
have tumors extensively seeded in the peritoneum
with varying degrees of adhesion, thus the small
intestine is relatively fixed and difficult to move, and
the obstructions are obviously dilated. In contrast
to creating a nutrient supply passage, percutaneous
intestinal stoma is a technically easier option for
treating SBO. Investigators have used 12-Fr or 14-Fr
drainage tubes to successfully treat 21 patients, and
their obstruction symptoms were effectively alleviated
[21]
and clinical complications are acceptable . However,
this method requires a long-term indwelling drainage
tube in the intestinal cavity, increasing the risk of
intestinal perforation, necrosis or infection, and tube
movement. In this study, a one-time application of
percutaneous puncture decompression was used to
treat MSBOs. The procedure was successful in all
subjects, resulting in obvious improvement in clinical
symptoms, including complete remission in four
patients undergoing intestinal needle decompression
alone. The puncture-related complications are
acceptable.
Percutaneous needle intestinal decompression
only resolves the symptoms but cannot control the
tumors. But patients with advanced tumors can rarely
tolerate the toxicity or side effects of traditional radio-

DISCUSSION
MSBO is a common complication in patients with
moderate-to-advanced malignancies, with an incidence
up to 20%-50% in ovarian cancer, and 10%-29% in
[11,12]
colon cancer
. Long-term SBO may cause retention
of the proximal intestine contents, leading to intestinal
swelling and increased pressure, and in turn intestinal
mucosal edema, blood circulation disorders, ischemia,
and hypoxia, which will eventually lead to intestinal
[13]
necrosis and perforation . For the diagnosis of SBO,
abdominal X-ray examination is only effective in
identifying 46-80% of SBOs, and even less useful in
determining the cause and presence of strangulation.
In contrast, CT scans can additionally reveal the
situation outside the intestinal walls, mesentery, and
peritoneal clearance, which has significant advantages
in identifying the site of obstruction, cause, and
[14]
presence of strangulation . Therefore, in this study,
all patients underwent abdominal and pelvic enhanced
CT examinations before the decompression procedures
to identify the obstructions. Medical treatment of SBO
can relieve nausea, vomiting, and abdominal pain in
some patients. Due to mechanical obstruction and
persistent adhesions, however, drugs alone may often
be ineffective in some patients. Bypass surgery is
currently the standard treatment for these patients,
however, palliative surgery is not possible in advanced
patients with multiple obstructions and poor physical
[15]
conditions . As a result, for those who cannot
tolerate surgery, the key to successful treatment is
to reduce the intestinal pressure and effectively drain
the contents to restore intestinal blood circulation and
further improve the quality of life. Nasal intestinal
decompression tube placement and self-expanding
metal stents can effectively relieve SBO symptoms.
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and/or chemotherapy. In fact, the sensitivity toward
traditional radio- and chemotherapy in the majority
of patients with a solid tumor of the digestive tract is
rather poor. As chemotherapeutics have killing and
injurious effects on most tumor cells, the difference in
therapeutic effect is determined mainly by whether or
not the drug in the target organ can reach an effective
antitumor blood concentration. The general effect of
traditional chemotherapy makes it difficult to reach an
effective drug concentration in the target organ of the
gastrointestinal tract at a safe dosage. Interventional
chemotherapy by drug infusion of the supplying artery
can make the drug concentration in the vascular
network of the tumor area reach an effective antitumor
level at a relatively safe dosage, thus decreasing
toxic and side effects and increasing the therapeutic
efficacy. This method may play a role in the treatment
of primary or secondary tumors that cause malignant
[22-25]
digestive tract obstruction
. Thus, following
intestinal decompression, physical conditions were
improved in some patients, and low-dose intra-arterial
chemotherapy and nasal intestinal decompression
tube placement were performed in accordance with
patients’ physical conditions. Decompression combined
with nasal tube placement, local arterial infusion of
chemotherapy resulted in an overall significantly
improved rate of 19.2% and a response rate of 94.2%.
In this study, we found that complete extraction
of the intestinal gas and fluids and thorough deco
mpression of the intestinal cavity were the key to
successful treatment. Multiple punctures are needed
when there is a large amount of viscous content that
prevents this goal. Patients with gas as the primary
radiologic manifestation are more likely to achieve
complete decompression, as observed in four patients
in this study. If decompression is thorough and su
ccessful, the intestinal pinholes will heal naturally.
Otherwise, the intestinal contents will continuously
emerge through the holes to contaminate the abdo
minal cavity, causing peritonitis.
In conclusion, percutaneous needle intestinal
decompression is a safe and effective palliative treat
ment for unresectable MSBO. In combination with
local arterial infusion of chemotherapy and nasal
intestinal decompression tube placement, it can relieve
clinical symptoms, improve quality of life, and prevent
mortality and morbidity of intestinal obstructions. In
addition, this technique can provide opportunities for
tumor treatment to further improve the remission and
clinical cure rates.

not reduced in recent years, nor has any improvement in the prevention and
management been reported.
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Significantly dilated bowels, abdominal distension, abdominal pain, vomiting,
and other progressive obstructive symptoms seriously affect the quality of life
and survival of patients with MSBO. Long-term SBO may cause retention of
the proximal intestine contents, leading to intestinal swelling and increased
pressure, and in turn intestinal mucosal edema, blood circulation disorders,
ischemia, and hypoxia, which will eventually lead to intestinal necrosis and
perforation. For patients with advanced diseases, instant relief from intestinal
pressure may reduce the obstructive symptoms, and in turn improve the quality
of life, or even provide the opportunity for further treatment.

Innovations and breakthroughs

Percutaneous needle decompression was successful in all patients in this
study. Statistically significant differences were observed in symptoms such as
vomiting, abdominal distension, and abdominal pain before and after treatment.
The overall significantly improved rate was 19.2% (11/52) and the response rate
was 94.2% (49/52) using decompression combined with nasal tube placement,
local arterial infusion of chemotherapy, and nutritional support. During the onemonth follow-up period, puncture-related complications were acceptable.

Applications

Percutaneous needle intestinal decompression is a safe and effective
palliative treatment for MSBO. When combined with local arterial infusion
of chemotherapy and nasal intestinal decompression tube placement,
percutaneous needle decompression can further improve the clinical remission
rates.

Terminology

MSBO is a common complication in patients with moderate-to-advanced
malignancies; clinical manifestations include dilated bowels, abdominal
distension, abdominal pain, and vomiting.

Peer-review

This is a very interesting study about the safety and efficacy of percutaneous
needle decompression in treatment of malignant small bowel obstruction. In this
study, the authors made a prospective analysis of the clinical data of 52 MSBO
patients undergoing percutaneous needle decompression. They concluded
that the percutaneous needle intestinal decompression is a safe and effective
palliative treatment for malignant small bowel obstruction.
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Long-term outcome of infliximab combined with surgery for
perianal fistulizing Crohn's disease
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surgery to treat perianal fistulizing CD, which was fo
llowed by an immunosuppressive agent as maintenance
therapy.
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RESULTS: A total of 28 patients with perianal fistulizing
CD were included. At week 30, 89.3% (25/28) of the
patients were clinically cured with an average healing
time of 31.4 d. The cd activity index decreased to
70.07 ± 77.54 from 205.47 ± 111.13 (p < 0.01) after
infliximab treatment. The perianal Cd activity index was
decreased to 0.93 ± 2.08 from 8.54 ± 4.89 (p < 0.01).
C-reactive protein, erythrocyte sedimentation rate,
platelets, and neutrophils all decreased significantly
compared with the pretreatment levels (p < 0.01).
magnetic resonance imaging results for 16 patients
after therapy showed that one patient had a persistent
presacral-rectal fistula and another still had a cavity
without clinical symptoms at follow-up. After a median
follow-up of 26.4 mo (range: 14-41 mo), 96.4% (27/28)
of the patients had a clinical cure.
CONCLUSION: Infliximab combined with surgery is
effective and safe in the treatment of perianal fistulizing
CD, and this treatment was associated with better longterm outcomes.
Key words: Infliximab; Surgery; Crohn’s disease; Anal
fistula
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: infliximab (IFX) combined with surgery for
the treatment of Crohn’s disease (CD) anal fistula has
significant effects, improves the clinical cure rate, and
shortens the fistula healing time. Our findings indicate
that IFX combined with surgical treatment is the
reasonable treatment for anal fistulas in CD and that
the normal ranges of CD activity index and C-reactive
protein do not mean the endoscopic healing.

Abstract
AIM: To evaluate the efficacy and long-term outcome
of infliximab combined with surgery to treat perianal
fistulizing Crohn’s disease (CD).
METHODS: The work was performed as a prospective
study. All patients received infliximab combined with
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at the Affiliated Hospital of Nanjing University of
Chinese Medicine from March 2010 to May 2012.
We excluded patients with a gland-derived or tuber
culous anal fistula. All included patients were free
from IFX contraindications (severe infection, active
tuberculosis, moderate to severe cardiac insufficiency,
liver dysfunction, renal dysfunction, cancer, and
nerve demyelination). The study was not submitted
for the approval of the research and ethics board
because IFX use is normally employed in this setting,
with licensed or published doses and frequencies.
All patients underwent clinical examinations and
magnetic resonance imaging (MRI) to determine the
type of fistula and endoscopy for evaluating colorectal
inflammation.

Yang BL, Chen YG, Gu YF, Chen HJ, Sun GD, Zhu P, Shao
WJ. Long-term outcome of infliximab combined with surgery
for perianal fistulizing Crohn's disease. World J Gastroenterol
2015; 21(8): 2475-2482 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i8/2475.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i8.2475

INTRODUCTION
[1]

Since Bissell first reported regional enteritis of the
small intestine accompanied by perianal granulomatous
lesions in 1934, perianal lesions in Crohn’s disease (CD)
have received increasing attention from clinicians. Anal
fistula is the most common perianal lesion in CD, and its
[2-4]
incidence has been reported as high as 17%-43% .
After the diagnosis of intestinal CD, the incidence
rates of anal fistula within 1, 10, and 20 years were
[5]
12%, 21%, and 26%, respectively . Patients with
active lesions in the colon have a significantly higher
incidence of anal fistula; the incidence of anal fistula in
the presence of rectal involvement is 92%, and only 5%
of CD patients first manifest anal fistula in the absence
[5,6]
of intestinal inflammation . Anal fistulas in CD are
typically more complex and affect the anal sphincter
complex. Surgical treatment can easily damage the
ability to control defecation, and postoperative wound
healing is difficult.
Due to the development of the disease itself and
the underlying pathological changes, therapeutic
strategies for fistulizing CD involve both medical
and surgical approaches, but they have largely
TM
unsatisfactory results. Infliximab (IFX) (Remicade ,
Centocor Inc., Malvern, Pa., United States) is a
murine chimeric monoclonal antibody against tumor
necrosis factor (TNF)-α. It is the first Food and Drug
Administration approved biological drug for the
treatment of CD, and it is the first drug confirmed by
randomized controlled studies that can promote CD
anal fistula closure and sustain the disappearance of
[2,7]
symptoms for up to one year . The World Gastro
enterology Organization has recommended the intra
venous infusion of IFX as the first-line therapeutic drug
[8]
for CD patients with anal fistula . However, there are
fewer studies on IFX combined with surgery in the
[9-12]
treatment of fistulizing perianal cd
, and data on
the long-term outcome are even more rare.
The aim of this study was to evaluate the eff
ectiveness and long-term outcome of IFX combined
with surgery to treat perianal fistulizing CD beyond
1 year in a cohort of patients in a tertiary hospital of
China.

Surgical treatment

Surgery was performed in the prone jackknife position
under combined spinal and epidural anesthesia.
According to MRI and examination under anesthesia
(EUA), we defined the fistulas as simple or complex.
Simple fistulas were defined as low (subcutaneous,
intersphincteric, or transsphincteric, involving less than
1/3 of the external sphincter) with a single external
opening, lacking pain or fluctuation and lacking
evidence of rectal strictures, which were treated by
fistulotomy. Complex fistulas were defined as high
(high intersphincteric or transphincteric, involving
1/3 of the upper external sphincter, suprasphincteric
or extrasphincteric) with either multiple external
openings associated with pain or fluctuation suggestive
of a perianal abscess or anorectal stricture. Complex
fistulas were treated with the sphincter-retaining
and loose-seton drainage therapy (Figure 1). The
specific procedures were as follows. We clarified
the position of the internal opening and relationship
between the fistula and anal sphincter based on the
preoperative MRI examinations and intraoperative
hydrogen peroxide test. A radial incision was made
along the primary tract of the anal fistula from
the internal opening towards the external side.
The internal opening was excised, and the original
infection foci were cleaned by scraping. The fistula
tract on the external side of the anal sphincter and
the lateral branches were radially incised in several
places. Necrotic tissue within the fistula was removed
by scraping, and rubber bands were used to loosely
connect the incision of the main tract and various
other drainage incisions, resulting in reliably sustained
drainage. For patients with fistulas affecting the
retrorectal space, a silicone tube was placed in the
retrorectal space for drainage, and it was removed
after two weeks. We simultaneously treated associated
lesions, such as skin tags and anal fissures.
After the operation, the wound was flushed with
metronidazole solution, and the dressing was changed
daily. When the wound showed good growth of
granulation tissue, the secretion disappeared, and if

MATERIALS AND METHODS
We prospectively enrolled the patients with perianal
fistulizing CD who received surgery combined with
IFX therapy in the Department of Colorectal Surgery
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A

B

Figure 1 An 18-year-old male Crohn's disease patient. A: A rubber band was placed during the surgery for drainage; B: Thirty weeks after the surgery.

there was resistance to flushing the sinus or pulling the
rubber band, the drainage rubber band was gradually
dismantled.

were assessed using the perianal CD activity index
[14]
(PDAI) . The hematological tests included routine
blood examination and measurements of the alanine
aminotransferase, aspartate aminotransferase, total
protein, albumin (ALB), urea nitrogen (Bun), serum
creatinine, erythrocyte sedimentation rate (ESR), and
CRP levels. All of the above indicators, as well as the
body mass index (BMI) and colonoscopic examination,
were evaluated at both weeks 0 and 30. We recorded
adverse events at any time during the treatment,
including the time of occurrence, frequency, severity,
treatment measures, and outcome. Due to the need
for maintenance therapy for intestinal inflammation,
the patients came to the hospital once every two
months to adjust their maintenance therapy drugs and
undergo follow-up examinations.

IFX intravenous infusion

All patients received induction therapy by the in
travenous infusion of IFX (at weeks 0, 2, and 6; 5
mg/kg), and the first infusion (week 0) was started
within the first week after surgery, which was followed
by three administrations of maintenance therapy,
performed at eight-week intervals. The patients
received oral administration of 10 mg of loratadine on
the night before and received an intravenous bolus
infusion of 5 mg of dexamethasone 15 min before
the infusion of IFX. During the infusion process,
electrocardiographic monitoring was performed
to observe and record the patient reactions to the
infusion. At the fourth IFX infusion, a concomitant
immunosuppressive agent [azathioprine (AZA)] was
routinely co-administered. After IFX infusion was
stopped, 27 patients successfully were then given
AZA (2 mg/kg per day) maintenance therapy, and 1
patient who was intolerant of AZA was treated with
thalidomide (100 mg/d).

Statistical analysis

We used the SPSS19.0 software for statistical ana
lyses. The measurement data are expressed as mean
± standard deviation (SD), and the count data are
expressed as frequencies or proportions. Missing
values were not included in the statistics. Measurement
data with normality and homogeneity of variance were
examined using the t-test, and measurement data
with non-normality or heterogeneity of variance were
examined using the Kruskal-Wallis rank sum test in
nonparametric statistics. Count data were examined
2
using the χ test.

Post-intervention evaluation

All patients were clinically evaluated before each IFX
therapy by the same surgeon, and the data were
stored in a database. We assessed the patients’
th
therapeutic results at the sixth (30 week) IFX
infusion. The closure of the external opening of the
anal fistula and disappearance of secretions for
three months or more was considered indicative of
a clinical cure; a reduction in the number of fistula
tracts, fistula size, secretions, and discomfort was
considered as remission; persistent anal fistula was
considered as ineffective treatment; and recurrence of
active inflammation/perianal abscesses was classified
as recurrence. The degree of inflammatory bowel
[13]
disease activity was evaluated using the CDAI . A
CDAI reduction of more than 70 compared to the pretreatment level was considered effective, and CDAI
< 150 was considered as remission. Perianal lesions
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RESULTS
A total of 28 CD patients with anal fistula were
included in this study (23 males and 5 females). The
mean age was 25.9 ± 6.9 (range: 13-36) years, and
the median follow-up time was 26.4 mo (range: 14-41
mo). The fistulas of all patients were evaluated by
pelvic MRI before surgery, and there were 23 complex
fistula cases and five simple fistula cases (Figure 2).
The general information on the patients is provided in
Table 1.
th
At the 30 week after the IFX treatment, 89.3%
(25/28) of the patients had a clinical cure of the fistula,

2477

February 28, 2015|Volume 21|Issue 8|

Yang BL et al . Combined therapy of perianal CD

Figure 2 An 18-year-old male Crohn's disease patient, showing a full horseshoe transsphincteric anal fistula in magnetic resonance images (the rectum
was extended by the intracavitary water cyst).

rectum and presacral space, and there was abscess
formation due to local infection during IFX treatment.
This patient had to be treated by long-term seton
drainage. Anorectal stenosis in four patients improved
significantly, allowing for the passing of the index finger
during a digital rectal examination. Sixteen patients
th
underwent an MRI examination after the 30 week,
and 14 patients showed complete fistula track healing.
Inflammation in the patient with a rectal-presacral
fistula was controlled, but fistula remained. Another
patient did not show any clinical symptoms at the end
of the follow-up (34 mo), in spite of the existence of
a limited cavity in the postanal space (Figure 3). Over
a mean period of 26.4 mo (range: 14-41 mo), 27
(96.4%) patients still maintained a clinical cure, except
for the patient with a rectal-presacral fistula.
th
After the completion of IFX treatment (the 30
week), the clinical symptoms of patients were sig
nificantly controlled. For all patients at week 30, the
mean CDAI was significantly reduced compared to
baseline from 205.47 ± 11.13 to 70.07 ± 77.54 (Figure
4) and the PDAI from 8.54 ± 4.89 to 0.93 ± 2.08
(Figure 5) (P < 0.01 for both). CRP decreased from
20.66 ± 18.55 to 5.77 ± 5.17, and 82.1% (23/28)
of the patients returned to the normal level (< 10
mg/l); ESR decreased from 28.53 ± 19.61 to 9.25 ±
7.36. The patients showed significant improvement in
their nutritional status; the BMI score increased from
18.52 ± 2.84 to 21.36 ± 2.94, and ALB increased
from 39.68 ± 5.93 to 43.10 ± 3.89. Compared
with the pretreatment levels, the white blood cell

Table 1 General patient information n (%)
Gender ratio (male:female)
Age (yr)
Mean follow-up (mo)
Surgical history
Hemorrhoidectomy
Perianal abscess drainage surgery
Anal fistula surgery
Previous medical therapy
Corticosteroids
Immunomodulator therapy
Infliximab
No therapy
Lesioned intestinal segment
Ileum
Colon
Ileocolon
Unable to assess
Types of fistula
Simple
Complex
Concomitant perianal diseases
Skin tag
Anal fissure
Anorectal stenosis
Other associated symptoms
Stomach pain
Diarrhea
Anemia
Fever

23:5
25.9 ± 6.9 (13-36)
26.4 (14-41)
1 (3.6)
10 (35.7)
15 (53.6)
6 (21.4)
2 (7.1)
1 (3.6)
19 (67.9)
8 (28.6)
4 (14.3)
14 (50.0)
2 (7.1)
5 (17.9)
23 (82.1)
4 (14.3)
5 (17.8)
4 (14.3)
18 (64.3)
13 (46.4)
7 (25.0)
4 (14.3)

and the average healing time was 31.4 (20-45) d. Two
patients had fistula recurrence and were cured after
reoperation; another one had a fistula between the
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A

B

Figure 3 A 26-year-old female Crohn's disease patient. A: Preoperative magnetic resonance imaging (MRI) suggested a transsphincteric anal fistula in the deep
posterior space of the anal canal; B: Postoperative MRI showed that there was still a cavity within the posterior space of the anal canal (30 wk after surgery). No
obvious clinical symptoms were found when the patient was followed for 34 mo (the rectum was extended by the intracavitary water cyst).
Before treatment (205.47 ± 111.13)
After treatment (70.07 ± 77.54)
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Figure 4 Crohn's disease activity index results before and after treatment.
Before treatment (8.54 ± 4.89)
After treatment (0.93 ± 2.08)
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Figure 5 Perianal Crohn's disease activity index results before and after treatment.

counts (WBCs), percentage of neutrophils, and levels
of hemoglobin and platelets showed statistically
significant changes, although the levels remained
within the normal ranges (table 2). Endoscopic reexamination confirmed that 27/28 patients showed
significantly improved intestinal inflammation, and
only one patient achieved complete mucosal healing.
Two (7.1%) patients experienced adverse reactions
during the IFX treatment. One patient showed sudden
cyanosis, rapid breathing, and reduced blood pressure
rd
during the 3 IFX infusion, indicating an acute infusion
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reaction. The symptoms were eased after oxygen
inhalation, termination of IFX infusion, and intravenous
administration of 5 mg of dexamethasone. One patient
had sudden bilateral lower extremity weakness on
rd
the day after the 3 infusion of IFX. The hematology
results showed decreased serum potassium (2.1
mmol/L), and the patient returned to normal after
two weeks of oral potassium supplementation. Most
patients had mild drowsiness on the same day after
the IFX infusion and typically recovered on the next
day.
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had a persistent fistula. The average fistula healing
time was 31.4 d, and compared with other reports of
thread-drawing drainage alone or IFX therapy alone,
the cure rate was significantly improved, and the
[12,22]
fistula healing time was significantly shortened
.
Another study confirmed that IFX had efficacy for
inflammatory bowel stricture but was ineffective for
[20,23]
fibrotic stricture
. In this study, the four patients
with anorectal stenosis showed significantly improved
stenosis, allowing for the passage of the index finger.
However, these four patients showed varying degrees
of decline in the ability to control defecation due to
sphincter damage caused by the disease itself and the
symptoms of irritation caused by rectal inflammation.
[19]
Hyder et al
have shown that IFX combined with
surgery is safe and effective for treating CD anal fis
tulas, but the clinical cure rate of long-term (with a
mean follow-up of 21 mo) maintenance treatment is
only 18%. In this study, patients were followed for an
average of 26.4 mo, and 27/28 (including 2 patients
who underwent reoperation) of the patients were
clinically cured. We think the main reasons are as
follows: (1) preoperative MRI examination effectively
prevented overlooking hidden foci of infection during
surgery; (2) the internal openings of primary infections
were treated as much as possible during the surgery;
(3) we decided whether to remove the drainage
rubber bands based on the growth conditions of the
drainage wound: If the drainage rubber bands are
removed too early, it often leads to poor drainage and
subsequently to abscess formation, while, in contrast,
the long-term placement of drainage rubber bands
can lead to fistula fibrosis, preventing fistula closure;
(4) some patients might still have residual cavities
without presenting with obvious clinical symptoms
considering that postoperative MRI showed that 1/16
of the patients still had clear cavities, but no obvious
clinical symptoms were found when they were followed
for 34 mo; and (5) an immunosuppressive agent for
maintenance of remission is necessary.
With the clinical application of biological therapy, the
treatment goal for CD has changed from the remission
of clinical symptoms alone to healing of the intestinal
[8,24]
mucosa
. It has been shown that IFX can achieve
healing of the intestinal mucosa in approximately 30%
[25,26]
of patients
. During our follow-up study, only one
patient had complete healing of the intestinal mucosa
th
at the 30 week, although the remaining patients
showed significantly improved intestinal inflammation.
CDAI and CRP are important indicators for monitor
ing the level of intestinal inflammation activity and
[27]
CD recurrence . After induction therapy with the
intravenous infusion of IFX, the CDAI and CRP values
of most patients decreased significantly and remained
at low levels, suggesting that IFX can effectively
control the intestinal inflammation. However, according
to our findings, when patients are in the normal ranges
for CDAI and CRP, they have undergone mucosa
healing.

Table 2 Crohn's disease activity index/perianal Crohn's
disease activity index/body mass index and related hematologic
examination results before and after treatment (mean ± SD)
Before treatment After treatment t value P value
(week 0)
(week 30)
CDAI
PDAI
BMI
CRP (mg/L)
ESR (mm/h)
HB
WBC (× 109/L)
N (%)
PLT (× 109/L)
ALB

205.47 ± 111.13
8.54 ± 4.89
18.52 ± 2.84
25.61 ± 22.8
25.29 ± 17.64
121.21 ± 16.40
7.27 ± 2.90
68.45 ± 8.69
267.88 ± 99.92
39.68 ± 5.93

70.07 ± 77.54
0.93 ± 2.08
21.36 ± 2.94
5.20 ± 5.39
11.10 ± 6.9781
129.57 ± 17.64
5.29 ± 1.41
52.39 ± 10.74
196.10 ± 63.22
43.10 ± 3.89

9.974
8.590
-6.447
4.244
4.700
-3.985
3.713
8.677
4.441
-2.778

0.000
0.000
0.000
0.000
0.000
0.000
0.001
0.000
0.000
0.010

CDAI: Crohn's disease activity index; PDAI: Perianal Crohn's disease
activity index; BMI: Body mass index; CRP: C-reactive protein; ESR:
Erythrocyte sedimentation rate; ALB: Albumin.

DISCUSSION
The best treatment for CD anal fistulas remains co
ntroversial. The results for the surgical treatment
of anal fistulas in CD have been disappointing with
[15]
unpredictable recurrence . The appropriate surgical
treatment should consider the type of fistula and
degree of activity of inflammatory bowel disease.
[16]
Poritz et al
analyzed 29 reports related to CD anal
fistulas, and the postoperative healing rate of complex
CD anal fistulas was 0%-100%, recurrence rate was
0%-75%, and chance of requiring rectal resection was
0%-60%.
Studies have shown that IFX is important in the
[2,17]
treatment of CD anal fistulas
. In the ACCENT Ⅱ
trial, 306 CD fistula patients received intravenous
infusions of 5 mg/kg IFX at weeks 0, 2, and 6. Fo
urteen weeks later, 195 (69%) patients with effective
treatment results were randomized into a maintenance
treatment group, given 5 mg/kg IFX every eight
th
weeks, and a placebo group. At the 54 week, only
36% of the patients in the treatment group showed
fistula closure, while the rate for the placebo group
[2]
[18]
was 19% . Ng et al reported 26 CD fistula patients
treated with infliximab (n = 19) or adalimumab (n = 7),
and clinical fistula closure was seen in 46% patients
at follow-up. However, MRI showed complete healing
in only 30% at 18 mo. On the other hand, long-term
maintenance treatment with IFX can promote closure
of the external opening of an anal fistula as well as
increase the incidence of abscesses. Although it remains
controversial whether we should use surgery, drugs,
or surgery combined with drug therapy to treat CD
anal fistulas, preliminary clinical studies have shown
that thread-drawing drainage combined with IFX is
[19-21]
better than surgery or IFX alone
. In this study,
the intravenous infusion of IFX was started within one
th
week after surgery. At the 30 week, 89.3% (25/28) of
the patients showed clinical healing of the anal fistula,
7.1% (2/28) required reoperation, and only one patient
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Applications

It has been reported that intravenous IFX infusion
[28,29]
might result in severe adverse reactions
. Zabana
[28]
et al
reported the application of IFX therapy for the
treatment of 152 inflammatory bowel disease (IBD)
patients; 13% of patients had infusion reactions, 13%
had bacterial or viral infections, and 1.3% developed
cancer. The overall mortality was 2.6%, which was
not significantly different compared to the group
without drug treatment. The findings of another study,
performed over a period of 14 years, are consistent
[26]
with the above conclusions . In this study, 28
patients underwent a total of 168 IFX infusions; one
patient had severe infusion reactions; one patient had
hypokalemia after infusion, which was not listed in
the drug instructions; and no significant damage in
the liver and kidney functions was found, suggesting
that the safety of IFX infusion is controllable. How
ever, the WBC and neutrophil percentage showed
different degrees of decline after treatment, and the
differences were statistically significant, suggesting
that IFX infusion has a certain degree of bone marrow
suppression.
This study has certain limitations. In addition to its
small sample size, the fact that it was performed at
a single center and was a nonrandomized study is a
limitation of this study. On the other hand, the followup time of the study was short. A larger, randomized,
multicenter prospective trial to validate these results
should be performed.
In conclusion, we found that IFX combined with
surgery for treating perianal fistulizing CD had sig
nificant effects in controlling intestinal inflammation,
improving the clinical cure rate, and shortening
the fistula healing time. Additionally, the use of an
immunosuppressive agent as maintenance therapy
was associated with better long-term outcomes in
Chinese people.

Our ﬁndings indicate that IFX combined with surgical treatment is a reasonable
treatment approach for anal fistulas in CD.

Terminology

Infliximab is a murine chimeric monoclonal antibody against tumor necrosis
factor-α. It is the first Food and Drug Administration approved biological drug
for treating CD, and it is also the first drug confirmed by randomized controlled
studies that can promote CD anal fistula closure and sustain resolved
symptoms for up to one year.

Peer-review

The manuscript deals with an interesting issue in coloproctology. Although the
series is small, it is a prospective one, and describes in details all the patient
work and outcome.
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METHODS: The study was of a blinded, randomized,
prospective design. Patients were assigned to groups
administered oral premedication of either pronase and
simethicone (Group A) or simethicone alone (Group
B). First, the gastric mucosal visibility grade (1-4) was
determined during conventional endoscopy, and then a
magnifying endoscopic examination was conducted. The
quality of images obtained by magnifying endoscopy
at the stomach and the esophagus was scored from
1 to 3, with a lower score indicating better visibility.
The endoscopist used water flushes as needed to
obtain satisfactory magnifying endoscopic views. The
main study outcomes were the visibility scores during
magnifying endoscopy and the number of water flushes.
RESULTS: A total of 144 patients were enrolled, and data
from 143 patients (M:F = 90:53, mean age 57.5 years)
were analyzed. The visibility score was significantly
higher in the stomach following premedication with
pronase (73% with a score of 1 in Group A vs 49%
in Group B, P < 0.05), but there was no difference in
the esophagus visibility scores (67% with a score of 1
in Group A vs 58% in Group B). Fewer water flushes
[mean 0.7 ± 0.9 times (range: 0-3 times) in Group A
vs 1.9 ± 1.5 times (range: 0-6 times) in Group B, P <
0.05] in the pronase premedication group did not affect
the endoscopic procedure times [mean 766 s (range:
647-866 s) for Group A vs 760 s (range: 678-854 s) for
Group B, P = 0.88]. The total gastric mucosal visibility
score was also lower in Group A (4.9 ± 1.5 vs 8.3 ± 1.8
in Group B, P < 0.01).
CONCLUSION: The addition of pronase to simethi
cone premedication resulted in clearer images during
magnifying endoscopy and reduced the need for water
flushes.

Abstract
AIM: To investigate the efficacy of premedication with
pronase, a proteolytic enzyme, in improving image
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We investigated the efficacy of premedication with
pronase in improving mucosal visibility and procedure
times during magnifying endoscopy.

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

MATERIALS AND METHODS

Core tip: Magnifying endoscopy is typically used to
detect and diagnose small upper gastrointestinal tract
cancers. Premedication with the proteolytic enzyme
pronase improved the quality of magnified endoscopic
images and required fewer water flushes to achieve
satisfactory endoscopic viewing. It is unclear if the
use of pronase will influence cancer detection rates or
patient outcomes. However, pronase can be considered
as a method of maximizing the diagnostic efficacy of
high-resolution endoscopic techniques.

This study was designed as a multicenter, prospective,
randomized, double blind study. Patients were enrolled
at two hospitals. Patients between the ages of 18 to 70
years who were scheduled for upper gastrointestinal
(GI) magnifying endoscopy or EUS with a diagnosis
of upper GI tumor were enrolled. Patients with a
history of gastrectomy, esophagectomy, stricture or
active bleeding in the upper GI tract were excluded.
Patients with a history of upper GI surgery, who had
gastric malignancy or gastrointestinal bleeding or
who were pregnant during the study period were also
excluded from the study. This study was approved by
the Institutional Review Board of Catholic University of
Korea and Pusan National University. Written informed
consent was obtained from patients prior to each
procedure.

Kim GH, Cho YK, Cha JM, Lee SY, Chung IK. Effect of pronase
as mucolytic agent on imaging quality of magnifying endoscopy.
World J Gastroenterol 2015; 21(8): 2483-2489 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v21/i8/2483.htm
DOI: http://dx.doi.org/10.3748/wjg.v21.i8.2483

Premedication and endoscopic procedure

INTRODUCTION

We planned to enroll the patients competitively in two
hospitals. A random number was assigned in each
hospital. Enrolled patients were randomly assigned to
either the simethicone plus pronase group (Group A)
or the simethicone alone group (Group B). Group A
received 80 mg simethicone, 1 g sodium bicarbonate,
and 20000 units pronase (Endonase, Pharmbio Korea,
Seoul, South Korea) plus distilled water to 100 mL.
Group B received 20 mL solution containing 80 mg
simethicone.
Study endoscopists were blinded to the preme
dication solution. The premedication solution was
administered approximately 10 min before the start
of the procedure, and each patient was asked to
lie on their back then on their left and right sides.
This position change was repeated five times before
the patients underwent endoscopy. The following
instruments were used in this study: a magnifying
endoscope capable of magnification × 80 (GIF
H260Z; Olympus Optical Co. Ltd, Tokyo, Japan), a
standard videoendoscopy system (EVIS LUCERA;
Olympus) and a NBI system (Olympus). Each patient
received a routine upper gastrointestinal tract survey
using a magnifying endoscopy by two experienced
endoscopists. Following the removal of excess gastric
solution, separate gastric mucosal visibility grades were
assigned for the gastric antrum, lower gastric body,
upper gastric body, and fundus by each endoscopist.
Mucosal visibility grades ranged from 1 to 4 (1, no
adherent mucus; 2, mild mucus not obscuring vision; 3,
a large amount of mucus obscuring vision and requiring
< 30 mL water to clear; and 4, heavy adherent mucus
[9]
requiring > 30 mL water to clear, Figure 1) . We
calculated the total gastric mucosal visibility grade by

Narrow-band imaging (NBI) is an endoscopic im
aging technique that enhances the visualization of
microvascular architecture and the structure of the
[1-3]
superficial mucosa
. Magnifying endoscopy with
NBI has the capacity to visualize the microvascular
and microsurface patterns of gastric mucosal lesions.
Recent studies suggest that magnifying endoscopy
with NBI has high accuracy in the diagnoses of early
gastric cancer, gastric intestinal metaplasia and corpus
[4-6]
gastritis
. Specifically, the microvascular pattern
observed during magnifying endoscopy with NBI is
clinically useful in distinguishing gastric cancerous
from noncancerous lesions. Mucosal visibility during
diagnostic endoscopy is paramount in detecting subtle
mucosal abnormalities associated with early neopla
sia. Mucosal visibility is especially important during
magnifying endoscopy due to the time consuming and
complicated nature of the procedure, which includes
preparation with mucolytic agents, dye spraying and
[7-10]
irrigation of the mucosal surface
.
Pronase, a mixture of proteolytic enzymes, was
isolated in 1962 from the culture filtrate of Stre
ptomyces griseus, which was used as a raw material
in the preparation of anti-inflammatory and digestive
enzymes. Pronase has previously been used as a
premedication to reduce mucus during radiographic
[11-13]
upper gastrointestinal examination
. Gastric mucus
disturbs the spraying of dye onto the gastric mucosa
and is a frequent artifact source during endoscopic
imaging. Several studies report that premedication
with pronase improves endoscopic visualization during
conventional endoscopy, chromoendoscopy and
[14-16]
endoscopic ultrasonography (EUS)
.
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A

B

C

D

Figure 1 Mucosal visibility grades from conventional endoscopy. A: No adherent mucus; B: Mild mucus not obscuring vision; C: A large amount of mucus
obscuring vision and requiring < 30 mL water to clear; D: Heavy adherent mucus requiring > 30 mL water to clear.

A

B

C

Figure 2 The visibility score from magnifying endoscopy in stomach. A: No adherent mucus with clear vision; B: Mild mucus not obscuring microvascularity; C:
Heavy adherent mucus obscuring microvascularity.

adding the scores from the four locations. To minimize
bias within the scoring system, two experienced
endoscopists, blinded to the premedication, assessed
mucosal visibility scores. The mucosal visibility score at
each of the four stomach locations was an average of
the scores from the two endoscopists.

microvascularity; and 3, heavy adherent mucus ob
scuring microvascularity (Figures 2 and 3). For the
esophagus, the score was an average of the scores in
the mid and lower esophagus. For the stomach, scores
were measured in the angle and lower body. The
averaged scores became the esophageal and gastric
mucosal visibility scores, respectively.
To produce a satisfactory view of stomach mic
rovascularity during magnifying endoscopy, the endos
copist was free to use as many 30 mL water flushes as
needed. Once all necessary flushes were performed,
an extra photograph was taken of those areas. A
record was kept of the total procedure time (from
intubation to extubation) and the number of water
flushes required.

Quality of images obtained during magnifying
endoscopy of the stomach and esophagus

The quality of images obtained during magnifying
endoscopy was expressed quantitatively as a visibility
score. The visibility score was determined by the
adherent mucus amount and the focus clarity and
was scored from 1 to 3 as follows: 1, no adherent
mucus with clear vision; 2, mild mucus not obscuring
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A

B

C

Figure 3 The visibility score from magnifying endoscopy in esophagus. A: No adherent mucus with clear vision; B: Mild mucus not obscuring microvascularity; C:
Heavy adherent mucus obscuring microvascularity.
2

a χ test or one-way ANOVA. A P value less than 0.05
was considered statistically significant.

Table 1 Patients’ characteristics
Characteristics
n
Age (yr)
Gender (M:F)
Indication
Early esophageal cancer
Early gastric cancer.
Gastric adenoma
Gastric maltoma
Gastric/duodenal subepithelial lesion
Gastric polyp or erosion
Location of lesion
Esophagus
Gastric cardia
Stomach upper body
Stomach midbody
Stomach lower body
Gastric angle
Gastric antrum

Group A

Group B

71
57.5
44:27

72
60.2
46:26

3
39
10
3
14
3

1
36
15
1
14
4

3
0
13
0
17
7
32

1
1
8
1
19
14
27

RESULTS
From June 2012 through October 2012, we randomly
enrolled 144 patients with a diagnosis of early stage
esophageal or stomach tumor who were scheduled
for EUS or endoscopy. Patient diagnoses included
esophageal or gastric submucosal tumor, early or
gastric cancer, gastric adenoma and gastric maltoma.
One patient was excluded from the study because of
remnant food in his stomach at the time of endoscopy.
Therefore, the results from 143 patients were available
for analysis. Patient characteristics are shown in Table 1.
There were no significant differences between the two
treatment groups in terms of age, gender, location of
lesion or indication for the procedure.

Visibility score in the stomach and esophagus during
magnifying endoscopy

Analysis parameters

Primary study parameters included the visibility score
during magnifying endoscopy and the number of water
flushes used. Secondary parameters included the
mucosal visibility grade during conventional endoscopy
and the total procedure time.

The visibility score during magnifying endoscopy of the
stomach was 1 in 73% of patients in Group A (prona
se group) and 49% in Group B. In the esophagus,
67% of Group A and 58% of Group B patients had a
visibility score of 1. The visibility score in the stomach
was significantly improved in Group A (median visibility
score 1 in group A vs 2 in Group B, P < 0.01), but there
was no difference in visibility scores in the esophagus
between the groups (Table 2).

Statistical analysis

The sample size calculations indicated that 40 par
ticipants were required for each treatment group (80
patients overall) to detect esophageal mucosa with
a visibility grade < 2 (large amount of mucus which
would obscure vision), since pronase premedication
was expected to decrease the mucosal visibility grade
by 25%, and a power of 80%. Descriptive statistics
for continuous data were calculated and reported as
mean ± SD. Categorical variables were described
using frequency distributions and were reported as
percentages. Statistical analyses were performed using
SPSS software (version 18.0; SPSS Inc., Chicago,
IL, United States). Patient characteristics and gastric
mucosal surface visibility scores were assessed using
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The number of flushes necessary to improve visibility
during magnifying endoscopy of the stomach

The median number of 30 mL water flushed needed
for satisfactory observation of the stomach micro
vascularity was 0 (range: 0-3) in Group A and 1 (range:
0-6) in Group B. Fewer flushes were used during the
procedures done in patients of Group A, who received
pronase, than in Group B (P < 0.05). However, all
patients in Group A and 92% of patients in Group B
required less than four water flushes to obtain clear
images. Reducing the number of water flushes did not
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Table 3 The gastric mucosal surface obscurity grade during
conventional endoscopy

Table 2 Mucosal visibility grade by magnifying endoscopy
and number of flushes needed to obtain good visibility of
magnifying endoscopy in stomach n (%)

Stomach
G1
G2
G3
Esophagus
G1
G2
G3
Number of water flush
Mean (median, range)
0-1
2-3
4-6
Time taken to be
completed examination
(s), median (25%-75%)

Group A

Group B

P value

1.4 ± 0.7
1.4 ± 0.7
1.1 ± 0.4
1.0 ± 0.1
4.9 ± 1.5

2.6 ± 1.2
2.6 ± 1.2
1.7 ± 0.9
1.4 ± 0.7
8.3 ± 1.8

< 0.01
< 0.01
< 0.01
< 0.01
< 0.01

Group B

P value

52 (73)
16 (23)
3 (4)

35 (48.6)
27 (37.5)
10 (14)

< 0.01

48 (67.6)
17 (23.9)
6 (8.4)

42 (58.3)
18 (25)
12 (16.7)

< 0.01

Group A: Premedication with pronase + simethicone; Group B: Premedication
with simethicone.

< 0.01

Barrett’s esophagus and esophageal cancer.
In this study we investigated the effect of pronase
premedication on image clarity during magnifying
endoscopy. The addition of pronase to a simethicone
premedication mixture resulted in an effective pre
treatment that improved mucosal visibility during
magnifying endoscopy of the stomach and reduced the
number of water flushes needed to clear the mucosa.
However, premedication with pronase did not decrease
the total procedure time. Endoscopic examination
lasted an average of 10 min, and therefore the
relatively short time needed to flush water did not
impact the total procedure time. In addition, the
median number of 30-mL water flushes was 0 in
Group A and 1 in Group B. This indicated that the
microsurface of the mucosa can be observed in more
than half of all patients requiring either no or only one
30-mL water flush. The difference in the number of
water flushes used between the two treatment groups
was due to the 8% of patients in the simethicone-only
group (Group B) who needed additional water flushes.
This may not be a clinically significant difference.
The visual field in the esophagus is narrower than
that in the stomach due to its smaller caliber. Therefore,
it may be easier to obtain high resolution images in the
esophagus than in the stomach. Additionally, there is
usually less foam covering the esophageal mucosa than
the stomach mucosa. These differences may explain
why there was no difference in visibility scores between
the treatment groups in the esophagus.
The ability to focus on a lesion is necessary to
obtain optimal visibility during magnifying endoscopy.
The clearing of mucus may be less important than
focus when using a high resolution, high quality
endoscope. The purpose of this study was to determine
if clearing mucus by premedication with pronase
prior to high resolution endoscopy would produce
a significant effect and warrant a change in clinical
practice. It is possible that the clinical advantage of
mucolytics observed using conventional endoscopy,
where stomach visibility can be largely influenced by
mucus and foam, does not translate to magnifying
endoscopy. In addition to the mucosal clearing effect of
pronase, medication cost, patient compliance and ease
of premedication preparation for clinical use should
[23]
also be considered . There were no issues with safety

Group A

0.7 ± 0.9 (0, 0-3)
57 (80)
14 (20)
0
766 (647-866)

1.9 ± 1.5 (1, 0-6)
38 (53)
28 (39)
6 (8)
760 (678-854)

Fundus
Upper body
Lower body
Antrum
Total

0.87

Group A: Premedication with pronase + simethicone; Group B: Premedication
with simethicone.

result in decreased endoscopy procedure time (Table
2).

Gastric mucosal visibility grade during conventional
endoscopy

There were significant differences in gastric mucosal
visibility grades in all four stomach locations, especially
in the fundus and upper body (Table 3).

Safety

There were no complications in either group. In par
ticular, there were no clinically detectable cases of pul
monary aspiration.

DISCUSSION
Clear mucosal visibility during upper GI endoscopy
is necessary to identify small malignant lesions,
particularly when using newer diagnostic methods,
such as magnifying endoscopy. Clear mucosal visibility
can reduce the need for additional manipulation, such
as extra washings, and can shorten total procedure
time. Foam and mucus within the stomach often
obstruct endoscopic visibility. The use of bubblebursting agents and mucolytics improved mucosal
visibility in previous trials. Simethicone is a siliconebased non-absorbable material that causes gas
[17,18]
bubbles to burst by reducing their surface tension
.
Mucolytic agents, such as N-acetyl cysteine or pronase,
disrupt the surface mucosal gel layer of the stomach
and, in some countries, are commonly used as a
[19-21]
premedication in combination with simethicone
.
In Japan, mucous-clearing medication is a stan
[22]
dard pretreatment for endoscopy . Pronase is co
mmonly used to digest esophageal mucus before
chromoendoscopy using methylene blue to detect
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and patient compliance in the present study, but it
may be inconvenient to maintain maximal mucolysis
by mixing sodium bicarbonate.
The addition of pronase during premedication
produced clearer endoscopic views during conventional
endoscopy, similar to previous studies. The greatest
difference in mucosal visibility grades during con
ventional endoscopy was observed in the fundus and
upper body of the stomach. Endoscopists must carefully
observe the high body of the stomach, because it has
the lowest mucosal visibility off all groups. With or
without mucolytic agents, endoscopic visibility depends
on premedication, the volume of the premedication
solution, optimal timing and optimal administration.
This has been demonstrated in multiple studies. Woo et
[24]
al
reported that optimal visibility is achieved 10-30
[25]
min prior to the endoscopic procedure. Lee et al
assessed the effect of a 100-mL liquid premedication of
dimethylpolysiloxane, pronase, and sodium bicarbonate
[25,26]
10 or 20 min prior to endoscopy
.
Several limitations of this study should be con
sidered. First, this trial was conducted at two centers
with data collected by two endoscopists. Therefore,
intra-observer variability may exist. To minimize this
limitation, frequent study meetings were held where the
endoscopists were provided with standardized images
to aid in the assessment of gastric mucosal visibility
grades. In addition, the same numbers of group A and
group B patients were enrolled at each hospital. When
we reanalyzed the data separately for each hospital,
the results were similar to the combined results. The
only large difference was in procedure time, which can
depend on the endoscopist. We expressed procedure
time as the median value. Second, the threegrade scoring system used to evaluate the quality
of magnifying endoscopic images (visibility score)
has not been validated; this scoring system could
potentially over- or underestimate the visibility of the
mucosa microsurface. To overcome this limitation,
the number of water flushes was measured as an
additional parameter required for satisfactory viewing
during magnifying endoscopy. Third, endoscopic
flushing of the lesion during magnifying observation
is a better method to confine its effect on magnifying
endoscopy. However, we used pre-endoscopic drinking
[22]
after considering a previous report that endoscopic
flushing of mucolytics to the targeted area was not
as effective as pre-endoscopic drinking. Therefore, it
is possible that its effect on conventional observation
could reach that of magnifying observation, even
though most of the flushed water was suctioned before
switching to magnifying observation.
In conclusion, premedication with the proteolytic
enzyme pronase improved the quality of magnifying
endoscopic images and required fewer water flushes
to achieve satisfactory endoscopic viewing. Magnifying
endoscopy is typically used to detect and diagnose
small upper GI tract cancers, and it is unclear if the
use of pronase will influence cancer detection rates or
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patient outcomes. However, pronase can be considered
as a method to maximize the diagnostic efficacy of
high resolution endoscopic techniques.
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Mucosal visibility during diagnostic endoscopy is paramount in detecting subtle
mucosal abnormalities associated with early neoplasia. Mucosal visibility is
especially important during magnifying endoscopy due to the time-consuming
and complicated nature of the procedure, which includes preparation with
mucolytic agents, dye spraying, and irrigation of the mucosal surface.

Research frontiers

Pronase, a mixture of proteolytic enzymes, has previously been used as a
premedication to reduce mucus during endoscopic examinations. Several
studies report that premedication with pronase improves endoscopic
visualization during conventional endoscopy, chromoendoscopy, and
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The addition of pronase to simethicone premedication resulted in clearer
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Randomized Controlled Trial

Clinical observations on the treatment of prolapsing
hemorrhoids with tissue selecting therapy
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Nan Mu, Zhi-Tao Yin
plications between tissue selecting therapy stapler (TST)
and Milligan-Morgan hemorrhoidectomy (M-M).
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METHODS: Four hundred and eighty patients with
severe prolapsing hemorrhoids, who were admitted to
the Shenyang Coloproctology Hospital between 2009
and 2012, were randomly divided into observation (n =
240) and control (n = 240) groups. Hemorrhoidectomies
were performed with TST in the observation group
and with the M-M technique in the control group. The
therapeutic effects, operation security, and postoperative
complications in the two groups were compared. The
immediate and long-term complications were assessed
according to corresponding criteria. Pain was assessed
on a visual analogue scale. The efficacy was assessed
by specialized criteria. The follow-up was conducted one
year after the operation.
RESULTS: The total effective rates of the observation
and control groups were 99.5% (217/218) and 98.6%
(218/221) respectively; the difference was not statistically
significant (P = 0.322). Their were significant differences
between observation and control groups in intraoperative
blood loss (5.07 ± 1.14 vs 2.45 ± 0.57, P = 0.000), pain
(12 h after the surgery: 5.08 ± 1.62 vs 7.19 ± 2.01, P =
0.000; at first dressing change: 2.64 ± 0.87 vs 4.34 ±
1.15, P = 0.000; first defecation: 3.91 ± 1.47 vs 5.63 ±
1.98, P = 0.001), urine retention (n = 22 vs n = 47, P =
0.001), anal pendant expansion after the surgery (2.35
± 0.56 vs 5.16 ± 1.42, P = 0.000), operation time (18.3
± 5.6 min vs 29.5 ± 8.2 min, P = 0.000), and the length
of hospital stay (5.3 ± 0.6 d vs 11.4 ± 1.8 d, P = 0.000).
Moreover TST showed significant reductions compared
to M-M in the rates of long-term complications such as
fecal incontinence (n = 3 vs n = 16, P = 0.003), difficult
bowel movement (n = 1 vs n = 9, P = 0.011), intractable
pain (n = 2 vs n = 12, P = 0.007), and anal discharge (n
= 3 vs n = 23, P = 0.000).

Abstract
AIM: To compare the effects and postoperative com

WJG|www.wjgnet.com

2490

February 28, 2015|Volume 21|Issue 8|

Wang ZG et al . Prolapsing hemorrhoids with tissue selecting therapy
[4,5]

CONCLUSION: TST for severe prolapsing hemorrhoids
is a satisfactory technique for more rapid recovery,
lower complication rates, and higher operation security.

been applied in the clinic . This method is used
to protect anal cushions and functions. This clinical
trial was conducted to compare the efficacy and
complications associated with TST in comparison to
M-M.

Key words: Complication rate; Milligan-Morgan hemor
rhoidectomy; Operation security; Severe prolapsing
hemorrhoids; Tissue selecting therapy stapler

MATERIALS AND METHODS

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Participants

A total of 480 male and female patients with severe
prolapsing hemorrhoids, who were admitted in Shen
yang Anorectal Hospital between 2009 and 2012,
were randomly divided into observation (n = 24;
aged 19-84 years) and control (n = 240; aged 18-75
years) groups. Patients in the observation group
underwent TST, whereas those in the control group
received M-M. The patients who met the following
criteria were included in the study: (1) grade Ⅲ-Ⅳ
[6]
mixed prolapsing hemorrhoids ; (2) 18-84 yearsold; (3) hemorrhoids confirmed by colonoscopy,
anorectal manometry, and anorectal ultrasound to the
exclusion of other colorectal disorders and dysfunctions
(e.g., tumor, inflammatory bowel disease, anismus,
fecal incontinence); (4) without severe primary
diseases of the cardiovascular system, liver, kidneys,
hematopoietic system and so on; and (5) without
chronic constipation.

Core tip: Tissue selecting therapy staplers are in
creasingly used in clinics as a minimally invasive
technique for treating hemorrhoids, based on the
formation mechanism and physiologic and pathologic
structural changes of hemorrhoids. This method
protects anal cushions and functions. In this study,
480 patients with severe prolapsing hemorrhoids, who
were admitted to the Shenyang Anorectal Hospital,
were treated with this method or by Milligan-Morgan
hemorrhoidectomy. The efficacy of both methods was
assessed one year after the operation. The therapeutic
effects, operation security, and postoperative
complications from the two treatment methods were
compared.
Wang ZG, Zhang Y, Zeng XD, Zhang TH, Zhu QD, Liu DL,
Qiao YY, Mu N, Yin ZT. Clinical observations on the treatment
of prolapsing hemorrhoids with tissue selecting therapy. World
J Gastroenterol 2015; 21(8): 2490-2496 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i8/2490.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i8.2490

Preoperative preparations

All the participants underwent routine exams such
as blood routine, coagulation tests, liver function
test, kidney function test, immunologic indices, color
ultrasound of the liver, gallbladder and spleen, chest
X-ray and electrocardiogram. The night before the
operation, they received intestinal cleaning with 73.69
g polyethylene glycol-electrolyte powder diluted in
2000 mL lukewarm boiled water. During the operation,
sacral anesthesia and lithotomy position were adopted.

INTRODUCTION
Hemorrhoids, especially severe prolapsing hemor
rhoids, have always been over-treated to various
degrees; yet, surgery is one of the important tre
atments for hemorrhoids. Based on clinical practice,
it is assumed that surgery is effective for severe
prolapsing hemorrhoids. However, it is difficult to
deal with the postoperative complications such as
fecal urgency and anal stenosis. Milligan-Morgan
hemorrhoidectomy (M-M), though wildly practiced, has
some disadvantages such as postoperative pain and a
[1]
[2]
long period of convalescence . In 1998, Longo , an
Italian expert, reported the treatment of hemorrhoids
with a procedure for prolapse and hemorrhoids (PPH).
Since then, PPH has been widely used in clinical
practice and achieved desirable efficacy; yet, its side
[3]
effects have been reported in recent years . Tissue
selecting therapy stapler (TST) is a minimally invasive
technique for hemorrhoids, which is based on the
formation mechanism and physiologic and pathologic
structural changes of hemorrhoids, that has gradually
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TST

[5]

The surgery was performed in the following steps :
(1) the suitable anoscope was chosen based on
the number and location of hemorrhoids; (2) the
anoscope was inserted into the anus after appropriate
anal dilatation. Then, the introducer was withdrawn,
the mucosa above the prolapsing hemorrhoids was
exposed and the anoscope was fixed (Figure 1A); (3)
a 2-0 absorbable suture string was used for pursestring suture. The string was placed 3-4 cm above
the dentate line. The specific location of the string
was determined by the degree of relaxation of the
rectal mucosa. The most suitable one should be 2 cm
below the window of the anoscope (Figure 1B); (4)
the circular stapler was opened to its maximum. Its
anvil was positioned in the rectum. The string was
pulled from the holes in both sides of the stapler by a
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A

B

C

D

Figure 1 Patients with prolapsing hemorrhoids treated with tissue selecting therapy. A: The hemorrhoids were exposed; B: Absorable string was fixed in
suitable location; C: Circular stapler was tightened and the gun was fired; D: The mucosal bridges were dissected.

Criteria for evaluating immediate complications

suture threader and stretched with proper strength;
meanwhile, the stapler was tightened and the gun was
fired. Thirty seconds later, the stapler was removed
(Figure 1C); (5) the mucosal bridges were dissected.
Then, the staple line was inspected. A figure-eight
suture with absorbable strings was applied to ensure
hemostasis if bleeding occurred along the line; (6) the
removed tissue underwent pathologic exams (Figure
1D); and (7) the skin tags of external hemorrhoids
were removed.

Criteria for evaluating immediate complications
include: (1) pain was evaluated by the visual analogue
[8]
scale (VAS) (score 0 = no pain, score 10 = severe
pain) at three time points after the operation (local
pain 12 h later, during the first dressing change the
next morning, and during the first defecation); (2)
intraoperative blood loss (0 = no blood loss; 1 = 1-5
mL; 2 = 6-10 mL; 3 = 11-15 mL; 4 = 16-20 mL; 5 =
21-25 mL; 6 = 26-30 mL; 7 = 31-35 mL; 8 = > 35
[7]
mL ); (3) operation time (min); (4) urine retention
(use of urethral catheterization due to inability to
[9]
voluntarily urinate within 24 h after the operation ); (5)
anal pendant expansion after operation was evaluated
[8]
by VAS ; and (6) the length of hospital stay (d).

M-M

The operation was performed in the following steps: (1)
the number and location of hemorrhoids was observed
(Figure 2A); (2) an appropriate anal dilatation was
performed; (3) clamped by a hemostat vertically,
the external hemorrhoids were dissected along the
dentate line and the internal hemorrhoids were ligated
where enough mucosal bridges were left (0.5-1.0
cm) (Figure 2B and C); (4) the wound was repaired
and the bleeding was stopped (Figure 2D); (5) gauze
was used to ensure hemostasis; and (6) the removed
tissue underwent pathologic exams.

Criteria for evaluating long-term complications

Telephone follow-up was performed to determine
whether the participants had the following symptoms:
(1) rectal and vaginal fistula; (2) fecal incontinence (a
lack of control over defecation, leading to involuntary
loss of gas or stool); (3) difficult bowel movement
(a condition in which the anus and/or rectum is less
than two fingers wide so the stool is narrowed); (4)
intractable pain (long-term pain caused by scar or
foreign body after the surgery); and (5) anal discharge
(wet anus or anal discharge caused by the scar left
by the surgery). Between the surgery and follow-up,
all the return visits for the above complications were
recorded. The participants were required to pay a

Efficacy assessment

The efficacy was assessed one year after the operation
and defined as: (1) recovery: prolapse symptoms
completely disappeared; (2) effectiveness: < 50%
prolapse symptoms persisted; and (3) ineffectiveness:
[7]
> 50% prolapse symptoms persisted .
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A

B

C

D

Figure 2 Patients with prolapsing hemorrhoids treated with Milligan-Morgan hemorrhoidectomy. A: The hemorrhoids were exposed; B: Internal hemorrhoids
were ligated; C: External hemorrhoids were dissected; D: The wound was repaired.

Table 1 Patient and case characteristics
Characteristic

Table 2 Efficacies of tissue selecting therapy stapler and
Milligan-Morgan hemorrhoidectomy, n
t or χ 2 P value

TST group
(n = 240)

M-M group
(n = 240)

Age
44.2 ± 16.5
Gender (male/female)
123/117
Hemorrhoids grading
155/85
(Ⅲ/Ⅳ)
Case history (yr)
7.2 (0.5-17.0)
Completed follow-up (n)
218

45.7 ± 15.6
119/121
171/69

0.682
0.133
2.448

0.891
0.715
0.118

6.8 (0.4-20)
221

0.591

0.895

Group
Tissue selecting therapy
stapler
Milligan-Morgan
hemorrhoidectomy

χ2

P value

TST: Tissue selecting therapy stapler; M-M: Milligan-Morgan hemor
rhoidectomy.

Effectiveness

Ineffectiveness

210

7

1.000

208

10

3.000
0.982
0.322

RESULTS
Overall efficacy

return visit if they were found suffering from the above
complications during the follow-up.

The TST and M-M groups were comparable, and no
statistical differences were found between them re
garding gender, age, or hemorrhoids grading (Table
1). The total effective rates of the TST and M-M
groups were 99.5% (217/218) and 98.6% (218/221)
respectively; the difference was not statistically sig
nificant (P = 0.322) (Table 2).

Satisfaction survey

One year after the surgery, telephone follow-up
was applied to conduct a satisfaction survey on the
surgery: satisfied, somewhat satisfied, not satisfied.

Statistical analysis

Complications

The data were analyzed by SPSS version 13.0 (SPSS
Inc., Chicago, IL, United States). Measurement data are
expressed as mean ± standard deviation. Student’s t
test was used for the comparison between the two
2
groups, and a χ test was applied for comparing count
data between the two groups. P < 0.05 was deemed
statistically significant.

WJG|www.wjgnet.com

Recovery

The comparison between the two groups showed
significant reductions in postoperative pain, intra
operative blood loss, urine retention, anal pendant ex
pansion, operation time, and length of hospital stay in
the TST group compared to M-M (all P < 0.01) (Table 3).
The follow-up showed that no participants in
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Table 3 Immediate complications
Complication
Postoperative pain (VAS)
12 h after the surgery
During first dressing change
During first defecation
Intraoperative blood loss
Urine retention after the surgery (n)
Anal pendant expansion after the surgery (VAS)
Operation time (min)
The length of hospital stay (d)

TST group
(n = 240)

M–M group
(n = 240)

t or χ 2

P value

5.08 ± 1.62
2.64 ± 0.87
3.91 ± 1.47
2.45 ± 0.57
22
2.35 ± 0.56
18.3 ± 5.6
5.3 ± 0.6

7.19 ± 2.01
4.34 ± 1.15
5.63 ± 1.98
5.07 ± 1.14
47
5.16 ± 1.42
29.5 ± 8.2
11.4 ± 1.8

9.451
11.231
4.211
13.246
10.579
12.781
7.439
11.651

0.000
0.000
0.001
0.000
0.001
0.000
0.000
0.000

TST: Tissue selecting therapy stapler; M-M: Milligan-Morgan hemorrhoidectomy; VAS: Visual analogue scale.

Table 4 Long-term complications, n
Complication
Rectal and vaginal fistula
Fecal incontinence
Difficult bowel movement
Intractable pain
Anal discharge

Table 5 Results of satisfaction survey, n

TST Group M-M Group
(n = 218) (n = 221)
0
3
1
2
3

0
16
9
12
23

χ2

P value

9.110
6.438
7.285
16.065

0.003
0.011
0.007
0.000

Group
Tissue selecting therapy stapler
Milligan-Morgan hemorrhoidectomy

χ2

P value

Satisfied

Somewhat
satisfied

Not
satisfied

212
173

4
35

2
13
8.197
0.004

The total satisfaction rate = satisfied rate + somewhat satisfied rate.
TST: Tissue selecting therapy stapler; M-M: Milligan-Morgan hemor
rhoidectomy.

disease itself. In recent years, several great changes
have taken place in excisional hemorrhoidectomy.
The surgery has changed from eradicative therapy
(complete excision) to individualized therapy (selective
[15]
excision) . In 1937, Milligan and Morgan from
St. Mark Hospital described a selective technique
called the M-M hemorrhoidectomy that can reduce
mucosal ectropion and anal stricture. However, it is
associated with short-term complications, such as
severe postoperative pain, delayed healing of the open
wounds, great blood loss, urine retention, anal pendent
expansion, and long-term complications, such as fecal
incontinence, difficult bowel movement, intractable
pain and anal discharge, which have prevented it from
[16]
widespread use .
[17]
Since anal cushions were proposed by Thomson
in 1975, the understanding of the treatment has also
[18,19]
[20]
changed radically
. Based on anal cushions, Longo
proposed a procedure for prolapse and hemorrhoids
(PPH). Compared with traditional techniques, PPH is
[21]
associated with less pain and shorter hospital stay ,
though it also has limitations. TST is a minimally
invasive technique by which hemorrhoidal mucosa is
excised and normal mucosa between hemorrhoids is
kept. It is associated with fewer wounds, normal anal
[4,5]
functions, and fewer complications .
This study found no significant difference in efficacy
between TST and M-M, indicating that these methods
have similar therapeutic effects in the treatment of
severe prolapsing hemorrhoids. Secondly, the study
has found statistically significant differences between
TST and M-M in operating time, the length of hospital
stay, postoperative anal pain, intraoperative blood

either group had rectal or vaginal fistulas, and the
rates of fecal incontinence, difficult bowel movement,
intractable pain, and anal discharge were significantly
lower in the TST group compared to the M-M group (all
P < 0.05) (Table 4).

Satisfaction survey

The results of satisfaction survey indicated that the
total satisfaction rate of TST group was significantly
higher than that of M-M group (P < 0.01) (Table 5).

DISCUSSION
Hemorrhoidal disease is a common anal disorder in
which anal cushions are pathologically enlarged and
shift, and the blood stasis in perianal subcutaneous
vascular plexus forms clumps. Its symptoms are
pendant expansion, pain, bleeding, incarceration, and
so on. Approximately 10%-20% of patients with such
[10]
disease should undergo surgery . The disease is often
[11,12]
over-treated
as first, it is assumed that patients
with hemorrhoidal symptoms must receive surgery.
[13]
Haas et al
found that the hemorrhoidal symptoms
in > 80% of operation cases could be eradicated by
non-surgical means. Second, new techniques have
been abused. Third, eradication of the disease has
lead to excessive trauma. For instance, the Whitehead
hemorrhoidectomy, devised to eradicate enlarged
internal hemorrhoidal tissue, is associated with high
[14]
rates of mucosal ectropion and anal stricture ,
which are far more distressing than hemorrhoidal
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loss, urine retention, and anal pendant expansion
after the surgery. These findings show that TST is
associated with less pain, a simpler operation, more
rapid recovery, less blood loss and fewer complications
compared with M-M. Thirdly, this study reveals that
TST significant reduces long-term complications such
as fecal incontinence, difficult bowel movement,
intractable pain, and anal discharge, indicating that
TST retains non-pathologic anal cushions without
affecting anal functions, thereby avoiding to a great
[22]
extent fecal urgency and incontinence . Lastly, the
results of the satisfaction survey indicate that TST
[23]
is more acceptable than M-M. He et al
reported
that the recovery rate of TST in the treatment of 300
patients with mixed hemorrhoids was 100%. Our study
also shows that the rate and severity of postoperative
pain and anal pendant expansion in TST group was
much lower than in the M-M group. TST increased
patients’ tolerance to the surgery and lowered the
risks so as to cure severe prolapsing hemorrhoids with
minimal invasion.
In summary, by TST, hemorrhoidal mucosa is ex
cised and normal mucosa between hemorrhoids is kept.
The technique could reduce wounds and complications
and protect normal anal functions. Therefore, it is more
suitable for the treatment of hemorrhoids. We suggest
that TST be more widely used in clinical practice, as it is
a safe minimally invasive technique.
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Jin-Wook Kim, Sook-Hayng Jeong, Nayoung Kim
with PUB were retrospectively collected and analyzed.
Age, sex, type and stage of peptic ulcer, whether
endoscopic therapy was performed or not, methods
of H. pylori detection, duration of hospitalization, and
specialty of the attending physician were investigated.
Factors influencing the confirmation of H. pylori
infection prior to discharge were determined using
multiple logistic regression analysis. The H. pylori
eradication rates of patients who received ET during
hospitalization and those who commenced ET as
outpatients were compared.
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RESULTS: A total of 232 patients with PUB were
evaluated for H. pylori infection by histology and/
or rapid urease testing. Of these patients, 53.7%
(127/232) had confirmed results of H. pylori infection
prior to discharge. In multivariate analysis, duration
of hospitalization and ulcer stage were factors
independently influencing whether H. pylori infection
was confirmed before or after discharge. Among the
patients discharged before confirmation of H. pylori
infection, 13.3% (14/105) were lost to follow-up.
Among the patients found to be H. pylori -positive after
discharge, 41.4% (12/29) did not receive ET. There was
no significant difference in the H. pylori eradication rate
between patients who received ET during hospitalization
and those who commenced ET as outpatients
[intention-to-treat: 68.8% (53/77) vs 60% (12/20), P =
0.594; per-protocol: 82.8% (53/64) vs 80% (12/15), P
= 0.723].
CONCLUSION: Because many patients with PUB
who were discharged before H. pylori infection status
was confirmed lost an opportunity to receive ET, we
should confirm H. pylori infection and start ET prior to
discharge.

Abstract
AIM: To evaluate when Helicobacter pylori (H. pylori )
eradication therapy (ET) should be started in patients
with peptic ulcer bleeding (PUB).

Key words: Helicobacter pylori ; Peptic ulcer hemorr
hage; Disease eradication; Hospitalization; Patient
discharge

METHODS: Clinical data concerning adults hospitalized
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least 3 to 5 d after administration of PPI to achieve and
maintain a gastric pH > 4 for a substantial proportion
[15]
of each 24-h period , the period of nil per os in
patients with PUB is usually less than 3 d. Therefore,
starting eradication therapy with the reintroduction
of oral feeding during hospitalization may decrease
the relative efficacy of eradication therapy due to
sub-optimal acid suppression. Although one metaanalysis suggested that there was no influence of pre[16]
treatment with a PPI on H. pylori eradication , the
subjects of most studies included in the meta-analysis
were non-bleeding patients with a PPI pre-treatment
duration greater than 5 d. In contrast, there are few
studies comparing the efficacy of eradication therapy in
patients with PUB according to initiation of eradication
therapy. A British study suggested as evidence for
eradication therapy during hospitalization in the
Maastricht IV/Florence Consensus Report previously
[17]
referenced, did not mention this topic . In addition,
because it takes several days to confirm histologic
results and because antibiotics used in eradication
therapy may cause adverse effects, some physicians
prefer to start eradication therapy when the patient is
more stable after discharge, as opposed to beginning
ET at the time of reintroduction of oral feeding, which
is a time when patients may still be acutely ill.
We set out to: (1) elucidate what portion of patients
with PUB have H. pylori infection status confirmed prior
to discharge and which factors influence confirmation
of H. pylori infection status during hospitalization;
and (2) determine whether there is a difference in
the eradication rate between patients who began
eradication therapy in the hospital and patients who
began eradication therapy at the outpatient clinic.

Core tip: This study aimed to determine the optimal
time to initiate Helicobacter pylori (H. pylori ) era
dication in patients hospitalized with peptic ulcer bl
eeding. There was no significant difference in the H.
pylori eradication rate between patients who received
eradication therapy during hospitalization and those
who commenced therapy as outpatients. However,
because many patients who were discharged before H.
pylori infection was confirmed lost the opportunity to
begin eradication therapy, H. pylori infection should be
confirmed and eradication therapy started in patients
with peptic ulcer bleeding prior to discharge.
Yoon H, Lee DH, Jang ES, Kim J, Shin CM, Park YS, Hwang JH,
Kim JW, Jeong SH, Kim N. Optimal initiation of Helicobacter
pylori eradication in patients with peptic ulcer bleeding. World
J Gastroenterol 2015; 21(8): 2497-2503 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i8/2497.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i8.2497

INTRODUCTION
Approximately one-fourth of patients with peptic ulcer
disease visit the emergency room, and about 75% of
these patients are diagnosed with peptic ulcer bleeding
[1]
(PUB) . Because it is well established that Helicobac
ter pylori (H. pylori) eradication is the most effective
method to prevent bleeding recurrence in patients
[2-4]
with PUB , most international guidelines recommend
H. pylori eradication in patients infected with the
[5,6]
disease . Therefore, it is very important to test for
H. pylori infection and perform eradication therapy
as necessary in emergency room patients who are
[7]
found to have PUB . However, guidelines indicating
the optimal time to initiate H. pylori eradication in
[8-10]
patients with PUB are rare
. The recently published
Maastricht IV/Florence Consensus Report recommends
that H. pylori eradication treatment be started at
reintroduction of oral feeding in cases of bleeding
[11]
peptic ulcer . They provided the following justification
for their recommendation: while H. pylori eradication
has no effect on the early rebleeding rate in patients
with PUB, delaying treatment until after discharge
leads to reduced patient compliance or loss to followup without receiving full treatment.
Among several roles the proton-pump inhibitor
(PPI) serves in eradication therapy for H. pylori
infection, increase of gastric pH is the main role as
[12,13]
antibiotics can be unstable at low pH
. In particular,
clarithromycin, which is the main antibiotic used in
standard triple therapy for H. pylori infection, degrades
[14]
rapidly at normal gastric pH (1.0-2.0) . Therefore,
PPI is used to increase gastric pH to the level needed
before starting eradication therapy. While it takes at
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MATERIALS AND METHODS
Patients

All patients who met the following criteria were en
rolled into the present study: first, adults aged ≥ 19
years who were admitted through the emergency
room at Seoul National University Bundang Hospital
between June 2003 and December 2012; second,
those patients who were assigned a final diagnosis
of PUB at the point of discharge; third, presence of
a peptic ulcer confirmed by upper gastrointestinal
endoscopy and H. pylori infection status evaluated by
histology or rapid urease test during admission; and
fourth, duration of patient’s hospitalization was ≤ 7 d.
Patients with malignant ulcers or Dieulafoy’s ulcer, or
with a history of H. pylori eradication were excluded.
This study was approved by the Institutional Review
Board of Seoul National University Bundang Hospital
(IRB number: B-1403-242-106).

Hospital course and follow-up in the outpatient clinic

A retrospective review of the electronic medical
record for each patient was conducted to collect
data on baseline clinical characteristics. Age, sex,
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Table 1 Baseline demographics of patients with peptic ulcer bleeding according to the time of Helicobacter pylori infection status
confirmation n (%)

Male
Age mean ± SD (yr)
Disease
BGU
DU
BGU and DU
Stage of ulcers
Active stage
Healing stage
Endoscopic hemostasis
Yes
No
Methods for diagnosis of H. pylori infection
Histology
Rapid urease test
Both
Duration of hospitalization mean ± SD (d)
Specialty of the attending physician
Gastroenterology
Others

Confirmation during
hospitalization (n = 127)

Confirmation after discharge
(n = 105)

P value

94 (74.0)
68.2 ± 14.1

78 (74.3)
67.6 ± 15.5

1.000
0.751
0.667

100 (78.7)
10 (7.9)
17 (13.4)

86 (81.9)
9 (8.6)
10 (9.5)

113 (89.0)
14 (11.0)

83 (79.0)
22 (21.0)

64 (50.4)
63 (49.6)

51 (48.6)
54 (51.4)

12 (9.4)
11 (8.7)
104 (81.9)
4.9 ± 1.5

12 (11.4)
9 (8.6)
84 (80.0)
4.3 ± 1.5

119 (93.7)
8 (6.3)

95 (90.5)
10 (9.5)

0.045

0.793

0.881

0.009
0.461

BGU: Benign gastric ulcer; DU: Duodenal ulcer; H. pylori: Helicobacter pylori; PUB: Peptic ulcer bleeding.

type and stage of peptic ulcer, whether endoscopic
therapy was performed or not, methods of H. pylori
detection, duration of hospitalization, and specialty of
the attending physician were abstracted. Whether H.
pylori infection status was confirmed or not prior to
discharge was determined from the hospital discharge
records. For patients who received H. pylori eradication
therapy, data about the eradication regimen, smoking
history, and compliance with drug treatment were also
collected. The eradication rates of H. pylori in patients
who started eradication therapy during hospitalization
and those who started in the outpatient clinic were
compared. Eradication rates of H. pylori were de
termined on an intent-to-treat (ITT) and per-protocol
(PP) basis. All enrolled patients were included in the ITT
analysis. For the PP analysis, patients who were lost
to follow up, or who had taken less than 85% of the
prescribed drugs were excluded. A reason was sought
for those patients with positive H. pylori infection but in
whom eradication therapy was not prescribed.

tests. All enrolled patients were included in the ITT
analysis. However, for the PP analysis, patients who
were lost to follow up, had taken less than 85% of the
prescribed drugs, or those who had dropped out due to
severe adverse events were excluded. All results were
considered to indicate statistical significance when the
P value was less than 0.05.

RESULTS
Baseline clinical characteristics of the patients

The total number of patients admitted through the
emergency room and discharged with a final diagnosis
of PUB within 7 d or less, and in whom H. pylori
infection status was evaluated, was 232. Among these
patients, 53.7% (127/232) had confirmed results of
H. pylori infection prior to discharge. Results were
not known before discharge in the other 46.3%.
Table 1 shows baseline demographics of the patients
according to the time of H. pylori infection status
confirmation. Patients whose H. pylori infection
status was confirmed during hospitalization had
both a significantly more active ulcer stage (P =
0.045) and longer duration of hospitalization than
patients discharged before confirmation of H. pylori
infection status (P = 0.009). However, the 2 groups
were similar with respect to whether the patient
received endoscopic therapy or not and specialty of
the attending physician. Multivariate analysis also
showed that shorter duration of hospitalization and
healing stage of ulcer are independent risk factors
for discharge prior to H. pylori infection status
confirmation. One day more of hospitalization resulted
in a 20.9% greater likelihood of H. pylori infection

Statistical analysis

Statistical analysis was performed using SPSS for
Windows (version 18.0; SPSS, Chicago, IL, United
States). In univariate analysis, continuous variables
were analyzed using Student’s t-test and categorical
2
variables were analyzed using the χ test or Fisher’s
exact test. Multiple logistic regression analysis was
used to identify possible covariates as significant risk
factors for discharge before confirmation of H. pylori
infection status. Covariates that showed a significant
association in univariate analysis were subjected to
multiple logistic regression analyses. Model fit was
assessed using Hosmer-Lemeshow goodness-of-fit
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PUB patients admitted through the emergency room (n = 232)

The results of H. pylori infection
status confirmed during hospitalization
(n = 127)

The results of H. pylori infection
status confirmed after discharge
(n = 105)
Initial f/u loss
(n = 14)

H. pylori

H. pylori

H. pylori

H. pylori

positive
(n = 82)

negative
(n = 45)

positive
(n = 29)

negative
(n = 62)

Eradication therapy
started during
hospitalization (n = 77)

Eradicated
(n = 53)

Not
eradicated
(n = 11)

H. pylori was
not treated
(n = 2)

f/u loss
(n = 13)

Eradication therapy
started at the OPC
(n = 20)

Eradicated
(n = 12)

H. pylori was
not treated
(n = 12)

Not
eradicated
(n = 3)

f/u loss
(n = 5)

Figure 1 Flow chart of the clinical course of the patients hospitalized with peptic ulcer bleeding. f/u: Follow-up; H. pylori: Helicobacter pylori; OPC: Outpatient
clinic; PUB: Peptic ulcer bleeding.

status confirmation before discharge (OR = 0.791,
95%CI: 0.662-0.946, P = 0.010). Compared with
patients in the active ulcer stage, patients with ulcer
at the healing stage were more likely to be discharged
before H. pylori infection status was confirmed (OR =
2.150, 95%CI: 1.027-4.499, P = 0.042).

was recorded in the medical records of the remaining 8
patients, 6 patients did not receive eradication therapy
and no definitive reason was recorded. The other 2
patients had planned to begin eradication therapy after
treatment for their ulcers, but thereafter did not do so.

H. pylori eradication rates

Clinical course of the patients

The baseline demographics of patients who underwent
H. pylori eradication treatment are summarized in
Table 2. Eradication regimen and smoking history were
not significantly different between the patients who
received eradication therapy during hospitalization
and those who commenced therapy in the outpatient
clinic. Among the 97 patients who received eradication
therapy for H. pylori, information about compliance
was obtained in only 35.1%. However, there was
little difference in compliance between the 2 groups
(percentage of full compliance: 96.8% vs 100%, P =
1.0). There was no significant difference in H. pylori
eradication rate between the 2 groups [ITT: 68.8%
(53/77) vs 60% (12/20), P = 0.594; PP: 82.8%
(53/64) vs 80% (12/15), P = 0.723] (Table 3).

Figure 1 shows the clinical course of patients hos
pitalized due to PUB. Among 127 patients with
confirmed H. pylori infection status prior to discharge,
64.6% (82/127) were H. pylori-positive and most
(97.6%) had begun eradication therapy during
their hospitalization (n = 77) or in an outpatient
clinic (n = 3). Among the patients discharged prior
to confirmation of H. pylori infection status results,
13.3% (14/105) were lost to follow-up. For the
remaining 91 patients, the mean time period from
discharge to first outpatient clinic visit was 11 d
(95%CI: 10-13) and 31.9% (29/91) were found to be
H. pylori-positive in the outpatient setting. Among the
patients found to be H. pylori-positive in the outpatient
clinic, only 58.6% (17/29) received eradication
therapy. The mean time period from discharge to first
day of the eradication regimen was 18 d (95%CI:
11-24 d). Eradication therapy was not performed in
2 patients whose H. pylori infection was confirmed
during hospitalization and 12 patients whose H. pylori
infection was confirmed after discharge. The reasons
why H. pylori eradication was not performed in these
14 patients were as follows: in 6 patients, there was
no description about H. pylori infection status recorded
in the medical record at the first outpatient clinic visit
following discharge. While positive H. pylori infection
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DISCUSSION
Although the recent Maastricht IV/Florence Consensus
Report recommends that H. pylori eradication treatment
be started at the reintroduction of oral feeding in cases
of bleeding ulcer, One survey reported that starting
eradication therapy on the first outpatient clinic visit
following hospital discharge was the most common
[18]
practice in South Korea . In this study, we sought
to evaluate whether there is a difference in the H.
pylori eradication rate between patients receiving
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Table 3 Helicobacter pylori eradication rates according to the
time of eradication therapy initiation in patients with peptic
ulcer bleeding

Table 2 Baseline demographics of patients with peptic ulcer
bleeding who underwent Helicobacter pylori eradication therapy
according to the time of eradication therapy initiation n (%)

Male
Age mean ± SD (yr)
Disease
BGU
DU
BGU and DU
Eradication regimen
7-d triple therapy1
10-d triple therapy
14-d triple therapy
Others
Smoking
Current
Past
Never
Oral iron replacement
during eradication therapy
Yes
No

Eradication during
hospitalization
(n = 77)

Eradication
at the OPC
(n = 20)

P value

59 (76.6)
66.1 ± 13.9

17 (85.0)
59.5 ± 15.1

0.550
0.063
0.833

57 (74.0)
9 (11.7)
11 (14.3)

16 (80)
1 (5.0)
3 (15.0)

60 (77.9)
2 (2.6)
10 (13.0)
5 (6.5)

20 (100)
0
0
0

ITT analysis
Eradication rate
95%CI
PP analysis
Eradication rate
95%CI

Eradication during
hospitalization
(n = 77)

Eradication at
the OPC
(n = 20)

P value

68.8%
58.2%-79.4%

60%
36.5%-83.5%

0.594

82.8%
73.3%-92.3%

80%
57.1%-100%

0.723

0.191
BGU: Benign gastric ulcer; DU: Duodenal ulcer; H. pylori: Helicobacter
pylori; ITT: Intention-to-treat; OPC: Outpatient clinic; PP: Per-protocol;
PUB: Peptic ulcer bleeding.
0.100
22 (28.6)
5 (6.5)
50 (64.9)

7 (35.0)
4 (20.0)
9 (45.0)

and ulcer stage. Positive results of a rapid urease
test can usually be obtained within 24 h by a visual
[21]
check of the color change . However, because the
sensitivity of the rapid urease test in bleeding ulcer
[22-25]
cases is relatively low
, we could not rule out
the possibility of false negative results. Therefore,
although confirmation of the presence of H. pylori in
the gastric tissue requires a longer time frame due
to tissue preparation and examination of slides by
pathologists, histologic results should be confirmed
[26]
in all patients with PUB . Whereas, in the case of
peptic ulcer biopsy tissues submitted to the pathologist
for evaluation, the slide review and final pathologic
diagnosis is usually delayed because more critical
cases requiring rapid decision-making (such as
malignancy) take precedence. Therefore, the time
discrepancy that exists between the availability of
rapid urease test and histology results might be the
primary reason why some patients with PUB are being
discharged without final confirmation of their H. pylori
infection status. While it is often not cost-effective to
delay discharge by one more day in order to confirm
histology results, obtaining histology results 1 d earlier
is a more practical solution. Although the duration
of hospitalization was significantly different between
patients in whom H. pylori infection was confirmed
prior to and after discharge in this study, the absolute
difference in the time period was less than 24 h.
Therefore, reporting pathology results just 1 d earlier
would significantly reduce the number of H. pyloriinfected patients with PUB who lose the opportunity
to begin eradication therapy. To obtain pathology
reports sooner, collaboration with pathologists will
be needed. Clinicians need to establish a system to
inform pathologists about the need for more rapid slide
reading and diagnostic reporting in patients with PUB.
This study has several limitations. First, this study is
retrospective in design. We could not fully elucidate the
reason for discharge prior to confirmation of H. pylori
infection in each patient. Instead, from our finding
that hospital duration was an independent factor
influencing whether H. pylori infection was confirmed
prior to or after discharge, we speculated that the time

0.113
30 (39.0)
47 (61.0)

4 (20.0)
16 (80.0)

1

Proton-pump inhibitor standard dose bid, clarithromycin 500 mg bid, and
amoxicillin 1000 mg bid. BGU: Benign gastric ulcer; DU: Duodenal ulcer;
H. pylori: Helicobacter pylori; OPC: Outpatient clinic; PUB: Peptic ulcer
bleeding.

initial eradication therapy during hospitalization and
patients who began therapy at the outpatient clinic
following discharge. The result was negative. However,
if the clinician plans to confirm H. pylori infection
status at the outpatient clinic a considerable fraction
of the patients will likely fail to attend a follow-up
appointment, and the proportion of patients who
will not receive eradication therapy will be rather
high. That is, 46.9% of patients in whom the final
result of H. pylori test was confirmed positive only
after discharge will lose the opportunity to begin
eradicating the organism. This means a substantial
proportion of patients would be exposed to the risk
of recurrent ulcer bleeding. Therefore, some authors
have even suggested that empirical treatment of H.
pylori infection immediately after re-feeding is the
most cost-effective strategy, as it prevents recurrent
[19,20]
hemorrhage in patients with PUB
. However, the
cost-effectiveness of an empirical eradication therapy
can vary by regional prevalence of H. pylori in PUB.
Therefore, confirming results of H. pylori test and
initiating eradication therapy in H. pylori-positive
patients prior to discharge would appear to be a
more appropriate strategy than to apply empirical
eradication therapy to all patients with PUB.
To initiate eradication therapy during hospitalization
in H. pylori-positive patients with PUB, it is essential
to confirm H. pylori infection status prior to discharge.
In this study, factors independently influencing
whether H. pylori infection status is confirmed before
or after discharge were duration of hospitalization
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discrepancy between rapid urease test and histology
was the primary reason why patients with PUB were
being discharged without final confirmation of their H.
pylori infection status. However, because the attending
physician generally decides to check H. pylori infection
in patients with PUB during hospitalization, there is
a possibility of selection bias by attending physician.
Second, we were not able to investigate antibiotic
resistance in each patient who received eradication
therapy. Third, we could not evaluate compliance for
eradication therapy in some of the patients. However,
strength of this study is that it reveals the actual
clinical situation for management of patients with PUB.
In conclusion, there was no difference in H. pylori
eradication rate by time of the initiation of eradication
therapy in patients hospitalized due to PUB. However,
because many patients who are discharged prior to
confirmation of H. pylori infection lose an opportunity
to begin eradication therapy, we suggest that H. pylori
infection be confirmed and eradication therapy be
started in PUB patients prior to discharge. Finally, we
should never forget the fact that PUB is an absolute
indication for H. pylori eradication.
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EVIDENCE-BASED MEDICINE

Tenofovir rescue therapy in pregnant females with chronic
hepatitis B
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These pregnant females developed lamivudine (LAM)or telbivudine (LdT)-resistant chronic hepatitis B and
received tenofovir (TDF) therapy (300 mg/d), and its
curative effect, maternal and perinatal adverse events,
fetal growth and development, and neonatal prognosis
were evaluated.
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RESULTS: The median hepatitis B virus (HBV) DNA
level in the pregnant females with LAM or LdT resistance
was 5.9 (range, 4.2-7.2) log10 copies/mL before the
initiation of TDF. Ten of these females had abnormal
alanine aminotransferase (ALT) levels. The patients
were treated with TDF for a median of 24 wk (range,
12-40 wk). Fourteen females (82.4%) had an HBV
DNA level of < 500 copies/mL at the time of delivery.
This decrease was statistically significant (P < 0.0001).
Serum ALT levels were normalized in all subjects with
an elevated serum ALT level at baseline (P = 0.0003).
There were no significant changes in serum creatinine
and phosphorus levels during TDF treatment. In addition,
no adverse events related to TDF treatment were
observed. Seventeen females delivered 17 live infants,
and all infants had good Apgar scores. The mean birth
weight was 3226.5 ± 331.7 g, and the mean length at
birth was 50.4 ± 1.1 cm. The growth and development
of the infants was normal at birth, and no infants had
birth defects related to TDF treatment. Eleven infants
completed HBV vaccination and had no evidence of
vertical transmission.

Abstract

CONCLUSION: The use of TDF in pregnant females
with chronic HBV and LAM or LdT resistance was safe
and effective.

AIM: To evaluate the safety and efficacy of tenofovir
monotherapy in pregnant females resistant to lamivudine
or telbivudine. The effect of tenofovir on the fetus was
also assessed.

Key words: Pregnancy; Chronic hepatitis B; Tenofovir;
Safety; Birth defects

METHODS: The clinical data of 17 females were reviewed
in this study. Adverse events and pregnancy outcomes
from January 1, 2011 to June 30, 2013 were evaluated in
the Department of Gynecology and Obstetrics of Beijing

WJG|www.wjgnet.com

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

2504

February 28, 2015|Volume 21|Issue 8|

Hu YH et al . Tenofovir rescue therapy in pregnant females
study protocol (Ethics: Beijing ethics code [2013] 37),
and each patient signed written informed consent
before the study began.

Core tip: Tenofovir (TDF) is effective for treating
chronic hepatitis B virus (HBV) patients with lamivudine
(LAM) or telbivudine (LdT)-resistance. It is classified
as category B during pregnancy. There are very few
reports regarding the safety of TDF treatment in
pregnant patients with LAM or LdT resistance. The
present study reports the safety of TDF monotherapy
in pregnant females with chronic HBV and LAM or LdT
resistance. This study provides preliminary evidence
regarding the efficacy and safety of TDF during
pregnancy. It also sets an example for further studies
exploring the safety profiles of nucleos(t)ide analogs in
pregnant females.

Patient tissues

Eligibility criteria were as follows: (1) pregnant
females; (2) a diagnosis of CHB was made before
pregnancy and was treated using either LAM or LdT; (3)
serum HBV DNA rebound during pregnancy (defined
as a 10-fold increase from the treatment nadir and a
4
serum HBV DNA ≥ 10 copies/mL; and (4) the patient
accepted treatment with 300 mg/d TDF. The exclusion
criteria were as follows: (1) patients with human
immunodeficiency virus (HIV), hepatitis C (HCV),
hepatitis D virus (HDV), syphilis, toxoplasmosis, herpes
virus, rubella virus, or cytomegalovirus infection; (2)
duration of TDF treatment < 12 wk during pregnancy
(beginning treatment after 28 wk of pregnancy); and
(3) the use of other antiviral agents.
All participants were screened every 12 wk during
pregnancy using biochemical testing and HBV DNA
determination. Adverse events, neonatal abnormities,
and the vertical transmission of HBV were recorded.
All infants received passive-active immunoprophylaxis
with 200 IU hepatitis B immunoglobulin (HBIG) and
three doses of 10 μg hepatitis B vaccine (at 0, 1, and 6
mo), according to the guidelines for the prevention and
[7]
treatment of CHB . HBV serology was measured 1 mo
after completion of HBV vaccination. All infants also
underwent a physical examination, hearing screening,
and testing for congenital phenylketonuria and hypo
thyroidism at birth. Infants were also observed to
identify any effects on their growth rate.

Hu YH, Liu M, Yi W, Cao YJ, Cai HD. Tenofovir rescue
therapy in pregnant females with chronic hepatitis B. World J
Gastroenterol 2015; 21(8): 2504-2509 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i8/2504.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i8.2504

INTRODUCTION
Hepatitis B virus (HBV) infection is a global health
problem. Approximately two billion people worldwide
have a history of or current HBV infection, and 240
million are chronic HBV carriers. Around one million
people die annually of sequelae related to HBV infection
including liver failure, cirrhosis, or primary hepatocellular
[1]
carcinoma . The hepatitis B surface antigen (HBsAg)positive rate among fertile females in high epidemic
[2-4]
areas such as Africa and South Asia is 9.2%-15.5% .
Approximately 30% of HBV-infected females progress to
chronic hepatitis B (CHB) and require antiviral therapy.
However, some females become pregnant during
[5,6]
nucleos(t)ide analog therapy . Lamivudine (LAM)
and telbivudine (LdT) were introduced into China in
1999 and 2007, respectively. However, some pregnant
[5,6]
females receiving LAM or LdT
have developed drug
resistance. Tenofovir (tenofovir disoproxil fumarate,
TDF) is effective in the treatment of CHB patients
with either LAM or LdT-resistance. It is classified
as a category B drug. However, there are very few
reports evaluating the safety of TDF treatment during
pregnancy, particularly since the emergence of LAM
or LdT resistance. We performed a retrospective study
assessing the efficacy and safety of TDF rescue therapy
in pregnant females with chronic CHB after developing
resistance to LAM or LdT.

Laboratory testing

Biochemical tests and HBV serology were performed
in the clinical laboratory of our hospital. HBV DNA was
detected using an HBV real-time PCR amplification kit
(Kehua Biological Company, Shanghai, China), which
can detect as few as 500 HBV DNA copies/mL (< 2.7
log10 copies/mL). HBV markers were detected using
enzyme-linked immunosorbent assay kits (Abbot Labs,
North Chicago, IL, United States) and an ARCHITECT
i2000 automatic immunoassay analyzer (Abbott),
according to the manufacturer’s instructions. An HBV
surface antigen level < 0.05 IU/mL, HBV e antigen
levels < 1.0 signal/cutoff (S/CO), antibodies against
HBV surface antigen < 10 mIU/mL, HBV e antibody
level > 1 S/CO, and an HBV core antibody level >
1 S/CO were considered negative results. Blood
biochemistry parameters were determined using a
Hitachi 7600-020 automatic biochemical analyzer.
The normal range of alanine aminotransferase (ALT)
was 0-40 U/L of serum. The normal range of crea
tinine in females was 45-84 μmol/L. Serum inor
ganic phosphorus levels were determined using the
molybdate direct method; the normal range was
0.81-1.45 mmol/L.

MATERIALS AND METHODS
Ethics

Data were collected retrospectively from pregnant
females at Beijing Ditan Hospital, an affiliate of Capital
Medical University, from January 2011 to June 2013.
The Ditan Hospital Ethical Committee approved the
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Table 1 Characteristics of 17 pregnant women with chronic hepatitis B treated with tenofovir
ID Age
No. (yr)

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17

32
37
31
30
31
28
31
30
32
30
31
25
28
28
29
33
34

Pregestational
anti-HBV treatment

GW
starting
TDF

ALT
(U/L)

Pre-TDF studies

LAM
LAM
ETV→LAM
LAM→ADVc + LAM
LAM→ADV→LAM
ADV→ADV + LAM→LAM
LdT
LdT
LdT
LdT
LdT
INF→LdT
LAM→LdT
LAM→LdT
ADV→LAM→LdT
LdT→ETV + ADV→LdT
LAM→ADV + LAM→LdT

26
20
24
5
0
16
22
12
10
0
16
8
20
28
27
5
16

66.4
28.9
39.1
35.5
97.4
15.4
51.6
40.1
170.2
22.4
42.0
131.0
264.21
15.8
15.8
213.0
1701.6

HBV DNA
Cr
Pho
(log10
(μmol/L) (mmol/L)
copies/mL)
7.2
4.4
5.1
4.2
6.4
5.9
5.6
5.4
6.3
5.7
6.1
5.6
6.1
6.4
5.3
6.6
6.9

39.0
62.8
60.4
47.6
45.3
40.0
50.4
64.8
37.0
57.5
44.3
69.2
52.7
43.3
73.3
56.4
42.7

1.28
1.08
1.12
1.24
1.03
1.35
1.21
1.20
0.97
1.11
1.10
1.23
0.83
1.16
1.02
0.99
0.96

Duration
of TDF
before
delivery
(wk)

ALT
(U/L)

Studies performed at delivery

12
20
14
35
40
24
17
28
28
39
24
32
19
12
12
35
23

10.8
19.8
25.8
28.0
15.5
10.9
21.1
12.5
8.8
19.4
28.4
20.0
23.7
15.5
30.0
24.0
16.1

i

k

HBV DNA
Cr
Pho
(log10
(μmol/L) (mmol/L)
copies/mL)
2.9
< 2.7
< 2.7
< 2.7
< 2.7
< 2.7
< 2.7
< 2.7
< 2.7
< 2.7
< 2.7
< 2.7
< 2.7
3.0
3.8
< 2.7
< 2.7

49.0
64.3
57.7
54.8
60.5
47.7
49.9
60.7
40.0
55.2
48.9
51.0
47.0
46.8
51.6
46.9
56.3

1.19
1.10
1.00
0.94
1.19
1.10
0.96
0.92
0.73
1.35
1.32
0.95
0.95
0.98
0.90
1.28
0.87

LAM: Lamivudine; ETV: Entecavir; ADV: Adefovir; LdT: Telbivudine; INF: Interferon; TDF: Tenofovir; GW: Gestational week; ALT: Alanine
aminotransferase; HBV: Hepatitis B virus; Cr: Creatinine; Pho: Serum phosphorus.

Hearing screening was performed using ECHOSCREEN from the Madsen Company (Denmark). Heel
blood was taken from the infants after 72 h of brea
stfeeding. A dried spot of blood on filter paper was
then sent to the Beijing Neonatal Disease Screening
Center to rule out congenital phenylketonuria and
hypothyroidism.

levels < 4 log10, and the other because of treatment
with TDF for < 12 wk during pregnancy. One hundred
and twenty-four females became pregnant during
LdT treatment. Of these, 12 (9.7%) developed drug
resistance during pregnancy. Eleven females were
switched to treatment with 300 mg/d TDF, and all of
these met the inclusion criteria. The characteristics of
the patients at baseline and at delivery are shown in
Table 1.
The median maternal age was 30.6 years (range,
23-45 years). All females were of Chinese ethnicity.
Sixteen were primiparous, and one was multiparous.
All patients had CHB. One individual had compensat
ed cirrhosis and was started on nucleotide analog
treatment before pregnancy. One female was HBeAgnegative, and 16 were HBeAg-positive. One husband
was HBsAg positive, 15 were negative, and the status
of one was unknown.
Five pregnant females developed resistance to LAM
or LdT before pregnancy. In addition, the HBV DNA
th
th
levels rebounded between the 8 and 24 gestational
weeks in 12 patients. The patients were diagnosed
with resistance to LAM or LdT after excluding poor
compliance with treatment. TDF was started at the
median gestational age (GA) of 15 wk (range, 0-28
wk). The median duration of TDF treatment before
delivery was 24.4 wk (range, 12-40 wk).

Statistical analysis

Categorical variables are summarized as numbers
or percentages. Continuous variables are presented
as mean (± standard deviation) or median (range).
HBV DNA levels were logarithmically transformed
for analysis. Student’s t-tests were used to compare
normally distributed continuous variables. A rank-sum
test was used to compare variables without normal
2
distribution. χ tests were used to compare the HBV
DNA negative conversion rate and the recovery rate
of ALT before and after treatment. Stata 10 software
(Stata, Computer Resource Center, United States) was
used for statistical analyses. A value of P < 0.05 was
considered statistically significant.

RESULTS
Maternal characteristics

Seventeen pregnant females with LAM or LdT resis
tance were enrolled between January 2011 and June
2013. One hundred and twenty-eight females became
pregnant during LAM treatment. Of these, 17 (13.3%)
developed drug resistance during pregnancy. Eight
pregnant females were switched to treatment with 300
mg/d TDF. Six of these were included in the study, and
two were excluded (one because of serum HBV DNA

WJG|www.wjgnet.com

Maternal outcomes

The median HBV DNA level before the initiation of TDF
was 5.9 log10 copies/mL (range, 4.2-7.2 log10 copies/
mL). Ten of the 17 females had abnormal ALT levels;
of these, levels were elevated to > 5-times the upper
limit of normal (ULN) in three. One of these patients
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was hospitalized with an ALT level of 1701.6 U/L.
Fourteen females (82.4%) had HBV DNA levels < 500
copies/mL at delivery. The proportion of subjects with
undetectable HBV DNA levels was significantly higher
after TDF treatment compared with before treatment
(P < 0.0001). Serum ALT levels also normalized in all
patients after TDF treatment (P = 0.0003). However,
no significant changes in creatinine levels or serum
phosphorus levels were seen after TDF treatment (t
= 0.0385, P = 0.9698 and t = 1.3738, P = 0.1884,
respectively).
The median GA at delivery was 39.4 wk (range,
38-40 wk). Eleven females had a caesarian section,
and six underwent vaginal delivery. All adverse events
during pregnancy and after delivery were recorded.
One patient developed acute abdominal pain after 16
wk of pregnancy, and was diagnosed with a kidney
stone; the symptoms were relieved after treatment.
The same individual suffered from hypertension after
38 wk of pregnancy, but her blood pressure returned
to normal after delivery. One female was diagnosed
with pregnancy-induced hypertension syndrome after
34 wk of pregnancy; the hypertension resolved after
th
cesarean section delivery during the 38 week of
pregnancy. One patient developed diabetes, which
was well managed by diet. One female developed
postpartum hemorrhage and another exhibited third
degree meconium staining of the amniotic fluid. These
events did not appear to be associated with TDF
treatment. During TDF treatment, no individuals had
a spontaneous abortion, abnormal fetal growth, or
premature delivery. No adverse events related to TDF
treatment were observed.

globally. Although there are some effective antiviral
drugs, most patients require long-term treatment.
Some females may become pregnant during tre
[8-10]
atment
. TDF is a fumaric acid salt form of the
bis-isopropoxycarbonyloxymethyl ester derivative of
tenofovir. TDF has been available in the United States
for the treatment of HIV since 2001, and was approved
[11]
for the treatment of chronic HBV in 2008 . Although
TDF is an FDA category B drug, it was recommended
by the European Association for the Study of the
Liver for use during pregnancy when the benefits
[12]
outweigh the risks . A large number of patients have
taken or are taking LAM or LdT, which are commonly
[5,6]
associated with development of resistance . In the
current study, 13.3% of females treated with LAM and
9.7% of those treated with LdT developed resistance.
Resistance is generally associated with an increase in
serum HBV DNA levels. Resistance is often defined as
a 10-fold increase in HBV DNA levels compared with
the treatment nadir. Viral rebound often coincides with
an increase in serum ALT levels. In some cases there
is also a marked increase in aminotransferases and
a hepatitis flare (aminotransferase > 5 times ULN)
[13,14]
with hepatic decompensation
. The deterioration
of liver function in pregnant females can affect the
[15]
health of the mother and fetus . In the current
study, abnormal ALT levels were found in 10 (58.8%)
patients, three of who had a hepatitis flare. One
patient was hospitalized with an ALT level of 1701.6
U/L. The development of resistance, even in pregnant
[14,16]
females, should be treated
. Rescue therapy after
the development of LAM or LdT resistance usually
consists of the addition of either adefovir (ADV) or
[7,17-19]
TDF, or switching to TDF
. ADV is classified as
a category C drug, and so is not recommended for
use during pregnancy. As such, switching to TDF
is the preferred option during pregnancy after the
development of LAM or LdT resistance. However,
there are few data available regarding the use of TDF
monotherapy in this patient population.
Pharmacokinetic studies have shown that the
clearance of TDF was significantly higher during
pregnancy. Pregnant females had a 39% higher
[20]
apparent clearance than non-pregnant females .
Peaks, troughs, and the area under the curve (AUC
0-24 h) of TDF were significantly lower during the third
trimester compared with postpartum. The magnitude
of the decrease in the AUC in pregnancy was only
[21]
about 15% overall . A previous study reported that
the pharmacokinetic exposure to TDF during the
third trimester of pregnancy was about 25% lower
than postpartum, including AUC0-24 h, maximum
[22]
concentration (Cmax), and 24 h concentration (C24h) .
Although TDF exposure is lower during pregnancy,
standard dosing results in sufficient exposure for most
females, and a dose modification during pregnancy is
not recommended. Based on these findings, Benaboud
suggested that an increase in the TDF dose should be

Infant characteristics and outcomes

Seventeen females delivered 17 live infants: eight boys
and nine girls. All infants had good Apgar scores. Their
mean birth weight was 3226.5 ± 331.7 g, and their
mean length at birth was 50.4 ± 1.1 cm. No infants
had abnormal hearing, congenital phenylketonuria, or
hypothyroidism. Fourteen infants were followed for >
3 mo, and 7 were followed for > 1 year. One female
infant had congenital dislocation of the right knee,
which was not thought to be related to TDF treatment;
she was treated with manipulative reduction of the
knee at 1 mo. She had normal limb development and
movement 4 mo after birth. One male infant had a
patent foramen ovale, which closed spontaneously
after six months. All infants exhibited normal growth
and development. Sixteen children were fed formula,
and one was fed formula plus breast milk. Twelve
infants received all three doses of the HBV vaccination.
All infants were tested for serum HBV markers, and all
were HBsAg negative.

DISCUSSION
HBV is one of the most common infectious diseases
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considered for females during the second and third
[20]
trimester . However, it was argued that the lower
pharmacokinetic exposure during pregnancy was
not associated with virological failure, and did not
[22]
result in mother-to-child transmission ; therefore, it
was not necessary to change the dose of TDF during
[21]
pregnancy . In the current study, TDF monotherapy
using standard dosing (300 mg/d) was associated with
effective treatment. Specifically, 82.4% of pregnant
females achieved a complete virological response
after a median of 24 wk (range, 12-40 wk) of TDF
treatment. All individuals had undetectable serum
HBV DNA levels and normal liver function test results.
As such, these findings did not support the use of an
increased dose of TDF during pregnancy.
Vertical transmission is believed to be correlated
[23-25]
with the mother’s serum HBV DNA levels
. The
serum HBV DNA levels of females typically rebound
with the development of LAM or LdT resistance. TDF
can effectively suppress HBV replication and reduce
HBV DNA to low or undetectable levels before delivery,
thereby reducing the risk of intra-uterine and perinatal
transmission of HBV when combined with passive and
active immunization using HBIG and HBV vaccination
[26-28]
in newborn infants
. Eleven infants treated in the
current study completed the entire course of HBV
vaccination, and all were negative for HBV serum
markers. Therefore, TDF effectively reduced the risk of
vertical transmission in pregnant females with LAM or
LdT resistance.
[19]
TDF is an FDA category B drug . Reproductive
studies have been performed in rats and rabbits using
doses 14-19 times higher than that used in humans,
with no evidence of impaired fertility or harm to the
[29]
fetus . There were also no effects on fertility, mating
performance, or early embryonic development when
TDF was administered to male rats (600 mg/kg per
day; equivalent to 10 times the human dose based
on body surface area) for 28 d before mating, or
to female rats for 15 d before mating until day 7 of
gestation. However, there was an alteration of the
estrous cycle in female rats administered 600 mg/
[29]
kg/day . TDF pharmacokinetic studies have shown
that TDF has good placental transfer (about 60% of
[30]
the total dose) . The median cord blood to maternal
plasma concentration ratio is about 1, and ranges from
[21]
0.6-1.7 . Studies assessing HIV infection in pregnant
females have shown that fetal exposure to TDF is
good. The exposure to TDF during pregnancy does
not impair growth patterns and bone health, and does
not increase the risk of premature or low birth weight
[30-32]
infants
. The current study revealed no significant
changes in serum creatinine and phosphorus levels
during TDF treatment. All adverse events were com
mon complications of pregnancy, and no adverse
events appeared to be related to TDF treatment. No
spontaneous abortions or altered fetal growth were
observed. None of the infants evaluated were born
prematurely or had a low birth weight. One baby girl
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had a congenital dislocation of the knee, but this was
[33]
thought to be unrelated to TDF treatment . One baby
had a patent foramen ovale that closed spontaneously
by six months after birth; this was not a birth defect,
as defined by the Antiretroviral Pregnancy Registry
[34]
Steering Committee . Therefore, we concluded that
TDF treatment was safe for pregnant mothers and
their fetuses.
The use of TDF in pregnant females with chronic
HBV infection and LAM or LdT resistance was safe and
effective. Nevertheless, larger studies are needed with
longer follow-up to confirm these findings.

COMMENTS
COMMENTS
Background

Chronic hepatitis B virus (HBV) infection is a global health problem.
Approximately two billion people have a history of or current HBV infection, and
240 million of these are chronic HBV carriers. Around one million people die of
HBV sequelae annually, including infection with liver failure, cirrhosis, or primary
hepatocellular carcinoma. The HBV surface antigen-positive rate among fertile
females in high epidemic areas such as Africa and South Asia is 9.2%-15.5%.
Approximately 30% of HBV-infected females progress to chronic HBV infection
and require antiviral therapy.

Research frontiers

Two drugs not associated with the development of resistance, lamivudine and
telbivudine, were introduced into China in 1999 and 2007, respectively. Agents
not associated with the development of resistance are approved for market use
in China more quickly than are other drugs. However, some pregnant females
receiving LAM or LdT developed resistance.

Innovations and breakthroughs

There are very few reports evaluating the safety of tenofovir (TDF) treatment
during pregnancy, particularly in the first and second trimesters. The authors
performed a retrospective study assessing the efficacy and safety of TDF
rescue therapy in pregnant females with chronic HBV infection who developed
resistance to lamivudine or telbivudine.

Applications

TDF is a Food and Drug Administration category B drug, which is safe for
pregnant mothers and their fetuses.

Peer-review

This study investigated a problem of great scientific interest. The methods and
statistical analysis are well presented, and the results are useful for the medical
industry.

REFERENCES
1
2

3

4

2508

World Health Organization. Hepatitis B. World Health Orga
nization Fact Sheet 204 dex. Revised 2012-06. Available from: URL:
http://www.who.int/mediacentre/factsheets/fs204/en/
Makuwa M, Caron M, Souquière S, Malonga-Mouelet G, Mahé
A, Kazanji M. Prevalence and genetic diversity of hepatitis B and
delta viruses in pregnant women in Gabon: molecular evidence that
hepatitis delta virus clade 8 originates from and is endemic in central
Africa. J Clin Microbiol 2008; 46: 754-756 [PMID: 18077651 DOI:
10.1128/JCM.02142-07]
Liu CY, Chang NT, Chou P. Seroprevalence of HBV in immigrant
pregnant women and coverage of HBIG vaccine for neonates born
to chronically infected immigrant mothers in Hsin-Chu County,
Taiwan. Vaccine 2007; 25: 7706-7710 [PMID: 17767981 DOI:
10.1016/j.vaccine.2007.07.056]
Lin CC, Hsieh HS, Huang YJ, Huang YL, Ku MK, Hung HC.
Hepatitis B virus infection among pregnant women in Taiwan:
comparison between women born in Taiwan and other southeast
countries. BMC Public Health 2008; 8: 49 [PMID: 18254978 DOI:
10.1186/1471-2458-8-49]

February 28, 2015|Volume 21|Issue 8|

Hu YH et al . Tenofovir rescue therapy in pregnant females
5
6
7

8
9
10
11
12

13

14

15

16
17
18

19
20

21

Yi W, Liu M, Cai HD. Safety of lamivudine treatment for chronic
hepatitis B in early pregnancy. World J Gastroenterol 2012; 18:
6645-6650 [PMID: 23236240 DOI: 10.3748/wjg.v18.i45.6645]
Liu M, Cai H, Yi W. Safety of telbivudine treatment for chronic
hepatitis B for the entire pregnancy. J Viral Hepat 2013; 20 Suppl 1:
65-70 [PMID: 23458527 DOI: 10.1111/jvh.12066]
Chinese Society of Hepatology and Chinese Society of Infectious
Diseases, Chinese Medical Association. [The guideline of
prevention and treatment for chronic hepatitis B (2010 version)].
Zhonghua Gan Zang Bing Zazhi 2011; 19: 13-24 [PMID: 21272453
DOI: 10.3760/cma.j.issn.1007-3418.2011.01.007]
Pan CQ, Lee HM. Antiviral therapy for chronic hepatitis B in
pregnancy. Semin Liver Dis 2013; 33: 138-146 [PMID: 23749670
DOI: 10.1055/s-0033-1345718]
Bzowej NH. Optimal Management of the Hepatitis B Patient Who
Desires Pregnancy or Is Pregnant. Curr Hepat Rep 2012; 11: 82-89
[PMID: 22707918 DOI: 10.1007/s11901-012-0130-x]
Pol S, Corouge M, Fontaine H. Hepatitis B virus infection and
pregnancy. Clin Res Hepatol Gastroenterol 2011; 35: 618-622 [DOI:
10.1016/j.clinre.2011.03.013]
Reynaud L, Carleo MA, Talamo M, Borgia G. Tenofovir and its
potential in the treatment of hepatitis B virus. Ther Clin Risk Manag
2009; 5: 177-185 [PMID: 19436619]
European Association for the Study of the Liver. EASL clinical
practice guidelines: Management of chronic hepatitis B virus
infection. J Hepatol 2012; 57: 167-185 [PMID: 22436845 DOI:
10.1016/j.jhep.2012.02.010]
Pawlotsky JM, Dusheiko G, Hatzakis A, Lau D, Lau G, Liang TJ,
Locarnini S, Martin P, Richman DD, Zoulim F. Virologic monitoring of
hepatitis B virus therapy in clinical trials and practice: recommendations
for a standardized approach. Gastroenterology 2008; 134: 405-415
[PMID: 18242209 DOI: 10.1053/j.gastro.2007.11.036]
Lok AS, Zoulim F, Locarnini S, Bartholomeusz A, Ghany MG,
Pawlotsky JM, Liaw YF, Mizokami M, Kuiken C. Antiviral drugresistant HBV: standardization of nomenclature and assays and
recommendations for management. Hepatology 2007; 46: 254-265
[PMID: 17596850 DOI: 10.1002/hep.21698]
Galluzzo C, Liotta G, Andreotti M, Luhanga R, Jere H, Mancinelli
S, Maulidi M, Sagno JB, Pirillo M, Erba F, Amici R, Ceffa S,
Marazzi MC, Vella S, Palombi L, Giuliano M. Emergence of
lamivudine resistance hepatitis B virus mutations in pregnant
women infected with HBV and HIV receiving antiretroviral
prophylaxis for the prevention of mother-to-infant transmission in
Malawi. J Med Virol 2012; 84: 1553-1557 [PMID: 22930502 DOI:
10.1002/jmv.23365]
Fung SK, Lok AS. Management of hepatitis B patients with antiviral
resistance. Antivir Ther 2004; 9: 1013-1026 [PMID: 15651760]
Lok AS, McMahon BJ. Chronic hepatitis B: update 2009.
Hepatology 2009; 50: 661-662 [PMID: 19714720 DOI: 10.1002/
hep.23190]
Liaw YF, Kao JH, Piratvisuth T, Chan HLY, Chien RN, Liu CJ,
Gane E, Locarnini S, Lim SG, Han KH, Amarapurkar D, Cooksley G,
Jafri W, Mohamed R, Hou JL, Chuang WL, Lesmana LA, Sollano
JD, Suh DJ, Omata, M. Asian-Pacific consensus statement on the
management of chronic hepatitis B: a 2012 update. Hepatol Int
2012; 6: 531-561 [DOI: 10.1007/s12072-012-9365-4]
Hoofnagle JH, Doo E, Liang TJ, Fleischer R, Lok AS. Management
of hepatitis B: summary of a clinical research workshop. Hepatology
2007; 45: 1056-1075 [PMID: 17393513]
Benaboud S, Hirt D, Launay O, Pannier E, Firtion G, Rey E,
Bouazza N, Foissac F, Chappuy H, Urien S, Tréluyer JM. Pregnancyrelated effects on tenofovir pharmacokinetics: a population study
with 186 women. Antimicrob Agents Chemother 2012; 56: 857-862
[PMID: 22123690 DOI: 10.1128/AAC.05244-11]
Best BM, Capparelli EV. Implications of gender and pregnancy for
antiretroviral drug dosing. Curr Opin HIV AIDS 2008; 3: 277-282

22

23

24

25

26

27

28

29
30

31

32

33

34

[PMID: 19372979 DOI: 10.1097/COH.0b013e3282f39f7e]
Colbers AP, Hawkins DA, Gingelmaier A, Kabeya K, Rockstroh
JK, Wyen C, Weizsäcker K, Sadiq ST, Ivanovic J, Giaquinto C,
Taylor GP, Moltó J, Burger DM. The pharmacokinetics, safety and
efficacy of tenofovir and emtricitabine in HIV-1-infected pregnant
women. AIDS 2013; 27: 739-748 [PMID: 23169329 DOI: 10.1097/
QAD.0b013e32835c208b]
Wiseman E, Fraser MA, Holden S, Glass A, Kidson BL, Heron LG,
Maley MW, Ayres A, Locarnini SA, Levy MT. Perinatal transmission
of hepatitis B virus: an Australian experience. Med J Aust 2009; 190:
489-492 [PMID: 19413519]
Xu WM, Cui YT, Wang L, Yang H, Liang ZQ, Li XM, Zhang SL,
Qiao FY, Campbell F, Chang CN, Gardner S, Atkins M. Lamivudine
in late pregnancy to prevent perinatal transmission of hepatitis B
virus infection: a multicentre, randomized, double-blind, placebocontrolled study. J Viral Hepat 2009; 16: 94-103 [PMID: 19175878
DOI: 10.1111/j.1365-2893.2008.01056.x]
Zou H, Chen Y, Duan Z, Zhang H, Pan C. Virologic factors
associated with failure to passive-active immunoprophylaxis in
infants born to HBsAg-positive mothers. J Viral Hepat 2012; 19:
e18-e25 [PMID: 22239517 DOI: 10.1111/j.1365-2893.2011.01492.x]
Pan CQ, Mi LJ, Bunchorntavakul C, Karsdon J, Huang WM,
Singhvi G, Ghany MG, Reddy KR. Tenofovir disoproxil fumarate for
prevention of vertical transmission of hepatitis B virus infection by
highly viremic pregnant women: a case series. Dig Dis Sci 2012; 57:
2423-2429 [PMID: 22543886 DOI: 10.1007/s10620-012-2187-3]
Celen MK, Mert D, Ay M, Kaya S, Yildirim N, Gulsun S, Barcin T,
Ayaz C. The efficacy and safety of tenofovir disoproxil in pregnancy
for the prevention of vertical transmission of HBV infection. 23th
Asian Pacific Association for the Study of the Liver (APASL).
Hepatol Int Berlin 2013; 7 Suppl 1: 216
Greenup AJ, TanPK, Lawlor J, Glass A, Chatterjee U, Davison S,
Smith L, Ayres A, Locarnini S, Levy M. Tenofovir use in pregnant
women with chronic Hepatitis B: virological efficacy and mother
and child safety. 23th Asian Pacific Association for the Study of the
Liver (APASL). Hepatol Int Berlin 2013; 7 Suppl 1: S266.
Gilead Sciences I. Product Monograph: Viread® (Tenofovir
disoproxil fumarate Tablets). 2012-10-12. Available from: URL:
http://www.gilead.com/
Hirt D, Urien S, Ekouévi DK, Rey E, Arrivé E, Blanche S, AmaniBosse C, Nerrienet E, Gray G, Kone M, Leang SK, McIntyre J,
Dabis F, Tréluyer JM. Population pharmacokinetics of tenofovir in
HIV-1-infected pregnant women and their neonates (ANRS 12109).
Clin Pharmacol Ther 2009; 85: 182-189 [PMID: 18987623 DOI:
10.1038/clpt.2008.201]
Viganò A, Mora S, Giacomet V, Stucchi S, Manfredini V, Gabiano
C, Salvini F, Cellini M, Tamburrini E, Puzzovio M, Zuccotti GV.
In utero exposure to tenofovir disoproxil fumarate does not impair
growth and bone health in HIV-uninfected children born to HIVinfected mothers. Antivir Ther 2011; 16: 1259-1266 [PMID:
22155907 DOI: 10.3851/IMP1909]
Siberry GK, Williams PL, Mendez H, Seage GR, Jacobson DL,
Hazra R, Rich KC, Griner R, Tassiopoulos K, Kacanek D, Mofenson
LM, Miller T, DiMeglio LA, Watts DH. Safety of tenofovir
use during pregnancy: early growth outcomes in HIV-exposed
uninfected infants. AIDS 2012; 26: 1151-1159 [PMID: 22382151
DOI: 10.1097/QAD.0b013e328352d135]
Abdelaziz TH, Samir S. Congenital dislocation of the knee:
a protocol for management based on degree of knee flexion. J
Child Orthop 2011; 5: 143-149 [PMID: 22468158 DOI: 10.1007/
s11832-011-0333-7]
Antiretroviral Pregnancy Registry Steering Committee. Antire
troviral Pregnancy Registry International Interim Report for 1
January 1989 through 31 July 2011. Available from: URL: http//
www.APRegistry.com
P- Reviewer: Liu ZH, Mihaila RG, Pan JJ S- Editor: Qi Y
L- Editor: Webster JR E- Editor: Wang CH

WJG|www.wjgnet.com

2509

February 28, 2015|Volume 21|Issue 8|

World J Gastroenterol 2015 February 28; 21(8): 2510-2521
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v21.i8.2510

© 2015 Baishideng Publishing Group Inc. All rights reserved.

META-ANALYSIS

Prophylactic intra-peritoneal drain placement following
pancreaticoduodenectomy: A systematic review and metaanalysis
Yi-Chao Wang, Peter Szatmary, Jing-Qiang Zhu, Jun-Jie Xiong, Wei Huang, Ilias Gomatos, Quentin M Nunes,
Robert Sutton, Xu-Bao Liu

Abstract

Yi-Chao Wang, Jing-Qiang Zhu, Department of Thyroid
and Breast Surgery, West China Hospital, Sichuan University,
Chengdu 610041, Sichuan Province, China
Peter Szatmary, Wei Huang, Ilias Gomatos, Quentin M
Nunes, Robert Sutton, NIHR Liverpool Pancreas Biomedical
Research Unit, Royal Liverpool University Hospital, University
of Liverpool, L69 3GA Liverpool, United Kingdom
Jun-Jie Xiong, Xu-Bao Liu, Department of Pancreatic Surgery,
West China Hospital, Sichuan University, Chengdu 610041,
Sichuan Province, China
Author contributions: Wang YC and Szatmary P contributed
equally to this work; Zhu JQ, Liu XB and Sutton R designed
the research, and corrected and approved the manuscript; Wang
YC, Szatmary P, Xiong JJ, Huang W, Gomatos I and Nunes QM
developed the literature search and carried out statistical analysis
of the studies; Wang YC, Szatmary P, Xiong JJ and Huang W
performed data extraction; Wang YC and Szatmary P wrote the
manuscript; all authors read and approved the final manuscript.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/
Correspondence to: Jing-Qiang Zhu, MD, Department of
Thyroid and Breast Surgery, West China Hospital, Sichuan
University, No. 37 Guo Xue Road, Chengdu 610041, Sichuan
Province, China. jingqiangzhu@163.com
Telephone: +86-28-85422469
Fax: +86-28-85422872
Received: June 17, 2014
Peer-review started: June 17, 2014
First decision: July 9, 2014
Revised: July 26, 2014
Accepted: September 19, 2014
Article in press: September 19, 2014
Published online: February 28, 2015

WJG|www.wjgnet.com

AIM: To conduct a meta-analysis comparing outcomes
after pancreaticoduodenectomy (PD) with or without
prophylactic drainage.
METHODS: Relevant comparative randomized and nonrandomized studies were systemically searched based
on specific inclusion and exclusion criteria. Postoperative
outcomes were compared between patients with and
those without routine drainage. Pooled odds ratios (OR)
with 95%CI were calculated using either fixed effects or
random effects models.
RESULTS: One randomized controlled trial and four
non-randomized comparative studies recruiting 1728
patients were analyzed. Patients without prophylactic
drainage after PD had significantly higher mortality
(OR = 2.32, 95%CI: 1.11-4.85; P = 0.02), despite
the fact that they were associated with fewer overall
complications (OR = 0.62, 95%CI: 0.48-0.82; P =
0.00), major complications (OR = 0.75, 95%CI:
0.60-0.93; P = 0.01) and readmissions (OR = 0.77,
95%CI: 0.60-0.98; P = 0.04). There were no significant
differences in the rates of pancreatic fistula, intraabdominal abscesses, postpancreatectomy hemorrhage,
biliary fistula, delayed gastric emptying, reoperation or
radiologic-guided drains between the two groups.
CONCLUSION: Indiscriminate abandonment of intraabdominal drainage following PD is associated with
greater mortality, but lower complication rates. Future
randomized trials should compare routine vs selective
drainage.
Key words: Pancreaticoduodenectomy; Drain; Metaanalysis; Morbidity; Postoperative pancreatic ﬁstula
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suction systems may even contribute to the forma
[11]
tion of POPF . Furthermore, given the significant
improvements in quality and availability of diagnostic
and interventional radiology services in recent years,
a drain can be usually be safely placed percutaneou
sly to deal with POPF or abdominal fluid collections
should they develop. Therefore, the routine practice of
drain placement after pancreatic resection is open to
[12]
debate .
Existing studies provide limited evidence regard
ing the use of prophylactic drainage following pan
creaticoduodenectomy (PD) as well as the optimal
[13,14]
timing for drain removal
. Routine prophylactic
drainage remains standard practice by the majority of
[14,15]
pancreatic surgeons around the world
and many
surgeons fear that abandoning this would not be safe.
A systematic review addressing postoperative drainage
or not following PD is therefore required. The current
study was conducted to clarify this issue.

Core tip: Routine prophylactic drainage remains
standard practice following pancreaticoduodenectomy
(PD) due to concerns that abandoning this would
not be safe. Existing studies provide limited evidence
regarding prophylactic drainage following PD. A sys
tematic review addressing postoperative drainage
following PD is therefore required. This study clarified
that indiscriminate abandonment of intra-abdominal
drainage following PD is associated with greater
mortality, but lower overall and major complication
rates. However, future randomized trials are needed to
compare routine vs selective drainage.
Wang YC, Szatmary P, Zhu JQ, Xiong JJ, Huang W, Gomatos
I, Nunes QM, Sutton R, Liu XB. Prophylactic intra-peritoneal
drain placement following pancreaticoduodenectomy: A
systematic review and meta-analysis. World J Gastroenterol
2015; 21(8): 2510-2521 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i8/2510.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i8.2510

MATERIALS AND METHODS
Study selection

PubMed (MEDLINE), EMBASE and Science Citation
Index Expanded databases and the Cochrane Central
Register of Controlled Trials (CENTRAL) in The Coch
rane Library were searched for RCTs and observa
tional comparative studies on routine intraperitoneal
drainage after PD up to and including May 2014. Search
terms included: “drainage”, “drain”, “suction”, “pan
creaticoduodenectomy”, “pancreatoduodenectomy”,
“Whipple”, “pancreatoduodenal resection”, “postoperative
complications” and “pancreatic ﬁstula”. Reference lists
of selected articles were also examined to find relevant
studies not identified during the database searches.
Investigators and experts in the field of pancreatic
surgery were then contacted to ensure that all relevant
studies were identiﬁed. Only comparative clinical trials
with full-text descriptions were included. Final inclusion
of articles was determined by consensus between two
authors; where this failed, a third author adjudicated.

INTRODUCTION
The routine use of intraperitoneal drain placement at
the end of abdominal operations has been considered
standard practice for many years. It can prevent
build-up of intra-abdominal fluid collections and
debris, as well monitor for anastomotic leaks and
[1,2]
hemorrhage . In recent years, however, a number of
randomized controlled trials (RCTs) have demonstrated
that prophylactic drainage at the operative bed is
not associated with a reduction in postoperative
[3]
complications in elective cholecystectomy , hepa
[4]
[5]
[6]
tectomy , gastrectomy or colectomy . As a result,
surgeons are beginning to abandon this practice.
The role of prophylactic drain placement after
pancreatic resection remains unclear. With a reported
morbidity between 30% and 50% in pancreatic
surgery, resulting in both prolonged hospital stay and
[7,8]
increased cost , even a modest improvement in
procedure can have great benefits for patients and
hospitals alike. The commonest complication after
pancreatic resection is postoperative pancreatic ﬁstula
(POPF), which has an incidence ranging from 2% to
more than 30% and is thought to contribute to other
complications such as hemorrhage, intra-abdominal
[7]
abscess, sepsis, multisystem organ failure and death .
As drains allow early identification and management
of these complications, their use following elective
[9,10]
pancreatic resection has become routine
. There
is, however, an ongoing debate regarding risks and
benefits of their use in this setting. For example, it
is argued that drainage tubes may impede wound
healing, and that the pressure generated by closed-

WJG|www.wjgnet.com

Inclusion and exclusion criteria
[16]

The PRISMA criteria
were used as guidelines in the
construction of this analysis. Two authors screened the
search results for potentially eligible studies. Inclusion
criteria were: (1) English language articles published
in peer-reviewed journals; (2) human studies; and (3)
studies with at least one of the outcomes mentioned.
Where multiple studies came from the same institute
and/or authors, either the higher quality study or the
more recent publication was included in the analysis.
Exclusion criteria were: (1) abstracts, letters,
editorials, expert opinions, case reports, reviews and
studies lacking control groups; (2) studies including
patients undergoing distal or central pancreatecto
my; (3) studies only comparing peripancreatic fixed
drain and non-ﬁxed drainage; and (4) studies only
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2

by means of the χ test, with P < 0.1 considered
2
to represent a signiﬁcant difference. I values were
used for the evaluation of statistical heterogeneity;
2
an I value of ≥ 50% indicated the presence of
[23]
heterogeneity . The fixed effects model was initially
[24]
calculated for all outcomes , but if the test rejected
the assumption of homogeneity of studies, a random
[25]
effects analysis was performed . If data were
considered to be inappropriate for meta-analysis in the
included studies, some outcomes were presented in a
descriptive way. Sensitivity analyses were performed
by removing individual studies from the data set
and analyzing the effect on the overall results to
identify sources of signiﬁcant heterogeneity. Subgroup
analyses were undertaken by including studies with
the ISGPF definition or quality score ≥ 2 to present
[26]
cumulative evidence. Funnel plots
were constructed
to evaluate potential publication bias based on POPF.

comparing early and delayed removal of drainage tube
after PD.

Outcomes of interest and definitions

Primary outcome was mortality, which was defined
as death from any cause, prior to discharge from
hospital or within 30, 60 or 90 d. Secondary outcomes
included the incidence of POPF, biliary fistula, delayed
gastric emptying, intra-abdominal abscess formation,
post-pancreatectomy hemorrhage, reoperation, re
admission and need for radiologic-guided drains. POPF
was defined using the International Study Group
[17]
on Pancreatic Fistula (ISGPF) definition
or other
definitions. Overall complications were defined as
the sum of the aforementioned complications from
operation to discharge. Major complications were
defined as grade Ⅲ-Ⅳ according to the Clavien Cla
[18]
ssiﬁcation of Surgical Complications . Whenever
relevant information was lacking, the following defi
nitions were applied. Biliary fistula was defined as a
bilirubin-containing discharge of typical color or as
determined by fistulography. Delayed gastric emptying
was deﬁned as the need for nasogastric decompression
beyond ten days after surgery, or as proposed by the
[19]
International Study Group of Pancreatic Surgery .
Intra-abdominal abscess formation was defined as
an intra-abdominal fluid collection associated with
fever requiring drainage and subsequently yielding
positive cultures. Post-pancreatectomy hemorrhage
was defined as per the International Study Group
[20]
of Pancreatic Surgery definition . Reoperation was
defined as the need for laparotomy as a consequence
of the first operation. Readmission was defined as the
need for hospital admission for any reason.

RESULTS
Description of included trials in the meta-analysis

The search strategy initially generated 288 relevant
[12,27-37]
clinical trials. A total of 12 full text articles
were
identiﬁed for detailed investigation. Of these, seven
[12,14,28,29,31,32,34]
studies
were excluded: one study only
compared peripancreatic fixed drain and non-ﬁxed
[29]
[14,28]
drainage , two studies
only compared early and
[12,31,34]
delayed removal of drainage tube, three studies
included patients undergoing central and distal
[32]
pancreatectomy, and one study focused on distal
pancreatectomy alone. Figure 1 shows the process
of selecting comparative studies included in our
meta-analysis. The study characteristics and quality
assessments are shown in Table 1 and the definition of
POPF in Table 2. Postoperative outcomes are listed in
Table 3.
In total, five studies (1728 patients) were included:
945 and 783 patients in the no drain and drain
group, respectively. The number of patients in each
study ranged from 54 to 739. There was only one
[37]
RCT
and four observational comparative studies
[35]
[30,33,36]
with prospective or retrospective designs
.
The ISGPF definition of POPF was used in three
[33,36,37]
[30,35,36]
studies
. Three studies
did not comment
[33]
on timing of complications, but one study
reported
[37]
90 d complication rate and another reported 30 and
60 d rates.

Data extraction and quality assessment

Data were extracted by two independent researchers
using standardized forms. The qualitative assessment
[21]
of the RCTs was based on the Jadad et al
scoring
system that took into consideration the randomization
and double-blinding process and the description
of withdrawals or dropouts. Note was also made
of sample size calculation, sequence generation,
allocation concealment, and definitions of outcome
parameters. The non-RCTs were assessed on the basis
[22]
of McKay et al
method that included assessment of
the following parameters: prospective vs retrospective
data collection; assignment to drain group or no drain
group by means other than the surgeon’s preference;
and an explicit definition of POPF or leak (studies were
given a score of 1 for each of these areas; score 1-4).

Primary outcomes

Results of the analyses are shown in Figure 2 and
[33,35-37]
summarized in Table 4. Four studies
reported
[37]
mortality. Because Van Buren et al
reported 30,
60 and 90 d mortality rates, analyses were repeated
using each time point individually. Using the 30 d
mortality rate, there was higher mortality in the no
drain group (OR = 2.32, 95%CI: 1.11-4.85; P = 0.02).
This finding persisted using both 60 d (OR = 2.36,

Statistical analysis

The meta-analyses were performed using Review
Manager Version 5.1 software (The Cochrane Colla
boration, Oxford, United Kingdom). Pooled odds ratios
(ORs) with 95%CIs were calculated using fixed or
random effects models. Heterogeneity was evaluated
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Identification

Studies identified (databases)
(n = 273)

Additional studies identified through other
sources (n = 15)

Screening

Studies after duplicate exclusion (n = 185)

Studies screened (n = 103)
Studies excluded based on
title and abstract screening
(n = 91)

Eligibility

Studies assessed for eligibility
(n = 12)
Full-text articles excluded (n = 7)

Included

Comparing fixed drain and non-ﬁxed in
the peripancreatic (n = 1); Comparison
of early and delayed removal of drainage
tube (n = 2); Including the DP, PD and
CP (n = 3); Focus on DP (n = 1)

Studies included in final analysis
(n = 5)

Figure 1 Flow diagram depicting the study selection. CP: Central pancreatectomy; DP: Distal pancreatectomy; PD: Pancreaticoduodenectomy.

Table 1 Characteristics of the included studies
Year

Country

Design

Drain

n

Sex (male/female)

Age (yr)

Heslin et al

1998

United States

Retro

Lim et al[33]

2013

France

Retro

Mehta et al[36]

2013

United States

Retro

Correa-Gallego et al[35]

2013

United States

PNR

65 ± 2
65 ± 2
62 (40-76)
62 (38-78)
60.0
62.5
NA

PD
PPPD
PD
PPPD
PD
PPPD
NA

2014

United States

RCT

51
38
27
27
251
458
386
353
68
69

18/20
19/32
8/19
8/19
130/121
222/236
NA

Van Buren et al[37]

Yes
No
Yes
No
Yes
No
Yes
No
Yes
No

37/31
38/31

62.1 ± 11.7
64.3 ± 12.6

PD

Ref.
[30]

Type of surgery Disease (M/B) Score
47/4
31/7
20/7
20/7
162/89
289/169
282/104
257/96
45/23
50/19

1

1
1
1
2
3

1

Scoring for RCT was according to Jadad scoring system, and the method of McKay et al[22] was used for non-randomized studies. B: Benign; M:
Malignant; NA: Not available; PD: Pancreaticoduodenectomy; PNR: Prospective nonrandomized observational study; PPPD: Pylorus-preserving
pancreaticoduodenectomy; RCT: Randomized controlled trial; Retro: Retrospective observational study.

Secondary outcomes

Table 2 Definition of pancreatic fistula
Ref.

Results of the analyses are shown in Figures 3 and 4
and summarized in Table 4. There was no statistically
significant difference in rates of POPF between the
drain and no drain groups, analyzing both the 30 d (OR
= 0.61, 95%CI: 0.33-1.12) and 60 d (OR = 0.59, 95
[37]
%CI: 0.33-1.05) rates in the Van Buren et al study.
2
There was, however, significant heterogeneity (I =
63%) when using the 60 d time point.
As for the other complications, there were no
statistically significant differences in the rates of intraabdominal abscess formation (OR = 1.80, 95%CI:
0.82-3.97), post-pancreatectomy hemorrhage (OR
= 1.55, 95%CI: 0.60-3.99), biliary fistula (OR =
0.32, 95%CI: 0.03-3.14), delayed gastric emptying

Deﬁnition of postoperative pancreatic ﬁstula
[30]

Heslin et al
[33]

Lim et al

[36]

Mehta et al

[35]

Correa-Gallego et al
[37]

Van Buren et al

> 30 mL/d pancreatic fluid drainage for more
than 1 wk
International study group on pancreatic fistula
definition
International study group on pancreatic fistula
definition
Clinical signs and symptoms with amylase-rich
drainage > 50 mL/d after postoperative day 10
International study group on pancreatic fistula
definition

95%CI: 1.15-4.84; P = 0.02) and 90 d rates (OR =
2.34, 95%CI: 1.17- 4.67; P = 0.02).
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Table 3 Postoperative outcomes
Ref.

Drain

Heslin et al[30]
Lim et al[33]
Mehta et al[36]
Correa-Gallego et al[35]
Van Buren et al[37]

Complications

Yes
No
Yes
No
Yes
No
Yes
No
Yes
No

Overall

Major

23
15
19
15
171
248
NA
NA
50/501
52/551

14
8
5
2
62
75
139
105
19/211
28/281

POPF

BF

DGE

IAA

POH

Mortality Reoperation Readmission RGD

3
1
5
0
41
35
104
59
7/81
14/141

NA
NA
0
0
NA
NA
NA
NA
3/31
1/21

NA
NA
3
4
NA
NA
NA
NA
16/161
26/291

3
0
1
1
NA
NA
NA
NA
7/81
17/181

NA
NA
2
2
0
0
NA
NA
6/61
10/131

NA
NA
1
1
5
11
3
11
0/1/22
4/6/82

1
3
2
1
14
26
2
2
2
6

NA
NA
0
1
44
75
107
73
16
12

2
1
1
1
21
29
68
49
6
16

1
After postoperative 30/60 d; 2after postoperative 30/60/90 d. BF: Biliary fistula; DGE: Delayed gastric emptying; IAA: Intra-abdominal abscess; NA: Not
available; POPF: Postoperative pancreatic ﬁstula; POH: Postoperative hemorrhage; RGD: Radiologic-guided drains.

A

No drain

Study or subgroup
Mehta 2013
Correa-Gallego 2013
Lim 2013
Van Buren 2014

Events

Drain

Total Events

11
11
1
4

458
353
27
69

Odds ratio

Total

Weight

251
386
27
68

60.00%
26.40%
9.20%
4.50%

5
3
1
0

Total (95%CI)
907
732 100.00%
Total events
27
9
2
Heterogeneity: χ = 3.40, df = 3 (P = 0.33); I ² = 12%
Test for overall effect: Z = 2.24 (P = 0.02)

M-H, fixed, 95%CI
1.21 [0.42, 3.52]
4.11 [1.14, 14.84]
1.00 [0.06, 16.85]
9.41 [0.50, 178.27]

Odds ratio
Year

M-H, fixed, 95%CI

2013
2013
2013
2014

2.32 [1.11, 4.85]

0.01

0.1

1

Favours no drain

B

No drain

Study or subgroup
Mehta 2013
Lim 2013
Correa-Gallego 2013
Van Buren 2014

Events

Drain

Total Events

11
1
11
6

458
27
353
69

Odds ratio
Weight

M-H, fixed, 95%CI

Year

251
27
386
68

57.50%
8.80%
25.30%
8.40%

1.21 [0.42, 3.52]
1.00 [0.06, 16.85]
4.11 [1.14, 14.84]
6.38 [0.75, 54.49]

2013
2013
2013
2014

Total (95%CI)
907
732 100.00%
Total events
29
10
2
Heterogeneity: χ = 3.39, df = 3 (P = 0.33); I ² = 12%
Test for overall effect: Z = 2.34 (P = 0.02)

100

Odds ratio

Total

5
1
3
1

10
Favours drain

M-H, fixed, 95%CI

2.36 [1.15, 4.84]
0.01

0.1

1

Favours no drain

10

100

Favours drain

C
No drain
Study or subgroup
Mehta 2013
Lim 2013
Correa-Gallego 2013
Van Buren 2014

Events
11
1
11
8

Drain

Total Events
458
27
353
69

5
1
3
2

Odds ratio

Odds ratio

Total

Weight

M-H, fixed, 95%CI

Year

251
27
386
68

53.30%
8.10%
23.50%
15.10%

1.21 [0.42, 3.52]
1.00 [0.06, 16.85]
4.11 [1.14, 14.84]
4.33 [0.88, 21.18]

2013
2013
2013
2014

Total (95%CI)
907
732 100.00%
Total events
31
11
2
Heterogeneity: χ = 3.12, df = 3 (P = 0.37); I ² = 4%
Test for overall effect: Z = 2.42 (P = 0.02)

M-H, fixed, 95%CI

2.34 [1.17, 4.67]
0.01

0.1

Favours no drain

1

10

100

Favours drain

Figure 2 Forest plots illustrating meta-analysis of primary outcomes comparing drain with no drain after pancreaticoduodenectomy. Pooled odds ratios (ORs)
with 95%CIs were calculated using the fixed effects models to analyze outcomes at A: 30 d; B: 60 d; and C: 90 d.

(OR = 1.85, 95%CI: 0.94-3.62), reoperation (OR =
1.26, 95%CI: 0.73-2.17) or use of radiologic-guided
drains (OR = 0.98, 95%CI: 0.57-1.66) between the
two groups when using the 30 d rates reported by
[37]
Van Buren et al . However, overall complications

WJG|www.wjgnet.com

(OR = 0.62, 95%CI: 0.48-0.82; P < 0.01), major
complications (OR = 0.75, 95%CI: 0.60-0.93; P =
0.01) and rate of readmission (OR = 0.77, 95%CI:
0.60-0.98; P = 0.04) were fewer in the no drain
group. Similar findings were obtained using the 60 d
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Table 4 Summary results of drain vs no drain after pancreaticoduodenectomy
Studies (n )

Outcome
All studies

ISGPF definition

Quality score ≥ 2

Overall complications
Major complications
Postoperative pancreatic ﬁstula
Biliary fistula
Delayed gastric emptying
Intra-abdominal abscess formation
Post-pancreatectomy hemorrhage
Mortality
Reoperation
Readmission
Radiologic-guided drains
Overall complications
Major complications
Postoperative pancreatic ﬁstula (ISGPF B/C)
Intra-abdominal abscess formation
Mortality
Reoperation
Readmission
Radiologic-guided drains
Major complications
Postoperative pancreatic ﬁstula (ISGPF B/C)
Mortality
Reoperation
Readmission
Radiologic-guided drains

Patients (n )

4
5
5
2
2
3
2
4
5
4
5
3
3
3
2
3
3
3
3
2
2
2
2
2
2

989
1728
1728
191
191
280
191
1639
1728
1639
1728
900
900
900
191
900
900
900
900
876
876
876
876
876
876

P

OR (95%CI)
0.62 (0.48-0.82)
0.75 (0.60-0.93)
0.61 (0.33-1.12)
0.32 (0.03-3.14)
1.85 (0.94-3.62)
1.80 (0.82-3.97)
1.55 (0.60-3.99)
2.32 (1.11-4.85)
1.26 (0.73-2.17)
0.77 (0.60-0.98)
0.98 (0.57-1.66)
0.61 (0.46-0.81)
0.82 (0.34-1.98)
0.61 (0.14-2.66)
2.57 (1.05-6.29)
1.68 (0.68-4.18)
1.16 (0.64-2.09)
0.89 (0.62-1.27)
1.34 (0.43-4.19)
1.08 (0.47-2.46)
1.02 (0.26-4.00)
4.88 (1.52-15.69)
2.10 (0.62-7.12)
0.68 (0.50-0.93)
1.42 (0.36-5.66)

Heterogeneity

< 0.01
0.01
0.11
0.33
0.07
0.14
0.36
0.02
0.41
0.04
0.93
< 0.01
0.66
0.51
0.04
0.26
0.63
0.52
0.61
0.85
0.98
0.01
0.23
0.02
0.62

2

P

I

0.39
0.11
0.03
NA
0.70
0.19
0.63
0.33
0.51
0.56
0.13
0.26
0.02
0.01
0.49
0.40
0.36
0.61
0.05
0.03
0.01
0.61
0.42
0.99
0.01

1%
47%
63%
NA
0%
40%
0%
12%
0%
0%
43%
26%
74%
81%
0%
0%
3%
0%
66%
78%
86%
0%
0%
0%
85%

ISGPF: International Study Group on Pancreatic Fistula; OR: Odds ratio.

A
Study or subgroup
Heslin 1998
Mehta 2013
Correa-Gallego 2013
Lim 2013
Van Buren 2014

No drain
Drain
Events
Total Events
Total
1
38
3
51
35
458
41
251
59
353
104
386
0
27
5
27
14
69
7
68

Weight
6.10%
33.20%
36.50%
3.90%
20.30%

Total (95%CI)
945
783 100.00%
Total events
109
160
2
Heterogeneity: Tau² = 0.24; χ = 10.76, df = 4 (P = 0.03); I ² = 63%
Test for overall effect: Z = 1.59 (P = 0.11)

Odds ratio
M-H, Random, 95%CI
0.43 [0.04, 4.33]
0.42 [0.26, 0.69]
0.54 [0.38, 0.78]
0.07 [0.00, 1.42]
2.22 [0.83, 5.90]

Odds ratio
M-H, Random, 95%CI

Year
1998
2013
2013
2013
2014

0.61 [0.33, 1.12]

0.01

0.1

1

Favours no drain

B
Study or subgroup
Heslin 1998
Lim 2013
Mehta 2013
Van Buren 2014

No drain
Drain
Events
Total Events
Total
15
38
23
51
15
27
19
27
248
458
171
251
52
69
50
68

Total (95%CI)
592
Total events
330
263
2
Heterogeneity: χ = 3.04, df = 3 (P = 0.39); I ² = 1%
Test for overall effect: Z = 3.42 (P = 0.0006)

397

Weight
8.90%
6.30%
75.60%
9.30%

Odds ratio
M-H, fixed, 95%CI
0.79 [0.34, 1.86]
0.53 [0.17, 1.62]
0.55 [0.40, 0.76]
1.10 [0.51, 2.37]

100.00%

0.62 [0.48, 0.82]

Study or subgroup
Heslin 1998
Correa-Gallego 2013
Mehta 2013
Lim 2013
Van Buren 2014

No drain
Drain
Events
Total Events
Total
8
38
14
51
105
353
139
386
75
458
62
251
2
27
5
27
28
69
19
68

0.01

Total (95%CI)
945
783
Total events
218
239
2
Heterogeneity: χ = 7.61, df = 4 (P = 0.11); I ² = 47%
Test for overall effect: Z = 2.63 (P = 0.008)

Weight
5.10%
50.20%
36.10%
2.50%
6.10%

Odds ratio
M-H, fixed, 95%CI
0.70 [0.26, 1.90]
0.75 [0.55, 1.02]
0.60 [0.41, 0.87]
0.35 [0.06, 2.00]
1.76 [0.86, 3.60]

100.00%

0.75 [0.60, 0.93]

0.1

1

0.01

2515

10

100

Favours drain

Odds ratio
M-H, fixed, 95%CI

Year
1998
2013
2013
2013
2014

0.1

Favours no drain
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100

Odds ratio
M-H, fixed, 95%CI

Year
1998
2013
2013
2014

Favours no drain

C

10
Favours drain

1

10

100

Favours drain
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D
Study or subgroup
Heslin 1998
Lim 2013
Van Buren 2014

No drain
Drain
Events
Total Events Total
0
38
3
51
1
27
1
27
17
69
7
68

Odds ratio
Weight M-H, fixed, 95%CI
32.10% 0.18 [0.01, 3.59]
10.40% 1.00 [0.06, 16.85]
57.50% 2.85 [1.10, 7.40]

Total (95%CI)
134
146 100.00%
Total events
18
11
2
Heterogeneity: χ = 3.33, df = 2 (P = 0.19); I ² = 40%
Test for overall effect: Z = 1.46 (P = 0.14)

Odds ratio
M-H, fixed, 95%CI

Year
1998
2013
2014

1.80 [0.82, 3.97]

0.01

0.1

1

Favours no drain

E
Study or subgroup
Lim 2013
Van Buren 2014

No drain
Drain
Events
Total Events Total
2
27
2
27
10
69
6
68

Odds ratio
Weight M-H, fixed, 95%CI
26.40% 1.00 [0.13, 7.67]
73.60% 1.75 [0.60, 5.12]

Total (95%CI)
96
95 100.00%
Total events
12
8
2
Heterogeneity: χ = 0.23, df = 1 (P = 0.63); I ² = 0%
Test for overall effect: Z = 0.91 (P = 0.36)

Study or subgroup
Lim 2013
Van Buren 2014

No drain
Drain
Events
Total Events Total
4
27
3
27
26
69
16
68

Odds ratio
M-H, fixed, 95%CI

Year
2013
2014

1.55 [0.60, 3.99]

0.01

Odds ratio
Weight M-H, fixed, 95%CI
20.30% 1.39 [0.28, 6.91]
79.70% 1.97 [0.94, 4.13]

Total (95%CI)
96
95 100.00%
Total events
30
19
2
Heterogeneity: χ = 0.15, df = 1 (P = 0.70); I ² = 0%
Test for overall effect: Z = 1.79 (P = 0.07)

0.1

1

Study or subgroup
Heslin 1998
Lim 2013
Correa-Gallego
Mehta 2013
Van Buren 2014

No drain
Drain
Events
Total Events Total
3
38
1
51
1
27
2
27
2
353
2
386
26
458
14
251
6
69
2
68

Odds ratio
M-H, fixed, 95%CI

Year
2013
2014

0.01

0.1

1

Study or subgroup
Mehta 2013
Lim 2013
Correa-Gallego 2013
Van Buren 2014

No drain
Drain
Events
Total Events Total
75
458
44
251
1
27
0
27
73
353
107
386
12
69
16
68

Odds ratio
M-H, fixed, 95%CI

Year
1998
2013
2013
2013
2014

0.01

0.1

1

Study or subgroup
Lim 2013
Van Buren 2014

95 100.00%

Odds ratio
M-H, fixed, 95%CI

Year
2013
2013
2013
2014

0.05

0.2

1

5

20

Favours drain

Odds ratio
M-H, fixed, 95%CI

Year
2013
2014

0.32 [0.03, 3.14]

3
0.01

0.1

Favours no drain
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100

0.77 [0.60, 0.98]

No drain
Drain
Odds ratio
Events
Total Events Total
Weight M-H, fixed, 95%CI
0
27
0
27
Not estimable
1
69
3
68 100.00% 0.32 [0.03, 3.14]

Total (95%CI)
96
Total events
1
Heterogeneity: Not applicable
Test for overall effect: Z = 0.98 (P = 0.33)

10

Favours drain

Favours no drain

I

100

1.26 [0.73, 2.17]

Odds ratio
Weight M-H, fixed, 95%CI
33.40% 0.92 [0.61, 1.39]
0.30% 3.11 [0.12, 79.87]
56.90% 0.68 [0.48, 0.96]
9.30% 0.68 [0.30, 1.58]

Total (95%CI)
907
732 100.00%
Total events
161
167
2
Heterogeneity: χ = 2.04, df = 3 (P = 0.56); I ² = 0%
Test for overall effect: Z = 2.08 (P = 0.04)

10

Favours drain

Favours no drain

H

100

1.85 [0.94, 3.62]

Odds ratio
Weight M-H, fixed, 95%CI
3.30% 4.29 [0.43, 42.92]
8.20% 0.48 [0.04, 5.64]
8.10% 1.09 [0.15, 7.81]
72.60% 1.02 [0.52, 1.99]
7.80% 3.14 [0.61, 16.16]

Total (95%CI)
945
783 100.00%
Total events
38
21
2
Heterogeneity: χ = 3.28, df = 4 (P = 0.51); I ² = 0%
Test for overall effect: Z = 0.82 (P = 0.41)

10

Favours drain

Favours no drain

G

100

Favours drain

Favours no drain

F

10
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1

10

100
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J
Study or subgroup
Heslin 1998
Lim 2013
Correa-Gallego
Mehta 2013
Van Buren 2014

No drain
Drain
Events
Total Events Total
1
38
2
51
1
27
1
27
49
353
68
386
29
458
21
251
16
69
6
68

Weight
4.40%
3.30%
41.40%
32.70%
18.30%

Total (95%CI)
945
783 100.00%
Total events
96
98
2
Heterogeneity: Tau² = 0.14; χ = 7.03, df = 4 (P = 0.13); I ² = 43%
Test for overall effect: Z = 0.09 (P = 0.93)

Odds ratio
M-H, Random, 95%CI
0.66 [0.06, 7.58]
1.00 [0.06, 16.85]
0.75 [0.51, 1.12]
0.74 [0.41, 1.33]
3.12 [1.14, 8.54]

Odds ratio
M-H, Random, 95%CI

Year
1998
2013
2013
2013
2014

0.98 [0.57, 1.66]

0.01

0.1

Favours no drain

1

10

100

Favours drain

Figure 3 Forest plots illustrating meta-analysis of secondary outcomes comparing drain with no drain after pancreaticoduodenectomy. Pooled odds
ratios (ORs) with 95%CIs were calculated using fixed or random effects models to analyze outcomes at 30 d. A: Pancreatic ﬁstula; B: Overall complications; C:
Major complications; D: Intra-abdominal abscess; E: Postoperative hemorrhage; F: Delayed gastric emptying; G: Reoperation; H: Readmission; I: Biliary fistula; J:
Radiologic-guided drain.
[37]

many of which relate to POPF. Routine drain place
ment potentially allows early detection of POPF
and potentially gives clues that allow differentiation
between POPF, intra-abdominal abscess formation,
intra-abdominal fluid collections and anastomotic
[17,31]
leaks, allowing for early, targeted management
.
Our own analyses reveal two significant yet ap
parently contradictory results: there is greater mor
tality in the no drain group, and yet fewer overall and
major complications as well as a lower readmission
rate. Firstly, one has to note that most of the observed
[37]
differences in mortality stem from a single study ,
which happened to be the only RCT included in our
analysis. In this study, there is a significantly greater
proportion of intra-abdominal abscess formation,
intra-abdominal fluid collections and diarrhea in the
no drain group, providing us with some insight as
to the cause of mortality. The remaining studies,
which are non-RCTs, report similar mortality rates,
yet lower overall complication rates in the no drain
group. Serious complications such as bowel perforation
and/or fistulation has been reported from intra[40,41]
abdominal suction drains
and these devices are
often associated with increased pain and prolonged
hospital stay, suggesting possible mechanisms for
these findings. Notably, however, analyses of individual
clinically significant, PD-specific complications do not
reveal statistically significant differences, apart from
delayed gastric emptying. This may indicate variability
in definitions between studies and highlights the
drawbacks of comparative meta-analyses.
Furthermore, the indication for postoperative dra
inage and the type of drain could affect the incidence
of complications and prognosis of patients. From the
non-randomized studies included in our analysis, one
reported that intra-abdominal drain placement was
[36]
at the discretion of the attending surgeon , while
another suggested that routine abdominal drainage was
dependent on pancreatic texture (soft) and pancreatic
[33]
duct diameter (< 3 mm) . In patients with a hard
pancreas and/or a dilated (> 3 mm) main pancreatic

complication rates reported by Van Buren et al , with
no statistically significant differences in intra-abdominal
abscess formation (OR 1.75, 95%CI: 0.81-3.77),
biliary fistula (OR = 0.65, 95%CI: 0.10-4.00) and
post-pancreatectomy hemorrhage rates (OR = 2.02,
95%CI: 0.81-5.01). Rates of delayed gastric emptying
(OR = 2.15, 95%CI: 1.10-4.19; P = 0.02), however,
were lower in the drain group. The no drain group still
had fewer overall (OR = 0.64, 95%CI: 0.49-0.84; P <
0.01) and major (OR = 0.74, 95%CI: 0.59-0.92; P =
0.01) complications.

Statistical analysis

Sensitivity analyses were carried out by excluding each
study from each outcome measure. These exclusions
did not alter the results obtained from cumulative
analyses. The subgroup analyses were undertaken for
all outcome measures by including studies with ISGPF
definition or quality score ≥ 2. Results of the analyses
are summarized in Table 4.

Publication bias

The funnel plot based on the incidence of POPF is
shown in Figure 5. None of the studies lie outside the
limits of the 95%CI and hence, there was no evidence
of publication bias. However, there was a somewhat
asymmetric distribution around the vertical axis with
an absence of smaller studies favoring PD with no
drain.

DISCUSSION
Routine drainage after surgery has been a hotly debated
topic since the advent of surgical drains. Over the past
30 years, however, its application has declined due to
the relative ease and safety of computed tomography[38]
guided drainage
and literature demonstrating
increased frequency of complications with routine
[39]
drainage . There are divided opinions over routine
drainage following pancreatic resections because of the
high frequency of clinically signiﬁcant complications,

WJG|www.wjgnet.com
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A
Study or subgroup
Heslin 1998
Correa-Gallego 2013
Lim 2013
Mehta 2013
Van Buren 2014

No drain
Drain
Events
Total Events
Total
1
38
3
51
59
353
104
386
0
27
5
27
35
458
41
251
14
69
8
68

Weight
5.40%
37.50%
3.50%
33.60%
20.00%

Total (95%CI)
945
783 100.00%
Total events
109
161
2
Heterogeneity: Tau² = 0.19; χ = 9.64, df = 4 (P = 0.05); I ² = 59%
Test for overall effect: Z = 1.79 (P = 0.07)

Odds ratio
M-H, Random, 95%CI
0.43 [0.04, 4.33]
0.54 [0.38, 0.78]
0.07 [0.00, 1.42]
0.42 [0.26, 0.69]
1.91 [0.74, 4.90]

Odds ratio
M-H, Random, 95%CI

Year
1998
2013
2013
2013
2014

0.59 [0.33, 1.05]

0.01

0.1

1

Favours no drain

B
Study or subgroup
Heslin 1998
Mehta 2013
Lim 2013
Van Buren 2014

No drain
Drain
Events
Total Events
Total
15
38
23
51
248
458
171
251
15
27
19
27
55
69
50
68

Total (95%CI)
592
397
Total events
333
263
2
Heterogeneity: χ = 4.97, df = 3 (P = 0.17); I ² = 40%
Test for overall effect: Z = 3.23 (P = 0.001)

Weight
9.00%
76.80%
6.40%
7.80%

Odds ratio
M-H, fixed, 95%CI
0.79 [0.34, 1.86]
0.55 [0.40, 0.76]
0.53 [0.17, 1.62]
1.41 [0.64, 3.14]

100.00%

0.62 [0.48, 0.82]

Study or subgroup
Heslin 1998
Mehta 2013
Lim 2013
Correa-Gallego 2013
Van Buren 2014

No drain
Drain
Events
Total Events
Total
8
38
14
51
75
458
62
251
2
27
5
27
105
353
139
386
28
69
21
68

Odds ratio
M-H, fixed, 95%CI

Year
1998
2013
2013
2014

0.01

Total (95%CI)
945
783
Total events
218
241
2
Heterogeneity: χ = 6.03, df = 4 (P = 0.20); I ² = 34%
Test for overall effect: Z = 2.74 (P = 0.006)

Weight
5.00%
35.80%
2.50%
49.90%
6.70%

Odds ratio
M-H, fixed, 95%CI
0.70 [0.26, 1.90]
0.60 [0.41, 0.87]
0.35 [0.06, 2.00]
0.75 [0.55, 1.02]
1.53 [0.76, 3.09]

100.00%

0.74 [0.59, 0.92]

0.1

1

Study or subgroup
Lim 2013
Van Buren 2014

No drain
Drain
Events
Total Events
Total
4
27
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Figure 4 Forest plots illustrating meta-analysis of secondary outcomes comparing drain with no drain after pancreaticoduodenectomy. Pooled odds ratios
(ORs) with 95%CIs were calculated using fixed or random effects models to analyze outcomes at 60 d. A: Pancreatic ﬁstula; B: Overall complications; C: Major
complications; D: Delayed gastric emptying; E: Intra-abdominal abscess; F: Biliary fistula; G: Postoperative hemorrhage.

meta-analyses, which is why the attempt to introduce
a common language for major complications such as
[17]
POPF is a welcome addition to the field.
Accepting the small number of studies available,
in particular the scarcity of prospective studies, our
analysis cannot safely favor or condemn the use of an
intraperitoneal drain following PD. Indeed, looking at
the only RCT designed to address this question, one is
drawn to the conclusion that abandoning postoperative
drainage indiscriminately following PD leads to an
increase in complication rate and higher mortality.
However, looking at our analysis overall there appears
to be a select group of patients in whom prophylactic
drainage is advantageous to avoid complications and
mortality, and another in whom routine drainage is
detrimental. Patients at low risk of POPF (i.e., hard
pancreas, large pancreatic duct, short operative time,
little intra-operative blood loss and no other concerning
factors) may benefit from avoiding routine intra[33]
abdominal drainage . Further RCTs are therefore
required to clarify this question in a definite manner
and should be designed to compare routine with
selective drainage.

0

SE (log[OR])

0.5

1

1.5

2

0.01

0.1

1
OR

10

100

Figure 5 Funnel plot to investigate publication bias.

duct, the decision regarding the use of abdominal
drainage was at the surgeon’s discretion. Two stu
[30,35]
dies
did not report the indications for drainage,
however in one of these studies, drains were more likely
to be placed following resections for cholangiocarcinoma
or ampullary cancer than resections for pancreatic
[35]
ductal adenocarcinoma or cystic neoplasms .
The lack of adequately powered prospective studies
is also a significant limiting factor in this field. The
increasing use of “prospectively set-up databases”
and subsequent data analysis does not overcome the
inherent shortcomings of retrospectively designed
studies, such as selection bias. Technical differences in
pancreaticojejunostomies performed may further affect
the reported complication rates. A further potential
source of heterogeneity in the studies was the type
of drains used. Studies either reported predominant
[30,35,37]
use of closed-suction drains
or multichannel
[33]
open-channel silicone drains , or did not comment
at all on the type used. One study specified the use
[35]
of intra-peritoneal Jackson-Pratt drains , which is
a brand of closed-suction drain. Different types of
drains (especially suction vs no suction) can impact
complications such as fluid collections, and may also
differentially affect the efficacy of such devices (e.g.,
rates of drain blockage). Differences in definitions used
for major complications also presents a challenge for

WJG|www.wjgnet.com
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METHODS: PubMed, EMBASE, Cochrane Central
Register of Controlled Trials, Science Citation Index,
China National Knowledge Infrastructure, Wanfang,
and Chinese Biomedical Literature databases and
abstract books of major European, American, and Asian
gastroenterological meetings were searched. All clinical
trials that examined the efficacy of H. pylori eradication
therapies and included both tetracycline and amoxicillin
in one study arm were selected for this systematic
review and meta-analysis. Statistical analysis was
performed with Comprehensive Meta-Analysis Software
(Version 2). Subgroup, meta-regression, and sensitivity
analyses were also carried out.
RESULTS: Thirty-three studies met the inclusion
criteria. The pooled odds ratio (OR) was 0.90 (95%CI:
0.42-1.78) for quadruple therapy with amoxicillin and
tetracycline vs other quadruple regimens, and total
eradication rates were 78.1% by intention-to-treat
(ITT) and 84.5% by per-protocol (PP) analyses in the
experimental groups. The pooled eradication rates
of 14-d quadruple regimens with a combination of
amoxicillin and tetracycline were 82.3% by ITT and
89.0% by PP, and those of 10-d regimens were 84.6%
by ITT and 93.7% by PP. The OR by ITT were 1.21
(95%CI: 0.64-2.28) for triple regimens with amoxicillin
and tetracycline vs other regimens and 1.81 (95%CI:
1.37-2.41) for sequential treatment with amoxicillin and
tetracycline vs other regimens, respectively.
CONCLUSION: The effectiveness of regimens employing
amoxicillin and tetracycline for H. pylori eradication may
be not inferior to other regimens, but further study
should be necessary.
Key words: Helicobacter pylori ; Amoxicillin; Tetracycline;
Systemic review; Meta-analysis

Abstract
AIM: To access the efficacy of combination with amo
xicillin and tetracycline for eradication of Helicobacter pylori
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the combination of these two agents may appear
antagonistic despite H. pylori having high susceptibility
to both amoxicillin and tetracycline in vitro. But the
similar combination of clarithromycin and amoxicillin
has commonly been used for H. pylori infection for
decades. Is a regimen containing tetracycline and
amoxicillin suitable for H. pylori infection?
Trials on the combination of amoxicillin and
tetracycline for H. pylori infection have been performed;
however, their results are conflicting. Some studies
have suggested that this combination did not im
prove eradication rates, and even obtained poor era
[19-22]
dication effects during anti-H. pylori treatment
.
In contrast, other studies have suggested that this
combination positively affected eradication rates as a
[23-26]
second- or third-line choice for H. pylori infection
.
Our preliminary data also indicated that regimens
comprising PPI, bismuth, amoxicillin, and tetracycline
could achieve an acceptable eradication rate [85.7%
by intention-to-treat (ITT) analysis; data unpublished].
What is the real efficacy of the combination of
amoxicillin and tetracycline during anti-H. pylori
treatment? We conducted this systematic review and
meta-analysis of randomized controlled trials (RCTs) to
compare the efficacy of the combination of amoxicillin
and tetracycline with other therapies for H. pylori
infection to supply some useful information for clinical
practice.

Core tip: The combination of amoxicillin and tetracycline
is an attractive alternative because of its low cost,
low resistance rate, and safety. We conducted this
systematic review and meta-analysis of clinical trials to
compare the efficacy of the combination of amoxicillin
and tetracycline with other therapies for Helicobacter
pylori (H. pylori ) infection. Available data suggest that
10- or 14-d quadruple regimens with amoxicillin and
tetracycline can achieve acceptable eradication rates
and may be suitable for the treatment of H. pylori
infection.
Lv ZF, Wang FC, Zheng HL, Wang B, Xie Y, Zhou XJ, Lv NH.
Meta-analysis: Is combination of tetracycline and amoxicillin
suitable for Helicobacter pylori infection? World J Gastroenterol
2015; 21(8): 2522-2533 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i8/2522.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i8.2522

INTRODUCTION
Helicobacter pylori (H. pylori) infection affects ap
proximately 50%-75% of the population world
[1]
wide and contributes to several gastrointestinal
diseases, including peptic ulcer, gastric cancer, and
gastric mucosal-associated lymphoid tissue (MALT)
[2,3]
lymphoma . Standard triple regimens, consisting
of proton pump inhibitor (PPI) plus two of the three
antibiotics amoxicillin, clarithromycin, and metro
nidazole, have been recommended as first-line anti-H.
pylori therapy for the past decade by several countries
[4,5]
and regions . However, with those regimens used
widely, the prevalence of H. pylori resistance to
[6-9]
metronidazole and clarithromycin is increasing
,
[10]
which results in the failure to eradicate H. pylori ,
and eradication rates of H. pylori have declined to
[11-14]
unacceptable levels
.
A regimen with PPI, bismuth, tetracycline, and
metronidazole has been recommended for first-line or
second-line therapy for H. pylori infection in several
[15,16]
recent consensuses
. The increasing resistance
rate of H. pylori to metronidazole may affect the
[17]
efficacy of this regimen for H. pylori infection .
Many studies have shown that H. pylori resistance to
[7,18]
amoxicillin and tetracycline is rare
, and therefore
combination treatment with amoxicillin and tetracycline
has provoked some investigators’ attention as an
anti-H. pylori therapy. In theory, regimens combining
amoxicillin and tetracycline should provide an excellent
eradication rate for H. pylori infection. Nevertheless,
some controversies exist regarding the ability of
combined amoxicillin and tetracycline to eradicate H.
pylori. Amoxicillin is a bactericidal drug that interferes
with cell wall synthesis, and it can exert excellent
antibacterial activity during the bacterial breeding
period. Tetracycline can rapidly inhibit bacterial growth
by inhibiting cellular protein synthesis. Therefore,
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MATERIALS AND METHODS
Search strategy and study selection

We developed this meta-analysis according to PRISMA
[27]
statement guideline . We searched the databases of
PubMed (to April 2014), EMBASE (1946 to April 2014),
the Cochrane Central Register of Controlled Trials
(Issue 4, 2014), and the Science Citation Index (SCI)
(1945 to April 2014) according to Medical Subject
Heading and text terms: (H. pylori) and amoxicillin
and tetracycline. We also searched the literature using
the China National Knowledge Infrastructure (CNKI),
Wanfang, and Chinese Biomedical Literature databases
(CBM) according to the same Subject Heading and text
terms. We imposed no language restrictions. We also
searched the abstracts of major gastroenterological
meetings, such as the Digestive Disease Week of
the American Gastroenterological Association (DDW)
(2008-2013) and European Helicobacter Study
Group (2008-2013). Furthermore, we asked authors
to provide unpublished RCT results. In addition, we
searched the ClinicalTrials.gov website for registered
RCTs with unpublished data and identified relevant
studies from the reference list of each selected article.

Inclusion criteria

Studies deemed eligible for inclusion in the systemic
review and meta-analysis met the following inclusion
criteria: (1) clinical trials; (2) any age, endoscopic
findings, and symptoms at the time of enrollment; (3)
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confirmation of eradication outcome by urea breath
test, histology, or H. pylori stool antigen at least 4 wk
after therapy; and (4) eradication regimens of the
experimental group, including both tetracycline and
amoxicillin.

effects model was employed. If the data were found
to be heterogeneous, we searched for sources of
heterogeneity by meta-regression and subgroup
analyses. A Z-test was also used to assess the pooled
effects. We employed funnel plot, Egger’s test, and
Begg’s test to estimate publication bias, with a twosided P value of 0.10 or less considered significant. We
used Comprehensive Meta-Analysis Software (version
2) to perform the statistical analysis.

Exclusion criteria

Studies were excluded under the following circumstan
ces: (1) eradication date could not be determined; (2)
articles and abstracts in a language other than English
or Chinese, unless they were translated; and (3)
amoxicillin and tetracycline not included in the same
experimental group.

RESULTS
Description of the studies

A flow diagram of this systematic review is shown
in Figure 1. The bibliographical search yielded a
total of 3078 articles, of which 2827 were from
PubMed, the Cochrane Central Register of Controlled
Trials, Embase, and SCI, while another 251 articles,
published in Chinese, were from CNKI, Wanfang, and
CBM databases, and one abstract was from DDW
(2008-2013). We first excluded 2007 articles due to
uncorrelated with our study, and 855 due to duplicates.
We retrieved 217 articles for detailed evaluation,
among which 105 studies were excluded because
amoxicillin and tetracycline were not used in the same
experimental group. We also excluded 77 review
articles, 2 articles in which eradication data could not
[30,31]
be obtained
, and 1 other article (one abstract) that
[32]
were published repeatedly . One article identified
from a reference list was also included in the metaanalysis. Ultimately, 33 studies (2 abstracts, 30 fulltext articles and our unpublished data), were included
[17,19-26,33-55]
in the systemic review and meta-analysis
.

Data extraction and quality assessment

Two authors (Lv ZF and Wang FC) extracted the
relevant data and entered them into standardized data
abstraction sheets. These data contained the study
quality and type, anti-H. pylori regimens, duration
of treatment, location of trials, time of publication,
number and age of enrolled patients, diagnostic
methods for detecting H. pylori infection before
enrolment and after study completion, eradication
rates by ITT, rates of successful and failed eradication,
and total adverse effects (diarrhea, vomiting or
nausea, epigastric pain, headache, total adverse
effects) from all included studies.
Two reviewers (Lv ZF and Wang FC) independently
assessed the quality of the studies that met the
inclusion criteria. Discrepancies were resolved by
consulting a third reviewer (YX). The quality of data
reporting was applied using a 3-item, 5-point Jadad
scale. The scores were evaluated according to three
criteria: randomization (score 0-2), double blinding
(score 0-2), and description of withdrawals and
[28,29]
dropouts (score 0-1) as previously described
.
To avoid duplication of data, if trials were published
repeatedly by the same authors or institutions, only
the most recently published article was included.

Meta-analysis

Quadruple treatment regimens containing
amoxicillin and tetracycline vs other quadruple
[20,23,37,38,41,46,47,56]
regimens of RCTs: Eight RCTs
and
our unpublished data were included in the pooled
analysis of quadruple treatment regimens (Table
1). The total H. pylori eradication rates were 78.1%
(442/566) in the experimental group and 80.5%
(714/887) in the control group by ITT analysis, and
84.5% (442/523) in the experimental group and
85.5% (714/835) in the control group by per-protocol
(PP) analysis, respectively. The pooled OR was 0.90
2
(95%CI: 0.42-1.78) using a random effects model (I
= 80.92%, P < 0.001; Figure 2A). When we omitted
[40]
the study with the greatest weighting
from the
analysis, the OR was 0.86 (95%CI: 0.38-2.00) using
2
a random effects model (I = 82.73%, P < 0.001);
when our unpublished data was omitted, the OR was
2
0.85 (95%CI: 0.40-1.83) by random effect model (I
= 80.3%, P < 0.001).
Because of significant evidence of heterogeneity,
we performed subgroup analyses according to duration
(7, 10, or 14 d), first- or second-line therapy, regimen
in the experimental group, country, and publication

Statistical analysis

The primary outcome for the systemic analysis was the
efficacy of regimens with amoxicillin and tetracycline
compared with other regimens for eradicating H.
pylori infection. The secondary outcome was safety
of the combination of amoxicillin and tetracycline. We
measured H. pylori eradication efficacy using odds
ratio (OR) with 95%CI. When data could be combined,
meta-analyses were performed. If not, we describ
ed the results based on ITT and adverse events.
Heterogeneity tests were performed using the Q-test,
and a 10% cut-off for statistical significance was
2
employed. The heterogeneity index (I ) was calculated,
and the OR for all studies were pooled into a summary
OR using a fixed-effects model or a random effects
model, based on inverse variance methods. The fixedeffects model was used when heterogeneity was
not statistically significant; otherwise, the random
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1760 EMBASE
514 PubMed
421 SCI
132 Cochrane
1 DDW

74 Wanfang
88 CKNI
89 CBM

155 potentially
relevant articles
retrieved for
more detailed
evaluation

1948 articles were
excluded (unrelated)

59 articles were
excluded

725 duplicates
were excluded

130 duplicates
were excluded
62 potentially
relevant articles
retrieved for more
detailed evaluation

127 articles were excluded:
56 review articles
70 articles with amoxicillin and
tetracycline used in different
regimens
1 articles due to data repetition
with another article

58 articles were excluded:
21 review articles
35 articles with amoxicillin
and tetracycline used in
different regimens
2 articles due to no
eradication rate

28 English studies

4 Chinese studies
1 article from a reference list and our
unpublished data

33 studies satisfied inclusion criteria

Figure 1 Flow diagram of trials identified and selected.

Table 1 Characteristics of included studies in quadruple
Ref.

Region

Publication

Participants

H. pylori infection

Inventions
(duration)

Luo[36], 2002

China

Full text

NR1

RUT/RUT

Chi et al[37], 2003

Taiwan

Full text

Dyspeptic patients

Cheon et al[20], 2006

Full text

Peptic ulcer

Uygun et al[40], 2008

South
Korea
Tuekry

Full text

Non-ulcer dyspeptic
patients

Histology or culture/
UBT
Histology or RUT or
UBT/UBT
Histology/histology
and RUT

Wu et al[45], 2011

Taiwan

Full text

NR

Chen et al[46], 2011

Chinese

Full text

Hu et al[23], 2012

Taiwan

Abstract

Peptic ulcer and
chronic gastritis
NR

Liang et al[55], 2013

China

Full text

Our data1

China

OBAT 7v
OBCM 7
OBAT 7v
OBAM 7
PBAT 7v PBMT
7
LBAT 14 v
LBAM or
LBMT 14
EBTA 7 v
EBTM 7
OATF 14/
OBAC 14
RATM 10,
/RBTM, 10
LBAT 14/LBTF,
LBTM and
LBAF 14
RBAT 10/
RBAC 10

Functional dyspeptic
patients and peptic
ulcer
Duodenal peptic

Initial diagnosis ⁄rechecking

RUT and histology or
culture or UBT
UBT/UBT
NR/UBT
UBT/UBT

RUT/UBT

Total
Follow(treatment/ up (wk)
contrlo)

Eradication Jadad
rate
scores

45/45

4

91% vs 56%

1

50/50

6

78% vs 58%

3

25/29

5

16% vs 66%

2

100/200

60 d

75% vs 73%

2

58/62

8

62% vs 81%

3

60/60

4

92% vs 90%

2

46/47

≥4

83% vs 87%

2

105/319

6

83.8% vs
91.5%

3

77/75

4

85.7% vs
81.3%

1

Unpublished data. NR: Not reported; UBT: Urea breath test; RUT: Rapid urease test; O: Omeprazole; A: Amoxicillin; T: Tetracycline; B: Bismuth; C:
Clarithromycin; M: Metrodinazole; P: Pantoprazole; E: Esomeprazole; L: Lansoprazole; D: Doxycycline; F: Furazolidone; Le: Levofloxacin; RBC: Ranitidine
bismuth citrate.
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A

Model

Study

Statistics for each study

Odds ratio and 95%CI

Upper limit Z -value P -value

Odds rate

Lower limit

luo et al , 2012

8.200

2.512

26.769

3.486

0.000

Chi et al , 2003

2.567

1.072

6.150

2.116

0.034

Cheon et al , 2006

0.100

0.027

0.373

-3.428

0.001

Uygun et al , 2008

1.196

0.692

2.066

0.641

0.552

Wu et al , 2011

0.393

0.172

0.895

-2.224

0.026

Chen et al , 2011

1.222

0.352

4.224

0.316

0.752

Hu et al , 2012

0.527

0.174

1.593

-1.135

0.256

Liang Xiao et al , 2013

0.408

0.209

0.797

-2.622

0.009

Our unpublished data, 2013

1.377

0.581

3.264

0.727

0.467

Fixed

0.889

0.667

1.193

-0.739

0.460

Random

0.901

0.457

1.776

-0.302

0.762
0.01

B

Model

Study

Statistics for each study

Laine et al , 1995

0.429

0.149

1.236

-1.568

0.117

Ferri et al , 2003

2.061

0.991

4.660

1.737

0.082

Uygun et al , 2007

1.021

0.628

1.660

0.083

0.934

CHuah et al , 2012

0.840

0.370

1.906

-0.417

0.667

Zhao et al , 2013

6.080

1.389

26.618

2.396

0.017

Fixed

1.122

0.797

1.579

0.660

0.509

Random

1.211

0.644

2.227

0.593

0.553
0.01

Study

0.1
Favours control

Statistics for each study

1

10
100
Favours experiment

Odds ratio and 95%CI

Upper limit Z -value P -value

Odds rate

Lower limit

Uygun et al , 2008

1.925

1.187

3.123

2.654

0.008

Nadir et al , 2011

2.249

1.371

3.688

3.209

0.001

Demir et al , 2011

0.904

0.365

2.234

-0.220

0.826

Kadayifci et al , 2012

1.644

0.908

2.976

1.642

0.101

1.814

1.336

2.410

4.114

0.000

Fixed

10
100
Favours experiment

Odds ratio and 95%CI

Lower limit

Model

1

Upper limit Z -value P -value

Odds rate

C

0.1
Favours control

0.01

0.1
Favours control

1

10
100
Favours experiment

Figure 2 Forest plot of quadruple regimens (A), triple regimens (B) and sequential therapy (C) with tetracycline and amoxicillin.

language (Chinese or English).
[20,24,37,45]
Four RCTs
used a 7-d duration, in which
the pooled eradication rates were 67.4% (120/178)
by ITT and 72.7% (120/165) by PP in experimental
[23]
groups. A 10-d regimen was used in one RCT and
our unpublished data, in which the pooled eradication
rates were 84.6% (104/123) by ITT and 93.7%
(104/111) by PP in groups treated with amoxicillin and
tetracycline in combination. Fourteen-day regimens
[40,46,55]
were employed in three RCTs
, in which the
pooled eradication rates were 82.3% (218/265) by ITT
and 89.0% (218/245) by PP. The pooled OR were 0.97
(95%CI: 0.18-5.27) in the 7-d subgroup, 0.91 (95%CI:
0.36-2.31) in the 10-d subgroup, and 0.81 (95%CI: 0.37,
1.78) in the 14-d subgroup using a random effects model
2
(I = 77.25%, P < 0.001).
Quadruple regimens with amoxicillin and tetracycline
[36,46]
were used as first-line therapy in two RCTs
and our

WJG|www.wjgnet.com

unpublished data, the pooled OR was 2.34 (95%CI:
2
0.74-7.42) using a random effects model(I = 70.29%,
P = 0.035). When used as second-line therapy, as in
[20,23,37,40,45,55]
six RCTs
, the pooled OR was 0.59 (95%CI:
2
0.28-1.26) using a random effects model (I = 80.17%,
P < 0.001).
In the subgroup of studies conducted in South
Korea (included one RCT), the OR was 0.10 (95%CI:
0.03-0.37), which significantly differed from the other
countries in which studies were conducted.
Results of other subgroup analyses demonstrated
no statistically significant differences.
Triple therapy containing amoxicillin and tetracycline
[17,21,24,33,50]
vs other regimens of RCTs: Five RCTs
compared the efficacies of triple regimens containing
amoxicillin and tetracycline with other eradication
regimens (Table 2). The pooled eradication rates were
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Table 2 Characteristics of included studies in triple
Ref.

Region Publication

Laine et al[33] 1995

United
States
Italy

Full text

Uygun et al[21], 2007 Turkey

Full text

Chuah et al[50], 2012 Taiwan

Full text

Zhao[17], 2013

Full text

Perri et al[24], 2003

China

Full text

Participants

H. pylori infection Inventions (duration)
Initial diagnosis⁄rechecking

Total
(treatment/
control)

Followup (wk)

Eradication
rate by ITT

Jadad
scores

Volunteers with
H. pylori infection
NR

UBT/UBT

OAT 14 vs OA 14

30/30

4

30% vs 50%

3

UBT/UBT

60/120

4-6

85% vs 73.3%

3

Non-ulcer
Dyspeptic patients
Peptic ulcer
disease or gastritis
peptic ulcer and
chronic gastritis

Histology and
UBT/UBT
RUT/RUT and
histology or UBT
NR/UBT

RBCAT 7 vs PLA or
PBMT 7
RBCAT 14 vs RBCAC
or RBCMT 14
EAT 14 vs EALe 14

100/200

6

58% vs 58%

3

64/64

8

75% vs 78%

3

34/138

30 d

94% vs 73%

1

PAT 7/PAC or PAM
or PAF or PALe 7

NR: Not reported; UBT: Urea breath test; RUT: Rapid urease test; O: Omeprazole; A: Amoxicillin; T: Tetracycline; B: Bismuth; C: Clarithromycin; M:
Metrodinazole; P: Pantoprazole; E: Esomeprazole; L: Lansoprazole; D: Doxycycline; F: Furazolidone; Le: Levofloxacin; RBC: Ranitidine bismuth citrate.

68.8% (198/288, by ITT) and 72.5% (198/273, by
PP) in the experimental group, and 66.7% (368/552)
and 70.2% (368/524, by PP) in the control group.
The pooled OR was 1.21 (95%CI: 0.64-2.28) using
2
a random effects model (I = 63.50%, P = 0.027).
The H. pylori eradication rate was slightly higher in
the experimental group than in the control group, but
this difference was not statistically significant (Figure
2B). In sensitivity analyses, when the study with the
[21]
greatest weighting was omitted , the OR was 1.34
2
(95%CI: 0.64-3.43) using a random effects model (I
= 71.89%, P = 0.014).
Due to the evidence of heterogeneity, we per
formed subgroup analyses depending on duration (7
or 14 d), first- or second-line treatment, region (Asia,
America, or Europe), publication language (Chinese or
English), and control group regimen (dual, triple, or
quadruple treatment).
Statistically significant differences were observed in
the subgroups of 7-d treatment duration and Chinese
publication language, in which the ORs were 2.95
(95%CI: 1.09-8.01) and 6.08 (95%CI: 1.39-26.62),
respectively. In other subgroups, no statistically sig
nificant differences were noted.

of total adverse effects were 12.4% (112/898) in
the experimental groups and 18.7% (229/1225) in
the control groups. Diarrhea appeared in 23 of 752
patients in experimental groups and 31 of 1028
patients in control groups, abdominal pain occurred in
14 of 582 patients in experimental groups and 24 of
798 patients in control groups, and nausea occurred
in 26 of 737 patients in experimental groups and
55 of 953 patients in control groups. The incidence
of adverse effects demonstrated no significant
differences.

Heterogeneity

To interpret heterogeneity in our meta-analysis, we
performed meta-regression analyses. The results
indicated that publication language, regimens of
treatment in experimental and control groups, and
assessment of first- vs second-line therapy were
the major reasons for heterogeneity in the metaanalysis of quadruple therapies. The main causes of
heterogeneity in the meta-analysis of triple therapies
were duration, study quality, and publication language.

Risk of publication bias

The funnel plots of meta-analyses of both quadruple
and triple therapy studies were symmetrical, and
Egger’s test and Begg’s test indicated no statistically
significant differences. The funnel plot of sequential
treatment was symmetrical; however, while Begg’s test
indicated no statistically significant difference, Egger’s
test demonstrated a statistically significant difference (P
= 0.042; Figure 3).

Sequential treatment containing amoxicillin and
tetracycline vs other regimens of RCTs: Four
[41,44,47,51]
RCTs
were included the pooled analysis of
sequential treatment (Table 3). The total eradication
rates were 70.3% (317/451) in the experimental
group and 57.3% (239/417) in the control group by
ITT. The pooled OR was 1.81 (95%CI: 1.37-2.41)
2
using a fixed-effects model (I = 5.17%, P = 0.367;
Figure 2C). When we omitted the study with the
[41]
greatest weighting on the result , the OR was 1.76
2
(95%CI: 1.24-2.50) using a fixed-effects model (I =
34.97%, P = 0.215).

Data not included in meta-analysis

Efficacy of first-line treatment with amoxicillin
and tetracycline: Five non-RCT trials examined the
combination of amoxicillin and tetracycline used as
[22]
first-line anti-H. pylori treatment. Graham et al
reported a poor eradication rate (43%, 7/16). A study
[38]
conducted by Sezgin et al suggested that sequential
therapy consisting of PPI-amoxicillin followed by PPImetronidazole-tetracycline achieved an unsatisfactory

Adverse effects

Among the 17 RCTs and our unpublished data included
in the meta-analysis, 14 RCTs and our data provided
information concerning adverse effects. The incidences

WJG|www.wjgnet.com

2527

February 28, 2015|Volume 21|Issue 8|

Lv ZF et al . Tetracycline and amoxicillin for H. pylori infection
Table 3 Characteristics of included studies in sequential treatment
Ref.

Region Publication

Uygun et al[41], 2008

Turkey

Full text

Nadir et al[44], 2011

Turkey

Full text

Demir et al[47], 2011

Turkey

Full text

Kadayifci et al[51], 2012 Turkey

Full text

Participants

H. pylori infection
Initial diagnosis⁄rechecking

Inventions
(duration)

Non-ulcer
UBT and histology/
PA 7-PMT 7
dyspepsia
UBT
vs PAC 14
Non-ulcer
Histology/UBT
LA 7-LMT 7 vs
dyspepsia
LAC 14
Non-ulcer
UBT/UBT
PA 7-PMT 7 vs
Dyspeptic patients
PAC 14
Non-ulcer
UBT and histology/ LA 7-LCT 7 vs
Dyspeptic patients
UBT
LA 7-LCM 7

Total (treatment/ Followcontrlo)
up (wk)

Eradication
rate and P

Jadad
scores

150/150

6

72% vs 58%

3

60/120

6

72% vs 54%

2

57/29

4

56% vs 59%

3

100/100

4

72% vs 61%

2

UBT: Urea breath test; RUT: Rapid urease test; O: Omeprazole; A: Amoxicillin; T: Tetracycline; B: Bismuth; C: Clarithromycin; M: Metrodinazole; P:
Pantoprazole; E: Esomeprazole; L: Lansoprazole; D: Doxycycline; F: Furazolidone; Le: Levofloxacin; RBC: Ranitidine bismuth citrate.

eradication rate (50%, 15/30, by ITT). Ataseven et
[43]
al
reported that sequential treatment with pan
toprazole and amoxicillin for the first 7 d followed by
pantoprazole, metronidazole, and tetracycline for the
following 7 d achieved an unacceptable eradication
rate (57.9%, 22/38) in patients with type 2 diabetes
[19]
mellitus. Lobo et al compared treatment consisting
of omeprazole, amoxicillin, and tetracycline (group A)
with a regimen including bismuth, metronidazole, and
tetracycline (group B) for H. pylori eradication, and
observed H. pylori eradication rates of 59% (10/17)
in group A and 65% (17/26) in group B, with a non2
significant difference of -6% (χ = 0.19). However,
[53]
a study conducted by Uygun et al
reported that a
modified sequential therapy consisting of pantoprazole,
bismuth, and amoxicillin for the first seven days
followed by pantoprazole, bismuth, metronidazole, and
tetracycline for the remaining seven days achieved an
acceptable eradication rate (81.0%, 115/142) by ITT
(Table 4).
Four RCTs compared various combinations of
amoxicillin and tetracycline or doxycycline. In one
study comparing the combination of tetracycline and
amoxicillin with that of doxycycline and amoxicillin,
the H. pylori eradication rates were 34.5% (20/57)
[42]
and 36.8% (21/58), respectively . Another study
compared different sequential therapies involving the
combination of amoxicillin and tetracycline (5 d vs
14 d of amoxicillin) during anti-H. pylori treatment
and found a non-significant difference of 3.51%;
interestingly, 14-d amoxicillin regimens obtained a
[26]
lower eradication rate than 5-d regimens . One RCT
compared a quadruple regimen (consisting of bismuth,
esomeprazole, tetracycline, and amoxicillin) with
concomitant therapy (with esomeprazole, tetracycline,
metronidazole, and amoxicillin) in patients naïve to H.
pylori treatment, and observed H. pylori eradication
rates of 79% in the quadruple therapy group and
[48]
74% in the concomitant therapy group . Perri et
[35]
al
compared three different triple regimens with
lansoprazole or RBC plus amoxicillin and tetracycline or
doxycycline and observed that all treatments achieved
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poor H. pylori eradication rates.
Efficacy of second-line regimens containing amoxicillin
and tetracycline: Two non-RCT trials investigated the
combination of amoxicillin and tetracycline for second[34]
line anti-H. pylori treatment. Auriemma et al reported
an H. pylori eradication rate of 77.7% (49/63) after
second-line therapy with omeprazole, amoxicillin, and
tetracycline in patients. Zhang reported that a quadruple
regimen consisting of bismuth, amoxicillin, tetracycline,
and esomeprazole achieved a satisfactory H. pylori
[49]
eradication rate (93.3%, 112/120) .
Efficacy of third-line regimens containing amoxicillin
and tetracycline: Regimens containing amoxicillin
and tetracycline were used as a third-line anti-H. pylori
[39]
treatment in four trials. Buzás et al
conducted a
trial, in which, among patients who received quad
ruple therapy containing amoxicillin and tetracycline,
the eradication rate was 56.1% (23/41) by ITT.
[25]
Cammatora et al reported that quadruple treatment
consisting of bismuth, omeprazole, amoxicillin, and
doxycycline achieved a satisfactory eradication rate of
91.0% (81/89) in patients in whom H. pylori isolates
were susceptible to amoxicillin and tetracycline.
[52]
Tursi et al
reported that among 119 patients who
received sequential therapy with a standard dosage
of proton pump inhibitor (PPI) plus 1 g amoxicillin for
the first 5 d, followed by the standard dosage PPI, 500
mg levofloxacin and 500 mg tetracycline, a 67.23%
eradication rate (80/119) by ITT was achieved. Liou
[54]
et al conducted a multi-center trial in which 109
patients who failed second-line therapies under
went sequential treatment with esomeprazole plus
amoxicillin for the first 7 d, followed by esomeprazole
and metronidazole plus clarithromycin or levofloxacin
or tetracycline, according to genotypic resistance, for
another 7 d. Their eradication rates were 78.5% in the
clarithromycin group, 92.2% in the levofloxacin group,
and 71.4% in the tetracycline group.
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A

However, their efficacies may be impaired by the
increasing prevalence of antibiotic-resistant H. pylori.
The combination of amoxicillin and tetracycline is very
attractive because of its low cost, low resistance rate,
[8]
and safety . Hence, the combination of amoxicillin
and tetracycline may be a suitable substitute for triple
regimens in the treatment of H. pylori infection.
The current meta-analysis of RCTs indicates that
regimens involving amoxicillin and tetracycline were
not inferior to other regimens for the eradication of H.
pylori infection.
In the meta-analysis of quadruple treatments with
amoxicillin and tetracycline, 10- or 14-d quadruple
regimens could achieve acceptable or good eradication
rates, but the effectiveness of a 7-d quadruple regimen
was unsatisfactory. These results are in line with most
[57-59]
previous studies
. According to subgroup analyses,
the OR of studies published in Chinese was greater
than those published in English (3.2 vs 0.63). Although
the quality of the studies included in our meta-analysis
was not consistently high and some limitations may
exist in study design that could affect the results, the
10- or 14-d quadruple regimen with a combination of
amoxicillin and tetracycline may be considered as one
[55]
option for the treatment of H. pylori infection . Our
results also generated additional information for the
further study of regimens, including amoxicillin and
tetracycline to treat H. pylori infection.
In our meta-analysis of triple therapy containing
amoxicillin and tetracycline for H. pylori infection, the
pooled eradication rate was 68.8% by ITT (less than
an acceptable level). Subgroup analyses indicated
significant differences associated with a 7-d regimen
and publication in Chinese. These differences may be
the result of the low quality of the studies included
in these subgroups, rather than reflecting the actual
treatment outcomes. Further study, with sufficient
sample size and good design, may be necessary to
corroborate the efficacy of the treatment regimen.
Notably, the 7-d triple regimen with a combination
of amoxicillin and tetracycline obtained a higher
eradication rate than 14-d triple regimens. The
reasons underlying this conflicting finding compared
to the results of quadruple-therapy regimens may be
the lower number of studies employing triple-therapy
7-d regimens (two RCTs) and the different populations
included in these studies. Furthermore, some non-RCTs
reported that 7-or 14-d triple regimens with amoxicillin
[22,34,35]
and tetracycline achieved poor eradication rates
.
In summary, triple therapy with a combination of
amoxicillin and tetracycline may not be suitable for H.
pylori eradication due to the lower eradication rate.
Several novel regimens for H. pylori infection have
been used by investigators in various countries as a
more effective alternative to traditional triple therapies,
including sequential therapy, concomitant therapy,
[56,60,61]
and hybrid therapy
. Sequential therapy with
amoxicillin and tetracycline has also garnered the
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Figure 3 Funnel plot of quadruple regimens (A), riple regimens (B) and
sequential therapy (C) with amoxicillin and tetracycline.

DISCUSSION
With antibiotic resistance rates of H. pylori rapidly
increasing, the efficacies of conventional triple
regimens are diminishing, and approximately 5%-35%
of patients fail to achieve eradication with first- or
[56]
second-line therapy . Therefore, investigators
are looking for a replacement for triple regimens.
Some regimens, such as quadruple therapy with
bismuth, sequential treatment, and concomitant the
rapy, have been considered as the substitution for
triple regimens for H. pylori eradication treatment.
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Table 4 Studies not included in meta-analysis
Region

Publication

Participants

H. pylori infection

Inventions
(duration)

Cases

United
States
United
Kingdom

Full text

Peptic ulcer

BAT 14

16

4

43%

1

Full text

NR

UBT and histology/
UBT and histology
histology or culture
/histology and culture

OAT 21 vs BT
28+M 14

17/26

4

58% vs
65%

1

Auriemma et al[34], 2001
Perri et al[35], 2002

Italy
Italy

Abstract
Full text

NR
Dyspepsia

NR/UBT
Histology and RUT/
UBT

63
89/88
/87

NR
4-6

Italy

Full text

NR

Culture/UBT

89

8

77.3%
35% vs
20% vs
36%
91%

2
1

Cammarota et al[25], 2004

OAT 7
LAT 7 vs
RBCAT 7 vs
LAD 7
OBTA 7

Sezgin et al[38],2007

Turkey

Full text

32

4

50%

1

Hungary

Full text

Histology and RUT
and UBT/UBT
histology and RUT/
UBT

PA 7-PMT 7

Buzás et al[39], 2008

Dyspepsia or
peptic ulcer
Duodenal
ulcer

PATN 14 vs
PATB 14

22/19

6

62% vs
55%

3

Akyildiz et al[42], 2009

Turkey

Full text

NR

Histology and RUT/
UBT

RBCAT 14/
RBCAT 14

58/57

6

34.5% vs
36.8%

1

Cetinkaya et al[26], 2010

Turkey

Full text

Histology/UBT

6

82%/79%

1

Turkey

Full text

PA 5- PTM 9 vs
PA5-PATM 9
PA 7-PTM 7

56/56

Ataseven et al[43], 2010

38

4

58%

1

Zhang[49], 2012
Tursi1 et al[52], 2012

China
Italy

Full text
Full text

RUT and UBT/UBT
NR/RUT or UBT

EBAT
PPI+A 5 PPI+Le+T 5

120
119

1 mo
1 mo

93%
67%

2
3

Uygun et al[53], 2012

Turkey

Full text

Histology/UBT

PBA 7 - PBTM 7

142

45 d

81%

1

Kadayifci et al[48], 2012

Turkey

Full text

6

79%/74%

1

Liou et al[54], 2013

Taiwan

Full text

Nonulcer
dyspepsia
2-type
Diabetes
mellitus with
H. pylori
NR
peptic ulcer
or gastritis or
duodenitis
nonulcer
dyspepsia
non-ulcer
dyspepsia
NR

≥6

80%/71%
/92%

3

Ref.

Graham et al[22], 1993
Lobo et al[19], 1994

Initial diagnosis⁄rechecking

Histology and RUT/
UBT

Histology and UBT/
EBAT 14/
100/100
UBT
EATM 14
UBT or two of RUT, EA 7- EMC 7 vs 19/65/51
histology and culture EA 7-EMT 7 vs
EA 7 - EMLe 7

Follow- Eradication First or second
or three line
up (wk) rate by
1
therapy
ITT

3

1

Indicates first-line treatment for H. pylori; Indicates second-line treatment; Indicates third-line treatment. NR: Not reported; UBT: Urea breath test; RUT:
Rapid urease test; O: Omeprazole; A: Amoxicillin; T: Tetracycline; B: Bismuth; C: Clarithromycin; M: Metrodinazole; P: Pantoprazole; E: Esomeprazole; L:
Lansoprazole; D: Doxycycline; F: Furazolidone; Le: Levofloxacin; RBC: Ranitidine bismuth citrate.

[61]

[15]

attention of some investigators . Our meta-analysis
that found the eradication rate of sequential therapy
to be higher than that of control treatment(70.3% vs
57.3%, P < 0.001). These results are consistent with
[51]
one study . However, the pooled eradication rate
was below an acceptable level. Therefore, sequential
therapy including a combination of amoxicillin and
tetracycline may not be an appropriate treatment for H.
pylori infection.
Earlier studies not included in the meta-analysis
reported that in combination with PPI or RBC, amo
xicillin and tetracycline achieve poor eradication
[20,22,42]
rates
, but they had some limitations: small
sample size, no control groups, and low quality of the
studies.
Failure to eradicate H. pylori through first-or
second-line treatment remains a challenge. The
Maastricht IV consensus report recommended that
treatment after failure of second-line therapy should

WJG|www.wjgnet.com

be guided by antimicrobial susceptibility testing .
The combination of amoxicillin and tetracycline may
be one option due to the low resistance of H. pylori to
[7,8]
amoxicillin and tetracycline .

Strengths and limitations

To diminish bias, the study selection, data extraction,
and evaluation of study quality were performed by
two reviewers. Most of the clinical trials in English
and Chinese that used amoxicillin and tetracycline to
treat H. pylori were identified by the current systemic
review and meta-analysis. We comprehensively
analyzed the efficacy of the combination of tetracycline
and amoxicillin for anti-H. pylori treatment. Metaregression and sensitivity analyses support the
reliability of our meta-analysis outcomes.
This study had several limitations. First, most
of the studies included in our meta-analysis had
problems with concealment of allocation and blinding,
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which could have affected our results, although we
performed sensitivity analysis to verify the reliability of
our findings. Second, some obvious heterogeneity was
present in the meta-analysis, although we conducted
subgroup analyses and meta-regression analyses
to decrease its effects. Third, bias may exist across
published languages, and thus our meta-analysis
probably does not reflect all the outcomes of the
combination of amoxicillin and tetracycline. Finally, we
requested unpublished data from some authors but
received no response, and introduction of bias on that
basis is possible.
In conclusion, available data suggest that the
combination of amoxicillin and tetracycline for H.
pylori infection does not appear to be inferior to other
regimens whether used as a first, second, or thirdline treatment. Both 10- and 14-d regimens involving
a combination of tetracycline and amoxicillin can
provide an acceptable eradication rate, but further
investigation may be necessary to confirm the efficacy
of the combination.
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METHODS: We performed a systematic literature
search of multiple online electronic databases. Metaanalysis was conducted to evaluate risk ratio (RR) and
95% confidence interval (CI) of combined studies for
the treatment of patients with esophageal variceal
bleeding between EVL and EIS.
RESULTS: Fourteen studies comprising 1236 patients
were included in the meta-analysis. The rebleeding rate
in actively bleeding varices patients in the EVL group
was significantly lower than that in the EIS group (RR =
0.68, 95%CI: 0.57-0.81). The variceal eradication rate
in actively bleeding varices patients in the EVL group
was significantly higher than that in the EIS group (RR
= 1.06, 95%CI: 1.01-1.12). There was no significant
difference about mortality rate between the EVL
group and EIS group (RR = 0.95, 95%CI: 0.77-1.17).
The rate of complications in actively bleeding varices
patients in the EVL group was significantly lower than
that in the EIS group (RR = 0.28, 95%CI: 0.13-0.58).
CONCLUSION: Our meta-analysis has found that
EVL is better than EIS in terms of the lower rates
of rebleeding, complications, and the higher rate of
variceal eradication. Therefore, EVL is the first choice
for esophageal variceal bleeding.
Key words: Esophageal variceal bleeding; Endoscopic
variceal ligation; Endoscopic injection sclerotherapy;
Rebleeding; Variceal eradication; Meta-analysis
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Abstract

Core tip: We performed a meta-analysis to evaluate
risk ratio and 95% confidence interval (CI) of combined
studies for the treatment of patients with esophageal
variceal bleeding between endoscopic variceal ligation

AIM: To compare the effect of endoscopic variceal
ligation (EVL) with that of endoscopic injection scl
erotherapy (EIS) in the treatment of patients with
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(EVL) and endoscopic injection sclerotherapy (EIS). Our
meta-analysis has found that EVL is better than EIS in
terms of the lower rates of rebleeding, complications,
and the higher rate of variceal eradication. Therefore,
EVL is the first choice for esophageal variceal bleeding.

and complication rate
. However, all of those
studies comprised only a small number of patients with
active variceal bleeding, and have come to conflicting
conclusions.
To critically appraise and synthesize the current
evidence on endoscopic therapy for esophageal
variceal bleeding, we conducted a meta-analysis
combining the results of randomized controlled trials
that compared EVL with EIS, and thus provided
a quantitative estimate of the risk of rebleeding,
mortality, complications and variceal eradication.

Dai C, Liu WX, Jiang M, Sun MJ. Endoscopic variceal ligation
compared with endoscopic injection sclerotherapy for treatment
of esophageal variceal hemorrhage: A meta-analysis. World J
Gastroenterol 2015; 21(8): 2534-2541 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i8/2534.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i8.2534

MATERIALS AND METHODS
Literature search

We developed and adhered to a standard protocol for
study identification, inclusion, and data abstraction
in the conduct of this meta-analysis. We performed
a systematic literature search of the following elec
tronic databases: MEDLINE (1950-2014), EMBASE
(1947-2014), Cochrane library (1993-2014), Web
of Science (1900-2014), and PubMed (1950-2014).
Bibliographies from relevant gastrointestinal meetings
including Digestive Disease Week, The Annual Meeting
of the American College of Gastroenterology, and
United European Gastroenterology Week during years
2000-2014 were manually searched for relevant
studies. Medical subject headings for our literature
review included “esophageal varices”, “esophageal
variceal bleeding “, “variceal bleeding “, “endoscopic
injection sclerotherapy”, “EIS”, “endoscopic variceal
ligation”, and “EVL”. Citations from identified articles
were then cross-referenced for completeness.

INTRODUCTION
Esophageal variceal bleeding is the most common
(as many as 30%) in all patients presenting with
[1]
upper gastrointestinal tract hemorrhage . Acute
esophageal variceal bleeding is an intractable
complication of portal hypertension. Patients with
esophageal variceal bleeding have higher rates of
rebleeding, complications, and death than patients
[2-5]
with nonvariceal bleeding such as ulcer bleeding .
Traditional measures have included balloon tamponade,
vasoconstrictors, and surgical intervention, but these
measures did not significantly reduce the rate of
rebleeding, complications and improve survival.
Endoscopic injection sclerotherapy (EIS) has been
gradually applied to the management of esophageal
[6]
variceal bleeding since the mid-1970s . And EIS
performed as the first effective measure proved to
be superior to vasoconstrictors or balloon tampo
nade in the control of acute esophageal variceal
[7-9]
bleeding . However, EIS is associated with some
complications such as adverse pulmonary and renal
effects, esophageal ulceration, stricture, perforation,
[10]
and death . Complications occur in up to 40% of
patients, and treatment-related death in 1% to 2%.
Endoscopic variceal ligation (EVL) was introduced
[11]
in 1986 , and it is now considered by many clinici
ans to be the treatment of choice for patients with
esophageal variceal bleeding. In theory, this purely
mechanical method of obliterating varices should
produce no systemic sequelae, and since the quantity
of tissue ligated is limited by the design of the device,
it should also result in few complications involving the
[12]
esophageal wall . The incidence of complications,
such as pneumonia and esophageal stricture, which
[13,14]
were associated with EVL was very low
. Some
randomized controlled trials indicated that EVL is
at least as effective and safe as EIS. Now EVL has
been gradually adopted to substitute for EIS in the
treatment of esophageal variceal bleeding.
Some randomized controlled trials have compared
EVL with EIS in terms of sessions required to achieve
variceal obliteration, rebleeding rate, mortality rate

WJG|www.wjgnet.com

Study selection and data abstraction

Inclusion criteria included: (1) studies used a casecontrol, nested case-control, cross-sectional, and
cohort study design; (2) the study was a randomized
controlled comparison of EIS and EVL; (3) the study
population was composed of patients with esophageal
variceal bleeding; and (4) outcome measures were the
rate of rebleeding, mortality, complications or variceal
eradication.
We performed the data extraction via a standardi
zed data extraction form, collecting information on
the author, publication year, country, number of ca
ses, mean age of patients in the EVL group and EIS
group, Child-Pugh grade, and etiology. The outcome
of the analysis was the risk ratio (RR) of rebleeding,
mortality, complications or variceal eradication in
the EIS group vs the EVL group. Study references
and citations were collected in EndNote X4 software
application. All studies were reviewed by two inves
tigators (Dai C and Liu WX) to assess eligibility. The
data of studies which meet our eligibility criteria were
independently analyzed by two investigators. The co
llected information included author, publication year,
country, number of cases, mean age of patients in the
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Potentially relevant studies identified
and screened for retrieval (n = 35)
Studies excluded for reviews (n = 14)

Studies retrieved for more detailed
evaluation (n = 21)
Studies excluded for control group not
appropriate (n = 4)

Potentially appropriate studies to be
included in the meta-analysis (n = 17)
Studies withdrawn by outcome
for repeated publications (n = 3)
Studies included in the meta-analysis
(n = 14)

Figure 1 A flow diagram of articles retrieved and inclusion progress through the stage of meta-analysis.

Table 1 Characteristics of the included studies
Ref.

Year

Country

Stiegmann et al[12] 1992 United States

No. of EVL mean EIS mean Child-Pugh grade Etiology (alcoholic/
cases age (yr) age (yr)
(A/B/C)
viral/others)
129

51 ± 13

53 ± 13

42/62/25

105/-

77

44 ± 1

48 ± 2

13/46/18

61/0/16

32/50/52

22/90/22

16/46/58

27/-

35/46/30

15/93/3

55 ± 13

5/24/42

20/46/5

48.2 ± 3.5 49.4 ± 3.2

22/23/15

1/35/24

33/43/24

-

73/3/5

14/48/19

Laine et al[15]

1993 United States

Hou et al[16]

1995

China

134

Lo et al[17]

1995

China

120

Baroncini et al[19]

1997

Italy

111

Lo et al[20]

1997

China

Al Traif et al[27]

1999 Saudi Arabia

Masci et al[22]

1999

Italy

100

Liu et al[28]

1999

China

81

de la Peña et al[29] 1999

Spain

88

59

59

21/44/23

58/21/9

Zargar et al[24]

2002

India

49

9.1 ± 2.7

9.5 ± 2.8

-

-

Ferrari et al[25]

2005

Brazil

46

17/22/7

22/18/6

Monici et al[26]

2010

Brazil

70

48.5

47.8

57/13/0

20/24/26

Luz et al[30]

2011

Brazil

100

54.48

50.24

5/43/35

36/34/30

71
60

60.1 ± 12.1 61.0 ± 11.7
57 ± 13

54 ± 12

63.0 ± 9.1 61.4 ± 9.8
53 ± 15

59.5

63.8

48.2 ± 8.5 50.1 ± 9.1

49.1 ± 13.2 49.3 ± 10.7

Complications

Follow-up

Esophageal strictures, and
10 mo
other infections
Esophageal strictures and
3 mo
esophageal ulcers
Esophageal strictures and
3 mo
esophageal ulcers
Esophageal strictures and
295 ± 120 d
esophageal ulcers
(EIS); 310 ± 105
d (EVL)
Esophageal strictures and
3 mo
esophageal ulcers
Esophageal strictures and
1 mo
esophageal ulcers
Esophageal strictures and
3 mo
esophageal ulcers
Esophageal strictures and
3 mo
esophageal ulcers
Esophageal strictures and
3 mo
esophageal ulcers
Esophageal strictures and
3 wk
esophageal ulcers
Esophageal strictures and
3 mo
esophageal ulcers
Esophageal strictures and
1 yr
esophageal ulcers
Esophageal strictures and
1 mo
esophageal ulcers
Esophageal strictures and
6 wk
esophageal ulcers

EVL: Endoscopic variceal ligation; EIS: Endoscopic injection sclerotherapy.

EVL group and EIS group, Child-Pugh grade (A/B/C),
etiology (alcoholic/viral/others), complications, and
follow-up. Discordant results were adjudicated by the
senior author (Sun MJ). The paired agreement among
the authors was 0.998. The methodological quality of
each trial was assessed using the following criteria:
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study design, method of esophageal variceal bleeding
diagnosis and method of patient enrollment.

Data synthesis and analysis

The presence of inter-study heterogeneity was calculated
2
by the χ -based Q-test, and significance was set at
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Study ID

RR (95%CI)

%weight

Stiegmann (1992)

0.75 (0.50, 1.14)

14.58

Laine (1993)

0.60 (0.32, 1.15)

7.95

Hou (1995)

0.55 (0.29, 1.01)

10.43

Lo (1995)

0.93 (0.65, 1.35)

14.45

Baroncini (1997)

0.85 (0.38, 1.94)

4.87

Lo (1997)

0.50 (0.21, 1.22)

5.17

Masci (1999)

0.54 (0.33, 0.87)

13.27

Liu (1999)

0.85 (0.34, 2.13)

3.84

De (1999)

0.62 (0.36, 1.06)

10.40

Al Traif (1999)

0.67 (0.24, 1.87)

3.43

Ferrari (2005)

0.25 (0.06, 1.05)

3.79

Zargar (2002)

0.16 (0.02, 1.23)

2.90

Monici (2010)

0.15 (0.01, 2.82)

1.61

Gustavo (2011)

1.57 (0.66, 3.72)

3.32

0.68 (0.57, 0.81)

100.00

2

Overall (I = 9.0%, P = 0.354)

0.00809

1

124

Figure 2 Forest plot of the rebleeding rate in the treatment of esophageal variceal bleeding by endoscopic variceal ligation vs endoscopic injection
sclerotherapy. EVL: Endoscopic variceal ligation; EIS: Endoscopic injection sclerotherapy.
Begg’s funnel plot with pseudo 95% confidence limits

RESULTS

4

Study selection and data collection

Our meta-analysis identified a total of 35 studies. After
carefully cross-referencing the titles, abstracts and
keywords, potentially relevant studies were evaluated
for potential inclusion (Figure 1). Ultimately, 17 studies
were reviewed in detail, of which 14 met inclusion
criteria and were included in the meta-analysis. Deta
ils regarding the included studies, including author,
publication year, country, number of cases, mean age
of patients in the EVL group and EIS group, ChildPugh grade (A/B/C), etiology (alcoholic/viral/others),
complications, and follow-up, can be found in Table 1.
The study sizes ranged from 46 to 134 and the mean
age ranged from 6 to 73 years. The mean follow-up
period ranged from 6 to 34 mo. More than 80% of
patients had cirrhosis. The proportion of patients with
alcoholic cirrhosis ranged from 1.7% to 81%, and viral
cirrhosis ranged from 0% to 84%. The proportion of
patients with Child A liver disease ranged from 7% to
81%, Child B liver disease from 3.7% to 60%, and
Child C liver disease from 0% to 59%.

logRR

2

0

-2

-4
0

0.5
SE of logRR

1

1.5

Figure 3 Begg’s Funnel plot analysis of each study.
2

the P < 0.10 level. The inconsistency index (I ) was
calculated to assess the variation caused by the
heterogeneity. If heterogeneity was observed among
the studies, the random-effects model was used to
estimate the pooled RR (the DerSimonian and Laird
method). Otherwise, the fixed-effects model was
adopted (the Mantel-Haenszel method). Summary
RR and 95% confidence interval (CI) were used to
describe the risk of rebleeding, mortality, complications
and variceal eradication in the EIS group vs the EVL
group. Publication bias was assessed by funnel plot
analysis. Meta-analysis was done using STATA 12.0.
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Rebleeding and variceal eradication

Fourteen studies in the meta-analysis included 1236
patients with esophageal variceal bleeding. The
rebleeding rate in actively bleeding varices patients
in the EVL group was significantly lower than that in
the EIS group (RR = 0.68, 95%CI: 0.57-0.81) (Figure
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Study ID

RR (95%CI)

%weight

Hou (1995)

1.09 (0.94, 1.28)

12.73

Lo (1995)

1.18 (0.92, 1.51)

9.03

Baroncini (1997)

1.00 (0.91, 1.11)

12.33

Lo (1997)

1.30 (1.03, 1.65)

6.01

Masci (1999)

1.07 (0.91, 1.27)

9.85

Liu (1999)

1.00 (0.89, 1.13)

9.00

De (1999)

1.17 (0.88, 1.56)

6.65

Al Traif (1999)

1.09 (0.91, 1.29)

6.20

Ferrari (2005)

0.94 (0.68, 1.31)

4.32

Zargar (2002)

1.05 (0.91, 1.21)

5.39

Monici (2010)

1.00 (0.92, 1.08)

8.17

Gustavo (2011)

0.91 (0.75, 1.09)

10.33

1.06 (1.01, 1.12)

100.00

2

Overall (I = 5.3%, P = 0.393)

0.606

1

1.65

Figure 4 Forest plot of the variceal eradication rate in the treatment of esophageal variceal bleeding by endoscopic variceal ligation vs endoscopic
injection sclerotherapy. EVL: Endoscopic variceal ligation; EIS: Endoscopic injection sclerotherapy.

2), suggesting that the rebleeding in esophageal
variceal bleeding patients was more likely to occur in
the EIS group compared with the EVL group. There
was statistically significant homogeneity (P = 0.354).
The funnel plot (Figure 3) was generally symmetrical,
showing no evidence of publication bias (Begg’s test, Z
= 1.31, P = 0.189).
The variceal eradication rate in actively bleeding
varices patients in the EVL group was significantly
higher than that in the EIS group (RR = 1.06, 95%CI:
1.01-1.12) (Figure 4), suggesting that EVL was more
effective in the variceal eradication in esophageal
variceal bleeding patients than EIS.

effects of EVL with EIS in the treatment of patients
with esophageal variceal bleeding. By synthesizing all
available data from previous studies, the meta-analysis
provide a more precise estimate than the results which
can be obtained from all individual studies. The overall
rebleeding rate in the EVL group of these studies was
21.7%, while the rebleeding rate in the EIS group was
33.1%. Although only one of these studies (Masci,
1999) showed a significantly lower rebleeding rate in
the EVL group than in the EIS group, other studies
showed different results. From the results of our metaanalysis, we have found that the rebleeding rate in
EVL group was significantly lower than that in the EIS
group (Figure 2). The main reason of rebleeding was
varices or treatment-induced ulcers.
EVL requires placement of an opaque cylinder in
front of the endoscope. This therapy can affect the
endoscopic vision. Visualization is very important
for treatment in a patient with esophageal variceal
bleeding, and may be more impaired when treating
by EVL than by EIS. Although the visualization of EIS
is better than that of EVL, our meta-analysis shows
that EVL achieved a higher variceal eradication rate
than EIS in these studies (Figure 4). In the future,
the opaque cylinder will be replaced by a clear plastic
cylinder which can provide better visualization in
patients with esophageal variceal bleeding.
We have not only assessed the efficacy of EIS and
EVL, but also evaluated the complications and side
effects. The mortality seen with EVL in these studies
was 22.8%, while the mortality with EIS was 24.6%.
Our meta-analysis shows that there was no significant

Mortality and complications

There was no significant difference about mortality
rate between the EVL group and EIS group (RR =
0.95, 95%CI: 0.77-1.17) (Figure 5). At the same
time, the rate of complications in actively bleeding
varices patients in the EVL group was significantly
lower than that in the EIS group (RR = 0.28; 95%CI:
0.13-0.58) (Figure 6). Bleeding from treatmentinduced ulcers, esophageal perforation and strictures
were less frequently in patients treated by EVL, but the
difference was not statistically significant. There were
significant differences between the two therapies in
the proportion of pulmonary infections or episodes of
spontaneous bacterial peritonitis.

DISCUSSION
The purpose of this meta-analysis was to compare the
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Study ID

RR (95%CI)

%weight

Stiegmann (1992)

1.52 (1.07, 2.18)

19.87

Hou (1995)

1.27 (0.62, 2.60)

8.47

Lo (1995)

0.51 (0.26, 1.00)

14.88

Baroncini (1997)

0.95 (0.47, 1.92)

9.49

Lo (1997)

0.54 (0.24, 1.20)

9.64

Masci (1999)

0.91 (0.42, 1.95)

8.47

Liu (1999)

0.80 (0.37, 1.72)

8.58

De (1999)

0.88 (0.38, 2.01)

7.35

Al Traif (1999)

0.40 (0.11, 1.41)

5.57

Ferrari (2005)

0.60 (0.16, 2.22)

3.85

Monici (2010)

1.06 (0.16, 7.10)

1.50

Gustavo (2011)

2.00 (0.53, 7.56)

2.31

0.95 (0.77, 1.17)

100.00

2

Overall (I = 32.8%, P = 0.128)

0.114

1

8.74

Figure 5 Forest plot of the mortality rate in the treatment of esophageal variceal bleeding by endoscopic variceal ligation vs endoscopic injection
sclerotherapy. EVL: Endoscopic variceal ligation; EIS: Endoscopic injection sclerotherapy.

Study ID

RR (95%CI)

%weight

Stiegmann (1992)

0.07 (0.01, 0.54)

Laine (1993)

0.04 (0.00, 0.62)

4.45

Lo (1995)

0.18 (0.04, 0.76)

8.15

Baroncini (1997)

0.28 (0.12, 0.65)

10.36

Lo (1997)

0.18 (0.04, 0.78)

8.21

Masci (1999)

0.47 (0.24, 0.94)

10.80

Liu (1999)

0.06 (0.00, 0.96)

4.39

De (1999)

0.35 (0.15, 0.78)

10.41

Al Traif (1999)

1.04 (0.49, 2.19)

10.64

Ferrari (2005)

0.83 (0.68, 1.01)

11.81

Zargar (2002)

0.16 (0.02, 1.23)

6.28

Monici (2010)

0.26 (0.06, 1.16)

8.10

0.28 (0.13, 0.58)

100.00

2

Overall (I = 86.5%, P = 0.000)

0.00234

1

6.40

428

Figure 6 Forest plot of the complication rate in the treatment of esophageal variceal bleeding by endoscopic variceal ligation vs endoscopic injection
sclerotherapy. EVL: Endoscopic variceal ligation; EIS: Endoscopic injection sclerotherapy.

difference about mortality rate between the EVL
group and EIS group (Figure 5). Some studies have
demonstrated that prevention of esophageal variceal
bleeding by surgical therapy or medical treatment
does not necessarily decrease mortality and improve
survival. Deaths due to bleeding or other causes
occurred less frequently in the EVL group than in the
EIS group. Local complications such as esophageal

WJG|www.wjgnet.com

strictures were less common in the EVL group than
in the EIS group (Figure 6). There were no significant
differences about systemic complications such as
pulmonary infections and bacterial peritonitis in the
two groups.
The costs of the equipment and material required
for EVL or EIS in esophageal variceal bleeding are
similar. In addition to cost differentials that may occur
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in relation to differences in efficacy (variceal eradication
and rebleeding) or complications (local complications
and systemic complications), substantial cost savings
is likely if the treatment requires fewer endoscopic
treatment sessions. However, an in-depth economic
evaluation is warranted to carefully evaluate all of the
costs and consequences of these two treatments in
the management of patients with esophageal variceal
bleeding.
Our meta-analysis has several limitations. First, our
meta-analysis has included some studies from different
countries which have ethnic differences. Second, the
etiology and severity of esophageal varices in these
studies were different. Third, these medical institu
tions in the included studies have different medical
facilities and medical technology, so the treatment for
esophageal variceal bleeding such as EVL and EIS may
lead to different results.
In conclusion, on the basis of lower rates of re
bleeding, mortality, and complications (local compli
cations and systemic complications) and higher
rates of variceal eradication, our meta-analysis has
found that EVL should be considered the appropriate
endoscopic treatment option for patients with eso
phageal variceal bleeding. Of course, further largescale randomized controlled trials will be helpful in
more firmly establishing the efficacy of EVL for patients
with esophageal variceal bleeding.

This is a good meta-analysis on the endoscopic treatment of bleeding
esophageal varices. The authors present a systematic review and metaanalysis to answer the question of preferred treatment modality for patients
presenting with variceal bleeding. The primary therapies compared in this study
are EVL and EIS. The meta-analysis shows the benefit of EVL compared to EIS
in terms of significantly lower rebleeding rates and comparable mortality.
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CASE REPORT

Catastrophic gastrointestinal complication of systemic
immunosuppression
Lyn Alexandra Smith, Mitali Gangopadhyay, Daniel R Gaya
Viral infection of the upper gastrointestinal tract is a
recognised complication of immunosuppression and
HSV is one of the most common pathogens. CMV
on the other hand most commonly causes a colitis
or less commonly oesophagitis. CMV enteritis is rare
as is the synchronous infection with two viral agents
in an immunocompromised patient having being
described in a few case series only. Viral infection
of the gastrointestinal tract in immunocompromised
patients should be treated with systemic anti-viral
medication and consideration to withdrawal of the
immunosuppressive therapy if possible and appropriate.
The authors highlight the need for a high suspicion of
viral infection in immunosuppressed patients presenting
with upper gastrointestinal bleeding.
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Core tip: Viral infection of the gastrointestinal tract is a
recognised complication of immunosuppression and in
severe cases can lead to gastrointestinal haemorrhage.
Although uncommon, synchronous infection with more
than one viral agent is possible. Clinicians should have
a low threshold for suspecting viral aetiology of mucosal
inflammation and ulceration in immunosupressed
patients and consider empirical antiviral therapy in
immunosupressed patients.

Abstract
We present a case of acute upper gastrointestinal
haemorrhage in a patient with systemic vasculitis
immunosuppressed on cyclophosphamide and pred
nisolone. The patient presented with a diffuse hae
morrhagic oesophagitis and a non-specific duodenitis.
Biopsies taken from the oesophagus and duodenum
demonstrated infection with herpes simplex virus
(HSV) and cytomegalovirus (CMV) respectively.
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INTRODUCTION

A

Viral infection of the gastrointestinal tract is a recognised complication of immunosuppression. Herpes
simplex virus (HSV) infection usually causes small
vesicles and superficial ulcers, however in the context
of immunosuppression the ulcers can become necrotic and lead to a diffuse hemorrhagic oesophagitis
[1]
as illustrated in this case . Cytomegalovirus (CMV)
most commonly causes a colitis and less commonly
[2]
oesophagitis . CMV enteritis is rare, as is dual infectivity in the upper gastrointestinal tract with both HSV
and CMV, having been reported in a few case series
[3]
only .

B

CASE REPORT
A 79-year-old lady presented to our institution with
melaena and haematemesis. Six weeks earlier, with
no significant past medical history, she had developed
an acute kidney injury, peripheral oedema and evidence of nephrotic syndrome and underwent a renal
biopsy which diagnosed myeloperoxidase anti-neutrophil cytoplasmic antibody positive vasculitis. She was
commenced on cyclophosphamide 100 mg nocte and
high dose, tapering oral corticosteroid (prednisolone
60 mg) with prophylactic co-trimoxazole. By the time
of presentation with symptoms of upper gastrointestinal haemorrhage she had been on 6 wk of high dose
corticosteroids (40 mg prednisolone) and remained
on the same dose of cyclophosphamide. She had
complained of mouth ulceration in the two weeks preceding this admission, which had been treated with
topical bonjela and nystatin by the nephrologists with
no specific diagnosis having been made. Haematology
at that time demonstrated a normal total white blood
9
cell count (7.6 × 10 /L); normal neutrophil count (7.6
9
9
× 10 /L) but a lymphocytopenia (0.2 × 10 /L) was
noted.
She was hemodynamically shocked on presentation with her upper gastrointestinal haemorrhage with
ongoing evidence of peripheral edema. Initial hemoglobin was 106 g/L, with moderate thrombocytopenia
and normal coagulation studies. She had evidence
of acute on chronic kidney injury with a serum urea
of 40.4 mmol/L and creatinine of 422 μmol/L. After
appropriate resuscitation with both intravenous crystalloids and transfusion of 2 units of packed red cells
she attended for an emergency upper gastrointestinal
endoscopy. This showed discrete raised plaques in her
upper oesophagus (Figure 1A) and diffuse bleeding
from necrotic mucosa in the lower oesophagus (Figure 1B). The macroscopic appearances in the second
part of the duodenum (Figure 1C) revealed a nonspecific duodenitis. Biopsies were taken from both
the upper oesophagus and duodenum. The lesions
shown in Figure 1A are typical of HSV oesophagitis;
confirmed with histological and immunohistochemical
examination. Figure 2A shows the typical appearance

WJG|www.wjgnet.com

C

Figure 1 Endoscopic appearance. A: Upper oesophagus showing raised
whitish plaques which were thought to be viral in origin at the time of
endoscopy; B: Lower oesophagus showing severe confluent oesophagitis with
necrosis and active bleeding; C: Second part of duodenum showing a non
specific duodenitis.

of HSV esophagitis with ulcer, inflammatory debris
and multinucleated squamous cells with ground glass
intranuclear inclusions; positive with subsequent
HSV immunostains (Figure 2B). The histology of the
duodenal biopsies (Figure 2C) demonstrates large eosinophilic inclusion bodies of CMV; again confirmed on
immunohistochemistry (Figure 2D). Serology showed
CMV DNA PCR positivity (log 7.95 copies/mL). HSV
serology was not confirmed. She had no previous
virological results and thus it was unclear of these
infections were reactivations or de novo infections.
Cyclosphosphamide immunosuppression was stopped
immediately after endoscopy, however steroids were
continued and the dose increased due to risk of adrenal dependency. The patient continued to have
worsening renal failure requiring haemodialysis and
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A

B

C

D

Figure 2 Histology and immunohistochemical staining. A: Histology of upper oesophageal biopsies; B: Immunohistochemical staining of oesophageal biopsies
showing herpes simplex virus; C: Histology of duodenal biopsies; D: Immunohistochemical staining of duodenal biopsies showing cytomegalovirus.

Imaging diagnosis

unfortunately died five days later of overwhelming
sepsis despite treatment with intravenous aciclovir 10
mg/kg 8 hourly which was switched after 48 h to intravenous ganciclovir 1.25 mg/kg per day.

After resuscitation the patient attended for an urgent upper gastrointestinal (GI)
endoscopy which demonstrated a severe oesophagitis with active bleeding and
plaques suggestive of viral aetiology and a non-specific appearing duodenitis.

Pathological diagnosis

Oesophageal biopsies demonstrated small fragments of oesophageal mucosal
tissue with nuclear vacuolar changes typical of herpes viral infection whilst
duodenal biopsies showed erosive and degenerative changes and were
positive for cytomegalovirus (CMV) on immunostaining.

DISCUSSION
This case demonstrates the risk of serious infectious
gastrointestinal complications of immunosuppression.
A high suspicion for viral infection, particularly when
gastrointestinal ulceration is present, and a low threshold for empirical anti-viral treatment are vital in this
patient cohort. When the diagnosis is suspected at the
time of endoscopy biopsies should be taken along with
serum for virological testing. Consideration to stopping
immunosuppression along with empiral anti-viral
treatment whilst awaiting confirmation is advised.

Treatment

The patient was resuscitated with intravenous fluids, blood transfusion and was
started on systemic anti-viral therapy with acyclovir and then ganciclovir; her
immunosuppressant was withheld.

Related reports

Dual viral infection in the upper GI tract has only rarely been described
previously.

Term explanation

CMV and herpes simplex virus (HSV) are both from the herpesvirus family and
are rare causes of upper GI ulceration and bleeding.

Experiences and lessons

Clinicians need to consider viral infection as an aetiology of upper GI hae
morrhage in immunosuppressed patients presenting with haematemesis and/or
melana.

COMMENTS
COMMENTS
Case characteristics

Peer-review

A 79-year-old immunosuppressed patient presented with haematemesis and
melaena.

The authors have described a case of dual HSV and CMV infection in the upper
GI tract of an immunosuppressed patient with renal vasculitis presenting as a
GI bleed. The article highlights the need for empirical antiviral therapy in this
setting and the need to consider the diagnosis in the first place.

Clinical diagnosis

The patient was noted to be haemodynamically compromised with evidence of
peripheral oedema.

Differential diagnosis
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CASE REPORT

Portomesenteric venous thrombosis: An early postoperative
complication after laparoscopic biliopancreatic diversion
Manuela Cesaretti, Hosam Elghadban, Nicola Scopinaro, Francesco Saverio Papadia
by abdominal ultrasound and computed tomography
with intravenous contrast. The portomesenteric venous
thromboses in all three cases presented as unexpected
abdominal pain several days after discharge from
the hospital. The complications occurred despite ad
equate perioperative prophylaxis and progressed to
bowel gangrene in the diabetic patients only. These
cases demonstrate the occurrence of this rare type of
complication, which may be observed by physicians that
do not routinely treat bariatric patients. Awareness of
this surgical complication will allow for early diagnosis
and prompt initiation of adequate therapy.
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Core tip: As the number of bariatric operations has
risen sharply in the past ten years, severe postoperative
complications are likely to occur more frequently.
Perioperative acute portal vein thrombosis is one such
potential complication that has not yet been reported
after biliopancreatic diversion. The first reported
cases of portal vein thrombosis following laparoscopic
biliopancreatic diversion are described, which occurred
early in the postoperative period despite adequate
perioperative prophylaxis. An early diagnosis made by
abdominal ultrasound and computed tomography will
allow for prompt initiation of adequate therapy.

Abstract
The number of bariatric operations, as well as the
incidence of perioperative complications, has risen
sharply in the past ten years. Perioperative acute portal
vein thrombosis is an infrequent and potentially severe
postoperative complication that has not yet been
reported after biliopancreatic diversion (BPD). Three
cases are presented of portal vein thrombosis that
occurred following BPD treatment for morbid obesity
and type 2 diabetes. The thromboses were detected
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repeated, confirming the continued presence of PMVT
(Figure 1). The patient was administered a heparin
infusion throughout her hospitalization and recanalization was performed uneventfully one month later.
Pre-discharge Doppler US and CT scans showed
complete patency of the superior mesenteric and
portal veins without portal cavernoma formation. The
patient was prescribed fondaparinux and discharged
from the hospital.

INTRODUCTION
Obesity has become a worldwide epidemic affecting up
[1,2]
to 25% of the population in developed countries .
The National Institutes of Health have concluded that
surgical therapy offers the best long-term chance
of successfully treating morbid obesity for most pa[3]
tients . Indeed, the number of bariatric operations
has risen sharply in the past ten years, with 66339
procedures performed between 2005 and 2007 in 235
American Bariatric and Metabolic Centers of Excellence
[4]
alone . The incidence of complications after bariatric
[5]
surgery varies greatly, but can be as high as 7% .
Furthermore, there is a clear trend towards early
postoperative hospital discharge. Therefore, physicians unaccustomed to treating bariatric patients will
increasingly be confronted with and required to treat
[6]
patients with postoperative complications . Biliopancreatic diversion (BPD) is one such surgical procedure
that can present complications to the treating primary
physician. Although acute portomesenteric vein thrombosis (PMVT) is an infrequent and potentially severe
[7]
postoperative complication , it is a possible cause of
unexplained and unexpected abdominal pain in the
immediate postoperative period. Three cases are presented of patients who underwent BPD that presented
with signs of perioperative PMVT.

Case 2

CASE REPORT
Case 1

A 51-year-old female with a body mass index (BMI)
2
of 28.4 kg/m underwent standard laparoscopic BPD
in a pilot study evaluating the effect of BPD on type
2 diabetes mellitus. Preoperative laboratory findings
were unremarkable, except for a high glycated hemoglobin level of 8%. Routine thromboprophylaxis in
the form of 6000 IU of low molecular weight heparin
(LMWH) was initiated immediately after admission
and elastic stockings were applied intraoperatively.
Laparoscopic BPD was performed without remarkable events. In the immediate postoperative period,
routine prophylactic anticoagulation was continued
and ambulation was encouraged. The patient was
discharged on the fifth postoperative day. Three days
later the patient was admitted to a local emergency
hospital because of abdominal pain. She was given
analgesics and discharged. Two days later she again
returned to the hospital presenting with frank signs
of an acute abdomen. A computed tomography (CT)
scan showed extensive PMVT. The patient was admitted for surgery, upon which gangrene of the biliopancreatic limb was found, necessitating resection and
anastomosis 70 cm caudal to the ligament of Treitz,
in the absence of internal herniation. Two days later
the patient’s condition deteriorated and relaparotomy
with re-resection and exteriorization was performed.
She was transferred to our unit where Doppler ultrasound (US) and contrast enhanced CT scans were
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2

A diabetic 68-year-old male with a BMI of 35.4 kg/m
was admitted to our hospital for bariatric surgery.
Routine thromboprophylaxis in the form of 6000 IU
of LMWH was initiated immediately after admission.
The patient underwent a standard laparoscopic BPD
without remarkable events and elastic stockings were
applied intraoperatively. In the immediate postoperative period, routine prophylactic anticoagulation was
continued and early ambulation was encouraged. The
patient was discharged on the fifth postoperative day.
Ten days later the patient was readmitted to the hospital because of abdominal pain. On evaluation, the
patient presented with frank signs of an acute abdomen and shock. A CT scan showed dilatation of small
intestinal loops and PMVT. Examination revealed gangrene of the biliopancreatic limb with no signs of ischemia of the alimentary limb. No internal hernia was
found. Subtotal jejunal resection along the biliopancreatic limb was performed with exteriorization of the
bowel ends. The patient was administered a heparin
infusion throughout his hospitalization, with uneventful recanalization performed three months later. Predischarge Doppler US and CT scans showed complete
patency of the superior mesenteric and portal veins.

Case 3

A 22-year-old non-diabetic male with a BMI of 45.4
2
kg/m was admitted to our hospital for bariatric surgery. Routine thromboprophylaxis in the form of
6000 IU of LMWH was initiated immediately after
admission. There was no family or personal history of
coagulation disorders. Preoperative laboratory findings were unremarkable. The patient underwent a
standard laparoscopic BPD without remarkable events
and elastic stockings were applied intraoperatively. In
the immediate postoperative period, routine prophylactic anticoagulation was continued and early ambulation was encouraged. The patient was discharged
from the hospital on the fifth postoperative day. Ten
days later, he was admitted to a local hospital for
abdominal pain. PMVT was observed on Doppler US
and CT scans, and the patient was transferred to our
unit. A full blood investigation was initiated, including D-dimer and coagulation factor assays, which
showed an undiscovered heterozygous mutation in
coagulation factor Ⅱ. Anticoagulation with LMWH was
started immediately. There were no signs of intestinal
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Figure 1 Images of portomesenteric venous thrombosis. A: Computed tomography scan demonstrating a thrombus of the main portal vein (black arrow); B:
Intraoperative view of gangrene of the biliopancreatic limb.

ischemia and no surgery was necessary. The patient
was prescribed fondaparinux and discharged from the
hospital. A follow-up US showed minimal recanalization of the portal vein.

longed reverse Trendelenburg position that may be
necessary for various procedures) may exacerbate
portal venous stasis, as has been observed in experi[14,15]
mental models
. In support of this, we have not
observed any case of PMVT after open BPD, suggesting that laparoscopy has a role in the pathogenesis
of thrombus formation. In the cases presented here,
PMVT occurred despite adequate perioperative prophylaxis, and progressed to bowel gangrene in the
diabetic patients. It is possible that D-dimer assays
and pelvic-abdominal US may serve as an indicator of
ongoing thrombosis in the immediate postoperative
period, and are therefore advised for monitoring diabetic patients undergoing laparoscopic procedures.
Acute postoperative PMVT is a rare but life-threatening complication that can occur after laparoscopic
BPD. Early recognition is of paramount importance to
prevent the progression into bowel infarction. In addition to early laparoscopic exploration, abdominal US
and CT with intravenous contrast could be very useful
diagnostic tools. Treatment should include full anticoagulation, which is effective and safe, and resection
and exteriorization are also advised. Further investigations are needed to determine why PMVT occurs
only in the biliopancreatic limb and to identify additional methods that can be used for early detection.

DISCUSSION
The increased prevalence of obesity in the United
States and Europe is associated with a dramatic increase in the number of gastrointestinal operations
that are performed to treat the condition. Although
the results and complications of BPD, after nearly 30
years of clinical use, are well known by bariatric surgeons, there have been no reports of PMVT after BPD.
PMVT has been well documented since 1868, though
[8,9]
its prevalence is rare
and is usually associated with
cirrhosis, liver transplantation, malignancies, inflammatory disorders, hypercoagulable states and variable
physiologic derangements. Although there is a low
incidence, a prospective study on patients undergoing
[10]
splenectomy by Ikeda et al
revealed that PMVT occurred at a significantly higher rate with laparoscopy
versus open surgery, at 55% and 19%, respectively.
A variety of factors result from laparoscopic procedures, including pneumoperitoneum-induced hemodynamic changes, hypercapnia-induced mesenteric
vasoconstriction and coagulation impairment, which
may contribute to the development of PMVT. A report
by Takagi showed that portal venous trunk diameter
and blood flow were significantly decreased during
laparoscopy with intraperitoneal pressure elevation
[11]
above 10 mmHg . The majority of splanchnic vein
thromboses developed within the widely accepted
insufflation pressures of 12 to 15 mmHg, and elevation of intraperitoneal pressure to 7 and 14 mmHg
reduced mean portal blood flow by 37% and 53%,
respectively. However, the elevated portal venous
pressures that occur during laparoscopy normalize
[12]
after abdominal desufflation .
It has been reported that laparoscopy potentially
[13]
causes a prothrombotic state . In addition, the
patient’s position during laparoscopy (such as a pro-

WJG|www.wjgnet.com

COMMENTS
COMMENTS
Case characteristics

Three cases are presented of unexpected abdominal pain following la
paroscopic biliopancreatic diversion for treatment of morbid obesity and type 2
diabetes.

Clinical diagnosis
Frank acute abdomen.

Differential diagnosis

Internal hernia, anastomotic leakages, biliary peritonitis, mesenteric artery
ischemia.

Laboratory diagnosis

Unremarkable full blood examination in two patients, and identification of a
heterozygous mutation in coagulation factor Ⅱ in one patient.

Imaging diagnosis

Abdominal ultrasound and computed tomography imaging showed extensive
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portomesenteric venous thrombosis (PMVT) in the three patients, along with
dilatation of small intestinal loops in one patient.

5

Pathological diagnosis

Gangrene of the biliopancreatic limb is reported upon surgery in two cases.

6

Treatment

Surgery and anticoagulation with low molecular weight heparin for the patient
with heterozygous mutation of coagulation factor Ⅱ.

Related reports

7

Term explanation

8

Experiences and lessons

9

Acute postoperative PMVT is a rare complication of surgery. Clinical
presentation and blood tests are often unspecific. Imaging is a very useful
diagnostic tool.
In biliopancreatic diversion, approximately two-thirds of the stomach is removed
and the remaining portion is reconnected to the ileum bypassing almost nine
feet of this digestive organ. Cholecystectomy is also performed.
This report represents the first case of acute PMVT as a postoperative
complication after biliopancreatic diversion; acute abdominal pain after bariatric
surgery (especially laparoscopy) should be investigated early for a prompt
diagnosis and treatment.

10

Peer-review

This report of three cases provides important guidance to clinicians for the
prevention and treatment of PMVT after laparoscopic biliopancreatic diversion.

11
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maturity-onset diabetes of the young. However, the
hepatic phenotype of HNF1B variants is not well
studied. We present a female neonate born small
for her gestational age [birth weight 2360 g; -2.02
standard deviations (SD) and birth length 45 cm;
th
-2.40 SD at the 38 gestational week]. She developed
neonatal cholestasis due to biliary atresia and required
surgical intervention (portoenterostomy) when 32-d
old. Following the operation, icterus resolved, but
laboratory signs of liver dysfunction persisted. She had
hyperechogenic kidneys prenatally with bilateral renal
cysts and pancreatic hypoplasia postnatally that led to
the diagnosis of an HNF1B deletion. This represents the
most severe hepatic phenotype of an HNF1B variant
recognized thus far. A review of 12 published cases with
hepatic phenotypes of HNF1B defects allowed us to
distinguish three severity levels, ranging from neonatal
cholestasis through adult-onset cholestasis to noncholestatic liver impairment, all of these are associated
with congenital renal cysts and mostly with diabetes
later in life. We conclude that to detect HNF1B variants,
neonates with cholestasis should be checked for the
presence of renal cysts, with special focus on those who
are born small for their gestational age. Additionally,
patients with diabetes and renal cysts at any age
who develop cholestasis and/or exocrine pancreatic
insufficiency should be tested for HNF1B variants as the
true etiological factor of all disease components. Further
observations are needed to confirm the potential
reversibility of cholestasis in infancy in HNF1B mutation/
deletion carriers.

Abstract

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Hepatocyte nuclear factor 1-β (HNF1B ) defects cause
renal cysts and diabetes syndrome (RCAD), or HNF1B-
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cause renal cysts and diabetes syndrome (renal cysts
and diabetes; HNF1B-maturity-onset diabetes of the
young), but little is known on liver in these patients.
We succeeded to detect the most severe hepatic
phenotype of an HNF1B gene deletion in a female
neonate with cholestasis due to biliary atresia. She
required portoenterostomy when 32-d old. She had
bilateral renal cysts and pancreatic hypoplasia. A review
of 12 published cases allows distinguishing three
severity levels of liver impairment in HNF1B defects,
ranging from neonatal cholestasis through adult-onset
cholestasis to non-cholestatic liver disease. All have
renal cysts and later-onset diabetes.

neonatal cholestasis and jaundice due to the abnormally developed gall bladder and dysfunctional intrahepatic bile ducts. In addition, HNF1B and HNF1A
control genes that affect bile acid transport and me[14,15]
tabolism
.
[16]
Kitanaka et al
first described a patient with
neonatal cholestasis, liver dysfunction and hypercholesterolemia caused by a heterozygous mutation,
H153N, in HNF1B. The patient later developed nonautoimmune diabetes and was diagnosed with bilateral renal cysts. Two of his paternal ancestors died
from hepatic cancer and liver cirrhosis, and multiple
family members suffered from chronic renal insufficiency and/or liver disease. Unfortunately, a detailed
phenotypic characterization and genotyping of his
family members was unavailable.
Additionally, two patients with severe hepatic and
biliary phenotype due to monoallelic HNF1B muta[17]
tions/deletions were described by Beckers et al and
[18]
by Raile et al . Both patients presented with severe
neonatal jaundice, a paucity of intrahepatic bile ducts
at liver biopsy and a tendency toward improvement
in cholestasis in the late stages of the first year of life.
Recently, another patient with a de novo HNF1B mutation, S148L, and renal and hepatic dysfunction diagnosed at 3 mo of age was reported in Turkey when
[19]
he was investigated for failure to thrive . However,
he had no signs of cholestasis.
Adult-onset cholestasis due to HNF1B mutations
developed in three patients with known diabetes; the
first signs of cholestasis were noted at ages 33, 53
[20]
and 30 years . The authors found normal anatomy
of the intra- and extrahepatic bile ducts, but the patients were lacking primary cilia on their cholangiocytes. The authors proposed that HNF1B mutations
might be classified as ciliopathy.

Kotalova R, Dusatkova P, Cinek O, Dusatkova L, Dedic T,
Seeman T, Lebl J, Pruhova S. Hepatic phenotypes of HNF1B gene
mutations: A case of neonatal cholestasis requiring portoenterostomy
and literature review. World J Gastroenterol 2015; 21(8): 2550-2557
Available from: URL: http://www.wjgnet.com/1007-9327/full/v21/
i8/2550.htm DOI: http://dx.doi.org/10.3748/wjg.v21.i8.2550

INTRODUCTION
The hepatocyte nuclear factors (HNFs) are key
transcriptional regulators of embryonic and fetal
liver development and differentiation of the biliary
system. Their life-long expression in human hepatocytes (HNF4A and HNF6) and in biliary epithelial
cells (HNF1B, HNF3A and HNF3B) suggests that they
have a role in postnatal cell survival, function and
[1-3]
regeneration
. Of these, the hepatocyte nuclear
factor 1-β (HNF1B), encoded by the HNF1B gene, is
involved in transcriptional and functional regulation
not only of the liver and biliary system but also of the
kidneys, urogenital tract and pancreatic β-cells. Deficiency of this gene due to HNF1B point mutations or
whole gene deletions was first recognized in a small
subgroup of patients with maturity-onset diabetes
of the young (MODY) and was originally designated
[4-6]
as MODY5 . It has been demonstrated that HNF1B
is involved in regulating the β-cell transcription fac[7]
tor network . Due to the frequent co-occurrence of
MODY5 diabetes with renal cysts and/or other inborn
urogenital abnormalities, the syndrome associated
with HNF1B defects is now referred to as RCAD (renal
cysts and diabetes). In a recent single centre study,
9% of adult patients with chronic renal failure carried
[8]
a pathogenic HNF1B variant . Most of the HNF1B
[9-12]
variants are de novo whole gene deletions
. However, the hepatic and biliary phenotype of HNF1B defects has been recognized only in single patients up
to this point.
In mice, HNF1B is expressed in the embryonic gall
[13]
bladder, liver and intrahepatic bile ducts . Furthermore, it is expressed in the adult liver. It has been
shown to co-regulate morphogenesis of the biliary
[14]
system . HNF1B knockout mice suffer from severe
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CASE REPORT
The female patient reported here is the offspring of
healthy unrelated parents of Czech origin. There was
no family history of known diabetes, hepatic or renal
disease. She was born from a first pregnancy in the
th
38 gestational week with a birth weight of 2360 g
[-2.02 standard deviation (SD)] and birth length of 45
[21]
cm (-2.40 SD; according to normative data ). Fetal
hypotrophy and hyperechogenic kidneys were recogth
nized by ultrasound at the 30 gestational week.
Since the first day of life, she had apparently
acholic stools and gradually developed jaundice. At
day 4, her total bilirubin was 104 μmol/L and her
conjugated bilirubin was 32 μmol/L. Her level of
γ-glutamyltransferase was markedly increased (23.3
μkat/L), but her levels of alkaline phosphatase (2.3
μkat/L) and alanine-aminotransferase (0.42 μkat/L)
were normal. Her aspartate-aminotransferase level
was mildly elevated (1.27 μkat/L) (Table 1).
Abdominal ultrasound revealed bilateral renal
cysts with diameters up to 5 mm. Her liver had nor-
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Table 1 Laboratory data before and after portoenterostomy sec. Kasai that was performed at age 32 d
Age
4d
27 d
5 mo
19 mo
2 yr

Total bilirubin,
mmol/L

Conjugated
bilirubin, mmol/L

AST,
mkat/L

ALT,
mkat/L

GGT,
mkat/L

ALP,
mkat/L

Urea,
mmol/L

104
145
135
30
33

32
100
110
25
28

1.27
1.57
2.59
3.15
3.10

0.42
0.92
2.24
3.09
3.13

23.3
10.2
6.8
7.5
6.4

2.3
7.2
8.1
11.4
10.7

4.7
2.2
5.2
5.3
5.5

Creatinine, Cholesterol, Albumin,
mmol/L
mmol/L
g/L
81
29
22
18
21

2.7
3.7
9.5
6.7
6.7

36.0
36.8
42.0
42.7
43.9

INR

Mg,
mmol/L

0.91
1.05
0.84
0.95
0.92

NA
NA
NA
0.90
0.66

NA: Not available; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; GGT: γ-glutamyl transferase; ALP: Alkaline phosphatase; INR:
International normalized ratio.

giopancreatography (MRCP) identified multiple cystic
dysplasia of the left hepatic lobe at 2 years of age.
Seven cysts were found with diameters ranging from
2 to 7 mm (Figure 1). By the current age of 2 years,
rd
she is growing along the 3 centile and her PELD
score is “1”. She has normal blood glucose, fecal elastase activity and renal function. Mild hypomagnesemia was observed (0.66 mmol/L).
Following the parents’ written consent, the child
was included into a study to investigate genetic
causes of primary biliary atresia. The study was previously approved by the institutional ethical committee of the University Hospital Prague-Motol. Genetic
testing was initiated by direct sequencing of the JAG1
gene, mutations in which are recognized as a major
cause of Alagille syndrome and some additional cases
[22]
of severe biliary atresia . The findings were negative. The investigations continued with testing for
HNF1B using Multiple Ligation Probe-dependent Amplification (MLPA) and subsequent array Comparative
Genomic Hybridization methods. She was found to
carry an entire HNF1B gene deletion spanning 1698
kb, which was previously reported as causative in a
[23]
patient with MODY diabetes . None of her parents
carry an HNF1B gene deletion, indicating that the
mutation has arisen de novo in the proband.

Figure 1 Magnetic resonance cholangiopancreaticography provided at
age 2 years revealing in total seven cysts dispersed in the left hepatic
lobe (sized 2-7 mm), three of them being displayed at this slice (arrows).

mal echogenicity and echotexture; however, her gallbladder was small. Her pancreas was hypoplastic with
absent body and tail, the spleen was normal, and no
additional abnormalities were found. Her kidney function was normal. An infectious, metabolic or immunological basis for neonatal cholestasis was not found.
Due to progressive conjugated hyperbilirubinemia
and acholic stools, endoscopic retrograde cholangiopancreatography (ERCP) was performed at 30 d of
age. Normal pancreatic ducts were observed, but extrahepatic bile ducts were unrecognizable, which led
to the indication for explorative surgery that was then
provided at 32 d. Surgery revealed an atrophic gallbladder. Her choledochus and proximal extrahepatic
bile ducts were completely atretic and had been replaced by connective tissue. The surgeon performed
portoenterostomy sec. Kasai. Liver histology from a
preoperatively obtained wedge biopsy showed cholestasis without signs of gigantocellular hepatocyte
transformation or bile duct proliferation. Portal fields
were dilated with connective tissue, having thin or
atretic bile ducts. Close to the porta hepatis, the configuration of bile ducts resembled the findings typical
of biliary atresia.
Following surgery, the color of her stools normalized, and both the bilirubin and γ-glutamyltransferase
levels declined to mildly elevated values. Post-operative ultrasound follow-up revealed abnormal echotexture of her left hepatic lobe that was suspicious of a
cystic malformation. A magnetic resonance cholan-
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Review of published cases with hepatic involvement

Most of the published cases with HNF1B variants
were assessed for the presence of diabetes and/or
renal impairment, mostly renal cysts. To the best of
our knowledge, five detailed published reports have
focused on the hepatic phenotype in HNF1B mutation/whole gene deletion carriers. From these reports,
and with the addition of our own observations, we
managed to collect clinical and laboratory data on
liver disease in 12 subjects, which are summarized in
Table 2.

DISCUSSION
Interestingly, the detailed hepatic phenotypes available for the 12 patients with pathogenic HNF1B variants tend to cluster into three severity degrees of
liver dysfunction, ranging from neonatal cholestasis
through late-onset cholestasis to the mildest form
and non-cholestatic liver impairment.
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Sex/Origin GW/BW g (BW First clinical
SDS) (Lawrence symptoms (age)
1989)

Laboratory results
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M/
Japanese

[16]

F/?

M/?

[20] case
No. 1

[20] case
No. 2

Kidney function

Liver biopsy

Pancreas
morphology

NA

NA

Elevated AST/
ALT/GGT

Cystic
Chronic renal
Intrahepatic Hypoplastic
dysplasia;
insufficiency by cholestasis
hydronephrosis
18 yr
due to paucity
due to urethral
of bile ducts
stenosis
Jaundice (29 yr)
Progressively
Renal cysts
Mild chronic
Non-specific
Atrophic
increasing, mainly
renal
changes; slight
cholestatic,
insufficiency by
steatosis
liver tests;
33 yr
hypomagnesaemia
"Chronic
Progressively
Renal cysts
Mild chronic
Minor
Atrophic
pancreatitis" (44 increasing, mainly
renal
sinusoidal
yr)
cholestatic,
insufficiency by
dilatation
liver tests;
53 yr
hypomagnesaemia

Late-onset cholestasis
[18] case
M/German 35/1780 (-2.08)
Neonatal
No. 1
cholestasis (first
weeks of life)

M/
Sardinian

[17]

Kidney
ultrasound

Multiple
Normal by 2 yr
Paucity of Absent body
bilateral
intrahepatic
and tail
cortical cysts
bile ducts,
(maximal
severe biliary
diameter
stasis, marked
5 mm),
periportal
prenatally
fibrosis
hyperechogenic
kidneys
37/1520 (-3.70)
Neonatal
High but resolving
Left kidney
Progressive
Paucity of
Progressive
cholestasis (first hyperbilirubinemia;
agenesis;
chronic renal
intrahepatic
atrophy
weeks of life)
fluctuating liver
enlarged and insufficiency by bile ducts,
from birth
enzymes; high
hyperechogenic
18 yr
severe biliary up to 16 yr
triglyceridemia
right kidney;
stasis, slight
multiple
periportal
cortical cysts
fibrosis
39/2390 (-2.54)
Neonatal
Hyperbilirubinemia
Multiple
Mild chronic
Marked
NA
respiratory
(resolving by 9
bilateral cysts
renal
cholestasis;
distress;
mo); transiently
(right, four
insufficiency by
reduced
neonatal
high cholesterol;
cysts of 10-20
13 yr
number of
cholestasis (first
constantly high
mm diameter;
intrahepatic
weeks of life)
AST, ALT
left, one cyst
bile ducts;
of 10 mm
no signs of
diameter)
infiltration

Severe neonatal cholestatic icterus
Present
F/Czech 38/2360 (-2.02)
Neonatal
Anemia;
report
cholestasis (first
progressively
week of life)
increasing, mainly
cholestatic, liver
tests

Ref.

Table 2 Phenotypic outline in twelve patients with hepatic involvement due to HNF1B mutation or whole gene deletion
Onset of clinical
diabetes (age)

NA

NA

Fecal
elastase
deficiency

NA

51 yr

14 yr

13 yr

13 yr

NA

NA

Insulin 1.34
U/kg per
day by 18
yr

Insulin 0.4
U/kg per
day after
therapy
onset

Progressive
Transient
Insulin 1.26
decline;
neonatal
U/kg per
need for
hyperglycemia; day by 18
enzyme
permanent
yr
replacement diabetes since 5
by 16 yr
yr

Retarded

Normal

Retarded

Slightly
delayed

NA

Normal

1427 kb deletion
including HNF1B
(NA)

1423 kb deletion
including HNF1B
(NA)

1590 kb deletion
including HNF1B (de
novo or paternal)

c. 457C>A (de novo or
paternal)

c. 499_504delGCTC
TGinsCCCCT (de
novo)

1698 kb deletion
including HNF1B (de
novo)

Diabetes
Intellectual Genotype (inherited
treatment development
from)

Normal Normoglycaemia
Not
fecal
by 2 yr
applicable
elastase by
age 19 mo

Pancreatic
exocrine
function
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40/2630 (-2.13)

Progressively
increasing
cholestatic
liver tests;
hypomagnesaemia

Renal cysts

Thickened
basal
membranes
around the
bile ducts;
minor
sinusoidal
dilatation
No cholestasis
Normal

Atrophic

Normal

NA

Mild chronic No cholestasis Absent body
Fecal
renal
and tail
elastase
insufficiency by
deficiency
16.5 yr

Normal by 15
yr

Chronc renal
insufficiency by
30 yr

16 yr

13 yr

Before 30 yr

End-stage renal Steatohepatitis
Normal
Normal
15 yr
failure - dialysis
since 10 yr,
transplantation
at 10.5 yr
F/German 40/3340 (-0.40)
Unilateral
Elevated AST/ALT No visible renal Normal by 15.6 Steatohepatitis
Normal
Normal
12 yr
coloboma and
abnormity;
yr
loss of vision;
arterial
diabetes (12 yr)
hypertension
F/Turkish 38/1900 (-3.13) Fever; diarrhea;
Anemia;
Hypoplastic
Progressive
Mild
Atrophic
Fecal
Transient
failure to thrive
leucocytosis;
hyperechogenic chronic renal steatosis; iron head; absent elastase hyperglycemia at
(3 mo)
renal and hepatic
kidneys;
insufficiency by deposition in
body and
deficiency 3 mo; permanent
dysfunction;
cortical cysts
7 yr
hepatocytes
tail
diabetes since 6
acidosis;
and Kupffer
yr
hyperglycemia
cells;
persistent
hematopoiesis

Unilateral
Elevated AST/ALT
Unilateral
cystic kidney
cystic dysplasia
dysplasia;
diabetes (13 yr)
F/
40/2600 (-2.20)
Prolonged
Elevated AST/
Bilateral
Vietnamese
severe
ALT/GGT
cortical cysts
hyperglycemia;
bilateral
cataracts (16 yr)
M/German 38/2650 (-1.53) Failure to thrive
Elevated AST/
Hypoplastic
and renal failure
ALT/GGT
hyperechogenic
(4 wk)
kidneys;
cortical cysts

F/Turkish

Jaundice (30 yr)

Insulin 0.4
U/kg per
day by 15.6
yr
Insulin 0.42
U/kg per
day after
therapy
onset

Insulin 0.2
U/kg per
day by 15
yr

Insulin 0.24
U/kg per
day by 15
yr
Insulin 3.4
U/kg per
day by 16.5
yr

NA

NA

Normal

Retarded

Normal

Normal

Normal

c. 443C>T (de novo)

1430 kb deletion
including HNF1B (de
novo or paternal)

1550 kb deletion
including HNF1B (de
novo)

1310 kb deletion
including HNF1B (de
novo)

1700 kb deletion
including HNF1B (de
novo)

c. 544C>T (NA)

Four patients who manifested with progressive neonatal cholestasis within first weeks of life have shown the most severe phenotypes. All of them were born
small for their gestational age, with birth weights below -2 SD after adjustment for gestational age. Because only one of them manifested transient neonatal hyper[15-17]
glycemia, the intrauterine growth restriction was very unlikely to be due to insulin deficiency. The reason for this growth restriction is still unknown
.
All four patients had similar findings at liver biopsy, including marked cholestasis, a paucity of intrahepatic bile ducts and a variable degree of periportal fibrosis.
Our patient fulfilled the strict clinical criteria for surgical intervention due to severe biliary atresia with cholestasis and underwent portoenterostomy at 32 d of age,
but three additional patients with apparently milder cholestasis only underwent conservative therapy. In at least two of them, hyperbilirubinemia partially resolved
by the first birthday. All of them have multiple renal cysts (with additional unilateral kidney agenesis and a hyperechogenic contralateral kidney with multiple cortical

BW: Birth weight; GW: Gestational week; NA: Information is not available; SDS: Standard deviation score; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase.

[19]

[18] case
No. 5

[18] case
No. 4 and
[28]

[18] case
No. 3

[18] case
No. 2

Non-cholestatic liver impairment
[20] case
F/?
NA
No. 3
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cysts in one case), and those who already reached
in their second decade of life began proceeding to
chronic renal insufficiency. Typically, they have pancreatic hypoplasia (with documented progressive pancreatic atrophy in one case) and impaired pancreatic
exocrine function. Overt diabetes typically manifests
within the first two decades of life and requires insulin
therapy. Their intellectual development is variable.
The intermediate hepatic phenotype - late-onset
[20]
cholestasis - was reported in three patients . Their
cholestasis first manifested at 29-44 years of age
with accordingly milder bioptic findings, presumably
minor sinusoidal dilatation. All of them had concomitant renal involvement with renal cysts. However,
their chronic renal insufficiency tended to occur later
than in the former subgroup and was recognized
when they were middle-aged adults. Their pancreas
is atrophic, but data on their exocrine function are not
available. Diabetes manifested between 14 and 51
years of life. Similar to the previous group, the intellectual development is variable.
The mildest hepatic phenotype relative to the
other phenotypes includes five patients with non-cho[18,19]
lestatic liver impairment
. They had a tendency
toward intrauterine growth restriction and a variable first clinical presentation, ranging from failure to
thrive or renal failure in infancy up to diabetic symptoms in the second decade of life. Renal cysts were
present in most of these patients, but chronic renal
insufficiency developed only in three of the five by the
second decade of life. Their liver enzymes were clearly elevated; however, histological findings from the
liver biopsies were milder than those from the previous subgroups. Diabetes manifested in all subjects
within their first or second decade of life and required
insulin administration in all cases. This less severe
hepatic phenotype was also more frequently linked
with normal pancreas morphology, normal exocrine
function and, with one exception, normal intellectual
development.
A similar phenotype was described in a family with
[11]
four affected subjects .
Regarding genetic findings, there was no apparent
phenotypic difference between subjects with single
base mutations or whole gene deletions.
Our analysis of the available clinical observations
of the hepatic phenotype in HNF1B mutation/deletion carriers raises the following clinical implications
for neonates, children and adults with cholestasis:
(1) neonates with severe cholestasis should undergo
renal ultrasound focusing on renal cortical cysts and
additional renal developmental abnormalities. A concurrence of neonatal cholestasis with renal cysts is
suspicious for an HNF1B defect; (2) in patients with
neonatal cholestasis, a history of an intrauterine
growth restriction is supportive of an HNF1B defect
because the majority of other children with neonatal
cholestasis have normal birth weight and birth length
(unpublished observations of 96 neonates with biliary
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atresia). Interestingly, in HNF1B mutation/deletion
carriers without a hepatic and/or biliary phenotype,
[24,25]
IUGR is rare
, suggesting that the co-occurrence
of abnormal HNF1B and biliary atresia predisposes
individuals to diminished intrauterine growth and
weight gain; (3) as demonstrated by other cases in
which neonatal cholestasis due to an HNF1B defect
spontaneously resolved within the first year of life,
further clinical evidence is needed to develop recommendations on the optimal management for affected
children; (4) patients of any age with known diabetes
who develop pancreatic exocrine insufficiency and/or
cholestasis should be investigated for renal cysts; and
(5) if positive, they are highly likely to have an HNF1B
defect. In these patients, the etiological genetic diagnosis may clarify the origin of the hepatic and/or exocrine pancreatic disease, which is not a complication
of diabetes but rather an additional component of the
primary disease. Hypomagnesaemia may be a strong
supportive finding in favor of an HNF1B testing as it
was demonstrated to occur in about half of subjects
[26]
with HNF1B defects . We propose to incorporate
these clinical observations into an update of the gen[27]
eral selection criteria for HNF1B gene analysis .
In conclusion, the hepatic phenotype in HNF1B
mutation/deletion carriers clusters into three different
levels of severity, ranging from severe neonatal cholestasis through late-onset cholestasis in middle-aged
adults up to a mild hepatic phenotype on the background of other, more pronounced symptoms and
signs, such as diabetes and renal disease. However, a
correct etiological diagnosis is undoubtedly beneficial
for all three subgroups of patients, allowing not only a
clear understanding of the underlying cause but also
a prediction of the risks of additional disease components, including diabetes and exocrine pancreatic
dysfunction, which are highly likely to develop within
the subsequent years or decades of life.

COMMENTS
COMMENTS
Case characteristics

A female neonate who was born small for her gestational age had apparently
acholic stools since the first day of life, and gradually developed jaundice.

Clinical diagnosis

The clinical diagnosis was suggestive of neonatal cholestasis due to biliary
atresia.

Differential diagnosis

Most children with neonatal cholestasis have isolated biliary atresia; however,
some of them may have a syndromic condition.

Laboratory diagnosis

Laboratory findings at day 4 confirmed cholestatic jaundice with elevated
levels of total (104 μmol/L) and conjugated bilirubin (32 μmol/L) and markedly
increased level of gamma-glutamyltransferase (23.3 μkat/L).

Imaging diagnosis

Abdominal ultrasound revealed bilateral renal cysts, liver with normal
echogenicity and echotexture, a small gallbladder and hypoplastic pancreas;
endoscopic retrograde cholangiopancreatography showed normal pancreatic
ducts, but extrahepatic bile ducts were unrecognizable.

Pathological diagnosis

Molecular genetic testing using Multiple Ligation Probe-dependent Amplification
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(MLPA) lead to recognition of a de novo HNF1B gene deletion spanning
1698 kb, which was previously reported as causative in a patient with MODY
diabetes.

Treatment

11

Explorative surgery provided at age 32 d revealed an atrophic gallbladder
and completely atretic choledochus and proximal extrahepatic bile ducts; the
surgeon performed portoenterostomy sec. Kasai.

Related reports

Most of the published cases with HNF1B variants were assessed for the
presence of diabetes and/or renal impairment, mostly renal cysts; only five
reports have focused on the hepatic phenotype which was always milder than
that observed in the patient.

12

Term explanation

13

MLPA is a method of genetic testing directed towards recognition of whole gene
deletions.

Experiences and lessons

This observation represents the most severe hepatic phenotype of an HNF1B
variant recognized thus far.

14

Peer-review

The manuscript is really attractive and worthy, and the content is prospective,
which is relevant and well presented for publication.
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CASE REPORT

Successful hemostasis of intractable rectal variceal bleeding
using variceal embolization
Sung Soo Ahn, Eun Hye Kim, Man Deuk Kim, Won Jae Lee, Seung Up Kim
varices. Rectal varices and their bleeding is a rare
complication, but it can be fatal without appropriate
treatment. However, because of its rarity, no established
treatment strategy is yet available. In the setting of
intractable rectal variceal bleeding, a transjugular
intravenous portosystemic shunt can be a treatment
of choice to enable portal decompression and thus
achieve hemostasis. However, in the case of recurrent
rectal variceal bleeding despite successful transjugular
intravenous portosystemic shunt, alternative measures
to control bleeding are required. Here, we report
on a patient with liver cirrhosis who experienced re
current rectal variceal bleeding even after successful
transjugular intravenous portosystemic shunt and was
successfully treated with variceal embolization.
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Core tip: In intractable rectal variceal bleeding, tr
ansjugular intrahepatic portosystemic shunt (TIPS) has
been shown to be an effective method for hemostasis.
However, in recurrent bleeding even after successful
TIPS, no solid therapeutic approach is available, and
various measures should be tried according to clinical
conditions. This case report reviews the traditional role
of TIPS in rectal variceal bleeding, but also implies the
role of variceal embolization in recurrent rectal variceal
bleeding even after successful TIPS.
Ahn SS, Kim EH, Kim MD, Lee WJ, Kim SU. Successful
hemostasis of intractable rectal variceal bleeding using variceal
embolization. World J Gastroenterol 2015; 21(8): 2558-2562
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i8/2558.htm DOI: http://dx.doi.org/10.3748/wjg.v21.i8.2558

Abstract
Portal hypertension causes portosystemic shunting along
the gastrointestinal tract, resulting in gastrointestinal
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INTRODUCTION

A

Portal hypertension is caused by various etiologies.
[1]
Liver cirrhosis is the most common ; however, any
other cause that can alter portal blood flow and
[2]
increase resistance might be a contributing factor .
Portal hypertension involves the vascular system and
causes varices in any part of the gastrointestinal tract
[3]
as the result of dilated collateral veins . In particular,
rectal varices arise from communication between
superior hemorrhoidal and the middle or inferior hemo
[4]
rrhoidal veins .
Rectal variceal bleeding is a rare complication
in patients with portal hypertension and has the po
[5]
tential for massive life-threatening hemorrhage .
Currently, various treatment options are available for
its management, including endoscopic intervention,
surgery, transjugular intrahepatic portosystemic shunt
(TIPS), and angiographic embolization; however, no
[1,3,6,7]
established therapy is recognized
. In the setting
of intractable rectal variceal bleeding, TIPS has been
reported as an effective method because hemostasis
[8-10]
can be achieved by portal decompression
. First
[11]
introduced by Katz et al , TIPS has achieved complete
hemostasis without recurrence and is recommended for
intractable rectal variceal bleeding.
However, in the case of recurrent bleeding even
after successful TIPS, there is no standardized al
ternative therapeutic approach. Here we report a case
of a woman who experienced recurrent rectal variceal
bleeding after successful TIPS, but was successfully
treated with variceal embolization.

B

Figure 1 computed tomography. A: Abdominopelvic computed tomography.
Huge rectal varices protrude into the rectum; B: Follow-up computed
tomography at 5 d after variceal embolization. Obliteration of rectal varices is
identified.

which showed rectal variceal bleeding without another
focus of bleeding (Figure 2). Although endoscopic scle
rotherapy or surgical removal of varices was initially
considered for achieving hemostasis, the limited effects
of these treatment methods were anticipated owing
to large varices size and thrombocytopenia. Thus,
interventional variceal embolization was attempted.
Angiography via jugular approach revealed an enlarged
inferior mesenteric vein with a hepatofugal flow. For
interventional hemostasis, the right internal iliac vein
was occluded using a 10-mm occlusion balloon (Boston
Scientific, Watertown, MA), and a 20-mm vascular plug
(St. Jude Medical, Saint Paul, MN) was applied to the
inferior mesenteric vein to control the rapid venous
flow. Afterward, a 4F glide catheter (Terumo, Somerset,
NJ) was advanced to the rectal varices, and Gelfoam
(Pharmacia and Upjohn Company, Kalamazoo, MI)
embolization was successfully performed (Figure 3).
After successful obliteration of the rectal varices,
no further bleeding occurred, and after a transfusion
of 2 U of red blood cells, the patient’s hemoglobin level
stabilized at 9.5 g/dL. Follow-up computed tomography,
which was performed 5 d after the procedure, showed
successfully obliterated rectal varices (Figure 1B). At 3
mo’ follow-up, the patient’s hemoglobin level increas
ed to 12.7 g/dL, and she reported no further rectal
bleeding.

CASE REPORT
A 39-year-old woman with alcoholic liver cirrhosis was
first admitted to another hospital for hematochezia
that had persisted for 2 wk. After a diagnostic workup,
rectal variceal bleeding was identified, and TIPS
was performed for hemostasis. However, bleeding
continued even after successful TIPS, and she was
referred to our institute for further management.
On arrival at the emergency room, she showed
a pale conjunctiva and splenomegaly without he
patomegaly. Her heart rate was 88 beats/min and
her blood pressure was 111/73 mmHg. Digital rectal
examination showed fresh blood. Laboratory findings
were as follows: hemoglobin 8.1 g/dL, platelet 45000/
µL, prothrombin time 1.28 international normalized
ratio, aspartate/alanine aminotransferase 31/16 IU/
L, total bilirubin 1.2 mg/dL, and serum albumin 2.8
g/dL. Abdominal ultrasonography showed that TIPS
was patent. Abdominopelvic computed tomography
showed huge and tortuous rectal varices and a cirrhotic
liver with splenomegaly (Figure 1A). After admission,
rectal variceal bleeding continued, and the patient’s
hemoglobin level decreased to 7.3 g/dL.
The patient underwent sigmoidoscopic examination,
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Figure 2 Sigmoidoscopic examination. Huge rectal varices protrude into the
rectum, with bleeding.

Figure 3 Angiography. After applying an occlusion balloon (white dotted
arrow) and vascular plug (black arrow), variceal embolization was successfully
performed using a Gelfoam pledget (white arrow).

DISCUSSION

[5,7,13]

intervention
. Various approaches to treat rectal
variceal bleeding have been suggested and are in
practice, including medical, endoscopic, surgical,
and angiographic intervention, and TIPS. However,
because rectal varices are often difficult to locate and
their incidence is low, no randomized controlled trial
has compared efficacy among treatment modalities.
Therefore, in the setting of rectal variceal bleeding, the
standard therapeutic intervention is still a controversy,
and treatment is mainly based on the physician’s
[1,7]
experience .
Volume resuscitation and red blood cell transfusion
should be an initial treatment step in rectal variceal
bleeding. Medical treatment might then be attempted;
however, unlike as in gastroesophageal or colonic
variceal bleeding, no solid evidence is available for
the routine use of somatostatin analogs, including
[1,3]
octreotide . For hemostasis of the primary bleeding
lesion, some physicians prefer an endoscopic approach,
including endoscopic injection sclerotherapy (EIS) and
[18-20]
endoscopic band ligation for initial management
because they are early applicable measures that
can diagnose and treat at the same time. However,
endoscopic treatment is not always applicable and
often has potentially serious adverse effects, including
a wide defect in the varix after band sloughing in
endoscopic band ligation or incomplete obliteration
resulting from sclerosant dilution in EIS, especially
in large varices; as a result, an alternative approach
[3]
should be used . Surgical management, including
portosystemic shunting, ligation, and underrunning
suturing, could also be considered in patients with
a preserved hepatic reserve and extrahepatic portal
[1,3,6]
vein thrombosis
. However, surgery is associated
with an increased operative risk from underlying liver
disease and potential hepatic failure and so is not
recommended in patients with advanced liver cirrhosis
and deteriorated liver function.
In intractable rectal variceal bleeding, TIPS is
[11]
currently recommended. Katz et al
first reported
TIPS as an effective method to control intractable

Portal hypertension is defined as increased hepatic
[12]
venous pressure gradient of more than 5 mmHg . It
is most commonly caused by liver cirrhosis, although
any other etiology that influences vascular resistance
[2]
or blood flow might be a cause . It eventually in
duces portosystemic shunt, leading to the formation
of gastrointestinal varices. Among gastrointestinal
varices, gastric and esophageal varices are the most
common and are reported in up to 50% in patients
with liver cirrhosis. However, gastrointestinal varices
can occur in every part of the gastrointestinal tract
and are referred as ectopic varices. This term was
first used to describe dilated portosystemic collateral
veins in unusual sites other than the esophagus and
[1,6]
stomach .
Among ectopic varices, rectal varices refer to the
dilation of portosystemic collateral veins in the rectum.
Occasionally, the terms rectal varices and hemorrhoids
are used indiscriminately; however, such a misdiagnosis
could lead to fatal bleeding and should be diagnosed
[13]
with caution . Hemorrhoids arise from a prolapsed
rectal venous plexus and are vascular cushions of
venous and arterial anastomoses. In contrast, rectal
varices are defined as variceal veins that are above the
anal verge, larger than 4 cm, dark blue, and do not
[14]
prolapse into the proctoscope during examination .
Rectal varices are associated with portal hypertension
and are connections of the portal systemic and sys
[6,15]
temic circulation
.
To date, the prevalence of rectal varices in pa
tients with portal hypertension varies from 3.6% to
[7,16]
78%
. Its prevalence is increasing because of
the development of various diagnostic techniques,
including computed tomography imaging, endoscopy,
and angiography. However, there is a wide disparity in
rectal variceal diagnoses because of varying etiologies
[1]
and interobserver variability . Although rectal variceal
bleeding accounts only for 1% to 5% of all variceal
[1,6,17]
bleeding
, it could be a life-threatening medical
emergency that needs close attention and timely
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Table 1 Case reports of successful embolization for the hemostasis of rectal variceal bleeding
Ref.

Publication year Age (yr)/
sex

Hashimoto et al[26]
Arai et al[27]
Okada et al[25]
Ibukuro et al[28]
Okazaki et al[24]
Kimura et al[29]

2013
2013
2012
2009
2006
1997

History of rectal
variceal bleeding

Previous treatment

Approach

Initial treatment

Complications

Yes
None
Yes
None
None
None

EIS, EVL, surgery
None
None
None
None
None

Paraumbilical vein
Ileocolic vein
Portal vein
Paraumbilical vein
Portal vein
Femoral vein

EVL, EIS, surgery
None
EVL, surgery
None
None
None

None
None
None
None
None
None

56/M
70/M
77/F
65/M
77/F
76/F

EIS: Endoscopic injection sclerotherapy; EVL: Endoscopic varix ligation; F: Female; M: Male.

[21]

rectal variceal bleeding. Shibata et al
presented a
series of 12 patients with ectopic variceal bleeding who
achieved complete hemostasis after being treated with
TIPS only. However, incomplete hemostasis after TIPS,
[9,22,23]
mostly from shunt dysfunction, was also reported
.
To minimize rebleeding after TIPS, concomitant variceal
embolization during TIPS formation has been proposed
[23]
by Vangeli et al In their report, the authors reported
that concomitant variceal embolization could reduce
the risk of rebleeding because complete hemostasis
could not be achieved in every individual undergoing
[22]
[9]
TIPS. However, Vidal et al
and Kochar et al
suggested that routine variceal embolization should
not be recommended because the risk of rebleeding
after TIPS was not high and complete variceal obli
teration was not always possible but potentially
has an increased risk of inherent procedure-related
complications.
Because endoscopic and surgical approaches have
their own limitations in managing variceal bleeding
from large rectal varices in patients with limited hepatic
reserve, angiographic embolization has been attempted
in several cases and is considered a relatively safe and
[8-10,24,25]
effective method
. Table 1 summarizes case
reports of successful variceal embolization of rectal
variceal bleeding. Variceal embolization is usually
performed via a transhepatic approach, but can be
applied in accordance with clinical and anatomical
situations and is feasible even in patients with poor
liver function. Hemostasis by variceal embolization is
achieved by occluding the vein that feeds the bleeder,
and various embolization materials are used, including
coils, Gelfoam, thrombin, collagen, autologous blood
[1,3]
clot, and ethanol . The advantage of hemostasis by
variceal embolization is that diagnosis of the active
bleeder and treatment can be done at the same time
with minimal invasiveness.
In our case, TIPS was performed as an initial mea
sure to control intractable rectal variceal bleeding.
However, TIPS insufficiently achieved complete he
mostasis even with a patent shunt. Endoscopic and
surgical approaches were not feasible because of the
large rectal varices and limited hepatic reserve, but
variceal embolization achieved successful hemostasis.
To the best of our knowledge, this is the first case
report showing the usefulness and safety of variceal
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embolization for the successful hemostasis of recurrent
rectal variceal bleeding, even after the successful TIPS.
Further case series or meta-analyses are required to
establish a standard treatment strategy for hemostasis
of recurrent rectal variceal bleeding after TIPS by
comparing the efficacy and safety of medical, surgical,
and interventional approaches, including variceal
embolization.
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Case characteristics

A 39-year-old female with a history of alcoholic liver cirrhosis presented with
hematochezia.

Clinical diagnosis

Pale conjunctiva and splenomegaly without hepatomegaly. Fresh blood in
digital rectal examination.

Differential diagnosis

Hemorrhoid, lower or upper gastrointestinal bleeding.

Laboratory diagnosis

Hemoglobin 8.1 g/dL, platelet 45000/µL, prothrombin time 1.28 international
normalized ratio, aspartate/alanine aminotransferase 31/16 IU/L, total bilirubin
1.2 mg/dL, and serum albumin 2.8 g/dL.

Imaging diagnosis

Abdominopelvic computed tomography scan showed huge and tortuous rectal
varices and a cirrhotic liver with splenomegaly.

Treatment

The patient was treated with variceal embolization.

Related reports

Due to the rarity of intractable rectal variceal bleeding, the treatment is not very
well understood and the treatment is mostly based on clinical situation and
physician’s decision.

Term explanation

Transjugular intrahepatic portosystemic shunt (TIPS) is used for variceal
bleeding and ascites. TIPS is done by creating a channel between the hepatic
vein and the intrahepatic portion of the portal vein.

Experiences and lessons

This case report reviews the traditional role of TIPS in rectal variceal bleeding,
but also implies the role of variceal embolization in recurrent rectal variceal
bleeding even after successful TIPS.
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CASE REPORT

Rectal tonsil: A case report and literature review
Joung Boom Hong, Hyung Wook Kim, Dae Hwan Kang, Cheol Woong Choi, Su Bum Park, Dong Jun Kim,
Byoung Hoon Ji, Kyung Won Koh
zone and marginal zone. This lesion is benign, but must
be differentiated from the polypoid type of mucosaassociated lymphoid tissue lymphomas. In the current
paper, we present a case of rectal tonsil in a 59-yearold woman. We describe the endoscopic ultrasound
imaging findings with literature review.
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Core tip: The rectal tonsil, a reactive proliferation
of lymphoid tissue located in the rectum, is rare.
Histologically, benign lymphoid hyperplasia of the
rectum is usually characterized by large lymphoid
follicles with active germinal centers and a narrow
surrounding mantle zone and marginal zone. This lesion
is benign, but must be differentiated from the polypoid
type of mucosa-associated lymphoid tissue lymphomas.
Hong JB, Kim HW, Kang DH, Choi CW, Park SB, Kim DJ, Ji
BH, Koh KW. Rectal tonsil: A case report and literature review.
World J Gastroenterol 2015; 21(8): 2563-2567 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v21/i8/2563.htm
DOI: http://dx.doi.org/10.3748/wjg.v21.i8.2563

INTRODUCTION
Prominent and localized lymphoid hyperplasia in the
rectum is also known as benign lymphoma, rectal
[1-4]
lymphoid polyp or rectal tonsil . Rectal tonsil is a
rare colorectal disease and its etiology is unknown.
Histologically, it shows a dense lymphoid infiltrate
in the submucosa and/or lamina propria at low power
which mimics lymphoma. It can be differentiated from
a malignant lymphoma by the proliferation of normal

Abstract
The rectal tonsil, a reactive proliferation of lymphoid
tissue located in the rectum, is rare. Histologically,
benign lymphoid hyperplasia of the rectum is usually
characterized by large lymphoid follicles with active
germinal centers and a narrow surrounding mantle
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lymphoid tissue, which has a prominent follicular
pattern and a clearly defined germinal center that
varies in size; often being strikingly enlarged with a
narrow surrounding mantle zone. The prevalence of
the prominent and localized lymphoid hyperplasia
is unevenly distributed and increases from the right
to the left colon, being most frequent in the rectum,
particularly just above the dentate line. It is noted to
be more frequent in young children and adolescents.
In the current paper, we describe endoscopic,
endoscopic ultrasound (EUS), histomorphological
and immunophenotypic findings of cases of benign
lymphoid hyperplasia of the rectum.

A

B

CASE REPORT
A 59-year-old woman was admitted to our department
with suspicious tuberculous colitis. Her past medical
and family histories were unremarkable. On admission,
physical examination was also unremarkable. Blood
test results showed no evidence of leukocytosis or
anemia, and liver function tests were within the normal
range. The levels of tumor markers were within the
normal reference range, as follows: carcinoembryonic
antigen, 1.83 ng/mL (normal < 5 ng/mL); and cancer
antigen 19-9, 8.39 U/mL (normal < 37 U/mL).
Tuberculin test was negative and a chest X-ray showed
no active lung lesion but Mycobacterium tuberculosis
(M. tuberculosis) interferon test in blood was positive.
A chest X-ray showed normal finding. Colonoscopy
showed an ulcerous lesion in the ascending colon and
cecum. The ileocecal valve was totally destroyed with
ulcer and pseudopolyp formation. Furthermore, a hard,
solitary sessile mass (about 5 mm) was identified at
10 cm from the anal verge (Figure 1). EUS showed a
5-mm homogeneous hypoechoic mass located in the
submucosa without definite lymph node enlargement
(Figure 2). These findings suggested tuberculous colitis
in the cecum or carcinoid tumor in the rectum.
Abdominal computed tomography demonstrated
no evidence of metastatic regional lymph nodes. The
pathological examination of all endoscopic forceps
biopsies showed chronic inflammation. Acid-fast stains
were negative. Polymerase chain reaction was negative
for M. tuberculosis.
With endoscopic and EUS findings, rectal carcin
oid was initially suspected and we performed capendoscopic mucosal resection (C-EMR) (Figure 3A).
After a crescent-shaped snare was looped into the
lip of a transparent cap attached to the distal end
of the endoscope, the lesion was suctioned and the
submucosal layer was resected with the snare using a
cutting current.

Figure 1 Colonoscopic finding. A: Endoscopy revealed a hard, a yellowwhite, solitary sessile mass (about 5 mm) at 10 cm from the anal verge of the
rectum; B: Macroscopic view, after cap-endoscopic mucosal resection.

Figure 2 On endoscopic ultrasound: Well-demarcated, homogeneous
hypoechoic solid lesion in the submucosal layer.

measuring 0.8 cm × 0.5 cm × 0.5 cm. The lesion
was characterized by follicles with well-formed re
active germinal centers of various sizes; there were
abundant macrophages inside the germinal follicles
(Figure 3B). Immunohistology demonstrated typical
lymphoid follicles and suggested follicular type of
+
proliferation with positive B cells markers for CD20
(B cells) (Figure 3C), and positive intraepithelial
+
lymphocytes for CD3 (T cells) (Figure 3D). There was
no evidence of monoclonal expansion of B cells. These
studies confirmed reactive lymphoid proliferation, and
excluded lymphoma and other forms of non-neoplastic
lymphoid proliferation with intact follicles, such as

Histopathological findings

We showed a dense lymphoid infiltrate mainly located
in the submucosa and extended to the mucosa. It
appeared as a disc of yellow-white mucosal tissue,
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A

B

C

D

Figure 3 Histopathological findings. A: Low-power view of the cap-endoscopic mucosal resection specimen. Hematoxylin and eosin (HE) staining, magnification
× 20; B: HE staining, magnification × 40; C: Positive CD20 immunohistochemical staining, magnification × 100; D: Positive CD3 immunohistochemical staining,
magnification × 100.

lymphoid follicular proctitis and lymphoid polyps of the
rectum.

difficult. Small carcinoid tumors, measuring < 1 cm in
diameter, are hypoechoic or isoechoic nodules located
in the mucosa and submucosa, and rectal tonsil
appears in various sizes located in the submucosa and/
or lamina propria. However, rectal tonsil is usually less
yellow-white in color than carcinoid tumor. Moreover,
rectal bleeding is commonly seen in rectal tonsil,
whereas carcinoid tumor is asymptomatic.
Since 2006, > 18 cases of rectal tonsil have been
reported in the English-language literature. The
clinicopathological features of the 18 patients are
[5,9-13]
summarized in Table 1
. There were six male and
12 female patients aged 1-71 years. Colonoscopy was
conducted for screening in nine cases, evaluation of
rectal bleeding/hematochezia in seven, evaluation of
chronic constipation in one, and further investigation
of abnormal rectal examination in one. Rectal bleeding
and abnormal lesions were all found via routine
screening. Endoscopic descriptions, available in all
cases, reported a raised, polypoid lesion in 11 cases,
a sessile polyp in three, a nodule in two, and multiple
polyps and masses in one case each. Most rectal
tonsils are usually < 6 mm, except for three cases (12,
30 and 40 mm). Histologically, there was lymphoid
proliferation involving the submucosa and/or mucosa
in all cases. Lymphoid follicles could be identified in all
cases. EUS was not performed in all patients.
Histologically, rectal tonsil shows a dense no
dular lymphoid infiltrate in the lamina propria and
submucosa. When the reactive lymphoid infiltrate

Treatment and follow-up

The patient received tuberculostatic therapy with
isoniazid, rifampicin, pyrazinamide, and ethambutol
for 6 mo. The most recent endoscopy, 3 mo after
tuberculostatic therapy and C-EMR, showed grossly
normal healed mucosa in the cecum, ascending colon
and rectum.

DISCUSSION
Rectal tonsil was initially described in veterinary
pathology as a structure composed of dense lymphoid
[2]
tissue . Although it is not widely recognized as a
distinct entity in humans, rectal tonsil is a useful
designation for the prominent lymphoid tissue that can
[5,6]
be observed at this location . Recently, rectal tonsil
was described as a prominent and localized lymphoid
[7]
hyperplasia in the rectum .
Upon endoscopy, rectal tonsil mostly appears as a
sessile lesion, varying in size (usually < 40 mm), but
can appear as a polypoid mass. EUS is an accurate
modality for the identification of benign and malignant
rectal carcinoid and other submucosal tumors, as well
[8]
as extraintestinal compressive lesions . Conventional
endoscopic and EUS findings of carcinoid tumors are
similar to those of rectal tonsil, therefore, differential
diagnosis between rectal tonsil and carcinoid tumors is
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Table 1 Summary of clinical findings
Ref.

Country Case

Sex
(M/F)

Mean age Mean size Most common endoscopic
Most common
(yr)
(mm)
appearance (n )
clinical symptom (n )

Kojima et al[9], 2005

Japan

3

(0/3)

59 (46-66)

5.5
(5-6)

Kojima et al[10], 2007

Japan

2

(0/2)

61 (50-71)

Farris et al[5], 2008

United
States

11

(6/5)

49 (1-62)

5.5
(5-6)
6
(3-12)

1
1
1

(0/1)
(0/1)
(1/0)

4
6
58

Eire et al[11], 2011
Spain
Homan et al[12], 2012 Slovenia
Grube-Pagola et al[13], Mexico
2012

Polypoid (1)
Multiple polypoid (1)
Sessile (2)
Sessile polyp (2)

Rectal bleeding (1)
Screening (2)

Mucosa, submucosa

Screening

Mucosa, submucosa

Polypoid (8)
Nodule (2)
Sessile polyp (1)
Polypoid
Sessile polyp
Sessile polyp

Screening (rectal
bleeding, abdominal
pain)
Rectal bleeding
Rectal bleeding
Rectal bleeding

Submucosa, lamina propria

30
5
40

has an abundance of atypical lymphoid cells, it can be
difficult to distinguish rectal tonsil from lymphoma.
Extranodal marginal zone B-cell lymphoma mucosaassociated lymphoid tissue (MALT) type accounts
[14]
for the majority of rectal lymphoma . Extranodal
MALT lymphoma is usually based on morphology and
immunophenotypic inferences of malignancy and
clonality such as anomalous antigen expression and/or
immunoglobulin light chain restriction. Occasionally,
MALT-type lymphoma shows a follicular growth pattern
resulting from prominent follicular colonization. The
tumor cells of MALT-type lymphoma are small-tomedium lymphocytes showing a moderate amount
of clear cytoplasm, indented or round nuclei, and
[15]
absent or small nucleoli (centrocyte-like cells) .
However, immunohistochemistry has demonstrated
+
+
that proliferating cells are sIgD , sIgM and CD5 ,
+/-[16]
CD23 , and CD43 . Benign lymphoid hyperplasia of
the rectum is usually characterized by large lymphoid
follicles with active germinal centers and a narrow
surrounding mantle zone and marginal zone. It usually
bears little resemblance to any type as described by
[17]
Schmid et al .
In conclusion, rectal tonsil is a rare disease with
variable features of age, sex, size, formation and
location. Conventional endoscopic and EUS findings
of carcinoid tumors are similar to those of rectal
tonsil. However, rectal tonsil is usually less yellowwhite in color than carcinoid tumor upon endoscopy.
Moreover, rectal bleeding is frequently seen in rectal
tonsil, while most carcinoid tumors are asymptomatic.
The histological features suggest a benign process
and the frequent occurrence of mitotic figures in welldeveloped mature lymphocytes. Also, there is no
cytogenetic, molecular genetic or phenotypic evidence
of malignancy.
In our case, endoscopy revealed a yellow-white,
hard subepithelial lesion in the posterior rectum at 10
cm from the anal verge, combined with tuberculous
colitis in the cecum. EUS showed a smooth, welldemarcated, homogeneous, hypoechoic solid lesion
in the submucosa and lamina propria. The lesion was
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Histological involvement

Submucosa, lamina propria
Superficial mucosa
Mucosa, submucosa,
lamina propria

difficult to distinguish from carcinoid tumor with gross
endoscopic and EUS findings. To avoid misdiagnosis
and overtreatment, complete endoscopic resection,
histopathological examination and immunophenotypic
studies are recommended.

COMMENTS
COMMENTS
Case characteristics

It was discovered during routine surveillance colonoscopy, and the patient had
no symptoms.

Clinical diagnosis

The colonoscopic findings were highly suspicious of tuberculous colitis and
carcinoid tumor.

Differential diagnosis

Rectal tonsil is benign, but must be differentiated from the polypoid type of
mucosa-associated lymphoid tissue (MALT) lymphomas.

Laboratory diagnosis

The laboratory findings were unremarkable.

Imaging diagnosis

The colonoscopic findings were highly suspicious of tuberculous colitis or
carcinoid tumor.

Pathological diagnosis

In their case, a reactive lymphoid proliferation was confirmed and lymphoma
and other forms of non-neoplastic lymphoid proliferation with intact follicles
such as lymphoid follicular proctitis and lymphoid polyps of the rectum were
excluded.

Treatment

Treatment was not required for rectal tonsil per se but tuberculostatic therapy
was commenced for colonic tuberculosis.

Term explanation

Cap-endoscopic mucosal resection procedure: After a crescent-shaped snare
was looped into the lip of a transparent cap attached to the distal end of the
endoscope, the lesion was suctioned and the submucosal layer was resected
with the snare using a cutting current, and a safe margin was ensured.

Experiences and lessons
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was identified via surveillance colonoscopy but it was found to be rectal tonsil.
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CASE REPORT

Complete remission of advanced hepatocellular carcinoma
by radiofrequency ablation after sorafenib therapy
Jung Gil Park, Soo Young Park, Hye Won Lee
reports on the role of sorafenib allowing for curative
treatment by down-staging. We herein report a case of
advanced HCC with vascular invasion, which showed
treatment response by sorafenib therapy as to allow
for radiofrequency ablation as curative treatment. The
patient was followed-up for 6 mo without recurrence
with continued sorafenib therapy.
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Core tip: Though sorafenib is well known to efficacy
in advanced hepatocellular carcinoma (HCC), the
consensus of its role as down-staging is limited.
Depending on response after sorafenib therapy, active
strategy should be needed to offer chance for cure in
advanced stage HCC.
Park JG, Park SY, Lee HW. Complete remission of advanced
hepatocellular carcinoma by radiofrequency ablation after
sorafenib therapy. World J Gastroenterol 2015; 21(8): 2568-2572
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i8/2568.htm DOI: http://dx.doi.org/10.3748/wjg.v21.i8.2568

INTRODUCTION
Hepatocellular carcinoma (HCC) ranks fifth most
common malignant tumor globally accounting for
[1]
third most common cause of cancer-related death .
However, only 30% to 40% of patients are diagno
sed in the early stage of HCC, which is eligible for
curative treatment such as surgery, radiofrequency
ablation (RFA), percutaneous ethanol injection, and
[2]
liver transplantation . Majority of HCC patients
are still diagnosed late in advanced stage, in which
[3]
only sorafenib is regarded as a standard therapy .

Abstract
Sorafenib, a potent multikinase inhibitor, lead to a
significant improvement in progression free survival and
overall survival in patients with advanced hepatocellular
carcinoma (HCC). Though sorafenib has proven its
efficacy in advanced stage HCC, there are limited
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Figure 1 Arterial phase scans of contrast enhanced multiphase computed tomogram of abdomen. A: Baseline abdominal computed tomogram (CT) scan
showed 12.5 cm sized enhancing mass in segment 8 with tumor thrombus in middle, right hepatic vein extending to intrahepatic inferior vena cava; B: The size of
tumor decreased to 4.8 cm with 2.7 cm sized enhancing nodule in tumor in 6 mo-follow-up CT scans; C: The tumor size further decreased to 3.0 cm with 1.5 cm sized
enhancing nodule within tumor in 12 mo-follow-up CT scans with resolution of tumor thrombus in hepatic vein and portal vein. D: There was no arterial enhancing
viable portion in ablated tumor in abdominal CT scans 6 mo after radiofrequency ablation.

protein induced by vitamin K absence or antagonist-Ⅱ
(PIVKA-Ⅱ) level were 8300 ng/mL and 7651 mAU/mL,
respectively. Dynamic multiphasic abdominal computed
tomogram (CT) scans revealed a 12.5 cm sized huge
arterial enhancing mass with tumor thrombus in right
and middle hepatic vein extending to intrahepatic
inferior vena cava (Figure 1). We performed ultrasound
guided needle biopsy of hepatic mass and confirmed
HCC histologically (Figure 2). There was no evidence
of distance metastasis in chest, brain, and Positron
emission tomography (PET)-CT scans of whole body.
He was treated with sorafenib (Nexavar; Bayer
Healthcare Pharmaceuticals, Leverkusen, Germany)
400mg twice a day and tenofovir (Viread; Gilead,
CA, United States) 300 mg once a day. After 6 mo of
sorafenib therapy, tumor size was decreased to 4.8
cm with 2.7 cm sized arterial enhancing viable portion
within tumor mass. The tumor thrombosis in hepatic
vein and portal vein disappeared with thin streaky
low density lesion in middle hepatic vein. Serum AFP
and PIVKA-Ⅱ level were markedly decreased to 1210
ng/mL and 982 mAU/mL. In contrast to serum PIVKAⅡ level and tumor size which remained stable, serum
AFP level started to increase in 6 mo after sorafenib
therapy (Figure 3). In 12 mo after sorafenib therapy,
abdominal CT scans revealed a 3 cm sized tumor
in liver dome within which a 1.5 cm sized arterial
enhancing nodule are observed. After confirming viable

Although sorafenib therapy has shown significant
survival benefit in patients with advanced HCC, overall
survival is still unsatisfactory, especially in Asian
[4]
countries . However, as a potent multi-tyrosinekinase inhibitor, sorafenib showed remarkable tr
[4-6]
eatment response in selected patients . Currently
there are no treatment strategies for patients who
are downstaged by sorafenib as to get allowed for
locoregional therapies as curative treatment. We
herein report a case of advanced HCC with vascular
invasion, which were completely treated by RFA after
downstaging by sorafenib therapy.

CASE REPORT
A 59-year-old male patient was referred to Kyungpook
National University Hospital for evaluation of liver mass
on abdominal ultrasound. He had history of chronic
hepatitis B, which wasnever evaluated or treated.
Laboratory findings were as follows: White blood cells,
3
3900/mm , hemoglobin, 11.4 g/dL, platelet, 200000/
mL, aspartate aminotransferase, 54 IU/L, alanine
aminotransferase, 77 IU/L, total bilirubin, 0.22 mg/dL,
albumin, 3.2 g/dL, prothrombin time, 11.8 s. Virologic
tests revealed positive HBsAg and HBeAg with hepatitis
B virus (HBV) DNA 718742 IU/mL by real-time
polymerase chain reaction (Roche diagnostics, Basel,
Switzerland). Serum alpha-fetoprotein (AFP) level and
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A

B

Figure 2 Liver biopsy revealed hepatocellular carcinoma with Edmonson-Steiner’s grade Ⅲ showing psedoglandular or trabecular pattern. A: Hematoxylin
and eosin (HE) staining, magnification × 100; B: HE staining, magnification × 200.
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Figure 3 Clinical course and serial changes of patient’s serum level of alpha-fetoprotein, protein induced by vitamin K absence or antagonist-Ⅱ and tumor
size accessed by response evaluation criteria in solid tumors 1.1 and modified response evaluation criteria in solid tumors. AFP: Alpha-fetoprotein; PIVKA-Ⅱ:
Protein induced by vitamin K absence or antagonist-Ⅱ; RECIST: Response evaluation criteria in solid tumors.

chemoembolization, other chemotherapeutic agents,
[2,7-11]
and radiation therapy
. However the benefits of
these treatments are marginal and unsatisfactory and
some of studies are still awaited.
The present case shows the possible role of
sorafenib as down-staging advanced HCC allowing
for curative treatment such as surgical resection or
locoregional treatments. There is a case report in
which sorafenib allowed surgical resection by down[12]
staging the tumor in patients with advanced HCC .
In present case, we performed RFA as a minimally
invasive treatment modality for complete treatment
of tumor because contrast enhanced ultrasound
could help confirming arterial enhancing viable tumor
portion by realtime imaging. In addition, tumors in
liver dome could be safely visualized and ablated by
[13]
inducing artificial ascites during RFA procedure .
We kept continuing sorafenib therapy supposing that
sorafenib showed very good treatment response in
present case and tumor markers did not returned to

tumor by contrast (Sonovue; Bracco, Italy) enhanced
ultrasound, percutaneous ultrasound guided RFA was
performed with assisting by artificial ascites (Figure
4). Post-RFA abdominal CT scan showed no enhancing
lesions in liver with normalization of serum AFP and
PIVKA-Ⅱ levels. Up to 6 mo after RFA, there was no
sign of residual viable tumor without complication and
serum AFP and PIVKA-Ⅱ levels were stable.

DISCUSSION
Efficacy of sorafenib in advanced HCC was confirmed
in two large randomized, double-blinded, controlled
[3,4]
trials
. However, there were only limited cases
of clinical response in these clinical trials, which is
unsatisfactory to clinicians as well as patients in
practice. Currently, there are several investigations
ongoing for better outcome of sorafenib in patients with
unresectable HCC. Strategies to improve the outcomes
of sorafenib include combination with transarterial
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COMMENTS

A

Case characteristics

A 59-year-old male with a history of chronic hepatitis B referred for evaluation of
hugh liver mass on ultrasound.

Clinical diagnosis

Liver was palpable on right upper area of abdomen.

Differential diagnosis

Hepatocellular carcinoma, cholangiocarcinoma.

Laboratory diagnosis

White blood cell, 3900/mm3, hemoglobin, 11.4 g/dL, platelet, 200000/mL, AST,
54 IU/L, ALT, 77 IU/L, total bilirubin, 0.22 mg/dL, albumin, 3.2 g/dL, PT, 11.8
s; Virologic tests: HBsAg (+), HBeAg(+) and HBV DNA 718742 IU/mL; Tumor
marker: alpha-fetoprotein (AFP) 8300 ng/mL, PIVKA-II7651 mAU/mL.

B

Imaging diagnosis

Dynamic multiphasic abdominal computed tomography scans revealed a 12.5
cm sized huge arterial enhancing mass with tumor thrombus in right and middle
hepatic vein extending to intrahepatic inferior vena cava.

Pathologic diagnosis

Ultrasound guided needle biopsy of hepatic mass revealed hepatocellular
carcinoma with Edmonson-Steiner’s grade Ⅲ showing psedoglandular or
trabecular pattern.

Treatment

The patient was treated with radiofrequency ablation following sorafenib
therapy.
Figure 4 After confirming viable tumor by contrast enhanced ultrasound,
radiofrequency ablation was performed. A: Contrast enhanced ultrasound
revealed two arterial enhancing nodules in tumor; B: Percutaneous ultrasound
guided radiofrequency ablation was performed for residual viable tumor by
inducing artificial ascites.

Related reports

normal values completely, which reflects the possibility
of micrometastasis of tumor cells in remnant liver.
There are cases reporting complete remission
[5,12,14-16]
of advanced HCC after sorafenib therapy
.
However, these cases are extremely rare in clinical
practice and there are no reports on the long-term
treatment outcome in these patients. Therefore, in
cases of downstaging by sorafenib, it might be more
practical and desirable strategy to adopt treatment
options in earlier stage which offer better treatment
outcome. In this case, good treatment response
was predictable by rapid decrease of serum tumor
[5,17]
markers, which is consistent with previous studies
.
In present case, rapid drop of serum AFP after RFA
explains the surge of serum AFP level after 6 mo
originated from viable tumor portion in main tumor
mass. The present case also suggests the role of tumor
markers in judging and predicting treatment response
during sorafenib therapy along with radiologic follow[17,18]
up imaging studies
.
In conclusion, this report demonstrates the possible
role of sorafenib to downstage advanced HCC for
locoregional therapy achieving complete remission.
Therefore, in a patients who shows treatment respon
se by radiologic imaging studies and serum tumor
markers after therapy, active treatment strategies
for complete remission should be considered for the
chance of long-term disease free survival.

Peer-review
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There are limited reports on the role of sorafenib allowing for curative treatment
by down-staging.

Experiences and lesions

Depending on response after sorafenib therapy, active strategy should be
needed to offer chance for cure in advanced stage hepatocellular carcinoma
(HCC).
Though complete remission was based on radiological diagnosis, response of
serum AFP level predict prognosis of patients with HCC.
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The tumor was microscopically composed of spindle
cells and epithelioid cells, and immunohistochemistry
results showed positive staining for CD117 and CD34
expression. A genetic analysis revealed a heterozygous
point mutation and deletion in exon 11 of c-KIT. After
an R0 resection, imatinib mesylate was administered
for 1 year until its use was discontinued due to severe
side effects. Two years after the original operation, the
tumor recurred in the residual liver and was completely
resected again. Imatinib mesylate was administered
for 2 years until it was replaced by sunitinib malate
because of disease progression. The patient has
survived for 53 mo after undergoing a sequential
therapy consisting of surgical excision, imatinib and
sunitinib.

Abstract

Lin XK, Zhang Q, Yang WL, Shou CH, Liu XS, Sun JY, Yu JR.
Primary gastrointestinal stromal tumor of the liver treated with
sequential therapy. World J Gastroenterol 2015; 21(8): 2573-2576
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Core tip: The tumor was detected by computed
tomography and diagnosed based on histopathological
and genetic analyses. Metastases from gastrointestinal
stromal tumors were excluded using computed
tomography, ultrasound, esophagogastroduodenoscopy
and colonoscopy. The patient was treated with an
extended sequential therapy consisting of surgery,
imatinib mesylate, and sunitinib malate. The patient
has survived for 53 mo after the start of therapy.

A 67-year-old female presented with a primary
hepatic gastrointestinal stromal tumor that was
detected by computed tomography and diagnosed
based on histopathological and genetic analyses.
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INTRODUCTION

A

Gastrointestinal stromal tumors (GISTs) are the most
common abdominal tumors of mesenchymal origin.
GISTs primarily occur in the gastrointestinal tract and
frequently contain a gain-of-function mutation of the
[1]
KIT or PDGFRA genes . Currently, diagnosis of GISTs
is based on histopathological features, including the
immunohistochemical staining of CD117, DOG-1,
CD34, SMA, desmin and S-100. A minor subset of
GISTs occur in other areas of the body, such as the
mesentery, omentum, retroperitoneum, pancreas,
[2-5]
uterus, gallbladder and liver , and are referred to
as “extra-gastrointestinal stromal tumors”. Here, we
report a case of primary GIST of the liver.

B

CASE REPORT
A 67-year-old female complained of fatigue for 6 mo
without any abdominal symptoms. The patient had a
history of hypertension, gastritis, and hysteromyoma.
Additionally, she had undergone a cholecystectomy at
the age of 55 years. The abdominal physical examination
was unremarkable. The levels of tumor markers, such
as carbohydrate antigen 199, carbohydrate antigen
125, carcinoembryonic antigen and α-fetoprotein (AFP),
were all normal. Liver function tests were normal. An
enhanced abdominal computed tomography (CT) scan
showed a 7.4 cm × 6.2 cm solid-cystic mass in the right
hepatic lobe. However, no other abdominal neoplasm
was evident (Figure 1A). Esophagogastroduodenos
copy (EGD) and colonoscopy were performed before
resection; however, no tumor was found.
The hepatic mass was excised in August 2009.
No other masses were found during the operation. A
postoperative abdomen ultrasound (US) revealed no
other lesions in the liver. Pathologically, the margins of
resection were negative, and the tumor was composed
of spindle cells and epithelioid cells with high mitotic
activity (8/50 HPF) (Figure 2A). Immunohistochemical
staining for CD117, CD34, desmin, SMA, CK19,
HMB45, and AFP revealed positive results for CD117
and CD34 (Figure 2B and C). A heterozygous mutation
was detected in a hot spot region of c-KIT exon 11.
Specifically, codon 550 was mutated (AAA→ATA), and
codons 551-555 were deleted (CCC-ATG-TAT-GAA-GTA).
Imatinib mesylate was administered at 400 mg per
day for 2 mo, beginning 1 mo after surgery. However,
the patient experienced severe musculoskeletal pain
from the medication, and the dosage was reduced to
200 mg per day for 1 year. In September 2011, a 6
cm × 5 cm lesion was detected in the residual right
liver after a routine CT examination. The tumor was
completely resected again (Figure 1B). The results of
immunohistochemical staining and genetic analysis
of the specimen were consistent with the initial mass.
Thus, recurrent hepatic neoplasia was diagnosed, and
200 mg of imatinib mesylate per day was administered
beginning in October 2011.
In October 2013, a 6 cm × 5 cm mass was detected

WJG|www.wjgnet.com

Figure 1 Computed tomography images of the tumor. A: An enhanced
abdominal computed tomography (CT) scan from August 2009 showed a 7.4
cm × 6.2 cm solid-cystic mass in the right hepatic lobe (venous phases in the
axial plane). The central portion was of low-density with thickened irregular
peripheral margins; B: An enhanced abdominal CT scan in September 2011
showed a 6 cm × 5 cm solid-cystic mass in the residual right liver (venous
phases in the axial plane).

in the right iliac fossa using CT. An emission CT
revealed several bony metastases in the thoracic
vertebrae, lumbar vertebrae and sacrum. Based on
the disease progression while undergoing 2 years of
imatinib mesylate therapy, the patient was switched to
37.5 mg of sunitinib malate per day.

DISCUSSION
GISTs are the most common gastrointestinal me
senchymal tumors and often occur due to a KIT or
PDGFRA gene mutation. GISTs are similar to interstitial
cells of Cajal (ICC) pacemaker cells in the gut
musculature; thus, GISTs are considered to originate
[6]
from ICCs . Furthermore, some researchers have
observed “ICC-like” interstitial cells with a similar
structure and function to ICCs in organs outside of the
[7]
gastrointestinal tract . Other studies have suggested
that GISTs originate from a group of undifferentiated
cells, such as stem cells or primitive ancestor cells,
[8]
and then differentiate into ICCs . It has been recently
reported that ICCs, ICC-like cells and primitive ancestor
cells are present in the gallbladder wall, myometrium,
[3,4,9]
[10]
and pancreas, respectively
. Rusu et al discovered
the existence of portal interstitial cells of Cajal in the
portal space, portal septa and periphery of the hepatic
lobules based on immunohistochemical staining of
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A

B

C

Figure 2 Microscopic and immunohistochemical findings of the resected specimen obtained in August 2009. A: Microscopically, the tumor was composed
of spindle cells and epithelioid cells with high mitotic activity (8/50 HPF) (hematoxylin-eosin, original magnification × 400); B, C: Immunohistochemical staining with
antibodies against CD117 (B) and CD34 (C) showed diffuse cytoplasmic staining of almost all tumor cells when compared with the lack of staining in adjacent liver
tissue (original magnification × 400).

human hepatic tissue.
In cases of hepatic GISTs, metastases from GISTs
and other primary hepatic tumors must be excluded.
We believe the tumor in this case was a primary hepatic
GIST because the intra-operative inspection and the
imaging examinations, including CT, US, EGD and
colonoscopy, revealed that the tumor was completely
limited to the liver. Additionally, histopathological and
genetic analyses strongly supported a GIST diagnosis.
Finally, a lack of AFP, CK19, and HMB-45 expression
distinguished the mass from a carcinoma, an epithelioid
angiomyolipoma, or a hepatic malignant melanoma.
The patient in our present case was treated with
an extended sequential therapy consisting of surgery,
imatinib mesylate, and sunitinib malate. According
to the modified NIH consensus criteria in 2008, the
[11]
patient was at high risk of tumor metastasis . Thus,
400 mg of imatinib mesylate per day was advised as a
[12,13]
suitable therapy for at least 3 years after surgery
.
However, the dosage was reduced to 200 mg per
day, and the treatment plan was interrupted one year
later due to severe side effects of imatinib mesylate.
Without blood concentration monitoring data, we
cannot be sure whether a high enough dose was
given to the patient. When the tumor metastasized
after 2 years of continuous administration of imatinib
mesylate, sunitinib malate therapy was initiated in
accordance with the NCCN Clinical Practice Guidelines
[14]
in Oncology .
In conclusion, preoperative diagnosis of primary
hepatic GISTs is difficult. Hepatic GISTs must be
distinguished from other liver neoplasms or metastatic
lesions in the gastrointestinal tract. Primary hepatic
GISTs should be considered as highly aggressive.
Following complete resection of the tumor, adjuvant
therapy with imatinib mesylate for a minimum of 3
years is recommended.

Clinical diagnosis

Abdominal physical examination was unremarkable.

Differential diagnosis

The differential diagnosis included hepatic carcinoma, hepatic hemangioma,
hepatic cyst and metastases from gastrointestinal stromal tumors (GISTs).

Laboratory diagnosis

The results of routine blood tests, tumor markers and liver function tests were
within normal limits.

Imaging diagnosis

An enhanced abdominal computed tomography (CT) scan showed a 7.4 cm ×
6.2 cm solid-cystic mass in the right hepatic lobe.

Pathological diagnosis

Postoperative pathology revealed a mixed-type gastrointestinal stromal tumor
that was CD117- and CD34-positive.

Treatment

The patient was treated with a sequential therapy consisting of surgical excision,
imatinib and sunitinib.

Related reports

Genetic analysis revealed a heterozygous point mutation and deletion in exon
11 of c-KIT.

Experiences and lessons

This case report excluded the diagnosis of metastases from GISTs using CT,
ultrasound, esophagogastroduodenoscopy and colonoscopy. Additionally, a
genetic analysis was used to confirm the tumor as a primary hepatic GIST.

Peer review

This case report verified the diagnosis using histological and genetic analyses.
Furthermore, the patient underwent an extended sequential therapy consisting
of surgery, imatinib mesylate, and sunitinib malate.
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